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INTRODUCTION 

The Prograrrmer 's Manual is one of four manuals that constitute the documentation for NASTRAN, 

the other three being the Theoretical Manual, the User's Manual and the Demonstration Problem 

Manual. The ProgralMler's Manual is divided into seven major sections: Section 1, ~JASTRAN Program­

ming Fundamentals; Section 2, Data Block and Table Descriptions; Section 3, Subroutine Descriptions; 

Section 4, Module Functional Descriptions; Section 5, NASTRAN - Operating System Interfaces; Section 

6, Modifications and Additions to NASTRAN; and Section 7, NASTRAN Support Programs. 

Section 1 is a general overview of the program, and as such it should be read as background 

material for all sections which follow. 

Section 2 contains descriptions of the data blocks, which are the principal means of data 

communication between the program's functional modules (a module is defined to be a group of sub­

routines which perform a specific function) and the NASTRAN Executive System. Two indexes for the 

data block descriptions, one sorted alphabetically on data block names and the other sorted alpha­

betically on the names of the modules from which the data blocks are output, are given in Sections 

2.2. 1 and 2.2.2 respectively. Section 2 also contains a) descriptions of tables, both core and 

noncore resident, maintained by the NASTRAN Executive System and b) descriptions of miscellaneous 

tables which are accessed by a class of modules. Alphabetical indexes for these tables are given 

at the beginning of Sections 2.4 and 2.5 respectively. 

Sections 3 and 4 contain descriptions of the (utility or general purpose) subroutines and 

modules of NASTRAN respectively. The reader is directed to the alphabetical indexes, sorted on 

entry point names, in Sections 3.2 and 4.1.3 respectively for these sections. An index to the 

Module Functional Descriptions, sorted alphabetically on module names, is given in Section 4.1.2. 

The reader is urged to read the introductory material to Sections 3 and 4 before using these 

sections. 

Section 5 treats computer and operating system dependent matters such as operating system 

control° cards and generation of the absolute (executable) NASTRAN system. 

Sec ti on 6 describes the means by which modi fi cations and additions to NASTRAN a re imp 1 eme·n ted. 

Section 7 describes several auxiliary programs used to maintain or interface with NASTRAN. 

The learning of any new system, whether it be an operating system or a large applications 

system like NASTRAtl, is made more difficult than it ought to be because of the use by the designers 

of the system of new mnemonics, acronyms, phrases and "buzz" words. In order to aid the reader in 
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learning such commonly used NASTRAN terms, a single source reference, Section 7, the NASTRAN 

Dictionary, of the User's Manual is provided. The prograrrmer is adivsed to secure a copy of at 

least this section of the User's Manual for his day-to-day reference. 
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1. NASTRAN PROGRA""1ING FUNDAMENTALS 

1. 1 ?ROGRAM OVERVlE\~ 

1.1.l Objectives 

The NASTRAN program has been designed according to two classe~ of criteria. The first class 

relates to functional requirements for the solution of an extremely wide range of large and com­

plex problems in structural analysis with high accuracy and computational efficiency. These cri­

teria are achieved by developing and incorporating the most advanced mathematical models and com­

putational algorithms that have been proven in practice. In particular, they are achieved by 

providing such features as the bandwidth-with-active-column technique in matrix decomposition; 

packing routines to take maximum advantage of matrix sparsity so as to conserve input/output time; 

highly stable and efficient algorithms for the solution of problems in eigenvalue analysis and 

transient response; and an elegant approach to modeling the effects of control systems and other 

nonstructural components. 

The second class of criteria relates to the operational and organizational-aspects of the 

program. These aspects are somewhat divorced from structural analysis itself; yet they are of 

equal importance in detennining the usefulness and quality of the program. Chief among these 

criteria are: 

1. Simplicity of problem input deck preparation. 

2. Minimization of chances for human error in problem preparation. 

3. Minimization of need for manual intervention during program execution. 

4. Ease of program modification and extension to new functional capability. 

5. Ease of program extension to new computer configurations and operating systems, and 

generality in ability to operate efficiently under a wide set of configuration capabilities. 

6. Capability for step by step problem solution, without penalty of repeated problem set up. 

7. Capability for problem restart following unplanned interruptions or problem preparation 

error. 

a. Minimization of system overhead, in the three vital areas: 

a. Diversion of core storage from functiona1 use in prob1em solution. 
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NASTRAN PROGRAMMING FUNDAMENTALS 

b. Diversion of auxiliary storage units from functional to system usage. 

c. System housekeeping time for perfonning executive functions that do not directly 

further problem solution. 

These criteria are achieved in NASTRAN through modular separation of functional capabilities, 

organized under an efficient, problem-independent Executive System. 

This approach is absolutely essential for any complex multi-oper~tion, multi-file application 

program such as NASTRAN. To see this, one must examine the implications of modularity in program 

organization. 

Any application computer program provides a selection of computational sequences. These are 

controlled by the user through externally provided options and parameter values. Since no user 

will wish to observe the result of each calculation, these options also provide for the selection 

of the data to be output. 

In addition to externally set options, internal switches whose setting depend upon tests 

perfonned during the calculations will control the computation sequences. There is, therefore, 

a natural .separation of computations into functional blccks. The principal blocks are called 

functiontl modules; modules themselves of course may, and usually must, be further organized on a 

sub-modular basis. 

Despite this separation, however, it is clear that modules cannot be completely independent, 

since they are all directed toward solution of the same general problem. In particular, they 

must intercolTlllunicate data among themselves. The principal problem in orgar.izing any application 

program, large or small, is designing the data interfaces between modules. 

For small programs, the standard techniques are to co1T111ur:kate data via subroutine calling 

sequences and contn0n data regions in core. For programs that handle larger amounts of data, 

auxiliary storage is used; however, strict specifications of the devices used and of the data 

record fonnats are usually imposed. 

The penalty paid is that of "side effects". A change in a minor subroutine init1ates a 

modification of the data ir.terfaces that propagates through the entire program. When the program 

is small, these effects may not be serious. For a complex program like NASTRAN, however, they 

would be disastrous. 
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This problem has been solved in l'IASTRAN by a se:paration of system functions, performed by 

an Executive System, from problem solution functions, accomplished by modules separated strictly 

along functional lines. Each module is independent of all other modules in the sense that 

modification of a module, or addition of a new module, will not in general require modification 

of other modules. Even so, programming constraints on module development do exist but are minor. 

The essential restrictions are: 

1. Modules may interface with other modules only through auxi 1 iary storage files, as opposed 

to passing infonnation between each other while in core. 

2. Since the avai1ability and allocation of auxiliary files for module execution interact 

with the execution of other modules, no module can specify or allocate files for its input or 

output data. All auxiliary storage allocation is reserved as an Executive function. 

3. Modules operate as independent subprograms, and may not call, or be called by, other 

modules. They may be entered only from the Executive System. 

4. Modules may interface with the E.xecutive System through a parameter table that is 

maintained by the Executive System. User-specified options and parameters are communicated 

to modules in this way. The major line of comnunication is one-way, from user to Executive 

routine to module. However, in addition, an appreciable two way comnunication, from module 

back to executive routine (and therefore to other modules) is pemiitted via the parameter table. 

5. Intra-module parameter comnunication is format-free in the sense that each module 

defines and orders its own local parameter set internally. Thus each module is 

independent of common data formatting by any other module. 

No other constraints, except those imposed by the resident compilers and operating systems, 

are required for functional modules. 

1.1.2 Program Organiz~tion 

Because of the very large size of the NASTRAN program (more than 1500 decks and 800 individual 

overlay segments), execution as one physical program was not possible. However, to meet the 

stated design objectives, it was required that tlASTRAN appear to the resident operating system as 

one program. 
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A program structure evolved which is basically computer independent, although the way in 

which the code structure is supported varies across the computers. 

The NASTRAN program is divided into a series of logical pieces called links. Each link con­

tains its own root segment (the set of subprograms which is always core resident for that link) 

and its own complete overlay structure. Each link is capable of performing a predefined subset 

of NASTRAN operations. Conrnunication between links occurs through computer files. Control of the 

sequence of execution of the links is performed entirely by the NASTRAN program and requires no 

operator intervention. As a result of this approach, a NASTRAN program execution appears to tbe 

resident operating system as a normal batch job to be processed in the batch stream. Detailed 

descriptions of the way in which the link structure is implemented on each computer are given 

in section s. 
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1.2 NASTRAN EXECUTIVE SYSTEM 

1.2.1 Introduction 

The essential functions of the Executive System are: 

1. Establish and control the sequence of module executions according to options specified 

by the user. 

2. Establish, protect, and communicate values of parameters for each module. 

3. Allocate system files to all data blocks (a data block designates a set of data, matrix 

or table, occupying a file) generated during program execution. A file is "allocated" to a 

data block, and a data b1ock is "assigned" to a file. The general data block 1/0 routine 

(Gltl0) and the data card conversion routines (XRCARD and RCARD) are considered Input/Output 

utilities and are discussed separately in section 1.6. 

4. Maintain a full restart capability for restoring a program execution after either a 

scheduled or unscheduled interruption. 

The Executive System is open-ended in the sense that it can accolll'IIOdate an essentially 

unlimited number c;f functi ona 1 modules, fi 1es, and parameters. Modification of the Executive 

System necessary for change, addition, or extension of functional modules is restricted to 

changes in entries in control tables stored within the Executive routines. 

Program execution is divided into two phases: 1) the Preface, in which modules XCSA, IFP1, 

XS0RT, IFP and XGPI are executed to: a) process the NASTRAN input data deck and b} perform 

general problem initialization; and 2) the program body 1tself, in which .the sequence of program 

operations is controlled by the Operation Sequence Control Array (~SCAR) Executive table, which 

was developed in the XGPI module of the Preface. A diagram of a sample NASTRAN input data deck 

is shown in Figure 1. Note that a NASTRAN input data deck consists of 3 separate decks: 1) the 

Executive Control Deck, 2) the Case Control Deck and 3) the Bulk Data Deck. A detailed descrip­

tion of the contents of the NASTRAN data deck is given in section 2 of the User's Manual. The 

flow of operations during the Preface is presented in Figure 2. The numbers in the blocks in 

Figure 2 refer to section numbers where more detailed explanations of the subroutines and modules 

can be found. 
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INPUT Module Card 
ENDDATA 

Bulk Data Deck 

~ Case Contro 1 Deck 

~ Substructure Contro 1 Deck 
~......-:: 

~ Executive Control Deck 

NASTRAN Card 

Figure 1. Sample NASTRAN Input Data Deck. 
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ENTRY 

Generate the Initial File Allocation 
Tables (GNFIAT-3.3.4) 

Read and Analyze the Executive 
Control Deck (CSA-4.2) 

>--Ye,.s-l Process the Substructure 
Control Deck (ASDMAP-4. 127) 

No~~-------------------------

Process the Case Control Deck 
(IFPl-4.3) 

Yes 

Sort the Bulk Data Deck 
(XS0RT-4.4) 

Process the Bulk Data Deck 
(IFP-4. 5) 

Further Process Data Specific to Further Process Data Specific to the 
Hydroelastic Problem (IFP4-4.89) or 
Acoustic Problem (IFPS-4.90) 

the Conical Shell Problem (IFP3-4.6) 

Perform General Problem 
Initialization (XGPI-4.7) 

Figure 2. Flow of operations during the Preface. 
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1.2.2 Executive Operations During the Preface 

The sequence of Preface operations shown in Figure 2 is controlled by the Sequence Monitor 

Initialization subroutine, SEMINT (see section 3.3.3). Each routine called by SEMINT is dis­

cussed in the following sections. The numbers in the section headings refer to section numbers 

\'/here more detailed infonnation on the subroutine or module can be found. 

l.2.2.1 Generation of the Initial File Allocation Tabies (GNFIAT section 3.3.4) 

Two file allocation tables are maintained by the NASTRAN Executive System. One table, FIAT, 

(see section 2.4) defines the files to which data blocks generated during solution of the problem 

will be allocated. The second table, XFIAT, (see section 2.4) includes files to which pennanent 

Executive data blocks, such as the New Problem Tape, the Old Problem Tape, plot tapes, and the 

User•s Master File are assigned. 

The New Problem Tape will contain those data blocks generated during the solution that are 

necessary for restarting the problem at any point. The Old Problem Tape contains the data blocks 

saved from some previous execution that may serve to bypass steps in the solution of the new . 
problem. The User's Master File is a pennanent collection of useful infonnation, such as material 

properties, that may be used to generate input data. 

The generation of the XFIAT and FIAT tables is a computer dependent operation since direct 

interface with the operating system of the computer must be made. The GNFIAT routine, which 

accomplishes this function, interrogates file tables in the nucleus of the operating system. 

Files which are available for use by the NASTRAN program are reserved, and the unit numbers for 

these files are stored in the NASTRAN file allocation tables. An indication of which units are 

physical tapes is also stored. If the number of files available is insufficient to run the pro­

blem, an error message is generated, and the run is aborted. 

1.2.2.2 Analysis of the Executive Control Deck (XCSA Section 4.2) 

The Executive Control Deck is processed and analyzed by the XCSA Executive Preface module. 

The Executive Control Deck includes cards which describe the nature and type of solution to be 

performed. This includes an identification of the problem, an estimated time for solution of the 

problem, the approach, a selection of the Rigid Format to be executed or an alternative sequence 

of NASTRAN operations (D1'1AP) to control the solution, a restart deck from a previous run if the 
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solution is to be restarted, an indication of any diagnostic printout to be made, a specification 

of whether the problem is to be checkpointed or not, and, if a Rigid Format is selected, any 

desired alterations to that fonnat. Section 2 of the User's Manual should be consulted for the 

formats of, and restrictions on, each of the cards in the Executive Control Deck. The approach 

(APP) card, and the solution (S0L) card, which selects a particular solution (Rigid Format) to be 

executed, are worthy of special note. However, first some introductory definitions are required. 

The sequence of operations to be executed during the program body is written in a data block 

oriented language called DMAP, an acronym for "Direct Matrix Abstraction Program". A DMAP instruc­

tion is a statement in the DMAP 1anguage, a DMAP sequence is a set of DMAP instructions, and a DMAP 

loop is a DMAP sequence to be repeated. A DMAP module is one which is 11 called 11 by means of a 

DMAP instruction. 

A Rigid Format consists of: a) a fixed pre-stored DMAP sequence and b) its associated 

restart tables. A Rigid Format performs a specific (structural) problem solution. Section 3 of 

the User's Manual presents the OMAP sequence and the associated restart tables for each Rigid 

Format. 

The APP card of the Executive Control Deck defines the problem solution approach. The APP 

card is required, and there are two options on the APP card: DISPLACEMENT or DMAP. The S0L card 

r.as the f onn 

Sli'L n,m 

where n • Rigid Format number, and m • a subset of the Rigid Fonnat. The S0L card is required if 

the DISPLACEMENT option is chosen on the APP card. The S0L card must not be present in the deck 

if the DMAP option is chosen. 

In addition to using the Rigid Formats provided automatically by NASTRAN, the user may wish 

either to execute a series of modules in a manner different from that provided by the Rigid 

Format, or to perform a series of matrix operations which are not contained in any existing Rigid 

Format. If the modifications to an existing Rigid Format are minor, the ALTER feature described 

in Section 2 of the User's Manual may be employed. Otherwise, a user-written Direct Matrix 

Abstraction Program (DMAP) should be used, in which case the card 

APP OMAP 

must be used. Chapter 5 of the User's Manual discusses DMAP. 
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Each of the cards comprising the Executive Control Deck is read via XRCARD (3.4.19) and 

analyzed. Depending on the card, information is either stored in various Executive tables main­

tained in core storage or written in the Executive Control Table (2.4.2.5) on the New Problem 

Tape for further processing during the general problem initialization phase (XGPI-4.7) of the 

Preface. Figure 3 presents the format of the Problem Tape. The formats of the New and the Old 

Problem Tapes are identical; only chronology defines their separate functions. 

l .2.2.3 Processing of the Substructure Control Deck (ASDMAP, Section 4.127) 

The substructure control deck is read and processed when the card APP=DISP,SUBS is defined 

in the Executive Control Deck, described above (Section 1.2.2.2). These data consist of substruc­

ture phase and operating file definitions, mode controls, and specific operational corrmands. This 

deck is read, decoded via XRCARD (Section 3.4.19), and processed to generate the following: 

l. The Substructure Operating File (S0F) data which is used to initialize the system table 

/S0FC0M/ (Section 3.6.34) for subsequent I/0 operations. 

2. The parametric data for each substructure cormnand which is written on the Case Control data 

block, CASECC, in the fonn of one record per conmand. Note that the header record is 

changed to read CASESS instead of CASECC. 

3. DMAP ALTER card images for each substructure command which are copied to the New Problem 

Tape in the XALTER location shown in Figure 3. Any existing user-defined ALTER cards in 

the Executive Control deck are merged in sequence with the automatically-generated OMAP 

ALTERS. 

In substructure analysis the user controls the restart of substructure operations by direct 

definition of the steps to be performed, and storage/retrievals of substructure data are processed 

internally. However, the user is allowed to execute a normal checkpoint/restart within the 

NASTRAN portion of a substructuring operation using the normal NPTP and 0PTP procedures. 

1;2.2.4 Processing of the Case Control Deck (IFPl Section 4.3) 

The Case Control Deck includes the following classes of cards: selection of specific sets 

of data from the Bulk Data Deck, selection of printed or punched output, definition of subcases 

definition of structural plots to be made, and definition of XY plots to be made. Section 2 of 

the User's Manual discusses in detail all cards of the Case Control Deck. 
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This deck is read via XRCARD (3.4.19) and processed. Infonnation defining set selection, 

output selection and subcase definition is written into the Case Control data block, CASECC. 

Information defining plot requests is written in the Plot Control (PCDB) and XY Control (XYCDB) 

data blocks. 

If the problem is a restart, a comparison with the Case Control Deck from the previous run 

is made. Differences are noted in an Executive restart table, which is used in the general pro­

blem initialization phase (XGPI-4.7) of the Preface. 

1.2.2.5 Sorting of the Bulk Data Deck (XS0RT Section 4.4) 

The function of the XS0RT routine is to prepare a file on the New Problem Tape (see section 

1.2.2. 1) which contains the sorted Bulk Data Deck (bulk data). Operation of the routine is 

influenced by the type of run. If the run is a cold start, the bulk data is read from the system 

input file (e.g. card reader) or the User's Master File, sorted, and written on the New Problem 

Tape. If the run is an unmodified restart, (restarts are discussed in section 1. 10), the bulk 

data is copied from the Old Problem Tape (see section l .2.2. 1) to the New Problem Tape. If the 

run is a modified restart, the bulk data is read from the Old Problem Tape, and cards are deleted 

and/or added in accordance with cards in the system input stream. The modified bulk data is 

sorted and written on the New Problem Tape. Additionally. any changes in the data are noted in 

the Executive restart table. 

A printed list of the unsorted bulk data is given if requested by an ECH0 card in the Case 

Control Deck. Similarly. the sorted bulk data is echoed on request. 
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A11 files begin with an 
eight character (2 word) 
BCD header record. 

PROBLEM ID FILE 
(always present) 

0LD PR0BLE~ TAPE 
DICT,FILE 

(only if restart) 

ALTER FILE 
(only if ALTER 
cards are present) 

EXECUTIVE C0NTROL TA6LE FILE 
_(always present) 

CASE C0NTR0L FILE 
(always present) 

CHECKP0INT FILES - ·- -

CHECKP0INT 
DICTIONARY 
(written after each 
CHKPNT module call) 

NASTRAN EXECUTIV~ SYSTEM 

XCSA ~header) 
..;_ _______ _ 

CASECC (header) ,..,.. 

---------

XPTDIC 

first and second fields 
from ID card (BCD) -

..... ---1problern, date 

.... ~reel sequence no. 

(See Section 2.4.2.3) 

(See Section 2.4.2.6) 

Note: ~ denotes BCD blank 

(See Section 2.4.2.5) 

(~AA Section 2.3.1 .1) 

blocks 

t----------......i-..-(See Section 2.4.2.3) 

Figure 3. Problem tape fonnat (same fonnat for New Problem Tape and Old Problem Tape). 
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Since the collating sequence of alphanumeric characters varies from computer to computer, the 

sort routine converts all characters to an internal code prior to sorting. Following the sort, 

the characters are reconverted. In this way, the collating sequence is computer independent. 

The algorithm used by the sort routine is biased toward the case where the data in sort 

or nearly in sort. Consequently, Bulk Data Decks which are nearly in sort will be processed 

efficiently by the routine. 

l .2.2.5 Processing of the Bulk Data Deck (IFP Section 4.5) 

The sorted Bulk Data Deck is read card-by-card from the New Problem Tape by the Input File 

Processor (IFP) and converted to internal binary fonn by RCARD (3.4.20). Each of the cards is 

checked for correctness of fonnat. If any data errors are detected, a message is written, and a 

switch is set to terminate the run at the conclusion of the Preface. Section 2 of the User's 

Manual presents a detailed description of all cards of the Bulk Data Deck. 

Processing of each bulk data card depends on the type of card. All bulk data cards of the 

same type are written into the logical record to which the card type has been assigned. These 

records are organized into'data blocks classified according to general categories of use and 

written on prescribed preallocated files. 

1 .2.2.6 Processing of Conical Shell Data (IFP3 Section 4.6) 

If the problem is a conical shell problem, further processing of the bulk data specific to 

the conical shell problem is accomplished. The nature of this processing is to convert data for 

the conical shell model into formats of a conventional statics problem. The result is that the 

conical shell problem can be described in a format convenient to the analyst and processed by 

NASTRAN in a format convenient to the program. 

1.2.2.7 Processing of Hydroelastic Data (IFP4 Section 4.89) 

If hydroelastic analysis data exists, this data must be converted to the data block formats 

and merged with existing data output from IFP. This module creates grid point, scalar point, 

element connection, and constraint data as well as producing a section in the MATP00L data block. 
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1.2.2.8 Processing of Acoustic Data (IFPS Section 4.91) 

If acoustic analysis data exists, the !FPS module generates and merges grid points, scalar 

elements, and plotting elements with the existing data blocks. 

1 .2.2.9 General Problem Initialization (XGPI Section 4.7) 

The Executive General Problem Initialization (XGPI) module is the heart of the Preface. Its 

principal function is to generate the Operation Sequence Control Array (fSCAR-2.4.2.1), which 

defines the problem solution sequence. The 0SCAR consists of a sequence of entries, with each 

entry containing all of the information needed ·to execute one step of the problem solution. The 

0SCAR is generated from information supplied by the user through his entries in the Executive 

Control Deck. This information is supplied by the S0L card, which points to a Rigid Format, or 

by a user supplied DMAP sequence. 

The initial sequence of instructions was written in the Executive Control Table {2.4.2.5) 

on the New Problem Tape by the XCSA Preface module. This table is read to initiate assembly of 

the 0SCAR. 

If the problem is a restart, the restart dictionary (contained in the Executive Control 

Table) and the Executive restart table are analyzed to determine which data blocks are needed to 

restart the solution and which operations in the 0SCAR need to be executed to complete the 

solution. Entries in the 0SCAR for operations not required for the current solution are flagged 

for no operation. 

To aid in efficient assignment of data blocks to files, two attributes are computed and 

included with each data block in each entry of the 0SCAR. These attributes are: a) the 0SCAR 

sequence number when the data block is next used (NTU) and b) the 0SCAR sequence number when the 

data block is last used (LTU). Details of the file allocation are discussed in section 1.2.3.3. 

When generation of the 0SCAR is complete, it is written on the Data Pool File (P00L). If 

the problem is restart, data blocks needed for the current solution are copied from the Old 

Problem Tape to the Data Pool File. 
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1.2.3 Executive Operations During Problem Solution 

l .2.3. 1 Sequence Monitor (XSEMi Section 3.3.7) 

When the Preface has been completed, solution of the problem is initiated. This solution 

is controlled by the sequence monitor. Figure 4 shows the flow for the sequence monitor. Note 

that there are i copies of XSEMi within NASTRAN, one controlling each link's operation. Section 

1. l .2 defined the necessity for these divisions. 

The sequence monitor reads an entry from the 0SCAR (2.4.2.1) which defines one step in the 

problem solution in terms of: the operation to be performed, data blocks required for input, 

data blocks to be output, scratch files required and parameters used. The File Status Table 

(FIST-2.4.1.3), which relates the internal data block reference numbers (see Section 1.6.4) to 

the file position in the File Allocation Table (FIAT-2.4. 1.2), is created by the FIST generator, 

subroutine GNFIST. When the status table is complete, XSEMi moves the parameters required for 

the operation into blank common and calls the requested module (if within the current link} to 

begin the operation. If the requested module is not within the current link, ENOSYS (see Section 

3.3.5) is called and the Sequence Monitor within the new link is executed. 

With the exception of XSFA, the seven routines described in the following subsections are 

Executive modules called directly by XSEMi to perform their specified functions. 
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ENTER 

Call SEMINT 
(Preface Only) 

Read next 
0SCAR entry 

Generate FIST for 
Input, 0utput, 

Scratch Data Blocks 

Move Parameters 
from VPS 

to Blank Co111T1on 
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No 
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Call EXEC Routine 
(XCEI., CHKPiff • PURGE 
EQUIV, SAVE} 

Call 
ENDSYS 

Ca 11 Message 
Writer 
MSGWRT 

Figure 4. Flow diagram for the sequence monitor, XSEMi. 
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1.2.3.2 FIST Generator (GNFIST Section 3.3.9} 

The FIST generator, subroutine GNFIST, creates the File Status Table (FIST), which contains 

the linkage between the internal data block reference numbers and the actual system files listed 

in the File Allocation Table (FIAT). Each input, output and scratch data block required by the 

forthcoming module is assigned an internal reference number if found to be active in FIAT. A 
' 

data block found to be inactive, that is purged or not generated, will not be assigned a reference 

number. This missing reference number will cause the accessing module to be signaled regarding 

the inactive status. If, during the generation of the FIST, a data block is not found in the 

FIAT, active or inactive, the Executive Segment File Allocator (XSFA) module is called by GNFIST 

to make a file available to the subject data block. 

1.2.3.3 Segment File Allocator (XSFA Section 4.9) 

The Executive Segment File Allocator (XSFA) module, which is called exclusively by GNFIST, 

is the administrative manager of data blocks for NASTRAN. Since, in general, the number of data 

blocks required for solution of a problem far exceeds the number of files available. assignment 

of data blocks to files is a critical operation for efficient execution of NASTRAN. 

The Executive Segment File Allocator module is called whenever a data block is required for 

execution of an operation but is not currently assigned to a file (i.e., does not appear in the 

FIAT). When the Segment File Allocator is called, it attempts to allocate not just for the data 

block initiating the call, but for as much of the remaining problem solution as possible. This 

allocation depends on the type of problem, the number of files available, and the range of use of 

the remaining·data blocks. 
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The Segment File Allocator reads entries from the 0SCAR from the point of current operation 

to the end of the problem solution. The FIAT table entries are created in which attributes of 

the data blocks. including their next use (NTU) and last use (LTU), are stored. Data blocks which 

are currently assigned to files but are no longer required for problem solution are released. 

In certain cases, when the range of use of a data block is large, it may not be possible to 

allocate a file to the data block throughout its rang~ of use. In this case, pooling of the 

data block is required so that the file to which the data block was assigned may be freed for 

another allocation. The next time used (NTU) attribute for a data block is used ;o efficiently 

pool data blocks. In general, the data block whose next use is the furthest from the current 

point is pooled, that is, copied onto the Data Pool File (P00L). The fonnat of the Data Pool 

File is shown in Figure 5. 

One additional check is made with regard to pooling. The operation of the Segment File 

Allocator itself is less expensive than a pooling operation. Therefore, pooling occurs only 

when the module for which the allocation was required cannot be allocated without pooling. 

When the Segment File Allocator is complete, a new File Allocation Table (FIAT) has been 

generated. This table is used until the solution again reaches a point where a data block is 

requ~red to execute an operation but fs not assigned to a file. 

1.2.3.4 Interpretation of Executive Control Entries (XCEI Sections 4.11, 4. 12, 4.13, 4.14) 

Executive control entries include the OMAP instructions: REPT, JUMP, C0ND and EXIT. 

Executive control entries in the 0SCAR are processed by the Executive Control Entry Interpretor 

(XCEI). When such an entry is encountered in the fSCA~. the Control Entry Interpretor is called 

by XSE~ii. If the operation is a jump, cor1ditional jump or repeat, the 0SCAR is ·repositioned 

accordingly. If the operation is an exit, the NASTRAN termination routine PEXIT (3.4.22) is 

ca1leci. 

1.2.3.5 Checkpoint1ng Data Blocks (CHKPNT Section 4.10) 

The checkpoint module (DMAP name: CHKPNT; entry point name: XCHK) copies specified data 

blocks required for problem restart onto the New Problem Tape and makes appropriate entries 

in the restart dictionary. This dictionary is also punched onto cards as each new entry is made. 

Thus, in the event of any unscheduled problem interruption, a res.tart from the last checkpoint 
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eight character (2 word) 
BCD header record. 

0SCAR FILE 
(always present) 

NASTRA;.J. £XECUTIVE SYSTEM 

~ ~data blocks from DMI'sandOTI's 
1-,.........,._..,,.-----~ - (if present) separated by E0F 1 

X0SCAR (header) ,..,.. 

------------

~: ,.. denotes BCD blank 

(see section 2.4.2.1) 

data blocks pooled by XSFA 
(if necessary) separated by 
E0F 1s 

Figure 5. Fonnat of the Data Pool File. 
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can be made using the Problem Tape and the restart dictionary from the interrupted run. 

A checkpoint operation may also be requested implicitly by the declarative DMAP instruction 

PRECHK (Predefined Checkpoint), Section 4.1. Use of this facility allows shortened DMAP sequences. 

1.2.3.6 Purging a Data Block (PURGE Section 4.16) 

The purge toutine (DMAP name: PURGE; entry point name: XPURGE) flags data blocks so that 

they will not be assigned to physical files. This special status provides a means for logically 

suppressing a segment of processing steps requiring the data block. Thus, if the function of a 

module is to multiply two matrices and add a third matrix to the product, the addition step might 

be deleted by purging the data block corresponding to the third matrix. 

1 .2.3.7 Equivalencing Data Blocks (EQUIV Section 4.17) 

The equivalence routine (DMAP name: EQUIV; entry point name: XEQUIV) attaches one or more 

equivalent data block names to an existing data block. This special status provides a means of 

logically removing a module function by making a data block input to the module equivalent to a 

data block output from the module. Thus an entire module could be skipped, and an input data 

block "copied" to an output data block without physically moving the data from one file to another. 

1.2.3.8 Saving Parameters (SAVE Section 4.15) 

The save routine (OMAP name: SAVE; entry point name: XSAVE) provides a protection feature 

for the parameters communicated between, and used by, the functional modules. All variable para­

meters are stored within the VPS Executive table (see Section 2.4). Prior to each module's opera­

tion, the subset of parameters required by the module is moved to blank common. The module may 

use or modify this subset of parameters as desired. When the module terminates operation, only 

those parameters within the subset designated to be saved are restored to the Executive table. 

In addition to using the SAVE module explicitly to perform this function, the current OMAP syntax 

allows a SAVE instruction to be generated automatically. This user-directed option is activated 

in the actual OMAP statement as described in Section 5.2.1 of the User's Manual. 
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1.3 WORD SIZE AND COMPUTER HARDWARE CONSIDERATIONS 

1.3.l Introduction 

Although NASTRAN is a F0RTRAN oriented system, considerable effort was required to develop 

programming and word handling techniques applicable to three separate computer configurations. 

These computers exhibit wide differences in their binary word sizes and integer representation 

method. The current computer configurations considered and their significant differences follow: 

1. Computer - IBM System 360/370 series 

Word Size - 32 Bi ts 

Character Capabity - 8 bits/character and 4 characters/word (character= byte) 

Integer Representation - twos complement for negative integers 

2. Computer - UNIVAC 1108/1110 

Word Si ze - 36 Bi ts 

Character Capacity - 6 bits/character and 6 characters/word 

Integer Representation - Ones complement for negative integers 

3. Computer - CDC 6000/CYBER 

Word Size - 60 Bits 

Character Capacity - 6 bits/character and 10 characters/word 

Integer Representation - Ones complement for negative integers 

Various Executive routines (e.g .• XS0RT (4.4), XRCARD (3.4. 19)) that deal directly with 

character strings from the input stream require some method of obtaining the above computer 

dependent information. Within the NASTR.AN Preface, subroutine BTSTRP (3.3.2) solves an algorithm 

that detennines wllich of the three computers is currently operatin~. This algorithm functions by 

inspecting the word length (by means of shifting and testing) and by checking the negative integer 

representation method. As a result of these tests, a word (MACH) within the SYSTEM Executive 

table (see section 2.4) is set to indicate the computer type. Since data within BTSTRP defines 

the number of bits-per-word (NBPW), the nunt>er cf characters-per-word (NCPW), and the number of 

bits-per-character (NBPC) for each computer type, the correct values for these parameters are also 

stored into the SYSTEM table. This table resides within the NASTRAN root segment and is thus 

accessable to any module or subroutine. 
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l.3.2 Alphanumeric Data 

Data stored within a computer as binary-coded-decimal (BCD) characters must be represented 

by the proper hardware defined bit codes. These character codes (and in the case of the IBM 

System/360, the number of bits representing the code) vary among the NASTRAN computer types. 

Although the number of characters-per-word could have been obtained from the SYSTEM table, 

various data blocks and buffers within NASTRAN required firm entry sizes, regardless of computer 

type, to facilitate indexing. For these reasons, the minimum number of characters-per-word (4) 

among the four computer types was chosen as a program design standard. Computer types with a 

word capacity of greater than four characters will have the unused low order character positions 

filled with BCD blanks. 

1 . 3. 3 ~·Jord Packing 

Standard F~RTRAN compilers do not provide the capability for storing or retrieving data that 

occupies less than a full computer word. Through the Machine Word Functions (MAPFNS, 3.4. 1) 

routine some limited word packing (not to be confused with matrix packing) is performed within 

the Executive Sy~tem and a few utility subroutines. Packing provides an efficient use of memory 

space at the expense of the additic,nal operating time needed to combine or separate the elements 

of the packed words. The Machine Word Function 0RF is generally used for combining elements, 

while ANDF with a suitable mask is used for separating them. 

1.3.3.1 Examples of Machine Word Functions (MAPFNS) Usage 

Assume three 10-bit items of data occupy the low order 10 bits of three separate 30-bit 

computer words (A, B, and C). To pack these three items into a single 30-bit word (X), perform 

the following steps using the individual functions available within MAPFNS: 

a) Left shift (LSHIFT) word A, twenty bits 

b) Left shift (LSHIFT) word B, ten bits 

c) Logically add (0RF) words A and B; store into X 
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d) Logically add (~RF) words X and C; store into X. 

Assume two 8-bit items of data are packed into the left and right halves of a 16-bit word (X). 

To unpack these two items into the low order 8 bits of two separate 16-bit words (A and B), per­

form the following steps using the individual functions available within MAPFNS: 

a) Create MASK containing 8 low order bits equal to 1 and the 8 high order bits equal to 0 

b): Right shift (RSHIFT) word X, eight bits; store into A 

c) Logically multiply (ANDF) word X by MASK; store into B. 

In the preceding example, the word X remains unchanged since the functions return the 

requested modified result in a computer register. 
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1.4 SYSTEM BLOCK DATA SUBPROGRAM (SEMDBD) 

NASTRAN contains a master block data program (SEMDBD) which is responsible for defining and 

initializing (root segment) common blocks. The common blocks referenced in SEMDBD are either 

Executive common blocks (XFIAT, XXFIAT, XFIST, etc.) which require initial values. or general 

information conmen blocks (SYSTEM, NAMES, TYPE, etc.) which are referenced by many modules. The 

so~rce listing for SEMDBD identifies the corrmon blocks, and it documents the data which are 

initialized. via comments. In aodition, the Executive corrmon blocks are documented in section 2.4 

and the non-Executive common blocks in section 2.5. Certain parameters in these common blocks 

contain machine dependent values such as word size, number of BCD characters per word, etc, 

These iv·alues are set by subroutine BTSTRP (section 3.3.2) by identifying the machine on which 

the tlASTRAN program is currently operating and setting the va 1 ues accordingly, 
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1.5 THE OPEN CORE CONCEPT 

1.5.1 Introduction 

The design philosophy of the NASTRAN system dictated a completely open ended design wheneve' 

possible. NASTRAN was to have the flexibility to operate on a second generation machine with a 

32K core (the IBM 7094/7040 OCS) as well as the largest of the IBM S/360 series of computers, an1 

take complete advantage of the additional core storage without major program changes. The use o· 

a fixed dimension for large arrays was outlawed since this automatically restricted the size of 

a problem that could be solved. Instead, modules were to be programmed to allocate space as 

required and to use spill logic to transfer data to scratch files if complete core allocation was 

in'.possible. In this manner, a problem might cause spill logic to be used on a computer with 

limited core storage, but not on a computer with a larger core storage capacity. 

1.5.2 Definition of Open Core 

The definition of open core is: a contiguous block of working storage defined by a labeled 

conrnon block whose length is a variable determined by the NASTRAN Executive function C0RSZ. The 

implementation of this definition by the module wri.ter consists of the origining of a labeled 

co111T10n block at the end of his overlay segment. This labeled common block contains a dimensioned 

variable of length 1. ceRSZ returns the number of words of core available between his open core 

origin and the end of core. The module writer can now write his program as if he had dimensioned 

his array by that number. In actuality, he is extending beyond the area reserved for the array 

into an area reserved for the job but not, currently used by the segment. When implementing this 

concept, care must be taken to assure that the system does not use this area. 

1.5.3 Example of an Application of Open Core 

Figure 1 demonstrates the use of open core by two subroutines, A and B. By some means,. 

which are machine dependent and are discussed in section 5, an end point is established for open 

core. The length of open core is then the difference between this end point and the labeled 

common block. In the example shown, subroutine A will have more open core available to it than 

B does. 
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SUBRfaUTINE A 

C0MM0N // XX 

C0MM0N /AX/ Z(l) 

INTEGER C0RSZ 

NZ= C0RSZ(Z(1),XX) 

D0 10 l • 1, NZ 

10 Z(I) • I 

RETURN 

END 

Open core for SUB. A 

Blank conmen 
establishes the end of 
open core for some 

I 

I 

\. 

machines (see section 5). 
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SUB. A 

/AX/ 

""., 
//XX 

SUBR(aUTINE B 

C!DMM0N // XX 

C0MM0N /BX/ Z( 1) 

INTEGER C0RSZ 

NZ= C0RSZ(Z(1),XX) 

ora 10 I• 1,NZ 

10 Z( I) • I 

• • • 
RETURN 

ENO 

SUB. B . 

/BX/ 

l ) 

I 

Open core for SUB. B 

\End of o pen core 
available for this 
job. 

Figure 1. A example of the use of open core. 
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1.6 NASTRAN INPUT/OUTPUT 

1.6. 1 Introduction 

The particular (IBM 7094, IBM S/360, Univac 1108, CDC 6600) operating systeM input and out­

put files provide the required data connection between NASTRAN, the input data decks and the 

printed output. Utility subroutines XRCARD (section 3.4. 19) and RCARD (section 3.4.20) convert 

special NASTRAN input card fonnats to standard F0RTRAN data words easily handled by all NASTRAN 

input processors. Printed output is generated through F0RTRAN fonnatted write statements. All 

internal data block input/output is handled by GIN0, the system of NASTRAN general purpose input/ 

output routines. GIN0 provides the required manipulation to tailor the variable length logical 

data records needed by most NASTRAN modules to fixed length records available on all direct access 

mass storage hardware. 

1.6.2 Use of the Operating System Input File 

The system input file is read only by the following routines within the NASTRAN Preface: 

1. SEMINT (see section 3.3.3) reads the first card and processes it using utility 

XRCARD if it is the NASTRAN card (see section 6.3.1), 

2. The Executive Control Deck containing free-field cards is read and processed by XCSA 

(section 4.2) using the XRCARD utility. 

3. The Case Control Deck containing free-field cards is read and processed by IFPl 

(section 4.3) using the XRCARD utility. 

4. The Bulk Data Deck containing fixed-field cards is read by XS0RT (section 4.4). This 

data is subsequently processed by IFP (section 4.5) using the RCARO utility, 

These card conversion utilities (XRCARO and RCARO) provide respectively all the free-fie~d 

and fixed-field data card processing required by NASTRAN. 

1.6.2.1 Use of the Subroutine XRCARO (See Section 3.4.19) 

XRCARO interprets NASTRAN fn:e-field data cards and processes the fields into a sequential 

buffer that can be easily handled by subsequent modules. Free-field data consist of series of 

data items separated by suitable delimiters and punched in non-specific card columns, Data 

items may include alphanumeric, integer, and various types of real variables. Field delimiters 
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may include the cormna, slash, parenthesis, and blanks. For details regarding data and delimiter 

usage and the format of the sequential output buffer, see the XRCARD subroutine description in 

section 3.4.19. 

1.6.2.2 Use of the Subroutine RCARD (See Section 3.4.20) 

RCARD interprets NASTRAN fixed-field data cards and processes tr.e fields into a sequential 

buffer that can be easily handled by subsequent modules. Fixed-field data consist of data items 

punched within specific card fields. Each eighty-column card is divided into an eight-column 

ID field (for the card mnemonic) followed by either eight eight-column data fields or four 

sixteen-column data fields. A special character (asterisk or plus) within the ID field detennines 

when the card is to be interpreted as containing sixteen-column fields. The last eight columns 

of the card are for continuation mnemonics used by XS0RT and are not processed by RCARD. The 

data item within the ID field must be alphanumeric. The data items within all other fields may 

include alphanumeric, integer, and various types of real variables. For ~etails regarding data 

and the format of the sequential output buffer, see the RCARD subroutine description in 

section 3.4.-20. 

1.6.3 Use of the Operating System Output File 

Although NASTRAN printed output is formed and placed onto the system output file through 

use of standard F0RTRAN formatted write statements, two basic NASTRAN design concepts prohibit 

every operating module from generating printed output. Firstly, since the F0RTRAN I/0 package for 

output generation occupies a sizable block of computer memory, this package is generally positioned . 
by loader directives within specific output oriented segments, rather than within the root segment 

of the overlay, to reduce the total memory requirement. Secondly, because many functional modules 

generate the same or similar diagnostic and infonnation messages, a NASTRAN message writer (MSGL·JRT) 

was developed to centralize message text and thus prevent duplications within many separate modules. 

For the reasons previously discussed, NASTRAN output generation is restricted to a specific 

class of modules which can reside within an output oriented segment below the link root segment. 

These segments will contain the output producing modules such as the Output File Processor (0FP­

section 4.70), the Message Writer (MSGWRT - section 3.4.26), and the various table and matrix 

printers (TABPT - section 3.4.29, MATPRT - section 4.71, etc.) ~long with the output titling 

(PAGE - section 3.4.24) and necessary F0RTRAN I/0 packages. 
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1 .6 .4 GIN0 

GIN0 is a subroutine which nrovides for all inout and cutout operations within NASTRAN exceot 

reading data from the resident system input file, writing data on the resident system output and 

ounch files, writing plotter output, and transferring data to and from foreign programs. These 

latter operations are accomnlished through F0RTRAN formatted read/write statements. NASTRAN 

programs perform input/output operations bv making the following calls to GIN0 entry points (See 

Section 3.4.12): 

1. 0PEN 

0PEN initiates activity for a file (unless the data block assigned to the file is purged, 

in which case an alternate return is given). A working stora!le area (GIN~ buffer), for 

use by GIN0, is assigned (allocated) by the callin!J crogram thus oroviding ootimum allo­

cation or storage by the calling program. This working storaae area is reserved for use 

by GI N0 unti 1 acti vi t.v on the file is terminated by a ca 11 to CL0SE ( see oaraQ raph 4 

below). 

2. WRITE 

WRITE writes ·a specified (by the ca 11 i ng program) number of words on a file. The block of 

words to be written may comprise an entire logical record or portion of a logical record. 

3. READ 

READ returns to the calling program a specified (by the calling program) number of words 

from the logical record at which the file is currently positioned. READ may be used to 

transmit an entire logical record or portion of a logical record. 

4. CL0SE 

CL,SE terminates activity for a file. The working storage area assigned at 0PEN is released. 

The file is repositioned to the load point if requested. 

5. REWIND 

REWIND repositions the requested file to the load point. The file must be "open", i.e., 

a REWIND operation is requested subsequent to a call to 0PEN and prior to a call to CL0SE. 

6. FWDREC 

FWDREC repositions the requested file one logical record forward. 
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7. BCKREC 

BCKREC repositions the requested file one logical record backwards. 

8. SKPFIL 

SKPFIL repositions the requested file forward or backward N logical files where N is specified 

by the calling program. 

9. E~F 

E0F writes a logical end-of-file on the requested file. 

The basic unit of I/0 in NASTRAN is a logic~l record. The length of a logical record is 

completely variable and may range from zero words to an arbitrarily large nurrber of words. For 

NASTRAN matrix data blocks, the convention was adopted that each column of the matrix would com­

prise one logical record. For NASTRAN data blocks containing tables, no rigid convention exists. 

Typically each logical record contains one table of a specific type. 

The logical record concept provides greatest ease in prcgramming. However, since these 

records must be stored on a physical device such as a drum, disk or tape, the characteristics of the 

device must be taken into consideration. The bulk of NASTRAN data is stored on drums or disks. 

For both these devices the conrnon unit of organization is a track, which stores a fixed number 

of words. Thus, there is a conflict between the variable length GIN0 records and the fixed 

1 ength tracks. 

This conflict is resolved by blocking. GIN0 acts as the interface between the device and 

the f~STRAN program. Using this technique, the program itself need not be concerned with device 

considerations (which would create machine dependent code}. GIN0 has been parameterized so that 

different devices may be eisily accommodated. 

Basically, blocking provides for the reading and writing of fixed-length blocks. The length 

of a block is a function of the device. It may be one track, one-half track or other integral 

division of a track (but never more than one track}. Because of the relatively large time to 

access a given position on a track (due to the rotational speed of the device and/or mechanical 

movement of the head to the track}, a block size equal to one full track is the most desirable. 

However, limitations in the amount of storage available to hold the blocks in core is a second 

consideration. 
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Since logical record lengths are variable but the length of records physically read or writte1 

is fixed, logic must be provided to accommodate this situation. This logic is provided in the GINl 

routine, which allows for the following cases: 

1. Multiple logical records per block 

2. Multiple blocks per logical record 

The method by which physical input and output of blocks is accomplished by GINO is machine 

dependent. On the IBM Systems 360/370 Series, BSAM macros are used. On the UNIVAC 1108 and 1110 

Series, NTRAN is used. On the CDC 6000 and CYBER Series, CI0 macros are used. These implementa­

tion differences are transparent to the NASTRAN applications progra111T1er (functional module writer). 

The systems programmer who is interested in implementation details on the various machines is 

referred to Section 5. 

1.6.4.1 GIN0 File Names 

The names of files input as arguments to the GIN0 routines listed above may be alphabetic 

(BCD, of the form 4HXXXX ) or integer. 

A GIN0 file name is BCD if the file contains permanent Executive tables or data blocks. A 

list of these files for a particular NASTRAN run resides in the permanent portion of the FIST 

Executive table. The following list presents all current Executive files with their BCD file names: 

File BCD File Name 

Data Pool File P00L 

New Problem Tape NPTP 

Old Problem Tape 0PTP 

BCD Plot Tape PLTl 

Binary Plot Tape PLT2 

User's Master File UMF 

New User's Master File NUMF 

User Input Fi le INPT 

User Input Files INPl - INP9 

New Problem Tape Dictionary XPTD 
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Functional modules should not access these permanent Executive files. Functional modules 

access the files on which their input, output and scratch data blocks reside by internal integer 

GIN0 file names. Prior to calling a functional module, the link driver routine, XSEi-1i, calls 

subroutine GNFIST (GNFIST is called exclusively by XSEMi) to generate the FIST Executive table. 

For each input, output or scratch data block required for operation of a module (this ~nformation 

being contained in the 0SCAR entry), GNFIST searches the FIAT to find the data block. If the data 

block is 1n the FIAT and a file has been assigned to it, an internal GIN0 file number denoting the 

data block and a pointer (index) to the entry in the FIAT is placed in the FIST. The following 

convention is used for internal GIN0 file numbers: input data blocks -- 100 + position in the 

0SCAR entry; output data blocks -- 200 + position in the 0SCAR entry; scratch data blocks -- 301 

through 300 + n where n • number of scratch data blocks as defined in the MPL. (The position in 

the 0SCAR entry is the position in the DMAP instruction). If the data block is in the FIAT and is 

purged, no entry is placed in the FIST. For example, consider the following DMAP calling sequence 

for functional module XYZ: 

XYZ A,B,C/D,E,F,G/V,N,PARM1/V,N,PARM2 $ 

The data blocks input to the module are A, Band C; the data blocks output from the module are 

D, E, F and G; the module's parameters are PARMl and PARM2. Note that internal·scratch files are 

not mentioned in the DMAP calling sequence. The number of scratch files for a module is defined 

in the Module Property List (MPL) Executive table (see section 2.4) and is communicated to the 

Executive System via the 0SCAR. Details on the syntactical rules of DMAP are given in section 5 of 

the User's Manua 1. 

In order to read the input data block B, the Glrlfll file number internal to XYZ is 102; in 

order to write data block D, the GIN0 file number is 201. The third of, say, five scratch data 

blocks is referenced by XYZ through the GIN0 file number 303. 
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1.6.5 S0F 

The Substructure Operating File (S0F) is a permanent storage file for the user substructuring 

data. It is physically stored on a user diskpack, drum, or equivalent device, and is used to 

communicate data between different phases of a Multi-stage Substructuring problem. 

In addition to the user data, the S0F contains tables created by the S0F utility subroutines 

which allow the full trace back of the substructuring process. The S0F input/output subroutines I 

are: 

1. S0F0PN 

S0F0PN computes the addresses of the three in-core S0F buffers, and reads the S0F conrnon 

blocks /S0F/ and /SYS/ into core. 

2. SFETCH 

SFETCH positions the S0F to read or write date to the S0F. 

3. SUWRT 

SUWRT copies a certain number (specified in the calling parameters) of data words belonging 

to an item from a given array onto the random access storage device. 

4. MTRX0 

MTRX0 copies a matrix from a NASTRAN matrix file to the S0F. This is the only output inter­

face routine between the NASTRAN data files and the S0F. 

5. SUREAO 

SUREAD reads a certain number of data words (specified in the calling parameters) belonging 

to an item into a given array. 

6. MTRXl 

MTRXl copies a matrix from the S0F to a NASTRAN matrix file. This is the only input inter­

face routine between the S0F files and the NASTRAN files. 

7. S0FTRL 

S0FTRL obtains the matrix control block of a matrix stored on the S0F. 
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8. S0FCLS 

At the termination of a module, S0FCLS saves all of the in-core buffers and common blocks by 

writing them out to the direct access storage device. 

9. SJUMP 

SJUMP jumps over groups within an item, when in the read mode. 

The S0F hierarchy is organized in a fashion analogous to the NASTRAN files. Equivalent to the 

GIN0 record is the S0F group. The S0F item corresponds to the GIN0 data block and is analogous to 

a GIN0 file. An additional qualifier that exists for an S0F item which is not present for the 

GIN0 file name is the substructure name. Each substructure-item combination identifies a specific 

S0F file. Further S0F details are discussed in Section 3.6. 

The EXI0 module provides the capability to transfer selected S0F items to and from external 

user files. The EXI0 module performs these tasks in two modes. In one mode, a11 operations to 

and from external files are performed using GIN0 for efficiency. In the second mode, all opera­

tions to and from external files are performed with F0RTRAN-fonnatted I/0. In this second mode, 

the external file may be used to transfer S0F data between different computer hardware systems. 

Subroutine EXF0RT performs this F0RTRAN-formatted input/output for the EXI0 module. Further 

details on the external-formatted I/0 are discussed in Section 4.130. 

1.6-8 (12/31/77) 



NASTRAN MATRIX ROUTINES 

l. 7 NASTRAN MATRIX ROUTINES 

1.7.1 Introduction 

The requirement that NASTRAN handle large structural analysis problems implies that NASTRAN 

should be able to manipulate and store large matrices efficiently and effectively. In general, 

the matrices generated in the displacement approach tend to be sparse (i.e., the number of non­

zero terms in any column of a matrix is small compared to the order of the matrix). The NASTRAN 

matrix routines, ADD, MPYAO, OEC0MP, etc., which are described in section 3.5, are optimized as 

much as possible to take advantage of matrix sparsity and thus eliminate many unnecessary operetion 

on zero elements. In order to aid in these operations and to make effective use of auxiliary 

storage, a packing scheme was devised to store only the non-zero tenns in a column. 

1.7.2 Matrix Packing and Unpacking 

The need for a matrix packing routine can be seen by computing the auxiliary storage required 

to hold a 10,000 order matrix which is 1% dense (i.e., the average number of non-zero tenns in 

a column is 100). With no packing technique, 106 words of storage are required to hold the 

matrix. Using the NASTRAN packing routines, a maximum of 2 x 106 words of storage are required 

if the terms are scattered, and 106 words are required if the ter.ms occur in a band. 

The routines BLOPK, INTPK, PACK, UNPACK, GETSTR, PUTSTR, GETSTB, along with their additional 

entry points, provide the matrix packing/unpacking capability of NASTRAN. The user should refer 

to the descriptions of these subroutines in sections 3.5.l and 3.4.12 for a detailed description 

of the packing logic. 

Matrices are stored by columns, and subroutines PACK/UNPACK provide the ability to pack/ 

unpack a complete column. The capability is also provided to pack/unpack a column from the first 

non-zero element to the last. 

An added feature of the packing routines is that subroutines BLDPK and INTPK provide the 

capability of packing/unpacking one element at a time. By use of INTPK, a matrix can be read 

element-by-element, such that an entire matrix can be processed without any appreciable core 

storage requirements. Likewise, by using BLOPK, a matrix can be built one element at a time. This 

is an extremely important feature to routines that must process matrices when storage is limited. 
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1.7.3 The Nested Vector Set Concept Used to Represent Components of Displacement 

In constructing _the matrices used in the Displacement Approach, each row and/or column of a 

matrix is associated closely with a grid point, a scalar point or an extra point. Every grid point 

has 6 degrees of freedom associated with it, and hence 6 rows and/or columns of the matrix. Scalar 

and extra points only have one degree of freedom. At each point (grid, scalar, extra) these degrees 

of freedom can be further classified into subsets, depending on the constraints or handling 

required for particular degrees of freedom. (For example in a two-dimensional problem all 11 z11 

degrees of freedom are constrained and hence belongs to the s (single-point constraint) set). 

Eact: degree of freedom can be considered as a 11 point11
, and the entire model is the collection of 

these one-dimensional points. 

Nearly all of the matrix operations in displacement analysis are concerned with partitioning, 

merging, and transforming matrix arrays from one subset of displa~ement components to another. 

All the components of displacement of a given type (such as all points constrained by single-point 

constraints) form a vector set that is distinguished by a subscript from other sets. A given 

component of displacement can belong to several vector sets. The mutually exclusive vector sets, 

the sum of whose members are the set of all physical components of displacements, are as follows: 

um points eliminated by multipoint constraints and rigid elements. 

us points eliminated by single-point constraints, 

u
0 

points omitted by structural matrix partitioning, 

ur points to which determinate reactions are applied in static analysis, 

ui. the remaining structural points used in static analysis {points left over), 

ue ~ degrees of freedom introduced in dynamic analysis to describe control systems etc. 

The vector sets obtained by cont>ining two or more of the above sets are(+ sign indicates 

the union of two sets): 

ua • ur + ui., the set used in real eigenvalue analysis, 

ud • u1 + ue• the set used in dynamic analysis by the direct method, 

uf • u
1 

+ u
0

, unconstrained (free) structural points, 

un • uf + us• all structural points nE! constrained by multipoint constraints, 

ug • un + um, all structural (grid) points including scalar points, 
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up= ug + ue, all physical points. 

In dynamic analysis, additional vector sets are obtained by a modal transfonnation derived 

from real eigenvalue analysis of the set ua. These are: 

E;
0 

rigid body (~ frequency) modal coordinates, 

E;f finite frequency modal coordinates, 

E;; = E;
0 

+ E;f' the set of all modal coordinates. 

One vector set is defined that combines physical and modal coordinates. That set is 

uh = E;i + ue' the set used in dynamic analysis by the modal method. 

In aeroelastic analysis, additional vector sets are defined by the aerodynamic degrees of 

freedom. These are as follows: 

uk aerodynamic box and body coordinates 

usA permanently constrained aerodynamic coordinates 

uA = uk + usA' all aerodynamic coordinates 

upA =up+ uA' all physical and aerodynamic coordinates 

The nesting of vector sets is depicted by the following diagram: 

:;----------------------}--
- - - - - - - - - - - - - - - - - - - - - - - - UA -
u!lA ---------------------u 
m ----------------

uo --- ---- Un 
Ur uf 

UR. ud 
ua 

---- -------- .----
--------------
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The data block USET (USETD in dynamics and USETA in aeroelastic analysis) is central to this 

set classification. Each word of USET corresponds to a degree of freedom in the problem. Each 

set is assigned a bit in the word. If a degree of freedom belongs to a given set, the correspon­

ding bit is on. Every degree of freedom can then be classified by analysis of USET. The corrmon 

block /BITP0S/ relates the sets to bit numbers. 

Two types of operations occur repeatedly. The first is the partitioning or sort operation. 

Examples are: 

( 1) 

arid 

(2) 

The second is the recombining (or merge) operation: 

(3) 

These operations can be completely described by a 11 partitioning11 -vector whose length corresponds 

to the length of the major set (the ug set in Equation l) and whose elements are zeros or ones 

depending on whether a degree of freedom belongs to the upper (the unset in Equation l) subset 

or the lower (the um set in "Equation l) subset. Such a partitioning vector can be constructed 

by subroutine CALCV, which is described in section 3.5.5. This operation is described throughout 

the documentation by the notation USET (UG,UN,UM) where UG (ug) is the major set, UN (un) is 

the zero set, and UM (um) is the one set. The partitioning vector generated by subroutine CALCV 

is input to the matrix routine PARTN (section 3.5.6) to perform operations s1milar to those in 

Equations 1 and 2 and is input to the matrix routine MERGE (section 3.5.6) to perform operations 

similar to that in Equation 3. 

1. 7-4 (12/31/77) 



NASTRAN MATRIX HOUTINES 

1.7.4 Processing of Matrices 

Matrices in NASTRAN can be divided in two general types: core held matrices such as the 

6x6's generated by the element routines and data block held matrices such as those output by 

functional modules. There are many routines to assist the progranrner in the processing of both 

types of matrices. Incore matrices can be processed by GMMATD (Section 3.4.32), GMMATS (Section 

3.4.33), INVERD (Section 3.4.34) and INVERS (Section 3.4.35). Data block held matrices can be 

processed at several levels. The most general is through the matrix packing and unpacking 

routines (BLDPK, PACK, INTPK and UNPACK). The next level of generality is provided by the matrix 

subroutines such as ADD, PARTN, MERGE, TRNSP, 'MPYAD, SDC~MP, DEC~MP, CDC~MP, FBS, GFBS and INVTR. 

The functions provided by these routines can also be activated by a simple subroutine call through 

such routines as SSG2A, SDRlB, SSG2C, SSG2B, SSG3A, S0LVER, FACT0R and TRANPl. This third fonn is 

by far the most convenient and error free method for the novice NASTRAN applications programmer. 
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1 .8 GENERATION OF MATRICES 

The Element Matrix Generator (EMG) module generates the stiffness. mass, and damping matrix 

partitions for each structural finite element. The EMA module assembles the element partitions 

into the NASTRAN format for each matrix type. If general elements are specified, the SMA3 module 

adds the general element stiffnesses to the EMA-generated matrix [K~g] to produce the complete 

stiffness matrix [Kgg]. 

Other matrix generation modules are: 1) DSMGl. which generates the differential stiffness 

matrix, [K~g]• for use in the Static Analysis with Differential Stiffness Rigid Format and in the 

Buckling Analysis Rigid Fonnat; 2) PLAl, which generates the stiffness matrix for linear elements, 

[K~g]• for use in the Piecewise Linear Analysis Rigid Fonnat; 3) PLA4, which generates the stiff­

ness matrix for nonlinear elements. [K~~]. for use in the Piecewise Linear Analysis Rigid Format; 

4) MTRXIN, which provides a two-fold capability: a) to provide for direct input matrices such as 

control systems in the dynamics Rigid Formats, and b) to provide the DMAP user a capability of 

converting matrices input on DMIG bulk data cards to NASTRAN matrix fonnat; and 5) the IFP module 

which provides the user the capability of converting matrices input on DMI bulk data cards to 

NASTRAN matrix fonnat. Detailed infonnation on each of these modules can be found in Section 4, 

Module Functional Descriptions. 

1.8.1 The EST, EDPT, and GPECT Data Blocks 

NASTRAN embodies a lumped element approach. i.e., the distributed physical properties of a 

structure are represented by a model consisting of a finite number of idealized substructures 

or elements that are interconnected at a finite number of points. An element will affect tenns 

in the matrices only in rows and columns related to its interconnected points. Hence, each 

column of these matrices may be fonned using only the matrix data for elements connected to the 

grid or scalar point associated with "that column. 

The Table Assembler (TAl) module generates the element tables used for the matrix assembly 

process. Alternate paths are taken in NASTRAN depending on which assembly modules will be 

executed. When EMG is used to generate matrices, the table assembler generates the Element 

Sunrnary Table {EST) and the Grid Point-Element Connection Table (GPECT). The EST table groups 

the data by element type. It contains the connections, properties, grid point geometries, and 

a reference to the temperatures for every element. The GPECT table contains only the connection 
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data and is ordered by connected grid point indices. Each record of the GPECT contains all the 

connection data for one grid or scalar point in the model. This table is used in EMA to 

reallocate space for nonzero tenns in the matrix. 

When the OSMGl, PLAl, or PLA4 modules are used to generate stiffness matrices, the Element 

Connection and Property Table (ECPT) data block is generated instead of the GPECT. The ECPT data 

block is ordered exactly the same as the GPECT table, but contains all property, geometry, and 

temperature data for each ·element. The data for each element in the ECPT is exactly the same as 

in the EST. 

l .8.2 Structural Elements 

The basis for the structural matrices in NASTRAN are the finite structural and scalar ele­

ments. Each element generates matrix tenns connecting and connected to the grid and scalar points 

given on its input connection card (e.g., CR00). A structural element generates 6 by 6 matrix 

partitions related to the six degrees of freedom of each connecting grid point. A scalar element 

generates one term for each connection. 

The stiffness matrix, [K], for a structural element consists of a partition for each 

combination of the connected grid points. For example, a BAR or R0D element is connected to two 

grid points. "a" and "b". The stiffness matrix partitions are: [Kaa]• [Kab]. ['1,a] and [Kbb]. 

A triangular element (e.g., TRMEM) is connected to three points. It will generate nine partitions: 

[Kaa]' [Kab]' [Kac], [Kba]• [Kbb]' ['1,c], [Kea], [Kcb] and [Kee]. 

Although the actual equations for the element stiffness, mass and damping matrices are 

different for each element, the solutions follow a definite pattern. The element connection, 

orientation and property data are given in the EST and ECPT data blocks. The coordinate system 

data for orienting the global coordinates at each grid point are given in the CSTM data block. 

The material properties are given in the MPT and DIT data blocks. A utility routine, PRETRD. is 

available to fetch coordinate system data, and a utility routine, PREMAT, is available to fetch 

material properties. 

1. An element coordinate system is calculated using the locations of the grid points. 

Using these data. a matrix [E] is fonned which transforms displacements from element coordi­

nates to basic coordinates. 
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2. The stiffness matrix may be fonned in element coordinates using many methods. For the 

simple elements (e.g., R00) the terms are direct functions of the geometry, properties and 

material coefficients of the element. For some elements the matrix is first fonnulated in 

terms of generalized coordinates, {q}, usually the coefficients of a power series. In 

general coordinates, the matrix is [Kq]. Transfonnation matrices, [Hi]' are generated to 

transform the displacements at the grid points in element coordinates {u}, to the general 

coordinates {q}. 

3. The global coordinate system orientation matrix, [T], for each grid point is calculated. 

4. The stiffness matrix partition for the columns related to point j and the rows related 

to point i is [Kij]. In general it is fonned by the equation 

( l) 

In the EMG/EMA method of matrix assembly, all partitions [Kij] are generated for each ele­

ment defined in the EST table. These partitions are organized and stored on a direct access 

device so that the rows and columns are sequenced according to the grid point indices. The mass 

and damping matrices are generated and stored in a similar manner. The EMA module retrieves the 

element matrix partitions, independent of the type of elements, and assembles the complete, 

packed matrix. 

In the PLAl, PLA4, DSMGl method of matrix assembly, the ECPT table is used. For each grid 

point i, which is called the "pivot" point, the element routine is called to generate only the 

matrix partition [Kij]. The remainder of the element matrix is generated in subsequent calls to 

the element routine with each new "pivot" point in the sequence of the ECPT. 
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1.9 TERMINATION PHILOSOPHY AND DIAGNOSTIC MESSAGES 

Certain restrictions are placed upon the functional module writer with regard to run 

termination and error diagnostics. This is necessary in order to complete certain functions 

upon terminating and to maintain uniformity with regard to diagnostic messages. 

A functional module writer is required to utilize a message writer (MSGWRT, section 3.4.26) 

to print all of his messages. In this manner similar message formats do not have to be duplicated 

in each module. Also, in order to avoid placing the 1/0 conversion routines and the lengthy 

format statements in the root segment, the message writer is restricted to its own overlay segment, 

Communication between the module and the message writer is via a queued message concept. 

Subroutine MESAGE (section 3.4.25) is called to store the message parameters. In the case of a 

fatal message, a dump is taken if a DIAG 1 card is present in the Executive Control Deck, and 

PEXIT (section 3.4.22) is called. For non-fatal messages, the message is queued and control 

given back to the user. The message queue is printed after each module is executed. 

In order for any routine to terminate the current execution, a call to PEXIT must be made, 

PEX!T handles all the functions necessary to wrap up the run: flushing output buffers, printing 

queued messages, and punching the last card of the checkpoint dictionary. 
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1. 10 RESTARTS IN NASTRAN 

NASTRAN is designed to run large problems with long running times. Even with the best of 

computer systems, a hardware, operator, or system failure is not unconmon for long running jobs. 

At the same time, the large volumes of data and the complexity of the structures that can be 

modeled and analyzed using NASTRAN make it highly likely that user input data errors will occur, 

Many of these errors are of a subtle type, meaning that they cannot be immediately detected in 

the NASTRAN Preface by the modules which process the data decks. To deal with these problems, and 

to save machine time on runs which abort because of data or system errors, NASTRAN has a sophisti­

cated checkpoint and restart capability (see section 3 of the User's Manual for a discussion of 

restarts from the user point of view). The overall design philosophy for restart is twofold. A 

restart selectively executes only the modules necessary to accomplish a user-input data change. 

The user is able to change any part of his problem including structural model changes, additional 

cases, or more output requests. At the same time restarts are automatic as far as user interference 

is concerned. The user need only checkpoint (see section 1.2.3.5) his original run and submit 

changes to the original run on subsequent runs. The user does not have to analyze the effect of 

his changes. In addition the selective nature of restart allows the program to proceed with 

implicit errors (errors present in the data but not yet identified) until no further valid progress 

can be made. The work accomplished to this point is not lost, but rather only the table or matrix 

data block in error must be corrected to allow the program to proceed. Much error checking can be 

deferred until the actual module using the data is in control. The remainder of this section will 

explain the program mechanics by which restart is accomplished. 

In NASTRAN there are four general types of restarts. Unmodified Restart (UMR), Psuedo Modified 

Restart (PMR), Modified Restart (MR), and Rigid Fonnat Switch (RFS). Note that in the User's Manual 

UMR's and PMR's are described together as Unmodifed Restarts. These classifications are for des­

criptive and internal purposes. The user need not know anything about which type is which. The 

basic characteristics of each type will be described below. An Unmodified Restart results when the 

user simply resubmits a problem with no data changes. It is used to continue a solution from the 

point of interruption. Presumably the problem aborted previously due to time expiring, machine 

error, system error, etc. The restart dictionary (created while checkpointing) is processed, and 

the solution is started again at the last re-entry point (after the last successful checkpoint). 

A Psuedo Modified Restart occurs when the user requests additional output from the program which 

simply requires the re-execution of an output module such as the Structure Plotter, the Grid Point 
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Weight Generator, or the Stress Data Recovery module etc. The numerical solution is not affected 

by these modules; only output is generated. Note that a PMR is the common case since printer out­

put, plotter output, etc. is usually requested. A true UMR is rare. On a PMR, output modules are 

re-executed to display requested output, and then the problem is continued at the re-entry point. 

A true Modified Restart occurs when some numerically significant data change. The modules which 

process this type of data must be re-executed. These modules are re-executed to regenerate their 

output data blocks based on the new data, and the problem is continued at the re-entry point. A 

Rigid Format Switch is a special form of Modified Restart in which a problem changes from one 

solution type to another. One example would be: a user has solved for the static solution on 

Rigid Format 1 and now wants to find the normal modes by using Rigid Format 3. This may or may 

not require data changes. The key difference here is that the re-entry point cannot be used to 

determine the proper place to restart. The technique by which a RFS is accomplished is to re­

execute the final modules on the new Rigid Format and let the File Name Table chain the solution 

back to the proper restart point. 

To understand, in general, how the above types of restart are implemented, it is necessary to 

consider the Module Execution Decision Table (MEDT), which is associated with each Rigid Format. 

The Module Execution Decision Table is a table which has one entry for every DMAP instruction in the 

Rigid Format. Each entry is 5 words long; each word contains 31 bits. For convenience, these bits 

are numbered sequentially from left to right with the numbers 1 through 155. If the entry in the 

MEOT for a module has, say, bit 55 turned on, this module will be executed whenever a card or data 

block change associated with bit 55 occurs on a restart. The Card Name Table associates bits of 

the MEDT with selected bulk data card names, Case Control selections and parameter names. The File 

Name Table associates bits of the MEDT with selected data block names. For consistency, bits 1 

through 62 for each entry in the MEDT are reserved for the Card Name Table, and bits 94 through 

155 are reserved for the File Name Table. The following example illustrates the use of these tables 

in determining the effects of changing a bulk data card on a Modified Restart. Suppose the F0RCE 

bulk data card is to be changed when executing Rigid Format 1. The table in section 10.2. 1 of 

the Progranmer's Manual associates bit 60 with the F0RCE card. The decision table for bits 

through 62 is shown in secti~n 10.2.3 of the User's Manual. DMAP modules BEGIN, FILE, FILE, GP3, 

SAVE, PARAH, CHKPNT, SSGl, CHKPNT, EQUIV, etc., will be executed since bit 60 is on for each. 

There is one more table, the Rigid Format Switch Table, which is constant for all Rigid 

Formats, and hence resides in Preface module XCSA. The Rigid Format Switch Table associates with 
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each Rigid Fonnat a bit for each entry in the MEDT: bit 63 is associated with Rigid Format 1, b 

64 is associated with Rigid Fonnat 2, etc. If the restart involves a Rigid Fonnat change, the b 

in the decision table which is set is the bit corresponding to the Rigid Fonnat of the previous 

execution. 

Each part of the NASTRAN Preface contributes to processing the information for a restart. 

XCSA extracts and stores the Card Name Table, the File Name Table, the Module Execution Decision 

Table, the DMAP sequence and the Rigid Format Switch bit if any. These are written in the XCSA 

Executive Control Table (see section 2.4.2.5) on the New Problem Tape for later use by module XGF 

IFPl compares the current CASECC data block with the one submitted on the previous run (a copy of 

CASECC is stored on the Old Problem Tape for this purpose). Three types of changes are noted by 

IFPl: 

1. Changes in data set selection such as Load set, SPC set, etc.; 

2. The occurrence of output requests for printer, plotter, etc.; 

3. Changes in the looping structure of the problem. 

The results of this analysis are stored in common block /IFPXO/. Each bit in /IFPXO/ is associ­

ated with a key name. These names will appear in some Rigid Fonnat's Card Name Table. Mnemonics 

with$ appended are always associated with changes in the Case Control Deck. /IFPXO/ contains one 

bit for every unique entry in the Card Name Table. /IFPXl/ contains these names in order given 

by /IFPXO/. Thus, bit 135 in /IFPXO/ corresponds to the key word, LOAD$. If bit 135 is on (non­

zero), the status of L0AD$ has changed on this restart. XS0RT analyzes the bulk data card changes 

in a similar manner, setting the proper bits in /IFPXO/. IFP applies certain logical rules to 

combinations of the bits. XGPI then analyzes this infonnation in the following manner. For each 

bit in /IFPXO) the BCD equivalent is extracted from /IFPXl/. This mnemonic is searched for a 

match in the Card Name Table. If a match occurs, the appropriate bit in a master module execu­

tion mask is turned on. After all changes have been processed, the master mask is logically 

multiplied (logical and) with each module execution entry. A non-zero results indicates that 

this module is to be executed. 

All bits in /IFPXO/ are classified as either significant to the solution or as only reflectin, 

output requests. If only output request bits are on, a PMR is indicated. If the restart is a 

Modified Restart, one further table look-up may be necessary: the resulting DMAP sequence deter­

mined from the execution flags of the modules may not have the required input data blocks. (All 
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input data blocks must first appear as output data blocks). If this should be the case (most often 

caused by switching rigid fonnats), the File Name Table is consulted to detennine which bits are on 

and hence which modules should be re-executed to generate the missing data blocks. The resulting 

DMAP sequence causes the selective execution of only those modules necessary to reflect the data 

changes and complete the requested solution. 
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2.1 INTRODUCTION 

This section contains descriptions of a) those NASTRAN data blocks which appear in one or 

more Rigid Formats (Section 2.3)*, b) Executive tables maintained by the NASTRAN Executive System 

(Section 2.4), and c) Miscellaneous tables used by more than one module (Section 2.5). 

Data blocks that appear in Rigid Formats are structural problem oriented and reside on 

physical fijles. A file is "allocated" to a data block, and a data block is "assigned" to a file. 
: 

The Executhe Segment File A11ocator (XSFA) Module is the "administrative manager" of files for 

~JASTRAN. 

Executive Tables have true executive functions in the sense that they are not oriented to a 

particular problem solution or even to structural analysis in general. They may be core resident 

or may reside on physical files. 

Miscellaneous tables are corrmon blocks which are used by the Executive System and/or a 

particular class of modules {e.g., /GPTAl/ is used by modules GPl, GP2, GP3, PLTSET and TA1). 

Common blocks that are used for intra-module corrmunications are documented in Section 4, Module 

Functional Descriptions. 

Section 2.2.1 contains an index for data block descriptions sorted on data block names, and 

Section 2.2.2 contains an index for data block descriptions sorted on the names of modules from 

which they are output. Alphabetical indexes are given for Executive table descriptions and 

miscellaneous table descriptions at the beginning of Sections 2.4 and 2.5 respectively. 

*The names as listed in Section 2.3 are for the displacement approach rigid formats. For 
heat approach rigid formats, the names are preceded with the letter H. 
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2.2 DATA BLOCK DESCRIPTIONS - GE!~ERAL COMMENTS AND INDEXES 

Data bloc~ descriptions have been organized so that all data blocks output from the same 

module are grouped together. The name of each data block is giv~n. and the data block is 

classified as a matrix or a table. A data block is classified as a matrix only if it is in 

NASTRAN matrix form, that is, generated by one of the NASTRAN matrix packing routines, PACK or 

BLDPK, the latter having secondar.}• entry points BLDPKI, ZBLPKI and BLDPKN. All other data blocks 

are classified as t~bles. 

Following a data block's name and classification is a brief description of its contents, 

followed by its format if it is a table. Since all matrices are in standard NASTRAN packed 

format a repeated description of the format is unnecessary for matrices. Each data block,has a 

header record (consisting in general of two BCD words) which is the alphanumeric name of the data 

block as it appears in a Rigid Format, and this header record is designated "Record O" in table 

formats. For those few data block which contain more: than these two BCD words in their header 

record, e.g., SLT, GPTT, DLT, the contents are described explicitly. The conventions used for 

describing the types of words in records of tables are: R implies real; I implies integer; B 

implies BCD, four characters per computer word left adjusted with the remaining characters, if 

any, filled with BCD blanks; and L implies a "1ogica1" -- not in the F0RTRAN sense -- word which 

is a mask of bits, right adjusted. 

There is associated with each data block a six word control block called a trailer. Trailer 

information is "written" by the module which outputs the corre:sponding data block and can be 

"read" by any module accessing the corresponding data block as input. If a module "writes" a 

zero trailer for a data block, this implies no data was written in the data block. lf a module 

"writes" a non-zero trailer, this implies data was written in the data block. Non-zero trailer 

information is often used by modules to allocate core storage before reading the corresponding 

data block. Trailer information for each data block is stored in and retrieved from the FIAT 

Executive table (see section 2.4.1.2) by the utility routines WRTTRL (write trailer) and RDTRL 

(read trailer), which are described in section 3.4.16. While residing in the FIAT, a trailer 

is stored in 6 half-words; each half-word consists of 16 binary digits. 

Trailer information is standardized for matrix data blocks, not standardized for table data 

blocks. The format of a matrix trailer is as follows: 
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~iord 1 = number of co 1 umns .. N 

Word 2 = number of rows = M 

Word 3 =form= 1 square matrix 

2 rectangular m~tr,{·xN = 
1 

3 di agona 1 matr, x M = nuniber of rows 

4 lower triangular matrix 

5 upper triangular matrix 

6 symmetric matrix 
f N = 1 

7 row vector l M • number of rows 

8 identity matrix 

Word 4 •type• 1 elements of the matrix are real single 

precision 

2 elements of the matrix are real double 

precision 

3 elements of the matrix are complex sinsle 

precision 

4 elements of the matrix are complex double 

precision. 

Word 5 • maximum number of non-zero words {rather than non­

zero matrix elements} in any one column (e.g •• if a real 

double precision matrix is diagonal and non-zero word 5 • 2) 
. A 

Word 6 • (density of matrix) x 10 

Word 5 is dependent upon the structural model and the user•s grid point sequencing rather than on 

any intrinsic property of the matrix and is therefore not described in this report. 

The lower case letters, e.g., g, n, m, s, o, t, etc., used as subscripts designate the sub­

sets of displacement to which the root symbol (e.g •• [K], for a stiffness matrix) applies. The 

reader is referred to section 3 of the Theoretical Manual and to section 1.7 of the Progran111er's 

Manual for further details. 
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2. 2. l Index for Data Block Descriptions Sorted on Data Block Names 

Section Number Data Block Name Output from Module Page Number 

2.3.40.6 ABFL MTRXIN 2. 3-178 

2.3.62.9 ACPT APO 2.3-250 

2.3.62.8 AER0 APO 2.3-250 

2. 3. 64. l AJJL AMG 2.3-254 

2.3.47.2 AUT0 RAND0M 2.3-223 

2.3.2.11 AXIC IFP 2.3-38 
2.3.18.9 BAA SMPl 2.3-94 
2.3.41.2 BOD GKAD 2.3-179 
2.3.70.6 BDICT EMG 2.3-267 
2.3.54.l BDP00L BMG 2.3-239 
2.3.70.S BELM EMG 2.3-267 
2.3.17.8 BFF SCEl 2.3-89 
2.3.69. l BGG EMA 2.3-264 
2.3.10.2 BGG SMA2 2.3-76 
2.3.77.4 BGP PLTMRG 2.3-282 
2.3.62.7 BGPA APO 2.3-249 
2.3.76.6 BGPOT SGEN 2.3-279 
2.3.3.5 BGPDT GPl 2.3-44 
2.3.55.2 BGPDP PLTIRAN 2.3-239 
2.3.49.2 SHH GKAM 2.3-225 
2.3.16.5 BNN MCE2 2. 3-86 
2.3.27.7 BQG SDRl 2. 3-112 
2.3.66.3 BXHH FAl 2.3-259 
2.3.41.8 8200 GKAD 2.3-181 
2.3.40.3 B2PP MTRXIN 2. 3-177 

2.3.76.2 CASEC SGEN 2.3-278 
2.3.1.l CASECC IFPl 2.3-1 
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Section Number Data Block Name Output from Module Page Number 

2.3.77.5 CASEP PLTMRG 2.3-283 

2.3.76. l CASES SGEN 2.3.278 

2.3.71.l CASESS ASOMAP 2.3-269 

2.3.39. l CASEXX CASE . 2.3-176 

2.3.67.3 CASEYY FA2 2.3-260 

2.3.78.3 CASEii M0DACC 2.3-284 

2.3.42.2 CLAMA CEAD 2.3-183 

2.3.67.2 CLAMAL FA2 2.3-260 

2.3. 78. l CLAMAl M0DACC 2.3-284 

2.3.50. l CPHID DDRl 2.3-226 

2.3.78.2 CPHIHl M0DACC 2.3-284 

2. 3. 27. 11 CPHIP SDRl 2. 3-113 

2.3.3.4 CSTM GPl 2.3-43 

2.3. 76.10 CSTM SGEN 2.3-280 

2.3.62.6 CSTMA APO 2.3-248 

2.3.61.l CYCD GPCYC 2.3-244 

2.3.27.9 DELTAPG SDRl 2. 3-113 

2.3.27.10 DELTAQG SDRl 2.3-113 

2.3.27.8 DELTAUGV SDRl 2.3-112 

2.3.2.7 DIT IFP 2.3-28 

2.3.29.7 DLT DPD 2.3-150 

2.3.21.1 OM RBMG3 2. 3-101 

2.3.2.9 DYNAMICS IFP 2.3-32 

2.3.81.1 D1JE INPUTT2 2.3-288 

2.3.81.2 D2JE INPUTT2 2.3-288 

2.3.64.3 DlJK AMG 2.3-255 

2.3.64.4 D2JK AMG 2.3-255 

2.3.8.3 ECPT TAl 2.3-71 

2.3.34.4 ECPTNL PLAl 2.3-169 

2.2-4 (7/4/76) 



DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES 

Section Number Data Block Name Output from Module Page Number 

2.3.38.2 ECPTNLl PLA4 2. 3-175 

2.3.4.1 ECT GP2 2.3-46 

2.3.62.5 ECTA APO 2.3-247 

2.3.2.8 EDT IFP 2.3-30 

2.3.29.4 EEO DPD 2.3-147 

2.3.77.3 ELS PLTMRG 2.3-282 

2.3.5.4 ELSETS PLTSET 2.3-48 

2.3.2.5 EPT IFP 2.3-23 

2.3.62.4 EQAER0 APO 2.3-247 

2.3.29.5 EQDYN DPD 2.3-149 

2.3.77.6 EQEX PLTNRG 2.3-283 

2.3.3.2 EQEXIN GPl 2.3-41 

2.3.76.4 EQEXIN SGEN 2.3-278 

2. 3.8. 1 EST TAl 2.3-56 

2.3.34.2 ESTL PLAl 2.3-165 

2.3.34.3 ESTNL PLAl 2.3-166 

2.3.37.2 ESTNLl PLA3 2.3-174 

2.3.29.9 FRL DPD 2.3-153 

2. 3.62.11 FLIST APO 2.3-252 

2.3.66.1 FSAVE FAl 2.3-258 

2.3.84.4 GCYCB CYCTl 2. 3-293 

2.3.04.3 GCYCF CYCTl 2.3-292 

2.3.8.2 GEI TAl 2.3-70 

2.3.2.1 GE0Ml IFP 2.3-7 

2.3.2.2 GE0M2 IFP 2.3-9 

2.3.2.3 GE0M3 IFP 2.3-16 

2.3.2.4 GE0M4 IFP 2.3-19 

2.3.15.1 GM MCEl 2.3-84 

2.3.41.4 GMO GKAD 2.3-180 

2.2-5 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Section Number Data Block Name Output from Module Page Number 

2.3.18.1 G0 SMPl 2.3-92 

2.3.41.5 G00 GKAD 2. 3-180 

2.3.8.4 GPCT TAl 2. 3-71 

2.3.76.5 GPOT SGEN 2.3-279 

2.3.3.3 GPOT GPl 2.3-42 

2.3.8.7 GPECT TA1 2.3-74 

2.3.3.1 GPL GP1 2.3-41 

2.3.76.3 GPL SGEN 2.3-278 

2.3.62.1 GPLA APO 2.3-245 

2.3.29.1 GPLD DPD 2.3-145 

2.3.77.2 GPS PLTMRG 2.3-281 

2.3.5.3 GPSETS PLTSET 2.3-47 

2.3.9.3 GPST SMAl 2.3-74 

2.3.69.2 GPST EMA 2.3-264 

2.3.7.2 GPTT GP3 2.3-54 

2.3.76.8 GP3S SGEN 2.3-279 

2.3.76.9 GP4S SGEN 2.3-280 

2. 3 .63. 1 GTKA GI 2.3-253 

2.3.32.3 HBAA SMP2 2.3-162 

2.3.41.10 HBDD GKAD 2.3-181 

2.3.70.10 HBDICT EMG 2.3-268 

2.3.70.9 HBELM EMG 2.3-268 

2.3.17.14 HBFF SCEl 2.3-91 

2. 3.69. 1 HBGG EMA 2.3-264 

2.3.16.8 HBNN MCE2 2.3-87 

2.3.41.15 HB200 GKAD 2.3-182 

2.3.40.5 HB2PP MTRXIN 2.3-177 

2.3.29.14 HOLT DPD 2.3-156 

2. 3.21 .2 HOM RBMG3 2.3-101 

2.3.29. 17 HEQDYN DPD 2.3-156 

2.2-6 (7/4/76) 



DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES 

Section Number Data Block Name Output from Module Page Number 

2.3.3.8 HEQEXIN GPl 2.3-45 

2.3.8.5 HEST TAl 2.3-72 

2.3.18.11 HG0 SMPl 2.3-94 

2.3.41.12 HG00 GKAD 2.3-182 

2.3.8.6 HGPECT TAl 2. 3-72 

2.3.18.12 HKAA SMPl 2.3-95 

2.3.41.9 HKDD GKAD 2.3-181 

2.3.70.8 HKDICT EMG 2.3-267 

2.3.70.7 HKELM EMG 2.3-267 

2.3.17.10 HKFF SCEl 2.3-90 

2.3.17.11 HKFS SCEl 2.3-90 

2.3.56.3 HKGG RMG 2.3-240 

2.3.69.l HKGG EMA 2.3-264 

2. 3 .69. 1 HKGGX EMA 2.3-264 

2.3.19.7 HKLL RBMGl 2.3-97 

2.3.19.8 HKLR RBMGl . 2.3-97 

2.3.16.4 HKNN MCE2 2.3-85 

2.3.18.13 HK00 SMPl 2.3-95 

2.3.19.9 HKRR RBMGl 2.3-98 

2.13.17.12 HKSS SCEl 2.3-90 

2.3.41.13 HK2DD GKAD 2.3-182 

2.3.40.4 HK2PP MTRXIN 2. 3-177 

2.3.20.5 HLLL RBMG2 2.3-100 

2.3.18.14 HL00 SMPl 2.3-95 

2.3.41.14 HM2DD GKAD 2.3-182 

2.3.29.15 HNLFT DPD 2.3-156 

2.3.60.l H0EFIX SDRHT 2.3-243 

2.3.28.29 H0EF1 SDR2 2.3-143 

2.3.45.29 H0EF2 S0R3 2.3-216 

2.2-7 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Section Number Data Block Name Output from Module Page Number 

2.3.28.38 H0ES1 SOR2 2.3-144 

2.3.28.35 H0PGl SDR2 2.3-144 

2.3.43.8 H0PNL1 VDR 2.3-194 

2.3.45.31 H0PNL2 SOR3 2.3-217 

2.3.45.26 H0PP2 SDR3 2.3-216 

2.3.28.36 H0QG1 SDR2 2.3-144 

2.3.45.27 H0QP2 SDR3 2.3-216 

2.3.43.9 H0UDV1 VDR 2.3-194 

2.3.45.30 H0UOV2 SDR3 2.3-216 

2.3.28.37 H0UGV1 SDR2 2.3-144 

2.3.45.28 H0UPV2 S0R3 2.3-216 

2.3.57.3 HP00 TRLG 2.3-241 

2.3.57.4 HPOT TRLG 2.3-241 

2.3.24.9 HPF SSG2 2.3-106 

2.3.23.3 HPG SSGl 2.3-103 

2.3.27.18 HPGG SDRl 2. 3-115 

2.3.24.8 HPL SSG2 2.3-105 

2.3.58.2 HPNLD TRHT 2.3-242 

2.3.24.6 HP0 SSG2 2.3-105 

2.3.57.1 HPPQI TRLG 2.3-240 

2.3.24.7 HPS SSG2 2.3-105 

2.3.57.2 HPS0 TRLG 2.3-240 

2.3.28.39 HPUGVl S0R2 2.3-144 

2.3.27.20 HQG SDRl 2.3-115 

2.3.59.2 HQG SSGHT 2.3-243 

2.3.56.2 HQGE RMG 2.3-240 

2.3.27 .19 HQP S0R1 2.3-115 

2.3.24.5 HQR SSG2 2.3-105 

2.3.32.2 HRAA SMP2 2.3-162 

2.2-8 (7/4/76) 



DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES 

Section Number Data Block Name Output from Module Page Number 

2.3.41.11 HRDD GKAD 2.3-181 

2.3.17.13 HRFF SCEl 2.3-91 

2.3.56.1 HRGG RMG 2.3-240 

2.3.16.7 HRNN MCE2 2.3-87 

2.3.25.9 HRULV SSG3 2.3-109 

2.3.59.3 HRULV SSGHT 2.3-243 

2.3.25.10 HRU0V SSG3 2.3-109 

2.3.3.7 HSIL GPl 2.3-45 

2.3.29.12 HSILD DPD 2.3-156 

2.3.55.3 HSIP PLTTRAN 2.3-239 

2.3.7.3 HSLT GP3 2.3-55 

2.3.29.16 HTRL DPD 2.3-156 

2.3.58.1 HUDVT TRHT 2.3-242 

2.3.27.16 HUGV SDRl 2. 3-114 

2.3.59.l HUGV SSGHT 2.3-242 

2.3.25.7 HULV SSG3 2.3-108 

2.3.25.8 HU00V SSG3 2.3-108 

2.3.27.17 HUPV SDRl 2 .3-115 

2.3.13.4 HUSET GP4 2.3-82 

2.3.29.13 HUSETD DPD 2.3-156 

2.3.46.6 HXYPLTT• XYTRAN 2.3-221 

2.3.28.34 IEFl S0R2 2.3-144 

2.3.45.22 IEF2 S0R3 2.3-215 

2.3.28.33 IES1 S0R2 2.3-144 

2.3.45.21 IES2 S0R3 2.3-215 

2.3.75.3 INX REDUCE 2 .3-277 

2.3.28.32 IPHIPl S0R2 2.3-143 

2.3.45.20 IPHIP2 SDR3 2.3-215 

2.3.28.31 IQPl S0R2 2.3-143 

2.2-9 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Section Number Data Block Name Output from Module Page Number 

2.3.45. 19 IQP2 SDR3 2.3-215 

2.3.45.25 IQP2 SDR3 2.3-216 

2.3.18.2 KAA SMPl 2.3-92 

2.3.40.7 KBFL MTRXIN 2.3-178 

2.3.33.2 KBFS 0SMG2 2.3-163 

2.3.33. 1 KBLL 0SMG2 2.3-163 

2.3.33.3 KBSS 0SMG2 2.3-163 

2.3.32. 1 KDAA SMP2 2.3-162 

2.3.35.3 KDAAM ADD 2.3-172 

2.3.41.1 KOO GKAD 2.3-179 

2.3.17.5 KOFF SCEl 2.3-89 

2.3.17.6 KDFS SCE1 2.3-89 

2.3.31.1 KDGG DSMGl 2. 3-161 

2.3.70.2 KDICT EMG 2.3-266 

2.3.16.3 KONN MCE2 2.3-85 

2.3. 17.7 KOSS SCEl 2.3-89 

2.3.70.1 KELM EMG 2.3-265 

2.3.17.1 KFF SCE1 ?..3-88 

2.3.17.2 KFS SCEl 2.3-88 

2.3. 12.1 KGG SMA3 2.3-78 

2.3.69.1 KGG . EMA 2.3-264 

2.3.12.2 KGGL SMA3 2.3-78 

2. 3. 38. l KGGNL PLA4 2.3-175 

2.3.35. 1 KGGSUM ADD 2.3-172 

2.3.9.1 KGGX SMAl 2.3-74 

2.3.69.1 KGGX EMA 2.3-264 

2. 3.34. l KGGXL PLAl 2.3-165 

2.3.49.3 KHH GKAM 2.3-225 

2.3.85.l KKK CYCT2 2.3-293 

2.2-10 (7/4/76) 



DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES 

Section Number Data Block Name Output from Module Page Number 

2.3.19.1 KLL RBMGl 2.3-96 

2.3.19.2 KLR RBMGl 2.3-96 

2.3.16.1 KNN MCE2 2.3-85 

2.3.18.3 K00B SMPl 2.3-92 

2.3.19.3 KRR RBMGl 2.3-96 

2.3. 17.3 KSS SCEl 2.3-88 

2.3.66.2 KXHH FAl 2.3-258 

2.3.41.6 K2DD GKAD 2.3-180 

2.3.40.9 K2DPP MTRXIN 2.3-178 

2. 3 .40. l K2PP MTRXIN 2.3-177 

2.3.18.10 K4AA SMPl 2.3-94 

2.3.17.9 K4FF SCEl 2.3-90 

2.3.69.l K4GG EMA 2.3-264 

2.3.9.2 K4GG SMAl 2.3-74 

2.3.16.6 K4NN MCE2 2.3-86 

2.3.74.7 LAMA RCOVR3 2.3-275 

2.3.30.l LAMA READ 2.3-157 

2.3.85.7 LAMA CYCT2 2.3-294 

2.3.20.3 LBLL RBMG2 2.3-99 

2.3.20.l LLL RBMG2 2.3-99 

2.3.18.4 L00 SMPl 2.3-92 

2.3.18.6 MAA SMPl 2.3-93 

2.3.72.l MATC C0MB2 2.3-271 

2.3.2.10 MATP00L IFP 2.3-35 
' 

2.3.41.3 MOD GKAD 2.3-179 

2.3.70.4 MDICT EMG 2.3-267 

2.3.70.3 MELM EMG 2.3-267 

2.3.5.5 MESSAGE PLTSET 2.3-49 

2.3.17.4 MFF SCEl 2.3-88 

2.2-11 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Section Number Data Block Name Output from Module Page Number 

2.3.69.1 MGG EMA 2 .3-264 

2.3.10.1 MGG SMA2 2.3-76 

2.3.49.1 MHH GKAM 2.3-225 

2.3.30.3 MI READ 2.3-158 

2.3.85.5 MKK CYCT2 2.3-294 

2.3.19.4 MLL RBMGl 2.3-96 

2.3.19.5 MLR RBMGl 2.3-97 

2.3.16.2 MNN MCE2 2.3-85 

2.3.18.8 Mll)A SMPl 2.3-94 

2.3.18.7 Ml/)11) SMPl 2.3-93 

2.3.2.6 MPT IFP 2.3-26 

2.3 .22. 1 MR RBMG4 2.3-102 

2.3.19.6 MRR RBMGl 2.3-97 

2.3.66.4 MXHH FAl 2.3-259 

2.3.41.7 M20D GKAO 2.3-180 

2.3.40.8 M20PP MTRXIN 2.3-178 

2.3.40.2 M2PP MTRXIN 2.3-177 

2.3.29.10 NLFT OPO 2.3-153 

2.3.28.21 QIBEFl S0R2 2.3-136 

2. 3.28.17 0BES1 S0R2 2.3-132 

2.3.28.10 0BQG1 S0R2 2.3-125 

2.3.42.3 QICEIGS CEAO 2.3-184 

2.3.28.14 Q)CPHIP S0R2 2.3-129 

2.3.28.20 0EFB1 S0R2 2.3-135 

2.3.28.22 QIEFCl S0R2 2.3-137 

2.3.45.13 0EFC2 S0R3 2.3-209 

2.3.28.19 lllEFl S0R2 2.3-134 

2.3.45.5 0EF2 SDR3 2.3-201 

2.3.30.4 lllEIGS READ 2.3-158 

2.3.28.16 0ESB1 S0R2 2.3-131 

2.3.28.18 0ESC1 S0R2 2.3-133 

2.3.45.12 0ESC2 S0R3 2.3-208 

2.2-12 (12/29/78) 



DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES 

Section Number Data Block Name Ou tout from >lodul e Page Number 

2.3.28. 15 0ES1 SDR2 2.3-130 

2.3.28.40 0ES1A SDR2 2.3-144a 

2.3.82.4 0ES1AG CURV 2.3-289c 

2.3.82.3 0ES1AM CURV 2.3-289b 

2.3.82.2 0ES1G CURV 2.3-289a 

2. 3. 82. 1 0ES1M CURV 2.3-289 

2.3.45.4 0ES2 SDR3 2.3-200 

2.3.83.2 0GPF1 GPFDR 2.3-291 

2.3.14. l 0GPST GPSP 2.3-83 

2.3.11.l 0GPWG GPWG 2.3-77 

2.3.37.1 0NLES PLA3 2.3-174 

2.3.83.l 0NRGY1 GPFDR 2.3-290 

2.3.73.3 0PG1 RC0VR 2.3-272 

2.3.28.5 0PG1 SDR2 2.3-120 

2.3.45.17 0PG2 S0R3 . 2.3-213 

2. 3 .43. l 0PHI0 VDR 2.3-186 

2.3.28.13 0PHIG S0R2 2.3-128 

2.3.73.l 0PHIG RC0VR 2.3-272 

2.3.43.5 0PHIH VDR 2.3-190 

2.3.43.4 0PNL1 VDR 2.3-189 

2.3.45.6 0PNL2 S0R3 2.3-202 

2.3.45.24 0PPB S0R3 2.3-216 

2.3.28.30 0PPCA S0R2 2.3-143 

2.3.45.23 0PPCB SDR3 2.3-215 

2.3.28.7 0PPC1 SDR2 2.3-122 

2.3.45.9 I/JPPC2 S0R3 2.3-205 

2.3.28.6 0PP1 S0R2 2.3-121 

2.3.45.l IIJPP2 S0R3 2.3-197 

2.3.68. l 0PTP1 1/JPTPRl 2.3-262 

2.3.80.1 I/JPTP2 0PTPR2 2.3-287 

2.3.28.9 1/JQBGl S0R2 2.3-124 

2.3.73.4 1/JQGl RC0VR. 2.3-272 

2.2-13 (12/29/78) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Section Number Data Block Name Output from Module Page Number 

2.3.28.8 (iJQGl SDR2 2.3-123 

2.3.45. 18 ~QG2 SDR3 2.3-214 

2.3.28.12 (iJQPCl SDR2 2.3-127 

2.3.45.10 0QPC2 S0R3 2.3-206 

2. 3.28. 11 (iJQPl S0R2 2.3-126 

2.3.45.2 (iJQP2 S0R3 2.3-198 

2.3.28.2 (iJUBGVl SOR2 2 .3-117 

2.3.43.2 0UDVC1 VDR 2.3-187 

2.3.45. 14 0UDVC2 SDR3 2.3-210 

2.3.43.3 0UDV1 VDR 2.3-188 

2.3.45.7 (iJUDV2 SOR3 2.3-203 

2.3.73.2 0UGV1 RCOVR 2.3-272 

2.3.28.l 0UGV1 SDR2 2.3-116 

2.3.45.16 0UGV2 SOR3 2.3-212 

2.3.43.6 0UHVC1 VOR 2.3-191 

2.3.45.15 0UHVC2 SDR3 2. 3-211 

2.3.43.7 0UHV1 VDR 2.3-193 

2.3.45.8 0UHV2 SDR3 2.3-204 

2.3.28.4 0UPVC1 S0R2 2.3-119 

2.3.45.11 0UPVC2 SOR3 2.3-207 

2.3.28.3 0UPV1 SDR2 2.3-118 

2.3.45.3 0UPV2 S0R3 2.3-199 

2.3.67.4 0VG FA2 2.3-261 

2.3.53.2 PAF DDR2 2.3-237 

2.3.53.5 PAT DDR2 2.3-238 

2.3.33.4 PBL DSMG2 2.3-164 

2.3.33.5 PBS DSMG2 2.3-164 

2.3.1.2 PCDB IFPl 2.3-3 

2.3.28.28 PCPHIP SDR2 2.3-143 

2.2-14 (7/4/76) 



DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES 

Section Number Data Block Name Output from ~1odul e Page Number 

2.3.57.4 PD TRLG 2.3-241 

2.3.44.3 PDF FRRD 2.3-195 

2.3.57.3 PDT TRLG 2.3-241 

2.3.23.1 PG SSGl 2.3-103 

2.3.35.2 PG ADD 2. 3-172 

2.3.27.2 PGG SDRl 2. 3-111 

2.3.74.3 PGS RC0VR3 2.3-274 

2.3.23.2 PGl SSGl 2.3-103 

2.3.36.2 PGVl PLA2 2.3-173 

2.3.57.5 PH TRLG 2.3-241 

2.3.30.2 PHIA READ 2.3-157 

2.3.42.1 PHID CEAD 2.3-183 

2.3.49.4 PHIOH GKAM 2.3-225 

2.3.85.6 PHIA CYCT2 2.3-294 

2.3.27.4 PHIG SDRl 2. 3-111 

2:3.42.4 PHIH CEAD 2.3-185 

2.3.67.1 PHIHL FA2 2.3-260 

2.3.85.2 PK CYCT2 2.3-293 

2.3.24.4 PL SSG2 2.3-104 

2.3.26.1 PLI SSG4 2.3-110 

2.3.6.l PL0TX1 PL0T 2.3-50 

2.3.6.2 PL0TX2 PL{IIT 2.3-50 

2.3.77.1 PLTP PLTMRG 2.3-281 

2.3.5.2 PLTPAR PLTSET 2.3-47 

2.3.5.1 PLTSETX PLTSET 2.3-47 

2.3.24.2 P0 SSG2 2.3-104 

2.3.26.2 P0I SSG4 2.3-110 

2.3.74.5 P0S RC0VR3 2.3-275 

2.3.44.4 PPF FRRD 2.3-195 

2.2-15 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Section Number Data Block Name Output from Module Page Number 

2.3.28.25 PPHIG SDR2 2.3-140 

2.3.57.1 PPT TRLG 2.3-240 

2.3.24.3 PS SSG2 2.3-104 

2.3.47.l PSDF RAND0M 2.3-222 

2.3.29.8 PSDL DPD. 2.3-152 

2.3.44.2 PSF FRRD 2.3-195 

2.3.74.4 PSS RC0VR3 2.3-274 

2.3.57.2 PST TRLG 2.3-240 

2.3.2R.24 PUBGVl SDR2 2.3-139 

2.3.28.26 PUGV SDR2 2.3-141 

2.3.28.23 PUGVl SDR2 2.3-138 

2.3.28.27 PUPVCl SDR2 2.3-142 

2.3.75.l PVX REDUCE 2.3-276 

2.3.84.1 PX CYCTl 2.3-292 

2.3.74.2 QAS RC0VR3 2.3-274 

2.3.27.6 QBG SDRl ?.. 3-112 

2.3.27.3 QG SDRl 2.3-111 

2.3.36.3 QGl PLA2 2.3-173 

2.3.65.1 QHHL AMP 2.3-256 

2.3.65.2 QJHL AMP 2.3-256 

2.3.27.,5 QP SDRl 2.3-114 

2.3.27.12 QPC SDRl 2. 3-113 

2.3.24.1 QR SSG2 2.3-104 

2.3.13.1 . RG GP4 2.3-79 

2.3.25.6 RUBLV SSG3 2.3-108 

2.3.25.3 RULV SSG3 2.3-107 

2.3.25.4 RU0V SSG3 2.3-107 

2.3.85.4 RUXV CYCT2 2.3-294 

2.3.76.7 SIL SGEN 2.3-279 

2.3.3.6 SIL GPl 2.3-45 

2.2-16 (7/4/76) 



DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES 

Section Number Data Block Name Output from Module Page Number 

2.3.62.2 SILA APO 2.3-245 

2.3.29.2 SILO DPD 2.3-145 

2.3.62. 12 SILGA APO 2.3-252 

2.3.55.l SIP PLTIRAN 2.3-239 

2.3.64.2 SKJ AMG 2.3-254 

2.3.7.l SLT GP3 2. 3-51 

2.3.62. 10 SPLINE APO 2.3-251 

2.3.29.6 TFP00L OPO 2.3-150 

2.3.57.6 T0L TRLG 2.3-241 

2. 3 .29. 11 TRL OPO 2.3-155 

2.3.74.1 UAS RC0VR3 2.3-274 

2.3.27.5 UBGV SORl 2.3-112 

2.3.20.4 UBLL RBMG2 2.3-100 

2.3.25.5. UBLV SSG3 2.3-108 

2.3.33.7 UB00V 0SMG2 . 2. 3-164 

2.3.44. 1 UDVF FRRO 2.3-195 

2.3.50.2 UDVlF DDRl 2.3-226 

2.3.53.3 UDV2F DOR2 2.3-237 

2. 3 .48.1 UDVT TRD 2.3-224 

2.3.50.3 UDVlT DDRl 2.3-226 

2.3.53.6 UDV2T DDR2 2.3-238 

2. 3.53.1 UEVF 0DR2 2.3-237 

2.3.53.4 UEVT DDR2 2.3-237 

2.3.27.1 UGV SDRl 2. 3-111 

2.3.36.1 UGVl PLA2 2.3-173 

2.3.44.5 UHVF FRRD 2.3-196 

2.3.48.2 UHVT TRD 2.3-224 

2.3.20.2 ULL RBMG2 2.3-99 

2.3.84.2 ULV CYCTl 2.3-292 

2.3.25.1 ULV SSG3 2.3-107 
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Section Number Data Block Name Output from Module Page Number 

2.3.27.14 UPV SDRl 2. 3-114 

2.3.27.13 UPVC SDRl 2.3-114 

2.3.18.5 U00 SMPl 2.3-93 

2.3.25.2 U00V SSG3 2.3-107 

2.3.13.3 USET GP4 2.3-80 

2.3.62.3 USETA APO 2.3-246 

2.3.29.3 USETD DPD 2.3-146 

2.3.75.2 usx REDUCE 2.3-276 

2.3.85.3 uxv CYCT2 2.3-293 

2.3.82. 1 VSET PVEC05,10,20 2.3-289 

2. 3. 69 .1 XGG EMA 2.3-264 

2. 3. 1. 3 XYCOB IFPl 2.3-4 

2.3.4fi.3 XYPLTF XYTRAN 2.3-221 

2.3.46.2 XYPLTFA XYTRAN 2.3-221 

2.3.46.4 XYPLTR XYTRAN 2.3-221 

2.3.46.l XYPLTT XYTRAN 2.3-218 

2.3.46.5 XYPLTTA XYTRAN 2.3-221 

2.3.33.6 YBS 0SMG2 2.3-164 

2.3.13.2 YS GP4 2.3-80 

2.3.74.6 YSS RC0VR3 2.3-275 

2. 3. 79. l 0 ZEF2 DDRMM 2.3-286 

2.3. 79.11 ZEFCl DDRMM 2.3-286 

2.3.79.12 ZEFC2 DDRr+1 2.3~286 

2.3.79.7 ZES2 DDRMM 2.3-285 

2.3.79.8 ZESCl DDRMM 2.3-286 

2.3.79.9 ZESC2 DDRMM 2.3-286 

2.3.79.4 ZQP2 DDRr+1 2.3-285 

2.3.79.5 ZQPCl OORMM 2.3-285 

2.3.79.6 ZQPC2 DDRMM 2.3-285 
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Section Number 

2.3.79.l 

2.3.79.2 

2.3.79.3 

DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES 

Data Block Name 

ZUPV2 

ZUPVCl 

ZUPVC2 

Output from Module 

DDRMM 

DDRMM 

DDRMM 

2.2-19 (7/4/76) 
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2.2.2 Index for Data Block Descriptions Sorted Alphabetically by Module 

Section Number Module Page Number Section Number Module Page Number 

2.3.35 ADD 2.3-172 2.3.80 0PTPR2 2.3-287 

2.3.64 AMG 2.3-254 2.3.34 PLAl 2.3-165 

2.3.65 AMP 2.3-256 2.3.36 PLA2 2.3-173 

2.3.62 APD 2.3-245 2.3.37 PLA3 2.3-174 

2. 3. 71 ASDMAP 2.3-269 2.3.38 PLA4 2.3-175 

2.3.54 BMG 2.3-239 2.3.6 PL0T 2.3-50 

2.3.39 CASE 2.3-176 2.3.77 PLmRG 2.3-281 
2.3.42 CEAD 2.3-183 2.3.5 PLTSET 2.3-47 
2.3.72 C0MB2 2.3-271 2.3.55 PLTIRAN 2.3-239 
2.3.84 CYCTl 2.3-292 2.3.82 CURV 2.3-289 
2.3.85 CYCT2 2.3-293 2.3.47 RAND0M 2.3-222 

2.3.79 DDRMM 2.3-285 2.3.19 RBMGl 2.3-96 
2.3.50 DDRl 2.3-226 2.3.20 RBMG2 2.3-99 
2.3.53 DDR2 2.3-237 2.3.21 RBMG3 2.3-101 
2.3.29 DPD 2.3-145 2.3.22 RBMG4 2.3-102 
2.3.31 DSMGl 2.3-161 2.3.73 RC0VR 2.3-272 
2.3.33 0SMG2 2.3-163 2.3.74 RC0VR3 2.3-274 
2.3.69" EMA 2.3-264 2.3.30 READ 2.3-157 
2.3.70 EMG 2.3-265 2.3.75 REDUCE 2.3-276 
2.3.66 FAl 2.3-258 2.3.56 RMG 2.3-240 
2.3.67 FA2 2.3-260 2.3.17 SCEl 2.3-88 
2.3.44 FRRD 2.3-195 2.3.60 SORHT 2.3-243 
2,3,63 GI 2.3-253 2.3.27 SDRl 2.3-111 
2.3.41 GKAD 2.3-179 2.3.28 SDR2 2.3-116 
2.3.49 GKAM 2.3-225 2.3.45 SDR3 2.3-197 
2.3.51 GPCYC 2.3-244 2.3.76 SGEN 2.3-278 
2.3.83 GPFDR 2.3-290 2.3.9 SMAl 2.3-74 
2.3.3 GPl 2.3-41 2.3.10 SMA2 2.3-76 
2.3.4 GP2 2.3-46 2.3.12 SMA3 2.3-78 
2.3.7 GP3 2.3-51 2.~.18 SMPl 2.3-92 
2.3. 13 GP4 2.3-79 2.3.32 SMP2 2.3-162 
2.3. 14 GPSP 2.3-83 2.3.59 SSGHT 2.3-242 
2.3.11 GPWG 2.3-77 2.3.23 SSGl 2.3-103 
2.3.2 IFP 2.3-5 2.3.24 SSG2 2.3-104 
2 .3.1 IFP1 2.3-1 2.3.24 SSG3 2.3-107 

2.3.81 INPUTI2 2.3-288 2.3.26 SSG4 2.3-110 
2.3.15 MCEl 2.3-84 2.3.8 TAl 2.3-56 

2.3,16 MCE2 2.3-85 2.3.48 TRD 2.3-224 

2.3.78 M0DACC 2.3-284 2.3.58 TRHT 2.3-242 

2.3.40 MTRXIN 2.3-177 2.3.57 TRLG 2.3-240 

2.3.68 0PTPR1 2.3-262 2.3.43 VDR 2.3-186 
2.3.46 XYTRAN 2.3-218 
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2.3 DATA BLOCK DESCRIPTIONS 

2.3. l Data Blocks Cutout From Module IFPl 

2.3.1.1 CASECC (TABLE) 

Descriotion 

Case Control Data Table. Values typically zero if not set by the user. 

Tab 1 e Format 

Record Word Tvpe ill!!!. 

0 Header record 

1 I Subcase number 
2 I Multipoint constraint set 
3 I Single-point constraint set 
4 I External static load set 
5 I Real eigenvalue extraction set 
6 I Element deformation set 
7 I Thermal load set 
8 I Thermal material set 
9 I Transient initial conditions 

10 I 

l 
Non-linear load output set 

11 I Output media selection - 1 = print, 2 = plot, 
4 = punch, 5 = print and 1 

12 I Format of output - 1 = real 
2 = real/imag 
3 = mag/phase 

If word 12<0, S0RT2 is requested 
13 I Dynamic load set 
14 I Frequency resoonse set 
15 I Transfer function set 
16 I Symmetry flag 
17 I 

t 18 I Same as 10-12 for load output 
19 I 
20 I 

} 21 I Same as 10-12 for displacement output 
22 I 
23 I 

f 24 I Same as 10-12 for element stress output 
25 I 
26 I 

} Same as 27 I 10-12 for element force output 
28 I 
29 I 

{ 30 I Same as 10-12 for acceleration output 
31 I 
32 I 

t 33 I Same as 10-12 for velocity output 
34 I 
35 I 

f 
36 I Same as 10-12 for forces of constraint output 
37 I 
38 I Time step set selection for transient problem 
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Record ~Jord Tvpe 

132 words 

lli!!l 
39 B 

B of TITLE 

70 B 
71 B 

B 32 words of SUBTITLE 

102 B 
103 B 

B 32 words of LABEL 

134 B 
135 I . Structure olotter flag 
136 Axisymmetric set - C0SINE = 2 

SINE = l 
FLUID = 2 

137 I Number of hannonics to output 
138 , I Differential stiffness coefficient set 
139 B } Name of K2PP matrix 
140 B 
141 B } Name of M2PP matrix 
142 B 
143 B } Name of B2PP matrix 
144 B 
145 I 0UTPUT frequency or time set selection 
146 Stress precision check (NCHECK) 
147 Not defined 
148 I Comolex eiQenvalue extraction set 
149 I Structural-damoing table set 
150 I Inertia relief set (Force method only) 
·151 I 

{ Same as 152 I 10-12 for solution set displacements 
153 I 
154 I 

} Same as 155 I 10-12 for solution set velocities 
156 I 
157 I 

t 158 I Same as 10-12 for solution set accelerations 
159 I 
160 I Non-linear load set in transient problems 
161 I Delete set (Force method only) 
162 Not defined 
163 I Random analvsis set 
164 I Piecewise linear coefficient set 
165 Flutter set 
166 I Length of Case Control (LCC) 
167 I 

{ 168 I Same as 10-12 for grid point force output 
169 I 
170 I 

f 171 I Same as 10-12 for strain energy output 
172 I 
173 I 

f 174 I Same as 10-12 for MPCF0RCE output 
175 I 
176 I 

} 177 I Same as 10-12 for aerodynamic force output 
.178 I 
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Record Word ~ Item 

179 I Aerodynamic gust lo1d set 
180 I 
181 I Same as 10-12 for element strain/curvature output 
182 I 

Not used 
LCC-1 
LCC I Length of symmetry sequence (LSEM) 

LCC+l R } Coefficients for s.vmmetry sequence LCC+LSEM R 
LCC+LSEM+l I Set IO 
LCC+LSEM+2 I Length of the set ( LSET) 
LCC+LSEM+3 

/ Set members 

Repeated for each set. 

LCC+LSEM+LSET I 

Note 

The above record is reoeated for each subcase and syrrmetry combination. 

Table Trailer 

Word 1 = number of records on CASECC 
Word 2 = 0 
Word 3 •maximum length of CASECC 
Word 4 = 0 
Word 5 = 0 
Word 6 • 0 

2.3.1.2 PCDB (TABLE) 

Des cri pti on 

Plot Control Data Table for the structure plotter. 

Table Format 

Record 

0 Header record 

End of record 
tenninates. 

1 The data here is the XP.CARD translation of the Structure Plotter. 
PAcked cards in the Case Control Deck (See Subroutine Description 
for XRCARD). There is one record for each physical card . 

. 
N+l End-of-fi 1 e 

Table Trailer 

Words 1 through 3 are zero 
Word 4 20 7777 
Word 5 and Word 6 are zero 
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2.3.1 .3 XYCOB (TABLE} 

Description 

XY Output Control Data Block. 

Record one contains the subroutine IFPlXY interpretations of the XV plot output request 
case control data cards. Record two contains an N by 6 matrix stored by rows and sorted such that 
the columns are in sort left to right. N is the total number of combinations specified by the 
XV-plot-request case control data cards. 

Tab 1 e Format 

Record ~ ~ ~ 

0 Header record 

1-Last Mixed IFPlXY interpretations of the XV-output-requests. 
translated for rapid processing 
module. 

2 1 I Subcase number (0 implies 
2 I Vector request type 
3 I Point or element ID 
4 I Comoonent 
5 I XY output type 
6 I Destination code 

1. 1 • Displacement 
2 • Velocity 

2. 

3. 

3 • Acceleration 
4 ~ Single-point forces of constraint 
5 • Load or VG 

Vector request type • 6 • Stress 
7 • Force 

XY output type 

Destination code 

a• Adisplacement 
9 • Avelocity 

10 • Aacceleration 
'11 • Nonlinear Force 

{ 
1 • Response 

• 2 • PSOF 
3 • AUT91 

• 

1 • Print 
2 • Plot 
3 • Print, plot 
4 • Punch 
5 • Print, punch 
6 • Plot, punch 
7 • Print, plot, ounch 

all) 

4. Either of records 1 and 2 may be null, however they will always exist. 

Table Trailer 

Words 1-5 • nonzero 
Word 6 • one 
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2.3.2 Data Blocks Output From Module IFP. 

Module IFP (Input File Processor, part of the NASTRAN Preface) processes the Bulk Data Deck 

sorted by module XS0RT and writes the following data blocks that appear in one or more Rigid 

Formats: GE0Ml, GE0M2, GE0M3, GE0M4, EPT, MPT, DIT, EDT, DYNAMICS, MATP00L. Each of these data 

blocks has the usual 2-word BCD header record. 

Each data block contains bulk data card images or modified card images of a subset of bulk 

data card types. Each logical record of each of the above data blocks contains all the data of a 

particular card type. If a card type is not present in the Bulk Data Deck, there is no record. 

For each card type present, 3 words are written as header infonnation for the record. Then for 

every logical bulk data card of that type in the Bulk Data Deck, a card image or a modified card 

image is written sequentially in the record. Following the last data record, a final three word 

record is written; the data values are all 65535. 

The first two words of the header infonnation of each record are used by entry point L0CATE 

of subroutine PREL0C. The third word of the header infonnation is the card number used by. the IFP 

prograJTVTier to reference tables internal to the IFP module. 

L0CATE is used by routines that wish to read data blocks output by the IFP. The second word 

of the header infonnation portion of each record corresponds to a bit position in a 96-bit, 6-word 

data block trailer, each word containing 16 bits. If a routine requests L0CATE to locate (positior 

the file to) a particular card type, L0CATE will determine if the card type is present by interro­

gating the corresponding bit in the trailer, the bit nuri>er having been supplied through the callir 

sequent to L0CATE. If the bit is zero, the card type is not present and L0CATE executes a non­

standard RETURN. If the bit is one, the card type is present and L0CATE uses the first word of the 

header information, also supplied through the calling sequence, to find the proper logical record 

(card type) . 

Since the Bulk Data Deck is sorted alphabetically before IFP ~recesses it, and since IFP 

processes the deck sequentially, the order of the card tyres in each data block is alphabetical. 

But it ~hnuld be nnted that in the case of "multi-entry" earn types (mor'! thM one logical card on 

one physical card, e.g., CR0D, CTUBE, etc.), the card ty~es may or may not be sorted with res~ect t 

the prima~y field (element identification in the above examples). IFP sorts these card t~,~es and 

ensures that they are all fully snrterl with rP.srect tn th~ rrimary field. 

2.3-5 (12/31/77) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Card type formats correspond to a typical card entry in the logical record allocated to a 

card type. A number (literal) in a card type format implied that the IFP has placed this number 

in its output buffer before writing the information on the file and that this number is not on the 

bulk data card itself. The mnemonics used in the card type formats correspond to the mnemonics 

in the bulk data card section of the NASTRAN User's Manual. It is advised that anyone using the 

information on the following pages secure a copy of this section of the User's Manual for cross 

reference purposes. 

IFP also generates the AXIC and F0RCE data blocks, the Parameter Value Table (PVT) and writes 

Direct Matrix Input (DMI) and Direct Table Input (DTI) cards on the Data Pool File. The AXIC data 

block, whose presence implies a conical shell (a unique structural element) problem solution, a 

hydroelastic analysis problem, or an acoustic problem, is processed by the Preface modules IFP3, 

IFP4 and IFPS. The PVT, which is an Executive Table and is documented in Section 2.4, contains 

the names and values of all parameters input by means of the PARAM bulk data card. The PVT is 

written on the Problem Tape. Each DMI in the Bulk Data Deck is output on the Data Pool File in 

NASTRAN packed matrix fonnat and is indistinguish~ble from any matrix data block pooled by the 

XSFA, that is, a matrix trailer is written on the last logical record of the data block. IFP also 

stores the name of each DMI on the DPL (see Section 2.4). Similarly, each DTI is output on the 

Data Peol File, a table trailer is written, and the name of the DTI is stored in the OPL. 

The preface modules IFP3, IFP4, and IFPS also will generate some of the data on the data 

blocks output from IFP. These modules are used to process data cards written by IFP and replace 

them with equivalent data blocks. For instance, data card CFLUID2 is initially placed on data 

block AXIC by the IFP module. The IFP3 module will generate CFLUID2 elements and add them to 

data block GE0M2. 
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2.3.2. l GE0Ml (TABLE) 

Card Types and Header Information: 

Card Type 

blank 
ADUMl 
ADUM2 
ADUM3 
ADUM4 
ADUM5 
ADUM6 
ADUM7 
ADUM8 
ADUM9 
C0R01C 
C0RD1R 
C0RD1S 
C0RD2C 
C0RD2R 
C0RD2S 
GRDSET 
GRID 

*P0INTAX 
*RINGAX 
*SECTAX 

SEQGP 
* See Section 4.6.2 

Card Type Formats: 

Header Word l 
Card Type 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1701 
1801 
1901 
2001 
2101 
2201 

0 
4501 
4501 
4501 
4501 
5301 

Blank cards are not written. 

Header Word 2 
Trailer Bit Position 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

17 
18 
19 
20 
21 
22 

0 
45 
45 
45 
45 
45 

Header Word 3 
Internal Card Number 

89 
3 

32 
51 
88 
99 

100 
101 
103 
106 

6 
5 
7 
9 
8 

10 
2 
l 
1 
l 
1 
4 

ADUMi cards are not written. 
of /SYSTEM/. 

Rather. the contents are coded and stored in words 46-54 

C0RD1C (6 words) 

C0RD1R (6 words} 

C0RD1S (6 words} 

C0RD2C (13 words} 

C0RD2R (13 words} 

CID 
Gl 

CID 
Gl 

CID 
Gl 

CID 
RID 
A3 
B3 
C3 

CID 
RID 
A3 
B3 
C3 
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2 l 
G2 G3 

l 1 
G2 G3 

3 1 
G2 G3 

2 2 
Al A2 
Bl B2 
Cl C2 

1 2 
Al A2 
Bl 82 
Cl C2 



C~RD2S (13 words) 

DATA BLOCK AND TABLE DESCRIPTIONS 

CID 
RID 
A3 
B3 
C3 

3 
Al 
Bl 
Cl 

2 
A2 
82 
C2 

The GRDSET card is not written. Rather, the contents are stored locally for use 
when processing the GRID cards. 

GRID (8 words) ID 
X2 
PS 

CP 
X3 
F!ll 

Xl 
CD 

If a GRDSET card is present, and if any of fields 3, 7, or 8 of any GRID card are blank, 
IFP will insert corresponding data fields from the GRDSET card. Only one GRDSET card may appear 
in the Bulk Data Deck. 

P{IJINTAX (8 words) ID 
0.0 
0 

See section 4.6.2 for additional i nforma ti on 

RINGAX (8 words) ID 
z 
C 

See section 4.6.2 for additional information 

SECTAX (8 words) ID 
PHI1 
0 

See section 4.6.2 for additio~al information 

SEQGP ( 2 words) ID 
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o.o 
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0 
o.o 
0 

0 
PHI2 
0 

SEQID 

_,/ 

PHI 
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2.3.2.2 GE0M2 (TABLE) 

Card Types and Header Information: 

Header Word l Header Word 2 Header Word 3 
Card T,Ype Card Type Trailer Bit Position Internal Card Number 

BAR0R 0 0 179 
CAXIF2 2108 21 224 
CAXIF3 2208 22 225 
CAXIF4 2308 23 226 
CBAR 2408 24 180 
CC0NEAX 2315 23 146 
CDAMPl 201 2 69 
CDAMP2 301 3 70 
CDAMP3 401 4 71 
CDAMP4 501 5 72 
CDUMl 6108 61 107 
CDUM2 6208 62 108 
CDUM3 6308 63 109 
CDUM4 6408 64 110 
CDUM5 6508 65 l l l 
CDUM6 6608 66 112 
COUM7 6708 67 113 
CDUM8 6808 68 114 
CDUM9 6908 69 115 
CELAS1 601 6 73 
CELAS2 701 7 74 
CELAS3 801 8 75 
CELAS4 901 9 76 
CFLUID2 7815 78 O* 
CFLUI03 7915 79 O* 
CFLUI04 8015 80 0* 
CHBDY 4208 42 232 
CHEXAl 5708 57 219 
CHEXA2 5808 58 220 
CIHEXl 7108 71 251 
CIHEX2 7208 72 252 
CIHEX3 7308 73 253 
CMASS1 1001 10 65 
CMASS2 1101 11 66 
CMASS3 1301 12 67 
CMASS4 1301 13 68 
CNGRNT 5008 50 258 
C0NM1 1401 14 63 
C0NM2 1501 15 64 
C0NR00 1601 16 47 
CQDMEM 2601 26 60 
CQDMEMl 2008 20 249 
CQDMEM2 5308 53 259 
CQDMEM3 5408 54 261 
CQDPLT 2701 27 59 
CQUADl 2801 28 57 
CQUAD2 2901 29 58 
CR00 3001 30 48 
CSHEAR 3101 31 61 

*Generated by IFP3, I FP4 or IFP5. 
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Header Word 1 Header Word 2 Header Word 3 
Card TJ'.Qe Card Txee Trailer Bit Position Internal Card Number 

CSL0T3 4408 44 227 
CSL0T4 4508 45 228 
CTETRA 5508 55 217 
CT0RDRG 1908 19 104 
CTRAPAX 7042 74 287 
CTRAPRG 1808 18 80 
CTRBSC 3201 32 54 
CTRIAAX 7012 70 285 
CTRIAl 3301 33 52 
CTRIA2 3401 34 53 
CTRIARG 1708 17 79 
CTRMEM 3501 35 56 
CTRPLT 3601 36 55 
CTUBE 3701 37 49 
CTWIST 3801 38 62 
CVISC 3901 39 50 
CWEDGE 5608 56 218 
GENEL 4301 43 28 
PL0TEL 5201 52 11 
SP0INT 5551 49 105 
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Card Type Formats: 

The BAR0R card is not written. Rather, the contents are stored locally for use when 
processing the CBAR cards. 

CAXIF2 (6 words) EID Gl G2 
RH0 B N 

CAXIF3 (7 words) EID Gl G2 
G3 RH0 B 
N 

CAXIF4 (8 words) EID Gl G2 
G3 G4 RH0 
B N 

CBAR (16 words) EID PIO GA 
GB Xl X2 
X3 F PA 
PB ZlA Z2A 
Z3A ZlB Z2B 
Z3B 

If a BAR0R card is oresent in the Bulk Data Deck, or if anv of the fields 3, 6, 7, a. 9_ of ar 
CBAR card are blank, IFP will insert the corresponding data fields from the BAR0R card. Only one 
BAR0R card may appear in the Bulk Data Deck. 

CCONEAX (7 words) 

COAMP 1 ( 6 words) 

CDAMP2 (6 words) 

CDAMP3 (4 words) 

COAMP4 (4 words) 

EID 
RB 

EID 
G2 

EID 
G2 

EID 
S2 

EID 
S2 

PIO 

PIO 
Cl 

B 
Cl 

PIO 

B 

RA 

Gl 
C2 

Gl 
C2 

Sl 

Sl 

CDUMi (variable number of words, depending on the contents of the ADUMi 

CELAS1 (6 words) EID PIO Gl 
G2 Cl ·c2 

CELAS2 (8 words) EID K Gl 
G2 Cl C2 
GE s 

CELAS3 (4 words) EID PIO Sl 
S2 

CELAS4 (4 words) EID 
S2 

K Sl 

CFLUID2 (6 words) EID Sl S2 
p B N 

CFLUID3 (7 words) EID Sl S2 
S3 p B 
N 
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Card Type Formats Cont'd.: 

CFLUID4 (8 words) EID Sl S2 
S3 S4 p 
B N 

CHBDY ( 8 words) EID FLAG H 
AF Gl G2 
G3 G4 

CHEXAl (10 words) EID MID Gl 
G2 G3 G4 
GS G6 G7 
GB 

CHEXA2 (10 words) EID MID Gl 
G2 G3 G4 
GS G6 G7 
GB 

CIHEXl (10 words) EID PIO Gl 
G2 G3 G4 
GS G6 G7 
GB 

CIHEX2 (22 words) EID PIO Gl 
G2 G3 G4 
GS G6 G7 
GB G9 GlO 
Gll Gl2 G13 
G14 GlS Gl6 
Gl7 Gl8 Gl9 
G20 

CIHEX3 (34 words) EID PIO Gl 
G2 G3 G4 
GS G6 G7 
G8 G9 GlO 
Gll Gl2 G13 
Gl4 GlS Gl6 
G17 Gl8 Gl9 
G20 G21 G22 
G23 G24 G2S 
G26 G27 G28 
G29 G30 G31 
G32 

CMASSl (6 words) EID PIO Gl 
G2 Cl C2 

CMASS2 (6 words) EID M Gl 
G2 Cl C2 

CMASS3 (4 words) EID PIO Sl 
S2 

CMASS4 (4 words) EID M Sl 
S2 

2.3-12 (12/31/77) 



DATA BLOCK DESCRIPTIONS 

Card Type Formats Cont'd.: 

CNGRNT (open ended) El E2 
EN -1 

C0NM1 (24 words) EID G CID 
Mll M21 M22 
M31 M32 M33 
M41 M42 M43 
M44 MSl M52 
M53 M54 MSS 
M61 M62 M63 
M64 M65 M66 

C0NM2 ( 13 words) EID G CID 
M Xl X2 
X3 I11 I21 
I22 I31 I32 
I33 

C0NR0D ( 8 words) EID Gl G2 
MID A J 
C NSM 

CQDMEM (7 words) EID PIO Gl 
G2 G3 G4 
TH 

CQDMEMl (7 words) EID PIO Gl 
G2 G3 G4 
TH 

CQDMEM2 (7 words) EID PIO Gl 
G2 G3 G4 
TH 

CQDMEM3 Not available. 

CQDPLT (7 words) EID PIO Gl 
G2 G3 G4 
TH 

CQUAD1 (7 words) EID PIO Gl 
G2 G3 G4 
TH 

CQUAD2 (7 words) EID PIO Gl 
G2 G3 G4 
TH 

CR00 ( 4 words) EID PIO Gl 
G2 

CSHEAR (6 words) EID PIO Gl 
G2 G3 G4 

CSL0T3 (8 words) EID Gl G2 
G3 RH0 B 
M N 

CSL0T4 (9 words) EID Gl G2 
G3 G4 RH0 
B M N 

2.3-13 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Card Type Formats Cont'd.: 

CTETRA (6 words) EID MID Gl 
G2 G3 G4 

CT0RDRG (7 words) EID PIO G1 
G2 Al A2 
0 

CTRAPAX (7 words) EID PIO G1 
G2 G3 G4 
TH 

CTRAPRG (7 words) EID Gl G2 
G3 G4 TH 
MID 

CTRBSC (6 words) EID PIO Gl 
G2 G3 TH 

CTRIAAX (6 words) EID PIO R1 
R2 R3 TH 

CTRIA 1 (6 words) EID PIO Gl 
G2 G3 TH 

CTRIA2 (6 words) EID PIO G1 
G2 G3 TH 

CTRIARG (6 words) EID Gl G2 
G3 TH MID 

CTRMEM (6 words) EID PIO G1 
G2 G3 TH 

CTRPLT (6 words) EID PIO G1 
G2 G3 · TH 

CTUBE (4 words) EID PIO G1 
G2 

CTWIST (6 words) EID PIO Gl 
G2 G3 G4 

2.3-14 (7/4/76) 



DATA BLOCK DESCRIPTIONS 

Card Type Fonnats Cont'd.: 

CVISC (4 words) EID PID Gl 
G2 

CWEDGE (8 words) EID MID Gl 
G2 G3 G4 
GS G6 

GENEL (Open Ended) EID UI1 CI1 
UI2 CI2 
UIM CIM -1 
M UDl CDl 
UD2 CO2 
UDN CDN -1 
N I KZll 
KZ21 KZ31 
KZMl KZ22 KZ32 

KZM2 
KZMM N Sll 
S12 S1N 
S21 S22 
S2N SMl 
SM2 SMN 

PL0TEL (3 words) EID Gl G2 

SP0INT (1 word) ID 

2. 3-15 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.2.3 GE0M3 (TABLE) 

Card Tyees and Header Information: 

Header Word l Header Word 2 
Card Tyee Card Type Trailer Bit Position 

F0RCE 4201 42 
F0RCEAX 2115 21 
F0RCE1 4001 40 
F0RCE2 4101 41 
GRAV 4401 44 
L0AD 4551 61 
M0MAX 3815 38 
M0MENT 4801 48 
M0MENT1 4601 46 
M0MENT2 4701 47 
PL0AD 5101 51 
PLIJADl* 6909 69 
PL0AD2 6802 68 
PL0AD3 7109 71 
PRESAX 5215 52 
QBDYl 4509 45 
QBDY2 4909 49 
QHBDY 4309 43 
QVECT 5001 50 
QV0L 5209 52 
RF0RCE 5509 55 
SL0AD 5401 54 
TEMP 5701 57 
TEMPAX 6815 68 
TEMPO 5641 65 
TEMPPl 8109 81 
TEMPP2 8209 82 
TEMPP3 8309 83 
TEMPRB 8409 84 

Card Type Formats: 

F0RCE (7 words) SID G 
F Nl 
N3 

F0RCEAX (7 words) SID RID 
F FR 
FZ 

See section 4.6.2 for additional information 

F0RCE1 (5 words) 

F0RCE2 (7 words) 

GRAV (6 words) 

SID 
Gl 

SID 
Gl 
G4 

SID 
Nl 

2.3-16 (12/31/77) 

G 
G2 

G 
G2 

CID 
N2 

Header Word 3 
Internal Card Number 

CID 
N2 

HID 
FT 

F 

F 
G3 

G 
N3 

18 
146 

20 
22 
26 
84 

157 
19 
21 
23 
24 

198 
199 
255 
154 
239 
240 
233 
241 
242 
190 

25 
27 

155 
98 

201 
202 
203 
204 



DATA BLOCK DESCRIPTIONS 

Card Type Formats Cont'd.: 

L0AD (Open Ended). SID s Sl 
Ll S2 L2 

Sn Ln _, -1 

M0MAX (7 words) SID RID 0 
F MR MT 
Mz 

See section 4.6.2 for additional infonnation 

M0MENT (7 words) SID G CID 
M Nl N2 
N3 

M0MENT1 (5 words) SID G M 
Gl G2 

M0MENT2 (7 words) SID G M 
Gl G2 G3 
G4 

PL0AD (6 words) SID p Gl 
G2 G3 G4 

PL0AD1* Not available. 

PL0AD2 (3 words) SID p EID 

PL0AD3 (5 words) SID p EID 
Gl G2 

PRESAX ( 7 words) SID V RICA 
RIDB PHil PHI2 
N 

See section 4.6.2 for additional information 

QBDYl (3 words) SID Q EID 

QBDY2 (6 words) SID EID Ql 
Q2 Q3 Q4 

QHBDY (8 words) SID FLAG QO 
AF Gl G2 
G3 G4 

QVECT ( 6 words) SID Q El 
E2 E3 EID 

QV0L (Open Ended) SID QV EIDl 
EID2 EIDN 
-1 

RF0RCE (7 words) SID G CID 
A Nl N2 
N3 

SL0AD ( 3 words) SID s F 

TEMP ( 3 words) SID G T 

2.3-17 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Card Type Formats Cont'd.: 

TEMPAX ( 3 words) SID RID T 

See section 4.6.2 for additional infonnation 

TEMPO (2 words) SID T 

TEMPPl (6 words) SID EID T 
T Tl T2 

TEMPP2 (8 words) SID EID T 
MX MY MXY 
Tl T2 

TEMPP3 (24 words) SID EID zo 
TO Zl Tl 
Z2 T2 Z3 
T3 Z4 T4 
ZS TS Z6 
T6 Z7 T7 
ZS TS Z9 
T9 ZlO TlO 

TEMPRB (16 words) SID EID TA 
TB T' la T' lb 
T'2a T'2b TCa 
Toa TEa TFa 
TCb TDb TEb 
TFb 

2.3-18 (7/4/76) 



DATA BLOCK DESCRIPTIONS 

2.3.2.4 GE0M4 (TABLE) 

Card T~ees and Header Infonnation: 

Header Word 1 Header Word 2 Header Word 3 
Card Tlee Card T~ee Trailer Bit Position Internal Card Number 

ASET 5561 76 215 
ASETl 5571 77 216 
BDYC 910 9 175 
BOYS 1210 12 177 
BDYS1 1310 13 178 
C0NCT 210 2 168 
C0NCT1 110 41 167 
CRIGDR 8210 82 297 
CRIGDl 5310 53 279 
CRIGD2 5410 54 284 
CRIGD3 8310 83 298 
CYJ0IN 5210 52 257 
GTRAN 1510 15 187 
L0ADC 500 5 171 
MPC 4901 49 17 
MPCADD 4891 60 83 
MPCAX 4015 40 149 
MPCS 1110 11 176 
0MIT 5001 50 15 
0MIT1 4951 63 92 
0MITAX 4315 43 150 
P0INTAX 4915 49 152 
RELES 410 4 170 
RINGAX 5615 56 145 
SECTAX 6015 60 153 
SPC 5501 55 16 
SPCl 5481 58 12 
SPCADD 5491 59 13 
SPCAX 6215 62 148 
SPCD 5110 51 256 
SPCS 810 8 174 
SPCS1 710 7 173 
SPCSD 610 6 172 
SUPAX 6415 64 151 
SUP0RT 5601 56 14 
TRANS 310 3 169 

Card Type Fonnats: 

ASET (2 words) ID C 

The note below concerning the 0MIT card applies to the ASET card as well. 

ASETl (Open Ended) 

BDYC (Open Ended) 

C 

ID 
NAME2 

2.3-19 (12/31/77) 

G 
G 

NAMEl 
SI02 

(blank) 

G 
-1 

SID1 

-1 



DATA BLOCK ANO TABLE DESCRIPTIONS 

Card Type Fonnats Cont'd.: 

BOYS (Open Ended) SID · Gl Cl 
G2 C2 

-1 -1 

BDYSl (Open Ended) SID C Gl 
G2 -1 

C0NCT (Open Ended) SID C SUSA 
SUBS GA GB 
GA GB 

-1 -1 

C0NCT1 (Open Ended) NSUB SID NAMEl 
NAMENSUB Cl 

Gll Gl,NSUB 
C2 G21 
G2,NSUB 

_, 
CRIGDR (4 words) ::ID G Gl 

Cl 
CRIGD1 (Open Ended) EID IG Gl 

and Gll Gl2 Gl3 
CRIGD2 (Open Ended) 614 GlS Gl6 

G2 G21 G22 
G23 G24 G25 
G26 GM 
GMl GM2 GM3 
GM4 GMS GM6 _, N 

_, 
_, _, _, 
_, 

cnIGD3 (Open Ended) EID IGl IG11 

IG12 IG13 IG14 
IGlS IG16 IG2 
IG21 IG22 IG23 
IG24 IG25 IG26 ... IGM 
IGMl IGM2 IGM3 
IGM4 IGMS IGM6 
MSET DGl DGll 
DG12 OG13 DG14 
DGlS DG16 DG2 
DG21 DG22 DG23 
DG24 DG25 DG26 

DGN 
DGNl DGN2 DGN3 
DGN4 OGNS DGN6 _, -K _, _, _, _, 
-1 

CYJ0IN (Open Ended) SIDE C Gl 
G2 _, 

GTRAN (4 words) TIO NAME GID 
TRAN 

2.3-20 (12/31/77) 



DATA BLOCK DESCRIPTIONS 

Card Type Fonnats Cont'd.: 

L0ADC (Open Ended) SID s NAMEl 
NAME2 IDl Sl 

(blank) (blank) _, _, 
MPC (Open Ended) SID G C 

A G C 
A G 
C A -1 
-1 -1 

MPCADD (Open Ended) SID Sl S2 
Sn -1 

MPCAX (Open Ended) SID RID C 
V 

-1 _, _, 
See Section 4.6.2 for additional information. 

MPCS (Open Ended) SID NAME G 
C A NAME 
Gl Cl Al 

(blank) -1 _, 
-1 

0MIT (2 words) ID C 

Components can be input in any unique combination of digits 1-6. Output fonnat will be 
ID and one digit, the digits for any one entry being in sort. 

Example: IO C 
12 3516 

Output as: 12 l 12 
3 12 5 
12 6 

0MIT1 (Open Ended) C G G 
G -1 

0MITAX (2 words) RIO C 

See Section 4.6.2 for additional infonnation. 

P0INTAX (8 words) ID 0 PHI o.o 0.0 0 
0 0 

See Section 4.6.2 for additional i nfonna ti on. 

RELES (Open Ended) SID NAME Gl 
Cl G2 C2 

-1 
-1 

t.3-21 (12/31/77) 

/' 



DATA BLOCK AND TABLE DESCRIPTIONS 

Card Type Formats Cont'd.: 

RINGAX (8 words) ID 0 R 
z o.o 0 
C 0 

See Section 4.6.2 for additional i nfonnati on. 

SECTAX (8 words) ID 0 R 
PHI 1 PHI2 0 
0 0 

See Section 4.6.2 for additional infonnation. 

SPC (4 words) SID G C 
D 

SPCl (Open Ended) SID C Gl 
G2 Gn 
-1 

SPCADO {Open Ended) SID Sl S2 s -1 

SPCAX (4 words) SID RIO C 
V 

See Section 4.6.2 for additional infomiation. 

SPCO (4 words) SID G C D 

SPCS (Open Ended) SID NAME Gl Cl G2 CZ 

-1 
_, 

SPCSl {Open Ended) SID NAME C Gl G2 
-1 

SPCSD (8 words) SID NAME Gl Cl Yl G2 C2 Y2 

SUPAX (2 words) RID C 

See Section 4.6.2 for additional information. 

SUP0RT (2 words) ID C 

The note above concerning the 0MIT card applies to the SUP0RT card as well. 

TRANS (10 words) CID Al A2 A3 Bl B2 83 Cl C2 C3 

2.3-22 (12/31/77) 

/ 



DATA BLOCK DESCRIPTIONS 

2.3.2.5 EPT (TABLE) 

Card Tyees and Header Information: 

Header Word 1 Header Word 2 
Card Tyee Card Tyee 

PBAR 52 
PCONEAX 152 
PDAMP 202 
PDUMl 6102 
PDUM2 6202 
PDUM3 6302 
PDUM4 6402 
PDUMS 6502 
PDUM6 6602 
PDUM7 6702 
PDUM8 6802 
PDUM9 6902 
PELAS 302 
PHBDY 2502 
PIHEX 7002 
PMASS 402 
PQDMEM 502 
PQDMEMl 2202 
PQOMEM2 5302 
PQOMEM3 5402 
PQDPLT 602 
PQUADl 702 
PQUAD2 802 
PROD 902 
PSHEAR 1002 
PTORDRG 2102 
PTRAPAX 7052 
PTRBSC 1102 
PTRIAl 1202 
PTRIA2 1302 
PTRIAAX 7032 
PTRMEM 1402 
PTRPLT 1502 
PTUBE 1602 
PTWIST 1702 
PVISC 1802 
VIEW 2606 

Card Type Formats: 

PBAR ( 19 words) PIO 
11 
NSM 
C2 
El 
F2 
I12 

Trailer Bit Position 

·2.3-23 (7/4/76) 

20 
19 
2 

61 
62 
63 
64 
65 
66 
67 
68 
69 
3 

25 
70 
4 
5 

22 
53 
54 
6 
7 
8 
9 

10 
21 
95 
11 
12 
13 
85 
14 
15 
16 
17 
18 
26 

MID 
I2 
FE 
01 
E2 
Kl 

Header Word 3 
Internal Card Number 

A 
J 
Cl 
02 
Fl 
K2 

181 
147 
45 

116 
117 
118 
159 
160 
161 
163 
164 
165 
46 

236 
254 
44 
41 

250 
260 
262 
40 
38 
39 
29 
42 

121 
288 
35 
33 
34 
286 
37 
36 
30 
43 
31 

289 



DATA BLOCK AND TABLE DESCRIPTIONS 

Card Type Formats Cont'd.: 

PC0NEAX (24 words) ID MIDl T1 
MID2 I MID3 
T2 NSM Zl 
22 PHI1 PHI2 
PHI3 PHI4 PHIS 
PHI6 PHI7 PHIB 
PHI9 PHI10 PH I 11 
PHI12 PHI13 PHI14 

PDAMP (2 words) PIO B 

PDUMi (variable number of words, depending on the contents of the AOUMi card). 

PELAS (4 words) PIO K GE 
s 

PHBDY (7 words) PIO MID AF 
E A Rl 
R2 

PIHEX (7 words) PIO MID CID 
NIP AR ALFA 
BETA 

PMASS (2 words) PIO M 

PQDMEM (4 words) PID MID T 
NSM 

PQDMEMl (4 words) PIO MID T 
NSM 

PQDMEM2 (4 words) PIO MID T 
NSM 

PQDMEM3 Not Available 

PQDPLT (8 words) PIO MI01 I 
MI02 T NSM 
Zl Z2 

PQUAD1 (10 words) PID MI01 Tl 
MI02 I MID3 
T3 NSM Zl 
Z2 

PQUAD2 (4 words) PIO MID T 
NSM 

PR0D (6 words) PIO HID A 
J C NSM 

PSHEAR PIO MID T 
NSM 

2.3-24 (7/4/76) 
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DATA BLOCK DESCRIPTIONS 

Card Type Formats Cont'd.: 

PT0RDRG (4 words) PIO MID TM 
TF 

PTRAPAX (17 words) PIO MID 
PHI1 PHI2 PHI3 
PHI4 PHIS PHI6 
PHI7 PHIS PHI9 
PHI10 PHill PHI12 
PHil 3 PHI14 

PTRBSC (8 words) PIO MIDl I 
MID2 T NSM 
21 22 

PTR!Al (10 words) PIO · MIDl Tl 
MID2 I MID3 
T3 NSM 21 
22 

PTRIA2 ( 4 words) PIO MID T 
NSM 

PTRIAAX (17 words) PIO MID 
PHil PHI2 PHI3 
PHI4 PHIS PHI6 
PHI7 PHIS PHI9 
PHI10 PHI11 PHI12 

PTRMEM (4 words} PIO MID T 
NSM 

PTRPLT (8 words) PIO MIOl I 
MID2 T2 NSM 
21 22 

PTUBE (5 words) PIO MID 00 
T NSM 

PTWIST (4 words) PIO MID T 
NSM 

PVISC (3 words) PIO Cl C2 

2.3-25 (7/4/76) I 



DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.2.6 MPT (TABLE) 

Card Types and Header Information: 

Card Type 
DSFACT 
MATl 
MAT2 
MAT3 
MAT4 
MATS 
MATSl 
MATTl 
MATT2 
MATT3 
MATT4 
MATTS 
PLFACT 
PLIMIT 
P0PT 

Card Type Formats: 

Header Word 
Card Type 

53 
103 
203 

1403 
2103 
2203 
503 
703 
803 

1503 
2303 
2403 
1103 
304 
404 

DSFACT (open ended) 

MATl ( 11 words) 

SID 

MID 
NU 
TREF 
SC 

Header Word 2 
Trailer Bit Position 

10 
1 
2 

14 
21 
22 
5 
7 
8 

15 
23 
24 
11 
3 
4 

Bl 
Bn 

E 
RH0 
GE 
ss 

Header Word 3 
Internal Card Number 

B2 
-1 

G 
A 
ST 

143 
77 
78 

122 
234 
235 
90 
91 

102 
189 
237 
238 
185 
276 
277 

If any one of E, G or NU is blank, it will be computed to satisfy the identity E = 2 (l+NU)G; 
otherwise, values supplied by the user will be used. 

MAT2 ( 16 words) MID Gll G12 
Gl3 G22 G23 
G33 RH0 Al 
A2 Al2 TO 
GE ST SC 
ss 

MAT3 ( 16 words) MID EX EV 
EZ NUXY NUYZ 
NUZX RH0 GXY 
GYZ GZX AX 
AY AZ TREF 
GE 

MAT4 (3 words) MID K 0 

MATS ( 8 words) MID KXX KXY 
KXZ KYY KYZ 
KZZ 0 

MATSl (11 words) MID Rl R2 
R3 R4 
RlO 

MATTl ( 11 words) MID Rl R2 
R3 R4 
RlO 

2.3-26 (7/4/76) 



DATA BLOCK DESCRIPTIONS 

Card Type Formats Cont'd.: 

MATT2 (16 words) MIO Rl R2 
R3 R4 
RlS 

MATT3 (16 words) MIO Rl R2 
R3 R4 
RlS 

MATT4 ( 3 words) MID TK TC 

MATTS (8 words) MIO Tl l Tl2 
Tl3 T22 T23 
T33 TC 

PLFACT (Open Ended) SID Bl B2 
Bn -1 

PLIMIT (9 words) ELTYP (2 words) PMIN PMAX 
PIDl PI02 PI03 
PID4 PIOS 0 

alternate form: 
ELTYP {2 words) PMIN PMAX 
PIDl THRU ( 2 words) PI Di 
0 

P0PT (6 words) MAX EPS GAMA 
IPRN PUNl PUN2 

2. 3-27 {7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.2.7 DIT (TABLE) 

Card Types and Header Information: 

Header Word 1 Header Word 2 Header Word 3 
Card Type Card Type Trailer Bit Position Internal Card Nurroer 

GUST 1005 10 308 
TABDMPl 15 21 162 
TABLEDl 1105 11 133 
TABLED2 1205 . 12 134 
TABLED3 1305 13 140 
TABLED4 1405 14 141 
TABLEMl 105 1 93 
TABLEM2 205 2 94 
TABLEM3 305 3 95 
TABLEM4 405 4 96 
TABLES1 3105 31 97 
TABRNDl 55 25 191 
TABRNDG 56 26 188 

Card Type Fonnats: 

TABDMPl (open ended) ID 0 0 
0 0 0 
0 0 f1 
91 f2 92 

fn 9n 
-1 -1 

TABLED1 (open ended) ID 0 0 
0 0 0 
0 0 X1 
Y1 X2 Y2 

xn Yn 
-1 -1 

TABLED2 (open ended) ID Xl 0 
0 0 0 
0 0 X1 
Y1 X2 Y2 

xn Yn 
-1 -1 

TABLED3 (open ended) ID Xl X2 
0 0 0 
0 0 X1 
Y1 X2 Y2 

xn Yn 
-1 -1 

TABLED4 (open ended) ID Xl X2 
X3 X4 0 
0 0 Ao 
A1 A2 
An -1 

2.3-28 {12/31/77) 
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DATA BLOCK DESCRIPTIONS 

Card Type Formats Cont'd.: 

TABLEMl (open ended) ID 0 0 
0 0 0 
0 0 X1 
Y1 ,X2 Y2 

xn Yn _, _, 
TABLEM2 (open ended) ID Xl 0 

0 0 0 
0 0 X1 
Y1 X2 Y2 

xn Yn _, 
-1 

TABLEM3 (open ended) ID Xl X2 
0 0 0 
0 0 X1 
Y1 X2 Y2 

xn Yn 
-1 -1 

TABLEM4 (open ended) ID Xl X2 
X3 X4 0 
0 0 Ao 
A1 A2 
An -1 

TABLES1 (open ended) ID 0 0 
0 0 0 
0 0 X1 

Y1 X2 Y2 
xn Yn 

-1 -1 

TABRNDl (open ended) ID 0 0 
0 0 0 
0 0 f1 
91 f2 92 

fn 9n 
-1 -1 

TABRNDG (10 words) ID TYPE LV 
·wG 0 0 
0 0 -1 
-1 

GUST (5 words) SID TABLE WG 
XO V 

2.3-29 {12/31/77) 



DATA BLOCK ANO TABLE DESCRIPTIONS 

2.3.2.8 EDT (TABLE) 

Card Types and Header Information: 

Card Type Header Word 1 
Card Type 

AEFACT 
AER0 
CAER01 
CAER02 
CAER03 
CAER04 
CAER05 
DEF0RM 
FLFACT 
FLUTIER 
MKAER01 
MKAER02 
PAER01 
PAER02 
PAER03 
PAER04 
PAER05 
SETl 
SET2 
SPLINEl 
SPLINE2 
SPLINE3 
VARIAN 

Card Type Fonnats: 

AEFACT (Open Ended) 

AER0 ( 6 words) 

CAER01 (16 words) 

CAER02 (16 words) 

CAER03 (16 words) 

4002 
3202 
3002 
4301 
4401 
4501 
5001 
104 

4102 
3902 
3802 
3702 
3102 
4601 
4701 
4801 
5101 
3502 
3602 
3302 
3402 
4901 
4202 

SID 
etc. 

ACSID 

Header Word 2 
Trailer Bit Position 

40 
32 
30 
43 
44 
45 
50 
1 

41 
39 
38 
37 
31 
46 
47 
48 
51 
35 
36 
33 
34 
49 
42 

Fl 
-1 

VS0UND 
RH0REF SVMXZ 

PIO 
NCA0RD 
0 
Zl 
Y4 

EID 
NSB 
LONT 
Yl 

EID 
LISTW 

Yl 
X4 
X43 

CP 
LSPAN 
Xl 
X12 
Z4 

PIO 
MINT 
IGIO 
Zl 

PIO 
LISTCl 

Zl 
Y4 

2.3-30 (12/31/77) 

Header Word 3 
Internal Card Number 

273 
265 
263 
301 
302 
303 
309 

81 
274 
272 
271 
270 
264 
304 
305 
306 
310 
268 
269 
266 
267 
307 
290 

F2 

BREF 
SYMXX 

NSPAN 
LCH0RD 
Yl 
X4 
X43 

CP 
LSB 
Xl 
Xl2 

LP 
LISTC2 
Xl 
X12 
Z4 



DATA BLOCK DESCRIPTIONS 

Card Tiee Formats (Cont.): 

CAER04 (16 words) EID PIO LP 
NSPAN LSPAN 

Xl 
Yl Zl Xl2 
X4 Y4 24 
X43 

CAER05 (16 words) EID PIO CP 
NSPAN LSPAN NTHRY 
NTHICK X Xl 

. Yl 21 Xl2 
X4 Y4 24 
X43 

DEF0RM (3 words) SID ID D 

FLFACT (Open Ended) SID Fl F2 
etc. -1 

FLUTTER (9 words) SID METH0D blank 
DENS MACH RFREQ 
IMETH0D blank NVALUE 

MKAER01 ( 16 words) Ml M2 or -1 M3 
M4 MS M6 
M7 MS Kl 
K2 or -1 K3 K4 
KS K6 K7 
KS 

Note: -1 ends the Mor K list 

MKAER02 (8 words) Ml Kl M2 
K2 M3 K3 
M4 K4 

PAER01 (8 words) PIO Bl B2 
83 B4 BS 
86 87 

PAER02 (15 words) PIO 0RIENT WIDTH 
AR LRSB LRIB 
LTHl LTH2 TND1 
TMNl TMI2 TMN2 
TMI3 TMN3 

PAER03 (8,16,24 words) PIO NB0X NCTRL 
XS YS 

X6 Y6 

PAER04 (Open Ended) PIO CLA LCLA 
LIRC L0RC 00Cl 
CAOCl GAPOCl 
D0CN GABCN GAPOCN 
-1 

PAER05 (Open Ended) PIO NALPHA LALPHA 
NXIS LXIS NTAUS 
LTAUS CAOCl 
CAOCN -1 

SETl (Open Ended) SID Gl G2 
etc. -1 
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Card Ttee Formats (Cont.): 

SET2 (8 words) SID EID SPl 
SP2 CHl CH2 
Zl 22 

SPLINEl (6 words) EID CAER0 B0Xl 
B0X2 SETG DZ 

SPLINE2 ( 10 words) EID CAER0 B0Xl 
B0X2 SETG DZ 
DT0R CID DTHX 
DTHY 

SPLINE3 (Open Ended) SID CAER0 UFID 
C0MP Gl Cl 
Al GM 
CM AM -1 

VARIAN (Open Ended) DBt2 DBa.2 etc. 
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THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 
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2.3.2.9 DYNAMICS (TABLE) 

Card Types and Header Information: 

Card Type 

DAREA 
DELAY 
DL0AD 
OPHASE 
EIGB 
EIGC 
EIGP 
EIGR 
EP0INT 
FREQ 
FREQl 
FREQ2 
N0LIN1 
N0LIN2 
N0LIN3 
N0LIN4 
RANDPS 
RANDTl 
RANDT2* 
RL0AD1 
RL0AD2 
SEQEP 
TF 
TIC 
TL0AD1 
TL0AD2 
TSTEP 

Card Type Formats: 

DAREA {4 words) 

DELAY (4 words) 

Header Word 1 
Card Type 

27 
37 
57 
77 

107 
207 
257 
307 
707 

1307 
1007 
1107 
3107 
3207 
3307 
3407 
2107 
2207 
2307 
5107 
5207 
5707 
6207 
6607 
7107 
7207 
8307 

DL0AD {open ended) 

PHASE {4 words) 

EIGB ( 18 words) 

SID 
A 

SID 
T 

SID 
Ll 

-1 

SID 
TH 

SID 
L2 
NON 
G 
0 
0 

Header Word 2 
Trailer Bit Position 

17 
18 
5 

19 
1 
2 
4 
3 
7 

13 
10 
11 
31 
32 
33 
34 
21 
22 
23 
51 
52 
57 
62 
66 
71 
72 
83 

p 

p 

s 
S2 
Sn 
-1 

p 

METH00 (2 words) 
NEP 
E 
C 
0 

2.3-32 (7/4/76) 

Header Word 3 
Internal Card Number 

C 

C 

Sl 
L2 
Ln 

C 

L1 
NOP 

182 
183 
123 
184 
86 
87 

158 
85 

124 
126 
125 
166 
127 
128 
129 
130 
195 
196 
197 
131 
132 
135 
136 
137 
138 
139 
142 

N0RM (2 words) 
0 
0 



DATA BLOCK DESCRIPTIONS 

Card Type Formats Cont'd.: 

EIGC (open ended) SID METH0D (2 words) N0RM (2 words) 
G C E 
cxa i Wal '1, l 
'%1 il Ne1 
Ndl cxa 2 Wa2 
'1,2 '%2 £2 
Ne2 Nd2 
cxan wan '\n 
'%n £n Nen 
Ndn -1 -1 _, _, _, _, _, 

EIGP (4 words) SID I) w 
M 

EIGR (18 words) SID METH0D (2 words) Fl 
F2 NE ND 
NZ E N0RM (2 words) 
G C 0 
0 
0 

0 0 

EP0INT (1 word) ID 

FREQ (open ended) SID F F 
F _, F 

FREQl (4 words) SID Fl OF 
NDF 

FREQ2 (4 words) SID Fl F2 
NF 

N0LIN1 (8 words) SID GI CI s GJ CJ T 0 

N0LIN2 (8 words) SID GI CI s GJ CJ 
GK CK 

N0LIN3 (8 words) SID GI CI s GJ CJ 
A 0 

N0LIN4 (8 words) SID GI CI s GJ CJ 
A 0 

RANDPS (6 words) SID J K 
X y TIO 

2.3-33 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

Card Type Formats Cont'd.: 

RANDTl (4 words) SID N TO 
TMAX 

RANDT2* Not available 

RL0AD1 (6 words) SID L M 
N TC TD 

RL0AD2 (6 words) SID L M 
N TB TP 

SEQEP (2 words) ID SEQID 

TF (open ended) SID GD CD 
BO Bl 62 
G( 1) C ( l) AO(l) 
Al(l) A2( 1) G(2) 
C(2) A0(2) A1(2) 
A2(2) G(N) 
C(N) AO(N) A 1 ( N) 
A2(N) -1 -1 
-1 -1 -1 

TIC ( 5 words ) SID G C uo VO 

TL0AD1 (5 words) SID L M 
0 TF 

TL0AD2 (10 words) SID L M 
0 Tl T2 
F p C 
B 

TSTEP (open ended) SID N(l) DT(l) 
N0(1) N(2) DT(2) 
N0(2) N(N) 
DT(N) Nil(N) -1 
-1 -1 
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2.3.2.10 MATP00L (TABLE) 

Card Types and Header Information: 

Ca rd Tyoe 

DMIAX 
DMIG 
BNDFL 
RADLST 
RADMTX 

Ca rd Type Formats : 

Header Word 
Card Type 

214 
114 

9614 
2014 
3014 

DMIAX (open ended) NAME 
0 

GJ CJ NJ 

GJ CJ NJ 

GJ CJ NJ 

-1 -1 -1 

(2 words) 

GI 
GI 

. 
GI 
-1 

GI 
GI 

GI 
-1 

GI 
GI 

GI 
-1 

Header Word 2 
Trailer Bit Position 

2 
1 

96 
20 
30 

0 IF0 TIN 
0 0 

CI NI V* 
CI NI V* 

. 
CI NI V* 
-1 -1 

CI NI V* 
CI NI V* 

. . . 
CI NI V* 
-1 -1 

CI NI V* 
CI NI V* 

. 
CI NI V* 
-1 -1 

*V may be 1, 2, or 4 words depending on TIN. 

**Generated by IFP3, IFP4 or IFP5. 

2.3-35 (7/4/76) 

Header Word 3 
Internal Card Number 

221 
120 

0** 
243 
244 

T0UT l Header lnfonna-
ti on for the 
matrix (9 words) 

Non-zero terms of the 
first non-zero column 

End of column indicators 

Non-zero terms of the 
second non-zero column 

End of column indicators 

Non-zero terms of the 
last non-zero column 

End of column i ndi ca tors 

End of matrix i ndi ca tors 



DATA BLOCK ANO TABLE DESCRIPTIONS 

Card Type Formats Cont'd.: 

(2 words) 0 IF0 TIN T0UT Header Information OMIG (open ended) NAME for the matrix 0 0 0 (9 words) 

GJ CJ GI CI V* 
GI CI V* 

Non-zero terms of the . first non-zero column GI CI V* 
-1 -1 End of column indicators 

GJ CJ GI CI V* 
GI CI V* 

Non-zero terms of the . . second non-zero column 
GI CI V* 
-1 -1 End of column indicators 

GJ CJ GI CI V* 
GI CI V* 

Non-zero terms of the . . . last non-zero column 
GI CI V* 
-1 -1 End of column indicators 

-1 -1 

*V may be 1, 2, or 4 words depending on TIN. 

BNOFL (open ended) 

csf 9 p B N0SYM 
[ Header Infonnati on M Sl S2 NHARM Nl •••••••• 

Idfl r z .2. C } Fluid point data s p 

Gl cpl ! Surf ace grid poi nt G2 cp2 Id's and azimuth 
G3 cp3 angles. 

_, _, 
End of data for fluid point 

Idf2 r z .2. C } Fluid point data s p 

etc. 
65535 65535 65535 End of Record 
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Card Type Formats Cont'd. : 

RADLST (Open Ended) El E2 E3 

-etc.-
_, 

-1 
_, 

RADMTX (Open Ended) I1 Fll F12 
F13 . .-etc.-_, _, 
I2 F22 F23 
F24 . . .-etc.-_, _, 

-etc.-
_, _, _, 
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2.3.2.11 AXIC (TABLE) 

Card Types and Header Information: 

Card Type 

Conical Shell 
AXIC 
CC0NEAX 
F0RCEAX 
M0MAX 
MPCAX 
0MITAX 
P0INTAX 
PRESAX 
RINGAX 
SECTAX 
SPCAX 
SUPAX 
TEMPAX 

Hydroelastic 
AXIF 
BOYLIST 
CFLUI02 
CFLUID3 
CFLUID4 
FLSYM 
FREEPT 
FSLIST 
GRIDS 
PRESPT 
RINGFL 

Acoustic Cavity 
AXSL0T 
GRIOF 
GRIDS 
SLBOY 

Axisynmetric Solids 

CTRAPAX 
CTRIAAX 

Card Type Formats: 

Conical Shell 

AXIC (2 words) 

CC0NEAX (4 words) 

Header Word 1 
Card Type 

515 
2315 
2115 
3815 
4015 
4315 
4915 
5215 
5615 
6015 
6215 
6415 
6815 

8815 
8915 
8515 
8615 
8715 
9115 
9015 
8215 
8115 
8415 
8315 

1115 
1215 
1315 
1415 

7042 
7012 

H 

ID 
RB 

Header Word 2 
Tra,1er Bit Position 

5 
23 
21 
38 
40 
43 
49 
52 
56 
60 
62 
64 
68 

88 
89 
85 
86 
87 
91 
90 
82 
81 
84 
83 

11 
12 
13 
14 

74 
70 

0 

PIO 

2.3-38 (7/4/76) 

Header Word 3 
Interna1 Card Number 

144 
146 
156 
157 
149 
150 
152 
154 
145 
153 
148 
151 
155 

212 
213 
209 
210 
211 
222 
214 
206 
205 
208 
207 

223 
229 
230 
231 

287 
285 

RA 



DATA BLOCK DESCRIPTIONS 

Card Type Formats Cont'd.: 

F0RCEAX (8 words) SID RID HIDl 
HID2 s FR 
FP FZ 

M0MAX ( 8 words) SID RID HI Dl 
HID2 s MR 
MP MZ 

MPCAX (Open Ended) SID RID HID 
C A RID 
HID C A 

RID HID 
C A _, 
-1 -1 -1 

0MITAX (3 words) RID HID C 

P0INTAX (3 words) ID RID PH! 

PRESAX (6 words) SID p RIDl 
RI02 PHI1 PHI2 

RINGAX (4 words) ID R z 
C 

SECTAX (5 words) ID RID R 
PHI1 PHI2 

SPCAX (5 words) SID RIO HID 
C V 

SUPAX (3 words) RID HID C 

TEMPAX (4 words) SID RID PHI 
TEMP 

Hydroel asti c 

AXIF (open ended) CSF G RH0 
B N0SYM NHARM 
Nl -1 

BDYLIST (open ended) RH0 IDF IDF 
IDF _, 

CFLUID2 (5 words) ID IDF IDF 
RH0 B 

CFLUI03 (6 words) ID IOF IDF 
IDF RH0 B 

CFLUI04 (7 words) ID IDF IDF 
IDF IDF RH0 
B 

FLSYM (3 words) M Sl S2 

FREEPT (3 words) IDF ID PHI 
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Card Type Formats Cont'd.: 

FSLIST (Open Ended) RH0 IDF IDF 
IDF -1 

GRIDS (5 words) ID PHI CID 
PS IDF 

PRESPT (3 words) IDF ID PHI 

RINGFL (4 words) IDF Xl X2 
X3 

Acoustic Cavity 

AXSL0T (5 words) RH0 B N 
w M 

GRIDF (3 words) IDG R z 
GRI OS ( 5 words) IDG R z 

w IDF 

SLBDY (Open Ended) RH0 M ID1 
ID2 _, _, 

Axisymmetric Solids 

CTRAPAX (7 words) ID PIO Gl 
G2 G3 G4 
TH 

CTRIAAX (6 words) ID PIO Gl 
G2 G3 TH 

2.3-40 (7/4/76) I 
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2.3.3 Data Blocks Output From Module GPl 

2.3.3.1 GPL (TABLE) 

Description 

Grid Point List. 

First logical record contains a list of external grid and scalar numbers in internal sort. 
Second logical record contains pairs of external grid and scalar numbers and sequence 
numbers in internal sort. 

Table Format 

Record ~ 

0 

, 
2 1 

2 

3 

~ 

Header record 

~ repeated for each 
External grid or scalar number J grid or scalar point 

in model 

External grid or scalar number } repeated for each 
Sequence number grid or scalar point 

in model 

End-of-file 

1. Internal is implied by word position in record one. 

2. Sequence number• 1000 * external number unless replaced by a new sequence number 
on a SEQGP card. 

3. All data words are integers. 

Table Trailer 

Word l • number of external grid points+ number of scalar points. 

Word 2-6 • zero. 

2.3.3.2 EQEXIN (TABLE) 

Description 

Equivalence between external grid or scalar numbers and internal numbers. 

First record contains pairs of external grid and scalar numbers and internal numbers in 
external sort. Second logical record contains pairs of external qrid and scalar numhers 
and coded SIL numbers in external sort. 
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Tab 1 e Format 

Record Word 

0 

1 
2 

2 1 
2 

3 

Notes 

O~TA BLOCK ANO TABLE DESCRIPTIONS 

Item 

Header record 

f 
rep~ated for each External grid or scalar number grid or scalar point 

Internal number in model 

f 
reoeated for each 

External grid or scalar number grid or scalar point 
10*5IL number+ code in model 

End-of-fi 1 e 

l. All data words are integers. 

2 Code= {l for grid point 
· 2 for scalar point 

Table Trailer 

Word = number of grid points+ number of scalar points. 

Word 2-6 • zero. 

2.3.3.3 GPOT (TABLE) 

Description 

Grid Point Definition Table. 

One logical record contains list of all grid and scalar points with associated coordinate 
system and constraint information. List is in internal sort. 

Table Fonnat 

Record 

0 

1 

2 

~ 

1 
2 
3 
4 
5 
6 
7 

Item 

Header record 

Internal number 

C(o~r)d i na te( ~y)s tern l(D /)hat d~:=~~r~g x ;n Y • Z J 
y or e or e defining coordinate~ repeated for each 
z z ~ system ~ grid or scalar 

Coordinate system ID for displacements 
Constraint code 

End-of-fi 1 e 

1. Words 3-5 are single precision floating point; all other words are integer. 
2. Scalar points are identified by coordinate system IO• -1, and words 3-7 are all zero. 
3. See description of the GRID bulk data card in the User's Manual for a definition of the 

constraint code. 
4. If a single degree of freedom, such as a hydroelastic fluid point, is desired, the 

integer -1. is used in position 6. 
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Table Trail er 

Word = number of grid points+ number of scalar points. 

Word 2-6 = zero. 

2.3.3.4 CSTM (TABLE) 

Description 

Coordinate System Transformation Matrices. 

One logical record contains all coordinate system transformations. Transformation is from 
global to basic by the following formulation: 

(1) rectangular 

X 

y = 

z B 

(2) cylindrical 

= 

z 

(3) spherical 

X 

y = 

z B 

Tab 1 e Format 

Record 

0 

Word 

1 

2 

1 

2 

3-5 

6-14 

R cos 6 

R sine 

z 

+ 

p sine sin 

P cos e 

Item 

Header record 

Coordinate system ID 

+ 

+ 

{ 
1 = rectangular 

Coordinate system type 2 = cylindrical 
3 = spherical 

t 1 , t 2, t 3 
rll' r12' r13' r21' r22' r23• r31• r32• r33 

End-of-file 
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repeated 
for each 
coordinate 
system 
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Notes 

l. Coordinate system ID and coordinate system type are integers. 

2. ti and rij are single precision floating point. 

Table Trailer 

Word 

Word 2 

= number of grid points+ number of scalar points. 

= number of coordinate systems. 

Word 3-6 = zero. 

2.3.3.5 BGPDT (TABLE) 

Description 

Basic Grid Point Definition Table. 

One logical record contains a list of all grid and scalar points in internal sort, with 
(for grid points) their x, y, z coordinates in the basic system along with a coordinatE! 
system ID for displacement computations. 

Table Format 

Notes 

Record 

0 

2 

Word 

l 
2-4 

~ 

Header record 

Coordinate system ID } reoeated for each 
x, y, z in basic system qrid or scalar point 

End-of-file 

l. Coordinate system ID is integer; x, y, z are single precision, floating point. 

2. Scalar points are identified by coordinate system ID• -1, and x, y, z = O. 

Table Trailer 

Word 1 • number of grid points+ number of scalar points. 

Word 2-6 • zero. 

2. 3-44 (7 /4/76) 



DATA BLOCK DESCRIPTIONS 

2.3.3.6 SIL (TABLE) 

Description 

Scalar Index List. 

One logical record that contains a list of SIL numbers for each qrid or scalar ooint. 
The list is in internal sort, therefore, internal number is implied by word position 
in the record. Definition of SIL numbers is as follows: 

Let i = internal number, then 

SIL1 = l, 

= {SIL1. + 6 if i = grid point 
SILi+l SIL;+ 1 if i = scalar point 

Table Fonna t 

Record 

0 

1 

2 

Notes 

1 

n 

SIL numbers are integers. 

Table Trailer 

Item 

Header record 

End-of-file 

Word 1 = number of grid points+ number of scalar points. 

Word 2 • degrees of freedom in the g-displacement set. 

Word 3-6 • zero. 

2.3.3.7 HSIL (TABLE) 

Description 

See description and fonnat of SIL table - section 2.3.3.6. 

2.3.3.8 HEQEXIN (TABLE) 

Description 

See description and fonnat of EQEXIN table - section 2.3.3.2. 
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2.3.4 Data Blocks Output From Module GP2 

2.3.4.1 ECT (TABLE) 

Description 

Element Connection Table. 

The ECT contains one logical record for each element connection card~ that has been 
input. Additionally, the ECT contains one logical record for GENEL elements if they have 
been input. 

Table Fonnat 

The ECT is identical in format to data block GE0M2 1 output from module IFP. All 
external grid or scalar numbers are rep_laced by internal numbers. SP~INT data is 
not copied on the ECT. 

Table Trailer 

Identical to trailer on GE~M2 data block. 
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2.3.5 Data Clocks Outrut From '1cdule PLTSET 

2.3.5.l PLTSETX (TABLE) 

Cescrintion 

User error mess.iges related to the definition of element rilot sets for the structure !"lotter. 

Table Fomat 

See the descriotion of the '.·1ESSAGE table, section 2.3.5.5. 

FLTSETX is gener~ted in subroutine SETINP. 

Table Trailer 

,Jord 1-5 = 0 
l-Jord 6 = l 

2.3.5.2 PLT?AR (TAJLE) 

'."Jes cri o ti on 

Flot parameters and plot control table. 

Table Fcnnat 

Record 

0 

1 
2 
3 

etc. 

Last 

Header record 

Duolicate of the ~lot c~ntrol data block 
{PCDB) created in the IFP1 module except 
that all plot set definitions have been 
deleted. 

End-of-file 

PLTPAR is generated in subroutine SETINP. 

Table Trailer 

L'lord 1-5 = 0 
..Jore 6 = 1 

2.3.5.3 GPSETS (TAGLE) 

Description 

Grid ~oint sets related to the element nlot sets. 
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Tab 1 e Format 

Record 

0 

2-(NSETS+l) 

NSETS+2 

Notes 

1-NSETS 

l 
2-(NGP+l) 

Item 

Header record 

Element plot set !D's (integer) 

Number of grid points in an element set 
Pointers to the grid points in this element set (integers) 
l If = 0, the grid point is not in this set 
2 If ; 0, this is an internal index relative to only 

the grid points in this element set (if 
negative, this grid point is to be excluded 
when used to draw deformed vectors and 
applying grid labels or symbols). 

End-of-file 

1. NSETS = number of element sets (second module parameter) 
2. NGP = total number of structural grid points (first module parameter) 
3. GPSETS is generated in subroutines SETINP and CNSTRC 

Table Trailer 

Word 1-5 = O 
Word 6 • 1 

2.3.5.4 ELSETS (TABLE) 

Description 

Element plot set connection tables. 

Table Format 

Record 

0 

1-NSETS 

NSETS+l 

1-NTYPES 

0 

1 

2 

3. 

4. 
5-(NGPF:L+3) 

Header Record 

Hollerith element symbol 
(2 BCD characters) 

NGPEL - Number of grid points per 
element of this type (Integer} 
1. NGPEL < 3 - one dimensional 

element 
2. 3 i. NGPEL .!. 4 and syll'bo 1 not 

"TE" - the first and last 
grid are also connected 

3. 4 < NGPEL or syni)ol is "TE" -
special line connection 
pattern in LINEL is used. 

Element identification number 
(integer). If zero there are no 
more e 1 ements of this type; a new 
group or end-of-record follows. 
Index of this element type in ECT. 
Grid point connection indices for 
the GPSETS array of the same 
record (Integer) 
End-of-file 
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Repeated 
for all 
elements 
of this 
type 

Repeated 
for all 
element 
types in 
the set 



Notes 

DATA BLOCK DESCRIPTIONS 

1. NSETS = number of element plot sets (second module parameter) 
2. NTYPS = number of element types represented in an element plot set (created in 

SETINP and modified in CNSTRC) 
3. NGPEL and Hollerith element symbol are from /GPTAl/. Only elements that 

a) have 2 to 20 grid points 
b) do not have scalar connections possible 
c) do not have an element symbol of "XX" 

are plottable. Word 4,5 of /GPTAl/ may be used to request the element by name 
(e.g., R0D). 

Tab1 e Trailer 

Word 1-5 = 0 
Word 6 = l 

2.3.5.5 MESSAGE (TABLE) 

Description 

Messages to be processed by the message writer module (PRTMSG). Each message may either be a 
physical or logical record. This data block is never really created as such, but is included 
so as to explain other data blocks such as PL0TX1, PL0TX2, etc., and is referenced in the 
Table Formats of these data blocks. 

Table Format 

Record 

0 

Word Item 

Header record 

A given logical record in a given physical r~cord can be of two alternate forms 

A. Record 

B. Record 

(j+l)-(j+32) 

~ 

j 
(j+l )-(j+NLIST) 

j+NLIST+l 

(j+NLIST+2)­
(j+NLIST+NF+ l) 

.!.ill1. 
If= -1, -2, -3, -4, -5, or -6, then the next 32 words 
is a new title for the 1st, 2nd, 3rd, 4th, 5th, or 6th 
lines on all printed pages to follow from this message 
tab 1 e (integer) 
The 32 4-character BCD words for this title 

Item 

NLIST = number of list i terns (integer) 
List items (mixed mode) 
NF = size of format to be used to print these list 
items (integer) 
Format to be used to print this list of consecutive 
BCD characters) 
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2.3.6 Data Blocks Outnut From '·lodule PL~T 

2.3.6.1 PL~TXl (TABLE) 

Descriotion 

User messages from the plot module relative to the undefonned structural shapes 

Table Format 

See the description of the MESSAGE table, section ·2.3.5.5 

Table Trailer 

Word 1-5 = 0 
~lord 6 = l 

2.3.6.2 PL~TX2 (TABLE) 

Description 

User messages from the plot module relative to the defonned structural shaoes ~enerated in the 
statics analysis 

Table Fonnat 

See the description of the MESSAGE table, section 2.3.5.5 

Table Trailer 

1~ord 1-5 • O 
Word 6 • l 
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2.3.7 Data Blocks Output From Module GP3 

2.3.7.1 SLT (TABLE) 

Description 

Static Loads Table. 

The header record of the SLT contains a sorted list of all unique load set !D's contained 
on static load cards except the L0AD card itself. Then logical records that follow the 
header record comprise all static loads data belonging to each of then load sets, one 
logical record per load set. The (n+l)st logical· record contains all L0AD cards (if any). 

Table Format 

Notes 

Record 

0 

n 

n+l 

n+2 

Word 

1-2 
3 

2+n 

1 
2 

3 

2+m 

l .2 

3,4 
5,6 

2k+3,2k+4 

b'..E!. 
B 
I 

I 

I 
I 

l,R 

R,I 
R ,I 

I 

Data block name 
Load set ID 1 

Load set IDn 

Load card type 

Item 

No. of load data entries 
1 n the record 

Load data as function 
of load card type ••• 

repeated m times 

Same format as record 1 

I 
repeated for each 
different load card 
type belonging to the 
same load set ID 

Data belonginq_to.ihe n-th load set 

Combination load Id, Overall 
scale factor 

Scale factor, load set ID 
Scale factor, load set ID 

-1, -1 

End-of-file 

I repeated for 
each L0AD 
card 

-
1. The SLT is generated in subroutine GP3A. 

2. Card type ID 1s and format of data for each·bu1k data card type are as follows: 

F0RCE card type 

~ 
l 
3 
4 
5 
6-8 

IlE! 
I 
I 
I 
R 
R 

Item 
•l, (FORCE card type ID) 
Internal grid number 
Coordinate system ID 
Signed scale factor for applied force 
Force components 
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M0MENT card type 

See F0RCE, substituting "moment" for "force" and substitute "2" in word 1 
for card type ID. 

F0RCE1 card type 

l 
3 
4 
5-6 

M0MENT1 card type 

~ 

I 
I 
R 
I 

.lli!!J. 
=3, (F0RCE1 card type ID) 
Internal grid number 
Signed magnitude of applied load 
Internal grid numbers of grid points 
that define direction 

See F0RCE1, substituting "moment" for "force" and substituting 11 411 in word 
"1" for card type ID. 

F0RCE2 card type 

Word 

1 
3 
4 
5-8 

M0MENT2 card type 

Ile!. 
I 
I 
R 
I 

Item 

•5, (F0RCE2 card type ID) 
Internal grid number 
Signed magnitude of applied load 
Internal grid numbers of grid points 
that define direction 

See FORCE2, substituting "moment" for "force" and substituting 11 611 in word 
11 l" for card type ID. 

SL0AD card type 

Word 

1 
3 
4 

GRAV ca rd type 

Word 

1 
3 
4 
5-7 

!.m!. 
I 
I 
R 

!.m!. 
I 
I 
R 
R 

Item 

•7, (SLOAD card type ID) 
Internal scalar nurrber 
Applied load 

Item 

•8, (GRAV card type ID) 
Coordinate system ID 
Gravity vector scale factor 
Gravity vector components 
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PL0AD,PL0AD2,PL0AD3 card types 

Word 

1 
3 
4-7 

RF0RCE card type 

Word 

l 
3 
4 
5 
6-8 

PRESAX card type 

Word 

1 
3 
4-5 
6-7 
8 

~ 

I 
R 
I 

~ 

I 
I 
I 
R 
R 

~ 

I 
R 
I 
R 
I 

Item 

=9, (PL0AD,PL0AD2, and PL0AD3 card type ID) 
Pressure 
Internal grid numbers 

Item 

=10, (RF0RCE card type ID) 
Internal grid number 
Coordinate system ID 
·sea 1 e factor 
Components of rotation direction vector 

Item 

•11, (PRESAX card type ID) 
Pressure value 
Ring ID's 
Azimuthal angles 
Number of harmonics 

3. With the exception of GRAV and PL0AD card types, data for a given card type within a 
logical record is in sort on internal grid (or scalar) number at which the load is 
applied. Data for a PL0AD type is in sort on external equivalent of the grid ID 
corresponding to Gl. Data for a GRAV type is a single entry record. 

4. If no L0AD cards have been input, the {n+l) st record does not exist. 

Table Trailer 

Word 1 • number of load sets. 

Word 2-6 • zero. 
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2.3.7.2 GPTT (TABLE) 

Description 

Grid Point Temperature Table. 

The header record of the GPTT contains sorted triples of temperature set ID, default tempera­
ture, and flag. For each temperature set for which temperature data is defined at the grid points 
or structural elements, a logical record of the GPTT is present. 

Table Format 

Record 

0 

k 
k+l 
k+2 

k+3 

k+k+l 

Word 

1-2 
3 

4 

5 

1 
2 
3 

4 
5 

. 
S+count-1 
0 

1 
2 
3 

-1 
-1 

~ 

Data b1ock name (BCD} 
Temperature set ID, (integer) 
Default temperature (floating point) 
-1 if no default temperature defined (integer) 
0 if only default temperature for set (integer) · 
>O record number of temperature data for set 

(integer) 

repeated 
for each 
temperature 
set 

Temperature set ID 
Element type 
Element type count of temperature data 
(number of values for element ID)Oefault • -1 
Element ID ( nonex1 sting 1 f word 

1

3 • - 1) · 

Temperature values Repeats for 
(nonexistent if all elements 
element ID is neg- of element 
ative or nonex1sting) type 1n 

problem • 

Flag indicating end of element data for 
element type. 

Same fonnat as record 1 
(Same data as record 1.) 

Temp set ID 
GRID index } Repeats for 
Temperature N grid point 

Same fonnat as record k+2 

End-of-file 
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Notes 

DATA BLOCK DESCRIPTIONS 

1. The GPTT is generated in subroutine GP30. 

2. A temperature set may be defined as consisting only of a default temperature that 
applies to all grid points, and thus elements connecting those grid points. 

3. A default temperature (if defined) is to apply to all grid points for which a 
temperature has not been defined. 

4. The second set of records (k+l, etc.) are used only for heat transfer problems. 

Table Trailer 

Trailer contains no specific information. 

2.3.7.3 HSLT (TABLE) 

Description 

See description and format of SLT table - section 2.3.7. 1. 
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2.3.8 Data Blocks Output from Module TAl 

2.3.8.l EST (TABLE) 

Description 

Element Surrmary Table. 

The EST is a collection of data for all elements of the structural model. It contains one 
logical record for each element type. For each element: connection data, properties data, 
basic grid point data and the element temperature data are grouped. General elements and 
elements that belong to super elements are not included in the EST. 

Table Format 

Notes 

Record Word Im. 
0 

1 I 
2-i+l 

i+2-i+j+l 
i +j+2-i +j+k+ l 

i+j+k+2-i+j+k+m+l 

n+l 

1. i • number of words in ECT section. 
2. j = number of words in EPT section. 
J •• k • number of words in BGPDT section. 
4. m • number of words in ETT section. 

ll!!!l 
Header record 

Element type repeated ECT section repeated 
EPT section for each for each 
BGPDT section element element 
ETT section type 

End-of-file 

2. The number of records in the EST corresponds to the number of separate element types 
in the model. 

3. The EST is generated in subroutine TA1A. 

Surnnary of EST Fonnats 

ECT Section EPT Section BGPDT Section 

m Section Total 
Element Number Number Number Number Words 
Type Mnemonic of words of Words of Words of Words Per Element 

1 R0D 3 ·s 8 1 17 
2 BEAM 19 19 8 1 47 
3 TUBE 3 4 8 1 16 
4 SHEAR 5 3 16 1 25 
5 TWIST 5 3 16 1 25 
6 TRIA1 5 9 12 1 27 
7 TRBSC 5 7 12 1 25 
8 TRPLT 5 7 12 1 25 
9 TRMEM 5 3 12 1 21 

10 C0NR00 8 0 8 , 17 
11 ELASl 5 3 0 0 8 
12 ELAS2 8 0 0 0 8 
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ECT Section EPT Section BGPDT Section 

ETT Section Total 
Element Number Number Number Number Words 
Type Mnemonic of Words of Words of Words of Words Per Element 

13 ELAS3 3 3 0 0 6 
14 ELAS4 4 0 0 0 4 
15 QDPLT 6 7 16 l 30 
16 QDMEM 6 3 16 l 26 
17 TRIA2 5 3 12 1 21 
18 QUAD2 6 3 16 l 26 
19 QUADl 6 9 16 1 32 
20 DAMPl 5 1 0 0 6 
21 DAMP2 6 0 0 0 6 
22 DAMP3 3 l 0 0 4 
23 DAMP4 4 0. 0 0 4 
24 VISC 3 2 8 1 14 
25 MASSl 5 l 0 0 6 
26 MASS2 6 0 0 0 6 
27 MASS3 3 1 0 0 4 
28 MASS4 4 0 0 0 4 
29 C0NM1 24 0 4 1 29 
30 C0NM2 13 0 4 1 18 
31 PL0TEL 3 0 8 1 12 
34 BAR 15 18 8 1 42 
35 C0NEAX 3 23 8 1 35 
36 TRIARG 6 0 12 1 19 
37 TRAPRG 7 0 16 1 24 
38 T0RGRG 6 3 2 1 18 
39 TETRA 5 0 17 l 23 
40 WEDGE 7 0 25 1 33 
41 HEXAl 9 0 33 1 43 
42 HEXA2 9 0 33 1 43 
43 FLUID2 6 0 8 0 14 
44 FLUID3 7 0 12 0 19 
45 FLUID4 8 0 16 0 24 
46 Unused 
47 AXIF2 6 0 8 0 14 
48 AXIF3 7 0 12 0 19 
49 AXIF4 8 0 16 0 24 
50 SL0T3 9 0 12 0 21 
51 SL0T4 10 0 16 0 26 
52 HBDY 7 0 17 1 25 
53 DUMl * * * 1 * 54 OUM2 * * * 1 * 55 DUM3 * * * l * 56 DUM4 * * * 1 * 57 DUM5 * * * 1 * 58 DUM6 * * * 1 * 59 OUM7 * * * 1 * 60 DUMB * * * l * 61 DUM9 * * * 1 * 62 QOMEMl 6 3 16 1 26 
63 QOMEM2 6 3 16 1 26 
65 IHEXl 9 6 32 8 57 
66 IHEX2 21 6 80 20 127 
67 IHEX3 33 6 128 32 199 
68 TRAIAX 6 17 12 1 34 
69 TRAPAX 7 17 16 1 39 

2.3-57 (12/31/77) 



DATA BLOCK AND TABLE DESCRIPTIONS 

*For the dummy elements, DUMl thru DUM9, these values are determined at execution time upon 
presence of the respective ADUMl thru ADUM9 bulk data cards. 

We have from the ADUMi card thus: 

GN = Number of grid points connected by PUMi 

NC = Number of additional connection card values found on the CDUMi card in addition 
to the element ID, property or material ID, and GN = count of grid ID's. 

NP = Number of additional property card values, found on the PDUMi card in addition 
to the property ID and material ID. 

The number of words in the BGPOT section is then 4 times GN. 

The number of words in the EPT section is then 1 + NP if NP is ~reater than zero, 
or is zero otherwise. 

The number of words in the ECT section is then 1 + GN if NP is given g.reater than 
zero or is 2 + GN if NP is zero. 

The total number of words is then the total of the ECT section plus the EPT section 
plus the BGPOT section plus 1 for the temperature. 

Detailed EST Formats 

ECT section for element type • 2: 

Word ~ Item , I Element IO 
2-3 I SIL numbers for grid points 1, 2 
4-6 R x, y, z (orientation vector) 
7 I Coordinate system ID for x, y, z 
8-9 I pa' Pb 

10-12 R Z!, z:. ZJ 
a 

13-15 R zb. z~ • zs 
b 

16-19 R 91• 92,g,,g .. 

ECT Section for element type • 1, 3, 24, 31: 

~ 

1 
2-3 

~ 

I 
I 

~ 

Element ID 
SIL number for gr;d po;nts 1, 2 

ECT Section for element type • 4, 5: 

~ 

1 
2-5 

IlE!. 
I 
I 

Item 

Element ID 
SIL numbers for grid points 1, 2, 3, 4 
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ECT section for element type = 6, 7, 8, 9, 17: 

\.Jord ~ ~ 
1 I Element ID 
2-4 I SIL numbers for grid points 1, 2, 3 
5 R e (degrees) 

ECT section for element type • 15, 16, 18, 19, 62, 63: 

~ ~ lli.!!l 
1 I Element ID 
2-5 I SIL numbers for grid points 1, 2, 3, 4 
6 R e (degrees) 

ECT section for element type = l 0: 

~ ~ Item -
1 I Element ID 
2-3 I SIL numbers for grid points l, 2 4 I Material ID 
5 R A 
6 R J 
7 R C a R non-structural mass (nsm) 

ECT section for element type • 11, 20, 25: 

~ ~ ~ 
l I Element IO 
2-3 I SIL numbers for grid points l, 2 4-5 I Component codes for grid points l, 2 

ECT section for element type • 12: 

~ ~ ~ 
l I Element IO 
2 R Value 
3-4 I SIL numbers for grid points l, 2 
5-6 I Component codes for grid points l, 2 7-8 R 9e• S 

ECT section for element type .. 13 • 22. 27: 

~ .IlE! ~ 
l I Element ID 
2-3 I SIL numbers for scalar points l, 2 

ECT section for element type • 14, 23, 28: 

!!2!2. llE! ~ 
l I Element ID 
2 R Value 
3-4 I SIL numbers for scalar points l, 2 
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ECT section for element type = 21, 26: 

Word 

l 
2 
3-4 
5-6 

~ 

I 
R 
I 
I 

Element ID 
Value 
SIL numbers for grid points 1, 2 
Component codes for grid points 1, 2 

ECT section for element type = 29: 

l 
2 
3 
4-24 

ECT section 

~ 

l 
2 
3 
4 
5-7 
8-13 

ECT section 

Word 

l 
2-3 
4-6 
7 

8-9 

10-12 

13-15 

ECT section 

~ 

1 
2-3 

~ 

I 
I 
I 

Element ID 

R 

SIL number for grid point 
Coordinate system ID 
m11 , m21 , m22 , m31 , etc., (6x6 sylTllletric matrix) 

for element type = 30: 

Ii'.e!. Item 

I Element ID 
I SIL number for grid point 
I Coordinate system ID 
R m 
R x1' x2• x3 
R I11 1 1u• 1

22' 
I u• 1u• I 

33 

for element type .. 34: 

~ ~ 
I Element ID 
I SIL values for qrid points 1, 2 
R X1, X

2
, X

3 

I Coordinate system ID for X1, X2 , x, 
I Pa• Pb 

1 2 3 
R za. za. za 

1 2 ' R zb. zb. zb 

for element type • 35: 

~ .!!!!! 
I Element ID 
I SIL values for rings 11 2 
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ECT section for element type = 36: 

Word ~ Item 

l I Element ID 
2-4 I SIL values for grid points l, 2, 3 
5 R e (degrees) 
6 I Material ID 

ECT section for element type = 37: 

Word 

l 
2-5 
6 
7 

IlE!. 
I 
I 
R 
I 

Item 

Element ID 
SIL values for grid points 1, 2, 3, 4 
e (degrees) 
Materi a 1 ID 

ECT section for element type = 38: 

Word ~ ~ 
l I Element ID 
2-3 I SIL values for grid points 1, 2 
4-5 R A1' A2 
6 Not defined 

ECT section for element type • 39: 

Word 

1 
2 
3-6 

ID!. 
I 
I 
I 

Element ID 
Material ID 
SIL values for grid points 1, 2, 3, 4 

ECT section for element type • 40: 

Word 

1 
2 
3-8 

~ 

I 
I 
I 

Element IO 
Material ID 
SIL values for grid points 1, 2, 3, 4, 5, 6 

ECT section for element type = 41, 42: 

1 
2 
3-10 

ID!. 
I 
I 
I 

Element ID 
Material ID 
SIL values for grid points 1, 2, 3, 4, 5, 6, 7, 8 

ECT section for element type • 43: 

Word 

1 
2,3 
4 
5 
6 

mL 
I 
I 
R 
R 
I 

Element ID 
SIL values for grid points 1, 2 
Oensi ty, p 
Bulk modulus, B 
Hannonic Index, N 
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ECT section for element type = 44: 

Word ~ ~ 

1 I Element ID 
2-4 I SIL values for grid points 1 , 2, 3 
5 R Density, p 
6 R Bulk modulus, B 
7 I Hannonic Index, N 

ECT section for element type = 45: 

Word 

l 
2-5 
6 
7 
8 

~ 

I 
I 
R 
R 
I 

Element ID 
SIL values for grid points 1, 2, 3, 4 
Density. p 
Bulk modulus. B 
Hannonic Index, N 

ECT section for element type • 47: 

~ Il'.2!. ill!!!. 
1 I Element ID 
2,3 I SIL values for grid points 1. 2 
4 R Density, p 
5 R Bulk modulus, B 
6 I Hannonic Index. N 

ECT section for element type • 48: 

Word 

1 
2,3,4 
5 
6 
7 

Il.e!... 
I 
I 
R 
R 
I 

Element ID 
SIL values for grid points 1, 21 3 
Density. p 
Bulk modulus. B 
Hannonic Index, N 

ECT section for element type • 49: 

l'!2!£. IlE!. ll!!!l 
l I Element ID 
2.3.4.5 I SIL values for grid points 1.2,3,4 
6 R Density. p 
7 R Bulk modulus. B 
8 I Hannonic Index, N 
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ECT section for element type = 50: 

Word ~ Item 

I Element ID 
2,3,4 I SIL values for grid points l , 2, 3 
5 R Density, p 
6 R Bulk modulus, B 
7 I Number of Slots, M 
8 I Harmonic Index, N 

ECT section for element type = 51: 

Word 

2,3,4,5 
6 
7 
8 
9 

~ 

I 
I 
R 
R 
I 
I 

Item 

Element ID 
SIL values for grid points 1, 2, 3, 4 
Density, p · 
Bulk modulus, B 
Number of Slots, M 
Harmonic Index, N 

ECT section for element type = 52: 

Word .Im_ ~ 

l I Element ID 
2 B FLAG 
3 R H 
4 R AF 
5-8 I SIL values for grid points 1, 2, 3, 4 

ECT section for element type = 53 thru 61: 
(Refer to the note under the Table Su111T1ary of EST Formats above) 

Word 

1 
2 
3 thru 
( GN+2) 

( GN+3) thru· 
(GN+2+NC) 

Im. 
I 
I 
I 

Mixed 

Element ID 
Material ID (NP=O) 
SIL values for GN grid points. 

(NP=O) 
Additional connection data as determined by 
the user-prograrrmer ( Present only if NC is 
greater than zero) 

Note that if NP is given greater than zero, the material ID will appear in the EPT 
section and thus words 3 thru (GN+2+NC) will be shifted up by the l word removed. 

ECT section for element type= 65: 

~ 

l 
2-9 

~ 

I 
I 

Element ID 
SIL nunDers for grid points 1-8 

ECT section for element type= 66: 

Word 

1 
2-21 

Im. 
I 
I 

Element ID 
SIL numbers fnr Qrid points 1-20 
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ECT section for element type= 67: 

Word 

1 
2-33 

~ 

I 
I 

Item 

Element ID 
SIL numbers for grid points 1-32 

ECT section for element type= 68: 

1 
2-4 
5 

~ 

I 
I 
R 

Item 

Element ID 
SIL values for grid points 1 ,2,3 
e (degrees) 

ECT section for element type= 69: 

Word 

1 . 
2-5 
6 

I.Y.e!. 
I 
I 
R 

Item 

Element ID 
SIL values for grid points 1 ,2,3,4 
e (degrees) 
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EPT section for element type = l: 

Word ~ Item 

l I Material ID 
2 R A 
3 R J 
4 R C 
5 R nsm 

EPT section for element type = 2: 

Word ~ Item , I Material ID 
2 R A 
3-4 R Ii ' I 2 
5 R J 
6 R nsm 
7 I Force Element Code ( FE) 
8-9 R c1• c2 
10-11 R 01, 02 
12-13 R E 1, E2 
14-15 R F 1, F2 
16-17 R K 1, K2 
18 R I 12 

19 Not defined 
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EPT section for element type .. 3: 

Word ~ ~ -
l I Material ID 
2 R o.o. 
3 R t 
4 R nsm 

EPT section for element type .. 4, s. 9, 16, 17 1 18: 

Word ~ ~ 

l I Material ID 
2 R t 
3 R nsm 

EPT section for element type • 6, 19: 

Word ~ ll!!!!. -
1 I Material ID for membrane 
2 R tl 
3 I Material IO for bending 
4 R I 
5 I Material IO for transverse shear 
6 R t2 
7 R nsm 
8-9 R z,, Z2 

EPT section for element type • 7, 8, 15: 

Word ~ ll!!!. -
1 I Material ID for bending 
2 R I 
3 I Material IO for transverse shear 
4 R t2 
5 R nsm 
6-7 R Z1 , 22 

EPT section for element type • 11, 13: 

Word Im. ll!!!!. -
1 R K 
2 R ge 
3 R s 

EPT section for element type • 20, 22: 

!!.2!:s. Ile! Item -
1 R Be 
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EPT section for element type = 24: 

lford ~ Item -
1 R Cl 
2 R C2 

EPT section for element type = 25, 27: 

~ ~ Item -
R Me 

EPT section for element type = 33: 

Word ~ Item 

I Super element property ID 

EPT section for element type • 34: 

Word ~ Item -
1 I Material ID 
2 R A 
3-4 R 1:11 I 2 
5 R J 
6 R nsm 
7 I FE (Force Method only) 
8-9 R C1 • C2 

10-11 R 01, 02 
12-13 R E1' E2 
14-15 R Fi• F2 
16-17 R K1 , K2 
18 R I12 

EPT section for element type • 35: 
Hord .!lE! ~ -
1 I Material IO for membrane 2R R T1 
3 I Material IO for bending 4 R I 
5 I Material IO for transverse shear 6 R T2 
7 R nsm 
8-9 R zl' 22 

10-23 R ~; t i • 1, 14 
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EPT section for element type = 38: 

1 
2 
3 

~ 

I 
R 
R 

Item 

Material Id 
TM 
TF 

EPT section for element types = 53 thru 61: 
(Refer to note under the table Summary of EST Fonnats above) 

l 
2 thru 

( l +NP) Mixed 

Item 

Material ID 

Property data detennined by the user-progranmer 

The EPT section for element types 53 thru 61 is present only if NP is greater than 
zero as described above. 

EPT section for element type = 68 

1 
2 
3-16 

~ 

Not Used 
I 
R 

EPT section for element type • 69 

Word 

1 
2 
3-16 

Im. 
Not Used 
I 
R 

Material ID 
cpI, I=l,14 

Material ID 
4>p I•l. 14 
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ETT section for element type = 1-64: 

Word ~ Item 

R Average element temperature 

ETT section for element type = 65: 

Word 

1-8 

Item 

Temperatures 4t grid points 1-8 

ETT section for element type = 66: 

Word 

1-20 

ETT section for element type 

Word Ile! 

1-32 R 

Table Trailer 

Item 

Tempera_tures at grid points 1-20 

= 67: 

Item 

Temperature at grid points 1-32 

Word l = number of elements in model 

Word 2-6 = are defined. 
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2.3.8.2 GE! (TABLE) 

Description 

General Element Input. 

The GE! contains one logical record for each general element in the model. 

Table Format 

Record 

0 

2 

k 

k+l 

Table Trailer 

Word 

1 
2 

3 

4 

3+n 
4+n 

3+n+m 
4+n+m 
S+n+m 

4+n+m+n 2 

S+n+m+r: 

. 
4+n+m+n 2 

+nm 

~ 

I 
I 
I 
I 

I 
I 

I 

R 

R 

Item 

Header record 
IO for general element 
n = number of elements in u1 list 
m = number of elements in u0 list 
SIL value for first UI 

SIL value for nth U 
I 

SIL value for first u0 

SIL value for mth UD 

not present 
if m = 0 

i • indicator of Kor Z matrix 

Elements of Kor Z matrix 

Elements of S matrix 

Same format as record 1 

Same format as record l 
End-of-fi 1 e 

Word l = number of general elements in the model. 
Words 2-6 = zero. 
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2.3.8.3 ECPT (TABLE) 

Description 

Element Connection and Properties Table. 

The ECPT is a subset of the EST that is sorted by increasing internal grid point number. 
There is one logical record for each grid point. Each record contains a list of the elements 
attached to that grid point, and, for each element, a list of its grid points sorted by 
increasing grid point number. 

Table Format 

Record 

0 

m+l 

2 

3 

4 

5 

6+n-l 

Item 

Header record 

SIL number for "pivot" grid or scalar point 
(integer) 

= 6 for grid points 
• 1 for scalar points 

Nunt>er of words for ECT section of element 
connected to the pivot (negative integer) 

Index to the ECT Table (see section 2.3.4. 1) 
for the logical card within the logical 
record for this element type. 

E1ement type (integer) 

SIL numbers for grid or scalar points that 
define the element connection points 
(n • number of connection points). 

End of file (m • number of pivot points 
in the problem). 

Repeated for 
each e 1 ement 
connected 
to the 
pivot point 

Repeated 
for each 
pivot 
point 

1. If no elements are connected to a grid or scalar point, the record contains only one word. 

Table Trailer 

Word l • Total number of elements in the GPTAl common blocks. 

Word 2 • Number of grid scalar points in the model. 

Word 3 • Maximum number of elements connected to.any grid or scalar point. 

Word 4 • m x n where 
m • maximum nunDer of elements connected to any grid or scalar point 
n • maximum number of connection points for an element that is connected to a 
"pivot" point 

Word 5-6 • undefined 
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Table Format 

Record 

0 

n+l 

Notes 

Word 

2 

3-2+m 

DATA BLOCK AND TABLE DESCRIPTIONS 

Item 

Header record 

+ SIL number for pivot grid 
- or scalar point (integer) 
m • number of connected 

points (integer) 
Sorted list of SIL numbers 

of connected points 

End-of-file 

repeated for each 
grid or scalar 
in the model 

1. If the SIL number for the pivot (first word) <0, then the pivot is a scalar point. 

2. If no elements are connected to the pivot (and therefore no other qrid or scalar 
points), the record contains only one word. 

3. The pivot point is connected to itself. 

Table Trailer 

2.3.8.5 HEST (TABLE) 

Description 

See description and fonnat of EST table - section 2.3.8.1. 

2.3.8.6 HGPECT ( TABLE) 

Description 

See description and format of ECPT - section 2.3.8.3. 
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2.3.8.7 GPECT (TABLE) 

Description 

See description and fonnat of ECPT table - section 2.3.8.3. 
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2.3.9 Data Glocks Outout From llodule S~'Al 

2.3.9. l KGGX (~ATRIX) 

Description 

[Kx J - Partition of stiffness matrix exclusive of general elements - 9 set. gg 

'tatrix Trailer 

i·;umber of columns = 1J 
Number of rows = g 
Fonn = symmetric 
Type = real double precision 

2.3.9,2 K4GG (MATP.IX) 

Description 

[ K4 ] - Partition of structural damping matrix - 'J set. gg 

Matrix Trailer 

• g 
• g 

Number of columns 
Number of rows 
Form "' synrnetri c 
Type = real double precision 

2.3.9.3 GPST (TABLE) 

Descriotion 

Grid Point Singularity Table 

Table Format 

Record 

C 

2 

Word 

l 
2 
3 
4 

. 
2+N 

All entries are integers. 

Header record 

Order of singularity (1. 2. or 3) 
N • number of SIL numbers that follow 
SIL1 SIL2 

SILN 

End-of-file 

2.3-74 (7/4/76) 

Reoeated for each 
singularity 



Table Trailer 

Word 1 • undefined 
Word 2 = 0 
Word 3 = 1 
Word 4 = 2 
Word 5 = l 
Word 6 "' 0 

DATA BLOCK DESCRIPTIONS 
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2.3.10 Data Blocks Output From f·~odule SMA2 

2.3.10.1 MGG (~ATRIX) 

Description 

[M
99

] - Partition of mass matrix - g set. 

natrix Trailer 

Number of columns = g 
= q Number of rows 

Form 
Type 

2.3. 10.2 BGG (MATRIX) 

Description 

= symmetric 
= real double precision 

[s99J - Partition of damping matrix - g set. 

i·latrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

• g 
• g 
• synmetric 
• real double precision 
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2.3.11 Data Blocks Output From Module GPWG. 

2.3.11.1 0GP\~G (TABLE) 

Description 

Grid Point Weight Generator 0utput Table. 

Tab 1 e Format 

Record 

0 

2 

3 

Table Trai lfil:. 

Word 1 • O 

Word 2 • nonzero. 

Words 3-6 • O 

l 
2 
3 

4-9 
10 
11-50 
51-146 

1-36 
37-45 
46-49 
50-53 
54-57 
58-66 
67-69 
70-78 

I 
I 
I 

I 

B 

R 
R 
R 
R 
R 
R 
R 
R 

Header record 

0FP IO record 
1 
13 
External ID of grid point about which moments 
and interias were calculated. If External ID= O 
the basic origin was used. 
Not defined. 
98 
Not defined. 
96 words of title, subtitle, and label from 
/0UTPUT/ 

0FP data record 
[MO] 6x6 moment matrix 
[S] 3x3 matrix 
Mx, Xx, Yx, Zx 
My, Xy, Yy, Zy 
Mz, xz, Yz, Zz 
Inertia matrix (3x3} 
Principal inertias 
Q matrix (3x3) 

End-of-file 
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2.3.12 Data Blocks Gutout From '1odu1e 9~A3 

2.3. 12.1 KGG (MATRIX) 

Description 

[K J - Partition of stiffness matrix - g set. Contains contributions from all elements 
99 in the model, including general elements. 

Matrix Trailer 

Number of 
Number of 
Fonn 

columns • g 
rows = g . 

• symmetric 
Type 

2.3.12.2 KGGL (MATRIX) 

Description 

• real double precision 

Partition of the stiffness matrix of linear elements• 9 set. Contains contribu­
tions from all linear elements of the model including general elements. Used only 
in Piecewise Linear Analysis. 

1·1atrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• g 
• g 
• synmetric 
• real double precision 
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2.3. 13 Data Blocks Output From Module GP4 

2.3.13.1 RG (Matrix) 

Description 

[R] - Constraint equations matrix (due to multipoint constraints and rigid elements) 
g 

Matrix Trailer 

Number of columns= g 

Number of rows 

Fenn 

Type 

= m (number of degrees of freedom made dependent by multipoint constraints 
and rigid elements) 

= rectangular 

= real single precision 
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2.3.13.2 VS (MATRIX) 

Description 

{Y} - Constrained displacement vector - s set. 
s 

Matrix Trail er 

Number of columns= number of consecutive non-eigenvalue and non-differential stiffness 
subcases that have the same SPC and MPC set selections 

Number of rows 

Form 

= s 

= rectangular 

Type ~ real single precision 

2.3. 13.3 USET (TABLE) 

Description 

Displacement set definitions table. 

USET contains one logical record. Each word corresponds to each degree of freedom in the 
g-displacement set (in internal order) and contains ones in specified bit positions indicating 
the displacement sets to which the degree of freedom belongs. 

Table Format 

Record ~ ~ Item 

0 1-2 B Data block name 
3 I SPC set ID 
4 I MPC set ID 

l L Mask for first degree of freedom 

n L Mask for nth degree of freedom 

2 End-of-file 
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Notes 

l. Bit positions* for the various displacement sets are defined as follows: 

[ii sg I i I a I f I n I g I r I O I S I m I 
22 23 24 25 26 27 28 29 30 31 32 

*Bit positions are nul!Dered 1-32 from left to right for the right-most 32 bits 
of the computer word. 

Table Trailer 

Word l = zero. 

Word 2 = nul!Der of degrees of freedom in the g-displacement set (LUSET). 

Word 3 = logical "or" of all USET masks (left 16 bits). 

Word 4 = logical "or" of all USET masks (right 16 bits). 

Word 5 = zero. 

Word 6 = zero. 
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2.3. 13.4 HUSET (TABLE) 

Description 

Temperature set definitions table. 

Table Fonnat 

See fonnat of USET table - 2.3. 13.3. 

2. 3. 13. 5 ASET and HASET 

These data blocks are not used and are undefined. 
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2.3.14 Data Blocks Output From Module GPSP. 

2.3.14.1 ~GPST (TABLE) 

Description 

Unremoved Grid Point Singularities. 

Table Fonna t 

Record 

0 

2 

3 

Table Trailer 

Word 1 • 8 

Word 2-6 • 0 

l 
2 
3 
4 
5-9 

10 
11-50 
51-146 

1 
2 
3 
4-6 
7-9 

10-12 

I 
I 
I 
I 

I 

B 

I 
I 
I 
I 
I 
I 

Header record 

0FP ID record 
0 

-8 
SPC set ID 
MPC set ID 
Not defined 
12 
Not defined 

Item -

96 words of title, subtitle, and label from 
/0UTPUT/ 

0FP data record 
External grid ~oint IO 
Scalar point flag 
Singularity order 
Strongest singularity components 
Next strongest singularity comoonents 
Weakest singularity components 

*Note: The above 12 words are repeated in record 2 for each grid point 
with an unremoved singularity. 

End-of-file 
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2.3.15 Oata Blocks Outl"ut Frnm ''~odule '.1CE1 

2.3.15.1 GM (MATRIX) 

Description 

[Gm] - Multipoint constraint transformation matrix - m set. 

Matrix Header 

Number of columns 
Number of rov,s 
Fonn 
Type 

= n 
• m 
• rectangular 
• real double precision 
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2,3, 16 Data Blocks Output From Module MCE2 

2.3.16.l KNN (MATRIX) 

Description 

[Knn] - Partition of stiffness matrix - n set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

= n 
'"' n 
= synmetric 

Type = real double precision 

2.3.16.2 MNN (MATRIX) 

Description 

[Mnn] - Partition of mass matrix - n set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form · 

• n 
• n 
• synmetric 

Type • real double precision 

2.3.16.3 KONN (MATRIX) 

Description 

[K~n] - Partition of differential stiffness matrix - n set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

• n 
• n 
• syn1netric 

Type • real double precision 

2.3. 16.4 HKNN (MATRIX} 

Description 

Position of conductivity matrix - n set 

Matrix Trailer 

Nunt>er of columns• n 
Number of rows • n 
Form • synmetri c 
Type • real single/double precision 
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2.3.16.5 BNN (MATRIX) 

Description 

[Bnn] - Partition of damping matrix - n set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2. 3. 16. 6 K4NN (MATRIX) 

= n 
= n 
= synrnetric 
= real double precision 

Description 

4 
[Knn] - Partition of the structural damping matrix - n set. 

Matrix Tra i1 er 

Number of columns 
Number of rows 
Form 
Type 

= n 
• n 
• symmetric 
• real double precision 
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2.3.16.7 HRNN (MATRIX) 

Description 

[HRnn] - Position of radiation matrix - n set 

Matrix Trailer 

Number of columns = n 
= n Number of rows 

Form 
Type 

2.3.16.8 HBNN (MATRIX) 

Description 

= syrrmetric 
= real single/double precision 

[HBnn] - Position of the capacity matrix - n set 

Matrix Trailer 

Nunt>er of columns 
Number of rows 
Form 
Type 

= n 
= n 
= syn111etric 
= real single/double precision 
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2.3.17 Cata Blocks Output From 1·1odule SCEl 

2.3.17.1 KFF (MATRIX) 

Description 

[Kff] - Partition of stiffness matrix after single-point constraints have been removed -
f set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.17.2 KFS (MATRIX) 

Description 

• f 
• f 
• symnetric 
• real double precision 

[Kfs] - Partition of stiffness matrix after single-point constraints have been removed. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.17.3 KSS (MATRIX) 

Description 

• s 
• f 
• rectangular 
• real double precision 

- Partition of stiffness matrix after single-point constraints have been removed -
s set. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

2.3.17 .4 MFF (f.1ATRIX) 

Description 

• s 
• s 
• synmetric 
• real double precision 

[MffJ • Partition of mass matrix after single-point constraints have been removed - f set. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

• f 
• f 
• synmetric 
• real double precision 
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2.3.17 .5 KOFF (MATRIX) 

Des cri pti on 

[K~f] - Partition of differential stiffness matrix - f set, 

Matrix Tra i 1 er 

Number of columns 
Number of rows 
Fonn 
Type 

2.3. 17.6 KDFS (MATRIX) 

Description 

• f 
• f 
• synmetric 
• real double precision 

[Kis] • Partition of differential stiffness matrix. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

2,3. 17.7 KOSS (MATRIX) 

Description 

• s 
• f 
• rectangular 
• real double precision 

[K:s] • Partition of differential stiffness matrix - s set. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

2.3. 17.8 BFF (MATRIX) 

Descritlti on 

• s 
• s 
• synmetric 
• real double precision 

[Bff] - Partition of damping matrix after single point constraints have been removed - f set. 

:·latrix Trailer 

!lumber of coll.111ns 
Number of rows 
Fonn 
Type 

• f 
• f 
• symmetric 
• real double precision 
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2.3.17.9 K4FF (MATRIX) 

Description 

[Kif] - Partition of structural damping matrix with single-point constraints removed -
f set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 
Type 

C f 
• f 
• syrrmetric 
• real double precision 

2.3. 17. 10 HKFF (MATRIX) 

Description 

[HKff] - Partition of conductivity after single-point constraints have been removed -
f set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• f 
• f 
• S,YIIITletri c-
• real single/double precision 

2.3.17.11 HKFS (MATRIX) 

Description 

[HKfs] - Partition of conductivity matrix after single-point constraints have been 
removed. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• s 
• f 
• rectangular 
• real single/double precision 

2.3. 17.12 HKSS (MATRIX) 

Description 

[HK
55

J - Position of stiffness matrix after single-point constraints have been removed -
s set. 

Matrix Trai 1 er 

Number of columns 
Number of rows 
Form 
Type 

• s 
• s 
• S,YIIITletric 
• real single/double precision 
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2.3. 17.13 HRFF 

Description 

Partition of radiation matrix after single-point constraints have been 
removed - f set. 

Matrix Trailer 

Number of columns 
Number of rows 
Fann 

= f 
= f 
= symmetric 

Type = real single/double precision 

2.3. 17.14 HBFF 

Description 

[HBff] - Partition of capacity matrix after single-point constraints have been removed. 

Matrix Trailer 

Number of columns = f 
Number of rows = f 
Fann = synmetri c 
Type = real single/double precision 
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2.3. 18 Data Blocks Output From Module SMPl 

2.3.18.l G0 (MATRIX) 

Description 

[G
0

] - Structural matrix partitioning transformation matrix. 

Matrix Tra i1 er 

Number of columns 
Number of rows 
Form 
Type 

2.3.18.2 KAA (MATRIX) 

Description 

= a 
= 0 
= rectangular 
= real double precision 

[Kaa] - Partition of stiffness matrix - a set. 

Matrix Tra i 1 er 

Number of columns 
Number of rows 
Form 
Type 

2.3.18.3 K00B (MATRIX) 

Description 

• a 
• a 
• symmetric 
• real double precision 

[K
00

] - Partition of stiffness matrix - o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.18.4 L00 (MATRIX) 

Description 

• 0 
• 0 
• synrnetric 
• real double precision 

[L
00

] - Lower triangular factor of K00B - o set. 

Matrix Trail er 

Number of columns 
Number of rows 
Fonn 
T.vpe 

• 0 
• 0 

• lower triangular 
• real double precision 
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2.3.18.5 U00 (MATRIX) 

Description 

[U00 ] - Upper triangular factor of K00B - o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= 0 
= 0 
= upper triangular 
= real double precision 

This matrix is not a standard upper triangular factor. Its format is acceptable only to 
subroutine FBS. 

2.3.18.6 MAA (MATRIX) 

Description 

[Maa] - Partition of mass matrix - a set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.18.7 M00 (MATRIX) 

Description 

= a 
= a 
= symmetric 
• real double precision 

ru J - Partition of mass matrix - o set. Lr'oo 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= 0 
= 0 

= symnetric 
= real double precision 
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2.3.18.8 M0A (MATRIX) 

Description 

[M J - Partition of mass matrix. oa 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.18.9 BAA (MATRIX) 

Description 

= a 
= 0 
= rectangular 
= real double precision 

[Baa] Partition of damping matrix - a set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• a 
• a 
"' symmetric 
• real double precision 

2.3.18.10 K4AA (MATRIX} 

Description 

[K!aJ - Partition of structural damping matrix - a set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 
Type 

2.3.18. 11 HG0 (MATRIX) 

Description 

• a 
• a 
• synmetric 
• real double precision 

[HG
0

] - Heat matrix partitioning transfonnation matrix. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• a 
• I) 

• rectangular 
• real 
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2.3. 18. 12 HKAA (MATRIX) 

Description 

[HKaa] - Partition of conductivity matrix - a set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= a 
= a 
= symmetric 
= real 

2.3. 18. 13 HK00 (MATRIX) 

Description 

[HK
00

] - Partition of conductivity matrix - o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= 0 
= 0 
= synrnetric 
= real 

2.3. 18. 14 HL00 (Mi\TRIX) 

Description 

[HL00 ] - Lower triangular factor of HK00 - o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= 0 
• 0 
= synrnetric 
= real 
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2.3.19 Data Blocks Output From Module RBMGl 

2.3.19. 1 KLL (MATRIX) 

Description 

[K11J - Partition of stiffness matrix - R. set. 

Matrix Tra i1 er 

Number of columns 
Number of rows 
Form 
Type 

2.3.19.2 KLR (MATRIX) 

Description 

= 1 
= R. 
= symmetric 
= real double precision 

[K1r] - Partition of stiffness matrix 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.19.3 KRR (MATRIX) 

Description 

= R. 
• r 
= rectangular 
• real double precision 

[K ] - Partition of stiffness matrix - r set. rr 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.19.4 MLL (MATRIX) 

Description 

• r 
• r 
• synmetric 
• real double precision 

[M11J - Partition of mass matrix - £ set. 

Matrix Trail er 

Number of columns 
Number of rows 
Fonn 
Type 

• £ 
• R. 
• synmetric 
• real double precision 
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2.3.19.5 MLR (MATRIX) 

Description 

(M1r] - Partition of mass matrix. 

Matrix Trailer 

Number of columns 
Number of rows 
Fann 

= 1 
= r 
= rectangular 

Type = real double precision 

2.3.19.6 MRR (MATRIX) 

Description 

[Mrr] - Partition of mass matrix - r set. 

Matrix Tra i1 er 

Number of columns 
Number of rows 
Fonn 

• r 
= r 
= synrnetric 

Type = real double precision 

2.3. 19.7 HKLL (MATRIX) 

Description 

[HK11J - Partition of conductivity matrix - 1 set. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

2.3. 19.8 HKLR (MATRIX) 

Description 

• R. 
• R. 
= symnetric 
• real 

[HKa.rJ - Partition of conductivity matrix 

Matrix Trailer 

Number of columns • .e. 
Number of rows • r 
Form • rectangular 
Type • real 
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2.3. 19.9 HKRR {MATRIX) 

Description 

[HKrr] - Partition of conductivity matrix - r set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= 
= 
= 
= 

r 
r 
symmetric 
real 
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2.3.20 Data Blocks Output From Module RBMG2 

2. 3. 20. 1 LLL (MATRIX) 

Description 

[L2.2.J - Lower triangular factor of KLL - i set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 
Type 

2.3.20.2 ULL (MATRIX) 

Description 

= 2. 
= t 
= lower triangular 
= real double precision 

[Utt] - Upper triangular factor of KLL - t set. 

Matrix Tra i1 er 

Number of columns 
Number of rows 
Form 
Type 

• 2. 
• 2. 
• upper triangular 
• real double precision 

This matrix is not a standard upper triangular factor. Its format is acce~table only to 
subroutine FBS. 

2.3.20.3 LBLL (MATRIX) 

Description 

b • 
[L2,1J - Lower triangular factor of KBLL - i set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• .e. 
• 2. 
• lower triangular 
• real double precision 
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2.3.20.4 UBLL (MATRIX) 

Description 

[U~i] - Upper triangular factor of KBLL - i set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= .2. 
= .2. 
= upper triangular 
= real double precision 

This matrix is not a standard upper triangular factor. Its format is acceptable only to 
subroutine FBS. 

2.3.20.5 HLLL (MATRIX) 

Description 

[HL1.2.] - Lower triangular matrix of HKLL - .2. set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

.. .2. 

.. R. 
• lower triangular 
• real 
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2.3,21 Data Blocks Output From Module RSMG3 

2.3.21.1 OM (MATRIX) 

Description 

[D] - Rigid body transfonnation matrix. 

Matrix Trail er 

Number of columns 
Number of rows 
Fonn 
Type 

2.3.21.2 HOM (MATRIX) 

Description 

= R. 
• r 
= rectangular 
= real double precision 

[DJ - Rigid Body transformation matrix. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

• R. 
a r 
• rectangular 
• real 
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2.3.22 Data Blocks Output From Module RBMG4 

2 • 3 • 2 2 • l MR ( t-1A TR I X) 

Description 

[mr] - Rigid body mass matrix - r set. 

Matrix Trail er 

Number of columns 
Number of rows 
Fonn 
Type 

• r 
• r 
= symmetric 
s real double precision 
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2.3.23 Data Blocks Output From Module SSGl. 

2.3.23.1 PG (MATRIX) 

Description 

[P] - Static load vector matrix giving static loads - g set. g 

Matrix Trailer 

Number of columns 
tlumber of rows 
Form 
Type 

2.3.23.2 PGl (MATRIX) 

Description 
1 

= number of subcases 
= g 
= rectangular 
= real single precision 

[P] -g Static load vector giving static loads for Piecewise Linear Analysis problem -
g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

• 1 
• g 
• rectangular 

Type = real single precision 

2.3.23.3 HPG (MATRIX) 

Description 

[HP9] - Static load vector matrix giving static loads for heat problems - g set. 

Matrix Trailer 

Number of columns • nunmer of subcase 
Number of rows • g 
Form • rectangular 
Type = real single precision 
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2.3.24 Data Blocks Output From nodule SSG2 

2,3,24,l QR (MATRIX) 

Description 

[qr] - Determinate support forces matrix - r set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2,3.24.2 PIii (f·\ATRIX) 

Description 

= number of subcases 
= r 
11 rectangu 1 a r 
= real single precision 

[P
0

] - Partition of the load vector matrix giving loads due to static force - o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.24.3 PS (MATRIX) 

Description 

• number of subcases 
• 0 

• rectangular 
• real single precision 

[Ps] Partition of load vector matrix giving loads ins set. 

Matrix Tra i1 er 

Number of columns 
Number of rows 
Form 
Type 

2.3.24.4 PL (MATRIX) 

Description 

• number of subcases 
• s 
• rectangu1 ar 
• real single precision 

[P1 ] - Partition of the load vector matrix giving static loads on 1 set. 

Matrix Tra 'fl er 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases 
• 1 
• rectangular 
• real single precision 
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2.3.24.5 HQR (MATRIX) 

Description 

[hqr] - Detenninate support forces matrix - r set. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

2.3.24.6 HP0 (MATRIX) 

Description 

= number of subcases 
= r 
= rectangular 
= real single precision 

[hp
0

] - Partition of the load vector matrix giving loads due to static force - o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

2.3.24.7 HPS (MATRIX) 

Description 

= number of subcases 
= 0 
• rectangular 
• real single precision 

[hp5 ] - Partition of load vector matrix giving loads ins set. 

Matrix Trailer 

Nunt>er of columns 
Number of rows 
Fonn 
Type 

2.3.24.8 HPL (MATRIX) 

Description 

• number of subcases 
• s 
• rectangular 
• real single precision 

[hpi] - Partition of the load vector matrix giving static loads on i set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases 
• i 
• rectangular 
• real single precision 
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2.3.24.9 HPF (MATRIX) 

Descri ptit>n 

[hpf] - Partition of the load matrix giving static loads on t set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of subcases 
= i 
= rectangular 
= real single precision 
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2.3.25 Data Blocks Output From Module SSG3 

2.3.25.1 ULV (MATRIX) 

Description 

[u1] - Partition of the displacement vector matrix giving displacements - i set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of subcases 
= £. 
= rectangular 
= real double precision 

2.3.25.2 U00V (MATRIX) 

Description 

[u~J - Partition of the displacement vector matrix giving displacements in the o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of subcases 
= 0 
= rectangular 
= real double precision 

2.3.25.3 RULV (MATRIX) 

Description 

[oP1] - Residual vector matrix for the i set. 

Matrix Trailer 

Number of columns • number of subcases 
Number of rows "' i 
Form • rectangular 
Type • real single precision 

2.3.25.4 RU0V (MATRIX) 

Description 

{oP0 } - Residual vector matrix for the o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases 
• 0 

= rectangular 
• real single precision 
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2.3.25.5 UBLV (MATRIX) 

Description 

[u~] - Partition of the differential stiffness displacement vector - £ set. 

Matrix Tra i 1 er 

Number of columns = 1 
Number of rows = £ 
Form = rectanqular 
Type = real double precision 

2.3.25.6 RUBLV (MATRIX) 

Description 

[0P~] - Differential stiffness residual vector - £ set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 
Type 

2.3.25.7 HULV (MATRIX) 

Description 

• l 
• R, 

= rectangular 
• real single precision 

[hu1] - Partition of the temperature vector matrix giving temperatures - i set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases 
• 1 
• rectangular 
• real double precision 

2.3.25.8 HU00V (MATRIX) 

Description 

[hu~J - Partition of the temperature vector matrix giving temperatures - o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases 
• 0 
• rectangular 
• real double precision 
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2.3.25.9 HRULV (MATRIX) 

Description 

[ohP1] - Residual vector matrix for the t set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of subcases 
= i 
= rectangular 
= real single precision 

2.3.25. 10 HRU0V (MATRIX) 

Description 

[ohP
0

] - Residual vector matrix for the o set. 

Matrix Tra i1 er 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases 
.. 0 
• rectangular 
= real single precision 
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2.3.26 Data Blocks Output From Module SSG4. 

2.3.26.l PL! (MATRIX} 

Description 

Partition of load vector for inertia relief matrix giving loads due to static+ 
inertial forces on i set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.26.2 P0I (MATRIX) 

Description 

• number of subcases 
• i 
• rectangular 
• real single precision 

[P1J - Partition of load vector for inertia relief matrix giving loads due to inertial 
0 force+ static forces on o set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases 
• 0 
• rectangular 
• real single precision 
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2.3.27 Data Blocks Output From Module SDRl 

2. 3. 27 .1 UGV (MATRIX) 

Description 

[ug] - Displacement vector matrix giving displacements in the g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.27.2 PGG (MATRIX) 

Description 

= number of subcases in CASECC 
= g 
= rectangular 
= real single precision 

[Pg] - Static load vector appended to include all boundary conditions - g set, 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

• number of subcases in CASECC 
.. g 
= rectangular 

Type • real single precision 

2.3.27.3 QG (MATRIX) 

Description 

[qg] - Single-point constraint forces and determinate support forces matrix - g set. 

Matrix Trail er 

Number of columns • number of subcases in CASECC 
Number of rows • g 
Form • rectangular 
Type • real single precision 

2.3.27.4 PHIG (MATRIX) 

Description 

[~9J - Eigenvector matrix giving eigenvectors (displacements) in the g set. 

Matrix Trail er 

Number of columns • number of eigenvalues found in READ 
Number of rows • g 
Form • rectangular 
Type • real single precision 
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2.3.27.5 UBGV (MATRIX) 

Description 

- Displacement vector matrix for differential stiffness giving disolacements 
in the g set. 

Matrix Trail er 

Number of columns 
Number of rows 
Fonn 
Type 

2.3.27.6 QBG (MATRIX) 

Description 

= number of factors on a DSFACT bulk data card 
= g 
= rectangular 
= real single precision 

[q~] - Single-point forces of constraint matrix for differential stiffness - g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.27.7 BQG (MATRIX) 

Description 

= number of factors on a DSFACT bulk data card 
s g 
• rectangular 
• real single precision 

[q~] - Single-point forces of constraint matrix for a bucklinq analysis problem - g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of buckling modes found in READ 
• g 
• rectangular 
• real single precision 

2.3.27.8 DELTAUGV (MATRIX) 

Description 

{0u
9
} - Incremental displacement vector in piecewise linear analysis - g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• l 
• g 
• rectangular 
• real single precision 
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2.3.27.9 DELTAPG (MATRIX) 

Description 

{oP } - Incremental load vector in piecewise linear analysis - g set. g 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

= 1 
= 9 
= rectangular 

Type = real single pr~cision 

2.3.27.10 DELTAQG (MATRIX) 

Description 

Incremental vector of sinqle-point forces of constraint in piecewise linear 
analysis - g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

= 1 
.. 9 
= rectangular 

Type = real single precision 

2.3.27.11 CPHIP (MATRIX) 

Description 

[~P] Complex eigenvectors in p set. 

Matrix Trailer 

Number of columns • number of eigenvalues found in CEAD 
Number of rows • p 
Form • rectangular 
Type • complex single precision 

2.3,27.12 QPC (MATRIX) 

Description 

[q~] - Complex single-point forces of constraint - p set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of eigenvalues found in CEAD 
• p 
• rectangular 
• complex single precision 
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2.3.27.13 UPVC (MATRIX) 

Description 

[uc] - Frequency response solution vectors - p set. 
p 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

= the product of the number of frequencies and number of loads 
= p 
= rectangular 

Type = complex single precision 

2.3.27.14 UPV (MATRIX) 

Description 

[up] - Transient solution vectors - p set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

• the number of output times mult_iplied by 3* 
• p 
• rectangular 

Type • real single prec·ision 

*Each triple is displacement. velocity and acFeleration. 

2.3.27. 15 QP (MATRIX) 

Description 

[qp] - Transient single-point forces of constraint - p set. 

Matrix Trailer 

Number of columns • the number of output times 
Number of rows = p 
Fonn • rectangular 
Type • real single precision 

2.3.27. 16 HUGV (MATRIX) 

~esr.ri pti on 

[HUg] - Temperature vector matrix giving temperatures in g set. 

Matrix Trailer 

Number of columns • number of subcases in CASECC 
Number of rows • g 
Form • rectangular 
Type • real 
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2.3.27. 17 HUPV (MATRIX) 

Description 

[HUP] - Transient solution vectors - p set. 

Matrix Tra i1 ers 

Number of columns 
Number of rows 
Form 
Type 

= nunt>er of output times multiplied by 3 
= p 
= rectangular 
= real 

2.3.27. 18 HPGG (MATRIX) 

Description 

[Hp9J - Static load vector appended to include all boundary conditions - g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

.. number of subcases in CASECC 
= g 
= rectangular 
.. real 

2.3.27. 19 HQP (MATRIX) 

Description 

[hqp] - Transient single-point forces of constraint - p set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.27.20 HQG (MATRIX) 

Description 

• the number of output times 
= p 
"' rectangular 
= real 

[hqg] - Single-point constraint forces and determinate support forces matrix - g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases in CASECC 
= g 
= rectangular 
= real 
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2.3.28 Data Blocks Output From Module SDR2. 

2.3.28.1 0UGV1 (TABLE) 

Description 

Output displacement vector requests (g set, S0RT1, real). 

Table Format 

Record 

0 

1 

2 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2 
3-8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

I 
I 
R 

ltP.m -
Header record 

Device code+ lO*approach code 
1 
0 
Subcase number 
Load set ID 
0 
0 
0 
Format code 
Number of words per entry in next record• 8 
Not defined 
Title 
Subtitle 
Label 

lO*point ID+ device code ) rP.oeat 
Point type > for each 
R(Tl), R(T2), R(T3), R(Rl), R(R2), R(R3)) ooint 

1. Records 1 and 2 are repeated for each vector to be output 

2. Device code • 

3. Format code • 

{

O • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 1, 3, 7, or 10 

5. Point type • 

Table Trailer 

{

1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.28.2 0UBGV1 (TABLE) 

Description 

Output displacement vector requests (g set. S0RT1. real) 

Table Format 

Record !i!?!i ~ 
0 Header record 

Item 

l I Device code+ lO*aooroach 
2 I l 
3 I 0 
4 I Subcase number 
5 I Load set ID 
6 I 0 
7 I 0 
8 I 0 
9 I Format code 

code 

10 I NunDer of words per entry in next record• 8 11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 
2 l I lO*point ID+ device code 

2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), 

1. Records land 2 are repeated for each vector to be output. 

{

O • x y output only 
2. Device code • J: ~~~~~ 

5 • print and punch 

{
l • real 

3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 4 

5. Point type • 

Table Trailer 

{

1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.28.3 (1UPV1 (TABLE) 

Description 

Output displacement vector requests (p set, S~RTl, real). 

Table Format 

Record Word IlE! Item 

0 Header record 

l I Device code+ lO*approach code 
{ l • Displacement 

2 I 10 • Velocity 
11 • Acceleration 

3 I -o 
4 I Subcase number 
5 R Time 
6 I 0 
7 I 0 
8 I Load set ID 
9 I Format code 

10 I Number of words per entry in next record• 8 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 l I lO*point ID+ device code 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), 

l. Records land 2 are repeated for each vector to be output. 

2. Device code • 

3. Fonnat code • 

4. Approach code 

5. Point type • 

Table Trailer 

{

O • x y output only 
1 • print 
4 • ounch 
5 • print and punch 

{
l • real 
2 • real/imaginary 
3 • magnitude/phase 

• 6 

{

l • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.28.4 0UPVC1 (TABLE). 

Description 

Output displacement vector requests (p set. S0RT1. complex). 

Table Format 

Record ~ ~ Item 

0 Header record 

1 I Device code+ lO*approach code 
{1001 = Displacement 

2 I 1010 = Velocity 
1011 • Acceleration 

3 I 0 
4 I Subcase number 
5 R Frequency 
6 I 0 
7 I 0 
8 I Load set IO 
9 I Fonnat code 

10 I Number of words per entry in next record= 14 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I lO*point IO·+ device code 
repeat 2 I Point type for 3-8 R RfT1), R(T2). RfT3), R(Rl), R(R2), R( R3) each 9-14 R I Tl), I(T2), I T3), I(Rl), I(R2), I(R3) point 

1. Records 1 and 2 are repeated for each vector to be output. 

{D • x y output only 
2. Device code • 1 • print 

4 • punch 
5 • print and punch 

f • real 3. Fonnat code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 5 r . grid point 
5. Point type • 2 • scalar point 

3 • extra point 
4 • modal point 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.28.5 0PG1 (TABLE). 

Description 

Output load vector requests (g set, S0RT1, real) 

Table Format 

Record 

0 , 

2 

Word 

, 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 , 

~ 

I 
I 
I 
1 
1 
1 
I 
I 
I 
I 

B 
B 
B 

I 

.lli!!!. 
Header record 

Device code+ lO*approach 
2 
0 
Subcase number 
Load set 10 
0 
0 
0 
Format code 
Nunt>er of words per entry 
Not defined 
Title 
Subtitle 
Label 

10*point 10 + device code 

code 

in next record= 8 

for each r•roat 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), ~(R2), R(R3) point 

1. Records 1 and 2 are repeated for each vector to be cutout. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

{

o • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{

1 • rea~ 
2 • rea ·,, imaginary 
3 • magnitude/phase 

• l, 3, 7, or 10 

1
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.28.5 ~PPl (TABLE). 

Descriotion 

Output load vector requests (p set, S0RT1, real). 

Table Format 

Record 

0 

~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

~ .lli.!!!. 
Header record 

I Device code+ lO*approach 
I 2 
I 0 
I Subcase number 
R Time 
I 0 
I 0 
I Load set ID 
I Fonnat code 

code 

10 I Number of words per entry in next record= 8 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 l I lO*point ID+ device code. 
2 I Point type 
3-8 R R(Tl), R{T2}, R(T3), R(Rl), 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

lo• x y output only 
1 • print 
4 • punch 
5 • print and punch 

{

l = real 
2 • real/imaginary 
3 • magnitude/phase 

.. 6 

{

1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.28.7 0PPC1 (TABLE). 

Description 

Output load vector requests (p set, S~RTl, comolex). 

Table Format 

Record 

0 

l 

li2!£I.. 

l 
2 
3 
4 
5 
6 
7 
8 

~ 

I 
I 
I 
I 
R 
I 
I 
I 
I 

Item 

Header record 

Device code+ lO*approach 
1002 
0 
Subcase number 
·Frequency 
0 
0 
Load set ID 
Format code 

code 

9 
10 I Number of words per entry in next record• 14 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 , I lO*point ID+ device code 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), 
9-14 R I(Tl), I(T2), I(T3), I(Rl), I(R2), 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

{

o • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{

1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 5 

1
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.28.8 ~QGl (TABLE) 

Description 

Output forces of single-point constraint requests (g set, S~RTl, real). 

Tab 1 e Format 

Record 

0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

2 l 
2 
3-8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

I 
I 
R 

Header record 

Device code+ lO*approach code 
3 
0 
Subcase number 
Load set ID 
0 
0 
0 
Fonnat code 
Number of words per entry in next record= 8 
Not defined 
Title 
Subtitle 
Label 

Point tyoe for eac 
lO*point ID+ device code }reneat 

R(Tl), R(T2), R(T3), R(Rl ), R(R2), R(R3) noint 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code .. 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

i
o = x y output only 
l .. print 
4 .. punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• l, 2, 3, 7, or lo 

f 
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.28.9 0QBG1 (TABLE) 

Description 

Output forces of single-point constraint requests (g set, S0RT1, real). 

Table Format 

Record 

0 

Word ~ ~ 

Header record 

1 I Device code+ 10*anoroach code 
2 I 3 
3 I 0 
4 I Subcase number 
5 I Load set ID 
6 I 0 
7 I 0 
8 I 0 
9 I Format code 

10 I Number of words oer entry in next record= 8 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I lO*point 10 + device code 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), 

1. Records land 2 are repeated for each vector to be output. 

{

O • x y output only 

2. Device code • l: ~~~~~ 
5 • print and punch 

{

1 • real 
3. Format code • 2 • real/imaginary 

3 • magnitude/phase 

4. Approach code • 4 

5. Point type • 

Table Trailer 

{

l • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 

2.3-124 (7/4/76) 
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R(R2), R(R3) point 



DATA BLOCK DESCRIPTIOl~S 

2.3.28.10 0BQG1 (TABLE). 

Description 

Output forces of single-point constraint requests {g set. S~RTl. real). 

Table Format 

Record 

0 Header record 

l I Device code+ lO*approach code 
2 I 3 
3 I 0 
4 I Subcase number 
5 I Mode number 
6 R Eigenvalue 
7 I 0 
8 I 0 
9 I Fonnat code 

10 I Number of words oer entry in next record = 8. 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I lO*point ID+ device code 
2 I Point type 
3-8 R R(Tl), R(T2) 1 R(T3) 1 R(Rl), 

1. Records l and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

I
O• x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
l • real 
2 • real/imaginary 
3 • magnitude/phase 

• 8 

1
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 

2.3-125 (7/4/76) 

}rer,eat 
for eac'i 

R(R2), R(R3) ooint 



DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.28.11 0QP1 (TABLE). 

Description 

Output forces of single-point constraint requests (p set, S0RT1, real). 

Table Format 

Record ~ ~ Item -
0 Header record 

1 I Device code+ lO*aooroach code 
2 I 3 
3 I 0 
4 I Subcase number 
5 R Time 
6 I 0 
7 I C 
8 I Load set IO 
9 I Fonnat code 

10 I Number of words per entry in 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-14'6 B Label 

2 1 I lO*point ID+ device code 
I 2 Point type 

3-8 R R(Tl), R(T2), R(T3), R(Rl), 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

\

0 • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 6 

1
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 

2.3-126 (7/4/76) 

next record= 8 

repeat for each 
R(R2), R(R3) point 



2.3.28.12 0QPC1 (TABLE). 

Description 

DATA BLOCK DESCRIPTIONS 

Output forces of single-point constraint requests (p set, S~RTl, complex). 

Tab 1 e Format 

Record 

0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Header record 

I Device code+ lO*approach code I 1003 
I 0 
I Subcase number R!I Frequency or mode nunt>er I/R 0 or eigenvalue (real oart) I/R 0 or eigenvalue (imaginary part) I Load set ID I Format code I Number of words per entry in next record• 14 11-50 

Not defined 51-82 B Title 83-114 B Subtitle 115-146 B Label 
2 1 I lO*point IO+ device code 2 I Point type 3-8 R 

R{Tl), R{T2), R{T3), R{Rl), R{R2), 9-14 R 
I{Tl), I(T2), I(T3), I(Rl), I(R2), 

11otes -
1. Records land 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approacn code • 

5. Point type • 

Table Trailer 

Io• x y output only 
1 • print 
4 = punch 
5 • print and punch 

g • real 
2 • real/imaginary 
3 • magnitude/phase 

5, or 9 

t
l • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 

2.3-127 (7/4/76) 

r•oeat for 
R(R3) each 
I(R3) point 
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2.3.28.13 0PHIG (TABLE). 

Description 

Output eigenvector requests (g set, S~RTl, real). 

Table Format 

Record 

0 

~ ~ Item 

Header record 

1 1 I Device code+ lO*aporoach code 
2 I 7 
3 I 0 
4 I Subcase number 
5 I Mode number 
6 R Eigenvalue 
7 I 0 
8 I 0 
9 I Format code 

10 I Number of words per entry in next record• 8 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 l I lO*point ID+ device code 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3, Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

~

O • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 2, or 8 

ll • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 

2.3-128 (7/4/76) 
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R(R2), R(R3) point 



DATA BLOCK DESCRIPTIONS 

2.3.28. 14 0CPHIP (TABLE). 

Description 

Output eigenvector requests (p set, S0RTl, complex). 

Tab 1 e Format 

Record 

0 

1 

~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

~ Item 

Header record 

I Device code+ lO*approach code I 1007 
I 0 
I Subcase number I Mode number 
R Eigenvalue (real part) 
R Eigenvalue (imaginary part) I 0 . I Fornia t code 
I Number of words per entry in next record• 14 11-50 Not defined 51-82 B Title 83-114 B Subtitle 115-146 B Label 

2 

Notes 

1 I lO*point ID+ device code 
repeat 

2 I Point type 
for 3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), R(R3) each 9-14 R I(Tl), I(T2), I(T3), I(Rl), I(R2), I(R3) point -

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 1 • print l
o• x y output only 

4 • punch 
5 • print and punch r · real 3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code .. 9 r . grid point 
5. Point type • 2 • scalar point 

3 • extra point 
4 • modal point 

Table Trailer 

Words 1-6 contain no significant values. 

2.3-129 (7/4/76) 
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2.3.28.15 ~ES1 (TABLE). 

Description 

Output element stress requests (S~RTl, real). 

Table Format 

Record 

0 

1 

2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2-NWDS 

I 
I 
I 
I 
I/R 
R/I 
I 
I 
I 
I 

B 
B 
B 

I 
Mixed 

Header record 

Device code+ lO*approach code 
5 
Element type 
Subcase number 

"Time, Load set ID, or mode number 
Eigenvalue or 0 
0 
Load set ID or O 
Format code 
Number of words per entry in next record • NWDS 
Not defined 
Title 
Subtitle 
Label 

lO*element ID+ device code 
Element stress data 
See 2.3.51 for details } 

reoeat 
for each 
element 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

Table Trailer 

t
o• x y output only 
1 • print 
4 • punch 
5 • print and punch 

{

1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 1, 2, 3, 6, 7, or 10 

Words 1-6 contain no significant values. 
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2.3.28.16 0ESB1 (TABLE). 

Description 

Output element stress requests (S~RTl, real). 

Table Format 

Notes -

Record 

0 

2 

~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

l 
2-NWDS 

~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

I 
Mixed 

Header record 

Device code+ lO*approach code 
5 
Element type 
Subcase number 
Load set ID 
0 
0 
0 
Fonnat code 
Number of words oer entry in next record= NHDS 
Not defined 
Title 
Subtitle 
Label 

lO*element ID+ device code 
Element stress data 
See 2.3.51 for details } 

repeat 
for each 
element 

1. Records land 2 are repeated for each vector to be output. 

{

O • x y output only 
2. Device code • 1 • print 

4 • punch 
S • print and punch 

{
l • real 

3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 4 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.28.17 0BES1 (TABLE). 

Description 

Output element stress requests (S0RT1, real). 

Table Format 

Record Word ~ Item 

0 Header record 

1 l Device code+ lO*approach code 
2 l 5 
3 I Element type 
4 I Subcase number 
5 I Mode number 
6 R Eigenvalue 
7 I 0 
8 I 0 

I Fonnat code 9 
10 I Number of words per entry in next record = "Nl'lS 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I lO*element ID+ device code 
2-NWOS Mixed Element stress data 

See 2.3.51 for details 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

Table Trailer 

lo• x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 8 

Words 1-6 contain no significant values. 

2.3-132 (7/4/76) 

} reoeat 
for each 
element 



DATA BLOCK DESCRIPTIONS 

2.3.28.18 0ESC1 (TABLE). 

Description 

Output element stress requests (S0RT1, comolex). 

Table Format 

Record 

0 

!!Qr.&. Im. 
Header record 

Item 

1 I Device code+ lO*approach code 
2 I 1005 
3 I Element type 
4 I Subcase number 
5 R/I Frequency or mode number 
6 I/R 0 or eigenvalue (real part) 
7 I/R O or eigenvalue (imaginary part) 
8 I Load set ID 
9 I Format code 

10 I Number of words per entry in next record = N~JDS 11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I lO*element ID+ device code } reoeat 2-NWDS Mixed Element stress data for each 
See 2.3.51 for details element 

1. Records 1 and 2 are repeated for each vector to be cutout. 

{

O •·x y output only 
2. Device code • 1 • print 

4 = punch 
5 • print and punch 

{
1 = real 

3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 5, or 9 

Table Trailer 

Words 1-6 contain no significant values. 

2.3-133 (7/4/76} 



DATA BLOCK ANO TABLE DESCRIPTIONS 

2.3.28.19 0EF1 (TA3LE). 

Description 

Output element force requests (S~RTl, real). 

Table Format 

Record ~ Im. llifil 

0 Header record 

1 I Device code+ lO*aporoach code 
2 I 4 
3 I Element type 

I Subcase nunt>er 4 
5 I/R Time, load set ID, or mode number 
6 I/R 0 or eigenvalue 
7 I 0 
B I Load set ID or 0 

Format code 9 I 
10 I Number of words "er entry in next record • ~!'·IDS 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 l I lO*element ID+ device code 
2-NWDS Mixed Element force data 

See 2.3.52 for details 

1. Records 1 and 2 are repeated for each vector to be output •. 

2. Device code • 

3. Format code • 

4. Approach code 

Table Trailer 

{

o • x y output only 
l • print 
4 • punch 
5 • print and punch 

{
l • real 
2 • real/imaginary 
3 • magnitude/phase 

• 1, 2, 3, 6, 7, or 10 

Words 1-6 contain no significant values. 

2.3-134 (7/4/76) 

} repeat 
for each 
element 



DATA BLOCK DESCRIPTIONS 

2.3 .28. 20 0EFB1 (TA3LE). 

Description 

Output element force requests (S0RT1, real). 

Table Fonnat 

Record 

0 

Word 

1 
2 
3 
4 
5 
6 
7 
8 
9 

~ Item 

Header record 

I Device code+ lO*approach 
I 4 
I Element type 
I Subcase number 
I Load set ID 
I 0 
I 0 
I 0 
I Format code 

code 

10 I Number of words per entry in next record= NWDS 
11-50 
51-82 B 

Not defined 
Title 

83-114 B Subtitle 
115-146 B Label 

2 1 I 1 O*el ement ID + device code 
2-N!~OS Mixed Element force data 

See 2.3.52 for details 

Notes -
1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code = 

3. Format code = 

4. Approach code 

Table Trailer 

t
o= x y output only 
1 = print 
4 • punch 
5 = print and punch 

{

1 • real 
2 = real/imaginary 
3 • magnitude/phase 

.. 4 

Words 1-6 contain no significant values. 

2.3-135 (7/4/76) 

} reoeat 
for each 
element 



DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.28.21 0BEF1 (TABLE). 

Description 

Output element force requests (S0RT1, real). 

Table Format 

Record 

0 

Word 

1 
2 
3 
4 
5 
6 
7 
8 

Il'.I?!. 

I 
I 
I 
I 
I 
R 
I 
I 

llim 
Header record 

Device code+ lO*aooroach 
4 
Element" type 
Subcase number 
Mode number 
Ei genva 1 ue 
0 
0 

code 

9 I Format code 
10 I NunDer of words per entry in next record= W1DS 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I lO*element ID+ device code 
2-NWDS Mixed Element force data 

See 2.3.52 for details 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

Table Trailer 

t
o• x y outout only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 8 

Words 1-6 contain no significant values. 

2.3-136 (7/4/76) 
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DATA BLOCK DESCRIPTIONS 

2.3.28.22 0EFC1 (TABLE). 

Description 

Output element force requests (S~RTl, complex). 

Table Format 

Record 

0 

~ I.le! 
Header record 

lli!!l 

l I Device code+ lO*approach code 
2 I 1004 
3 I Element type 
4 I Subcase number 
5 R/1 Frequency or mode nunt>er 
6 I/R O or eigenvalue (real part) 
7 I/R O or eigenvalue (imaginary part) 
8 I Load set IO or O 
9 I Format code 

10 I Number of words oer entry in next record = N'·IDS 11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 l I lO*element ID+ device code } reoeat 2-Nl~DS Mixed Element force data for each 
See 2.3.52 for details element 

Notes 

1. Records 1 and 2 are repeated for each vector to be output. 

IO• x y output only 
2. Device code • 1 = print 

4 • punch 
5 • print and punch 

{
1 • real 

3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 5, or 9 

Table Trailer 

Words 1-6 contain no significant values. 

2.3-137 (7/4/76) 
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DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.28.23 PUGVl (matrix - see note below) 

Description 
PUGVl contains the translation components of UGVl rotated to the basic coordinate system. 

Note 
The first four words of each logical record (column) contain identification data for the 

column. These words must be read prior to calling the appropriate unpacking routine. 

Word 1 = subcase number 

Word 2 = 1 

Word 3 • static load set ID 

Word 4 • 0.0 

Matrix Trailer 

Trailer is same as that for UGVl except for word 5 and 6 (see Section 2.3.36.1). 

2.3-138 (7/4/76) 



DATA BLOCK DESCRIPTIONS 

2.3.28.24 PUBGVl (matrix - see note below) 

Description 

PUBGVl contains the translation components of UBGV rotated to the basic coordinate system. 

The first four words of each logical record (column) contain identification data for the 
column. These words must be read prior to calling the appropriate unpacking routine. 

Word 1 = subcase nuni:>er 

Word 2 = 1 

Word 3 = static load set ID 

Word 4 = 0.0 

Matrix Trailer 

Trailer is same as that for UBGV except for word 5 and 6. (See Section 2.3.27.5) 

2.3-139 (7/4/76) 
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2.3.28.25 PPHIG (matrix - see note below) 

Description 

PPHIG contains the translation components of PHIG rotated to the basic coordinate system. 

Note 

The first four words of each logical record (column) contain identification data for the 
column. These words must be read prior to calling the appropriate unpacking routine. 

Matrix Trailer 

Modal Rigid Formats 

Word l = subcase number 

Word 2 = 4 

Word 3 = mode nurrber 

Word 4 • frequency (f) 

Buckling Rigid Format 

l = subcase number 

2 • 4 

3 = -(mode number) 

4 • eigenvalue (A) 

Trailer is same as that for PHIG except for word 5 and 6 (see Section 2.3.27.4). 
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2.3.28.26 PUGV (matrix - see note below) 

Description 

PUGV contains the translation components of UPV (excluding extra points) rotated to the basic 
coordinate system. 

The first four words of each logical record (column) contain identification data for the 
column. These words must be read prior to calling the appropriate unpacking routine. 

Word 1 = subcase number 

Word 2 = 3 

Word 3 = dynamic load set ID 

Word 4 = time 

Matrix Trail er 

Trailer is same as that for UGV except for word 5 and 6, (see Section 2.3.27. 1). 
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DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.28.27 PUPVCl (matrix - see note below) 

Description 

PUPVCl contains the translation components of UPVC rotated to the basic coordinate system. 

Note 

The first four words of each logical record (column) contain identification data for the 
column. These words must be read prior to calling the appropriate unpacking routine. 

Word 1 = subcase nunt>er 

Word 2 = 2 

Word 3 = dynamic load set ID 

Word 4 = frequency 

Matrix Trailer 

Trailer is same as that for UPVC except for word 5 and 6 (see Section 2.3.27.13). 
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2.3.28.28 PCPHIP (matrix - see note below) 

Description 

PCPHIP contains the translation components of CPHIP rotated to the basic coordinate system. 

Note 

The first four words of each logical record (column) contain identification date for the 
column. These words must be read prior to calling the appropriate unpacking routine. 

Word l = subcase number 

Word 2 = 5 

Word 3 = mode number 

Word 4 = frequency ( 1Im(~)l/2TI) 

Matrix Trailer 

Trailer is same as that for CPHIP except for word 5 and 6 (see Section 2.3.27.11). 

2.3.28.29 H0EF1 (TABLE) 

Description 

See description and fonnat of 0EF1 table - section 2.3.28.19. 

2.3.28.30 0PPCA (TABLE) 

Description 

See description and format of 0PPC1 table - section 2.3.28.7. 

2.3.28.31 IQP1 (TABLE) 

Description 

IQP1 contains modal forces of single-point constraint (p set. S0RT1) 

Table Fonnat 

See fonnat of 0QPC1 - section 2.3.28. 12. 

2.3.28.32 IPHIP1 (TABLE) 

Description 

IPHIPl contains modal displacements {p set, S0RT1). 

Table Format 

See format of 0UPVC1 table - section 2.3.28.4. 
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DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.28.33 IES1 (TABLE) 

Description 

IES1 contains the modal element stresses (S0RT1) 

Table Format 

See format of 0ESC1 table - section 2.3.28. 18. 

2.3.28.34 IEFl (TABLE) 

Description 

IEFl contains the modal element forces (S0RT1). 

Table Fonnat 

See fonnat of 0EFC1 table - section 2.3.28.22. 

2.3.28.35 H0PG1 (TABLE) 

Description 

See description and fonnat of 0PG1 table - section 2.3.28.5. 

2.3.28.36 H0QG1 (TABLE) 

Description 

See description and fonnat of 0QG1 table - section 2.3.2B.B. 

2.3.28.37 H0UGV1 (TABLE) 

Description 

Output temperature vector requests (g set, S0RT1, real). 

Table Format 

See format of 0UGV1 table - section 2.3.28.1. 

2.3.28.38 H0ES1 (TABLE) 

Description 

See description and format of 0ES1 table - section 2.3.28.15. 

2.3.28.39 HPUGVl (TABLE) 

Description 

See description and format of PUGVl table - section 2.3.28.23. 
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DATA BLOCK DESCRIPTIONS 

2.3.28.40 0ES1A (TABLE). 

Description 

Output element strain/curvature requests (S0RT1, real·). 

Table Format 

Record 

0 Header record 

1 I Device code+ 1 O*approach code 
2 I 21 
3 I · Element type 
4 I Subcase number 
5 I/R Time, Load set IO, or mode number 
6 R/I Eigenvalue or 0 
7 I 0 
8 I Load set ID or O 
9 I Format code 

10 I Number of words per entry in 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 l I lO*element ID+ device code 
2-NWDS Mixed Element strain/curvature data 

See 2.3.51 for details 

1. Records 1 and 2 are repeated for each vector to be output. 

2. 

3. 

Device code = 1 = print 

{ 

O = x y output only 

Format code = ! 
4 = punch 
5 = print and punch 

1 • real 
2 = real/imaginary 
3 = magnitude/phase 

4. Approach code = 1, 2, 3, 6, 7, or 10 

Table Trailer 

Words 1-6 contain no significant values. 

2.3-144a (12/29/78) 
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DATA BLOCK DESCRIPTIONS 

2.3.29 Data Blocks Output From Module DPD 

2.3.29.1 GPLD (TABLE) 

Description 

Grid Point List Dynamics. 

One logical record which contains a list of all grid points, scalar points and extra points 
in the model in internal sort. 

Tab 1 e Format 

Record 

0 

n 

I 

I 

Item 

Header record 

ID for first point 

ID for nth point 

End-of-file 2 

Table Trailer 

Word 1 • number of grid points+ number of scalar points+ number of extra points. 
Word 2-6 = zero. 

2.3.29.2 SILO (TABLE) 

Description 

Scalar Index List Dynamics. 

Two logical records. First logical record contains scalar index values in the p-displace­
ment set for each point in the dynamics model (internal order). These values are defined as follows: 

SILD1 • 1 

{SILO.+ 6 if i corresponds to a grid point 
SILD;+1 • SILO~+ 1 if i corresponds to a scalar or an extra point 

The second logical record contains an equivalence between scalar index values in the 
g-displacement set and scalar index values in the p-displacement set. 
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Tab 1 e Fonna t 

Record 

0 

2 

Word -

n 

1, 2 

2m-l,2m 

DATA BLOCK AND TABLE DESCRIPTIONS 

. 
• . 
I 

I 

• • • 
I 

.llim 
Header record 

Scalar index for first point 

. . 

Scalar index for nth point 

SIL value, SILO value 

SIL value, SILD value 

End-of-file 3 

Table Trailer 

Word l 

Word 2 

• number of degrees of freedom in the p-displacement set (LUSETV). 

• number of extra points. 

Word 3-6 • zero. 

2.3.29.3 USETD (TABLE) 

Description 

Displacement set definitions table dynamics. 

USETO contains one logical record. Each word corresponds to each degree of freedom in the 
p-displacement set (in internal order) and contains ones in specified bit positions indicat­
ing the displacement.sets to which the point belongs. 

Table Format 

Record ~ .!l2! .!l!!!! 
0 Header record 

1 1 L Mask for first degree of freedom 
• . . 

n L Mask for nth degree of freedom 

2 End-of-file 

~ 
Bit positions*for the various displacement sets are defined as follows: 

id \ f e I "e I P I e l sb l sg I 1 j a I f I n I g I r I O I s I m I 
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

*Bit positions are numbered 1-32 from left to right for the right-most 32 bits of 
the computer word. 
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Table Trail er 

l.Jord l = number of degrees of freedom in the p-displacement set (LUSETD). 

\.Jord 2 = number of extra points. 

Word 3 = zero. 

Word 4 = logical "or" of a 11 US ETD masks. 

Word 5 = zero. 

Word 6 = zero. 

2.3.29.4 EED (TABLE) 

Description 

Eigenvalue Extraction Data. 

The EEO contains one logical record for each eigenvalue extraction card type (EIG3, EJr,c, 
EIGP, EIGR). Each logical record contains data from all cards of a given tyoe. 

Table Format 

Record 

0 

2 

3 

4 

5 

Word 

Detailed format for EIGB data: 

Word ~ 
1-3 I 
4 I 
5-6 B 
7-8 R 
9-11 I 

12 R 
13-14 B 
15 I 

16-21 

Item 

Header record 

EIGB data {if EIGB cards in bulk data) 

EIGC data (if EIGC cards in bulk data) 

EIGP data (if EIGP cards in bulk data) 

EIGR data (if EIGR cards in bulk data) 

End-of-fi 1 e 

Item 

107, 1 , 0 
Set ID 
Method 
F , F 

1 2 
repeated Ne, Nd' NZ for each 

E EIGB card 
Nonn in bulk data 
If norm• "P~INT", SIL value in 
a-set of normalization point 
Not defined 
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Detailed format for EIGC card: 

~ ~ Item 

1-3 I 
4 I 
5-6 B 
7-8 B 
9 I 

207, 2, 0 
Set ID 
Method 
Norm 
If Norm = "P0INT", SIL value in analysis 

10 
, l R 
12-13 
14-15 R 
16-17 R 

18 R 
lCl-20 I 
21 
14+8k-21+8k I 

Detailed format for EIGP card: 

~ !xE!. 
1-3 I 
5 I 
6-7 R 
8 I 

set of normalization point 
Not defined 
E 
Not defined 
aa • wa 
ab' wb 
2. 

Ne• Nd 

repeated 
for each 
reQion 
definition 

Not defined 
-1 (k = number of regions) 

ll!!!. 
257, 4, 0 
Set ID } repeated for 
a, w each EIGP card 
M in bulk data 

Detailed format for EIGR card: 

~ 

1-3 
4 
5-6 
7-8 
9-11 

12 
13-14 
15 

16-21 

Table Trailer 

Word l • 

~ 

I 
I 
B 
R 
I 
R 
B 
I 

Item 

307, 3, 0 
Set ID 
Method 
F , F 

1 2 

Ne' Nd' NZ 
E 
Norm 
If norm• uPGINTu, SIL value in 
a-set of normalization point 
Not defined 

bit 17 • 1 if EIGB record exists 
18 • 1 if EIGC record exists 
19 • 1 if EIGP record exists 
20 • l if EIGR record exists 
other bi ts • o 

Word 2-6 • zero. 
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2.3.29.5 EQDYN (TABLE) 

Description 

Equivalence between external points and scalar index values - dynamics. 

EQDYN contains two logical records. The first record contains pairs of external point 
numbers and scalar index values in the p-displacement set for the points in external order. 
The second record is essentially the same as the first except that the type of point (grid, 
scalar, extra) is coded in the second word of the pair. 

Table Format 

Record Word 1z'.ll Item 

0 Header record 

1 ,2 I ID for first point, sea lar index for first point 

. 
2n-l ,2n I ID for nth point, scalar index for nth point 

2 l ,2 I ID for first point, lO*scalar index + tvpe 

. . . 
2n-1 , 2n I ID for nth point, lO*scalar index+ type 

3 End-of-file 

~ 

H 
for grid point 

Type "' for scalar point 
for extra point 

Table Trailer 

Word • number of grid points+ number of scalar points+ number of extra points 
in dynamics model. 

Word 2 • number of extra points. 

Word 3-6 "' zero. 
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2.3.29.6 TFP00L (TABLE). 

Description 

Transfer Function Pool. 

The TFP00L data block contains one logical recorcl for each transfer function set defined in 
the bulk data on a TF bulk data card. Point and component values are converted to row and 
column numbers in the p-displacement set. 

Table Fonnat 

Record Word 

0 

l 1 
2 
3-5 

n 

n+l 

Table Trailer 

rte!. 

I 
I 
R 

Item 

Header record 

Set ID 
65536*column number + row number} repeated for 
Coefficients e.:1ch set of 

non-zero tenns 

Same fonnat as first record 

End-of-file 

Word 1 • number of transfer function sets. 

Word 2-6 • zero. 

2.3.29.7 DLT (TABLE). 

Description 

Dynamic Loads Table. 

The header record of the DLT contains a summary of all dynamic load sets defined in the 
problem. The first record of the DLT contains all DL0AD cards (if DL~AD cards have been input). 
Each succeeding record contains all data for one dynamic load set. 

Table Format 

Record ~ I.r.e!. ~ 

0 1-2 B Data block name 
3 I m • number of DL0AD set ID's 
4-3+m I Set ID's on DL9AD cards 
4+m-3+m+n I Set ID's on RL0A01, 2 and TL0AD1, 2 cards 

1 1 I Set 10 
2 R Scale factor ~ repeated 3-4 R,I Scale factor, set ID for each 

DL0AD 
card . 

4+.t,5+.t I -1, -1 
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Record Word ~ Item 

k I Dynamic load card tyoe 
2 I {= 0 no time delays 

-; 0 time delays 
3-8 See Notes 
9 I SIL number} repeated for each 

10-12 R A, 1 1 e dynamic load set 

n+2 End-of-file 

1. If no DL0AD cards have been input, the third word of the header record is zero and the 
DL0AD record does not exist. Therefore, record 1 of the DLT corresponds to the load 
set defined in word 4 of the header record. 

2. DL0AD-set ID's are in sort by set ID. In record 1, set ID's within a DL0AD card are 
in sort. 

3. Within other records, data is in sort by SIL number. 

4. Formats by dynamic load card type are as follows: 

1 = RL0AD1 

~ Im. lli! 
3 I Table ID for C(f) 
4 I Table ID for D(f) 
5-8 Not defined 

2 • RL0AD2 

!!2!:2. ~ Item 

3 I Table ID for B{f) 
4 I Table ID for ~{f) 
5-8 Not defined 

3 • TL0AD1 

~ Im. ~ 

3 I Table ID for F{t) 
4-8 Not defined 

4 • TL~AD2 

~ Im. Item 

·3-4 R T Kl' T K2 
5-6 R 1°'K' ~K 
7-8 R nK, aK 

Table Trailer 

Word 1 • GIN0 file name of DLT. 
Word 2-6 • undefined • 
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2.3.29.8 PSDL (TABLE) 

Description 

Power Spectral Density List. 

The first logical record of the PSDL contains RANDPS data. Subsequent logical records 
contain RANDT data, one set per logical record. Each RANDT logical record contains a 
sorted list of unique time lags defined in the set. 

Table Format 

~ 

Record 

0 

2 

n+l 

n+2 

Word 

1 ,2 
3 

2+n 

1 
2 
3 
4,5 
6 

1-m 

~ Item 

B Data block name 
I RANDT set ID 

1 

I RANDT set Ion 

I RANDPS set ID } repeated 
I Load set ID for each 
I Load set ID RANDPS 
R Complex number card in 
I Table ID bulk data 

R Time lags 

Same format as record 2 
Data belongs to RANDT set Ion 

End-of-fi 1 e 

1. RANOPS cards must be present for data block to exist. Therefore, record one always 
contains RANOPS data. 

2. If no RANDTl or RANDT2 cards are present in the bulk data, the header record will 
contain exactly two words and record two will be an end-of-file. 

Table Trailer 

snumber of RANDT sets, or 
Word 1 • l65535 if no RANDT sets exist. 

Word 2-6 • zero. 
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2.3.29.9 FRL (TABLE) 

Description 

Frequency Response List. 

The FRL contains one logical record for each different frequency set defined in the bulk 
data. Each record contains a sorted list of the unique frequencies defined in the set. 

Table Format 

Record ~ 

0 1 .2 
3 

2+n 

1-m 

n 1-k 

n+l 

Table Trailer 

~ 

B 
I 

I 

R 

R 

Item 

Data block name 
Set ID 

1 

Set IDn 

Radian frequencies belonging to set I0
1 

(w = 2~f) 

Radian frequencies belonging to set Ion (w = 2~f) 

End-of-file 

Word = number of frequency sets. 

Word 2-6 = zero. 

2.3.29.10 NLFT (TABLE) 

Description 

Non-Linear Forcing Table. 

The header record of the NLFT contains a sorted list of set identification numbers for all 
N0LIN sets defined in the bulk data. Each loqical record of the NLFT contains all data for 
a single set. Point and component numbers on the N0LIN cards are converted to scalar index 
values in both the d- and e-displacement sets. 

Table Format 

Record ~ Ill!. lli!!!. 
0 1,2 B Data block name 

3 I Set ID 
1 

2+r, I Set Ion 
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Record ~ 

1 1 

2 
3 
4 
5 
6 

n 

n+l 

Notes: 

DATA BLOCK AND TABLE DESCRIPTIONS 

~ 

I 

I 
I 
R 
I 
I 

type= 1,5 = 
type= 2,6,9,10 = 
type = 3, 7 = 
type= 4,8 = 
type= 1,5 = 
type= 2,6,9,10 = 
type= 3,7 = 
types 4,8 = 

Item 

Type of nonlinear load (l~type~lO) 
(see Note 2 below) 
SIL value ind-set 
SIL value in e-set 
Scale factor 
SIL value ind-set 
SIL value in e-set 
Table ID (integer) 
SIL value ind-set (integer) 
Scale factor (real) 
Scale factor (real) 
Not defined 
SIL value in e-set (integer) 
Not defined 
Not defined 

Same format as record 1. 
Data belongs to set IDn. 

End of file 

1. Within each record, the data is sorted on word 2 of each 8-word entry in the record. 

2. Nonlinear load types are as follows: 

~ 

1 
2 

3 
4 
5 
6 

7 
8 
9 

10 

Nonlinear Load Description 

Displacement-dependent N0LIN1 load 
Displacement-dependent/displacement-dependent 
tOLIN2 load'* 
Displacement-dependent N0LIN3 load 
Displacement-dependent N0LIN4 load 
Velocity-dependent N0LIN1 load 
Velocity-dependent/displacement-dependent 
N0LIN2 load* 
Velocity-dependent N0LIN3 load 
Velocity-dependent N0LIN4 load 
Velocity-dependent/velocity-dependent 
N0LIN2 load* 
Displacement-dependent/velocity dependent 
N0LIN2 load* 

* Note that N0LIN2 load is a function of displacements and/or velocities at two points. 

Table Trailer 
Hord 1 • number of NOLIN sets. 

Wnrrl ?.-6 • zerr.>. 
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2.3.29.11 TRL (TABLE). 

Description 

Transient Response List. 

The header record of the TRL contains a list of all transient initial condition set 
identifications in the bulk data. Subsequent logical records contain TIC data for each 
set (one set per logical record). If TSTEP cards are oresent in the bulk data, this data 
follows the TIC data, one logical record for each TSTEP set. 

Table Format 

Record Word ~ ~ 
0 1 ,2 B Data b 1 ock name 

3 I Number of TIC sets 
4 I Set ID 

1 

3+n I Set IDn 
4+n I Degrees of freedom in the d-displacement set 

1 I SIL value ind-set } repeated for each initial 
2,3 R Uo, Vo condition in set 

n Same format as record 1 
Data belongs to set Ion 

n+l 1 I TSTEP set ID 
2 I N } repeated for 
3 R. ~t each interval 
4 I NO in set 

n+m Same format as record n+l 

n+m+l End-of-file 

~ 

1. Data within each TIC record is sorted on word l of each 3-word entry. 

2. If word 3 of the header record= 0, then the first logical record of the TRL contains 
TSTEP data. 

3. If TSTEP data is not present in the bulk data, and end-of-file will follow the last 
TIC record. 

Table Trailer 

Word 1 

Word 2 

• number of TIC sets. 

• number of TSTEP sets. 

Word 3-6 = zero. 
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2.3.29. 12 HSILD (TABLE) 

Description 

See description and fonnat of SILO table - section 2.3.29.2. 

2.3.29. 13 HUSETD (TABLE) 

Description 

Temperature set definitions tab1e dynamics. 

Tab 1 e Format 

See format of USETD table - section 2.3.29.3. 

2.3.29. 14 HOLT (TABLE) 

Description 

See description and format of OLT table - section 2.3.29.7. 

2.3.29.15 HNLFT (TABLE) 

Description 

See description and format of NLFT table - section 2.3.29.10. 

2.3.29.16 HTRL (TABLE) 

Description 

See description and format of TRL table - section 2.3.29. 11. 

2.3.29.17 HEQOYN (TABLE) 

Description 

See description and format of EQDYN table - section 2.3.29.5. 

2.3-156 (7/4/76) 



DATA BLOCK DESCRIPTIONS 

2.3.30 Data Blocks Output from Module READ 

2. 3. 30. l LAMA (TABLE) 

Description 

- Real Eigenvalue Table a 

Table Format 

Record Word 

0 

1 
2 
3 

4-9 
10 

11-50 
51-146 

2 
1 
2 
3 
4 
5 
6 

~ Item 

I Header record 

0FP ID record 
I 21 
I 9 
I 0 
I 0 
I 7 

Not defined 
B Title, subtitle, 

0FP data record 
I Mode number 
I Extraction order 
R >. - j1 gjnva 1 ue 
R w = >. 
R f = w/2TT 
R Generalized mass 

and label from /0UTPUT/ 

7 R Generalized stiffness 

3 End-of-file 

Notes 

1. The seven data words in record 2 repeat for each eigenvalue found in READ. 

Table Trailer 

Word 1 = 0 

Word 2-6 = O 

2.3.30.2 PHIA (MATRIX) 

Des c ri pt ion 

[~a] - Eigenvectors matrix giving the eigenvectors (displacements) in the a set. 

Matrix Tra i 1 er 

Number of columns 
Number of rows 
Fonn 
Type 

= number of eigenvalues found in READ 
= a 
= rectangular 
= real single precision 
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2.3.30.3 MI (MATRIX) 

Description 

[m;J - Modal Mass Matrix 

Matrix Trailer 

Number of columns= number of eigenvectors found in READ 
Number of rows = number of eiaenvectors found in READ 
Form = gener~l 
Type = real single precision 

2.3.30.4 0EIGS (TABLE) 

Description 

Real Eigenvalue Summary Table 

Table Format 

Record Word 

0 

1 1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 

I 
I 
I 

I 
T .. 
I 
I 
I 
I 
I 
I 

Header record 

21 
9 
2 If Inverse Power Method or FEER Method 
1 If Determinant Method 
4 !f Givens Method 
0 
0 
0 
0 
0 
0 
0 
Number of eigenvalues extracted 

Words 12-17 depend on the method used. 

Determinant Method: 

12 
13 
14 
15 
16 
17 

I 
I 
I 
I 
I 
I 

Number of passes through starting points 
Number of criteria changes 
Number cf starting point moves 
Number of triangular decompositions 
Number of failures to iterate to a root 
Reason for termination 

1 - All requested roots formed 
2 - Out of region predictions from every 

starting point 
3 - Insufficient time to extract another 

root 
4 - Everywhere singular matrix 

2.3-158 (12/29/78} 



Record 

2 

3 
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Inverse Power Method or FEER Method: 

12 
13 
14 
15 
16 

17 

Givens Method: 

12 
13 
14 
15 
16 
17 

18 

19 
20 
21 

22-50 
51-146 

I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 

R 

I 
I 
I 

B 

Number of starting points used 
Number of starting points moved 
Number of triangular decompositions 
Number of vector iterations 
0 if Inverse Power Method 
1 if FEER Method 
Reasons for termination 

1 - 2 Singularities encountered in a row 
2 - 4 Shifts while tracking one root 
3 - Regions completed 
4 -3* Number of estimated roots were found 
5 - All roots of problem found 
6 - Number desired roots found 
7 - A outside maximum range 
8 - Insufficient time to extract another 

root 
9 - 200 iterations and 1 shift point move 

before locating a root 

Nunt>er of eigenvectors computed 
Nuni>er of failures to converge to an eigenvalue 
Number of failures to converge to an eigenvector 
Dunmy 
Ounmy 
Reason for termination 

1 - Normal termination 
3 - Insufficient time to evaluate eigenvectors 

Value of off-diagonal element of modal mass matrix 
having largest magnitude (zero where not applicable) 
Column of 18 in MI 
Row of 18 in MI 
Number of off-diagonal elements of modal mass 
matrix that fail to meet error criterion 
Not used 
Title, subtitle, label 

Records 2 and 3 exist only when the Determinant Method is used. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-146 

1 
2 
3 
4 
5 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 

I 
R 

R 
R 
R 

21 
9 
3 
0 
0 
0 
0 
0 
0 
6 
Not used 
Title, subtitle, label 

Starting point IO I 
A - Starting point 
w • Jr' - Starting point 
f • w/2~ - Starting point 
Determinant at A 
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Record 

4 

Table Trailer 

Nonzero 

DATA BLOCK AND TABLE DESCRIPTIONS 

~ 

R 

~ 

Scale factor (power of 10) ) 
of detenni nant 
End-cf-file 
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2.3.31 Data Blocks Outout From ~odule DS~Gl 

2.3.31,l KDGG (~ATRIX) 

Descri pt i..Q!l 

[Kd] - Partition of differential stiffness matrix - g set. 99 

t-iatrix Trailer 

Humber of columns 
:iumber of rows 
Forni 
Type 

= t1 
= g 
= symmetric 
= r~al double precision 
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2.3.32 Data Blocks Output From ~·1odule SMP2 

2.3.32.1 KDAA (MATRIX) 

Description 

[Kd] Partition of differential stiffness matrix - a set. aa -

Matrix Trailer 

Number of columns 
~umber of rows 
Form 
Type 

2.3.32.2 HRAA (MATRIX) 

Description 

= a 
= a 
= symmetric 
= real double precision 

[HKaa] - Partition of radiation matrix - a set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.32.3 HBAA (MATRIX) 

Description 

• a 
= a 
• syrrmetric 
• real 

[HBaa] - Partition of capacity matrix - a set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• a 
• a 
• synwnetri c 
• real 
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2.3.33 Data Blocks Output From Module DSMG2 

2.3.33. l KBLL (MATRIX) 

Description 

- Partition of the stiffness matrix of the first order aoproximation to 
large displacements - t set. 

Matrix Trailer 

Number of columns = l 
Number of rows = l 
Form = synmetric 
Type = real double precision 

2.3.33.2 KBFS (MATRIX) 

Description 

- Partition of the stiffness matrix of the first order approximation to 
large displacements. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.33.3 KBSS (MATRIX) 

Description 

= s 
= f 
= rectangular 
= real double precision 

- Partition of the stiffness matrix of the first order approximation to 
large displacements - s set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= s 
= s 
= symmetric 
= real double precision 
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2.3.33.4 PBL (MATRIX) 

Description 

- Partition of the load vector of the first order approximation to the 
large displacements - i set. 

Matrix Trailer 

= 1 
= i 
= rectangular 

Number of columns 
Number of rows 
Form 
Type = real single precision 

2.3.33.5 PBS (MATRIX) 

Description 

- Partition of the load vector of the first order ao~roximation to t~P. 
large displacement problem - s set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 

• 1 
• s 

Type 
• rectangular 
• real single precision 

2.3.33.6 YBS (MATRIX) 

Description 

{v~} - Partition of the constrained displacement vector of the first order 
approximation to the large displacement vector - s set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

• 1 
• s 
• rectangular 

Type • real single precision 

2.3.33.7 UB00V (MATRIX) 

Description 

{ u~b} - Partition of the displacement vector of the first order approximation to the 
large displacement problem - o set. 

Matrix Trailer 

Number of columns • l 
Number of rows • o 
Form • rectangular 
Type • real single precision 
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2.3.34 Data Blocks Cutout From Module PLAl. 

2.3.34.1 KGGXL (MATRIX). 

Description 

[Kxi] - Stiffness matrix of linear elements exclusive of general elements - g set. gg 

Matrix Trail er 

Number of columns 
Number of rows 
Form 
Type 

2.3.34.2 ESTL (TABLE). 

Description 

= g 
= g 
= synmetric 
= real double precislon 

Element Summary Table for Linear Elements. 

The ESTL contains data copied from the EST data block. An element's EST data resides in 
the ESTL only if it is a linear element of the model. 

Table Format 

Same format as the EST data block output from module TAl. 

Table Trailer 

Word l = number of element entries in ESTL. 

Words 2-6 = zero. 
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2.3.34.3 ESTNL (TABLE). 

Description 

Element Summary Table for Non-Linear Elements. 

The ESTNL, used only in the Piecewise Linear Analysis Rigid Format, is constructed from the 
Element Summary Table (EST). It contains one logical record for each element type for which at 
least one element of that type is non-linear (an element is defined to be non-linear if its 
modulus of elasticity is defined as the first derivative of a stress-strain tabular function 
input on a TABLES1 bulk data card) and for which a request for stress output is found. The con­
struction of the ESTNL is as follows: the EST data block is read and each element is tested for 
possible non-linearity. If the element is non-linear and the user has requested element stress 
data to be output, its element data is copied onto the ESTNL data block and then initial stress 
data is appended. The only elements admissible to the ESTNL are: R0D, TUBE, C0NR00, BAR, TRMEM, 
TRIAl I TRIA2, QOMEM, QUAOl, QUAD2. 

Table Format 

Record 

0 

l 1 
2 to N+l 

N+2 to N+M+l 

ll!!!l 
Header record 

El ement type (integer) } reoea ted for 
Element EST data }repeated for each each admissible 
Element stress data non-linear element element tyne 

1. N is the number of words in the EST data section. 
Mis the number of stress words appended. 

2. The number of records in the ESTNL corresponds to the number of separate admissible 
element types for which at least one element is non-linear. 

Table Trailer 

Word l • total number of elements in the ESTNL. 

Words 2-6 • zero. 

Detailed ESTNL Formats 

R!10, C(1NR0D: 

!!2!:s!. 
1-17 

18 
19 

20 

21 

EST data 
* to, previous strain value once removed, initially zero 
* t , previous strain value, initially zero 
* E , the previously calculated modulus of elasticity, initially 

the value of E given a MATl card. 
* T, the previously calculated torsional moment, initially zero 
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TUBE: 

BAR: 

TRMEM: 

TRIA1: 

Word 

1-16 
17-20 

Word 

1-42 
43 
44 
45 

46 

47 

48 
49 

50 

!!fil. 
1-21 
22 
23 
24 

25 

26 

2"! 

!!lli 
1-27 

28-33 

DATA BLOCK DESCRIPTIONS 

EST data 
Same as wor~s 18-21 for the R~D. 

EST data 
* Eo, previous strain value once removed, initially zero 
* £ , previous strain value, initially zero 
* . E , the previously calculated modulus of elasticity, initially 

the value of E given on a MATl card 
* V1 

* V2 

T* The previous element forces, initially zero 
* Mia 
* f\a 

EST data 
* 

Item -
£0, previous strain value once removed 1 initially zero 
* £ , previous strain value, initially zero 
* E • the previously calculated modulus of elasticity. initially the 

value of E given on a MATl card 
* ax 
* ay The current membrane stresses. initially zero 

* cxy 

EST data 
Same as words 22-27 for the TRMEM 
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~ Item 

* 34 t\ 
* 35 My 
* The previous element forces. initially zero 36 MXX 
* 37 vx 
* 38 Vy 

TR1A2: 

~ ll!m. 
1-27 Same as words 1-27 for the TRMEM 

28-32 Same as words 34-38 for the TRIAl 

QDMEM: 

Word Item 

1-26 EST data 
27-32 Same as words 22-27 for the TRMEM 

QUADl: 

Word ll!!!!. 
1-32 EST data 

33-38 Same as words 22-27 for the TRMEM 
39-43 Same as words 34-38 for the TRIAl 

QUAD2: 

~ ~ 

1-26 EST data 
27-32 Same as words 22-27 for the TRMEM 
33-37 Same as words 34-38 for the TRIAl 
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2.3.34.4 ECPTNL (TABLE). 

Description 

Element Connection and Properties Table for Non-Linear Elements. 

The ECPTNL, used only in the Piecewise Linear Analysis Rigid Format, is constructed from the 
ECPT data block. The ECPTNL contains one logical record for each grid point or scalar point of 
the model .. Each logical record contains Element Sun111ary Table (EST) data plus initial element 
stress data appended to this data for each non-linear element connected to the pivot point. (An 
element is defined to be non-linear if its modulus of elasticity is defined as the first derivatii 
of a stress-strain tabular function input on a TABLES1 card). The only elements admissible to th, 
ECPTNL are: R0D, TUBE, C0NR0D, BAR, TRMEM, TRIAl, TRIA2, QOMEM, QUAOl, QUAD2, QUADTS, TRIATS. 

Table Format 

Record 

0 

n+l 

1 

2 
3 to N+2 

N+3 to N+M+2 

lli!!!. 
Header record 

SIL number for "pivot" arid ~ reneated 
or scalar point (inte9er) for each orid 
Element type (integer)}repeated for each or scalar 
Element EST data non-linear element ooint in the 
Element stress data connected to the pivot model 

End-of-file 

1. N is the number of words in the EST data section. 
Mis the number of stress words appended. The number of stress words appended in 
generating the ECPTNL data block is not the same as in generating the ESTNL data block. 

2. n is the total number of grid and scalar points in the model. 

3. If all elements connected to a pivot point are linear, then the record contains only 
one word, the pivot point set negative. 

Table Trailer 

Word 1 = total number of element entries in the ECPTNL. 

Words 2-6 = zero. 

Detailed ECPTNL Formats 

Rl10, Cl1NRl;10: 

~ lli.!!l 
1-20 Same as ESTNL data·. Note word 21 of the ESTNL 

is not present in the ECPTNL data for the R00 1 C0NR00. 
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TUBE: 

Word Item 

1-19 Same as ESTNL data. Note word 20 of the ESTNL is not 
present in the ECPTNL data for the TUBE. 

BAR: 

Word Item 

1-45 Same as ESTNL data. Note words 46-50 of the ESTNL are not 
present in the ECPTNL data for the BAR. 

TRMEM: 

~ ll!l!!. 
1-27 Same as ESTNL data. 

TRIA1: 

~ ll!l!!. 
1-33 Same as ESTNL data. Note words 34-38 of the ESTNL are not 

present in the ECPTNL data for the TRIAl. 

TRIA2: 

~ ll!!!l 
1-27 Same as ESTNL data. Note words 2S-32 of the ESTNL are not 

present in the ECPTNL data for the TRIA2. 

QOMEM: 

~ ll!!!l 
1-32 Same as ESTNL data. 

QUADl: 

~ ll!!!l 
1-38 Same as ESfNL data. Note words 39-43 of the ESTNL are not 

present in the ECPTNL data for the QUADl. 
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Word 

1-32 

DATA BLOCK DESCRIPTIONS 

Item 

Same as ESTNL data. Note words 33-37 cf the ESTNL are not 
present in the ECPTNL data for the QUAD2. 
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2.3.35 Data Blocks Output From Module ADD 

2.3.35.l KGGSUM (MATRIX) 

Description 
1 nt Sum of [K99 ] and [K99J. 

Used only in the Piecewise Linear Analysis Rigid Format and is eQuivalent to [K99J. 

Matrix Trailer 

Number of columns 
r:umber of rows 
Fonn 

= g 
= g 
• synmetric 

Type • real double precision_ 

2.3.35.2 PG (MATRIX) 

Description 

{ Pg t - Incremental load vector used in Piecewise Linear Analysis. 

Matrix Trailer 

Number of columns • 
Number of rows • g 
Fonn • rectangular 
Type • real single precision 

2.3.35.3 KDAAM {MATRIX) 

Description 

[K::J - The negative of [K:a] (see section 2.3.32). 

Used only in the Buckling Analysis Rigid Fonnat. 

Matrix Trailer 

Nunt>er of columns 
Number of rows 
Form 
Type 

• a 
• . a 
• synmetric 
• real double precision 
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2.3.36 Data Blocks Output From Module PLA2 

2.3.36.1 UGVl (MATRIX) 

Description 

- Matrix of successive sums of incremental displacement vectors - g set. 
Used only in the Piecewise Linear An~lv~i~ Riaid Format. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of factors on a PLFACT bulk data card 
= g 
= rectangular 
= real single precision 

2.3.36.2 PGVl (MATRIX) 

Description 

- Matrix of successive sums of incremental load vectors - q set. Used 
only in the Piecewise Linear Analysis Riqid Format. 

Matrix Trailer 

Number of columns 
Number of rows 
Fonn 
Type 

2.3.36.3 QGl (MATRIX) 

Description 

= number of factors on a PLFACT bulk data card 
= g 
= rec.tangul ar 
= real single precision 

- Matrix of successive sums of incremental vectors of single point constraint 
forces - g set. Used in the Piecewise Linear Analysis Rigid Fonnat only. 

Matrix Trailer 

Number of columns 
f,jumber of rows 
Form 
Type_ 

= number of factors on a PLFACT bulk data card 
= q 
= symmetric 
= real sinale precision 
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2.3.37 Data Blocks Output From Module PLA3. 

2.3.37.1 0NLES (TABLE). 

Description 

Output table for nonlinear element stresses. 

Format 

Same format as 0ES1 table output from module SDR2. 

0NLES is written in subroutine PLA32 of ITlldule PLA3. 

Table Trailer 

Word l = total number of element entries in 0NLES. 

Word 2-6 • zero. 

2.3.37.2 ESTNLl (TABLE). 

Description 

Element sull'fllary table for nonlinear elements - updated. 

Used only in the Piecewise Linear Analysis Rigid Format. the ESTNLl data block is the same 
as the ESTNL data block except that the appended stress information is uodated. See data block 
description for ESTNL for further details. 

Table Format 

Same format as the ESTNL data block. 

Table Trailer 

Word 1 • number of element entries in ESTNLl. 

word 2-6 • zero. 

2.3-174 (7/4/76) 



DATA BLOCK DESCRIPTIONS 

2.3.38 Data Blocks Output From Module PLA4. 

2.3.38.1 KGGNL (MATRIX). 

Description 

[Kni] - Stiffness matrix of nonlinear elements - g set. gg 

Used only in the Piecewise Linear Analysis Rigid Format. 

Matrix Trail er 

Number of columns = g 
= g Number of rows 
= syrmtetric Form 

Type = rea 1 doub 1 e precision 

2.3.38.2 ECPTNL1 (TABLE). 

Description 

Element Connection and Properties Table for Non-Linear Elements - undated. 

Used only in the Piecewise Linear Analysis Rigid Format, the ECPTNL1 data block is the 
same as the ECPTNL data block except that the appended stress information is updated. See 
description for ECPTNL for further details. 

Table Fonnat 

Same format as the ECPTNL data block. 

Table Trailer 

Word = total number of element entries in ECPTNLl. 

Word 2-6 = zero. 
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2.3.39 Data Blocks Cutout From Module CASE. 

2.3.39.1 CASEXX (TABLE). 

Description 

Case Control data table for dynamics problems. 

Table Format 

The format of the records is exactly like CASECC, (see section 2.3. 1.1) with dynamic 
looping records deleted. 

Table Trailer 

Word 1 = number of records in CASEXX. 

\·Jord 2-6 "' zero. 
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2.3.40 Data Blocks Output From Module MTRXIN 

2.3.40.1 K2PP (MATRIX) 

Description 

2 
[KPP] - Direct input stiffness matrix - p set. 

Matrix Trail er 

Number of columns = p 
= p Number of rows 
= square Form 

Type = depends on input 

2.3.40.2 M2PP (MATRIX) 

Description 

2 
[MPP] - Direct input mass matrix - p set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 

= p 
= p 
= square 

Type = depends on input 

2.3.40.3 B2PP (MATRIX) 

Description 

2 
[BPP] - Direct input damping matrix - p set. 

Matrix Trailer 

Number of columns.• p 
Number of rows = p 
Form • square 
Type • depends on input 

2.3.40.4 HK2PP (MATRIX) 

Description 

See description of K2PP matrix - section 2.3.40.1. 

2.3.40.5 HB2PP {MATRIX) 

Description 

See description of B2PP matrix - section 2.3.40.3. 
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2.3.40.6 ABFL (MATRIX) 

Description 

[Ab,ft] - Free surface matrix 

Matrix Trailer 

Number of columns = t 
Number of rows = t 
Form = square 
Type = real 

2.3.40.7 KBFL (MATRIX) 

Description 

[Kb,ft] - Structure interface matrix 

Matrix Trailer 

Nuni>er of columns = t 
Number of rows = t 
Form = square 
Type = real 

2.3.40.8 M2DPP (MATRIX) 

Description 

See description of M2PP - section 2.3.40.2. 

2.3.40.9 K2DPP (MATRIX) 

Description 

See description of K2PP - section 2.3.40.l. 

2.3.40. 10 

The MTRXIN module may be used via DMAP to produce any desired p sized matrix from DMIG input 
data. 
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2.3.41 Data Blocks Output From Module GKAD 

2.3.41.1 KDD (MATRIX) 

Description 

[:<dd] - Dynamic stiffness matrix - d set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.41.2 BOD (MATRIX) 

Description 

= d 
= d 
= square 
= complex double precision 

- frequency response/complex eigenvalue 
= real double precision 

- transient · 

[Bdd] - Dynamic damping matrix - d set. 

Matrix Tra i1 er 

Number of columns 
Number of rows 
Form 
Type 

2.3.41 .3 MOD (MATRIX) 

Description 

z d 
z d 
'"' square 
= complex double precision 

- frequency response/complex eignevalue 
• real double precision 

- transient 

[Mdd] - Dynamic mass matrix - d set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• d 
• d 
• square 
• complex double precision 

- frequency response/complex eigenvalue 
• real double precision 

- transient 

2.3-179 (7/4/76) 



DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.41.4 GMO (MATRIX) 

Description 

[Gd] Multipoint constraint transformation matrix - dynamics. 
m 

Matrix Trail er 

Number of columns 
Number of rows 
Form 
Type 

2.3.41 .5 G0D (MATRIX) 

Description 

.. d 
• m 
.. rectangular 
= real double precision 

[G~] - Omitted coordinate transformation matrix - dynamics. 

Matrix Trailer 

Numb .f columns 
Numbe: of rows 
Form 
Type 

2.3.41.6 K2DD(MATRIX) 

Description 

• d 
= 0 
• rectangular 
• real double precision 

[K~d] - Direct input stiffness matrix - d set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.41.7 M200 (MATRIX) 

Description 

• d 
• d 
• square 
• complex double precision/real double precision 

[M~d] - Direc;t input mass matrix - d set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 
Type 

• d 
• d 
• square 
• complex double precision/real double precision 
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2.3.41.8 8200 (MATRIX) 

Description 

[B~d] - Direct input dampino matrix - d set. 

Matrix Trail er 

Number of columns = d 
Number of rows = d 
Form = square 
Type = complex double precision/real double precision 

2.3.41.9 HKDO (MATRIX) 

Description 

[HKdd] - Dynamic conductivity matrix - d ·set. 

Matrix Trailer 

Number of columns = d 
Number of rows • d 
Fonn = square 
Type • real 

2.3.41.10 HBDD (MATRIX) 

Description 

[HBdd] - Dynamic capacity matrix - d set. 

Matrix Trailer 

Number of columns • d 
Number of rows • d 
Fonn • square 
Type • real 

2.3.41.11 HRDD (MATRIX) 

Description 

[HRdd] - Dynamic radiation matrix - d set. 

Matrix Trafler 

Number of columns • d 
Number of rows • d 
Form • square 
Type • real 
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2.3.41. 12 HG00 (MATRIX) 

Description 

See description of G0D - section 2.3.41.5. 

2.3.41.13 HK2DD (MATRIX) 

Description 

[HK~d] - Direct input conductivity matrix - d set. 

Matrix Trail er 

Number of columns • d 
Number of rows = d 
Form • square 
Type • real 

2.3.41. 14 HM20D (MATRIX) 

Description 

[HM~d] - Direct input radiation matrix - d set. 

Matrix Trailer 

Number of columns • d 
Number of rows • d 
Form • square 
Type • real 

2.3.41.15 HB200 {MATRIX) 

Description 

[HB!dJ - Direct input capacity matrix - d set. 

Matrix Trailer 

Number of colwnns • d 
Number of rows • d 
Form • square 
Type • real 
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2.3.42 Data Blocks Output From Module CEAD 

2.3.42.l PHID (MATRIX) 

Description 

[~d] - Complex eigenvectors in the d set. 

Matrix Trailer 

Number of columns 
~lumber of rows . 
Form 
Type 

2.3.42.2 CLAMA (TABLE) 

Description 

= number of eigenvalues found in CEAD 
= d 
= rectanqular 
= complex single precision 

>,, - Complex eigenvalue table. 

Table Format 

Record 

0 

1 

2 

3: 

Table Trailer 

Word 1 • 1006 
Word 2 • 0 
Word 3 • 0 
Word 4 • 0 
Word 5 • 6 
Word 6 • O 

1 
2 
3-9 

10 
11-50 
51-146 

1 
2 
3 
4 
5 
6 

Note: 

I 
I 
I 
I 

B 

I 
I 
R 
R 
R 
R 

Item 

Header record 

~FP ID record 
90 
1006 
0 
6 
Not defined 
Title, subtitle, and label from /0UTPUT/ 

0FP data record 
Mode number 
Extraction order 
Real part of eiqenvalue 
Imaqinary part of eiaenvalue 
!Im (X)l/2II 
-2*Re (>,,)/!Im (>..)I 

The 6 data words are repeated in record 2 for each 
eigenvalue found in CEAD. 

End-of-file 
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2.3.42.3 0CEIGS (TABLE). 

Description 

Complex eigenvalue surrmary table. 

Table Format 

Record 

0 

1 
2 
3 

4-10 
11 
12-18 

~ 

B 

I 
l 
l 

I 
I 

Determinant 

12 
13 
14 
15 
16 
17 
18 

I 
I 
I 
I 
I 
I 
I 

Inverse Power or FEER 

12-18 

19-50 
51-146 B 

~ 

Header record 

0 
1009 
1 if determinant 
2 if inverse power or FEER 
0 
Number of eigenvalues extracted 
Depend on the method used 

Number of passes through starting points 
Nuni>er of criteria changes 
Number of starting point rroves 
Number of decompositions 
Number of failures to iterate to a root 
Number of predictions outside the region 
Reason for termination 
1 - all requested roots found 
2 - out of region prediction from every 

starting ooi nt 
3 - insufficient time to extract another root 
4 - everywhere singular matrix 

Identical to words 12-18 for Inverse Power Method 
section of the 0EIGS data block output from the 
READ module {see Section 2.3.30.4) {except that 
the contents of words 16 and 17 are interchanged 
and word 18 is not used). 

Hot defined 
Title, subtitle, label 

Record 1 wi 11 be repeated for each region for Inverse Power. 
Records 2 + 3 exist only when METH0D • DETM. 

2 1 I 0 
2 I 1009 
3 I 3 
4-9 I 0 

10 I 6 
11-50 Not defined 
51-146 B Title, subtitle, label 
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Record 

3 

4 

Table Trailer 

Non-zero. 

DATA BLOCK DESCRIPTIONS 

Word ~ Item 

1 I Starting point number in region 
2 R Real part of startino point 
3 R Imaginary part of startino ooint 
4 R ~aonitude of startino point 
5 R Phase of startino point 
6 I Scale factor (power of 10) of maonitude 

Words 1-6 are repeated for each startino point in each reoion. 

End-of-file 

2.3.42,4 PHIH (MATRIX) 

Description 

[~h] - Complex eigenvectors in the h set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of eigenvalues found in CEAD 
• h 
= rectangular 
= complex single precision 
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2.3.43 Data Blocks Output From Module VDR 

2.3.43.l 0PHID (TABLE) 

Description 

Output complex eigenvectors requests (solution set, S0RT1, complex). 

Table Format 

Record 

0 

Word 

1-2 
3-5 
6 
7 

1 
2 
3 
4 
5 
6-7 
8 
9 

~ 

B 
I 
I 
I 

I 
I 
I 
I 
I 
R 
I 
I 

Item 

Data block name 
Month, day, year 
Time 
l 

Device code+ 10 * approach code 
l 014 
0 
Subcase number 
Mode number 
Complex eigenvalue 
0 
Format code 

10 I Number of words per entry in record 2 = 14. 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I 10 * point ID+ device code 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), 
9-14 R I(Tl), I(T2), I(T3), I(Rl), I(R2), 

!!9.lli. 
1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

I
O• x y output only 
1 • print 
4 • punch 
5 • print and punch 

{

1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 9 

1
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

r•oeated for 
R(R3) each 
I(R3) ooint 

6. Components {words 3-14 of even numbered records) which are not in the solution set are 
replaced by an integer 1. 
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Table Trailer 

Word 

Word 2 

= (sum of all words in even numbered records)/65536 

= remainder from division above 

Word 3-6 = zero. 

2.3.43.2 ~UDVCl (TABLE) 

Description 

Output displacement requests (solution set, S0RT1, complex) 

Table Format 

Record 

0 

Word 

1-2 
3-5 
6 
7 

1 

2 

3 
4 
5 
6 
7 
8 
9 

~ 

B 
I 
I 
I 

I 

I 

I 
I 
R 
I 
I 
I 
I 

Item 

Data block name 
Month, day, year 
Time 
1 

Device code+ 10 * approach code {1°15 • displacement 
1016 = velocity 
1017 = acceleration 

0 
Subcase number 
Frequency 
0 
0 
Dynamic load set ID 
Format code 

10 I Number of words per entry in record 2 = 14 11-50 
51-82 B 

Not defined 
Title 

83-114 B Subtitle 
115-146 B Label 

2 1 I 10 * point ID+ device code 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), 
9-14 R !(Tl), I(T2), I(T3), I(Rl), I(R2), 

~ 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

{

O • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginery 
3 = magnitude/phase 

4. Approach code • 6 
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: :otes cont'd. 

5. Point type = 

DATA BLOCK AND TABLE DESCRIPTIONS 

1
1 = grid point 
2 = scalar point 
3 = extra point 
4 = modal point 

o. Components (words 3-14 of even numbered records) which are not in the solution set 
are replaced by an integer l. 

Table Trailer 

Word l 

t~ord 2 

= (sum of all words in even numbered records)/65536. 

= remainder from division above. 

Word 3-6 = zero. 

2.3.43.3 0UDV1 (TABLE) 

Description 

Output displacement requests (solution set, S0RT1, real). 

Table Format 

Record 

0 

2 

Word 

1-2 
3-5 
6 
7 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2 
3-8 

I.Y.e! 
B 
I 
I 
I 

I 

I 

I 
I 
R 
I 
I 
I 
I 
I 

B 
B 
B 

I 
I 
R 

Item 

Data b 1 ock name 
Month, day, year 
Time 
1 

Device code+ 10 * approach code 
{ 15 • - displacement 

1 6 • ve 1 oc i ty 
17 • acceleration 

0 
Subcase number 
Time 
0 
0 
Dynamic load set ID 
Format code • 1 
Number of words per entry in record 2 • 8 
Not defined 
Title 
Subtitle 
Label 

10 * point ID + device code} repeated 
Point type. for each 
Tl, T2, T3, Rl, R2, R3 ooint 
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l. Records l and 2 are repeated for each vector to be output. 

2. Device code = i
o = x y output only 
l = print 
4 = punch 
5 = print and punch 

{

1 = real 
3. Fonnat code = 2 = real/imaginary 

3 = magnitude/phase 

4. Approach code = 7 

5. Point type = 
{

1 = grid point 
2 = scalar point 
3 = extra point 
4 = modal point 

6. Components (words 3-8 of even numbered records) which are not in the solution set 
are replaced by an integer 1. 

Table Trailer 

Word 1 

Word 2 

= (sum of all words in even numbered records)/65536. 

= remainder from division above. 

Word 3-6 = zero. 

2.3.43.4 ~PNLl (TABLE) 

Description 

Output nonlinear load requests (solution set, S0RT1, real) 

Table Format 

Record 

0 

Word 

1-2 
3-5 
6 
7 

~ ~ 
B Data block name 
I Month, day, year 
I Time 
I 1 

1 I Device code+ 10 * approach code 
2 I 12 
3 I 0 
4 I Subcase number 
5 R Time 
6 I 0 
7 I 0 
8 I Dynamic load set ID 
9 I Format code 

10 I Number of words per entry in record 2 = 8 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B label 
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Record 

2 

Word 

1 
2 
3-8 

~ 

I 
I 
R 

Item+ 

10 * point ID + device code} repeated 
Point type for each 
Tl, T2, T3, Rl, R2, R3 point 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code = 
{

O = x y output only 
l = print 
4 = punch 
5 = print and punch 

{

1 = real 
3. Format code = 2 = real/imaginary 

3 = magnitude/phase 

4. Approach code = 7 

5. Point type = 
{

1 • qrid point 
2 • scalar point 
3 • extra point 
4 • modal point 

6. Components (words 3-8 in even numbered records) which are not in the solution set 
are replaced by an integer 1, 

Table Trailer 

Word 1 

Word 2 

• (sum of all words in even numbered records)/65536. 

• remainder from division above. 

Word 3-6 = zero. 

2.3.43.5 0PHIH (TABLE) 

Description 

Output complex eigenvector requests (solution set, S~RTl, complex). 

Table Format 

Record 

0 

1 

Word 

1-2 
3-5 
6 
7 
1 
2 
3 
4 
5 
6-7 
8 
9 

10 

Ile! 
B 
I 
I 
I 
I 
I 
I 
I 
I 
R 
I 
I 
I 

ll!!!l 
Data block name 
Month, day, year 
Time 
1 
Device code+ 10 * approach code 
1014 
0 
Subcase number 
Mode number 
Complex eigenvalue 
0 
Format code 
Number of words per entry in record 2 = 14 
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Record Word ~ Item 

11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

l I 10 * point IO+ device code 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), 
9-14 R I(Tl), I(T2), I(T3), I(Rl), I(R2), 

2 

Notes 

1. Records l and 2 are repeated for each vector to be output 

2. Device code = 
{

O = x y output only 
1 = print 
4 = punch 
5 = print and punch 

{

l = real 
3. Format code = 2 = real/imaginary 

3 = magnitude/phase 

4. Approach code = 9 

5. Point type = 1
1 • grid point 
2 = scalar point 
3 = extra point 
4 • modal point 

repeated 
for 

R(R3) each 
I(R3) point 

6, Components (words 3-14 of even numbered records) which are not in the solution set 
are replaced by an integer 1. 

Table Trailer 

Word 1 

Word 2 

= (sum of all words in even numbered records)/65536. 

= remainder from division above. 

Word 3-6 = zero. 

2.3.43.6 0UHVC1 (TABLE) 

Description 

Output displacement requests (solution set, S~RT1, complex). 
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Table Format 

Record 

0 1-2 
3-5 
6 
7 

2 

3 
4 
5 
6 
7 
8 

OATA BLOCK AND TABLE DESCRIPTIONS 

~ 

B 
I 
I 
I 

I 

I 

I 
I 
R 
I 
I 
I 

Item 

Data block name 
Month, day, year 
Time 
l 

Device code+ 10 * approach code 

{ 

1015 = displacement 
1016 = velocity 
1017 = acceleration 

0 
Subcase number 
Frequency 
0 
0 

9 I 
10 I 

Dynamic load set IO 
Format code 
Number of words per entry in record 2 = 14 

Notes 

11-50 
51-82 
83-114 

115-146 

2 1 
2 
3-8 
9-14 

B 
B 
B 

I 
I 
R 
R 

Not defined 
Title 
Subtitle 
Label 

10 * point IO+ device code 
Point type 
R(Tl)~ R(T2}, R(T3), R(Rl}, R(R2), 
!(Tl), I{T2), I(T3), I(Rl), I(R2}, 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

l O • x y output only 
1 • print 
4 • punch 

,5 • print and punch 

{
l • real 
2 • real/imaginary 
3 • magnitude/phase 

• 5 

1
1 • grid point 
2 • scalar point 
3 • extra ooint 
4 • modal point 

}

repeated 
for 

R(R3} each 
I (R3) point 

6. Components (words 3-14 of even numbered records} which are not in the solution set 
are replaced by an integer 1. 

Table Trailer 

Word 1 

Word 2 

• (sum of all words in even numbered records)/65536. 

• remainder from division above. 

Word 3-6 • zero. 
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2.3.43.7 0UHV1 (TABLE) 

Description 

Output displacement requests (solution set, S~RTl, real). 

Table Format 

~ 

Record 

0 

2 

Word 

1-2 
3-5 
6 
7 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2 
3-8 

~ 

B 
I 
I 
I 

I 

I 

I 
I 
R 
I 
I 
I 
I 
I 

B 
B 
B 

I 
I 
R 

Item 

Data block name 
Month, day, year 
Time 
1 

Device code+ 10 * approach code 

{ 

15 = displacement 
16 = velocity 
17 = acceleration 

0 
Subcase number 
Time 
0 
0 
Dynamic load set ID 
Format code = 1 
Number of words per entrv in record 2 = 8 
Not defined 
Title 
Subtitle 
Label 

point type for each 
10 * point ID + device code {repeated 

Tl, T2, T3, Rl, R2, R3 point 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • !
O • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 = real 

3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 7 

5. Point type • !l • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

6. Components (words 3-8 of even numbered records) which are not in the solution set 
are replaced by·an integer 1. 
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Table Trail er 

Word l 

l~ord 2 

= (sum of all words in even numbered records)/65536. 

= remainder from division above. 

Wor.d 3-6 = zero. 

2.3.43.8 H0PNL1 (TABLE) 

Description 

See description and format for 0PNL1 table - section 2.3.43.4. 

2.3.43.9 H0UDV1 (TABLE) 

Description 

Output temperature requests (solution set, S0RT1, real) 

Table Fonnat 

See fonnat of 0UDV1 table - section 2.3.43.3. 
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2. 3. 44 Data Bl eeks Output From Module FRRD 

2.3.44.l UDVF (MATRIX) 

Description 

[u~] - Displacement vector matrix in a frequency response problem - d set. 

:1atrix Trailer 

Number of columns 
Number of rows 
Form 

= number of frequencies multiplied by the number of loads 
= d 

Type 
= rectangular 
= complex single precision 

2.3.44.2 PSF (MATRIX) 

Description 

[P:] - Load vector for frequency response - s set. 

Matrix Trailer 

Number of columns • number of frequencies multiplied by the number of loads 
Number of rows • s 
Form • rectangular 
Type • complex single precision 

2.3.44.3 PDF (MATRIX) 

Description 

{P~} - Dynamic load matrix for frequency analysis - d set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 

• number of frequencies multiplied by the number of loads 
• d 

Type 
• rectangular 
• complex single precision 

2.3.44.4 PPF (MATRIX)· 

Description 

[P~J - Dynamic loads for frequency response - p set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of frequencies multiplied by the number of loads 
• p 
• rectangular 
• complex single precision 
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l~ote 

The header record contains the list of frequencies. 

2.3.44.5 UHVF (MATRIX) 

Description 

[u~] - Modal frequency response solution vectors - h set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of frequencies multiplied by the number of loads 
= h 
= rectangular 
= complex single precision 
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2.3.45 Data Blocks Output From Module SDR3. 

2.3.45.l 0PP2 (TAGLE) 

Description 

Output load vector requests (p set, S0RT2, real). 

Table Format 

Record Word ~ Item 

0 Header record 

l I Device code+ lO*approach 
2 I 2002 
3 I 0 
4 I Subcase number 
5 I lO*point ID+ device code 
6 I 0 
7 I 0 
8 I Dynamic load set ID 
9 I Format code • 1 

code 

10 I Number of words per entry in next record= 8 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 R Label 

2 1 R Time 
repeat 2 I Point tyoe for each 3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), R(R3) time step 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

lo• x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 6 

1
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.45.2 0QP2 (TA3LE). 

Description 

Output forces of single-point constraint (p set. S~RT2, real). 

Table Format 

Record 

0 

2 

Word 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2 
3-8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

R 
I 
R 

Header record 

Device code+ lO*approach code 
2003 
0 
Subcase number 
lO*point ID+ device code 
0 
0 
Dynamic load set ID 
Format code • 1 
Number of words oer entry in next recor~ • 8 
Not defined 
Title 
Subtitle 
Label 

Point type for each 
Time }reoeat 

R(T1) • R(T2) • R(T3) • R(Rl) • R(R2), R(R3) time step 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 1 • print t
o• x y output only 

4 • punch 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

5 • print and punch 

{

l • real 
2 • real/imaginary 
3 • magnitude/phase 

• 6 

il • grid poi nt 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.45.3 0UPV2 (TABLE). 

Description 

Output displacement vector requests (p set, S~RT2, real). 

Table Format 

Record 

0 

2 

Notes 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2 
3-8 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

R 
I 
R 

Item 

Header record 

Device code+ lO*approach code 

{
2001 = Displacement 
2010 = Velocity 
2011 = Acceleration 

0 
Subcase number 
lO*point ID+ device code 
0 
0 
Dynamic load set ID 
Format code .. 1 
Number of words per entry in next record-= 8 
Not defined 
Title 
Subtitle 
Label 

Point tyoe for each 
Time }reoeat 

R(Tl), R(T2), R(T3), R(Rl), R(R2), R(R3) timP. steo 

1. Records l and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

lo• x y output only 
l • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 6 

{

1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.45.4 0ES2 (TABLE). 

Description 

Output element stress requests (S0RT2, real). 

Table Format 

Record 

0 

l 

2 

~ 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2-NWDS 

~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

R 
Mixed 

ll!.!! 
Header record 

Device code+ lO*aporoach code 
2005 
Element type 
Subcase number 
lO*element ID+ device code 
0 
0 
Dynamic load set ID 
Format code• l 
Number of words per entry in next record • 'I' /OS 
Not defined 
Title 
Subtitle 
Label 

Time } repeat 
Element stress data for each 
See section 2.3.51 for details time step 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

Table Trailer 

\

0 • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
l • real 
2 • real/imaginary 
3 • magnitude/phase 

• 6 

Words 1-6 contain no significant values. 
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2.3.45.5 0EF2 (TABLE). 

Description 

Output element force requests (S~RT2, real). 

Tab 1 e Format 

Record 

0 

2 

~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2-NWDS 

~ 

1 
1 
I 
1 
I 
I 
I 
I 
I 
I 

B 
B 
B 

R 
Mixed 

lli!!l 
Header record 

Device code+ lO*approach code 
2004 
Element type 
Subcase number 
lO*element ID+ device code 
0 
0 
Dynamic load set ID 
Format code • 1 
Number of words per entry in next record = N\~DS 
Not defined 
Title 
Subtitle 
Label 

Time } reoeat 
Element force data for each 
See section 2.3.52 for details time steo 

1. Records 1 and 2 are repeated for each vector to be output. 

f
o • x y output only 

2. Device code • 1 • print 4 • punch 
5 • print and punch 

{
1 • real 

3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 6 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.45.6 0PNL2 (TABLE). 

Description 

Output nonlinear load requests (solution set, S0RT2, real). 

Table Format 

Record 

0 

2 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2 
3-8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

R 
I 
R 

Item 

Header record 

Device code+ lO*apnroach code 
2012 
0 

·· Subcase number 
lO*point ID+ device code 
0 
0 
Dynamic load set ID 
Format code• 1 
Number of words per entry in next rP.cord = 8 
Not defined 
Title 
Subtitle 
Label 

Point type for each 
Time }repeat 

R(T1), R(T2), R(T3), R(R1), R(R2), R(R3) timestep 

1. Records 1 and 2 are repeated for each vector to be output. r • X y output only 
2. Device code • 1 • print 

4 • punch 
5 • print and punch 

. r · real 3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 6 r . grid point 
s. Point type • 2 • scalar point 

3 • extra point 
4 • modal point 

6. Components (words 3-8 in even numbered records) which are not in the solution set are 
replaced by integer 1. 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.45.7 0UDV2 (TABLE). 

Descrioti on 

Output displacement vector requests (solution set, S~RT2, real). 

Table Format 

Record 

0 

Word 

1 

2 

3 
4 
5 
6 
7 
8 
9 

I 

I 

I 
I 
I 
I 
I 
I 
I 

Item 

Header record 

Device code+ lO*approach 
{2015 = Displacement 

2016 • Velocit.Y 
2017 • Acceleration 

0 
Subcase number 
lO*point ID+ device code 
0 
0 
Dynamic load set ID 
Format code • 1 

code 

10 I Number of words per entry in next record .. 8 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 R Time 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

{

O • x y output only 
1 = print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

.. 6 

{

1 • grid point 
2 • scalar point 
3 • extra ooint 
4 • modal point 

}reoeat 
for each 

R(Rl), R(R2), R(R3) time sten 

6. Components (words 3-8 of even numbered records) which are not in the solution set are 
replaced by integer 1. 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.45.8 0UHV2 (TA~LE). 

Description 

Output displacement vector requests (solution set, S0RT2, real). 

Table Format 

Record 

0 

2 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2 
3-8 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

R 
I 
R 

Header record 

Device code+ lO*aooroach code 

{
2015 = Displacement 
2016 • Velocity 
2017 = Acceleration 

0 
Subcase number 
lO*point ID+ device code 
0 
0 
Dynamic load set ID 
Format code • 1 
Number of words per entry in next record= 8 
Not defined 
Title 
Subtitle 
Label 

Time }repeat 
Point type for each 
R(Tl), R{T2), R(T3), R{Rl), R(R2), R(R3) time ste" 

1. Records 1 and 2 are repeated for each vector to be out~ut. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

{

O • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary · 
3 • magnitude/phase 

• . 6 

{

1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

6. Components (words 3-8 of even numbered records) which are not in the solution set are 
replaced by an integer l. 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.45.9 0PPC2 (TA3LE). 

Descriotion 

Output load vector requests (p set, S~RT2, complex). 

Table Format 

Record 

0 

~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Im 

I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

Header record 

Device code+ lO*approach code 
3002 
0 
Subcase number 
lO*point ID+ device code 
0 
0 
0 
Format code 

10 I Number of words oer entry in next record• 14 11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label , R Frequency 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), 
9-14 R I(Tl), I(T2), I(T3), I(Rl), I(R2), 

2 

l. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trailer 

{

O • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

• 5 

{

1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.45.10 0QPC2 (TABLE). 

Description 

Output forces of single-point constraint requests (p set, S0RT2, complex). 

Table Format 

Record 

0 

l 
2 
3 
4 
5 
6 
7 
8 
9 

Header record 

Device code+ 10*approach code 
3003 
0 
Subcase number 
10*point IO+ device code 
0 
0 
Load set ID 
Format code 

10 
11-50 
51-82 
83-114 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I Number of words per entry in next record• 14 

Not defined 

2 

115-146 

1 
2 
3-8 
9-14 

B 
B 
B 

R 
I 
R 
R 

Title 
Subtitle 
Label 

Frequency 
Point type 
R(Tl), R(T2), R(T3), R(Rl), R(R2), 
I{Tl), I{T2), I{T3), I(Rl), I(R2), 

1 •• Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

5. Point type • 

Table Trail er 

{

o • x y output only 
1 • print 
4 • punch 
5 • print and punch 

{

1 • real 
2 • real/1magin,~y 
3 • magn1 tude/pr,;;;se 

• 5 

{

1 • gr point 
2 • sc~ ar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.45.11 0UPVC2 (TABLE). 

Description 

Output displacement vector requests (p set, S~RT2, complex). 

Table Format 

Record Word ~ Item 

0 Header record 

I Device code+ lO*aoproach code 
{3001 = Displacement 

2 I 3010 = Velocity 
3011 = Acceleration 

3 I 0 
4 I Subcase number 
5 I 10*point ID+ device code 
6 I 0 
7 I 0 
8 I Load set ID 
9 I Format code 

10 I Number of words per entry in next record= 14 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 R Frequency 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), 
9-14 R I(Tl). I(T2), I(T3), I(Rl), I(R2), 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code = 

4. Approach code 

5. Point type • 

Table Trailer 

l
o= x y output only 
1 = print 
4 • punch 
5 • print and punch 

{
1 = real 
2 • real/imaginary 
3 • magnitude/phase 

• 5 

l 
l • grid point 
2 • scalar point 
3 = extra point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.45.12 ~ESC2 (TABLE). 

Description 

Output element stress requests (S~RT2, complex). 

Table Format 

Record 

0 

~ ~ lli!!l 
Header record 

1 , I Device code+ lO*approach code 
2 I 3005 
3 I Element type 
4 I Subcase number 
5 I lO*Element ID+ device code 
6 I 0 
7 I 0 
8 I Load set ID 
9 I Format code 

10 I Number of words per entry in next record= NWDS 
11-50 Not defined 
51-82 8 Title 
83-114 B Subtitle 

115-146 B Label 

2 1 R Frequency repeat 
2-NWDS Mixed Element stress data for each 

See 2.3.51 for details frequency 

1. Records 1 and 2 are repeated for each vector to be outout. 

2. Device code • 

3. Format code • 

,o • x y output only 
11•print 

l4 • punch 
5 • print and punch 

{
1 • real 
2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 5 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.45.13 0EFC2 (TABLE). 

Description 

Output element force requests (S0RT2, complex). 

Table Format 

Record 

0 

2 

Word 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

l 
2-N\1DS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 

R 
Mixed 

Item 

. Header record 

Device code+ lO*aooroach code 
3004 
Element type 
Subcase number 
lO*element ID+ device code 
0 
0 
Load set ID 
Format code 
Number of words per entry in next record = N\o/DS 
Not defined 
Title 
Subtitle 
Label 

Element force data for each 
Frequency }repeat 

See 2.3.52 for details frequency 

Records l and 2 are repeated for each vector to be output. 

2. Device code • 

3. Format code • 

4. Approach code 

Table Trailer 

fO • x y output only 
J l • print l 4 • punch 
5 • print and punch 

{
l • real 
2 • real/imaginary 
3 • magnitude/phase 

• 5 

Words 1-6 contain no significant values. 
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2.3.45.14 0UDVC2 (TABLE). 

Description 

Output displacement vector requests (solution set, S0RT2, complex). 

Table Format 

Record Word ~ llifil 
0 Header record 

1 I Device code+ 10*approach code 
{3015 = Displacement 

2 I 3016 = Velocity 
.. 3017 ., Acceleration 

3 I 0 
4 I Subcase Number 
5 I lO*point ID+ device code 
6 I 0 
7 I 0 
8 I Dynamic load set ID 
9 I Format code 

10 I Number of words per entry in next record• 14 
11-50 Not defined 
51-82 B Title 
83-114 8 Subtitle 

115-146 8 Label 

2 , R Frequency r•peat 2 I Point type for 
3-8 R R(Tl), R(T2~, R(T3), R(Rl), R(R2), R(R3) each 
9-14 R I{Tl), I(T2 1 I(T3), I(Rl), I(R2), I(R3) frequency 

1. Records 1 and 2 are repeated for each vector to be output. 

lo• x y output only 
2. Device code • 1 • print 

4 • punch 
5 • print and punch r · real 3. Format code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code • 5 r . grid point 
s. Point type • 2 • scalar point 

3 • extra point 
4 • modal point 

6. Components (words 3-14 of even numbered records) which are not in the solution set are 
replaced by integer 1. 

Table Trailer 

Words 1-6 contain no significant values. 
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DATA BLOCK DESCRIPTIONS 

2.3.45.15 0UHVC2 (TABLE). 

Description 

Output displacement vector requests (solution set, S0RT2, complex). 

Table Format 

Record Word ~ Item 

0 Header record 

1 I Device code+ lO*approach code 
{3015 = Disnlacement 

2 I 3016 .. Velocity 
3017 = Acceleration 

3 I 0 
4 I Subcase number 
5 I lO*point ID+ device code 
6 I 0 
7 I 0 
8 I Dynamic load set ID 
9 I Fonnat code 

10 I Number of words per entry in next record= 14 
11-50 Not defined 
51-82 B Title 
83-114 8 Subtitle 

115-146 8 Label 

2 1 R Frequency 
2 I Point type 
3-8 R R(Tl), R(T2), R(T3), R(Rl), R(R2), 
9-14 · R I (Tl), I (T2), I(T3), I(Rl), I(R2), 

1. Records 1 and 2 are repeated for each vector to be outout. 

2. Device code = 

3. Format code • 

4. Approach code 

5. Point type • 

l
o= x y output only 
1 = print 
4 = punch 
5 • print and ounch 

{
1 • real 
2 • real/imaginary 
3 = magnitude/phase 

"' 5 

1
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

repeat 
for 

R(R3) each 
I(R3) frequency 

6. Components (words 3-14 of even numbered records) which are not in the solution set are 
replaced by an integer 1. 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.45. 16 0UGV2 (TABLE) 

Description 

DATA BLOCK AND TABLE DESCRIPTIONS 

Output displacement vector requests (S0RT2, real) 

Tab 1 e Fonnat 

Record 

0 
Header Record 

1 I Device Code+ approach code 
2 I 2001 
3 I 0 
4 I Subcase number 
5 I lO*point ID+ device code 
6 I 0 
7 I 0 
8 I Dynamic load set ID 
9 I Format code = 1 

10 I Number of words per entry in next record= 8 

11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 Subcase 
2 I Point type 
3-8 R R(Tl) 1 R(T2). R(T3),} 

R(Rl), R(R2}, R(R3) 
repeat for each subcase 

~ 
1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code l 
O • x y output only 

• 1 • print 
4 • punch 
5 • print and punch 

3. Fonnat code • 2 • real/imaginary ll • real 

3 • magnitude/phase 

4. Approach code • 6 

5. Point type • 

Table Trailer 

l 
1 • grid point 
2 • scalar point 
3 • extra point 
4 • modal point 

Words 1-6 contain no significant values. 

2.3-212 (7/4/76) 



DATA BLOCK DESCRIPTIONS 

2.3.45. 17 0PG2 (TABLE) 

Description 

Output load vector requests (g set. S0RT2. real) 

Tab 1 e Format 

Record Word Word Item 

0 Header record 

l I Device code+ lO*approach code 
2 I 2002 
3 I 0 
4 I Subcase number 
5 I Load set ID 
6 I 0 
7 I 0 
8 I 0 
9 I Fonnat code 

10 I Number of words per entry in next record= 8 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I Subcase nunt>er 
2 I Print type 
3-8 R(Tl). R(T2). R(T3),} 

R(Rl), R(R2). R(R3) 

Notes 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code { 

0 • x y output only 
• 1 • Point type 

4 • punch 
5 • print 

{ 
1 = real 

3. Fonnat code • 2 • real/imaginary 
3 = magnitude/phase 

4. Approach code = 6 

1 • grid print 
S. Print type = { 2 • scalar point 

3 = extra point 
4 "'modal point 

Table Trailer 

Words 1-6 contain no significant values. 
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DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.45. 18 0QG2 (TABLE) 

Description 
Output forces of single-point constraint requests (g set, S0RT2, real) 

Table Fonnat 

Record 

0 

1 

2 

~ 

Word 

, 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2 
3-8 

~ Item 

Header record 
I Device code+ lO*approach code 
I 2003 
I 0 
I Subcase nuni>er 
I lO*point ID+ device code 
I 0 
I 0 
I Load set ID 
I Fonnat code 
I Nuni>er of words per entry in next record= 8 

not defined 
B Title 
B Subtitle 
B Label 

Subcase nuni>er 
I Point type 
R R(Tl), R(T2), R(T3),} repeated for each subcase 

R(Rl), R(R2), R(R3) 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code { 

0 • x y output only 
• 1 • print 

4 • punch 
5 • print and punch 

{
l•real 

3. Fonnat code • 2 • real/imaginary 
3 • magnitude/phase 

4. Approach code 

5. Point type • 

Table Trailer 

• 6 

{ 

1 • grid point 
2 • sc· !r point 
3 • ext 3 point 
4 • modal point 

Words 1-6 contain no significant values. 
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2.3.45. 19 IQP2 (TABLE) 

Description 

DATA BLOCK DESCRIPTIONS 

Output forces of single-point constraint requests (p set, S0RT2) 

Tab 1 e Format 

See fonnat of 0QPC2 table - section 2.3.45. 10. 

2.3.45.20 IPHIP2 (TABLE) 

Description 

Output displacement vector requests (p set, S0RT2, complex). 

Table Fonnat 

See fonnat of 0UPVC2 table - section 2.3.45. 11. 

2.3.45.21 IES2 (TABLE) 

Description 

Output element stress requests (S0RT2, complex). 

Tab 1 e Format 

See fonnat of 0ESC2 table - section 2.3.45.12. 

2.3.45.22 IEF2 (TABLE) 

Description 

Output element force requests (S0RT2, complex). 

Table Format 

See format of 0EFC2 table - section 2.3.45.13. 

2.3.45.23 0PPCB (TABLE) 

Description 

Output load vector requests (P set, S0RT2, complex). 

Table Format 

See fonnat of OPPC2 table - section 2.3.45.9. 
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2.3.45.24 0PPB (TABLE) 

Description 

DATA BLOCK AND TABLE DESCRIPTIONS 

Output load vector requests (p set, S0RT2, real). 

Tab 1 e Format 

See format of 0PP2 table - section 2.3.45.1. 

2.3.45.25 IQP2 (TABLE) 

Description 

Output forces of single-point constraint (p set, S0RT2, real). 

Table Format 

See format of 0QP2 table - section 2.3.45.2. 

2.3.45.26 H0PP2 (TABLE) 

Description 

See description and format for 0PP2 table - section 2.3.45.1. 

2.3.45.27 H0QP2 (TABLE) 

Description 

See description and format for 0QP2 table - section 2.3.45.2. 

2.3.45.28 H0UPV2 (TABLE) 

Description 

See description and fonnat of 0UPV2 table - section 2.3.45.3. 

2.3.45.29 H0EF2 (TABLE) 

Description 

See description and format of 0EF2 table - section 2.3.45.5. 

2.3.45.30 H0UDV2 (TABLE) 

Description 

Output temperature vector requests (solution set, 50RT2, real). 

Table Format 

See fonnat at 0UDV2 table - section 2.3.45.7. 
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DATA BLOCK DESCRIPTIONS 

2.3.45.31 H0PNL2 (TABLE) 

Description 

See description and format of 0PNL2 table - section 2.3.45.6. 
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DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.46 Data Blocks Output from Module XYTRAN 

2.3.46.l XYPLTT (TABLE). 

Description 

Output plot request data in fonn for direct plotting of S0RT2 Transient Response output. 

Table Format 

Record 

0 

Word 

2 
3 
4 
5 
6 
7 

8 

9 

10 
11 
12 
13 
14 
15 
16 

17 
18 

19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

I-R 

I 
I 
I 
I 
I 
I 

I 

I 

R 
R 
R 
R 
R 
R 

R 
I 

I 
I 

I 
I 
R 
R 
I 
I 
I 
I 
I 
I 

Item 

Header record 

Subcase ID or if a Random Response problem, 
the Mean Response 
Frame number 
Curve number 
Point ID or element ID 
Component number 
Vector number ( l , 2, . . • 11 ) 
1--Graph uses top half of frame 
0--Graph uses full frame 

-1--Graph uses lower half of frame 
0--Axis, tics, labels, curves, etc. have 
been drawn and this curve is to be scaled 
and plotted identically as last except 
for curve symbols. 
1--Axis, tics, labels, scaling, etc. are 
to be perfonned or computed and if word 7 
of this record• 0 or 1, a skip to new 
frame is to be made. 
Number of blank frames between frames 
(frame-skip) 
Minimum X-increment 
XMIN I XMAX Define exact limits of data for 
YMIN this upper, lower, or full frame 
YMAX graph 
Actual value of first tic 
Actual increment to successive 
ti cs 
Actual maximum frame limit 
Maximum number of digits in any x-direction 
print-1alue tics 
+ or - power for print values 
Total number of tics to print 
this edge 
Value print skip 0,1,2,3--­
Not used 

Same as 15 through 22 
But for y-direction tics 
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Record Word 

31 
32 
33 
34 
35 

36 

37 

38 
39 

40 
41 

42 

. 
50 
51 

. 
242 
243 

. 
281 
282 
283 
284 
285 
286 
287 
288 
289 

290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 

~ 

I 
I 
I 
I 
I 

I 

R 
I 

R 
I 

B 
B 
B 
B 
B 
B 

I 
I 
I 
I 
R 
R 
I 
I 
I 

I 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

DATA BLOCK DESCRIPTIONS 

Item 

Top edge tics I each of 31-34 may be less 
Bottom edge tics than 0--tics without values 
Left edge tics equal to 0--no tics here 
Right edge tics greater 0--tics with values 
0--x-direction is linear 
Greater than 0--number of cycles and x-direction 
is l ogari thmi c 
0--y-direction is linear 
Greater than 0--number of cycles and y-direction 
is 1 ogari thmi c 
0--no x-axis 
1--draw x-axis 
x-axis y-intercept 
0--no y-axis 
1--draw y-axis 
y-axis x-intercept 
Less than O -- Plot symbol for each curve point. 

Select symbol corresponding to 
curve number in word 3 of this 
record. 

Equal to O -- Connect points by lines where 
points are continuous i.e., (no 
integer l pairs). 

Greater than O -- do both of above. I Not used 

Title (32 words) 
Subtitle (32 words) 
Label (32 words) 
Curve title (32 words) 
x-axis Title (32 words) 
y-axis Title (32 words) 

Not used 
Paper plot frame number 
Pen color (not implemented) 
Pensize 
Plotter and model (Plotter*63536+Model+100) 
Inches paper x-direction 
Inches papery-direction 
Camera for SC4020 
Print flag O • no, 1 • yes 
Plot flag O = no, 1 = plotter, 

-1 • paper, 2 = plotter and paper 
Punch flag O = no, 1 • yes 
x-min of all data 
x-max of all data 
y-min within x-limits of graph 
x-value at this y-min 
y-max within x-1 i mi ts of graph 
x-value at this y-max 
y-min for all data 
x-value at this y-min 
y-max for all data 
x-value at this y-max 
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DATA BLOCK AND TABLE DESCRIPTIONS 

Record ::iE!£!. Tyoe ~ 

2 1 I ~ } Always is present 2 I 
3 R x-value} coordinate pair 
4 R y-value repeats for all pairs plotted 

1. Records 1 and 2 repeat for each curve plotted. 

2. Even numbered records will contain integer 1 pairs to indicate where curve has moved 
outside of graph limits. 

Table Trail er 

Words 1-6 contain no significant values. 
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DATA BLOCK DESCRIPTIONS 

2.3.4G.2 XYPLTFA (TAGLE). 

Description 

Identical to XYPLTT, for Frequency Response plots (solution set). 

2.3.46.3 XYPLTF (TABLE). 

Description 

Identical to XYPLTT, for Frequency Response plots. 

2.3.46.4 XYPLTR (TABLE). 

Description 

Identical to XYPLTT, for Random Response plots. 

2.3.4G.5 XYPLTTA (TABLE). 

Description 

Identical to XYPLTT, for Transient Response plots (solution set). 

2.3.46.6 HXYPLTT (TABLE) 

Description 

Identical to XYPLTT, for Heat Transient Response plots. 
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DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.47 Data Blocks Output From Module RAND0M 

2.3.47.l PSDF (TABLE) 

Description 

Power Spectral Density Table. 

Table Format 

Notes 

Record 

0 

2 

Word 

l 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-146 

l 
2 

I 
I 
I 
I 
I 
R 
I 
I 
I 
B 

R 
R 

Item 

Header record 

50 
Code for data type 

DISP = 2001 
VEL~ = 2010 
ACCE = 2011 
L0AD • 2002 
SPCF = 2003 
ELF0 • 2004 
STRE = 2005 

4001 
0 
Point or element ID times 10 
Component ID+ 2 
0 
Mean response 
Number of zero crossings (NO) 
2 
0 
Title, subtitle, label 

Frequency 
Power spectral density 

1. Words 1 and 2 of record 2 are repeated for each frequency. 

2. Records 1 and 2 are repeated for each power spectral density request. 

Table Trailer 

Words 1-5 = zero. 

Word 6 • number of requests. 
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2.3.47.2 AUT0 (TABLE). 

Description 

Autocorrelation function table. 

Table Format 

Record 

0 

2 

1 
2 

3 
4 
5 
6 
7 
a. 
9 

10 
11-50 
51-146 

1 
2 

I 
I 

I 
I 
I 
I 
I 
R 
I 
I 
I 
B 

R 
R 

DATA BLOCK DESCRI PTI CNS 

Header record 

50 
Code for data type 

DISP = 2001 
VEL0 = 2010 
ACCE = 2011 
L0AD = 2002 
SPCF ,. 2003 
ELF0 = 2004 
STRE = 2005 

4002 
0 
Point or element ID times 10 
Component IO+ 2 
0 
Mean response 
Number of zero crossings (NO) 
2 
0 
Title, subtitle, label 

TAU 
Auto correlation function 

1. Lfards 1 and 2 of record 2 are repeated for each TAU. 

2. Records 1 and 2 are repeated for each autocorrelation request. 

Table Trailer 

Words 1-5 = zero. 

Word 6 = number of requests. 
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DATA BLOCK AND TABLE DESCRIPTIONS 

2.3.48 Data Blocks Output From Module TRD. 

2.3.48.1 UDVT (MATRIX) 

Description 

- Displacement, velocity, and acceleration vector matrix in a transient analysis 
problem - d set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.48.2 UHVT (MATRIX) 

Description 

= three times the number of output time steps 
= d 
= rectangular 
= real single precision 

[u~] - Modal transient solution vectors - h set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• three times the number of output times 
• h 
• rectangular 
• real single precision 
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DATh BLOCK DESCRIPTIONS 

2.3.49 Data Blocks Output From Module GKAM 

2.3.49.l MHH (MATRIX) 

Description 

[mhh] - Modal mass matrix - h set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 

= h 
= h 
= symmetric 

Type = real double precision 

2.3.49.2 SHH (MATRIX) 

Description 

[bhh] - Modal damping matrix - h set. 

Matrix Trailer 

Number of columns = h 
Number of rows = h 
~orm • symnetri c 
Type • real double precision 

2.3.49.3 KHH (MATRIX) 

Description 

[khh] - Modal stiffness matrix - h set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• h 
• h 
• synmetric 
= real double precision 

2.3.49.4 PHIDH (MATRIX) 

Description 

[~dh] - Transformation matrix from d set to modal coordinates. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• h 
• d 
• rectangular 
• real single precision 

2.3-225 {7/4/76) 



DATA BLOCK ANO TABLE DESCRIPTIONS 

2.3.50 Data Blocks Output From Module DDRl 

2.3.50.l CPHID (MATRIX) 

Description 

[~d] - Complex eigenvector matrix transformed from modal to physical coordinates. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of eigenvectors 
= d 
= rectangular 
= complex single precision 

2.3.50.2 UDVlF (MATRIX} 

Description 

f [ud] - Displacement vectors matrix in a frequency response problem - d set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of frequencies times number of loads 
• d 
= rectangular 
= complex single precision 

2.3.30.3 UDVlT (MATRIX) 

Description 

[u~] - Displacement vectors matrix in a transient response problem - d set. 

Matrix Trailer 

Nuni>er of columns 
Nuni>er of rows 
Form 
Type 

• nuni>er of output times multiplied by 3 
• d 
• rectangular 
• real single precision 
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DATA BLOCK DESCRIPTIONS 

2.3.51 Element Stress Outout Data Description. 

Note particular data block c~scription (e.g., 0ES1, 0ESB1) for contents of word 1 for each element. 

Element Real Element Stresses Complex Element Stresses 
Word or Word or Real 

T e Name Com onent Item Com onent Item Ima . 

CR0D 2 Axial 2 Axial R 
3 Axial Safety Margin* 3 Axial I 
4 Torsional 4 Tors iona 1 R 
5 Torsional Safety Margin* 5 Torsional I 

2 CBEAM 2 SAl Undefined 
3 SA2 
4 SA3 
5 Axial 
6 SA-maximum 
7 SA-minimum 
8 Safety Margin in Tension* 
9 SB1 

10 582 
11 583 
12 SB-maximum 
13 SB-minimum 
14 Safety Margin in Comp* 

3 CTUBE Same as CR(10 Same as CR~D 

4 CSHEAR 2 Maximum Shear 2 Maxi rrum Shear R 
3 Average Shear 3 Maximum Shear I 
4 Safety Margin* 4 Average Shear R 

5 Average Shear I 

5 CT!HST 2 Maximum 2 Maximum R 
3 Average 3 Maximum I 
4 Safety Margin* 4 Average R 

5 Average I 

6 CTRIAl 2 21 • Fibre Distance 1 2 21 • Fibre Distance 1 
3 Normal-x at Zl 3 Nonna1-x at 1 R 
4 Normal-y at Zl 4 Normal-x at 1 I 
5 Shear-xy at 21 5 Normal-y at 1 R 
6 0-Shear Angle at Zl 6 Norma1-y at 1 I 
1 Major-Principal at Zl 1 Shear-xy at l ~ 
8 Minor-Principal at 21 8 Shear-xy at 1 I 
9 Max-Shear at 21 9 22 • Fibre Distance 2 

10 Z2 • Fibre Distance 2 10 Norma1-x at 2 R 
11 Nonnal-x at Z2 11 Normal-x at 2 I 
12 Normal-y at 22 12 Normal-y at 2 R 
13 Shear-xy at 22 13 Nonna1-y at 2 I 
14 0-Shear Angle at 22 14 Shear-xy at 2 R 
15 Major-Principal at 22 15 Shear-xy at 2 I 
16 Mi nor-Pr ind pa 1 at 22 
17 Maximum-Shear at 22 
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DATA BLOCK AND TABLE DESCRIPTIONS 

Element Real Element Stresses Complex Element Stresses 
Word or \~ord or Real 

T e Name Com onent Item Comoonent Item !mac. 

7 CTRBSC Note CTRIAl Note CTRIAl 

8 CTRPLT Note CTRIAl Note CTRIAl 

9 CTRMEM 2 Nonna1-x 2 Normal-x R 
3 Norma 1-y 3 Normal-x I 
4 Shear-xy 4 Normal-y R 
5 0-Shear Angle 5 Normal-y I 
6 Major-Principal 6 Shear-xy R 
7 Minor-Principal 7 Shear-xy I 
8 Maximum Shear 

10 Cl1NR!1D Note CR0D Note CR0D 

11 CELASl 2 Stress 2 Stress R 
3 Stress I 

12 CELAS2 2 Stress 2 Stress R 
3 Stress I 

13 CELAS3 2 Stress 2 Stress R 
3 Stress I 

14 CELAS4 Undefined Undefined 

15 CQOPLT Note CTRIAl Note CTRIAl 

16 CQDMEM Note CTRMEM Note CTRMEM 

17 CTRIA2 Note CTRIAl Note CTRIAl 

18 CQUAD2 Note CTRIAl Note CTRIAl 

19 CQUAD1 Note CTRIAl Note CTRIAl 

20 COAMPl Undefined Undefined 

21 COAMP2 Undefined Undefined 

22 CDAMP3 Und~fined Undefined 

23 CDAMP4 Undefined Undefined 

24 CVISC Undefined Undefined 

25 CMASSl Undefined Undefined 

2G CMASS2 Undefined Undefined 

27 CMASS3 Undefined Undefined 

28 CMASS4 Undefined Undefined 

29 CIJNMl Undefined Undefined 

30 C(1NM2 Undefined Undefined 

31 CPL{ITEL Undefined Undefined 
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Element 

T e Name 

34 CBAR 

35 CC0NEAX 

36 CTRIARG 

37 CTRAPRG 

DATA BLOCK DESCRIPTIONS 

Real Element Stresses 
Word or 

Com onent Item 

2 SAl 
3 SA2 
4 SA3 
5 SA4 
6 Axial 
7 SA-maximum 
8 SA-minimum 
9 Safety Margin in Tension* 

10 SBl 
11 SB2 
12 S83 
13 S84 
14 SB-maximum 
15 SB-minimum 
16 Safety Margin in Comp* 

2 Harmonic or point angle 
3 Zl • Fibre Distance 1 
4 Normal-u at 1 
5 Nonnal-v at l 
6 Shear-uv at l 
7 0-Shear Angle at 1 
8 Major-Principal at 1 
9 Minor-Principal at 1 

10 Maximum Shear at 1 
11 Z2 • Fibre Distance 2 
12 Normal-u at 2 
13 Normal-v at 2 
14 Shear-uv at 2 
15 0-Shear Angle at 2 
16 Major-Princioa1 at 2 
17 Minor-Prfncioa1 at 2 
18 Maximum-Shear at 2 

2 Radial (x) 
3 Circum (Theta) 
4 Axial (z) 
5 Shear (zx) 

2 Radial (x) at 1 
3 Circum (Theta) at 1 
4 Axial (z) at 1 
5 Shear (zx) at l 
6 Radial (x) at 2 
7 Circum (Theta) at 2 
8 Axial (z) at 2 
9 Shear (zx) at 2 

10 Radial (x) at 3 
11 Circum (Theta) at 3 
12 Axial (z) at 3 
13 Shear (zx) at 3 
14 Radial (x) at 4 
15 Circum (Theta) at 4 
16 Axial (z) at 4 
17 Shear (zx) at 4 
18 Radial (x) at 5 

Complex Element Stresses 
Word or Real 

Com onent Item Ima . 

2 SAl R 
3 SA2 R 
4 SA3 R 
5 SA4 R 
6 Axial R 
7 SAl I 
8 SA2 I 
9 SA3 I 

10 SA4 I 
11 Axial I 
12 S91 R 
13 S82 R 
14 SB3 R 
15 SB4 R 
16 S81 I 
17 S82 I 
18 S83 I 
19 S84 r 

Undefined 

Undefined 

Undefined 
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DATA BLOCK AND TABLE DESCRIPTIONS 

Element Real Element Stresses Complex Element Stresses 
Word or Word or Real 

Type Name Component Item Component Item !mag. 

37 cont'd. 19 Circum(Theta) at 5 
20 Axial (z) at 5 
21 Shear (zx) at 5 

38 CT0RDRG 2 Mem.-Tagen. at 1 Undefined 
3 Mem.-Circum. at 1 
4 Flex.-Tangen. at 1 
5· Flex.-Circum. at 1 
6 Shear-Force at l 
7 Mem. -Tangen. at 2 
8 Mem.-Circum. at 2 
9 Fl ex. -Tangen •. at 2 

10 Flex.-Circum. at 2 
11 Shear-Force at 2 
12 Mem.-Tangen. at 3 
13 Mem.-Circum. at 3 
14 Flex. -Tangen. at 3 
15 Fl ex. -Ci rcum. at 3 
16 Shear-Force at 3 

53 - CDUMl 2 Sl 2 Sl R 
61 thru 3 S2 3 S2 R 

CDUM9 4 S3 4 S3 R 
5 S4 5 S4 R 
6 S5 6 S5 R 
7 S6 7 S6 R 
8 S7 8 S7 R 
9 SB 9 S8 R 

10 S9 10 S9 R 
11 S1 I 
12 S2 I 
13 S3 I 
14 S4 I 
15 S5 I 
16 S6 I 
17 S7 I 
18 SB I 
19 S9 I 

62 CQDMEMl Note CTRMEM Note CTRMEM 

63 CQDMEM2 Note CTRMEM Undefined 

65 CIHEXl* 2 External Grid point l.) 2 External grid point 
ID 

3 Normal - x 3 Nonnal - x R 
4 Shear - xy 4 Normal - y R 
5 First principal 5 Nonnal - z R 
0 Fi rst pri nci pa 1 X 6 Snear - xy R 

cosine 
7 Second principal x 7 Shear - yz R 

cosine 
8 Third principal x 8 Shear - zx R 

cosine 
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~-------------------

Element 

Type Name 

65 cont'd. 

66 CIHEX2* 

67 CIHEX3* 

DATA BLOCK DESCRIPTIONS 

Real Element Stresses 
Word or 
Component Item 

9 
10 
11 
12 
13 
14 

15 

16 

17 
18 
19 
20 

21 

22 

2 

3 
4 
5 
6 

7 

8 

9 

10 

11 

12 
13 
14 
15 

16 

17 

18 
19 
20 
21 

22 

23 

Mean stress 
Octahedral shear stress 
Norma 1 - y 
Shear - yz 
Second principal 
First principal y 
cosine 

Second principal y 
cosine 

Third principal y 
cosine 

Nonnal - z 
Shear - zx 
Third principal 
First principal z 
consine 

Second principal z 
cosine 

Third principal z 
cosine 

Note CIHEXl 

First external grid 
point ID 

Normal - x 
Shear - xy 
First pri nci pal 
First principal x 
cosine 

Second principal x 
cosine 

Third principal x 
cosine 

Mean stress 

Octahedral shear 
stress 

Second external grid 
point ID 

Normal - y 
Shear - yz 
Second principal 
First principal y 
cosine 

Second principal y 
cosine 

Thi rd pri nci pa 1 y 
cosine 

Normal - z 
Shear - zx 
Third principal 
First principal z 
cosine 

Second principal z 
cosine 

Third principal z 
cosine 

Complex Element Stresses 
Word or Real 
Component Item Imag. 

9 Normal - x I 
10 Normal - y I 
11 Norma 1 - z I 
12 Shear - xy I 
13 Shear - yz I 
14 Shear - zx I 

Note CIHEXl 

2 Fi rs t externa 1 grid 
point ID 

3 Normal - x R 
4 Normal - y R 
5 Normal - z R 
6 Shear - xy R 

7 Shear - yz R 

8 Shear - zx R 

9 Second external grid 
point ID 

10 Normal - X I 

11 Normal - y I 

12 Nonnal - z I 
13 Shear - xy I 
14 Shear - yz I 
15 Shear - zx I 

*The stresses are repeated for each stress point within each element. 
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Element Real Element Stresses Complex Element Stresses 
Word or Word or Real 

Type Name Component Item Component Item Imag. 

68 CTRIAAX 2 Harmonic or Point Angle Undefined 
3 Radial (R) 
4 Axial (Z) 
5 Circum (Theta-T) 
6 Shear (ZR) 
7 Shear (RT) 
8 Shear (ZT) 

69 CTRAPAX 2 Harmonic or Point Angle Undefined 
3 Radial (R) 
4 Axial (Z) 
5 Circum (Theta-T) 
6 Shear (ZR) 
7 Shear (RT) 
8 Shear (ZT) 
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2.3.52 Element Force Output Data Description. 

Note particular data block description (e.g., 0EF1, 0EFB1) for contents word 1 for each element. 

Element Real Element Forces Complex Element Forces 
Word or Word or Real 

T e Name Com onent Item Comoonent Item Ima 

CR0D 2 Axial Force 2 Axial Force R 
3 Torque 3 Axial Force I 

4 Torque R 
5 Torque I 

2 CBEAM 2 Bend-Mom Al Undefined 
3 Bend-Mom A2 
4 Bend-Mom Bl 
5 Bend-Mom 82 
6 Shear-1 
7 Shear-2 
8 Axial Force 
9 Torque 

3 CTUBE Same as CR0D Same as CR0D 
4 CSHEAR 2 Force Pts l ,3 2 Force Pts 1,3 R 3 Force Pts 2,4 3 Force Pts 1,3 I 

4 Force Pts 2,4 R 
5 Force Pts 2,4 I 

5 CTWIST 2 Moment Pts l ,3 2 Moment Pts 1 ,3 R 3 Moment Pts 2,4 3 Moment Pts 1,3 I 
4 Moment Pts 2,4 R 
5 Moment Pts 2,4 I 

6 CTRIAl 2 Bend-Mom-x 2 Bend-Mom-x R 3 Bend-Mom-y 3 Bend-Mom-y R 4 Twist-Moment 4 Twist-Moment ~ 5 Shear-x 5 Shear-x R 6 Shear-y 6 Shear-y R 
7 Bend-Mom-x I 
8 Bend-Mom-y I 
9 Twist-Moment I 

10 Shear-x r 
11 Shear-y I 

7 CTRBSC Same as CTRIAl Same as CTRIAl 
8 CTRPLT Same as CTR I Al Same as CTRIAl 
9 CTRMEM Undefined Undefined 

10 Cl1NRl1D Same as CR0D Same as CR0D 
11 CELASl 2 Force 2 Force R 

3 Force r 
12 CELAS2 2 Force 2 Force R 

3 Force r 
13 CELAS3 2 Force 2 Force R 

3 Force I 
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E1ement Real Element Forces Complex Element Forces 
Word or Word or Real 

Type Name Cor.,ponent Item Component Item Imag. 

14 CELAS4 2 Force 2 Force R 
3 Force I 

15 CQDPLT Note CTRIAl Note CTRIAl 

16 CQDMEM Undefined Undefined 

17 CTRIA2 Note CTRIAl Note CTRIAl 

18 CQUAD2 Note CTRIAl Note CTRIAl 

19 CQUAD1 Note CTRIA 1 . Note CTRIAl 

20 CDAMP1 Undefined Undefined 

21 CDAMP2 Undefined Undefined 

22 CDAMP3 Undefined Undefined 

23 CDAMP4 Undefined Undefined 

24 CVISC Undefined Undefined 

25 CMASS1 Undefined Undefined 

26 CMASS2 Undefined Undefined 

27 CMASS3 Undefined Undefined 

28 CMASS4 Undefined Undefined 

29 C{INM1 Undefined Undefined 

30 C~NM2 Undefined Undefined 

31 CPL!i'TEL Undefined Undefined 

34 CBAR 2 Bend-Mom Al 2 Bend-Mom Al R 
3 Bend-Mom A2 3 Bend-Mom A2 R 
4 Bend-Mom 81 4 Bend-Mom Bl R 
5 Bend-Mom B2 5 Bend-Mom B2 R 
6 Shear-1 6 Shear-1 R 
7 Shear-2 7 Shear-2 R 
8 Axial Force 8 Axial Force R 
9 Torque 9 Torque R 

10 Bend-Mom Al I 
11 Bend-Mom A2 I 
12 Bend-Mom Bl I 
13 Bend-Mom B2 I 
14 Shear-1 I 
15 Shear-2 I 
16 Axial Force I 
17 Torque I 
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Element Real Element Forces Comp'ex Element Forces 
Word or Word or Real 

Type Name Component Item Component Item !mag. 

35 CC~NEAX 2 Harmonic or point angle Undefined 
3 Bend-Mom u 
4 Bend-Mom v 
5 Twist-Moment 
6 Shear u 
7 Shear v 

36 CTRIARG 2 Radial (x) at 1 Undefined 
3 Circum (Theta) at 1 
4 Axial (z) at 1 
5 Radial (x) at 2 
6 Circum (Theta) at 2 
7 Axial (z) at 2 
8 Radi a 1 (x) at 3 
9 Circum (Theta) at 3 

10 Axial (z) at 3 

37 CTRAPRG 2 Radi a1 (x) at 1 Undefined 
3 Circum (Theta) at 1 
4 Axial (z) at 1 
5 Radi a 1 (x) at 2 
6 Circum (Theta} at 2 
7 Axial (z) at 2 
8 Radial (x) at 3 
9 Circum (Theta) at 3 

10 Axial (z) at 3 
11 Radial (x) at 4 
12 Circum (Theta) at 4 
13 Axial (z) at 4 

38 CTraRDRG 2 Radial (x) at 1 Undefined 
3 Circum (Theta) at 1 
4 Axi a 1 (z) at 1 
5 Moment (zx) at 1 
6 Direct Strain at l 
7 Curvature at 1 
8 Radial f x) at 2 
9 Circum Theta) at 2 

10 Axial (z) at 2 
11 Moment (zx) at 2 
12 Direct Strain at 2 
13 Curvature at 2 

53-61 CDUMl 2 Fl 2 Fl R 
thru 3 F2 3 F2 R 

CDUM9 4 F3 4 F3 R 
5 F4 5 F4 R 
6 FS 6 FS R 
7 F6 7 F6 R 
8 F7 8 F7 R 
9 FS 9 FS R 

10 F9 10 F9 R 
11 F1 I 
12 F2 I 
13 F3 I 
14 F4 I 
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Element neal Element Forces Complex Element Forces 
Word or Word or Rea 1 

Type Name Component Item Component Item Ima 

53-61 cont'd. 15 F5 I 
16 F6 I 
17 F7 I 
18 F8 I 
19 F9 I 

62 CQDMEMl Undefined Undefined 

63 CQDMEM2 2 Force 4 to 1 Undefined 
3 Force 2 to 1 
4 Force 1 to 2 
5 Force 3 to 2 
6 Force 2 to 3 
7 Force 4 to 3 
8 Force 3 to 4 
9 Force 1 to 4 

10 Ki ck Force on 1 
11 Shear-12 
12 Kick Force on 2 
13 Shear-23 
14 Ki ck Force on 3 
15 Shear-34 
16 Ki ck Force on 4 
17 Shear-41 

65 CIHEXl Undefined Undefined 

66 CIHEX2 Undefined Undefined 

67 CIHEX3 Undefined Undefined 

68 CTRIAAX 2 Hannonic or Point Angle Undefined 
3 Radial (R) at 1 
4 Circum (Theta-T)at 1 
5 Axial (Z) at 1 
6 Radial (R) at 2 
7 Circum (Theta-T)at 2 
8 Axial (Zl at 2 
9 Radial (R at 3 

10 Circum {Theat-T)at 3 
11 Axial { Z) at 3 

69 CTRAPAX 2 Hannonic or Point Angle 
3 Radial (R) at 1 
4 Circum (Theta-T)at 1 
5 Axial ( Z) at 1 
6 Radial (R) at 2 
7 Circum (Theta-T)at 2 
8 Axial (Z) at 2 
9 Radial (R) at 3 

10 Circwn {Theta-T)at 3 
11 Axial {Z) at 3 
12 Radial (R) at 4 
13 Circum (Theta-T)at 4 
14 Axial (Z) at 4 
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2.3.53 Data Blocks Output From 1-lodule DDR2 

2.3.53. 1 UEVF (MATRIX) 

Description 

[uf] - Displacements at the extra points for a frequency response problem. e 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.53.2 PAF (MATRIX) 

Description 

= number of frequencies times number of loads 
= e 
= rectangular 
= single precision 

- Equivalent load vector for mode acceleration computations in a frequency response 
problem - a set. 

Matrix Trail er 

Number of columns 
Number of rows 
Form 
Type 

= number of frequencies times number of loads 
= d 
= rectangular 
= single precision 

2.3.53.3 UDV2F (MATRIX) 

Description 

[u~a] - Mode accelerated displacement vectors for a frequency response problem. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.53.4 UEVT { MATRIX} 

Description 

• number of frequencies times number of loads 
• d 
• rectangular 
• complex single precision 

[ut] - Displacement at the extra points for a transient analysis problem. e 
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Matrix Trailer 

ilumber of columns 
Number of rows 
Fonn 
Type 

2.3.53.5 PAT (MATRIX) 

Description 

DATA BLOCK AND TABLE DESCRIPTIONS 

= number of output times multiplied by 3 
= e 
= rectangular 
= real single precision 

[Pt] - Equivalent load vector for mode acceleration in a transient analysis problem. 
a 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.53.6 UDV2T (MATRIX) 

Description 

- number of output times multiplied by 3 
- d 
- rectangular 
- real single precision 

[u~a] - Mode accelerated displacement vectors for a transient analysis problem. 

Matrix Trailer 

Uumber of columns 
NurTDer of rows 
Form 
Type 

• number of output times multiplied by 3 
• d 
• rectangular 
• real single precision 
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2.3.54 Data Blocks Output from Module BMG 

2.3.54.1 BDP00L (TABLE) 

Description 

Hydroelastic boundary matrix tables. 

Table Format 

Same format as the MATP00L data block DMIG card images. 

!~ates: The names of the matrices are KBFL and ABFL 

Table Trailer 

IFP format, 6 words containing 96 pointer bits for use by subroutines PREL0C and L0CATE. 

2.3.55 Data Blocks Output from Module PLTTRAN 

2.3.55.1 SIP (TABLE) 

Description 

Same format as data block SIL. If fluid points are present each fluid point, i, will cause 

the next SIL value to have a value: 

SIL(i+l) • SIL(i) + 1 

The SIP data will be: 

SIP(i+l) • SIP(i) + 6 

where i is a fluid point. 

2.3.55.2 BGPDP (TABLE) 

Description 

Same format as data block BGPDT except fluid points have the value -2 in the fields 

corresponding to coordinate system identification numbers. 

2.3.55.3 HSIP (TABLE) 

Description 

See description and format of SIP table - section 2.3.55. 
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2.3.56 Data Blocks Output from Module RMG 

2.3.56. 1 HRGG (MATRIX) 

Radiation matrix for heat transfer. 

2.3.56.2 HQGE (MATRIX) 

The first record is a list of the HBDY elements. Subsequent records are in matrix format. 

one column per element. defining the temperature-flux relationship between points and elements. 

2.3.56.3 HKGG (MATRIX) 

In heat transfer, KGG defines the temperature-heat flow relationships between points. 

2.3.57 Data Blocks Output from Module TRLG 

2.3.57.1 PPT or HPP0 (MATRIX) 

Description 

[PP
0

] - Load versus time matrix, each column is a complete load vector at a specific 
output time. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of output times 
• p 
• rectangular 
• real single precision 

2.3.57.2 PST or HPS0 (MATRIX) 

Description 

[P so] - Load versus output time matrix - s set •. 

Matrix Trailer 

Number of co 1 umns 
Number of rows 
Form 
Type 

• number of output times 
• s 
• rectangular 
• real single precision 
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2.3.57.3 PDT or HPD0 (MATRIX) 

Description 

{Pd
0

] - Load versus output time matrix - d set. 

Matrix Trailer 

Number of co1umns = number of output times 
Number of rows = d 
Form = rectangular 
Type = real single precision 

2.3.57.4 PO or HPOT (MATRIX} 

Description 

[Pdt] - Load versus all times matrix - d set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.57.5 PH (MATRIX} 

Description 

= number of time steps 
= d 
= rectangular 
= real single precision 

[Pht] - Load versus all times matrix - h set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.57.6 T0L (TABLE} 

= number of time steps 
= h 
• rectangular 
= rea1 single precision 

List of output time values 
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2.3.58 Data Blocks Output from Module TRHT 

2.3.58. l HUDVT (~ATRIX) 

Desc ri pti ori 

[HU~] - Temperature and velocity vector matrix in a transient analysis problem - d set. 

Matrix Tra i 1 er 

Number of columns 
Number of rows 
Fonn 
Type 

2.3.58.2 HPNLD (MATRIX) 

Description 

= three times number of output time steps. 
= d 
= rectangular 
= real 

[HP~1] - Nonlinear loads in transient problem - d set. 

Matrix Trailer 

Number of columns • nullDer of output times 
Number of rows = d 
Form • rectangular 
Type • real 

2.3.59 Data Blocks Output f~om Module SSGHT 

2.3.59.1 HUGV (~TRIX) 

Description 

[HU
9

] - Temperature vector matrix giving temperatures in the g set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases in CASECC 
• g 
• rectangular 
• real 
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2.3.59.2 HQG (MATRIX) 

Description 

[Q
9
] - Heat flux matrix due to single point forces of constraint - g set. 

Matrix Tra i1 er 

Number of columns = number of subcases 
= g 

in CASECC 
Number of rows 
Form 
Type 

2.3.59.3 HRULV (MATRIX) 

Description 

= rectangular 
= real 

[SP1] - Residual heat fluxes for the t set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of subcases in CASECC 
= t 
= rectangular 
= real 

2.3.60 Data Blocks Output from Module SDRHT 

2.3.60. 1 H0EFIX (TABLE) 

Description 

See description and format of 0EF1 - section 2.3.28. 19. 
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2.3.61 Data Blocks Output from Module GPCYC 

2.3.61.1 CYCD (TABLE) 

Description 

Identification of independent degrees of freedom in cyclic sy1T111etry problems. There is one 

logical record. 

Table Format 

Record 

0 

1 

2 

Table Trailer 

Word 

1-2 

1 

2 

n 

~ 

B 

I 

I 

I 

llim. 

Data Block Name 

Code* word for the elements in Ua set 

End of file 

Word 1 • 1 for rotational; 2 for dihedral S}'ll111etry 

Word 2 • number of degrees of freedom in a displacement set 

Words 3-6 • zero 

Code* for rotational O • interior point 

+m • this point on side 1 is connected tom 

-m • this point on side 2 is connected tom 

Code for dihedral O • interior point 

1 • side 1, even component 

2 • side 1, odd component 

3 • side 2, even component 

4 • side 2, odd component 
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2.3.62 Data Blocks Output From Module APO 

2.3.62.1 GPLA (TABLE) 

Description 

Grid Point List - Aerodynamics 

One logical record which contains a list of all grid points, scalar points, extra points and 

aerodynamic points in the model in internal sort. 

Table Format 

Record 

0 
1 

2 

Table Trailer 

Word 

1 

n 

I 

I 

Item 

Header record 
ID for first point 

ID for nth point 
End-of-file 

Word • number of grid points+ number of scalar points+ number of extra points+ 
aerodynamic points 

Word 2-6 • zero 

2.3.62.2 SILA (TABLE) 

Description 

Scalar Index List - Aerodynamics. 

Two logical records. First logical record contains scalar index values in the pA-displace­

ment set for each point in the model (internal order). These values are defined as follows: 

SILA1 • 1 
SILA • SILA; + 6 if i corresponds· to a grid point 

i+l SILA; + l if i corresponds to a scalar or an extra point 

The second logical record contains an equivalence between scalar index values in the g-displace­

ment set and scalar index values in the pA-displacement set. 

Table Format 

Record ~ !i!.P! ~ 

0 Header record 
1 1 I Scalar index for first point 

n I Scalar index
0

for nth point 
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Record 

2 

3 

Table Trailer 

~ ~ 

1 , 2 I 

2m-l,2m I 

DATA BLOCK AND TABLE DESCRIPTIONS 

ll!!!!. 
SIL value, SILA value 

SIL value, SILA value 
End-of-file 

Word 1 = number of degrees of freedom in the pA-displacement set (LUSETA) 

Word 2 = number of extra points 

Word 3-6 = zero 

2.3.62.3 USETA (TABLE) 

Description 

Displacement set definitions table - aerodynamics. 

USETA contains one logical record. Each word corresponds to each degree of freedom in the 

pA-displacement set (in internal order) and contains ones in specified bit positions indicating 

the displacement set to which the point belongs. 

Table Fonnat 

Record ~ 

0 
1 1 

n 
2 

~: 

Ile!. 

L 

. 
L 

!ill!. 
Header record 
Mask for first degree of freedom 

Mask for nth'degree of freedom 
End-of-file 

Bit positions*for the various displacement sets are defined as follows: 

p~ k sA pS d fe ne p e Sb s R. a f n g r 0 

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

s m· 

31 32 

*Bit positions ::.re nunoered 1-32 from left to right for the right-most 32 bits 
of tne computer word. 

Table Trailer 

Word 1 • nunoer of degrees of freedom in the pA-displacement set (LUSETA). 

Word 2 • nunoer of extra points. 

Word 3 • zero. 

Word 4 • logical 11 or11 of all USETA masks. 

Word 5 • zero. 
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Word 6 = zero. 

2.3.62.4 EQAER0 (TABLE) 

Description 

Equivalence between external points and scalar index values - aerodynamics. 

EQAER0 contains two logical records. The first record contains pairs of external point 

numbers and internal grid point numbers in the pA-displacement set for the poJnts in external 

order. The second record is essentially the same as the first except that the type of point 

(grid, scalar, extra) is coded in the second word of the pair and the internal grid point number 

is converted to an SILPA value. Note that the internal grid point number is a pointer into 

the BGPA and hence extra points have an internal grid point number of zero. 

Table Format 

Record Word ~ Item 

0 Header record 
1 1,2 I internal grid point number - first point 

. . • th 2n-l,2n I internal grid point number - n point 
2 1,2 L ID for first point, lO*scalar index+ type 

2n-:-1,2n I ID for nth p~int, 10*sca1ar index+ type 
3 End-of-file 

Note: 
1 for grid point 

Type• 2 for scalar point 
3 for extra point 

Table Trailer 

Word 1 = number of grid points+ number of scalar points+ number of extra points+ number 
of aerodynamic points. 

Word 2 = number of extra points. 

Word 3-6 • zero. 

2.3.62.5 ECTA (TABLE) 

Description 

Element Connection Table - Aerodynamics. 

The ECTA contains one logical record for each element connection card type that has been 

input, and one logical record for GENEL elements if they have been input. Additionally, the 
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ECTA contains one logical record for all box elements generated for aerodynamics. 

Table Formats 

For other than box elements the ECTA is identical in format to data block GE0M2, output from 

module IFP. All external grid or scalar numbers are replaced by internal numbers. SP0INT data 

is not copied on the ECT. 

The format for aerodynamic box elements consists of six words per box 

~ Tyoe Item 

1 I Element IO 

2 I Internal IO Grid Point 1 

3 I Internal ID Grid Point 2 

4 I Internal ID Grid Point 3 

5 I Internal IO Grid Point 4 

6 I Internal ID Grid Point 5 

Box Element 

Table Trailer 

The trailer of the ECT table is adjusted to reflect the presence of box elements anJ used for 

the ECTA table. 

2.3.62.6 CSTMA (TABLE) 

Description 

Coordinate System Transfonnation Matrices - Aerodynamics. 

One logical record contains all coordinate system transfonnations. Transformation is from 

global to basic by the following formulation: 

{1) rectangular n [r11 
r12 •13] 

X r~ Y • r21 r22 r23 y + t2 

z B r31 r32 r33 z g t3 
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(2) cylindrical 

[l = 

(3) spherical 

X 

y = 

z B 

Table Format 

Record ~ 

0 
l 1 

2 

3-5 
6-14 

2 

Notes: 

DATA BLOCK DESCRIPTIONS 

[rll r,2 r13] [R cos el 

[:: l 
r21 r22 r23 R sin e + 

r31 r32 r33 z g 

[rll r,2 r13] r· sine cos ·J 
[::] r21 r22 r23 p sin e sin cf> + 

r31 r32 r33 p cos e , 

lli!!!. 
Header record 
Coordinate system IO 

Coordinate system type 
j 1 = rectangular 
12 = cylindrical 
( 3 • spherical 

r11• r12• r13• r21• r22• r23• r31• r32• 
End-of-file 

r33 

1. Coordinate system IO and coordinate system type are integers. 

2. ti and rij are single precision floating point. 

Table Trailer 

l repeated for 
each coordin­
ate system 

Word 1 • number of grid points+ number of scalar points+ areodynamic points. 

Word 2 • number of coordinate systems. 

Word 3-6 • zero. 

2.3.62.7 BGPA (TABLE) 

Description 

Basic Grid Point Definition Table - Aerodynamics. 

One logical record contains a list of all grid, scalar and aerodynamic points in internal 

sort, with (for grid points) their x, y, z coordinates in the basic system along with a coor­

dinate system IO for displacement computations. 
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Table Format 

Record 

0 
1 

2 

~: 

1 
2-4 

DATA BLOCK AND TABLE DESCRIPTIONS 

Item 

Header record 
Coordinate system ID 
x, y, z in basic system 
End-of-file 

I repeated for each grid, scalar 
\Or aerodynamic point. 

1. Coordinate system ID is integer; x, y, z are single precision, floating point. 

2. Scalar points are identified by coordinate system ID= -1, and x, y, z = 0. 

Table Trailer 

Word 1 = number of grid points+ number of scalar points+ number of aerodynamic points. 

Word 2-6 = zero. 

2.3.62.8 AER0 (TABLE) 

Description 

Aerodynamic Matrix Data. 

Contains information for control of aerodynamic matrix generation and flutter analysis. 

Table Format 

Record ~ 

0 1-2 
1 1 

2 
3 

2 1 
2 
3 
4 

Table Trailer 

Word 1 • 1 

Word 2-6 • zero. 

2.3.62.9 ACPT (TABLE) 

Description 

~ 

B 
I 
I 
R 
R 
R 
R 
R 

I 

ll!m. 
Data Block Name 
ND, Y-sym flag SYMXZ 
NE, Z-sym flag SYMXY 
REFC, reference chord BREF 
First value of m 
First value of k 
Second value of m 
Second value of k 

-1,the end 

Aerodynamic Connection and Property Table 
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DATA BLOCK DESCRIPTIONS 

Contains one record for each independent group of aerodynamic elements. 

Table Fonnat 

Record Word Item 

O 1-2 B Data Block Name 
1 l I Key word, 1 for doublet lattice 

2 I Number of panels, NP 
3 I Number of strips, NSTRIP 
4 I Number of boxes, NTP 
5 R F, fraction of box chord from center of pressure to downwash center 

NP words I NCARAY, boxes per chord 
NP words I NBARAY, last box on panel 

NSTRIP words R YS aero coordinates of strip 
NSTRIP words R ZS center 
NSTRIP words R EE strip half width 
NSTRIP words R SG sine of dihedral angle 
NSTRIP words R CG cosine of dihedral angle 

NTP words R XIC coordinate of center of pressure 
NTP words R DELX box chord 
NTP words R XLAM tangent of sweepback angle 

2 1 I Key word, 2 for Doublet Lattice with Bodies 
2 I NJ, Number of J points 
3 I NK, Number of K points 
4 1 NP, Number of Panels 
5 I NB, Number of Bodies 
6 I NTP, Number of Boxes 
7 I NBZ, Number of Z Bodies 
8 I NBY, Number of Y Bodies 
9 I NTZ, Number of Z Interference Body Elements 

10 I NTY, Number of Y Interference Body Elements 
11 I NT0, Sum of NTP + NTZ + NTY 
12 I NTZS, Number of Z Slender Body Elements 
13 I NTYS, Number of Y Slender Body Elements 
14 I NSTRIP, Number of strips on panels 

NP words I NCARAY, Boxes per chord 
NP words I NBARAY, Last box on panel 
NP words I NAS, Associated bodies per panel 
NB words I * NBEA 1 , Number of interference elements 
NB I * NBEA2, Z-Y flag 
NB I * NSBEA, Number of slender elements 
NB R ZB, Z Body center 
NB R YB. Y Body center 
NB R AVR, Half-width of body 
NB R ARB, Cross-section aspect.ratio 
NB I NFL, a-distribution per body 
NB R XLE, X-leading edge 
NB R XTE, X-trailing edge 
NB I NTl 21 • number e1 's for bodies 
NB I NT122, number e2 's for bodies 
NB+NSTRIP R ZS , Z - of strTp center 
NB+NSTRIP R VS , Y-of strip center 

NSTRIP words R EE, strip half width 
NSTRIP words R SG, size of dihedral angle 
NSTRIP words R CG, cosine of dihedral angle 

NTP+ENBEAl R X, 3/4 chord 
NTP+ENBEAl R OELX, box chord 
NTP words R XIC, coordinates of center of pressure 
NTP words R XLAM, tangent of sweepback angle 

ENSBEA words R A0, half-widths for bodies 
ENSBEA words R XIS1, X-of slender leading edge 
ENSBEA words R XIS2, X-of slender trailing edge 

* Sum of entries is noted by LNDEAi, where i • 1, 2) 
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Table Format (Cont'd.) 

Record Word ~ 

2 rNSBEA words R 
ENBEAl words R 

'.1.:NAS words I 
i::NFL words I 
ENFL words I 

ENT121 words R 
l:NT122 words R 

3 1 I 
2 I 
3 L 
4 L 
5 L 
6 L 
7 I 
8 I 
9 I 

10 I 
11-34 R 

2*NT0T R 

4 l I 
2 I 
3 I 
4 I 
5 I 
6 I 
7 I 
8 I 
9 R 

If(CLA=-1 & LCLA>O) 
NSTRIP+l R 

If(CLA=l & LCLA>O) 
NMACH*(NSTRIP+l) R 

If(CIRC>O & LCIRC>O) 
NMACH*(2*CIRC+2) R 

5 1 I 
2 I 
3 I 
4 I 
5 I 
6 I 
7 I 
8 I 
9 I 

10 R 
NSTRIP R 
NSTRIP R 
NSTRIP R 

If(NALPHA•l) 
2*NMACH R 

If(NALPHA•NSTRIP) 
NMACH*(NSTRIP+l) R 

DATA BLOCK ANO TABLE DESCRIPTIONS 

Item 

A0P, X-derivatives of body half-width 
RIA, Radius of interference elements 
NASS, associated bodies 
IFLAl, body with e1 distribution 
IFLA2, Body with e2 distribution 
TNlA, e1•s for bodies 
TN2A, e2·s for bodies 
Key word, 3 for MACH Box 
Number of J and K points - NTOT 
CRANKl 
CRANK2 
CNTRLl 
CNTRL2 
NB0X 
NPTSO - wing points 
NPTSl - control 1 points 
NPTS2 - control 2 points 
Twelve (x,y) pairs to define platform 
NT0T (x,y) pairs to define control points (wing, control l, control 2) 

Key word, 4 for STRIP theory 
Number of J and K points 
CLA 
LCLA 
CIRC 
LCIRC 
NMACH 
NSTRIP 
CLAM 

M, CLA1, CLA 2 •.•• , CLANSTRIP 

Ml, CLA1 1 ••• , CLANSTRIP 
M2, CLA1, ••• , CLANSTRIP 
MNMACH' CLA1, .•• , CL~STRIP 

Ml,ba,b1•81•···•bcIRC'8CIRC 
MNMACH'bo,b,,B,, ••• ,bc1RC 18CIRC 
Key word, 5 for Piston Theory 
Number of J and K points 
NMACH 
NTHRY 
NTHICK 
NALPHA 
NXIS 
NTAUS 
NSTRIP 
SECLAM 
DELTAX 
BL0C 
CA 

M1,ALPHA1,,,. 1 MNMACH'ALPHANMACH 

M1,ALPHA1,,,.,ALPHANSTRIP 
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Table Format (Cont'd.) 

Record 

S(Cont'd.) 
If(NTHICK O & NXIS=O) 

6 words R 
If(NTHICK O & NXIS=l) 

13 words R 
If(NTHICK O & NXIS=NSTRIP) 

12+NSTRIP R 
If(NTHICK=O & NTAUS=l) 

5 words R 
If(NTHICK=O & NTAUS=NSTRIP) 

S*NSTRIP R 

Table Trailer 

Word l = 
Words 2-6= zero 

2.3.62. 10 SPLINE {TABLE) 

DATA BLOCK DESCRIPTIONS 

Item 

I1, ... , I6 

1,, ... , I6' J,, ... , J5, e:hl 

1,, ... , I6' J,, ... , J6, e:hl'"'' e:NSTRIP 

Tl' Thl' Tr,, e:ml' e:hl 

Tl' Thl' TTl' ... , TNSTRIP' 'hNSTRlP' TTNSTRIP 
e:ml • e:hl' • • ·' ~STRIP' e:hNSTRIP 

Card Types and Header Infonnation 

Card Type Header Word 1 Header Word 2 Header Word 3 
Card Type 

SETl 
SET2 
SPLINE 
SPLINEl 
SPLINE2 
SPLINE3 

Card Type Fonnats 

SETl (open-ended) 
(grid points with 
internal numbering) 

SET2 (26 words) 

SPLINE (open-ended) 

SPLINEl (26 words) 

SPLINE2 (26 words) 

SPLINE3 (open-ended) 

3502 
3602 
200 

3302 
3402 
4901 

SID 

Trailer Bit Position 

35 
36 
2 

33 
34 
49 

Gl 
-1 

System Card Number 

268 
269 

0 
266 
267 
173 

G2 

SET2 card with two pack words plus the CAER0 card referenced. 

3 words perk point in problem 
External ID BGPA pointer K column number 

SPLINEl card plus 4 extra cards plus the CAER0 card referenced. 

SPLINE2 card plus the CAER0 card referenced. 

SPLINE3 card with grid points in internal order plus the CAER0 
card referenced. 

NOTE: For all cards with appended CAER0, the PIO has been replaced by the CAER0 ·coord system ID, 
field 5 is NSPAN, field 6 is NCH0RD, and field 9 is CAER0 type (1-5). For CAER0 type 2, 
field 18has body orientation. 

Table Trailer 

Words 1-6 = Identical to EPT Table. 
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2.3.62.11 FLIST (TABLE) 

Description 

Flutter Control Table 

The FLIST table contains copies of the AER0. FLFACT and FLUTTER cards in IFP (L0CATE) format. 

Table Format 

Record ~ ~ lli!!!. 
0 1-2 B FLIST (Data Block Name) 
1 1-3 I Locate code AER0 card 

4-EOF mixed AER0 card 
2 1-3 I Locate code FLFACT card 

4-EOF mixed FLFACT card 
3 1-3 I Locate code FLUTTER card 

4-EOF mixed FLUTTER card 

Table Trailer 

Word 1-6 = Identical to EDT table. 

2.3.62. 12 SILGA {TABLE) 

Description 

Scalar Index List - Aerodynamic boxes only. 

The SILGA table is a copy of the SIL table with the grid points added by the Aerodynamic 

boxes appended. It does not contain Extra Points and hence it, BGPA and EQAER0 go together. 

Table Format 

See .:iIL 

Table Trailer 

See SIL 
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2.3.63 Data Blocks Output from Module GI 

2.3.63.l GTKA (MATRIX) 

Description 

[Gka]T - Transformation matrix for displacements in the k-set in terms of deflection in the 

a-set. 

I 

Matrix Traher 

Number of columns= k 

Number of rows 

Form 

Type 

= a 

= rectangular 

= real - single precision 
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2.3.64 Data Blocks Output From Module AMG 

2.3.64.1 AJJL (MATRIX) 

Description 

[AJJ + AJJ •. , AJJ] - aerodynamic influence matrix list where N = number of pairs of 
N N N Mach number and reduced frequency input. 

Matrix Trailer 

number of columns= j*N (see definition of N above) 

number of rows 

form 

= j 

• rectangular 

type • complex single precision 

AJJL Header 

~ Value 

- 2 - AJJL 

3 - NJ= total j points 

4 - NK • total k points 

5 - NMK = size of record 2 of AER0 - number of m,k pairs 

6 - NMK*2 • m,k lists 

6+2NMK - NGP • number of records in ACPT 

7+2NMK - METHOD - theory ID• 1 • Doublet Lattice; 2 • Doublet Lattice with Slender Bodies; 
3 • Mach Box; 4 • Strip Theory; 5 • Piston Theory. 

8+2NMK - NJ• number of j points for this record. 

9+2NMK - NK • number of k points for this record. 

Words 6+2NMK, 7+2NMK, 8+2NMK and 9+2NMK are repeated NGP times. 

2.3.64.2 SKJ (MATRIX) 

Description 

[S] • integration matrix 
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Matrix Trailer 

number of columns= J 

number of rows 

fonn 

type 

2.3.64.3 DlJK 

Description 

Matrix Trailer 

= K 

= rectangular 

= real singular precision 

[01 ] - Real part of downwash matrix 
jk 

number of columns= j 

number of rows 

form 

type 

2.3.64.4 02JK 

Description 

Matrix Trailer 

• k 

= rectangular 

• real singular precision 

[D2jkJ - imaginary part of downwash matrix 

number of columns• j 

number of rows 

form 

type 

• k 

• rectangular 

• real singular precision 
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2.3.65 Data Blocks Output from Module AMP 

2.3.65.1 QHHL (MATRIX LIST) 

Description 

[Qhh] - Aerodynamic Matrix List - h-set 

QHHL is a matrix list. QHHL is used to store a series of matrices. Except for the header 

record, the format is that of a matrix. If there are NMK matrices, each with NR0W rows and NC0L 

columns, then QHHL will be stored as a matrix with NR0W rows and NMK times NC0L columns. 

A special header record is written which contains the following information: 

Matrix Trailer 

Record 

0 

Location 

1-2 

3 

4 

5-(4+2*NMK) 

Number of columns/submatrix • h 

Number of columns/list 

Number of rows 

Form/submatrix 

Form/list 

Type 

2.3.65.2 QKHL (MATRIX LIST) 

Description 

• h*NMK 

• h 

• square 

• rectangular 

• complex {S.P. on CDC 
D.P. on IBM 

Value 

Data Block Name 

NC0L 

NMK 

(m,k) pairs 

[Qkh] list - Aerodynamic transformation matrix between hand k sets. See QHHL description 

(Section 2.3.65.1). 

Matrix Trailer 

Number of columns/submatrix • h 

Number of columns/list • h*NMK 
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Number of rows 

Fonn/submatrix 

Form/list 

Type 

2.3.65.3 QKHL (MATRIX LIST) 

Description 

DATA BLOCK DESCRIPTIONS 

= k 

= rectangular 

= rectangular 

1 ls.P. on CDC 
= comp ex ID.P. on IBM, UNIVAC 

[Qkh] list - Aerodynamic transfonnation matrix between hand k sets. 
See QHHL description (Section 2.3.65.1). 

Matrix Trailer 

Number of columns/submatrix = h 

Number of columns/list 

Number of rows 

Fonn/submatrix 

Fonn/list 

Type 

= h*NMK 

• j 

= rectangular 

• rectangular 

• complex \S.P. on CDC 
jD.P. on IBM, UNIVAC 
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2.3.66 Data Blocks Output from Module FAl 

2.3.66.1 FSAVE (TABLE) 

Description 

Flutter storage save table. 

Table Format 

Record 

0 

2 

3 

4-end 

4-end 

4-end 

Table Trailer 

Word 

1-2 
3 

4 

5 

6 

7 

8 

1 
2 
3 

1 
2 

(1-LCC) 

1-2 

1-2 
3 
4 
5 

Word 1 Loop counter 

~ 

BCD 
I 

I 

R 

R 

R 

I 

R 
R 
R 

R 
R 

FSAVE 
l • k-method, 2 • KE-method, 3 = PK-method 

!1 = surface spline interpolation 
/2 • linear spline interpolation 
Vsound 
6ref 
Pref 
NVALUE 

MACH l 
KFREQ or Velocity j Repeat for each loop 
RH0 

MACH 
k-freq 

Repeat for each matrix on Qhh list 

Case Control Record 

Interpolated matrix save area for the K-method 

One record for each m,k pair for the KE-method 
Eigenvalue - complex Repeat for each eigenvalue 
Word 6 of trailer has number of eigenvalues in 
each record. 

One record for each m,k pair for the PK-method 

Eigenvalue - complex l 
Reduced frequency of acceptance - Real ~~~e:!ch 
Frequency - .5 (lm(p))- Real . 
Damping - b/'IIV(R(p) if Im(p)•O.O) - Real ~!Ye~-

- 2R(p)/Im(p) if tm(p);o.o u 
Word 6 of trailer has number of eigenvalues in 
each record. 

Word 2 Number of loops, number of triplets in record 1 
Word 3 Number of pairs in record 2 
Word 4 LCC, number of words on record 3 
Word 5 Type of matrix on FSAVE (l•SP, 2•DP, 3•CS, 4•DP) 
Word 6 Last column used by linear spline or number of RH0's for surface spline - K-method 
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2.3.66.2 KXHH (MATRIX) 

Description 

[K~h] - total modal stiffness matrix - h-set. 

Matrix Trailer 

number of columns= h 

number of rows 

fonn 

type 

= h 

= square 

= complex 

Note: KXHH looks like PHID for the PK-method (see Section 2.3.42. 1). 

2.3.66.3 BXHH (MATRIX) 

Description 

[B~h] - total modal damping matrix - h-set. 

Matrix Trailer 

number of columns= h 

number of rows 

fonn 

type 

= h 

• square 

= complex 

Note: BXHH looks like CLAMA for the PK-method (see Section 2.3.42.2). 

2.3.66.4 MXHH (MATRIX 

Description 

[M~h] - total modal mass matrix - h-set. 

Matrix Trailer 

number of columns• h 

number of rows 

fonn 

type 

• h 

a square 

• complex 
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2.3.67 Data Blocks Output From Module FA2 

2.3.67. 1 PHIHL (MATRIX) 

Description 

[~h] - appended complex mode shapes - h set 

Matrix Tra i1 er 

number of columns= number of modes 

number of rows 

form 

• h 

• rectangular 

type • complex single precision 

2.3.67.2 CLAMAL (TABLE) 

Description 

A - appended complex eigenvalue output table 

Table Format 

Same as CLAMA (2.3.42.2) except that the six data words in record 2 contain all eigenvalues 

found and currently selected. 

Table Trailer 

Word 1 contains the total number of eigenvalues 

Words 2 - 6 • O 

2.3.67.3 CASEYY (TABLE) 

Description 

Appended Case Control Data Table 

Table Format 

Same as CASECC except that there is one record for each eigenvalue. Also words 103 through 

134 contain FL00P. k, m1 and RH0 to provide some automatic output identification. 

Table Trailer 

Word 1 • total number of eigenvalues 
Word 2 • O 
Word 3 • maximum length of CASEYY Record 
Word 4 • PL0T Flag 
Words 5-6 • O 
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2.3.67.4 0VG (TABLE) 

Description 

Output aeroelastic curve requests (V-g or V-f). 

Tab 1 e Format 

Record 

0 
1 

2 

Notes: 

Word 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 
1 
2 

3-4 

~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

B 
B 
B 
R 
I 
R 

Item 

Header record 
Device code +lO*approach code 
2002 
0 
1 
lO*point ID+ device code 
0 
0 
0 
Fonnat code• 1 
Number of words per entry in next record= 4 
Not defined 
Title 
Subtitle 
Label 
Velocity Repeat for each Not used 
g. f eigenvalue 

1. Records 1 and 2 are repeated for each (m,k,p) point. 

2. Device code= 0 • x y output only 

3. Fonnat code• 1 • real 

4. Approach code• 6 

5. Point ID• FL00P 

6. The label contains FL00P, m, k and p. 

Table Trailer 

Words 1 - 6 contain no significant values. 
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2.3.68 Data Blocks Output from Module 0PTPR1 

2.3.68.1 0PTP1 (TABLE) 

Description 

Property optimization input table. 

Table Format 

Record 

0 

2 

3 

Word 

l ,2 

3 

4 

5 

6 

7 

1-NTYPES 

NTYPES+l to 
NTYPES+l+2* 
(NP0W+1) 

l 

2-4 

5 

l 

2 

3 

4 

5 

6 

~ 

B 

I 

R 

R 

I 

B 

I 

I 

I 

R 

I 

I 

I 

R 

R 

R 

I 

Item 

File name 

Maximum number of iterations 

Convergence criteria 

Iteration factor 

Print control 

Punch control, YES or N0 

Element type pointers where NTYPES is the number 
of types possible 

Element type optimization pointers where NP0W is 
the nuni>er of types current available 

Element ID 

Temperature dependent 
element stress limits 

Property card pointer 

Property ID 

EST design variable 
*'iJO + material stress 
limit parameter 

Original property value 

Last property value 
(initially word 3 • word 
4. Module 0PTPR2 updates 
with every iteration 

Property change ratio 
limit (-1.0) 

Property change limit 
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DATA BLOCK DESCRIPTIONS 

Record Word ~ Item 

4 R Minimum property change 
ratio (New/Original). Repeated for each 

2 R Maximum property change referenced limit 
ratio (New/Original). in Record 3. 

5 End of file. 

Table Trailer 

Word l = 0 

Word 2 = Number of words in record 2. 

Word 3 = Number of words in record 3. 

Word 4 = Number of words in record 4. 

Word 5 = 0 

Word 6 = Number of element types available to NASTRAN. 
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2.3.69 Data Blocks Output from Module EMA 

2.3.69.l XGG (Matrix) 

Description 

XGG = KGG, KGGX, HKGG, HKGGX, BGG, HBGG, MGG, or K4GG (i.e., any structural matrix is optional). 
For instance, 

[K
99

J = Stiffness matrix in matrix notation 

Matrix Trailer 

Number of columns= number of rows= total degrees of freedom in the problem 

form = symmetric 

type = real 

2.3.69.2 GPST (TABLE} 

Description 

Grid Point Singularity Table 

Table Format 

Record 

0 

l 

2 

Note 

1 
2 
3 
4 

. 
2+N 

All entries are integers. 

Table Trailer 

Word l • undefined 
Word 2 • O 
Word 3 • l 
Word 4 • 2 
Word 5 • 1 
Word 6 • O 

Header record 

Order of singularity (1, 2, or 3) 
N = nuri>er of SIL nuri>ers that follow 
SIL1 
SIL2 

~ ., 
. ·N 

~nd-of-file 
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2.3.70 Data Blocks Output from Module EMG 

2.3.70.l KELM (TABLE) 

Description 

El~ment stiffness matrices table. 

Table Format 

Record 

0 

l 

2 

l+i-1 

j 

Word 

1-2 

l-n1 

1-n1 

l-n1 

B 

R 

R 

R 

Item 

Data block name. 

First element stiffness partition of 
first element in the EST. (Length= 
n1 is variable, depending on the 
element type.) 

Second element stiffness partition of 
first element in the EST. 

Last partition as described above. 

End-of-file. 

1. Records 1 through "i" repeat for each element present within a given element type. 
11 111 may vary, and in general, will equal the number of grid points the element 
connects. The total number of records j is determined by considering the number 
of element types, the number of elements within each type, and the number of 
connected grid points for each element. This table is reduced in size if valid 
congruences exist in the problem. 

2. This file is designed to be a reference file in direct access when used for data 
block KDICT. 

Table Trailer 

Word l • precision of data, l or 2 

Words 2-6 • zero 
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2.3.70.2 KDICT (TABLE) 

Description 

Element dictionary table for the element stiffness-matrix partitions found in data block KMAT. 

Table Format 

Record 

0 

1 

Repeating entry 
for each element 
in this element 
type. 

~ 

1-2 

1 

2 

3 

4 

5 

6 

7 

8 

9 thru 8+NU,CS 

8 

I 

I 

I 

I 

I 

I 

I 

R 

I 

Item 

Data block name. 

Element type number. 

Length of entries beginning in Word 4 
of this record. 

Maximum number of partitions to be 
written in the element matrix data 
block for each element of this 
element type• NL0CS. 

Serial EST element number. 

Matrix type l • square; matrix type 
2 • diagonal. 

Column size of the element matrix. 

Component code word. 

Zero or damping constant. 

GIN0-L0C identifications for 
corresponding partitions on file KMAT. 

l. This data block will have a comparable number of records to that of the EST. 

2. Record 1 will repeat for each element type present. 

Table Trailer 

Word 1 • precision of data, 1 or 2 in matrix data block 

Words 2-6 • zero 
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2.3.70.3 MELM (TABLE) 

Description 

Element mass matrices table. Identical in format to that of data block KMAT. See 
Section 2.3.70.1. 

2.3.70.4 MDICT (TABLE) 

Description 

Element dictionary table for the element mass matrix partitions found in data block MMAT. 
Identical in format to that of data block KDICT. See Section 2.3.70.2. 

2.3.70.5 BELM (TABLE) 

Description 

Element damping matrices table. Identical in format to that of data block KMAT. See 
Section 2.3.70.1. 

2.3.70.6 BDICT (TABLE) 

Description 

Element dictionary table for the element damping matrix partitions found in data block 
BMAT. Identical in format to that of data block KDICT. See Section 2.3.70.2. 

2.3.70.7 HKELM (TABLE) 

Description 

See description and format of KELM table - section 2.3.70.1. 

2.3.70.8 HKDICT (TABLE) 

Description 

See description and format of KDICT table - section 2.3.70.2. 
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2.3.70.9 HBELM (TABLE) 

Description 

See description and format of BELM table - section 2.3.70.5. 

2.3.70.10 HBDICT (TABLE) 

Description 

See description and format of SDICT table - section 2.3.70.6. 
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2.3.71 Data Blocks Output from Module ASDMAP 

2.3.71 .1 CASESS (TABLE) 

Description 

In a Phase 2 substructure analysis, the conmand data CASESS is placed on the CASECC file pre­

ceding the nonnal case control data (See Sec. 2.3.1.1). The CASESS· data is arranged as one record 

per substructure conmand. (No ~nd-of-file is used between the CASESS and case control data.) 

Table Fonnat 

Record Word 

0 1-2 

1 

2 

3 

4,5,6 

~ 

B 

B 

I 

I 

Band I 

Item 

Name= CASESS 

Corrmand name 

Number of words in record 

(C0MB only) Number of substructures to be combined 

Groups of three words 

KEY,. Vl, V2 

2 

3n+l,3n+2,3n+3 

etc. 

If Vl = -1, V2 = integer 

If Vl = -2, V2 = real 

Otherwise both are BCD 

The following is a description of the data actually used by the Phase 2 modules. Some additional 

KEY values are used only during SDMAP processing and are not presented here. Note that all values 

are BCD unless otherwise indicated. 

KEY words for corrmand C0MB: 

Key 

NA1,NA2, ..• ,NA7 

NAMC 

S0RT 

T0LE 

C0NN 

C0MP 

Corresponding Vl, V2 Values 

Names of component substructures 

Name of combined structure 

'X', 'Y', or 'Z' sorting option 

Automatic connection tolerance (real) 

Connection set IO (integer) 

Component name 

2.3-269 (7/4/76) 
.,-



~ 

TRAN 
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Corresponding Vl, V2 Values 

Transfonnation set ID (integer) 

Planes of syrrmetry (X, XV, z. etc.) 

Name of structure to search 

Connection option 'AUTO' or 'MAN' 

Key words for conmand REDU: 

NAMA 

NAMB 

B0UN 

Name of substructure A 

Name of substructure B 

Boundary set ID (integer) 

Key words for conmand REC0: 

PRIN 

SAVE 

Name of substructure to be saved and printed 

Name of substructure to be saved 
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2.3.72 Data Blocks Output from Module C0"'132 

2.3.72. l MATC (MATRIX) 

Des cri pti on 

[K(i)], [M(i)], or [P(i)] - Phase 2 stiffness, mass, or load matrix for substructure i-9 set. 99 99 9 

Matrix Trailer 

Stiffness and mass: 

Number of columns= g 

Number of rows 

Form 

Type 

Loads: 

= 9 

= symmetric 

= real double precision 

Number of columns= total number of Phase l subcases in all component basic substructures 

Number of rows 

Fonn 

Type 

= g 

= rectangular 

= real single precision 
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2.3.73 Data Blocks Output from Module RC0VR 

2.3.73. l 0PHIG (TABLE) 

Description 

Output eigenvector requests (g set, S0RT1, real). 

Table Fonnat 

See Section 2.3.28. 13, 0PHIG. 

2.3.73.2 0UGV1 (TABLE) 

Description 

Output displacement vector requests (g set, S0RT1. real). 

Table Fonnat 

See Section 2.3.28.1, 0UGV1. 

2.3.73.3 0PG1 (TABLE) 

Description 

Output load vector requests {g set, S0RT1, real}. 

Table Fonnat 

See Section 2.3.28.5, 0PG1. 

2.3.73.4 0QG1 (TABLE) 

Description 

Output reaction forces requests (g set, S0RT1, real). 

Table Fonnat 

See Section 2.3.28.8, 0QG1. 
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U2 

U3 

U4 

us 

Description 

DATA BLOCK OESCRI PTIONS 

(MATRIX) 

[u9] - Displacement vector matrices - g set of the appropriate substructure. 

Matrix Trailer 

Number of columns• nunber of subcases in Phase 2 

Number of rows = g (of the appropriate substructure) 

Form • rectangular 

Type • real single precision 
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2.3.74 Data Blocks Output from Module RC0VR3 

2. 3. 74.1 UAS (MATRIX) 

Description 

[uaJ - Displacement matrix from Phase 2 substructure solution - a set. 

Matrix Trailer 

Number of columns= number of subcases in Phase 2 during solution 

Number of rows 

Fonn 

Type 

2.3.74.2 QAS (MATRIX) 

Description 

= a 

= rectangular 

= real single precision 

[qa] - Matrix of reaction forces from Phase 2 substructure solution - a set. 

Matrix Trail er 

Number of columns= number of subcases in Phase 2 during solution 

Number of rows 

Fonn 

• a 

• rectangular 

Type • real single precision 

2.3.74.3 PGS (MATRIX) 

Description 

[P
9
] - Static load vectors for Phase 2 substructure solution - g set. 

Matrix Trailer 

Number of columns• number of subcases in Phase 2 during solution 

Number of rows • g 

Form • rectangular 

Type • real single precision 

2.3.74.4 PSS (MATRIX) 

Description 

[Ps] - Static load vectors for Phase 2 substructure solution - s set. 
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Matrix Trailer 

Number of columns= number of subcases in Phase 2 during solution 

Number of rows 

Form 

Type 

2.3.74.5 P0S (MATRIX) 

Description 

= s 

= rectangular 

= real single precision 

[P0 ] - Static load vectors for Phase 2 substructure solution - o set. 

Matrix Tra i1 er 

Number of columns= number of subcases in Phase 2 during solution 

Number of rows 

Form 

Type 

2.3.74.6 YSS (MATRIX) 

Description 

= 0 

= rectangular 

= real single precision 

[Ts] - Constrained displacement vectors for Phase 2 substructure solution - s set. 

Matrix Trailer 

Number of columns• number of subcases in Phase 2 during solution 

Number of rows = s 

"' rectangular Fonn 

Type = real single precision 

2.3.74.7 LAMA (TABLE) 

Oescri pti on 

Real eigenvalue table from Phase 2 substructure solution. 

Table Format 

See Section 2.3.30. 1, LAMA. 
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2.3.75 Data Blocks Output from Module REDUCE 

2.3.75. l PVX (MATRIX) 

Description 

{PVX} - The partitioning vector defining the degrees of freedom retained after a reduce 

operation. The value 1.0 is assigned if the degree of freedom is retained, and the value 0.0 if 

the degree of freedom is reduced out. 

Matrix Trailer 

Number of columns= l 

Number of rows 

Fonn 

Type 

2.3.75.2 USX (TABLE) 

Description 

= n, the number of degrees of freedom in the unreduced substructure 

= rectangular 

= real single precision 

The displacement set definitions table corresponding to PVX with only the flags for u0 

and ua set. 

Table Fonnat 

Record 

0 

l 

2 

Table Trailer 

Word 1 

Word 2 

Word 3 

Word 4 

1-2 Data block name 

3-4 0.0 

1 

n 

• 0 

• n 

• a 

= logical 

Mask for firs·. degree of freedom 

Mask for nth degree of freedom 

End-of-file 

"OR" of all USET masks 

Words 5-6 = 0 
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2.3.75.3 INX (MATRIX) 

Description 

[INX] - The identity matrix partition of the reduction transformation: 

Matrix Trailer 

Number of columns= n 

Number of rows 

Form 

Type 

= n 

= square 

= real single precision 
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2.3.76 Data Blocks Output from Module SGEN 

2.3.76.l CASES (TABLE) 

Description 

Substructure case control. 

Table Fonnat 

CASES is identical to data block CASESS, Section 2.3.71. 1. 

2.3.76.2 CASEC (TABLE) 

Description 

Case Control data table for Phase 2 substructure analysis. 

Table Fonnat 

See Section 2.3.1. 1, CASECC. 

2.3.76.3 GPL (TABLE) 

Description 

Grid point list for Phase 2 substructure S0LVE operation. 

Table Fonnat 

Identical to data block GPL, Section 2.3.3.l, where a set of N scalar points with sequential 

identification numbers has been defined. N is the number of degrees of freedom in the g-set of 

the substructure to be solved. 

2.3.76.4 EQEXIN (TABLE) 

Description 

Equivalence between external grid or scalar numbers and internal numbers for Phase 2 sub­

structure S0LVE operation. 

Table Forinat 

Identical to data block EQEXIN, Section 2.3.3.2, where a set of N scalar points with sequen­

tial identification numbers has been defined. N is the number of degrees of freedom in the g-set 

of the substructure to be solved. 
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2.3.76.5 GPDT· (TABLE) 

Description 

Grid point definition table for Phase 2 substructure S0LVE operation. 

Table Format 

Identical to data block GPDT, Section 2.3.3.3, where a set of N scalar points with sequential 

identification numbers has been defined. N is the number of degrees of freedom in the g-set of the 

substructure to be solved. 

2.3.76.6 BGPDT (TABLE) 

Description 

Basic grid point definition table for Phase 2 substructure S0LVE operation. 

Table Format 

Identical to data block BGPDT, Section 2.3.3.5, where a set of N scalar points with sequential 

identification numbers has been defined. N is the number of degrees of freedom in the g-set of the 

substructure to be solved. 

2.3.76.7 SIL (TABLE) 

Description 

Scalar index list for Phase 2 substructure S0LVE operation. 

Table Format 

Identical to data block SIL. Section 2.3.3.6. where a set of N scalar points with sequential 

identification numbers has been defined. N fs the number of degrees of freedom in the g-set of the 

substructure to be solved. 

2.3.76.8 GP3S (TABLE) 

Description 

GE0M3 data block for Phase 2 substructure S0LVE operation. 

Table Format 

The format fs identical to the GE~M3 data block, Section 2.3.2.3. However, GP3S contains only 

L0AD card and Sl0AD card data. 
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2.3.76.9 GP4S (TABLE) 

Description 

GE0M4 data block for Phase 2 substructure S0LVE operation. 

Table Fonnat 

The fonnat is identical to the GE0M4 data block, Section 2.3.2.4. However, MPCS cards have 

been converted to MPC cards, SPCS to SPC, SPCSl to SPCl, and SPCSD to SPCO. Also, all grid numbers 

now refer to scalar numbers used in the S0LVE operation. See Section 2.3.76.3, GPL, for Phase 2 

substructure S0LVE operation. 

2.3.76.10 CSTM (TABLE) 

Description 

This data block is always purged. It exists solely to prevent DMAP compilation errors. 
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2.3.77 Data Blocks Output from Module PLTMRG 

2.3.77.1 PLTP {TABLE) 

Description 

Plot parameters and plot control table for Phase 2 substructure plots. 

Table Format 

Record 

0 

2 

3 

etc. 

Last 

Table Trailer 

Words 1-5 = 0 

Word 6 • l 

2.3.77.2 GPS (TABLE) 

Description 

Item 

Header record 

Duplicate of the 

plot control data block 

(PCDB) created by IFPl. 

End-of-file 

Grid point set related to the element plot set for Phase 2 substructure plots. 

Table Fonnat 

GPS is identical to data block GPSETS, Section 2.3.5.3, except there is only one plot set and 

its ID is 1. 

Table Trailer 

Words 1-5 • O 

Word 6 • 1 
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2.3.77.3 ELS (TABLE) 

Description 

Element plot set connection table for Phase 2 substructure plots. 

Table Fonnat 

ELS is identical to data block ELSETS, Section 2.3.5.4, except there is only one plot set. 

Table Trailer 

Words 1-5 = 0 

Word 6 = l 

2.3.77.4 BGP (TABLE) 

Description 

Basic grid point definition table for Phase 2 substructure plots. BGP contains the coordi­

nates of all grid points which were defined in Phase l for each basic substructure comprising the 

substructure to be plotted. 

Table Format 

Record 

0 

1 

2 

1 

2-4 

I 

R 

Header record 

Coordinate system ID 

X,Y,Z in basic system 

End-of-f i 1 e 

} 
Repeated for each 
grid or scalar point 

1. X,Y,Z are in the basic system of the substructure to be plotted,which may differ from 

the basic system of the basic substructure. 

2. Scalar points are identified by .a coordinate system ID • -1 and X, Y .z • O. 

Table Trailer 

Word 1 • Number of grid points+ number of scalar points 

Words 2-6 • O 
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2.3.77.5 CASEP (TABLE) 

Description 

Case control table for Phase 2 substructure plots. 

Table Fonnat 

See Section 2.3. 1.1, CASECC. 

2.3.77.6 EQEX (TABLE) 

Description 

Equivalence between external grid or scalar numbers and internal numbers for Phase 2 substruc­

ture plots, external sort. 

EQEX contains an entry for all grid and scalar points which were defined in Phase 1 for each 

basic substructure comprising the substructure to be plotted. 

Table Fonnat 

See Section 2.3.3.2, EQEXIN. 
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2.3.78 Data Blocks Output From Module M@DACC 

2. 3. 78. 1 CLAMAl (TABLE) 

CLAMAl is identical to CLAMAL except that the eigenvalue list contains only those selected 

by the 0FREQ card. 

2.3.78.2 CPHIHl (MATRIX) 

CPHIHl is identical to PHIHL except that it contains only those columns which are selected 

by the 0FREQ card. 

2.3.78.3 CASEZZ (TABLE) 

CASEZZ is identical to CASEYY except only those records pertaining to the selected eigenvalues 

are retained. 
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2.3.79 Data Blocks Output from Module DDRMM 

2.3.79.1 ZUPV2 (TABLE) 

Description 

See data block description for 0UPV2, Section 2.3.45.3. 

2.3.79.2 ZUPVCl (TABLE) 

Description 

See data block description for ~UPVCl, Section 2.3.28.4. 

2.3.79.3 ZUPVC2 (TABLE) 

Description 

See data block description for 0UPVC2, Section 2.3.45.11. 

2.3.79.4 ZQP2 (TABLE) 

Description 

See data block description for 0QP2, Section 2.3.45.2. 

2.3.79.5 ZQPCl (TABLE) 

Description 

See data block description for 0QPC1, Section 2.3.28.12. 

2.3.79.6 ZQPC2 (TABLE) 

Description 

See data block description for ~QPC2, Section 2.3.45.10. 

2.3.79.7 ZES2 (TABLE) 

Description 

See data block description for 0ES2, Section 2.3.45.4. 
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2.3.79.8 ZESCl (TABLE) 

Description 

See data block description for 0ESC1, Section 2.3.28.18. 

2.3. 79.9 ZESC2 (TABLE) 

Description 

See data block description for 0ESC2, Section 2.3.45.12. 

2.3.79. 10 ZEF2 (TABLE) 

Description 

See data block description for 0EF2, Section 2.3.45.5. 

2. 3. 79. 11 ZEFCl (TABLE) 

Description 

See data block description for ~EFC1, Section 2.3.28.22. 

2.3.79. 12 ZEFC2 (TABLE) 

Description 

See data block description for 0EFC2, Section 2.3.45.13. 
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2.3.80 Data Blocks Output from Module 0PTPR2 

2.3.80. l 0PTP2 (TABLE) 

Description 

Property optimization output table. 

Table Format 

The 0PTP2 is identical to fonn to data block 0PTP1, output from 0PTPR1. Record 3 word 4 is 

updated to reflect the last property value. 

Table Trailer 

Identical to trailer on ~PTPl data block. 
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2.3.81 Data Blocks Output From Module INPUTT2 

2.3.81.1 OlJE (MATRIX) 

Description 

[Dje] - Downwash factors due to extra points - real 

Matrix Trailer 

Number of columns= e 

Number of rows 

Form 

Type 

2.3.81.2 02JE (MATRIX) 

Description 

= j 

= rectangular 

= real 

[O~e] - Downwash factors due to extra points - complex 

Matrix Tra i1 er 

Number of columns• e 

Number of rows 

Form 

Type 

• j 

• rectangular 

• real 
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2.3.82 Data Blocks Output from Module CURV 

2.3.82.1 0ES1M (TABLE). 

Description 

Output element stress requests (S0RT1, real). 

Table Format 

Record 

0 

2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 

1 
2-NWDS 

I 
I 
I 
I 
I/R 
R/I 
I 
I 
I 
I 

B 
B 
B 

I 
Mixed 

Header record 

Device code+ 10* approach code 
5 
1000 + element type 
Subcase number 
Time, Load set ID, or mode number 
Eigenvalue or 0 
0 
Load set ID or O 
Fonnat code 
Number of words per entry in next record= NWOS 
Not defined 
Title 
Subtitle 
Label 

lO*element ID+ device code 
Element stress data 
See 2.3.51 for details l repeat 

for each 
element. 

1. Records 1 and 2 are repeated for each vector to be output. 

f 
O • x y output only 

Device code = 1 = print 
4 • punch 
5 • print and punch 

2. 

3. ! 1 • real 
Fonnat code = 2 • real/imaginary 

3 • magnitude/phase 

4. Approach code • 1, 2, 3, 6, 7, or 10 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.82.2 0ES1G (TABLE). 

Description 

Output requests for element stresses at grid points (S0RT1, real). 

Table Format 

Record 

0 

l 
2 
3 
4 
5 
6 
7 
8 

I 
I 
I 
I 
I/R 
R/I 
I 
I 

Header record 

Device code= lO*approach code 
5 
2000 = Element type 
Subcase number 
Time, Load set ID, or mode number 
Eigenvalue or 0 
0 
Load set ID or O 

9 I Fonnat code 
10 I Number of words per entry in next record= NWDS 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 , I lO*element ID+ device code 
2-NWDS Mixed Element stress data 

See 2.3.51 for details 

1. Records land 2 are repeated for each vector to be output. 

{ 

O • x y output only 

2. Device code = l: ~~~~~ 
5 • print and punch 

l 1 • real 
3. Format code • 2 • real/imaginary 

3 • magnitude/phase 

4. Approach code • 1, 2, 3, 6, 7, or 10 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.82.3 0ES1AM (TABLE). 

Description 

Output element strain/curvature requests (S0RT1, real). 

Tab 1 e Format 

Record 

0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I 
I 
I 
I 
I/R 
R/1 
I 
I 
I 

Header record 

Device code+ lO*approach code 
21 

.. 1000 + Element type 
Subcase number 
Time, Load set ID, or mode number 
Eigenvalue or 0 
0 
Load set ID or 0 
Format code 

10 I Number of words per entry in next record= NWDS 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I lO*element ID= device code l repeat 
2-NWDS Mixed Element strain/curvature data for each 

See 2.3.51 for details element. 

1. Records 1 and 2 are repeated for each vector to be output. 

{ 

O • x y output only 
2. Device code = 1 • print 

4 • punch 
5 • print and punch 

l 1 • real 
3. Fonnat code • ~•real/imaginary 

3 • magnitude/phase 

4. Approach code = 1, 2, 3, 6, 7, or 10 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.82.4 0ES1AG (TABLE). 

Description 

Output requests for element strains/curvatures at grid points (S0RT1, real). 

Table Format 

Record 

0 

1 
2 
3 
4 
5 
6 
7 
8 

I 
I 
I 
I 
1/R 
R/1 
I 
I 

Header record 

Device code+ lO*approach code 
21 
2000 + Element type 
Subcase number 
Time, Load set ID, or mode number 
Eigenvalue or 0 
0 
Load set ID or O 

9 I Format code 
10 I Number of words per entry in next record= NWOS 
11-50 Not defined 
51-82 B Title 
83-114 B Subtitle 

115-146 B Label 

2 1 I lO*element ID+ device code 
2-NWDS Mixed Element strain/curvature data 

See 2.3.51 for details 

1. Records 1 and 2 are repeated for each vector to be output. 

{ 

0 • x y output only 

2. Device code • l: ~~~~~ 
5 • print and punch 

j 1 • real 
3. Format code • l 2 • real/imaginary 

3 • magnituqe/phase 

4. Approach code • 1, 2, 3, 6, 7, or 10 

Table Trailer 

Words 1-6 contain no significant values. 
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2.3.83 Data Blocks Output from Module GPFDR 

2.3.83. l ~NRGYl (TABLE) 

Description 

Output element energy requests (S0RT1, real). 

Table Fonnat 

Record ~ ~ Item 

1-2 B Header record 0 

l l I Device code+ 10* approach code 

2 I 18 • 0FP major ID 

3 R Total energy of all elements 

4 I Subcase number 

5 I 0 

6-7 8 Element type name 

8-9 I 0 

10 I 3 • even number record's entry length 

11-50 I O· 

51-82 8 Title 

83-114 B Subtitle 

115-146 B Label 
repeats for 

1 I Device code+ 10* Element ID leach element of tyoe 
2 R Element energy specified by 

words 6-7 of 
3 R Per cent of total energy previous 

record 

2 

1. Records 1 and 2 are repeated for each element type having at least one element requested 
for output. 

2. Device code• 1 • print. 4 • punch. 5 • print and punch. 

3. Approach code• 1 for STATICS. 

4. Additional subcases also cause all records to repeat. 
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Table Trailer 

Word 1 = number of element types output 

Words 2-6 = D 

2.3.83.2 0GPF1 (TABLE) 

Description 

Output grid point force balance requests (S0RT1, real). 

Table Fonnat 

Record ~ ~ Item 

0 1-2 B Header record 

1 I Device code+ 10* approach 

2 I 19 • 0FP major ID 

3 I 0 

4 I Subcase number 

5-9 I 0 

code 

10 I 10 • length of entries in record 2 

11-50 I 0 

51-82 B Title 

83-114 B Subtitle 

115-146 B Label 

2 1 I Device code+ 10* Point ID 

2 I Element ID if element force 
entry or 0 repeats for 

each force 
3-4 B Element name, APP-LOAD, of each 

F-OF-SPC,or *TOTALS* point listed 

5-10 R R(Tl), R(T2), R(T3), 
R(Rl), R(R2), R(R3) 

1. Records 1 and 2 repeat for each subcase having any output requests. 

2. Device code• 1 • print, 4 = punch, 5 = print and punch. 

3. Approach code= 1 for STATICS. 
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Table Trailer 

Word 1 = number of output line entries 

Words 2-6• o. 

2.3.84 Data Blocks Output from Module CYCTl 

2.3.84.1 PX (MATRIX) 

Description 

[P ] - Partition of the load vector matrix giving static loads on - R. set. 
X 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.84.2 ULV 

Description (lo\CiTRIX) 

= number of subcases 
= R, 
= rectangular 
= real single precision 

[Ur,] - Partition of the displacement vector matrix giving displacements - 1 set. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

2.3.84.3 GCYCF (MATRIX) 

Description 

• number of subcases 
• .e. 
• rectangular 
• real single precision 

[GcfJ - Transformation matrix for loads on synsnetric components. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

• number of subcases 
• .e. 
• rectangular 
• real single precision 
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2.3.84.4 GCYCB (MATRIX) 

Description 

[Gcb] - Transfonnation matrix for displacements on syrrrnetric components. 

Matrix Trailer 

Number of columns 
Number of rows 
Form 
Type 

= number of subcases 
= 2, 

= rectangular 
= real single precision 

2.3.85 Data Blocks Output from Module CYCT2 

2.3.85.1 KKK (MATRIX) 

Description 

[Kkk] - Partition of transformed stiffness matrix - a set. 

Matrix Trailer 

Number of columns = k 
Number of rows = k 
Form = synrnetri c 
Type = real single/double precision 

2.3.85.2 PK (MATRIX) 

Description 

[Pk] - Partition of the transfonned load vector matrix for the solution set. 

Matrix Trailer 

Number of columns • number of subcases 
Number of rows • R. set 
Fonn • rectangular 
Type • real single precision 

2.3.85.3 UXV (MATRIX) 

Description 

[Uv] - Partition of the displacement vector matrix for the syrrrnetric components. 

Matrix Trailer 

Number of columns 
Nuni>er of rows 
Form 
Type 

• nunt>er of subcases 
• .l'. set 
"' rectangular 
= real single precision 
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2.3.85.4 RUXV (MATRIX) 

Description 

[oP£] - Residual vector matrix for the t set. 

Matrix Trai 1 er 

Number of columns 
Number of rows 
Fonn 
Type 

2.3.85.5 MKK (MATRIX) 

Description 

= number of subcases 
= t set 
= rectangular 
= real single precision 

[Mkk] - Partition of transformed mass matrix - a set. 

Matrix Trailer 

Number of columns 
Nunt>er of rows 
Form 
Type 

2.3.85.6 PHIA (MATRIX) 

Description 

• k 
• k 
• synmetric 
• real single/double precision 

[~] - Eigenvector matrix giving the eigenvector (displacements) in the a set. 
a 

Matrix Trailer 

Nunt>er of columns 
Nunt>er of rows 
Form 
Type 

2.3.85.7 LAMA (TABLE) 

Description 

• number of eigenvalues 
• a 
• rectangular 
• real single precision 

Aa - Real eigenvalue table. 

Tab 1 e Format 

See section 2.3.30.1. 
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2.3.86 Data Blocks Output from Module FRLG 

2.3.86. l Data Blocks PPFl, PSFl and PDFl are identical to PPF, PSF and PDF output by FRRD. 

2.3.86.2 PHF (MATRIX) 

Description 

[Pf] - Partition of load matrix - h-set. h 

Matrix Trailer 

Standard trailer. 

2.3.86.3 F0L (TABLE) 

Description 

Frequency Response Output List. 

Table Fonnat 

Record Word Item 

0 1-2 

3-NFREQ+2 

BCD 

R 

Table Name (F0L) 

Frequencies f (w=2~f) 

End-of-file 

Table Trailer 

Word 1 - Number of frequencies 

Word 2 - Frequency set record number 

Word 3 - Number of loads (proposed) 

Words 4-6 - Zero 
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2.3.87 Data Blocks Output from Module LAMX 

2.3.87. 1 LAMX (TABLE or MATRIX) 

Description 

Aa - Real Eigenvalue Table 

Note: Table LAMX is the same as LAMA - Section 2.3.30.l. 

[\] - Real Eigenvalue Matirx 

Note: Number of rows is the number of eigenvalues on LAMA until generalized mass is zero. 
Columns are eigenvalue, omega, frequency, generalized mass, and generalized stiffness. 
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2.3.88 Data Blocks Output from Module IFT 

2.3.88.1 UHVT (MATRIX) 

UHVT is an h-set matrix where the columns relate to the time step output as follows: 

Column - displacement (t=O) 

Column 2 - velocity (null) 

Column 3 - acceleration (null) 

Column 4 - displacement (t=t
1

) 

etc. 

Matrix Trailer 

Standard trailer. 

2.3.88.2 T0L (TABLE) 

Table Format 

Record 

0 

Table Trailer 

Word 

l-2 

3---N+3 

~ 

BCD 

R 

Word 1 - Number of time step changes 

Word 2 - Total number of times (N) 

Words 3-6 - Zero 

T0L 

Times 
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2.3.89 Data Blocks Output from Module FRRD2 

2.3.89. l UHVF (MATRIX) 

Description 

[U~] - Displacement vector matrix - h-set. 

Matrix Trailer 

Standard trailer. 
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2.3.90 Data Blocks Output from Module ADR 

2.3.90.1 PKF (MATRIX) 

Description 

[Pkf] - Aerodynamic Froces (pressures) relating k-set to frequency. 

Matrix Trail er 

Standard trailer. 
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2.3.91 Data Blocks Output from Module GUST 

2.3.91.1 PHF (MATRIX) 

Description 

[P~] - Dynamic load vector matrix on modal degrees of freedom combining GUST and Dynamic 
Frequency Response Loads - h-set. 

Matrix Trailer 

Standard trailer. 
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2.3.92 Data Blocks Output from module EQMCK 

2.3.92.1 0QM1 

Description 

Output forces of multi-point constraint requests (g set, S0RT1, real). 

Table Fonnat 

Record 

0 

2 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-50 
51-82 
83-114 

115-146 
1 
2 

3-8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A 
A 
A 

I 
I 
R 

Header record 
Device code+ lO*approach code 
20 
0 
Subcase number 
load set ID or mode number 
0 or eigenvalue 
0 
0 
Fonnat code 
Number of words per entry in next record• 8 
Not defined 
Title 
Subtitle 
Label 

lO*pofot ID + device code l repeat 
Point · for each 
R(Tl), R(T2), R(T3), R(Rl), R(R2), R(R3) jpoint 

1. Records 1 and 2 are repeated for each vector to be output. 

2. Device code, ! 
0 • x-y output only 
l = print 
4 • punch 
5 • print and punch 

3. Fonnat code, 1 = real 

4. Approach code= 1 or 2 

11 • grid point 5• Point type• I 2 • scalar point 

Table Trail er 

Word 1 • Nunt>er of vectors 
Word 2 • m set size 
Word 3 • 0 
Word 4 • 0 
Word 5 • 1 
Word 6 • O 
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2.4 EXECUT1VE TABLE DESCRIPTIONS 

The following is an alphabetical index of Executive table descriptions. 

Section Number Executive Table Name Where Stored Pa~e Numb£_ 

2.4.1.5 CEITBL /XCEITB/ 2.4-9 

2.4. l .4 CPL /XDPL/ 2.4-7 

2.4.1.2 FIAT /XFIAT/ 2.4-3 

2.4.1.3 FIST /XFIST/ and /XPFIST/ 2.4-5 

2.4.2.8 IFPXO /IFPXO/ 2.4-62 

2.4.2.9 IFPXl /IFPXl/ 2.4-63 

2.4.2.7 LNKSPC /XLKSPC/ 2.4-60 

2.4.2.2 MPL /XGPI2/ 2.4-22 

2.4.2.1 ~SCAR Data Pool File 2.4-16 

2.4.2.4 PVT /XPVT/ 2.4-57 

2.4.1.8 SYSTEM /SYSTEM/ 2.4-13 

2.4.1.7 TAPIO /STAPIO/ 2.4-12 

2.4.1.6 VPS /XVPS/ 2.4-10 

2.4.2.6 XALTER Problem Tape 2.4-59 

2.4.2.5 XCSA Problem Tape 2.4-58 

2.4.1. 1 XFIAT /XXFIAT/ 2.4-2 

2.4.1.9 XLINK /XLINK/ 2.4-15 

2.4.2.3 XPTDIC Prob 1 em Tape 2.4-55 

2.4.2. 10 ITEMOT /ITEMDT/ 2. 4-72 
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2.4.1 Executive Tables !·Jhich are Permanently Core Resident 

2.4.l .l XFIAT (Permanent File Allocation Table) 

Description 

A NASTRAN resident memory table containing the physical file identification for the 
permanent files (P00L, 0PTP, etc.). 

Created in Module 

The physical file identifications are output by GNFIAT (generate FIAT). 

Table Format 

Word -
1-N 

~ 
TP 

Word 
NOT jT I 

l USED p FILE 
s 111 u I 1 s 

NOT Ip I FILE 2 USED 
s 1,lulis 

N;:JT Ip I FILE 3 USED 
s 1111&1 u 

NOT 
USED P FILE 11lul1s 

N 

Description 

Tape Flag (1 bit) - set if physical file (FILE) is a 
magnetic tape. 

FILE File IO (15 bits) - unique integer identification for 
a physical file. 

1. The number of entries (N) is dictated by the integer value in PFIST (see FIST 
Executive Table Description - 2.4.1.3) 

2. The XFIAT table is located in the named COIIIIX)n block /XXFIAT/. 
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2.4.1.2 FIAT (File Allocation Table) 

Description 

A NASTRAN resident rn!mory table containing the data block name vs. physical file ID. for a 
segment of DMAP modules. 

Created in Module 

The physical files available for the system/computer configuration are output by GNFIAT 
(generate FIAT). The data block names and other data block information are output by XSFA, 
Executive Segment File Allocator. 

Tab 1 e Fonnat 

Word 1 

2 

3 

4 

5 

6 

UFA 

MXE 

CAE 
E A T 
Q I P I LTU I P I FILE 

I I I I 

.!' _3!J_3?_ - !.!Jl!- l.!..5 _ 1 

DATA BLOCK 
NAME 

FIAT Header 

7 Entry #1 (sample) 

8 

9 

10 

1l 

12 

N 

DATA BLOCK 
TRAILER 

PRI BLKS I SEC FLS I TER FLS 
n 1n1s ,a 1 

SEC BLKS I TER BLKS 
32 I 7 16 

I I 

- L - .J. - - -' - .L. - - -
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2 

3 

Item 

UFA 

MXE 

CAE 

DATA BLOCK AND TABLE DESCRIPTIONS 

Description 

Unique files available - this integer indicates the nunt>er of unique 
file entries in the FIAT. 

Maximum entries - this integer shows the total entry size of the 
dimensioned FIAT table; the amount of memory reserved (N) = 6 x MXE + 3. 

Current active entries - this integer designates the portion of FIAT 
currently containing valid data; UFA:£ CAE :£ MXE. 

Words 4 through 9 describe a sample 6-word entry: 

4 

5,6 

7,8,9 

10 

11 

EQ Equivalence flag (1 bit) - 0 bit, file not equivalenced. 
1 bit, file equivalenced. 

AP Append flag (1 bit) - set if append is specified for data block in 
DMAP sequence by a FILE DMAP instruction. 

LTU Last time used (14 bit integer) - record nunt>er of 0SCAR entry 
for last use of data block. 

TP Tape flag (1 bit) - set if physical file (FILE) is a magnetic tape. 

FILE File ID (15 bits) - unique identification for a physical file. 

NAME 

TRAILER 

PRI BLKS 

SEC FLS 

TER FLS 

SEC BLKS 

TER BLKS 

Data block name - 8 characters (4 characters/word). 

Data block trailer - storage for 6-16 bit data block trailer words. 

Number of blocks written to the primary file (note: this includes 
all the data written on a NASTRAN file for the CDC and UNIVAC versions 
of NASTRAN. For IBM, this includes that portion of the NASTRAN file 
written on the "PRixx" file but not that part of the NASTRAN file that 
was written on the 11 SECxx11 and 11TERxx11 files that became logical 
extensions of the "PRixx" file). 

Number of "SECxx" files assigned as logical extensions of the "PRixx" 
file. (Note: always "O" for CDC and UNIVAC). 

Nun'ber of "TERxx" files assigned as logical extensions of the 11 PRixx11 

file. (Note: always 11 0" for CDC and UNIVAC). 

Nunmer of blocks written on all the "SECxx" files that are logical 
extensions of the "PRixx" file (Note: always "O" for CDC and UNIVAC). 

Number of blocks written on all the "TERxx" files that are logical 
extensions of the "PRixx" file. (Note: always "0" for CDC and 
UNIVAC). 

Words 12 through N contain repeated 6-word entries. 

Trailer Infonnation 

Trailer infonnation for each data block is sotred in and received from the FIAT by WRTTRL 
(write trailer) and RDTRL (read trailer). 
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1. The FIAT table is located in the named colllTlon block /XFlAT/. 

2. A printout of the FIAT may be obtained each time the file allocator (XSFA) is called. 
This diagnostic aid is activated by setting DIAG 2. The printout consists of a header 
and a 17-column table. The header contains UFA, MXE and CAE as defined above, and the 
0SCAR record nuntier of the last call (0SCAR STR) made to XSFA and the 0SCAR record number 
of the current call {0SCAR STP) to XSFA. The columns of the table are: 

Column 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 - 17 

18 

19 

20 

21 

22 

Symbol Description 

EQ See above 

AP 

LTU 

TP 

UNIT 

NTU 

0F 

SG 

KN 

TR 

DATA BLK 

TRAILER 

PRI BLKS 

SEC FLS 

SEC BLKS 

TER FLS 

TER BLKS 

See above 

See above 

See above 

See FILE above 

Next time used - 0SCAR record nunber for next use of 
data block. 

Stack flag - turned off after stacking to prevent 
double stacking (see Section 4.9.5.2) 

Set to -1 if data block is allocated for module within 
current segment (see Section 4.9.5.2) 

Allocation type (see Section 4.9.5.2) 

Tape request flag (see Section 4.9.5.2) 

See NAME above 

See above 

See above 

See above 

See above 

See above 

See above 
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2.4.1 .3 FIST (File Status Table) 

Description 

A NASTRAN resident memory table containing the internal data block reference (IDBR) numbers 
vs. FIAT table pointers for a particular module; also, the permanent file reference names vs. 
XFIAT table pointers. 

Created in Module 

The module entries are generated prior to each module execution by subroutine GNFIST 
(Generate FIST). The pennanent entries are initialized at system assembly. 

Tab 1 e Format 

PFIST I 

Word· 1 MXE 

FIST Header 

2 CAE 

3 Penn Name1 

i--1----------- Sample Permanent Entry 
l .I XF Point I 4 

~ 

5 Penn Name2 _"T ___________ 

I 

6 1 I 
I XF Point 
I 

s! 
...___ ---

2I+2+1 

-,------------ Sample Module Entry 
I 

+2 O l F Point 
I 
I 

+3 

-,-----------
• 

+4 o: 
I F Point 
I 

. 
N 
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PFIST 

MXE 

2 CAE 

DATA BLOCK AND TABLE DESCRIPTIONS 

Description 

Integer number of permanent FIST entries. 

Maximum entries - this integer shows the total entry size of the 
dimensioned FIST table; the amount of memory reserved 
{N} = 2 * MXE + 2. 

Current active entries - this integer designates the oortion of 
FIST currently containing valid data; I~ CAE ~ MXE. 

l~ords 3 and 4 describe a sample 2-word permanent entry: 

3 

4 

Perm Name 

XF Point 

A permanent file reference name - 4 characters ~CD (e.g., P00L, 
0PTP, PL Tl, etc.). 

Points to the XFIAT position containing the file ID for this 
permanent file. 

Words 2I+2+1 and +2 describe a sample 2-word module entry. 

+l IOBR 

+2 F Point 

An internal data block reference number (GIN0 file number) -
integer (e.g., 104, 206, 301, etc.). 

Points to the FIAT position containing the file IO for this 
roodule entry. 

1. XFIAT pointer values contain an S bit equal to 1, while FIAT pointer values contain an 
S bit equal to O. 

2. Pen1~nent entries remain static throughout a run, while module entries are changed by 
GNFIST prior to each· module call. 

3. FIAT and XFIAT position pointers are indexes into the respective tables considering 
the first word of the table as position o. 

4. The FIST table is located in the named conman block /XFIST/. 
The PFIST entry is located in the named co11100n block /XPFIST/. 

2.4-6 ,' e:.../ 
. I -



EXECUTIVE TABLE DESCRIPTIONS 

2.4.1 .4 DPL (Data Pool Dictionary) 

Description 

A NASTRAN resident memory table describing the current contents and status of the Data Pool. 

Created in Module 

Data Pool, and therefore Dictionary entries, are created by pooling from SFA (Segment File 
Allocator), housekeeping operations by DPH (Data Pool Housekeeper) and restart initialization bv 
GPI (General Problem Initialization), and IFP (Input File Processor) when i'lri:~ng DMI and DT! 
infonnation (see sectton :.3.:). 

Table Format 

Word 1 NFA 

2 MXE DPL Header 

3 CAE 

4 
DATA BLOCK 

NAME 
5 Entry #1 ( saffl?1 e) 

T------r-------EI . I . 

6 Q: SIZE l FILE# 
I I 

s!u 1, 1, 

7 

Entry #2 

,------r-----I I : . 
N 

I_ 
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Word 

l 

2 

3 

Item 

NFA 

MXE 

CAE 

DATA BLOCK AND TABLE DESCRIPTIONS 

Description 

Next file available - the next Data Pool File number (integer) 
available for output. 

Maximum entries - this integer shows the total entrv size o~ 
the dimensioned DPL table; the amount of memory reserved 
(N) = 3 * MXE + 3. 

Current active entries - this integer designates the portion of 
the DPL currently containing val id data; O :s CAE::. MXE. 

\~ords 4 through 6 describe a sample 3-word entry. 

4,5 NAME 

EQ 

Data block name - 8 characters (4 characters/word). 

Equivalence flag (1 bit) - 0 bit, file not equivalenced. 
1 bit, file equivalenced. 

SIZE Size of the pooled data block - number of words/1000. 

FILE# The file number (integer) showing the relative position of the 
data block file of the pool. 

The DPL table is located in 'the labeled colTlllon block /XDPL/. 
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2.4. 1.5 CEITBL (Control Entry Information Table) 

Description 

CEITBL controls the REPT and EXIT DMAP module execution. 

Created In Module 

XGPI. 

Table Format 

Notes -

2 

3 

4 

5,6 

7 

8 

9, 10 

Word 

Item -
MN 

CN 

BL 
EL 

ML 
CL 

LN 

ERN 

MC 
cc 

2 

3 

4 

5 
6 
7 
8 

9 

10 . . . 
MN 

MN 
N 

31_. __ B.: ___ p 1., __ _E:. ___ 1 1 ML CL , 3J ______ L71!. _______ ( 

- LN - ) 
Not used 

1716 
ERN 

1 

3-;---Mc--~ 
1
~-1c--

1 ------- ------
Not used ·--------------
Not used 

Description 

Sample entry for REPT control 
(4 words) 

Sample entry for EXIT control 
(4 words) 

Maximum number of words in table (integer). 

Current number of words being used (integer). 

0SCAR record number where foop begins (integer). 
~SCAR record number where loop ends (integer). 

Maximum loop count as specified in REPT instruction (integer). 
Current loop count, that is, the number of times loop has been repeated {integer). 

Location name specified in REPT instruction (BCD). 

EXIT 0SCAR record number (integer). 

Maximum count specified in EXIT instruction. 
Current count of number of times EXIT instruction not executed. 
These two words are zeroed, 

CEITBL is located in named corrmon block /XCEITB/. 
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2.4.1.6 VPS (Variable Parameter Set Table) 

Description 

The VPS table contains the values of all variable parameters referenced by DMAP modules in a 
DMAP program. It is the means for transferring variable parameter values from one module to 
another. 

Created in Module 

XGPI. 

Table Format 

~ 

l 

2 

3,4 

5 

Word 

6 thru S+L 

1 

2 

3 

4 

5 

6 
S+L 

. 
MN 

MN 

CN 

Parameter , 
-- -- I Name ~rr--1-~-J---~------

S 1 30 2120 1716 1 - -- --- ---------- I 

Sample entry 
(variable length) 

~ 

.. ,• : 

1m 
MN 

CN 

Name 

A 

M 

T 

L 

V 

V 
I 

Oescriotion 

Maxi1111m number of words in VPS (inteqer). 

Current number of words being used {integer). 

BCD name of variable parameter. 

Assigned f1ag. A• 1 indicates value from DMAP instruction 
has been entered in VPS. 

Modified flag. M • 1 indicates parameter was modified by bulk 
data PARAM card on restart. 

Type code for parameter (integer}. 

Length in words of item V (integer). 

Value of parameter. 
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1. Items A, M and T (word 5 of sample entry) are used only by the XGPI module and are 
cleared prior to exiting XGPI. 

2. Type code and corresponding word length. 

T L 

1 = integer l 
2 = real, S.P. 1 
3 = BCD 2 
4 =real. D.P. 2 
5 = comp 1 ex, S. P. 2 
6 = complex, D.P. 4 

3. The VPS table is located in the named common block /XVPS/. 

2.4-11 

----------



DATA BLOCK AND TABLE CESCRIPTIONS 

2.4.1 .7 TAPIO (Problem Ta,e Identification Table) 

Description 

TAPIO contains Problem Tape identification information. 

Created in Module 

XCSA. 

Table Format 

Word 

2 

3 

4 

5 

6 

~ Item -
1,2 10, 

3,4 ID2 
5 M,D,Y 

6 R 

-- ID1 --
1-------------

-- ID2 --

M D y 
3 l 15 l .. 9 8 l 

R 

Description 

First BCD field on IC Executive Control card. 

Second BCD field on ID Executive Control card. 

The date - integers· month, day, year. 

Reel number of Problem Tape (integer). 

1. TAPIO ;s written on Problem Tape as single record field. It is always the first file 
on the Problem Tape. 

2. 0TAPID has same format as TAPIO. (1TAPI0 is the ID information from an Old Problem Tape 
being used for restarting problem. 

3. TAPIO and (1TAPI0 are located in named common block /STAPIO/. 
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2.4. 1.8 SYSTEM (NASTRAN System Parameters). 

Descriotion 

A NASTRAM resident memory table containing various machine dependent, operating system and 
NASTRAN parameters. The length of the table is defined by one of the table items. 

Created in Module 

Most items are initialized by the NASTRAN block data program, SEMDBD. Several machine 
deoendent items are set by subroutine BTSTRP. 

~ Format 

The sequential table description follows: 

Word 

1 
2 
3 
4 
5 
6 
7 

B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 

23 
24 
25 
26 
27 

28 

29 
30 
31 
32 

33 

S:l!!!bol 

SYSBUF 
0UTTAP 
N0!W 
INTP 
MPC 
SPC 
L0GETR 

L0AD 
NLPP 
MTEMP 
NPAGES 
NLINES 
TUNES 
MXLINS 
DATE{l) 
DATE(2) 
DATE(3} 
TIMEZ 

ECH0F 
PL0TF 
APPRCH 
MACH 

LSYSTM 
EDTUMF 

CPPGCT 
MN 

IC0NFG 

MAXFIL 
MAX0PN 
HIC0RE 
TIMEW 

9FPFLG 

Description 

Number of words in a GIN0 buffer 
F0RTRAN logical unit for output 
Flag defining status during Preface 
F0RTRAN logical unft for input 
Multipoint constraint set ID 
Single-point constraint set IO 
Maximum number of entries to place in Log file 
11 0" implies unlimited 
First record oointer in Case Control data block 
Number of lines per page of printed output 
Material temperature set ID 
Current page count · 
Number of lines on current page 
Total number of lines printed for problem 
Maximum number of printed lines permitted 
Today 1s date - integer month 1-12 
Today's date - integer day 1-31 
Today's date - integer year (XX) 
CPU time of problem start - seconds (after midnite 

for UNIVAC) 
Bulk data output request type 
Structural plot request flag 
Approach tyoe flag (2 • DISPL, 3 • DMAP) 
Computing machine code number (2 • 360, 3 • 1108, 

4 • 6600) 
Lenqth of this table 
User master file ed;t flag 
Not used 
XCHK module page count 
Used only in a conical shell problem. The lower 

order 16 bits contain N, the number of 
hannonics; the next hi9her order 16 bits 
contain M, the number of rings. 

Mach;ne configuration - subset of MACH code 
number 

Maximum number of files to be added to FIAT 
Maximum number of files to be opened simultaneously 
Lenqth of core on UNIVAC 
Wall clock initial problem start time {integer 

seconds.after midnite for UNIVAC) 
0FP operate flag - set nonzerp when 0FP operates 

2.4-13 (12/29/78) // / i 
:./· •-I i 

Initially 
Set by 

BTSTRP 
BTSTRP 
SEMDBD 
BTSTRP 
SEMDBD 
SEMDBD 

SEMDBD 
SEHDBD 
BTSTRP 
SEMDSD 
SEMDBD 
SEMDBD 
SEMOBD 
SEMOBO 
SEMOBD 
SEMDBD 
SEMDBD 

SEMDBD 
SEMDBD 
SEMOBD 
SEMOBO 

BTSTRP 
SEMDBD 
SEMDBD 

SEMDBD 

SEMOBD 

SEMDBD 
SEMDBD 
SEMDBD 

SEMDBO 
SEMOBO 
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Word Symbol Descriotion Initially 
Set bv 

34 NBRCBU Length of FET + circular buffer (CDC 6600 only) sE:,msD 
35 NBRMST Length of master index (CDC 6600 only) SEMDBD 
36 NBRSUB Length of subindex (CDC 6600 only) srnDBD 
37 KSEMTR Input Data Transliteration Flag (IBM 350 only) SEMDSD 
38 QO Hydroelastic Problem Flag SEMDBD 
39 NBPC Number of bits per character BTSTRP 
40 NBPW Number of bits per word. BTSTRP 
41 NCPW Number of characters per word BTSTRP 
42 SYSDAT(l) System Generation Date - Month TTLPr,E 
43 SYSDAT(2) System Generation Date - Da.v TTLPGE 
44 SYSDAT(3) System r.eneration Date - Year TTLPGE 
45 TAPFLG Permanent File Tape Flag SEMDBD 
46 ADUMEL(l) Dummy Element Flag - DUMl SEMDBD 
47 ADUMEL(2) Dummy Element Flag - DUM2 SEMDBD 
48 ADUMEL(3) Dummy Element Flag - OUM3 SEMDBD 
49 ADUMEL(4) Dummy Element Flag - DUM4 SEMDBO 
50 ADUMEL(5) Dunrny Element Flag - DUMS SEMOBO 
51 ADUMEL(6) Dummy Element Flag - DUM6 SE11DBD 
52 ADUMEL(7) Ounrny Element Flag - DUM7 SWDBO 
53 AOUMEL(8) Dummy Element Flag - DUMB SEMDBO 
54 ADUMEL(9) Dummy Element Flag - DUM9 SEMDBO 
55 IPREC Precision Flag SEMDBO 
56 ITHRML Heat Transfer Flag SEMDBD 
57 M0DC0M Module Communication Reqion SEMDBD 
58 M0DC0M Module Conrnunication Region SEMDBO 
59 NTRCK Set• 1 for 7-track plot tape SEMOBD 

Set• 2 for 9-track plot tape 
60 M0DC0M Module Conmunication Region SEMOBD 
61 M0DC0M Module Conmunication Region SEMOBO 
62 M00C0M Module Conmunication Region SEMOBO 
63 M00C0M Module Conrnunication Region SEMOBO 
64 M00C0M Module Co11'111unication Region SEMOBO 
65 M00C0M Module Conrnunication Region SEMOBO 
66 HOY SEMOBO 
67 HOY SEMOBO 
68 HOY SEMOBO 
69 SSCEL Multi-level substructuring flag SEMOBD 
70 T0LEL SMAl, EMG singularity tolerance (real) SEMOBD 
71 MESOAY • O messages printed on Log file SEMOBO 

• 1 messages printed on Output 
• -1 messages are not printed 
Used by subroutine C0NMSG 

72 BITPASS • .TRUE. indicates GNFIAT has been executed once SEMOBO 
73 PASS • .TRUE. indicates LINKl has been executed C0NMSG 
74 Unused 
75 Unused 
76 N0SLINK • O use N0S TCS PP call for link switching 

• 1 use N0S-BE CCL file 
77 Unused 
78 Unused 
79 0IAG1 Bits 0-31 turned on for OIAGs 1 to 32 
80 0IAG2 Bits 32-63 turned on for OIAGs 33 to 64 
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2.4.1.9 XLINK (Link Specification Tabie - Non-resident Edit) 

Description 

This Link Specification Table (see also 2.4.2.7) contains an entry corresponding to each 
OMAP module within the MPL (2.4.2.2) table. These entries are indexed by MPL position and 
are thus ordered the same as the MPL entries. Each entry contains a key indicating the 
links in which the module resides. 

Created in Module 

XLINK data is created from the LNKSPC (2.4.2.7) and MPL (2.4.2.2) tables by the XGPIBS 
subroutine within the XGPI (4.7) module. 

Table Format 

~ 

l 
2 
3,N 

Word 

2 

3 

N 

J.!!!l 
LXLINK 

MAXLNK 

Key 

I 

--

LXLINK 

MAXLNK 

Key 

Key 

Key 

Description 

Entry #1 (sample) 

Entry #2 

Entry #3 

Length of table (number of entries) 
Maximum permissab1e link number 
Link residence key for the corresponding MPL entry 

The content of this Key word is identical to the Key word within LNKSPC (2.4.2.7) for the 
machine type currently operating. See section 2.4.2.7 for an explanation of the content. 

1. The XL INK tab 1 e must contain an entry 1 n the same order for each modu 1 e that ; s 
in the MPL (2.4.2.2) table. 

2. XLINK table is located in /XLINK/. 
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2.4.2 Executive Tables Not Pennanently Core Resident -

2.4.2.l ~SCAR (Operation Sequence Control Array) 

Description 

The Operation Sequence Control Array (0SCAR) controls the sequence of modules executed and 
aids in conmunicating data between modules. 

The 0SCAR is generated from a DMAP instruction sequence supplied by the user or selected 
from the Rigid Format library. In general, an 0SCAR entry is a DMAP statement which has been 
translated to a more readily usable form for internal use. 

The four ~SCAR entry format types are: 

1. Type 1 or F (functional) format is used for all functional modules exceot cutout 
processors. 

2. Type 2 or 0 (output} format is used for output processors. 

3. Type 3 or C (control} format is used for REPT. JUMP. C0ND and ENO DMAP instructions. 

4. Type 4 or E (executive} format is used for SAVE, CHKPNT, PURGE and EQUIV OMAP 
instructions. 

Created in Module 

XGPI. 

Table Format 

Word 1 N ---------------
2 Rf~ 

3 -1---;I---[--;--
S 31 171& l - ----- ----

4 Module Entry Header Section 

5 Name 

---------
6 EX DIN 

31 

7 Format of this 

} . . section is dependent Entry Data Section . 
N on value of T 
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----------------------- -

\-lord 

2 

3 

4,5 

6 

Item 

N 

RN 

MI 

T 

Name 

EX 
DIN 

EXECUTIVE TABLE DESCP.IPTIONS 

Descriotion 

Integer - number of words in entry. 

Integer - record number of entry in 0SCAR table. 

Integer - module index number assigned according to module's 
position in MPL and used to access the module 1s link specifica­
tions in /XLINK/. 
Integer - format type code (1, 2, 3, or 4) for data section 
of entry. 

BCD - module name is same as DMAP instruction name except when 
T = 4. 

Execute flag. EX= 1 indicates module is to be executed. 
Integer - DMAP instruction number which generated this entry. 

Data Section Format for Type 1 or F Format: 

Word 7 

8 

9 

10 

8+NIP*3 

9+NIP*3 

10+NIP*3 

11+NIP*3 

9+NIP*3+NOP*3 

10+NIP*3+NOP*3 

11+NIP*3+NOP*3 

N 

NIP 

DATA BLOCK 1, -- -- ' NAME Ii-..-.-~---- ,-.-pia- - -- ) 

AP TP 
LTU NTU , 

31 30 17 \6 1 5 1 1, 

. 
I . . 

NpP 

DATA BLOCK I' -- ' --NAME ~-----~- --- > 
AP TP 

LTU NTU 
3 I 30 17 16 1 5 1 , 

. . : . 
NS 

NP 

~1--~---~} 
~ . 1 

• . • . 
(Not used) 

2.4-17 (7/4/76) 

Sample entry 

Sample entry 

Input 
Data Block 
Subsection 

Output 
Data Block 
Subsection 

Sample entry Parameter 
(variable length) Subsection 



7 NIP 

8,9 NAME 

10 AP 

LTU 

TP 

NTU 

8 + NIP*3 N0P 

9 + NIP*3, NAME 
10 + iUP*3 

11 + NIP*3 AP ,LTU, 
TP,NTU 

9 + NIP*3 + NS 
NaP*3 

10 + NIP*3 + NP 
NQP*3 

11 + NIP*3 + CV 
N0P*3 

IL 

Remarks: 

DATA BLOCK AND TABLE DESCRIPTIONS 

Description 

Integer - number of data blocks input to module as specified 
in MPL. 

BCD - name of first input data block specified in OMAP instruc­
tion or zero if none specified. 

Append flag used by subroutine XSFA and set by X0SGEN if APPEND 
is specified for data block in a FILE DMAP instruction. 
Integer - last time used. ~SCAR record number of entry after 
which data block will .no longer be saved. 
Tape flag used by subroutine XSFA and set by XIJSGEN if taoe is 
specified for data block in a FILE DMAP instruction. 
Integer - next time used. ~SCAR record number of entry where 
data block is next referenced. 

Integer - number of data blocks outout from module as soecified 
in MPL. 

BCD - name of first output data block specified in DMAP instruc­
tion or zero if none specified. 

Same descriptions as word 10. 

Integer - number of scratch data blocks used by module as 
specified in MPL. 

Integer - nunmer of parameters used by module as specified in 
MPL. 

Constant/variable flag. Flag indicates meaning of IL. 

Integer - VPS index/length of constant. If CV• O the parameter 
is a constant whose value is stored in the next IL words (i.e., 
words 12 + NIP*3 + N0P*3 through 11 + NIP*3 + N~P*3 + IL). 
If CV• 1 the parameter is a variable whose value is stored in 
the VPS table. IL points to the value in VPS. 

1. A module with O input files in the MPL is given 1 null input file (i.e., NIP=l, 

NAME•(O,O), AP/LTU/TP/NTU•O) b1 XS~SGN. 

2. N0P must be non-zero otherwise the format type (T) is changed to 2 by XS0SGN. 

(see Type 2 fonnat) 
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Data Section Format for Type 2 or O Format: 

Word 7 

8 

9 

10 

8+NIP*3 

9+NIP*3 

10+NIP*3 

N 

. 

. -

NIP 

DATA BLOCK -- --
NAME ~·,------- - ----

AP TP 
LTU NTU 

31 30 17 1 6 1 5 1 

. ~~ . . 
NS 

NP 

c, 
IL 

~S,!.l_ ------- _.:, 
~ . i . . 

Sample entry 

(Sample entry 
) (variable length) 

Input Data Block 
Subsection 

Parameter 
Subsection 

Type 1 format description is applicable to type 2 format above. 

Data Section Format for Type 3 or C Format: 

Word 

N 

Word 7 = N , __ 1
3 
__ 

1 
____ R_R_N ....... 

1
_1 ... l 1_, __ 1 __ ...,

1
/ 

ll!!!1 
RRN 

I 

Description 

Integer - re-entry record number. Indicates ~SCAR record to 
jump to for JUMP. REPT and C0ND DMAP instructions. Not 
applicable for EXIT so RRN a O. 

Integer - index into XCEITBL for REPT or EXIT DMAP instruction. 
Pointer to oarameter value in XVPS table if C0ND DMAP 
instruction·. Not applicable for JUMP so I • O. 
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Data Section Formats for Type 4 or E Fonnats: 

7 

7 

8 

9 

8 thru N 

NP 

IV 

IB 

Item 

NOO 

NAMES 

Word 7 

8 

9 

N 

NP 

IV l Samp 1 e entry ~----------------IB 

Description 

Format for 
SAVE DMAP 
instruction 

Integer - nunt>er of parameter values to be saved (i.e., nunt>e, 
of entries). 

Integer- pointer to parameter value in VPS. 

Integer - pointer to parameter value in blank common. 

Word 7 NOB 

8 FIRST DATA 
""-- --· 9 BLOCK NAME 

Format for CHKPNT 

I 1 DMAP instruction 
J; • 

N-1 LAST DATA 

N BLOCK NAME 

Description 

Integer - nunt>er of data blocks names in list. 

BCD - list of data blocks to be checkpointed. 
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~ Item 

7 NOB 

8_,9 NAME 

10 LTU 
NTU 

N IV 

DATA BLOCK AND TABLE DESCRIPTIONS 

Word 7 

8 

9 

10 

NOB 

PRIMARY DATA - - - -
BLOCK NAME 

LTU NTU 
30 17 15 1 Fonnat for PURGE or 

EQUIV DMAP instruction 
11 

12 

N 

.;!= 

DATA BLOCK 

NAME 

. :~ . . 
IV 

Description 

Integer - number of data block names 
may be one or more groups. 

in first group. 

BCD - name of primary data block for first group. 

Same as Type 1 Format. 

Integer - pointer to parameter value in VPS table. 
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THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 
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1. 0SCAR is located in named corrrnon block /XGPI1/ while module XGPI is generating it. 

2. After generating 0SCAR and prior to exiting XGPI the 0SCAR is written on the Data Pool 
File. The 0SCAR file header ID is X0SCAR. 

3. By setting DIAG 4 or requesting the 0SCAR option on the XDMAP DMAP statement, a detailed 
0SCAR listing may be obtained. Each of the four types of 0SCAR records is processed and 
printed according to its own fonnat. Common header infonnation is printed for all DMCIP 
instructions. The fonnat of the output is: 

a) Header Data 

0SCAR record nunt>er, module type, module name and DMAP instruction number. 

b) Type l and 2 Fonnats 

Input and output data blocks - for each input data block the name and 0SCAR 
attributes are given in the fonnat: 

NAME AP/LTU/TP/NTU 

where these symbols are as defined above. A null data block is indicated. 
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2.4.2.2 MPL (Module Prooerty List) 

Description 

The Module Properties List contains information needed by the module XGPI to correctly 
generate ~SCAR table entries for executable DMAP instructions and/or to determine whether or 
not the DMAP instructions adhere to the calling sequence described in section 4. Module 
Functional Descriptions. 

Created in Module 

XGPI (Block Data Program XMPLBD). 

Table Format 

There are two formats used in the MPL, one for Declarative (FILE, BEGIN, LABEL), Executive 
(CHKPNT, EQUIV, PURGE, SAVE) and Control (REPT, JUMP, C~ND, EXIT, END) DMAP modules and the other 
for functional modules. All entries in the MPL are integer except for module names which are 
BCD and BCD parameter values. Modules are in alphabetical order with the exception of substruc­
turing modules which follow module ZMCE2. 

Format for Declarative. Executive and Control Modules: 

~ 

1 

2,3 

4 

Word 1 
2 
3 

4 

N 

Name 

F 

N • 4 
Module -- --Name 

F 

Description 

Number of words in entry. 

Name of DMAP module. 

0SCAR fonnat type code 
3 • Control module (C format) 
4 • Executive module (E fonnat) 
5 • Declarative module (D format) 
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Format for Functional Modules: 

!ford 1 
2 

3 

4 

5 
6. 

7 

8 

N 

--

~ 

N 

Module --Name 
F 

IP 
0P 
s 

Parameter List :f } Variable Lenath 

!.Jord 

1-3 

4 F 

Description 

Same as fonnat for Declarative, 'Executive and Control modules. 

F • 1 implies module has input and output data blocks 

5 

6 

7 

8-N 

IP 

~p 

s 

F • 2 implies module has no output data blocks, e.g., 
0FP, SETVAL etc. 

Number of input data blocks. 

Number of output data blocks. 

Number of scratch data blocks. 

Parameter List (omit if no parameters). 

The parameter list for a module contains the types of a11 parameters residing in blank 
common that are referenced by the module. The order of the oarameters in the MPL entry must 
coincide with the order of the parameters in blank conmon. Space must be allowed for a default 
value if the parameter type code is positive. The space following a positive type code will 
contain the default value if the type code is integer or BCD, otherwise the space will contain 
an index into another table which contains the default value. 

Type Code 

1 • integer 
2 • real, single precision 
3 • BCD 
4 • real, double precision 
5 • complex, single precision 
6 • complex, double precision 

Space Needed for Default Values 

1 word 
1 word 
2 words 
2 words 
2 words 
4 words 
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An example of all possible entries in a parameter list follows. Note that for each parameter only 

the first index word will appear in the XMPLBO Block Data subprogram. 

l 
-3 _, 
2 
1 

-2 
3 

ABCD 
EFGH 

-· 4 
1 
1 

-4 
5 
2 
2 

-5 
6 
3 
3 
4 
4 

-6 

~ 

Word 
8 = Integer type code. 
9 = Integer default value. 

10 • Integer type code (no default value). 
11 = Rea 1 , S. P. type code. 
12 = Index into table containing a real S.P. default value. 
13 = Real, S.P. type code (no default value). 
14 = BCD type code. 
~~ = {sco default value (2 words). 
17 = BCD type code (no default value). 
18 = Real, O.P. type code. . 
19 _ {Index into table containing a real D.P. default value. 
20 - Note -index is in both words. 
21 = Real, O.P. type code (no default value). 
22 = Complex, S.P. type code. 
~! • {rndex into table containing a complex S.P. default value. 
25 = Complex, S.P. type code (no default value). 
26 • Complex, O.P. type code. 

~~ = {index into table containing the real part of the complex D.P. default value. 
29 = {Index into table containing the imaginary part of the complex D.P. default 
30 value 
31 = Complex, D.P. type code (no default value). 

1. MPL table is located in named conmon block /XGPI2/. 

2. The default value table is located in named conmon block /XGPI2X/. 

3. The following printout, generated automatically by NASTRAN subroutine MPLPRT when DIAG 31 

is present, presents the contents of XMPLBD in readable format. The meaning of the various entries 

is given below. 

Item 

MPLIO 

NWOS 

WDl 

H0D-NAHE 

TYP 

IN 

0UT 

SCR 

Description 

Module identification number 

Number of words for this entry 

Pointer to the first word of the entry in /XGPI1/ 

Module Name 

Module Type 

Number of Input Data Blocks for module 

Number of Output Data Blocks for Module 

Number of Scratch Data Blocks for Module 
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Item 

T0T 

EXECUTIVE TABLE DESCRIPTIONS 

Description 

Sum of IN, 0UT and SCR; this item will be flagged 
with the symbol *** if the allowable maximum 
number of total files is exceeded. Depending on 
the design and usage of the module, this may or 
may not result in execution time failure. 

For functional modules having parameters, the following infonnation is presented: 

~ 

ID 

TYP 

p 

DEFAULT 

Wl-W2 

FLG 

Description 

Parameter number for module 

BCD - Alpha numeric 
INT - Integer 
RSP - Real, Single-Precision 
RDP - Real, Double-Precision 
CSP - Complex, Single-Precision 
CDP - Complex, Double-Precision 

Pointer to entry in /XGPI1/ 

MPL default value (if any) 

Blank conmen indices for first and last 
words of parameter 

The symbol *** wi11 appear whenever a parameter 
of type CSP, RDP or CDP begins on an even numbered 
word of blank conmen. This can cause boundary 
alignment problems if the data is directly 
addressed by variables having the types indicated. 
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t11DULE P R O P F R T J f ~ l I ~ T 

- - - - - - - D A R A ~ F T E ~ s 
f1PL ID NWDS WDl 140fl-NA11[ TYP IN OUT sew TOT IO TYP p OFFAIJLT (JF ANY) Wl-W2 FLG 

1 " 1 F (Lf 5 

7. ,. 5 Ri:GIN 5 

l ,. q CHI< PNT 4 

,. ,. lJ L AI\El 5 

5· ,. 17 REPT J 

" 
,. 2l JUf1P 1 

7 ,. 25 CONO 3 0 
:l> _. 

II ,. zq SAVE ,. :l> 

OJ 
r-

Q ,. 'H PURGE ,. 0 n 
N 

:;,,;; 

:l> 
~ 10 ,. 37 i:OUIV ,. 

z 
I 0 

N _. 0\ 11 4 4 l ENO 3 :l> - CD .... r 
N 17. 4 45 l:XIT l IT1 -N CJ 

'° IT1 - 13 20 4q (~ONEJ V> ....... n 
00 ;:o ..... 

14 13 6Q ADD 1 z 1 0 3 -0 _. 
1. CSP 76 ' 1.ooooS:+00, o. , l- 2 ..... 

0 z. CSP 7q ( 1.onOOF+OO, o. , 3- 4 z 
V> 

15 22 82 AD05 l 5 1 0 6 
\, 1. CSP 8Q ' 1 • IJOOOH 00, o. ) 1- 2 >- z. cs p qz ' 1.00l)Of+l'l'l, O. , 3- 4 

3. CSP q5 ' 1.0000F+OO, o. ) 5-,, 
4 • CSP qe ( 1.onooF+on, o. , 7- 8 
5. CSP 101 ( l .nOOOF +rm, O • , q-10 



M U O U l t: t>ROPFRT I F ,; l T S T 
- - - - - - - P A P A "I J: T f t> S MPLIO NWOS Wll 1 1100-t-lAMf 1 YP IN our SC K TUT Ill TYP p l"li::FAIII.T flf ANY) '.fl-W2 HG 

\f, 10 104 AHG l 2 4 5 11 
1. INT 111 -- N~ OF FAULT -- I 
2. INT 117 -- N~ OffAULT -- 7 
3. INT 113 -- Nn OfFAUll -- 3 

17 11 Jl4 AHP 1 10 3 14 21 
1. JNT 121 -- N~ OE~AULT -- 1 
2. JNT 127 -- NrJ OEFAULT -- 7 
3. INT 123 -1 3 

l Ft l? 125 APO l 8 12 5 25 
l. INT 132 -- NO O[fAULT -- 1 
2. INT 133 -- NO l"IEFAULT -- 2 
3. INT 134 -- NrJ DEFAULT -- 3 fT1 
4 • RSP 135 n. 4 X 

fTl 

IQ 10 137 I\ HG 1 4 
n 
C 1 1 b -i ..... 1. INT 144 -- NrJ nEfAULT -- 1 < 

N 

fTl 
. 

2 • INT 145 -- Nr'l OE HULT -- 2 
~ 

-i 
I 

3. CSP 146 -- NrJ .OEFAUL T -- 3- 4 )::a 
N 

CJ 
..... 

r 
fTl - 20 12 147 CASE 1 2 l 0 3 

_, 
N 

CJ 1. RCO 154 -- Nr'l OEFAULT -- 1- 2 fTl 
...... 

VJ 
N 

2. INT 155 1 3 n 
\0 

:::0 
...... 

3. INT 157 -1 " 
..... ..... 
-0 

0) 

-i ..... ?1 15 15Q CYCTI l l 2 3 b 0 
:z 1. BCD 16h -- Nn OEFAULT -- 1- 2 VJ 

2. RCO 167 -- NrJ llEFAULT -- 3- 4 
3. INT l 6fl -- NO OEFAULT -- 5 
4. INT l6Q -- NrJ 'lEfAUL T -- 6 
5. INT 170 l 1 
6. INT 172 l e 



f1 U O U L E P ~ 0 P F Q T T F S l T S T 
- - - - - - - P A Q A M F r r R s 

HPL IO NWOS Will MOO-NAftE TYP IN OUT SC~ TOT JO TYP p OEF lllll T (IF ANYI Wl-W2 FLG 
,._, u, 174 CYCT2 l b 5 b 17 

1. RCO lA l -- Nfl OEFAULT -- 1- 2 
2. INT 1 fl? -- N'l OEFAULT -- 3 
3. INT lfl3 -- Nfl OEF AULT -- 4 
4 • INT 1 A4 -1 5 
5. INT J 86 l 6 
6. INT 188 1 7 

z~ 10 1qo CFAO 1 5 4 ·12 21 
1. INT 197 -- Nn nEFAULT -- 1 
2. INT }118 1 2 

~4 11 200 CUPV 1 6 z 5 13 
0 

1. INT 207 -1 1 ):> 
-i z. lHT ;_,oq 0 z ):> 

CD 
r 

~ lj q 711 (NONE) 0 
n 

N ;><: 

~ ?.6 10 270 DOR 1 1 1 0 2 ):> 
:z I 

1. RC:O 727 -- Nil nff AULT -- 1- 2 0 N 
OJ 

2. RCD 228 -- Nil OEF AULT -- 3- 4 -i ,.. - ' 3. BCD nq -- N'l OEF AlJL T -- 5- 6 OJ 
_. 

r N 
ITI ...... 

N 
27 7 230 DORI l z 1 1 4 ----- N n P A Q 6 M f T E P S E XIS T ----- 0 ID 

rr1 ...... 
V, ...... 
n CD 

~q 14 ~H DOR? 1 9 3 6 1a· ;o .... 
1. ero 244 -- NO nEF AULT -- 1- 2 -0 

~ z. INT 245 -1 3 .... 
0 

3. INT 247 -1 4 z 
V, ". INT 249 -1 5 

?9 7 751 ()ORMM l 11 5 7 ?3 ----- N n P A Q A H E T E P S E )( I ST-----



NJOULi: P ~ ~ P F Q T I f S l J S T 
- - - - - - - D A O ~ ~ ~ T E u S 

MPL tn NWOS lolOl 1'100-NA~E TYP IN OUT ~c I< TOT Jr) TYP p OHAIIL T f IF UlYI Wl-W2 HG 

10 21 z s;a Ot:COPolP l 1 z 4 7 
1. INT ?6'i 0 1 
2. INT 767 0 2 
3. POP 'lbq (). 3- 4 
4. CSP 272 ( o. , o. I 5- 6 
5 • INT 275 0 7 
6. INT 277 0 f\ 

Jl 12 7.7':I 0 IAGONAL 1 l 1 0 2 
lo RCO 286 cnLUMN 1- 'l 
Z. R SP 289 J.OOOOE+OO 3 

12 IQ ?91 I) p I) l 4 11 ,. 19 
1. INT 7qa -- Nl"I OEfAUL T -- 1 IT1 
2. INT zqq -- N~ OfFAULT -- z >< 

IT1 
3. INT 300 -- NO OEFAUL T -- 3 n 

C: 
4. INT 301 -- ~n OEFAULT -- 4 -I ..... 
5. INT 302 -- N'l OEFAULT -- 5 < N 

IT1 . 
60 INT 303 -- NO OE FAULT -- 6 i! 

..,. 
I 7. INT 104 -- NO OEFAULT -- 7 N cc \0 a. INT 305 -- ~fl OEFAUL T -- 8 r-

IT1 - q. INT 306 -- Nl"I OEFAULT -- q 
C 

.... 
N 10. INT 307 1 10 IT1 ....... 

VI N 11. INT 30Q -- NO OEFAULT -- 11 n \0 
;:Q ....... ..... ....., 
-a 00 33 16 310 OSCHK l 3 0 3 6 -I ..... 

lo RSP 317 -- NO DEFAULT -- l 0 
:z 

2. RS P 31P -- Nl"I OEFAULT -- 7 VI 

3. lHT 319 -- NO OEFAULT -- 3 
4. INT 320 -- N'l flEfAULT -- 4 
5. INT 321 -- Nl"I OEFAULT -- 5 
6. INT :\ 2? -- Nl"I OEFAULT -- 6 
1. INT 323 -- Nr'J Of F Alll T -- 7 
f!. INT 324 -- ~fl nEFAlll T -- 8 
9. INT 325 -- WI OEfAUL T -- q 



fol O O U l t PttllPFRT I f ~ I l ~ T 
- - - - - - - P A o A '1 F T f P S MPltO NWOS WOl 11r1D-IUHE TYP IN IJUT SCP TOT JO TYP p Ol=FAIIL T (If ANY) Wl-W2 HG 

'\It 8 326 O.S11Gl 1 10 1 1 12 
1. INT 333 -- ~n nEfAUlT -- 1 

15 11 334 OS 11G2 1 11 1 0 18 
1. INT 341 0 ) 
2. INT 343 -- Wl llEF AULT -- 2 
3. INT 344 -- Nn nEFAUl T -- 3 

'\6 20 145 INONEJ 

17 33 165 OUHHOOl 1 8 tJ 10 26 
1. INT 37? -1 1 
2. INT 374 -1 2 0 3. INT 376 -1 3 ):,, 

-i ". INT 378 -1 " ):,, 

5. PSP 3fl0 -t.flOOOE+OO 5 OJ 
r 6. RSP 3f'2 -1.flOOOf+OO t, 0 
n 7. BCD 384 ARrOEFGH 7- El 7' 

N . 
8. ROP 387 -1.00000+00 9-10 ):,, 

~ 

:z I 
9. CSP JQO (-1.0000f+00,-1.0000E+OOJ 11-12 0 

w 
a 

10. COP 393 1-1.onoon+on,-1.00000+00, 13-11> -i 
):,, 

........ _, 
0, 
r "' 1£1 33 '391] 011 ... MODZ 1 ll 8 10 26 IT1 -"' 1. INT 405 -1 I 0 

\0 

IT1 - z. INT 407 -1 2 Vl 
....... 

n Ol 
3. INT 40CJ -1 3 ~ ..... 
"· INT 411 -1 4 -0 

-i 5 • ~5 P "13 -t.nnooE+oo 5 ..... 
0 6. R SP 415 -\ .OOOOE+OO 6 z 
Vl 7. RCI) 417 Al\r.OEFGH 7- 8 

be ROP 420 -1.onooo+oo 9-10 
9. CSP 423 ,-1.1o~ni=+oo,-1.oooor+oo, 11-12 

10. COP 42', (-t.nonon+no,-1.00000+00, 13-16 



"' . 
.i,. 
I 
w 
-' -__. 

"' ..._ 

"' \0 ..._ 
...... 
co 

\::-~, 

----

HPL IO MWOS WOI 

]Q H 431 

40 H 464 

41 20 497 

4? 11 517 

f'I O D U L t: 

MIJll-NAMF TYP IN IIUT SC~ 

OUMH003 l 8 8 10 

OUHH004 l 8 8 10 

(N(lNEI 

FHAl l 5 2 3 

P ~ 0 P ~ Q T I E S I T S T 
- - - - - - - p A o A"lr.Tr p s 

TnT 10 TYP p Ol=FAlllT (IF ANY) Wl-W2 Hr, 

76 
1. INT 43B -) 1 z. INT 440 -1 2 
3. INT 44? -1 3 4. INT 444 -1 4 
5 • R SP 446 -t.OOOOE+OO 5 6. RSP 44~ -1.0000E+OO 6 
7. RCO 450 AI\C'OHGH 7- 8 
ff. POP 453 -1.00000+00 9-10 
9. CSP 451, (-t.OOOOF+OO,-t.OOOOE+OOI 11-12 10. COP 4.5Q (-1.00000+00,-1.00000+001 13-16 

26 
1. INT 471 -1 1 fT1 z. INT 473 -1 2 >< 

fT1 3. INT 475 -1 3 n 
C: "· INT 477 -1 4 -t ..... 5. PS P 47Q -1.'lOOOF+OO 5 < 
fT1 6. PSP 481 -1.0000E+OO 6 -t 
)::, 7. RCO ""3 AP.l"OEfGH 7- B 0, B. POP 41:' t, -1.00000+00 9-10 r 
fT1 9. CSP 489 (-).OOOOF.+00,-1.ooooE+OOJ 11-12 C, 
fT1 10. COP 4cn (-1.0000~+00,-1.00000+00, 13-lb Vl 
n 

"' .... ., 
-t ..... 10 0 z 1. INT 524 -1 1 Vl 

2. RSP 526 1.()000E+oo 2 



M il D U l l: i>k(IPFOT I r s l T 5 T 
- - - - - - - p ~ Q ~ ~ ~ T F R 5 MPL JI) NWOS WOl MOO-NA11E TYP IN OUT SCI< 1 or In TYP p r.i:fAUL T f IF ANY) \./l-W2 Fl G 

43 "1 ,;zR EMG I 6 6 3 15 
1. INT 535 -1 I z. INT 5:n -1 7. 3. IJ.IT 5 3g -1 3 

"· INT 541 -1 4 ~. lNT ~,. 3 -1 5 6. INT 5 4 5 -1 t-. 7. INT 54 7 -1 7 e. INT 54 9 -1 B 
Q. INT 551 -1 9 10. INT 55 3 -1 10 11. INT 555 -1 11 12. INT 557 -1 12 0 13 • INT 559 -1 13 ;?:> 

-I 14. INT 561 -1 14 ;?:> 

15. JNT 563 -1 15 CD 
r 16. INT %5 -1 H. 0 
n 17. RSP 56 7 1.ooooF.-02 17 7'-

N . 
;?:> 

_,,. 

:z 
I 

44 11 56CJ FAl l 6 4 6 16 
0 

w 
N 

I • INT 576 -- N'l DEFAULT -- 1 -I 
;?:> 2. INT 577 -- N'l OEFAULT -- 2 CD 
r 

N 

3. INT 578 0 3 ITI 

...... 
N 

0 "' 
ITI 

...... 
45 12 580 FA2 1 3 4 0 7 

....., 
0, 

V, 
n 1. INT 587 -- Nil OH AULT -- 1 ;o ...... 2. RSP 5R8 -- N~ DEFAULT -- 2 "O 
-f 3. RCD 589 Yf~ 3- 4 ...... 
0 
:z 
I.I\ 

4" 1 5 597. F I\S 1 3 1 0 4 
1. f J.1 T 5qq 0 I 2. INT 601 1 7 3. INT 603 0 3 "· INT 605 0 4 

\-



M lJ O IJ l f PklJl'ERT r f c; l l c; T 
- - - - - - - P A Q A ~ F T F P S ~Pl Ir' NWOS WI) l !1100-NAMI: TYP IN IJUl SC!l fOT IO TYP p OFFAIJLT flF /INYI Wl-W2 Hr; 

4 7 13 1'07 FPLG l t ~ ,. 17 
1 • RCO Fi 1 4 -- ~~ OEFAUll -- 1- 7 
2. INT t'l 15 -I 3 
3. RCO 617 l=OFQ '1- 5 

4fl 17 f,?.O FIHlO I 11 4 ti 23 
l. BCO 6?7 -- Nn OEFAULT -- 1- 2 2. BCD b28 -- ~~ OEFAULT -- 3- 4 
3. INT 67Q -- NO OEFAIJLT -- 5 
4. INT 630 -- NI) OEF AULT -- b 
5. INT 631 -- ~O OEFAULT -- 7 
f,. ltH f.3? -- Nn OHAULT -- e 
7. INT 633 -- NI) OEfAULT -- 9 e. INT 634 -- N~ OfFAULT -- 10 l'T1 9. INT 635 l 11 X 

l'T1 
n 
C: 4Q 18 617 (NONE) 
-I ..... 
< 

N 

l'T1 

. 
50 q 1.,'S5 GI l 8 l 6 15 """ I 

-I 1. INT l>h2 -- ~IJ OEFAUlT -- l ):,, 
w 

00 
w 

2. INT 663 -- NIJ OEFAULT -- 7 r 
l'T1 

-_, 
N 

a 
l'T1 

..... 
V, 

N 

n '° 
;:c, 

..... 
..... 

....... 
00 

-0 
-I ..... 
0 
:z 
V, 

\Y\ 



f'I d O U L E P"OPFlll I f 'i l f S T 
- - - - - - - P A P A ~ f T E k S 

11PLIO NWOS wot 1400-NAHf: TYP IN OUT s c ... TUT JO TYP p n=FAIILT flf ANY) Wl-W2 FLG 

'H 24 6M G'< A 0 1 10 8 b 24 
1. RCO f-,71 -- Nil llEFAIJLT -- )- ? 
2. RCO f-,7? -- N'l llEHUl T -- 3- 4 
3. RCO 673 -- Nn OEFAULT -- 5- 6 
4. PSP 674 -- Nn OEFAUl T -- 7 
5 • llS P 675 -- NI'! flE F AIJL T -- 8 
h. 11SP 676 -- Nil llEFAULT -- q 
7. INT 677 -- N'l OEFAIJLT -- 10 
8. INT 678 -- N~ OEFAULT -- 11 
9. INT 679 -- NrJ llEf AULT -- 12 

10. INT 680 -- Nil l'lEFAUL T -- 13 
11. INT 61:l 1 -- NrJ OEFAULT -- 14 
12. INT h8l -- Nl1 DEFAULT -- 15 Cl 
13. INT 683 -- Nl1 DEFAULT -- 16 ):> 

-t 
l't. INT 684 -- NrJ DEFAULT -- 17 ):> 

15. INT 685 -- Nl"I OEF AULT -- lb CD 
r-

lb. INT 686 -- NO DEFAULT -- 19 0 
n 

N 17. INT 687 -- NrJ OEFAULT -- 20 ;:,<: 

~ ):>, 
:z I 'j? 19 68'1 GKAM l 9 " 4 17 Cl w 

~ 
l. INT 695 -- Nrt DEFAULT -- 1 -t 

):> ....... 
2. INT 6Qf, -- NrJ DEFAULT -- ? CD ..... 

r-N 
3. RS P t,Q7 -- NrJ nfFAULT -- 3 

,,, -N 
4. RSP 698 -- Nn OEFAULT -- 4 Cl '° r<l - 5. INT {.99 -- N!J !lEF AULT -- 5 VI -...a 

0 00 
6. (NT 700 -- Nl'l OEFAULT -- t, ::0 - ...... 
7. INT 701 -- N'l OEFAULT -- 7 -a 

-t 
8. INT 702 -- NI'! OEFAULT -- 8 ..... 

0 
9. INT 703 1 q :z 

VI 
10. INT 705 -I LO 

53 ll 707 GPl l 3 6 2 11 
1. INT 714 -- Nil OEFAULT -- 1 
2. INT 715 -- NO OEFAULT -- ? 
3. fNT 716 l 3 

--4.:. 54 7 71 'I GP?. l 7 l 4 7 ----- tJ n D A Q A M E T E R S E ll I S T -----



MUOULF. PROPFQ T I F S I ' ~ T 
- - - - - - - p ~ p t. ~ F T E P S 

MPLJO NWOS •.m I 11110-N A '4 F. TY P IN UIJ T SCM TOT Ill TYP p OFFAIILT (IF ANYI Wl-W? FLG 

'>5 12 725 GP3 1 3 2 2 1 
1. ftH 73? -- Nil nEFAUL T -- l 
2. INT 733 1 ? 
3. INT 735 1 3 

'H, 2 2 737 GP4 1 6 4 2 12 
1. TNT 744 -- Nn OEFAULT -- l 
z. INT 745 -- N'l f'E FAULT -- 2 
3. INT 7'1f, -- ~'l OfFAULT -- 3 
4. INT 747 -- Ni DEFAULT -- 4 
5. INT 748 -- Nil OE FAULT -- 5 
6. INT 74q -- Nil OEFAULT -- f; 

7, INT 750 -- Nil flEF AULT -- 7 
e. INT 751 -- Nil DEFAULT -- B 

f"T1 q, INT 752 -- Nil nEFAUL T -- q >< 
INT f"T1 10. 751 l 10 n 

c:: 11. INT 755 -1 11 --t ...... 
N 12. TNT 757 0 12 < 

f"T1 
.i,. 

--t I 
w 57 10 75~ GPCYC l 3 ·l 2 6 ):,, 
U1 

-- Nil OEfAULT -- OJ 1. RCD 7M 1- 2 r - INT f"T1 .... 2. 767 1 3 N 0 ........ £Tl 
N Vl 
\0 58 8 7b<J GPFOR 1 q 2 4 15 n ........ 

1. BCD 776 -- Nil OEFAUL T --
;o ..... 1- 2 .... 

OJ -0 -- --t ...... 5g q 777 GPSP l ,. 1 0 ; 0 
:z 1. INT 7A4 l 1 Vl 

1>0 11 786 GPWG 1 4 l 4 q 

1. l"IT 7q3 -1 l 
2. RS P 795 t.r'IOOOE+OO 2 

,, 1 i'O 7Q7 (NONE) 
~.::-:-

\ 
\ 



MIJOULE PllrJPFR T I F S l I S T 
- - - - - - - P ~ P A ~ f T F Q S 

"'IPL JO NWOS Will "100-NA~F. TYP IN IJUT SCk TOT lfl TYP p IHFAlll T (IF ANYJ WI-W? FLG 

h? 13 t3 I 7 (~PUT l 5 5 0 10 
1. INT 824 -1 1 
2. INT A76 0 2 
3. INT R7R 0 3 

,, 1 It, RlO INPUTTl 1 0 5 0 5 
1. INT A37 0 1 
z. INT 839 0 2 
3. BCD fl 41 XIO' X XXXlC 3- 4 

,,,. I 4 A44 INPUTTZ l 0 5 0 5 
1. INT A51 0 1 
z. INT 853 11 7 C, 

3. BCD 855 XXYXl<XXX 3- 4 )> 
--f 
)> 

65 11 858 INPUTT3 1 !) 5 0 10 CD 
r 

I • INT 8(::5 -1 1 0 
n N 

2. INT 867 0 7 " 
. 
""' INT et,q )> I 3. 0 3 w z 
°' C, - bh )3 871 INPUTT4 1 0 5 0 5 --f ..... )> 
N 1. INT 137A 'l 1 CD ....... r 
N 2. INT fH:!O 10 2 f'T'I 

'° 3. INT 882 -I C, ....... 3 ...... f'T'I 
00 en ....... n ,, 7 13 ff !J4 111\TGEN 2 1 1 0 l ;o ...... 

1. INT 891 0 1 -0 
--f 

2. INT 893 0 2 ...... 
0 

3. INT 8Q5 0 3 :z 
en 

'>13 11 A97 MATGPR z 4 0 0 4 
lo ACD QQ4 -- Nil OEFAULT -- 1- 2 
2. IJCO Q05 l( 3- 4 

(>Q 7 90A HATPR~ ~ 5 0 0 5 ----- ~ n P A O A M E ' i. p s E )( I S T -----

-



M IJ O U L t P R O P F R T T F ~ I T ,;; T 
- - - - - - - p A P A "I F T F R S MPl l!l NWO~ Will "lflO-t.tAMF T YP IN tlUT SCII TnT IO TYP p nn.· Atll T ( IF ANV, WJ-W2 HG 

70 11 en 'j 11ATPRT ? 1 0 0 1 
) . INT Q27 0 1 
2. INT 92~ 0 2 

71 7 gz6 HCEl l z 1 7 10 ----- N rJ P A Q A MfTFPS f X I S T 
n 7 QH 11CF7 l 6 4 6 16 ----- N l"I P ~ R AMETERS F X I S T 
n 17 ()40 IHRGE 1 b 1 0 1 

1. INT 947 -1 1 z. INT 949 0 ? 
3. INT Q51 0 3 
4. lNT 953 0 4 
5. INT 955 0 5 ,,., 

X ,,., 74 70 q57 (NONEI 
n 
C 
-t ..... N 75 20 977 1100A l 0 4 0 4 
< ,,., . 

l • RSP 964 -- NrJ nEFAULT -- 1 
~ 

-t 
I 

2. RS P 965 -- Nn nEFAULT -- 2 ):> 

l,.J 

txJ 

...... 
3. RSP 966 -- NrJ OEFAULT -- 3 r ,,., 

....... 
4 • RS P Qf17 -- Nn OEFAULT -- 4 

..J 

CJ 

N 

5. RS P 986 -- NrJ OEFAULT -- 5 ,,., ....... 

l/l 

N 

6. INT Q8Q -- NrJ OfFAULT -- b n '° 
;;o 

....... 
1. INT 990 -- NO OEFAULT -- 7 ..... 

...... 

-a 
o:> 

a. INT 991 -- NrJ DEFAULT -- B -t ..... <:i. INT 91}2 -- NrJ OEFAULT -- q 0 
% 10. INT qq3 -- NrJ OEFAULT -- 10 l/l 

ll. RSP qcu, -- NrJ flEFAlJLT -- 11 12. INT 995 -- NrJ DEFAULT -- 12 
13. INT 9% -- N1 nEF AULT -- 13 

76 10 CN7 MOOACC I b 5 0 11 

\ . 
1. PCO 1004 TOAN 1- 2 

·---~ 



DATA BLOCK ANO TABLE DESCRIPTIONS 

2.4-38 (12/29/78) 
·., 



11 0 0 U l E P K O P E o T I f S l T <j T 
- - - - - - - D A Q A ~ C T I: P S 

l'IPLIO NWllS WOl 11no-NAl1F. TYP IN OUT SCR TOT IO TYP p OFH\ll T ( IF /\NY) WJ-W? HG 

77 18 1007 HllOR 1 3 ,. 0 7 
lo RSP 1014 -- Nil OEFAULT -- 1 
2. PSP 1015 -- Nil OEFAULT -- 2 
3. PSP 10H -- Nn OEFAULT -- 3 
4. RSP 1017 -- ..,,., OEFAULT -- 4 
5. INT 1018 -- ~Hl OEFAUlT -- 5 
6. INT 101 Q -- N~ OEFAULT -- b 
7. INT 1020 -- t.111 OEf AULT -- 7 
8. RSP )021 -- Nil OFfAUL T -- e 
q. TNT 1022 -- NrJ OEFAULT -- q 

10. INT 1023 -- 'lrJ OEF AULT -- 10 
11. INT 1024 -- N~ OEFAULT -- 11 

7R 8 1025 MOOC 1 2 0 0 2 IT1 
X 

1 • INT 1032 -- Nil nEF AULT -- 1 IT1 
l'"l 
C: 
-I 

79 14 1013 "'IPYAO 1 3 1 1 5 ..... 
N < 
~ ) . TNT 1040 -- N~ OEf AULT -- 1 IT1 

I 2. INT 1041 1 2 ~ w 
\0 3. INT 1043 l 3 0:, 

r - ,. . INT 1045 0 ,. l"1 ..... 
N 0 ....... 

l"1 N 80 14 104 7 "!TRXIN l 5 3 1 15 V, \0 n ....... 
1. INT 105·4 -- NrJ OFFAULT -- 1 ::0 ..... -00 2. INT 1055 -1 2 "'O 

-I 
3. INT 1057 -1 3 -0 
4. HU 1059 -1 4 :z 

V, 

!H 11 )Ohl OFP 2 6 0 0 6 
t. INT 106A 0 ) 

2. INT 1070 -1 2 

87 10 1072 OPTPRl 1 5 1 1 7 
1. INT 1070 -- Nil OEFAULT -- 1 ..:, 
2. JIH 1080 -- Nil OEfAUl T -- 2 

~·'.::..-.:;,. 3. INT 1081 -- NrJ OF.FAULT -- 3 



H!JDULc PllrJPFllJ I F c; l T c; T 
- - - - - - - P A o A ~ F T F ll S HPL ID NWOS 1,fl) 1 HOO-NA~f TYP IN ;JUT SCH TnJ I I) TYP p OH 61JL T (IF ANyt Wl-W7 FLG 

81 12 108? OPTPRl 1 3 2 0 5 
1 • HIT lOHq -- N~ OE FAULT -- 1 z. INT 1090 -- Nn O~FAULT -- 2 3. INT lOQl -- N~ OF FAULT -- 3 4. INT 1092 0 4 

'" 70 1094 CNONft 

115 Q 1114 OUTPUT 2 1 0 0 1 
1. INT 1121 -1 1 

Alt 14 1123 OUTPUT! 2 5 0 0 5 
1. INT 1130 0 1 C 

)> 2. INT 1132 0 2 i;! 3. RCD l lH 'OY)()(X)()( 3- 4 
CD 
r-
0 

N 87 lit 1137 'llJTPUTZ 2 5 0 0 5 . .,,. 
n. 
;;,,; 1. INT 11"4 0 1 
)> 

I 

2. INT 1146 t 1 2 :z 

.,,. 

C 

0 

3. RCO 1148 lfltlt)(l()(XX 3- 4 -
~ 

.... 
CD 

N 
1:HI n 11,;1 OUTPUT3 7. 5 0 0 5 

....... 
N 

'° r-
ITI 1. TNT 1158 0 I 
C 

....... 

z. RCD 1160 -- NO OEFAULT -- 2- 3 ITI 

..... 

V, 

CD 

3. BCD 1161 lC l( X 4- 5 n 
;;.::, 4. RCD 1164 l( lC X 6- 7 .... 
~ 5. RCO 1167 lC l( X 8- Q -f .... b. ~en 1110 lClO' 10-11 0 
:z 
V, 

l]Q '111173 ntJTPUT'i 2 5 0 0 5 
1. INT 1180 -1 1 2. INT 11·97 to 2 

... 



f1 •J II U L L t>i<OP[OT I f s l T c; r 
- - - - - - - P A P A ~ F T E Q s 

"4PL(O NWOS WDl ~00-NAMI: lYP lN flUT SC iJ TCIT JO TYP p l)FFAIII.T ( IF ANvt Wl-w2 HG 

-lO H ll~ft PAIUM 1 0 0 0 0 
1 • RC O 11 qt -- N~ ~FFAUI.T -- 1- 7 
?. INT 11 a;, 1 3 
3. INT 11q4 1 4 
4. INT 11% 1 5 

n 21 11 QIJ PAIUHL z l 0 0 l 
1. BCO 1705 -- NO OfFAULT -- 1- 2 
2. INT 1201:, 1 3 
3. INT 1208 1 4 
4. RSP 1210 o. 5 
5. INT 1?12 0 (, 

6. RSP 1214 o. 7 
7. RCD l?H, P- q ITI 

>< 
ITI 
n 

97 25 121q PARAMR 2 0 0 0 0 C: 
-i 

1. RC:O 122fi -- NO DEFAULT -- 1- 2 ..... N < . 
2. RSP 1227 o • 3 ITI ~ 

I 3. PSP 122Q o. 4 -i ~ 
):,, .... 

4. PSP 1231 n. 5 co 
r - 5. CSP 17-33 IO. , o. ) b- 1 ••• ITI .... 

N 6. CSP 1236 I o • , o. ) 6- 9 ••• 0 ...... 
ITI N 7. C:SP l?JQ I o. , o. ) 10-11 ••• V, \0 n ...... 8. INT 1?42 0 12 ;:o ....., ..... co 
-0 
-i -l 3 23 12 44 PUTN 1 3 4 0 7 ..... 
0 

1. INT 1251 -1 1 :z 
V, 

2. INT 1753 0 2 
3. INT It>55 0 3 
4. TNT 1257 0 4 
5. INT 125Q 0 5 
6. INT 1261 0 '1 -~ 1. INT 1263 0 7 . : I e. INT 1765 0 8 i 

qt, 70 1267 INONEt 



MOOUlf PtlUPfRT ' f s l T S T 
- - - - - - - P A O A M ~ T t ~ S 

14PlJO NWOS wri1 f11Jn-NAMf TYP IN au r so· TnT Jn TYP p n c r A Ill T f IF A.NY I '.ll-W2 FLG 

Q5 17 1787 M~fOl 1 4 4 l q 

1. RCO 12q4 -- "1'1 0 ff AULT -- 1- ? 
2. INT J7q5 -- ~Hl nEF AULT -- 3 
3. INT 12% -- NrJ ntFAUl T -- 4 
4. ,~,T 12q7 -- Nil Of FAULT -- 5 
!1. INT 12qe -- Wl OEF AULT -- f, 

6. RCO l?QQ -- "l'l OEF AULT -- 7- e· 
1. INT 1300 0 q 
8. RSP 1302 o. 10 

Q6 1" 1304 'l"\Q(:02 1 12 b 10 28 
1. lNT Hll -- "1'1 l')EfAULT -- l 
2. INT 1312 -- "l!l l')Ef AULT -- 2 0 

):,, 

3. RCO 1313 3- 4 -t 
):,, 

"· INT 1316 0 5 0:, 
r 
0 en JZ llllt CHREOZ l 11 6 11 ZB (") 

N ;,,: . 
1. It.IT 1325 -- "1'1 DEF AUl T -- l ):,, 

.,,. 
I 2. INT l'.326 -- "111 OEF AULT -- 2 z .,,. 

0 N 
3 • RCO 1327 3- 4 -I ....... ):,, ...... 

0:, 
N 9R 13 lHO Pl Al l 7 4 0 11 r - ITI N 1. TNT 13'37 -- "lfl OEF AUl T -- 1 0 \0 - 2. INT 1338 -- NrJ OEFAULT -- 2 ITI ...... tn 00 3. INT 1339 -- N'l nEF AULT -- 3 (") 

:;:o 

"· 1•n 1340 -- "lfl flEFAIJL T -- 4 .... 
-0 

5. INT 1341 -- NO OEFAULT -- 5 -I .... 
6. CSP 1342 -- t.1'1 OH AULT -- ti- 7 ••• 0 z 

tn 
qq 8 l3't3 PLA2 l 3 3 0 6 

1. INT 1350 -- t.trl DEFAULT -- l 
' 

1 'lO q l 151 PLA3 1 6 2 l q 

l '· 1. INT 135P -- Nfl OEf AULT -- l 
2. INT 1359 -- NO lli:f Alll T -- ? 

\'·. 



M O O U L l: PRnl'FQTJ F S I ' ~ T 
- - - - - - - p A P A'1FTFPS 

'1PL ID NWOS Will Mnll-NAMf TYP IN 11UT SCR Tll T II) TYP p f'FFAIILT (IF ANYI Wl-W? HG 

101 10 136() PLA4 1 6 2 l q 

l. INT 1367 -- M'l l'lEf AULT -- 1 
2. TNT 1368 -- Nn OEfAULT -- ? 
3. CSP 136<J -- "lrJ OfFAUL T -- 3- 4 

10? 80 1370 (NONE, 

103 14 1450 PLOT 1 11 1 4 16 
1. JNT 1't57 -- Nn OEFAULT -- 1 z. JNT l4';fl -- "l'l OEF AULT -- 2 
3. JNT 145<1 -- NrJ l)ffAULT -- 3 
4. INT 1460 1 4 
5. INT 146? 0 5 

ITI 
>< 104 10 1464 Pl TSET 1 3 4 2 9 ITI 
n 1. INT 1471 -- N'l OEfAIJL T -- 1 c:: 
-I z. INT 14 72 -1 z .... N 

< 
. 

ITI 
.i,,. 
I 1'>5 11 1474 PLTTRAN 1 z z 0 4 

~ 
.i,,. 
w 

1. JNT 1481 0 1 to 
r z. INT 1483 0 2 ITI N 
C, 

...... 
ITI N 106 7 1't 85 PRTMSG 2 1 0 0 l ----- N 0 PARAl'IE T E R S E X IS T ----- V, lO 
n ...... 
,0 

...... .... OJ 107 13 14<12 PRTPA~M z 0 0 0 0 -0 
-I 1. INT l49Q -- "l'l OEFAULT -- 1 ..... 
0 2. BCD 1500 YlflfXXXXX 2- 3 :2: 
V, 

3. INT 1503 0 4 

108 q )505 R A"l(lOH I q z 0 11 
1. INT 1512 -1 1 

}.')(J 7 1514 QfHtGl I 3 6 l 10 ----- N n P A R A M E T E R S E X I S T -----
110 11 1521 111\'1G2 1 1 1 4 6 

I. INT 1528 1 1 
2. 115p P.30 l .nOOOt+OO 7 



" 0 0 U L t: p R 0 p !: Q T ' [ ._ I ' ~ T 
- - - - p 4 p A "' r: T E R s - - - - - -

MPllO NWOS Will "100-tU"F. TYP IN OUT SCR rn, IO TVP p OHAIJl T fl F ANY) Wl-Wl HG 

111 7 1512 ~1114G3 1 3 1 2 6 N n p A ~ ,. 
" E T f R s E X I s T 

11?. 7 l'>l<J RRf"IG4 1 ,. 1 3 8 ----- N n P A R A P1 E T f. R s t- X I s T 

113 20 15V, (NONE) 

114 11 15 .. 6 READ 1 7 ,. 9 20 
1. l'CD 1573 N'l OEFAULT 1- l 
z. INT 1574 Nil OEF AULT 3 
3. JNT )'575 1 ,. 

115 lie 1577 RMG 1 ,. 3 6 13 
1. RSP 15 84 o. 1 g 
z. RSP 1586 o. ? ~ 
3. INT 1588 -1 3 Cl:I ,. . INT 15CJO NI) OEFAUL T 4 r 

0 
('") 

N 7<:: 

""" 
llb 14 l';<n SCAUR 2 1 0 0 l )> 

I 1. INT 1sqe l I :z 
""" 0 

""" 2. (NT 1600 1 2 -i - 3. CSP 1602 ( o. ,, o. ' 3- 4 )> ...... Cl:I 
N r - l'T1 
N 117 7 1605 SCEl 1 5 6 1 12 ----- N 11 p A R A " E T f R s E X I s T ----- 0 U) - fT1 ....., 

V, 
o:> 118 9 1612 SORl 1 11 3 6 2-0 ('") 

;:o 
1. INT 1619 N'l OEFAUL T l ..... 

-u 
2. RCO 1670 N'l OEFAUL T 2- 3 -i ..... 

0 

119 1? lf.21 SOR2 1 15 
z 

6 3 24 V, 

1. "CO 1628 -- NO nEf AULT 1- 2 z. INT H29 l 3 
3. INT 1631 -1 ,. 

-,.< PO 7 l'>H S0R1 l 6 8 10 ----- N n p A R A ,,, E T F R s f X I s T -----
-~,Z:__ 



M ,1 l) U L i: j) K u f' F R T I F ') l T <; T 
- - - - - p A p ,. '1 F 1 E Q s "'IPtlO NWOS 1401 14f1D-NAME TYP IN OUT SC~ 1 OT JI) TYP p f)CFAIIL T f TF ANY) Wl-W2 FLG 

l :n 11 1640 SOR HT 1 10 l 3 14 
l. RSP H,47 I). l 
2. INT 1 h',Q -l 2 

1?7 H lb51 S fEHAT 0 0 
1 • PCD 1t,58 Pl1JNT 1- 2 
2. INT H,f.1 0 3 
3. INT 1663 100 4 
4. RC fl 1665 c; r. 5- 6 
5. INT 1668 0 7 
6. RCD 1670 8- q 
7. INT 1673 0 10 
e. BCD 1675 11-12 
q. PSP lh7R 3.0000E+Ol 13 ...., 

X 
10. PSP lhPO J.OOOOE+Ol 14 ...., 

n 
C: 
-t N 173 1 !\ H,fl~ IHONE) ..... . 

""' < 
I ...., 

""' 17.4 26 1 700 SET VAL 7. 0 0 0 0 -t U1 
):,, 

1. INT 1707 -- Nil l'lHAUL T 1 ro 
r z. INT 170R -1 ? 
...., N ....... 

3. TNT 1710 -1 3 0 N ...., (0 

4. INT 1717 -1 4 (/) ....... 
n " s. INT 1714 -1 5 ;;:o 00 ..... 

f,. INT 1716 -1 f> -u 
-t 

7. INT 1 71 P. -1 7 ..... 
a e. INT 1720 -1 e z 
(/) 

q. 1111 T 1722 -1 9 
10. INT 1724 -1 10 ~ ......... 

P5 11 17?6 SMA 1 1 5 3 2 10 

\"' 1. TNT 1733 Nil Off AULT 1 

\ z. INT 1734 N'1 OFF AULT 2 
3. INT 1735 -1 3 



H 11 0 U L I:: P R n p f R T J F s ( I " T 

- - - - - p ,. 0 ~ M F T f R s 
t\PltO NWOS Wl>l '100-NAME 1 yp IN OUT SC~ TOT I fl TYP p r>FF A Ill T r IF ANYJ Wl-W2 HG 

1?6 32 l 7J7 S1'1A2 5 2 2 9 
1. R5P ) 744 NrJ OE FAULT 1 
2. INT 1745 Nil OH AULT 2 
3. INT l 746 ~HJ OEFAUL 1 3 

"· INT l 74 7 -1 t, 
s. INT 1749 -1 5 
f>. TNT 1751 -1 6 
1. INT 1753 -1 7 
e. INT 1755 -1 fl 
9. INT 1757 -1 9 

10. INT 1759 -1 10 
11. INT 1761 -1 11 
12. INT 1763 -1 12 CJ 

):,, 

13. INT 1765 -1 13 -f 

l It. INT l 767 -1 l't 
~ 
w 
r 
0 N 127 10 1769 SHA3 1 z l 1 10 n 
;,<: .... 1. JNT 1776 NrJ OEFAULT l I ):,, .... 2. INT 1777 NfJ OEf AULT 2 :z 

°' CJ 
3. INT 177A NIJ OH AULT 3 -f 

):,, 
N 

M 
w ........ 1?8 1 1779 5 '4P 1 l 5 q 7 21 N n p A q A E T F R s E X I s T r 

N ,,, 
'° ........ C, ...... pq 1 17136 C,HP2 1 3 1 b 10 N fl p A Q A H E T E R s E X I s T ,,, 
CD Vl 

n 
;o 

130 22 17q3 SHPYAO 1 b 1 2 9 ..... 
-0 

1. INT lROO -- NI) OE FAULT 1 -f ..... z. TNT lAOl 1 ? 0 :z 
3. INT 1 R03 1 3 Vl 

". INT 1805 0 4 ~. TNT 1807 0 5 
b. TNT 1809 0 6 ,·., 
1. INT 1 ~11 0 1 
8. INT 1813 0 (: 



M 11 D u l F p ~ 11 p F R T T F 'i I T <; T 
- - - - - p A p A ~ r T [ R s 

MPL 10 NWllS !Wl 11fJO-NAHE TYP IN IJU T SCK Hl T JO TYP p nFF Alll T f IF ANY) •..n-w2 HG 

111 15 tRl'i SOLVE 1 2 1 ~ 8 
1. INT 1R22 0 1 
2. INT 1824 1 7 
3. INT 1R?6 0 3 
4. INT 187P. 0 4 

132 20 1810 (NONE) 

111 11 H50 S 5 (;} 1 11 1 3 15 
1. INT 1857 Nil OH AULT 1 
2. INT 105e Nil flEFAUL T 2 
3. INT l R5q -1 3 

lH 7 1861 SSG2 1 7 4 4 15 ----- N n p A R A M E T F R s E X I s T ----- ...... 
X ...... 
n 13,; 13 186d 5SG3 1 6 4 z 12 C 
~ 1. INT 1875 "'" OH AULT 1 ..... N 
< . 

2. INT H76 N'l OEFAUl T 2 ...... ~ 
I 

3. INT 1877 1 3 ~ ~ 
;t:> ..... 

4. INT ten l 4 OJ 
r - ...... _, 

N 136 f:j llHH 5SG4 l 11 2 5 18 C, ....... 
...... N l. INT 1888 -- NI'\ OEFAULT 1 V> '° n ....... 
:;o ..... ..... 00 137 7.3 1 ARQ SSGHT 1 17 3 5 25 -0 
~ t. INT 18% -1 l ..... 
0 z. INT J8qe -1 2 :;z 
V> 3. PSP 1qoo 1.0000f-03 3 

"· PSP t qo2 o. ,. 
5. INT 1qo4 4 5 
6. INT 1qo6 -1 t:, 
7. INT l90B 0 7 
B. INT 1q10 0 b 



M iJ D u l t p R fJ P E p T I E s I l 5 T 
- - - - - p A 0 A '1 r: T E R s 

MPl ID NWOS WIJl HrJO-NAMF TYP IN 1JUT SCR TUT JO TYP p nr:Hlll T f IF ANY) Wl-W? FLG 

llA 11 l Q}7 TAI l b 5 4 15 
1. INT 1g1g ~n FlEfAlll T 1 
2. INT 19?0 NO f"lEHUl T 2 
3. INT 1g21 1 3 ,. . INT 1 gz3 N'l FlEFAIJL T 4 
5. INT 19?4 N'l OFF AULT 5 

11g 2? 1925 TAIJPCH ? 0 0 
l. RCO 1932 AA 1- 2 
2. RCD 1935 AR 3- 4 
3. RCO JQ3R Ar. 5- 6 

"· BCD 1 q41 AO 7- fl 
5. I\C 0 1Q44 AE 9-10 0 

)> 
-I 

140 11 1947 
)> 

( NONEI 
to 
r 
0 

141 12 1%0 TAR PRT z 1 0 0 1 n 
N 7<: . 1. RCO lQ67 -- NO OEFAUL T 1- 7. ~ )::,, 
I 2. INT l Qh8 0 3 :z 
~ 0 

" 3. INT 1Q70 0 4 0, -I 
)::,, - to _, 

142 7 }Q72 TAI\PT 2 5 0 0 5 ----- N n P A p A M E T E p s E X I s T ----- r 
N ITI ....... 
N C 

'° 143 20 1 q7g fNONEt ITI ....... en 

" n co ::0 
144 17 lQQg TJMFTFST 1 0 2 2 4 .... 

"'t] 

1 • INT 200t, 50 l -I .... 
2. INT 2008 200 2 0 

:z 
3. INT 2010 2 3 en 

4. HU 2012 l 4 
5. INT 2014 0 5 

' ' 



M f J D u L F p R 0 p E p T I F ~ L t ,;; T 

- - - - - p ,. p ,. .., ,: T E R s 
MPL tn NWOS "101 MQO-NAr1F. TYP IN LIUT SC ti TlH IO TYP p llFF fill!. T f IF ANY) \,/}-\,/7 FL G 

14 '5 t 3 7016 TllO 1 8 2 B 18 
1. P.CO 20B Nn OEF AULT 1- 2 
2. INT 2024 N'l l'lF.FAUlT 3 
3. INT 7075 "'11 llEFAllLT 4 
4. INT 207h .,. fJ OEFAULT 5 
5. INT l027 -1 6 

146 15 207.9 TRHT l 10 2 7 19 
1. PS P 2036 '5.5000E-Ol 1 
2. RSP 2038 o. 7 
3. INT 2040 -1 3 
4. INT 2047 -l 4 

14 7 l3 2044 ULG 1 H 6 9 29 ITI 
>< 

1. INT 2051 -1 l ITI 
n 

2. INT 2053 -1 2 C: 
~ N 

3. INT 2055 0 3 .... . 
< ~ 

I ITI 
~ 148 7 2057 TRNSP l l 1 8 10 ----- N n I> 4 Q A M E T E R s E X I s T ----- ~ " ):,, CT 

co 
r - }4Q 10 20fi4 IIMERGE 1 3 1 1 5 ITI 

N 
1. RCO 2071 Nil nEfAUlT 1- 2 0 ' ITI N z. BCD 2072 ~IO nEF AULT 3- 4 V, \0 

n ' 3. BCD 2073 Nil DEFAULT 5- 6 ;:o " .... co 
-u 
~ 150 10 7074 UPARTN 1 2 4 1 7 .... 
0 

1. BCD 2081 NO OEFAULT 1- 2 :z 
V, 

2. BCD 2082 N'l OEFAULT 3- 4 
3. BCD 2083 NO OFF AlJL T 5- f, 

l 'H 14 7084 VOR 1 7 2 2 11 
I• RCD 20Ql Nil OEF AULT 1- 2 
2. RCO 20Q2 NrJ OEF AULT 3- 4 
3. INT 2093 Nn 01:f AUl T 5 

"· INT 20Q4 0 (, 

5. INT ?OW, t-.lfl OFF AULT 7 I.·. 
6. INT 20Q7 .,. ., OF.FAULT B 

......... 
,, 



' ' 

N 

~ 
I .,,. 

....... 
n -
N ...... 
N 

'° ...... 
....... 
0) 

111Pl to 

)'; 7. 

151 

l 'J4 

155 

156 

157 

158 

NWOS Will 

16 ZO'JII 

20 7.l 14 

1 2134 

7 2141 

19 7148 

70 7167 

13 2187 

rl ,J 0 

"100-NA,.E TYP IN OUT 

Vf.C l l l 

C NO~E I 

XYPLOT 2 1 0 

l( YPRNPL T 2 1 0 

XYTPAN l b 1 

CNONEI 

C0'181 1 z 1 

u l I: t> R 0 p r P T I F 
- - - -

~Cl< TOT 1n TYP p 

(i 2 
1. RCO 2105 
2. RCD 2106 
3. RCD l)OQ 

4. INT 2112 

2 3 

0 1 

!1 lZ 
1. RCO 2155 
z. RCO 2158 
3. INT 2161 

"· INT 2163 
5. INT ?165 

10 13 
1, INT 2194 
z. INT ?196 
3, RCD 2197 

s l ' c; T 
- p A o A . "I F T F "' s 

OFF Alll T f IF ANyt Wl-lor2 FLG 

Nil OFF AULT 1- 7 
C'lMP 3- 4 
t:OMP 5- 6 

0 7 

N n p A Ill A H F T E p s E )( I s T 

N n p A p A H E T F R s E X I s T 

0 
)::, 

TRANS 1- 2 4 
)::, 

'int 3- 4 C, 

0 5 r-
0 

0 6 0 
7<:: 

1 7 )::, 
:z 
0 

~ 
)::, 
C, 
r-
JTt 

0 l 0 
-- NO OfFAULT 7 JTt 

V, 

3- 4 0 
;;o .... 
-0 
4 .... 
0 
:z 
V, 



M fl D U L E p ~ 0 p F p T I f s l T c; T 
- - - - P A p ,. 

1111 F T E p s 
~PL{n NWllS wn1 '100-tUl'lf TYP IN OUT SCt< 10T IO TYP p OJ:FA\ll.T f IF ANY} Wl-W2 Fl G 

15<1 35 2200 COMP.2 l 7 I 7 15 
1. INT 7.?07 N'l OEFAULT l 
2. P.CO ?208 ~fl OE FAULT 2- 3 
3. PCO 2?0Q 4- 5 
4. RCO 2212 t,- 7 
5. RCO 1215 8- q 
b. 8CO 2218 10-11 
1. ACO ?221 12-13 
e. BCD 2?24 14-15 
9. RCD 2227 16-17 

10. RCO 2230 18-lQ 
11. INT ZlH 0 20 

l '>0 36 2215 El< 10 2 0 0 2 2 ITI 
X 

1. INT 224?. Nfl OEFAUL T I ITI 
n 

2. INT 2?43 N'l OEFAULT 2 =i 3. RCD 2244 N'J OEFAUL T 3- 4 ..... N < . 
4 • BC I) 2245 NI) OEFAUL T 5- t, ITI .,,. 

I s. P.CD 2241- NIJ OEFAUL T 7- 8 -I .,,. 
)> --.J b. RCO 2247 NO DEF "ULT 9-10 0:, 0.. r 

1. RCO 7-?.4 R N'l DEFAULT 11-17 "1 

a. P.CD 2?49 All 13-l't CJ N 
ITI ........ 9. RCD 2252 WHOLFSOF 15-16 Vl N n tO 10. RCO zz•p; l('( JC X X X Xl< 17-18 ,0 ........ ..... --.J 11. BCD 2258 lCYYXXXXX 1g-20 '"O (X> 
-I 

12. BCD llbl YXll'XlCXXX 21-22 .... 
0 

13. RCO 22bit xxxxxxxx 23-24 2: 
Vl 

14. INT 2267 0 25 
15. JNT 2269 0 26 

.... 
'· 

~ 



M 0 0 u l f p ~ 0 r f 11 T I F ~ l J <; T 
- - - - - p ,. 11 A '1 ~ T E R s 

1'1Pl tn Nwns Will MOil-NA HE TYP IN UUT SCk JOT IO TYP p Ol=f AtJl T I IF ANY) Wl-W2 HG 

1 '> 1 3Q 77.71 RCOVR 1 11 8 q 28 
1. INT 7278 Nil OEFAUL T 1 
.?. INT 727q Nil nEFAUl T 2 
3. INT 22(10 Nil l'IEFAULT 3 
4. RCO 2281 NIJ OEFAULT 4- 5 
5. INT 7287 N1 llEFAUL T b 
bo INT ?283 0 7 
1. INT 2785 0 8 
e. RCO 2287 Q-10 
q. ACll 22QO 11-12 

10. eto 22Q3 13-14 
11. RCO 2296 15-lb 
12. eco 27qq 17-18 CJ 

):,, 

13. INT 2302 -1 lQ -i 
):,, . ,, . RSP 230', o. 20 tD 

15. RSP 2306 o. 21 r 
0 

lb. RSP 2108 o. 22 n 
N 

,.._ 
~ ):,, 

I 1'>2 11 ZHO (NONE) :z 

""' CJ 
...... 
ID i! - 161 11 737.1 RCOVR1 1 7 3 H tD .... 1. INT 2328 NO OEFAUL T 1 r 
N 

,,, - z. RCO 2329 NO nEFAUL T 2- 3 
N CJ 
U) 3. INT 2330 -1 4 

,,, - V, 

...... n 
0, ;;o 

164 lb 2332 RF.OUCF l 2 3 2 7 ...... 
,:J 

lo INT 2339 0 l -i ...... 
2. INT 2341 0 2 0 

:z 
3. RCO 23'93 3- 4 V, 

" . INT 2H1, 0 5 

1 '>5 11 2 3411 ~GEN 1 4 10 0 14 
1. INT 2355 NO OEFAULT 1 
2. RCO 2356 Nil OEFAULT ?- 3 
3. INT 2357 Nil l'IEfAULT 4 

". INT z,!iR N'1 nEFAULT 5 

\"'-\ 



M 0 0 U L t p R 0 p E R T I E s I T c; T 
- - - - - p A Q A M r T F p s 

1'1PL JO NWOS W!l 1 '100-NAHf T yp IN 1UT SCR Till JO TYP p OFF Alll T ( lF ANY) •,11-W? FLG 

IM, 25 ?35Q SOJ:I 1 0 ~ 0 5 
1. TNT 2 3M -1 1 
2. RCO 236~ -- Nn OEFAtJLT 2- 3 
3. RCD 236Q 4- 5 
4. RCO 2372 b- 7 
5. eco 2H5 &- q 
6. RCO 2378 10-11 
1. RCO 2381 12-13 

16 7 25 23t14 SOFO z 5 0 0 
1. INT 23Ql -1 1 
2. RCD 2393 -- t.l'l OEFAULT 7- 3 
3. eco 2394 4- 5 
4. BCO 2397 6- 7 ri, 

X 
5. RCO 2400 e- q ri, 

0 
6. BCO 2403 10-11 C: 

-i 
7. RCO 240'1 12-13 ...... N < .... ri, 

-i I l '> 8 37 740-1 SOFUT 2 0 0 1 l .... 
)> ....... 

1. INT 2416 -1 1 DJ -f, r 
2. ~co 2418 NO OEFAUL T 2- 3 ri, -_. 
3. BCD 2419 ... 11 l"EFAUL T 4- 5 CJ N 

ri, ....... 

"· JNT 2420 0 f, V, N 0 

'° 5. RCO 2427 7- 8 ;,;, ....... ...... ....... 
t,. 8CD 2475 9-10 -,:, co 

-i 
7. BC 0 242f' 11-12 

.... 
0 

8. RCO 243) 13-14 :z 
V, 

q. BCD 2434 15-lb 
10. RCD 2437 17-18 
11. 8CO 2440 19-20 
12. RCO 2443 n-22 

lb9 15 7446 SURPHl ? 7 0 1 
1. HH ?t.5 3 0 l 
2. eco 24~5 -- Wl 1)1:fAULT 2- 3 
3. INT 2456 0 4 

"· RCIJ 245f' 5- 6 

'· ~ 



M ·1 D U L E ... p 0 p f p T 1 F s l T <; T 
- p A Q A .. F T I: " s 11PltO NWOS WOl "101}-NA "IF TYP IN OUl SC" TOT Ill TYP p flH Alll T (IF ANvt !<1 l-W2 FLG 

170 11 2461 PLTHRG 1 2 b 1 g 

1. RCO 24t-R ""I) f'IFF AULT 1- 2 
'l • INT l 41-.Q Nil !lEFAUL T 3 
3. INT 2470 Nil OEFAIJL T " ,. . INT 24 71 Nil !lEF AULT 5 

1 71 18 247? CNONEJ 

172 q 2440 COPY 1 1 1 0 2 
1. INT 24q7 -1 l 

173 q ?1t<n swnc~ 2 0 0 2 
1. INT 250b -1 1 CJ 

)>, 
-I 

174 11 2508 MPY3 1 3 1 3 7 )>, 

CD 1. INT 2515 0 1 r 
0 2. INT 2517 0 2 n N 

"' 
. 
~ 

)>, 175 H 251Q SOCHPS 1 4 2 b 12 z 
I 
~ 

CJ -...a 1. INT 2526 0 1 
i! 

IO 

2. INT 2528 0 2 CD - INT 2530 20 3 r 
~ 

3. 
IT1 

N ,. . JNT 7517 0 ,. - CJ 
N 

5. INT 2534 0 5 IT1 
ID 

Vl - RCO 7536 L 6- 7 n 
-...a 6. 

,0 
00 

1. INT 253Q 0 8 ..... 
-0 e. CSP 2541 f o. , o. G-10 -I ..... 9. llDP 2 5 4 4 n. 11-12 0 
z 10. INT 2547 0 13 Vl 

11. RCO ?'i4Q "'ONE 14-15 

176 g 2'552 L !JOA PP 7 0 If 10 
1. ~co 755q "10 OfFAlll T 1- 2 z. INT l'il,O "Ill OEFAULT 3 



M II D u l t. I' R IJ p !: R r J F ~ l T <; T 
- - - - 0 " p 

" f1 F T E R 5 
HPLIIJ NWl)S \.IOl MOO-tOMF. TYP IN illl T SCJ./ TUT In TYP p ncrtdllT r IF ANY') Wl-W2 FLG 

177 17 251> 1 GPSPC 1 4 2 0 b 
1. TNT 7568 1 1 
z. INT 2570 -1 2 
3. INT ?572 N'l nEFAUL T 3 
4. INT 2573 NfJ OFFAULT 4 
5. INT ?574 t,Jf) 1:'EFAUL T 5 
b. INT 2575 trn OEF AULT l, 

7. INT 257h NrJ OEf AUl T 7 
e. INT 2577 Nfl DEFAULT f.l 

17P 15 ~578 F0"1Ct< 1 12 1 7 20 
1. INT 2585 0 1 
z. INT 25A7 -1 2 
3. INT 258Q Nil flEFA!Jl T 3 IT1 

X 

"· RCD 25QO NONE 4- 5 IT1 
n 
C: 
-i l7Q 11 25Q3 A.OR 1 7 1 . 5 13 .... 

N < . 
1. P SP lf,00 Wl llEfAUl T 1 IT1 

~ 
I z. PSP 2601 o. 2 -i .i,. :J;:,, 

" 3. RCO 2603 Nfl flEFAULT 3- 4 OJ ::::r r-
IT1 -_, 

180 12 2b04 FRR02 1 b 1 q 16 0 N IT1 - 1. RSP 7611 NI') OEFAUL T -- 1 V, 
N n 
\0 2. RSP 2612 o. ? :0 - .... 
" 3. RSP 2614 o. 3 "O 0:, -i .... 

PH 14 2616 GUST 1 10 1 7 18 ~ 
Vl 

1. INT 2623 N'l OEFAUl T -- 1 
2. RSP 2624 o. ? 
3. !!SP 2M6 o. 3 
4. RSP 2ti?e o. 4 

Pl2 Q 7.610 JFT 1 4 2 0 
1. INT U37 1 ) 

t '33 q 261Q lAMIC I 1 0 3 

\ 
1. INT 2646 0 1 



---~ 

N . 
~ 

.:.. ......, 

N ...... 
N 

'° ...... ...... 
(X) 

'· 

ti - I) U IJ l E P R u p F Q T I F 
- - - -

"Pl ID IIIWOS wn1 1100-NA!"IE TYP IN our SCI< TOI In TYP p 

l >14 15 264 It HJQllTEST l 1 2 10 )3 

1. INT 21i55 
2. INT 2h57 
3. INT 265Q ,. . HIT 2661 

165 11 2661 EMA l 3 2 3 8 
1. INT 2670 
z. pc;p 2672 

q 71:,74 C NON£) 

••• ENO OF MPL PPINT~UT 

••• THE "PL CONTAINS 186 ENTRYS. OF THESE, 20 ARE PAO ENTRYS. 

<; l ' <; T 
p A Q A .. F T E p s 

nFFAlll T r IF ANY) 

H 
0 

-QQ0150l5 
-50QQQQq 

-1 
1.ooooE+oo 

'Jl-W2 FLG 

1 
7 
3 
4 

1 
2 

0 
):> 

~ 
(X) 
r 
0 
n 
7' 

):> 
:z 
Cl 

~ 
(X) 
r 
ITI 

0 
ITI 
V, 
n 
::0 .... 
-0 
-I .... 
0 
:z 
V, 



EXECUTIVE TABLE DESCRIPTIONS 
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DATA BLOCK AND TABLE DESCRIPTIONS 

2.4.2.3 XPTDIC (Problem Tape Dictionary) 

Description 

XPTDIC is the Problem Tape Dictionary of data blocks checkpointed plus other information 
needed to restart a problem. 

Created in Modules 

XGPI, CHKPNT and XCEI. 

Table Format 

Record Word 

0 

I ID I 2 

I 13 1 
PR 1 711 6 

NAF ,, 
2 s 

2 l 
XVPS 

2 ---
3 R F 

4 BCD BLANKS -----
5 BCD BLANKS ! First entry fn a 

6 
grouo is a soecial 

DIN 0RN entry 

7 
DBN 

Reoeat this entry 8 

EQ ETfRT~ - --- for all data blocks 
referenced explicitly This 

9 F or implicitly in grouo 
s , ol:n 17 16 

CHKPNT instruction of 
entries 
is 
repeated 
for each 

K CHKPNT 
XVPS module 

K+l executed -- --
EQ ET ER 

K+2 R F 
s 31 30 :l9 17 16 

. 
N 

3 End-of-file 
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Record 

0 

1 

2 

~ 

1 ,2 

2 

1 ,2 

3 

4,5 

6 

7,8 

9 

K, K+l 

K+2 

EXECUTIVE TABLE DESCRIPTIONS 

~ 

ID 

PR 

NAF 

s 

XVPS 

R,F 

(blanks) 

DIN 

0RN 

DBN 

EQ 

ET 

ER 

R,F 

XVPS 

EQ,ET, 
ER,R,F 

Description 

Header record containing name XPTDIC (BCD). 

Present reel number of Problem Tape. Reels are 
numbered sequentially beginning with Reel 1. 
Next available file number on present reel. 
Files are numbered sequentially beginning with 
file 1. 

Sequence number of last restart dictionary card 
punched out. 

BCD name XVPS. The file correspondino to this 
entry contains named conman blocks /XVPS/ and 
/XCEITB/. 

Reel number and file number where the file 
corresponding to this entry is located. For this 
entry the reel number 1nJSt be one. 

BCD blanks indicate soecial entry. 

DMAP instruction number of DMAP instruction 
following CHKPNT module (i.e., re-entry ooint). 
0SCAR record nurrber of CHKPNT module being 
executed. 

Data block name (BCD) of data block being 
checkpointed. 

Equivalence flag. EQ = 1 indicates data block is 
equivalenced to another data block. 
End of tape flag. ET= 1 indicates that data 
block is split across two reels of problem tape. 
End of 1ogical record flag. ER= 1 indicates 
that the complete logical record was writt~n out 
prior to changing reels when ET= 1. 

Reel number and file number where the file 
corresponding to this entry is located. For 
purged or not-generated data blocks, R = 0 and 
F • O. 

BCD name XVPS. The file corresoondino to this 
entry contains named common blocks /XVPS/, 
/XCEITB/ and /SYSTEM/. 

See word 9 for descriptions. 

1. All entries are integer unless otherwise noted. 

2. The XPTDIC table is always the last file on the Problem Tape. 

3. XGPI generates records 0, 1 and the first entry of record 2. CHKPNT modules add 
entries to record 3. XCEI drops entries from record 2 when a REPT OMAP instruction 
transfers control to the top of a DMAP looo. 

4. XCSA also creates a XPTDIC table when problem is being restarted. This soecial XPTDIC 
table is created from the restart dictionary and its format is essentially the same as 
described above except that there are no special entries. 
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2.4.2.4 PVT (Parameter Value Table) 

Description 

The Parameter Value Table contains the parameter names and values of all oarameters inout 
by means of the PARAM bulk data card. 

Created in Module 

IFP. 

Table Format 

Record 

0 

~ 

1,2 

1,2 
3 
4 . . 

3+L 

Type Code 

1 
2 
3 
4 
5 
6 

Item 

Header record contains name PVT (BCD). 

Name of parameter (BCD) ~ repeat 
Type code for parameter value for all 
Value of parameter. Type codes parameters 
and corresponding lengths, L, of on PARAM 
values are given in table below. cards • 

Meaning of Code Corresnondina 
Length in !~ords 

Integer 1 
Real, single precision 1 
BCD 2 
Real, double precision 2 
Complex, single precision 2 
Complex, double precision 4 

l. IFP does not create PVT if no PARAM cards exist in the Bulk Data Deck. 

2. PVT is written on a scratch file as 2 or more records {a header record and 1 record for 
each PARAM card). 

3. The PVT table is located in named conmen block /XPVT/. 
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2.4.2.5 XCSA (Executive Control Table) 

Description 

Executive control table derived from the Executive Control Deck. 

Created in Module 

XCSA. 

Table Format 

Record Word ~ 
0 1 BCD word XCSA - header IO. 

2,3 BCD word S0L } Dictionary of contents of records 
4,5 BCD word DMAP to follow. Does not need to be in 
6,7 BCD word MED this order, nor is MED always present. 

1 Approach code ( 
2 Start code 

3,4 Alter parameters \ S~L record 
5 Solution number 
6 Subset number 

2 RD table (packed DMAP program)J 
or user enerated DMAP DMAP record 

N program f1a words per card (BCD infonnation) 
image). 

3 l Number of DMAP instructions 
2 Number of words per IS1 table entry. 3 

IS1 table (Module txecution Decis1on Table). 
MED record 
included L Number of entries in JNM table. only i<F L+l aooroach 

JNM table (File Name Table) calls for 
a Rigid 

M NYmber of entries in INM table Format 
M+l 

INM table (Card Name Table) 

4 End-of-file 

l. Data block XCSA is written on the Problem Tape. 

2. A more detailed description of tables IS1, JNM and !NM is given in the Module 
Functional Description for module XCSA, section 4.2. 

! 
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2.4.2.6 XALTER (Executive Alter Table) 

Description 

XALTER is generated from the ALTER data in the Executive Control Deck. 

Created in Module 

XCSA. 

Table Format 

Record 

0 

2 

N 

Word 

1,2 

1 ,2 

18 

Item 

BCD word XALTER - header record 

Numbers of DMAP instructions 
to be altered. (Integers). 

l Zero or more of these 
card image (BCD) records. Rer,eat until 

next 2 word record 
encountered. 

End-of-file 

XALTER data block is written on the Problem Tape. 
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2.4.2.7 LNKSPC (Link Specification Table - Resident Base) 

Description 

This Link Specification Table (see also 2.4.1.9) contains an entry for each executable 
CMAP module available within the NASTRAN system. Each entry contains: a) the OMAP module 
name, b) the module's subroutine entry point name and c) a key indicating the links in which 
the module resides for each of four machine types. 

Created in Module 

LNKSPC data is stored by the XBSBD Block Data subprogram in module XGPI (4.7). 

Table Format 

i!2!!! 

2,3 
4,5 
6 

7 

8 

9 

Word LLINK 

2 
DMAP Module 

3 Name 
- - - - - - - -

4 Entry Point 

5 Name 
- - - - - - - Entry #1 (Sample) 6 

- -
7 

a 

9 

ll!!!l 
LLINK 
DMAP Module Name 
Entry Point Name 
Key #1 
K~y #2 
Key #3 

Key #4 

-
Key #1 

- - - - - - - - -
Key 112 

- - - -
Key #3 

- - - - -- - -
Key #4 

Description 

Length of table in words (excluding word 1) 
DMAP name-a characters (4 characters/word) 
Entry name-a characters (4 characters/word) 
Link residence key for machine type #1 
Link residence key for machine type #2 
Link residence key for machine type #3 

Link residence key for machine type #4 
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The machine type code number is the same as th'at defined in the l·IACH word of the SYSTEM 
(2.4.1.8) table. Each bit within the Key word specifies a link number that is to contain that 
module. Bits are numbered from right to left; the right most (least significant) bit 
specifies that the module is to reside in link 1, etc. For example, if a particular Key 
contained 26 (binary 011010). only links 2. 4 and 5 would contain the specified module. 

1. The Li'IKSPC table must contain an entry for each executable module that is in the 
MPL (2.4.2.2) table. 

2. The LNKSPC table is located in /XLKSPC/. 
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2.4.2.8 IFPXO (Modified Restart Table) 

Description 

IFPXO records the types of changes to the input data which were made during a restart. In 

addition, it classifies each type of change as to substantive (solution affecting) or nonsub­

stantive (output only affecting). The basic data is stored in packed format, 31 bits to the word. 

The use of this array in restart and its companion /IFPXl/ is described in section l .10. 

Created in Module(s) 

IFPl, XS0RT and IFP and read by XGPI. 

Table Format 

2 

3 

4 

5 

6 

7 

8 through 18 

19 through 29 

Item 

N 

I1 

Ll 

I2 

L2 

I3 

L3 

IB 

Number of pairs (I,L) to follow. 

Pointer to first word in /IFPXO/ that is used 

to flag modified bulk data. 

Number of words reserved for modified bulk data 

flags. 

Pointer to first word in /IFPXO/ that is used 

to flag modified Case Control data. 

Number of words reserved for modified Case 

Control data flags. 

Not used. 

Array containing flags which specify what input 

has been modified for restart (the meaning of 

each bit can be determined from /IFPXl/. (See 

section 2.4.2.9). 

Array which specifies which bits in the IB array 

can initiate a modified restart. 
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2.4.2.9 IFPXl (Master Card Name Table) 

Description 

IFPXl contains mnemonics for the various card types (and data types) which can be significant 

for restart. It is actually a key into conmen block IFPXO (see section 2.4.2.8). The use of this 

array is described in section l .10. 

Created in Module 

Modules IFPl, XS0RT, IFP and XGPI read this array. 

Table Format 

Word No. 
In IFPXl 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

Bit No. 
In IFPXO 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Contents 

310 

GRID 

GRDSET 

BEAM0R 

SEQGP 

C0RD1 R 

C0RD1C 

C0RD1 S 

C0RD2R 

C0RD2C 

C0RD2S 

PL0TEL 

SPCl 

SPCADD 

SUP0RT 

0MIT 

SPC 

MPC 

F0RCE 

Output 
Only (PMR) 

Number of 
Card Types 

Yes 
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Word No. Bit No. Output 
In IFPXl In IFPXO Contents Only (PMR) Supported 

38 19 M0MENT 

40 20 F0RCE1 

42 21 M0MENT1 

44 22 F0RCE2 

46 23 M0MENT2 

48 24 PL0AD 

50 25 SL0AD 

52 26 GRAV 

54 27 TEMP 
' 

56 28 GENEL 

58 29 PR0D 

60 30 PTUBE 

62 31 PVISC 

64 32 (word 2) PBEAM No. 

66 33 PTRIAl 

68 34 PTRIA2 

70 35 PTRBSC 

72 36 PTRPLT 

74 37 PTRMEM 

76 38 PQUADl 

78 39 PQUAD2 

80 40 PQDPLT 

82 41 PQDMEM 

84 42 PSHEAR 

86 43 PTWIST 

88 44 PMASS 

90 45 PDAMP 

92 46 PELAS 

94 47 C0NR00 

96 48 CR0D 
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Word No. Bit No. Output 
In IFPX1 In IFPXO Contents Onlt (PMRl Sueeorted 

98 49 CTUBE 

100 50 CVISC 

102 51 CBEAM No 

104 52 CTRIAl 

106 53 CTRIA2 

108 54 CTRBSC 

110 55 CTRPLT 

112 56 CTRMEM 

114 57 CQUAOl 

116 58 CQUA02 

118 59 CQOPLT 

120 60 CQDMEM 

122 61 CSHEAR 

124 62 CTWIST 

126 63(word 3) C0NM1 

128 64 C0NM2 

130 65 CMASS1 

132 66 CMASS2 

134 64 CMASS3 

136 68 CMASS4 

138 69 CDAMPl 

140 70 CDAMP2 

142 71 COAMP3 

144 72 CDAMP4 

146 73 CELAS1 

148 74 CELAS2 

150 75 CELAS3 

152 76 CELAS4 

154 77 MAT1 
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Word No. Bit No. 
In IFPXl In IFPXO 

156 78 

158 79 

160 80 

162 81 

164 82 

166 83 

168 84 

170 85 

1,72 86 

174 87 

176 88 

178 89 

180 90 

182 91 

184 92 

186 93 

188 94(word 4) 

190 95 

192 96 

194 97 

196 98 

198 99 

200 100 

202 101 

204 102 

206 103 

208 104 

210 105 

212 106 

214 107 

EXECUTIVE TABLE DESCRIPTIONS 

Output 
Contents Only (PMR) 

MAT2 

CTRIARG 

CTRAPRG 

DEF0RM 

PARAM Yes 

MPCADD 

L0AD 

EIGR 

EIGB 

EIGC 

REACT 

Yes 

MATS1 

MAITl 

0MIT1 

TABLEM1 

TABLEM2 

TABLEM3 

TABLEM4 

TABLES1 

TEMPO 

TABLES2 

TABLES3 

TABLES4 

MAIT2 

MATS2 

CT0RDRG 

SP0INT 

SEQD 

SEQDBFE 
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Word No. Bit No. Output 
In IFPXl In IFPXO Contents Onl.z'. ( PMR} Sueeorted 

216 108 QDSEP F0RCE 

218 109 SPQUADl F11JRCE 

220 110 SPQUAD2 F0RCE 

222 111 SPQDMEM F11JRCE 

224 112 SPQDPLT F11JRCE 

226 113 ZI F0RCE 

228 114 CTRIA3 F0RCE 

230 115 PTRIA3 F0RCE 

232 116 SETRBFE Fl1JRCE 

234 117 VECDN F0RCE 

236 118 VECGP F11JRCE 

238 119 DMI 

240 120 DMIG 

242 121 PT0RDRG 

244 122 MAT3 

246 123 DL0AD 

248 124 EP0INT 

250 125(word 5) FREQl . 

252 126 FREQ 

254 127 N0LIN1 

256 128 N0LIN2 

258 129 N0LIN3 

260 130 N0LIN4 

262 131 RL0AD1 

264 132 RL0AD2 

266 133 TABLEDl 

268 134 TABLED2 

270 135 SEQEP 

272 136 TF 

274 137 TIC 
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Word No. Bit No. Output 
In IFPXl In IFPXO Contents Only (PMR) Supported 

276 138 TL0AD1 

278 139 TL0AD2 

280 140 TABLED3 

282 141 TABLED4 

284 142 TSTEP 

286 143 DSFACT 

288 144 AXIC 

290 145 RINGAX 

292 146 CC0NEAX 

294 147 PC0NEAX 

296 148 SPCAX 

298 149 MPCAX 

300 150 0MITAX 

302 151 SUPAX 

304 152 P0INTAX 

306 153 SECTAX 

308 154 PRESAX 

310 155 TEMPAX 

312 156(word 6) F0RCEAX 

314 157 M0MAX 

316 158 EIGP 

318 159 MASSC 

320 160 EDFIR F0RCE 

322 161 DF0RM F0RCE 

324 162 TABDMP1 

326 163 TABDMP2 

328 164 TAB0MP3 

330 165 TABDMP4 

332 166 FREQ2 

334 167 CQUAD3 F0RCE 
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Word No. Bit No. Output 
In IFPXl In IFPXO Contents Only (PMR) Sueeorted 

336 168 PQUAD3 F0RCE 

338 169 SPQUAD3 F0RCE 

340 170 SETR F0RCE 

342 171 SPTRIAl F0RCE 

344 172 SPTRIA2 F0RCE 

346 173 SPTRMEM F0RCE 

348 174 SPTRBSC F0RCE 

350 175 SPTRPLT F0RCE 

352 176 SECL F0RCE 

354 177 SECP F0RCE 

356 178 SEPTRIA3 F0RCE 

358 179 BAR0R 

360 180 CBAR 

362 181 PBAR 

364 182 DAREA 

366 183 DELAY 

368 184 DPHASE 

370 185 PLFACT 

372 186 CGENEL F0RCE 

374 187 PGENEL F0RCE 

376 188 ELDELE F0RCE 

378 189 MATT3 

380 190 RF0RCE 

382 191 TABRNDl 

384 192 TABRND2 

386 193 TABRND3 

388 194 TABRND4 

390 195 RANDPS 

392 196 RANDT1 

394 197 RANDT2 
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Word No. Bit No. Output 
In IFPXl In IFPXO Contents Onl~ {PMR} Sueeorted 

395 198 PL0AD1 

398 199 PL0AD2 

400 200 DTI 

402-598 201-299 Not used 

500 300 C0UPMASS 

502 301 GRDPNT Yes 

504 302 WTMASS Yes 

605 303 IRES Yes 

508 304 LFREQ 

510 305 HFREQ 

512 305 LMIIJDES 

51.4 307 G 

515 308 W3 

518 309 W4 

520 310 M0DACC 

522 311 MPC$ 

624 312 SPC$ 

526 313 L0AD$ 

628 314 METHll)D$ 

630 315 DEFll)RM$ 

632 316 TEMPLD$ 

634 317 TEMPMT$ 

636 318 IC$ 

638 319 A0UT$ Yes 

640 320 LIIJIIJP$ 

642 321 Llll0P1$ 

644 322 DL0AD$ 

646 323 FREQ$ 

648 324 TF$ 
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Word No. Bit No. Output 
in IFPXl In IFPXO Contents Onl.z: ( PMR l Sueeorted 

650 325 PL0T$ Yes 

652 326 TSTEP$ 

654 327 P0UT$ Yes 

656 328 TEMPMX$ 

658 329 0SC0$ 

660 330 K2PP$ 

662 331 M2PP$ 

664 332 B2PP$ 

666 333 CMETH00$ 

668 334 $DAMP$ 

670 335 INERTIA$ F0RCE 

672 336 NLF0RCE$ 

674 337 XY0UT$ Yes 

676 338 DELETE$ F0RCE 

678 339 RAND0M$ 

680 346 AXY0UT$ Yes 

682 341 N0L00P$ 
Not Used 
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2.4.2. 10 ITEMDT (Substructure item properties) 

Description 

ITEMDT contains most of the data required to describe a substructure item. The table is 

used by most substructure utilities when processing the S0F. 

Created in Module 

The ITEMDT values are initialized by· block data ITEMBO which is included in any link 

which requires the S0F. 

Table Format 

Word 

2 

3 

4 

5 

6 

7 

8 

N 

NITEM 

ITEM NAME 

ITEM TYPE 

NUMB*lOOOO FIRST* 100 INC * l 

I~GE SUBSTRUCTURE DATA 

SECONDARY SUBSTRUCTURE DATA 

HIGHER LEVEL SUBSTRUCTURE DATA 

EDIT DATA 
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Header 

Entry 
#1 

Entry 
#2 



Item 

NITEM 

DATA BLOCK AND TABLE DESCRIPTIONS 

Description 

Number of items described in the table 

Words 2-8 describe a sample 7 word entry 

2 

3 

4 

5 

6. 

7 

8 

NAME 

TYPE 

Item name, 4 bed characters 

Item type - 0 table item 
1 matrix item 

Describes modifications to be perfonred to table items during EQUIV 

NUMB 

FIRST 

INC 

IMAGE 

SECONDARY 

HIGHER 

EDIT 

;roup O word with number of component names to be modified 
(*10000) 

Group O word which contains first component name to be 
modified (*100) 

Number of words in each name group (*1) 

describes storage for image substructure data 
0 - data is stored in primary 
1 - data is stored in image 

describes storage for secondary substructure data 
(same as above) 

describes relationship between item and higher level 
substructures 

0 - item does not relate to higher level substructure 
1 - item describes higher level substructure 

(example H0RG) 

Each bit is set if the item belongs to that edit group. 
(For example all substructures have bit 5, 25•32, set) 

1. ITEMOT is contained in named conmon block /ITEMOT/ 

2. The following listing, of block data ITEMDT, gives the current item structure for the 
S0F. 
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NAME TYPE EQUIV IMAGE SECONDARY HIGHER EDIT 

EQSS 0 3005002 1 1 0 32 
BGSS 0 0 0 0 0 32 
CSTM 0 0 0 0 0 32 
L00S 0 4005002 1 1 0 36 
PLTS 0 3004014 1 1 0 32 
KMTX 1 0 0 0 0 33 
KMTX 1 0 0 0 0 34 
PVEC 1 0 0 0 0 36 
P0VE 1 0 0 1 1 48 
UPRT 1 0 0 1 1 48 
H0RG 1 0 0 1 1 560 
UVEC 1 0 1 1 0 40 
QVEC 1 0 1 1 0 40 
S0LN 0 0 1 1 0 40 
PAPP l 0 0 0 0 100 
P0AP l 0 0 l l 112 
L0AP 0 4005002 l l 0 100 
LMTX l 0 0 l l 48 
GIMS l 0 0 l l 48 
PHIS l 0 0 l l 288 
LAMS 0 0 0 l l 288 
K4MX l 0 0 0 0 160 
BMTX l 0 0 0 0 160 
PHIL l 0 0 1 1 288 
HLFT 1 0 0 1 1 560 
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2.5 MISCELLANEOUS TABLE DESCRIPTIONS. 

The following is an alphabetical index of miscellaneous table descriptions. 

Section Number Table Name Where Stored Pa5e Number 

2.5.2.2 BITP0S /6ITP0S/ 2.5-8 

2.5.2.4 CHAR94 /CHAR94/ 2.5-11 

2.5.2.7 CHRORW /CHRDRW/ 2.5-14 

2.5. 1.6 DESCRP /DESCRP/ 2.5-3 

2.5.2. 1 GPTAl /GPTAl/ 2.5-6 

2.5.l.5 MSGX /MSGX/ 2.5-3 

2.5.1.8 NAMES /NAMES/ 2.5-4 

2.5.2.8 NTIME /NTIME/ 2.5-15 

2.5.1.l 0SCENT /0SCENT/ 2.5-2 

2.s.1.2 li:)UTPUT /~UTPUT/ 2.5-2 

2.5.2.3 PLTDAT /PLTDAT/ 2.5-9 

2.5.1.3 STIME /STIME/ 2.5-2 

2.5.2.6 SYMBLS /SYMBLS/ 2.5-13 

2.5.1.7 TW0 /TW0/ 2.5-4 

2.5. 1.9 TYPE /TYPE/ 2.5-4 

2.5. 1.4 XMDMSK /XMDMSK/ 2.5-3 

2.5.2.5 XXPARM /XXPARM/ 2.5-12 
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2.5.1 Miscellaneous Tables Which Are Permanently Core Resident. 

2.5. 1. 1 0SCENT (0SCAR Entry) 

Description 

A 200 word storage array containing the 0SCAR entry (record) currently being processed. 

Created in Module 

The entry is read from the 0SCAR and stored in 0SCENT by the XSEMi (section 3.3.7) sub­
routine. Other executive routines that require details cf the current entry will search 0SCENT. 

Table Format 

The 0SCENT format is identical to the 0SCAR (section 2.4.2.1) entry it currently contains. 

2.5.1.2 eUTPUT (Output headings) 

Description 

A storage array containing problem title, subtitle, 1abe1 and various headings required by 
the PAGE (section 3.4.24) routine to properly annotate the NASTRAN output. 

Created in Module 

The title, subtitle and label are taken from Case Control Deck cards and stored in 0UTFUT 
by IFPl (section 4.3). Other heading lines may be stored by output modules prior to calling 
PAGE. 

Table Format 

0UTPUT contains sufficient space for seven 128 character lines. The first three lines con­
tain the title, subtitle, and label. The subsequent three lines contain local headings, and the 
final line contains the plotter ID. Since 4 characters occupy each computer word, the 0UTPUT 
array requires 224 words of storage. 

2.5. 1.3 STIME (Solution Time) 

Des cri pti on 

A storage cell containg the user's estimated solution time. 

Created in Module 

The estimated solution time is taken from a Executive Control Deck card and stored into 
STIME by XCSA (section 4.2) 

Table Format 

STIME cons1sts of a single cell containing the estimated time in integer seconds. 
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2.5. 1.4 XMDMSK (Executive Module Decision Mask) 

Description 

Contains the 155 bit master module execution mask (see section 1.10) and a cell indicating 
checkpoint status. 

Created in Module 

The 155 bit master module execution mask is generated and used by XGPI (section 4.7). The 
checkpoint status set or, (YES) by XCSA (section 4.2) by the presence of a CHKPNT = YES card in 
the Executive Control Deck. 

Table Format 

The 155 bit mask occupies the low order Zl bits of the first five words of XMDMSK. The 
sixth v1ord is the checkpoint status (flag). 

2.5.1.5 MSGX (Message Queue) 

Description 

A queue table to hold four word NASTRAN information and error messages between the time 
they are generated by a module and printed by the message writer, MSGHRT (section S.4.26). 

Created in Module 

Messages may be generated by ar:y NASTRAN module through a call to MESAGE (section 3.4.25). 

Table Format 

Word 1 
Word 2 
Word 3-6 
l~ord 6-end 

- Number of messages queued. 
- Maximum number of messages queue can hold 
- Four word message entry (typical) 
- Additional four word message entries 

2.5. 1.6 DESCRP (Matrix Description) 

Description 

A storage block used by subroutine lNTPK (section 3.S.3) to buffer the matrix unpacking 
procedure. This buffering reduces the nuni:>er of 1/0 accesses to the particular matrix data 
block. 

Created in Module 

DESCRP is filled and used exclusively by INTPK 

Table Format 

An array with the first word defining the length of the array. 
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2.5. 1.7 T'~0 (Powers of Two) 

Description 

A 32 word array with each word (starting with l in the 32nd word) containing the next power 
of two. 

Created in Module 

The 32 integer values are defined within the t,ASTRAN system block data program (SEMDBD). 

Table FCirmat 

Word 32 - 1 
Word 31 - 2 
Word 30 - 4 
1ford 29 - 8 
etc. 

2.5.l.8 NAMES (Symbolic Names) 

Des cri pti on 

A series of symbolic names identified with their NASTRAN numeric equivalents. Defines values 
for GIN0 file options, arithmetic types and matrix forms. 

Created in Module 

The values are defined within the NASTRAN system block data program (SEMOBO). 

Table Format 

~ SYMB0L VALUE ~ SYMB0L ~ !i2!.2. SYMB{IIL ~ 

1 RD • 2 7 E0FNRW • 3 13 RECT • 2 
2 RDREvJ • 0 8 RSP • 1 14 OIAG • 3 
3 WRT • 3 9 RDP • 2 15 UPPER • 4 
4 WRTREW • 1 10 CSP • 3 16 LOWER • 5 
5 REW • 1 11 CDP • 4 17 SYM • 6 
6 N0REW • 2 12 SQUARE • 1 18 R0W • 7 

19 IDENT • 8 

2.5.1.9 TYPE (Number Types) 

Oe:scri pti on 

A series of properties are defined as a function of a number type. The type may be Real 
Single Precision (RSP-1), Real Double Precision (RDP-2), Complex Single Precision (CSP-3), or 
Complex Double Precision (CDP-4). The properties that may be returned include precision (single, 
double), number of words, and real or complex. 

Created in Module 

The properties are defined within the NASTRAN system block data program (SEMDBD). 
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Table Format 

Word Proeert.z:: (Values) T e 

1 1 Precision (RSP) 
2 2 Precision ~ROP~ 3 1 Precision CSP Words (RSP) 
4 2 F-recision (COP) Words (RDP) 
5 2 Words (CSP) 
6 4 Words (CDP) 
7 1 Real/Complex (RSP) 
8 1 (RDP) g 2 (CSP) 10 2 (COP) 

Examele 

Assume the number of words required to contain a Complex Single Precision (CSP-3) is desired. 
The third item in the Words array is indexed and found to contain a 2 (words). 
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2.5.2 Miscellaneous Tables Not Permanently Core Resident 

2.5.2.l /GPTAl/ 

Purpose 

To describe connection and property characteristics of each element. /GPTAl/ is used in 
modules GPl, GP2, GP3, TA1, SMA1, SMA2, OSMGl, SOR2, PLTSET, and SSGl, and is initialized by the 
block data program GPTABD and subroutine DELSET. 

Description 

Group 

2-(NENT+l) 

Word 

2 

3 

1-2 

3 

4-5 

6 

7-8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

li'.e!. 
I 

I 

I 

B 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Item 

Number of entries (i.e., elements) in table (NENT) 

Pointer to first word of last entry in table 

Nurrber of words per entry in table 

Name of element (e.g., R00) 

Internal element identification nurrber 

ECT record ID and trailer bit for L0CATE 

Nurrber of words per entry on ECT 

EPT record ID and trailer bit for L0CATE 

Nurrber of words per entry on EPT 

Nurrber of grid points per element 

I 
+1 : Scalar element with grid point and 

component code 
0 : Not a scalar element 

-1 : Scalar element with scalar points only 

Nurrber of words per entry on EST 

Position of first grid point in ECT entry 

Temperature data 

Temperature data count 

2 Hollerith symbols for plotting symbol. 
If 11 xx 11 the element is not plottable. 
Word 10 of group 2 thru (NENT+l) must be 
2 to 20 and word 11 of group 2 thru (NENT+l) 
must be zero if the element is plottable. 

Number of words SDR2 passes from Phase l 
element routines to Phase 2 element routines 

Count of words SDR2 outputs for real stresses 

Count of words SOR2 outputs for real forces . 

Pointer into an S0R2D table for corrbining of 
real stresses to form complex stress outputs 
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~ Word 

2-(NENT+l) 21 

Note 

22 

23 

24 

25 

I 

I 

I 

I 

MISCELLANEOUS TABLE DESCRIPTIONS 

Item 

Pointer into an S0R2D table for combining of 
real forces to form complex force outputs 

SMAl element overlay limb 

SMA2 element overlay limb 

SMA3 element overlay limb 

Number of degrees-of-freedom per grid point 
for element 

Subroutine DELSET should be called prior to any usage of this block data program to set 
'dummy' elements (see Section 3.4.72). 
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2.5.2.2 BITP0S 

Purpose 

To provide pointers into USET and USETD words for interpreting the nested vector sets in 

NASTRAN. 

Words 1-32 are the bit numbers and words 33-64 are the corresponding alphanumeric mnemonics. 

Description 

Word ~ Value Word Item Value 

1 UM bit number 32 33 M 

2 uo bit number 30 34 0 

3 UR bit number 29 35 R 

4 USG bit number 23 36 SG 

5 USB bit number 22 37 SB 

6 UL bit number 24 38 L 
7 UA bit number 25 39 A 
8 UF bit number 26 40 F 
9 us bit number 31 41 s 

10 UN bit number 27 42 N 
11 UG bit number 28 43 G 
12 UE bit number 21 44 E 
13 UP bit number 20 45 p 

14 UNE bit number 19 46 NE 
15 UFE bit number 18 47 FE 
16 UD bit number 17 48 D 
17 UPS tit number 16 49 PS 
18 USA bit number 15 50 SA 
19 UK bit number 14 51 K 
20 UPA bit number 13 52 PA 
21-32 Empty · 0 53-64 Empty ** 

Notes: 

1. The first 32 words are integer and the second 32 are alphanumeric. 
2. An example of usage is shown below: 

C0MM0N / TW0 / ITW0(32) 
C0MM0N / BITP0S / K(32,2) 

C DETERMINE IF USET ENTRY IS A MEMBER 0F THE 0-SET. 
L • K(2,1) 
IF (ANDF(USET(I),ITW0(L)).EQ.O) G0 T0 o 
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2.5.2.3 PLTOAT 

Purpose 

To define plotter-dependent parameters. 

Description 

This table is defined in the PL0TB0 block data subprogram. The table is divided into N+2 
20-word sections, where N • number of plotters acceptable by the NASTRAN plotting software. 
Sections 3 to N+2 are the only sections initialized, because each contains values which are depen­
dent upon the plotter hardware. Section 1 contains values which may vary within the limits of the 
hardware, and Section 2 is simply a duplicate of one of the last N sections corresponding to the 
plotter of intereit·. 

Section 2 must be filled in by the mOQIJle writer. The format of Sections 2 to N+2 is as 
follows: 

1-2 

3 

4-5 

6 

7 

S-9 

10 

11 

12 

13 

14-20 

.IlE!. 
R 

R 

R 

R 

I 

R 

I 

B 

I 

I 

Name 

XYMAX 

CNTSIN 

CNTCHR 

MAXLEN 

NPENS 

!llRIGIN 

PLTYPE 

PLTAPE 

PBFSIZ 

E0F 

Description 

Maximum x and y coordinate values acceptable by 
the plotter. 

Number of plotter counts/inch on paper. 

Number of plotter counts per character in the x 
and y directions. 

Maximum length of a line segment. 

Maximum number of pens or line density available 
on the p 1 otter. 

For incremental plotters, the current pen position 
relative to the lower left corner of the plot. 
Otherwise, the location of the lower left corner of 
the plotter relative to its true physical origin. 

/

+1, +2, or +3 if the plotter is a microfilm, table 
or drum plotter, respectively, with typin~ 
capability. 
-1, -2, or -3 if the plotter is a microfilm, table 
or drum plotter, respectively, with no typing 
capability (i.e., all characters must be drawn). 

{ 

PL Tl if an even parity p 1 ot tape is to be generated 
for this plotter. 
PLT2 if an odd parity plot tape is to be generated 
for this plotter. 

Plot tape physical record size (number of characters) 

{ 

0 if an end-of-file 
plot. 
1 if no end-of-file 
tape. 

Undefined 
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Section l must also be filled in by the module writer. However, unlike Section 2, some of 
the parameters may vary from plot to plot, as long as they remain within the limitations imposed 
by the plotter hardware. The fonnat of Section l is as follows. 

Usage 

Word 

2 

3-6 

7-8 

9-10 

11 

12-20 

lt.2! 
I 

I 

R 

R 

R 

I 

Name 

M"DEL 

PL0TER 

REG 

XYEDGE 

CAMNUM 

Description 

Plotter model index 

Plotter index 

Plotter region (xmin' Ymin' xmax' Ymax) in which 
the current picture is being drawn. These values 
must be some fraction (between O and 1) of words 
7 and 8 (AXYMAX). 

Size of the paper used (x,y), less the borders, in 
pl otter uni ts. 

Size of the borders (x,y) in plotter units. 

Current selected camera. This word nee~ not be 
filled in, because it is set ana used as a conmuni­
cation between the SELCAM and SKPFRM subroutines. 

Undefined 

Sections 1 and 2 are nonnally setup by the FNDPLT subroutine, except for the plotter region 
values (REG). These values must be setup by the module writer himself. It is essential that both 
these sections be correctly setup, because they are referenced by the entire NASTRAN plotter soft­
ware package~ 

If Sections 1 and 2 are correctly setup by the module writer, he need not subsequently worry 
about such things as compensating for paper margins or different physical plotter origins. He 
need only assume that the plotter origin is located at the lower left corner of the paper where 
the left and bottom borders intersect. The NASTRAN plotter software will automatically compensate 
for the borders and the physical origin. 
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2.5.2.4 CHAR94 

Purpose 

To provicie a table of characters used to generate plot tapes as if tr.e c.omputer were always 
an IBM 7094. This table however is independent of the actual computer used. 

Description 

This is a 240 word table defined in the PL0TBD block data subprogram. It is divided into four 
equal sections of 60 words each. Each entry in each section has a parallel entry in the other 
three sections. 

Section I is a string of all the Hollerith characters acceptable by the plot modules of the 
form 1Hx, where x is a Hollerith character. 

Section II contains the integer equivalents of the IBM 7094 internal binary characters in the 
same order as Section I. However, near the end of this section are integers representing various 
additional characters not in Section I. These additional characters cannot be expressed in the 
form lHx and are used for special plotter commands. Each entry in this table is a right-adjusted 
two-digit integer with leading zeroes. 

Section III contains the integer equivalents of the IBM 7094 BCD characters as they would 
appear on an even parity tape written on an IBM 7094, in the same order and form as in Section II. 

Section IV contains the integer equiva1ents of the CDC disp1ay character codes so as to pro­
duce an even parity BCD plot tape as if written on an IBM 7094 1 in the same order and form as in 
Section II. 

The sequence of characters ·in each section is as fo11ows: 

0 1 2 3 4 5 6 7 
A B C D E F G H 
KLMN0PQ(R 
U V W X Y Z ) 
* I • • $ I b 

character 49 • end of record mark 

character 50 • end of file mark 

characters 51-53 • special characters. 

characters 54-60 • 0 

In Section I, characters 49-60 • a. 

Usage · 

8 9 
I J 
S T 
+ -

Section I is basically used for calculating an index into the other two sections by comparing 
an arbitrary Hollerith character with each character in Section I until a match is found. Once 
this is done, the index is used to extract the corresponding entry from either Section II or III, 
depending on whether an odd or even parity plot tape is being generated. If the computer is an 
IBM 7094, only Section II is used, and if the computer is a CDC 6600 and an even parity plot tape 
is being generated, Section IV is used instead of Section III. 
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2.5.2.5 XXPARM 

Purpose 

To define the plot tape buffer size, the camera to be used, the number of blank frames of 
film to be inserted between plots, the plotter model name, and the paper size to be used on table 
pl otters. 

Description 

Usage 

This table is defined as follows in the PL0TBD block data subprogram. 

Word 

1 

2 

3 

4-5 

8-9 

~ 

I 

I 

I 

I, or B 

R 

Name 

BUFSIZ 

CAMERA 

BFRAMS 

PLTMDL 

PAPSIZ 

Description 

Plot tape buffer size 

Plotter camera to be used (appropriate only on 
a microfilm plotter). 

Number of blank frames of film to be inserted 
between plots (appropriate'"'oiiTy on a microfilm 
plotter). 

Plotter model identification. 

Width and height of the paper to be used 
(appropriate only on table plotters). 

The initial values of these variables are as follows: 

BUFSIZ = must be set by the module writer 

CAMERA • 2 (paper output only) 

BFRAMS • 1 

PLTMDL • 4020, 0 (integer) 

PAPSIZ = 8.5, 11.0 

This table's actual size is 157 words. The remainder of the table is initialized for the 
structural plotter module, PL0T, but may be used by the progranrner for anything he desires 
in other plotting modules. 
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2.5.2.6 SYMBLS 

Purpose 

To provide a table of ir·dices into the CHAR94 and CHRDR~·J tables used to type or draw pre­
defined plotter symbols. 

Description 

The table is defined in the PL0TBO block data subprogram. There is room for up to 20 indices 
for each plotter. However, the same number of indices must be defined for each p1otter. The 
format of the table is as follows: 

~ Ile! Descrietion 

0 I Number of symbols defined for each plotter (currently= 9), 

1-20 I Symbol indices for plotter 1. 

21-40 I Symbol indices for plotter 2. 

41-60 I Symbol indices for plotter 3. 

There are as many groups of symbol indices as there are available plotters. The symbols 
defined for each plotter are as follows: 

Symbol l • X 
Symbol 2 • * 
Symbol 3 • + 
Symbol 4 • -
Symbol 5 • • (dot. not a period), 

-Symbol 6 • circle 
Symbol 7 • square 
Symbol 8 • diamond 
Symbol 9 • triangle 

Should any of these symbols not be available on a plotter, a substitution of another symbol must 
be made. 

Usage 

This table is used by the SYMB~L subroutine. 
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2.5.2.7 CHRDRW 

Purpose 

To define the combination of lines needed to araw alphanumeric characters and symbols. 

Description 

This table is defined in the PL"TBD block data subprogram. The table is divided into two 
sections. Section I is a list of indices into Sectior: II, used to locate the data needed to draw 
characters. The first 48 indices in Section I correspond to the 48 characters listed in Section I 
of the CHAR94 table. The last 7 indices are used for drawing the special characters listed in the 
SYMBLS table. If an index is negative, it is an index into Section I instead of Section II. This 
occurs when a duplicate character exists (e.g., a zero, the letter 11 {a 11

, and the symbol for a 
circle), 

Section II of tr.is table defines the (integer) coordinates of the starting and ending points 
of the straight lines to be drawn in order to draw a character or symbol. In general, the neces­
sary straight lines are contiguous, so that the end point of one line is the starting point of the 
next, etc. In some cases, this is either impractical or impossible (e.g.,*,+,•, etc.). In 
such a situation, the starting point of a line is negative, meaning that it is not to be connected 
to the end point of the preceding line. 

The characters defined in Section II are based upon 6x6 square characters. The values in this 
section are simply integer coordinates within a 6x6 square. 

Usage 

The fonnat of this table 

~ 12 
0 I 

1-60 I 

61-760 I 

is as follows: 

!i!n!. 
LSTCHR 

CHRINO 

CHR 

Des cri pti on 

Name of characters and symbols referenced in 
Section I (•52). 

Section I - 11 LSTCHR11 indices into Section II. 

Section II• (x,y) pairs defining the lineal 
representation of 6x6 square characters. 

This table is used by the ORWCHR subroutine. 
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2 . 5 . 2 . 8 NT! ME 

Purpose 

Defines timing constant data for all machine configurations. 

Description 

This table is defined in the NTMXBD block data subprogram. Values defined in this table are 
in microseconds and are obtained by running the TIMETEST module (see NASTRAN User's Manual Section 
5.5 and the Programmer's Manual Section 4. 127) on different computer configurations. 

The format of this table is as follows: 

0 

2 

3 

4 

5 

6 

7 

8 

9 

Repeated 10 
for each 
Machine 
Configuration 11 

12 

13 

14 

15 

16 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

NMACHS 

NITEMS 

TMI0 

TMBPAK 

TMIPAK 

TMPAK 

TMUPAK 

TMGSTR 

TMPSTR 

THTRSP 

TMTRDP 

TMTCSP 

TMTCDP 

TMLRSP 

TMLRDP 

TMLCSP 

TMLCDP 

Description 

Number of machine configurations supported by 
NASTRAN. 

Number of timing data constants items in table. 

Average time for a read and write operation per 
word. 

Average time for a BLDPK operation. 

Average time for an INTPK operation. 

Average time for a PACK operation. 

Average time for an UNAPCK operation. 

Average time for a GETSTR operation. 

Average time for a PUTSTR operation. 

Average time for a multiply-tight loop operation 
in single precision. 

Average time for a multiply-tight loop operation 
in real double precision. 

Average time for a multiply-tight loop operation 
in complex single precision. 

Average time for a multiply-tight loop operation 
in complex double precision. 

Average time for a multiply-loose loop operation 
in real single precision. 

Average time for a multiply-loose loop operation 
in real double precision. 

Average time for a multiply-loose loop operation 
in complex single precision. 

Average time for a multiply-loose loop operation 
in complex double precision. 

Unused. 
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Each of the timing constant arrays are sixteen words in length and each array is associated 
with one computer configuration. The following lists the computer configuration associated with 
each word. 

Usage 

Word 

2 

18 

34 

50 

66 

82 

98 

114 

130 

146 

162 

178 

194 

210 

226 

242 

258 

274 

290 

306 

Configuration 

Vacant 

IBM 360/91 ,95 

UNIVAC 1108 

CDC CYBER 175 

IBM 360/50 

IBM 360/65 

IBM 360/75 

IBM 360/85 

IBM 360/195 

CDC 6400 

IBM 370/155 

IBM 370/165 

IBM 370/145 

IBM 370/158 

IBM 370/168 

CDC CYBER 174 

UNIVAC 1110 

CDC CYBER 173 

CDC CYBER 176 

CDC 6600 

This table is used by modules like MPYAD and SDC0MP for calculating timing estimates for 
operations such as matrix multiplication and decomposition. {See module MPYAD - Section 3.5.12 
for an example of the use of this table}. 
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2.6 SUBSTRUCTURE DATA ITEMS DESCRIPTION 

The fonnat for substructure data blocks to be stored on the Substructure Operating File (S0F) 

is similar to the storage of NASTRAN data blocks with the following exceptions: 

1. The S0F is a separate physical file subdivided into data ttitems.tt Each ''item'' is equiva­

lent to a NASTRAN data block. 

2. Each substructure item may be subdivided into several ttgroupstt of arbitrary length. Each 

group is equivalent to a logical record in NASTRAN. 

3. In order to operate on the separate items in the S0F, a random access pointer table is 

maintained in the MDI (Master Data Index) item on the S0F. The storage space on the S0F file 

is dynamically allocated so that the user may maintain control over the use of that space. As 

processing continues the S0F will rapidly fill up. Provisions have been made, therefore, to 

give the user control over what is stored on the S0F, over what is removed from the S0F for 

storage elsewhere, and over what is removed from the S0F and destroyed. 

2.6-1 (7/4/76) 



SUBSTRUCTURE DATA ITEM DESCRIPTIONS 

2.6.1 Substructure Data "Items" Description 

The following is an alphabetical index of Substructure data "ttems" descriptions. 

Section Number Item Page Number 

2.6. 1. 1 BGSS 2.6 ... 3 

2.6.1.9 BMTX 2.6-15 

2.6.1.2 CSTM 2.6-4 

2 .6.1.3 EQSS 2.6-5 

2.6.1.9 GIMS 2.6-15 

2.6. 1.9 HLFT 2.6-15 

2.6.1.9 H0RG 2.6-15 

2.6.1.9 KMTX 2.6-15 

2.6.1.9 K4MX 2.6-15 

2.6.1.8 LAMS 2.6-14 

2.6.1.9 LMTX 2.6-15 

2.6.1.7 LOAP 2.6-13 

2.6.1.4 L00S 2.6-6 

2.6.1.9 MMTX 2.6-15 

2.6.1.9 PAPP 2.6-15 

2.6.1.9 PHIL 2.6-15 

2.6.1.9 PHIS 2.6-15 

2.6.1.5 PLTS 2.6-7 

2.6.1.9 P0AP 2.6-15 

2.6.1.9 P0VE 2.6-15 

2.6. 1.9 PVEC 2.6-15 

2.6. 1.9 QVEC 2.6-15 

2.6. 1.6 S0LN 2.6-9 

2.6. 1.9 UPRT 2.6-15 

2.6. 1. 9 UVEC 2.6-15 
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2.6.1.1 BGSS 

Description 

The BGSS data defines the coordinates of the grid points in a substructure. The local coordi­

nate system identification number (originally given in the basic substructure on the GRID data card) 

is followed by the X, Y, and Z locations in the basic coordinate system of the substructure. 

The BGSS item is generated by modules SUBPHl, C0MB1, and REDUCE. 

Item Format 

Word ~ Item 

0 l ,2 8 Name of substructure 

3 NP - Number of internal points 

1 Coordinate system } Repeated 
2-4 Basic coordinates (X,Y,Z) Np times 

2 End-of-item 
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2.6.1.2 ~ 

Description 

Coordinate System Transformation Matrices 

The CSiM data is equivalent to the data block with the same name. The CSiM item for any sub­

structure contains a transfol"fflation for each coordinate system defined in Phase 1 for each basic 

substructure which is a component of the substructure. The transfol"fflation is from global of the 

basic substructure to basic of the pseudostructure. 

The :SiM item is generated in SUBPHl, C0MB1, and REDUCE. 

Item Fonnat 

0 

2 

1,2 

2 

3-5 

6-14 

B 

R 

R 

Name of the substructure 

Coordinate system ID 

Coordinate system type 

1 - rectangular 

2 - cylindrical 

3 - spherical 

Translation vector 

Transformation matrix 

End-of-item 
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2.6. 1.3 EQSS 

Description 

The EQSS data is used to convert basic substructure grid points on the bulk data cards to 

internal point numbers for substructure operations. In addition, the current grid point components 

are listed (i.e., those components which remain after reduction and constraint operations have been 

performed). The last group of data on the EQSS table is the scalar indices and components for each 

internal point number. 

The EQSS item is generated in SUBPHl, C0MB1, and REDUCE. 

Item Format 

Group Word 

0 l ,2 

3 

4 

5,6 

7,8 . 

l 

2 

3 

2,3•:··NS (Group 1 

N5 + l 1 

2 

N5 + 2 

Notes: 

B Name of substructure 

I Ns - Number of contributing substructures 

Number of internal points in combination 

B Name of basic substructure 1 

B Name of basic substructure 2 

I 

I 

I 

is 

I 

I 

. 

Grid point ID 

IP - Internal point index 

Component code 

repeated for all contributing 

Scalar index (row number) 

Component code 

End-of-item 

basic 

} 

Repeated for 
all points 
(external sort) 

substructures) 

Repeated for 
all points 
(internal sort, 
position= Ip) 

1. If one of the component substructures in Group O is not a basic substructure, it repre­

sents a component of modal dof created in MREDUCE or CREDUCE. The following grid point 

numbers are assigned. 

1-6 
101-

Component 
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2. 6. 1.4 L0DS 

Description 

Directory of set ID's for loads defined in Phase 1. For each Phase 1 subcase of each basic 

substructure, L0DS contains the set ID identifying the applied load. It may be zero if no load was 

defined for a subcase. 

The L0DS item is generated in SUBPHl, C0MB1, and REDUCE. 

Item Format 

Group 

0 

l 

Word 

1 ,2 

3 

4 

5,6 

7,8 

, 

2 

3 

NL + 1 

~ 

B 

I 

I 

B 

B . . 
I 

I 

I 

Name of substructure 

Total number of load vectors for this substructure 

Ns - Number of basic substructures in this substructure 

Name of basic substructure l 

Name of basic substructure 2 . . 
NL - Number of load vectors for basic 

substructure l 

Set ID for load vector (subcase) 1 

Set ID for load vector (subcase) 2 

Set ID for load vector (subcase) NL 
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2. 6. 1. 5 PL TS 

Description 

The PLTS item contains data necessary to produce undefonned substructure plots. The PLTS 

item of a pseudostructure contains only the names of the component basic substructures and the 

basic coordinate systems transfonnation data. The PLTS item of a basic substructure contains basic 

grid point coordinates, external grid point ID's, and grid point and element connection sets for 

plotting. Therefore, to plot a pseudostructure, the PLTS items of the pseudostructure and its 

component basic substructures must exist. 

Basic substructure PLTS items are generated by module SUBPH1. Pseudostructure PLTS items are 

generated by modules C0MB1 and REDUCE. 

Item Fonnat 

Group Word ~ Item 

0 1 ,2 B Substructure name 

3 I Number of basic substructures 

4,5 B Basic substructure name 

~ 6-8 R Translation vector Repeated for each 
basic substructure 

9-17 R Transfonnation matrix 

The following groups exist for PLTS items of basic substructures only. 

Word ~ 

l I 

2-4 R 

2 1 I 

2 I 

3 1 I 

2-(NGP+l) I 

Coordinate system ID 

Basic grid point coordinates 
'} Repeated for all 

grid points 

External grid or scalar number 

Internal number }
, Repeated for all grid 

and scalar points 

Number of grid points in element set 

Pointers to the grid points in this element set 

If= 0, the grid point is not in this set 

Ir; O, this is an internal index relative to only the grid 

points in this element set. If negative, this grid point 

is to be excluded when applying grid labels or symbols. 
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4 

5 

Word 

2 

3 

4 

B 

I 

5-(NGPEL+3) I 

SUBSTR!JCTURE DATA ITEM CIESCIUPTIOMS 

Element plot symbol (2 BCD characters) 

NGPEL - Number of grid points per element of 

this type. 

1. NGPEL < 3 - one dimensional element 

2. 3 s NGPEL s 4 and plot symbol is not "TE" -

the first and last grid are also connected. 

3. 4 < NGPEL or plot symbol is "TE" - special 

line connection pattern in LINEL is used. 

Element identification number. 

If zero, there are no more 

elements of this type. 

Index of this element type in 

ECT. 

Grid point connection indices 

for the grid point sets array 

in group 3. 

End of item 
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2.6.1.6 S0LN 

Description 

The S0LN item contains data defining the solution vectors obtained from the NASTRAN analysis. 

The data may be of two forms, if a static analysis has been performed, the data consists of the load 

vectors defined for each basic substructure load and each solution subcase. If a real eigenvalue 

analysis has been performed the data consists of eigenvalue and eigenvector parameters (similar to 

data block LAMA). 

The S0LN item is created by module RC0VR. 

Item Format 

The contents of S0LN for static analysis are: 

0 

1 - NC 

NC + l 

1 ,2 

3 

4 

5 

6,7 

8 

, 

2 

3 

B 

I 

I 

I 

B 

I 

I 

I 

R 

Name of the substructure which was solved 

Rigid Format number (1 or 2) 

NS - Number of basic substructures 

NC - Number of subcases 

Basic substructure name 

Number of loads for this·substructure } 
Repeated for a 11 
component basic 
substructures 

Number of load vectors participating in this 

subcase. If negative, this is a SYMC0M 

or SUBC0M subcase. 

Internal load vector number 

Sea 1 e factor· 

End-of-item 

Repeated for 

} 
each load 
vector in 
this subcase 

Repeated 
for all 
subcases 

The contents of S0LN for real eigenvalue analysis are: 

0 1,2 

3 

4 

B 

I 

I 

Name of the substructure which was solved 

Rigid Format number (3) 

Number of eigenvalues 
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Group Word ~ Item 

I Mode number 

2 I Extraction order 

3 R " - eigenvalue 

4 R w=~ Repeated for 
each eigenvalue 

5 R f = w/2-rr 

6 R Generalized mass 

7 R Generalized stiffness 

End-of-item 

The contents of S0LN for complex eigenvalue analysis are: 

Group Word ~ ~ 

0 1 .2 B Name of the substructure which was solved 

3 I Rigid Fonnat Number (3) 

4 I Number of eigenvalues 

1 I Mode n1.1t1ber 

2 I Extraction order 

3 R Real part of Eigenvalue 

4 R Imagi~ary part of Eigenvalue Repeated for 
each eigenvalue 

5 R 1Im (1,.)I / 2ir 

6 R -2 + Re (>.) / I Im (>->I 

7 R Not used 

The contents of S0LN for ~ynamic analysis are: 

Group Word ~ Item 

0 1.2 B Name of substructure which was solved 

3 I Rigid Format Number (8 or 9) 

4 I NS - Number of basic substructures 

5 I NSTEP - Number of time or frequency steps 

2.6-10 (12/29/78) 
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2 

NSTEP + 2 

Notes: 

6,7 

8 

6+3*NS 

6+3*NS+l 

~ 

B 

I 

I 

R 

R 

DATA BLOCK DESCRIPTIONS 

Item 

Basic Substructure Name 

Number of loads for this 
substructure 

} 
Number of static load vectors 
used in this solution 

Internal load vector number } 

repeated for all 
component basic 
substructures 

repeated for each load 
vector 

Time or frequency value 

} 

repeated 
Scale factor for each 

load 

} repeated for each step 

} repeated for each step 

End-of-Item 

1. The name of the substructure which was solved (first 2 words of group 0) is the name 

which appeared on a S0LVE substructure conmand. 

2. During the REC0VER operation, the S0LN items of lower level substructures are created by 

editing the S0LN item of the substructure which was solved. 

3. The internal load vector number in the statics or dynamics version is the column number 

of the load matrix stored as the PVEC item of the same substructure for which the S0LN item 

is stored. 

4. The scale factors in the statics version are computed from the factors on L0AOC bulk 

data cards and/or SUBSEQ or SYMSEQ case control cards. 

5. Group l in the eigenvalue version is identical to record 2 of the LAMA or CLAMA data 

block. 

6. If the number of eigenvalues is zero, group l does not exist in the eigenvalue version. 

7. Group 1 in the dynamics version is identical to record O of the PPF data block for 

R.F. 8 or the TOL data block for R.F. 9. 

8. Groups 2 through NSTEP+l in the dynamics version each form one column of the F; matrix. 

This matrix gives the load factor for each static load set for time step. 
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9. The scale factors in the dynamics version are computed from the TLOADi, RLOADi, 

TABLEDi and LOADC bulk data cards. 

10. The scale factors in the dynamics version are real for R.F. 9 and complex for R.F. 8. 
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2. 6. 1. 7 L0AP 

Description 

Directory of set !D's for loads defined in Phase l with option PA. For each Phase l subcase 

of each basic substructure, L0AP contains the set IO identifying the applied load. It may be zero 

if no load was defined for a subcase. 

The L0AP item is generated in SUBPHl, COMBl, and REDUCE. 

Item Format 

See 2.6.4 L00S 
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2.6.1.8 LAMS 

The LAMS item contains data defining the eigenvalues used in the modal reduction. This 

data is identical to the real or complex eigenvalue analysis S0LN item. An additional group is 

also present which describes the manner in which each mode was used in the reduce. 

The LAMS item is created by module MRED2 or CMRED?.. 

Item Format 

0 

2 

Notes: 

see S0LN data (sec 2.6.1.6) 

see S0LN data (sec 2.6.1.6} 

1-NE I Modal use descriptor for each eigenvector 

1. The name of the substructure being reduced (first 2 words of group O} is the name on 

a r1REDUCE or CREDUCE command. 

2. All eigenvalues found by module READ or CEAD are placed in the LAMS item. 

3. The modal use descriptors have the following values 

1 - mode was used in modal reduce 

2 - mode was selected by NMAX and RANGE parameter but was rejected because 
of nonparticipation. 

3 - mode was excluded because it was outside the specified NMAX and RANGE 
parameters. 
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2.6.1.9 Matrix Items 

Description 

All matrices stored on the S0F are direct copies of the matrices stored in packed form on 

GIN0 fi1 es. 

The following matrix items are stored on the S0F: 

BMTX Viscous damping 

GIMS G transfonnation matrix for boundary matrix in modal reduce 

HLFT Left hand H transformation matrix 

H0RG Hor G transfonnation matrix 

KMTX Stiffness matrix 

K4MX Structure damping matrix 

LMTX Lower triangular factor of stiffness matrix 

tAMTX Mass matrix 

PAPP Appended load vectors 

PHIL Left hand eigenvector matrix 

PHIS Eigenvector matrix 

P0AP Load vectors on points omitted during a REDUCE operation 

P0VE Load vectors on points omitted during a REDUCE operation 

PVEC Load vectors 

QVEC Reaction force vectors 

UPRT Partitioning vector from a REDUCE operation 

UVEC Displacement vectors 
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3. SUBROUTINE DESCRIPTIONS 

3. 1 INTRODUCTION 

Section 3 contains descriptions of subroutin~s not an integral part of a module. Those sub­

routines which are an integral part of a module are discussed in section 4, Module Functional 

Descriptions. Section 3.2 contains an alphabetical index of entry points of routines documented 

in section 3. A similar index of entry points documented in section 4 can be found in section 

4.1.3. 

Subroutine descriptions have been partitioned into 3 classifications: executive, utility and 

matrix subroutine descriptions, documented in sections 3,3, 3.4, and 3.5 respectively. 

Descriptions of the plotting utility routines (e.g., AXIS, section 3.4.40; AXISi, section 

3.4.41) refer to plotters by number or the letter 11 i 11
, and to plotter models by number only. The 

correspondence of these numbers to plotter hardware is given in Table l. Further details can be 

found in section 4 of the User's Manual. 
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Table 1. Correspondence Between External and Internal Plotter and Model Names and Numbers. 

External External Internal Internal 
plotter name model name plotter number model number 

SC 4020,0 3 1 

7651,78i 4 4li 

7651, 77j 4 3lj 

5651,76k 4 21k 

5651,75R. 4 1H 

7655,7Si 5 45; 

7655,77j 5 35j 
5655,76k 5 25k 

CALCOMP 5655,75R. 5 1 SR. 
7631,78i 6 41i 
7631,77j 6 3lj 
5631,76k 6 21k 
5631,75R. 6 1H 

7635,78i 7 45; 
7635, 77j 7 35j 
5635,76k 7 25k 
5635,752. 7 1 SR. 

M,0 10 +l 
T,O 11 +2 

NA5TPLT 0,0 11 +3 
M, l 10 -1 
T, 1 11 -2 
D, 1 11 -3 

SC z: Stromberg Carlson 
CALCOMP z: California Computing 
NASTPLT • NASTRAN General Purpose Plotter 
i • Number of spacers (0 or 1), 780 transport 
j • Number of spacers (0,1,2 or 3), 770 transport 
k • Number of spacers (0,1,2 or 3), 760 transport 
1 • Number of spacers {O or 1), 750,470,570 and 580 transports 

3.1-2 (12/31/77) 
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INTRODUCTION 

Table l. Correspondence Between External and Internal Plotter and Model Names and Numbers 
{Cont'd). 

SC 
CALCOMP 
NASTPLT 

= Stromberg Carlson 
= California Computing 
= NASTRAN General Purpose Plotter 
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ALPHABETICAL INDEX OF ENTRY POINTS FOR SUBROUTINE DESCRIPTIONS 

3.2 ALPHABETICAL INDEX OF ENTRY POINTS FOR SUBROUTINE DESCRIPTIONS 

Section Number Entry Point Subroutine Descriptions Page Number 

3. 5. l 0 ADD ADD 3.5-15 

3. 4. l ANDF MAPFNS 3.4-1 

3.4.40 AXIS AXIS 3.4-70 

3.4.41 AXIS3 AXISi 3. 4-72 

3. 4. 41 AXISlO AXISi 3. 4- 72 

3.4.12 BCKREC GIN0 3.4-15 

3.3.5 BGNSYS ENDSYS 3. 3-6 

3.4.88 BISHEL BISHEL 3.4-142 

3.4.87 BISLIIIC BISLIIIC 3.4-140 

3.4.74 BISRCH BISRCH 3.4-123 

3.5. l BLDPK PAKUNPK 3.5-1 

3. 5. 1 BLDPKI PAKUNPK 3.5-1 

3. 5. 1 BLDPKN PAKUNPK 3.5-1 

3.3.2 BTSTRP BTSTRP 3.3-2 

3.4.89 BUG BUG 3.4-144 

3.5.5 CALCV CALCV 3.5-8 

3.5. 16 CDC!IIMP. CDCIIIMP 3. 5-74 

3.4. 12 CLIIISE GINlll 3.4-15 

3.4. 18 CLSTAB CLSTAB 3.4-26 

3. 4. l ClllMPLF MAPFNS 3.4-1 

3.3.12 ClllNMSG C0NMSG 3.3-16 

3.4. l ClllRWDS MAPFNS 3.4-1 

3.4.93 CPYFIL CPYFIL 3.4-149 

3.4.92 CPYSTR CPYSTR 3.4-148 

3.4.76 DADIIITB DADIIITB 3.4-127 

3.4. 77 DAXB DAXB 3.4-128 

3. 5.15 DDLllllllP DLllllllP 3. 5-72 

3.4. 81 OECIIIDE OECIIIDE 3.4-132 

3.5.15 OECIIIMP DECIIIMP 3.5-56 

3.2-l (7 /4/76) 
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Section Number Entry Point Subroutine Descriptions Page Number 

3. 4. 72 DELSET DELSET 3. 4-121 

3. 5. 5 DL00P DL00P 3. 5-72 

3.4.84 DMPFIL DMPFIL 3.4-135 

3. 5. 21 DMPY DMPY 3.5-83 

3.4.68 DRWCHR DRWCHR 3.5-115 

3.4.82 ECTL0C ECTL0C 3.4-133 

3.4.62 EJECT EJECT 3.4-105 

3.5.22 ELIM ELIM 3.5-85 

3.4. 12 ENDGET GIN0 3.4-15 

3.4. 12 ENDGTB GIN0 3.4-15 

3.4. 12 ENDPUT GIN0 3.4-15 

3.3.5 ENDSYS ENDSYS 3.3-6 

3.4. 12 E0F GIN0 3.4-15 

3.5.23 FACT0R FACT0R 3.5-86 

3.5. 17 FBS FBS 3.5-76 

3.5. 17 FBS1,2,3 & 4 FBSI 3. 5-77 

3. 4. 12 FILP0S GIN0 3.4-15 

3.5. 12 FILSWI FILSWI 3. 5-29 

3.5. 15 FINDC FINDC 3.5-69 

3. 5. 15 FINWRT 0NETW0 3.5-66 

3.4. 17 FNAME FNAME 3.4-25 

3.4.69 FNDPLT FNDPLT 3.4-117 

3.4.75 F0RFIL F0RFIL 3.4-126 

3.4. 15 FREAD FREAD 3.4-23 

3.4. 12 FWDREC GIN0 3.4-15 

3. 5.15 GENVEC GENVEC 3.5-66 

3.4.12 GETSTB GIN0 3.4-15 

3. 4. 12 GETSTR GIN0 3. 4-15 

3.4.12 GETURN GIN0 3.4-15 

3.5. 19 GFBS GFBS 3. 5- 79 
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Section Number Entry Point Subroutine Descriptions Page Number 

3.4. 12 GIN0 GIN0 3.4-15 

3.4.32 GMMATD GMMATD 3.4-49 

3.4.33 GMMATS GMMATS 3.4-52 

3.3.4 GNFIAT GNFIAT 3.3-5 

3.3.9 GNFIST GNFIST 3. 3-12 

3.4. 14 G0PEN G0PEN 3.4-22 

3.4.80 HBDY HBDY 3.4-131 

3. 4. 71 HEAD HEAD 3.4-120 

3.4.73 HMAT HMAT 3.4-122 

3.4.44 IDPL0T I0PL0T 3.4-75 

3.4.45 INTGPT INTGPX 3.4-76 

3.4.45 INTGPX INTGPX 3.4-76 

3.4.46 INTLST INTLST 3.4-77 

3. 5. 1 INTPK PAKUNPK 3.5-1 

3.5. 1 INTPKI PAKUNPK 3.5-1 

3.4. 34 INVERD INVERD 3. 4-53 

3.4.35 INVERS INVERS 3.4-54 

3.4.1 K0RSZ MAPFNS 3.4-1 

3.4.47 LINE LINE 3.4-78 

3.4.48 LINEl LINEi 3.4-79 

3.4.48 LINE2 LINEi 3.4-79 

3.4.48 LINE3 LINEi 3.4-79 

3.4.48 LINE4 LINEi 3. 4-79 

3.4.48 LINE9 LINEi 3.4-79 

3.4.48 LINElO LINEi 3.4-79 

3.4.30 L0CATE PREL0C 3.4-44 

3.4. 1 LSHIFT MAPFNS 3.4-1 

3.4.86 LSPLIN LSPLIN 3.4-138 

3.5.30 MAKMCB MAKMCB 3. 5-93 

3.4.36 MAT PREMAT 3.4-55 

3.4.28 MATDUM MATDUM 3.4-42 
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Section Number Entry Point Subroutine Descriptions Page Number 

3.5.6 MERGE PARTN - MERGE 3. 5-9 

3.4.25 MESAGE MESAGE 3.4-39 

3.5.9 MPART UPART 3. 5-14 

3.5. 12 MPYAD MPYAD 3.5-18 

3.5. 12 MPYl MPYQ 3. 5-29 

3.5. 12 MPY2NT MPYQ 3. 5-29 

3.5. 12 MPY2T MPYQ 3. 5-29 

3.5. 12 MPY3T MPYQ 3.5-29 

3.4.83 MRGE MRGE 3.4-134 

3.4.26 MSGWRT MSGWRT 3.4-40 

3. 3. 16 NASCAR NASCAR 3. 3-21 

3. 4. 10 NASTI0 NASTI0 3.4-12 

3.5. 15 0NETW0 (IJNETW(IJ 3.5-66 

3.4.11 0PEN (IJPEN 3.4-14 

3. 4. 1 IIIRF MAPFNS 3.4-1 

3.5. l PACK PAKUNPK 3.5-1 

3.4.24 PAGE PAGE 3.4-38 

3.4.24 PAGE1 PAGE 3.4-38 

3.4.24 PAGE2 PAGE 3.4-38 

3.5.6 PARTN PARTN - MERGE 3.5-9 

3.4.22 PEXIT PEXIT 3.4-36 

3.4.70 PHDMIA PHDMIA 3.4-118 

3.4.70 PHDMIB PHDMIA 3.4-118 

3.4.70 PHDMIC PHDMIA 3.4-118 

3.4.70 PHDMID PHDMIA 3.4-118 

3.4.63 PLAMAT PLAKA.T 3.4-106 

3.4.67 PLTSET PLTSET 3.4-113 

3.4.30 PREL0C PREL(IJC 3.4-44 

3.4.36 PREMAT PREMAT 3.4-55 

3.4.39 PRETAB PRETAB 3.4-67 

3.4.37 PRETRD PRETRD 3.4-64 

3.4.38 PRE.TRS PRETRS 3.4-66 
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Section Number Entry Points Subroutine Descriptions Page Number 

3.4.49 PRINT PRINT 3. 4-81 

3.4. 12 PUTSTR GIN0 3.4-15 

3.4. 12 Q0PEN GIN0 3.4-15 

3.4.20 RCARD RCARD 3.4-32 

3.5. 15 RC0RE TIMEEQ 3.5-70 

3.4.50 RDM0DE RDM0DX 3.4-83 

3.4.50 RDM0DX RDM0DX 3.4-83 

3.4.50 RDM0DY RDM0DX 3.4-83 

3. 4.16 RDTRL WRTTRL 3.4-24 

3.4.50 RDW0RD RDM0DX 3.4-83 

3.4. 12 READ GIN0 3.4-15 

3.4. 12 RECTYP GIN0 3. 4-15 

3.3. 15 RETURN RETURN 3.3-20 

3. 4. 12 REWIND GIN0 3.4-15 

3.4.91 RE2AL RE2AL 3.4-146 

3.4.1 RSHIFT MAPFNS 3.4-1 

3.5.6 RULER PARTN - MERGE 3.5-10 

3.5.26 SADD SADD 3.5-90 

3.4.78 SAD0TB SAD0TB 3.4-129 

3.4. 12 SAVP0S GIN!ll 3.4-15 

3.4.79 SAXB SAXB 3.4-130 

3.4.51 SCL0SE SGIN0 3.4-85 

3.5. 14 SDCIN SDCIN 3.4-53 

3.5. 14 SDC!llMl SDC0M 3. 5-53 

3. 5. 14 SDC0M2 SDC!llM 3.5-53 

3.5. 14 .SDC!llM3 SDC0M 3. 5-53 

3. 5.14 SDC0M4 SDC!llM 3.5-53 

3.5. 14 S0C0MP S0C0MP 3.5-32 

3.5.14 SOC!llUT S0C0UT 3.5-53 

3.5.8 SDR1B S0R1B 3.5-13 
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Section Number Entry Point Subroutine Descriptions Page Nurrt>er 

3.3.6 SEARCH SEARCH 3.3-8 

3.4.43 SELCAM SELCAM 3.4-74 

3.3.3 SEMINT SEMINT 3. 3-3 

3.3.14 SEMTRN SEMTRN 3. 3-19 

3. 4. 51 SE0F SGIN0 3.4-85 

3.4.94 SETFND SETFND 3.4.150 

3.4.12 SKPFIL GIN0 3.4-15 

3.4.42 SKPFRM SKPFRM 3.4-73 

3.4.90 SKPREC SKPREC 3.4-145 

3.5.20 S0LVER S0LVER 3. 5.81 

3.4. 51 S0PEN SGIN{a 3.4-85 

3. 4. 31 S0RT S0RT 3.4-46 

3.5.7 SSG2A SSG2A 3.5-12 

3.5.13 SSG2B SSG2B 3.5-31 

3. 5.11 SSG2C SSG2C 3.5-16 

3. 5. 18 SSG3A SSG3A 3.5-78 

3.4.85 SSPLIN SSPLIN 3.4-136 

3. 3. 11 SSWTCH SSWTCH 3.3-15 

3.4.52 STPL0T STPL0T 3.4-87 

3.4.51 SWRITE SGIN0 3.4-85 

3.4.53 SY"130L SYMB0L 3.4-88 

3. 5. 15 T TIMEEQ 3.5-70 

3.4.39 TAB PRETAB 3.4-67 

3.4.29 TABPRT TABPRT 3.4-43 

3.4.21 TAPBIT TAPBIT 3.4-35 

3.5.15 TFIN TIMEEQ 3. 5-70 

3.4.54 TIPE TIPE 3.4-90 

3.4.23 TMT0G0 TMT0G0 3.4-37 

3.5.24 TRANPl TRANPl 3. 5-87 

3.4.37 TRANSD PRETRD 3.4-64 
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Section Number Entry Point Subroutine Descriptions Page Number 

3. 5. 15 TRAN SP TRANSP 3. 5-65 

3.4.38 TRANSS PRETRS 3.4-66 

3.5.25 TRNSP TRNSP 3.5-88 

3. 3. 13 TTLPGE TTLPGE 3. 3-17 

3.4.55 TYPEl TYPEi 3.4-92 

3.4.55 TYPE2 TYPEi 3.4-92 

3.4.55 TYPE3 TYPEi 3.4-92 

3.4.55 TYPE9 TYPEi 3. 4-92 

3.4.55 TYPElO TYPEi 3.4-92 

3.4.56 TYPFLT TYPFLT 3.4-94 

3.4.57 TYPINT TYPINT 3.4-96 

3.5.l UNPACK PAKUNPK 3.5-l 

3.5.9 UPART UPART 3.5-14 

3.4.27 USRMSG USRMSG 3. 4-41 

3.4.58 WPLTl WPLTl 3.4-98 

3.4.59 WPLT2 WPLT2 3.4-100 

3.4.60 WPLT3 WPLT3 3.4-102 

3.4.64 WPLT4 WPLT4 3.4-108 

3.4.65 WPLT9 WPLT9 3.4-110 

3.4.66 WPLTlO WPL TlO 3. 4-111 

3.4.12 WRITE GIN0 3.4-15 

3.4.16 WRTTRL WRTIRL 3.4-24 

3.3. 10 XE0T XE0T 3. 3-14 

3.5.15 XL00P DL00P 3. 5-72 

3. 4.1 X0RF MAPFNS 3.4-1 

3.4. 19 XRCARO XRCARD 3.4-27 

3.3.8 XSEMXX XSEMX 3. 3-11 

3. 3.1 XSEMl XSEMOl 3.3-1 

3.3.7 XSEM2 XSEM02 3.3-9 

3.3.7 XSEM3 XSEM03 3.3-9 
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Section Number Entry Point Subroutine Descriptions Page Number 

3.3.7 XSEM4 XSEf,1)4 3.3-9 

3.3.7 XSEMS XSEMOS 3. 3-9 

3.3.7 XSEM6 XSEt-06 3.3-9 

3.3.7 XSEM7 XSEM07 3. 3-9 

3.3.7 XSEMS XSEt-08 3.3-9 

3.3.7 XSEM9 XSEM09 3.3-9 

3.3. 7 XSEMlO XSEMlO 3. 3-9 

3.3.7 XSEMl l XSEMl l 3. 3-9 

3.3.7 XSEM12 XSEM12 3.3-9 

3.3.7 XSEMl 3 XSEM13 3.3-9 

3.3.7 XSEM14 XSEM14 3. 3-9 

3. 5. 1 ZBLPKI PAKUNPK 3.5-1 

3. 5. l ZNTPKI PAKUNPK 3. 5-1 
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3.3 EXECUT{VE SUBROUTINE DESCRIPTIONS. 

3. 3 .1 ~SEMl (Executive Sequence Monitor. Preface). 

3.3.1.1 Entry Point: XSEMl. 

3.3.1 .2 Purpose 

To initiate the execution of the NASTRAN Preface. 

3.3.1.3 Calling Sequence 

CALL XSEMl 

3.3.1 .4 Method 

Subroutine BTSTRP is called to initialize machine dependent data, and then subroutine SEMINT 

is called to execute the program Preface (i.e. input file processors and DMAP oro~ram compiler). 

After initiating the problem, modules are called as directed by the ~SCAR until a module is 

encountered in the ~SCAR that does not reside in link l at which time XSEMl calls subroutine 

ENOSYS to load a new link. 

3.3.l .5 Design Requirements 

XSEMl must reside in the core resident portion of link 1. Link 1 is not re-entrant which 

means that once the program leaves link 1 it can never transfer control back to link 1. Functional 

DMAP modules can .!!.21 reside in link 1. Open core is used for a GIN~ buffer with named common block 

/ESFA/ defining the beginning of open core. See the second paragraph of the design requirements 

section of the subroutine description XSEMi {see section 3.3.7) for details on files, data blocks, 

and conmen blocks necessary for operation. 

3.3-1 
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3.3.2 BTSTRP (Bootstrap Generator). 

3.3.2.1 Entry Point: aTSTRP. 

3.3.2.2 Purpose 

Determines the machine type and initializes the machine dependent constants and masks 

within the NASTRAN system block data program (SEMDBD). 

3.3.2.3 Calling Sequence 

CALL BTSTRP 

3.3.2.4 Method 

The machine type (IBM 7094 1 IBM S/360, Univac 1108, CCC 6600) is detennined by inspection of 

the machine binary word length and the .known methods of representing negative integers (sian 

and magnitude or ones/twos complement) using the following algorithm: 

1. If the ones complement (C0MPLF see section 3.4.1) of -1 is greater than 2, ·the machine 

is the IBM 7094. If not, the machine is an IBM S/360, Univac 1108 or CDC 6600. (i.e .. only 

the sign and magnitude representation of -1 on the 7094 will yield a large(> 2) positive 

value when complemented.) 

2. Shift (RSHIFT see section 3.4.1) a binary machine word of a11 l's to the right thirty­

two binary places. Compare the resulting value to 15. If the value ·is less than fifteen, 

the machine is the 32 bit IBM S/360; equal to fifteen, the 36 bit Univac 1108; and greater 

than fifteen, the 60 bit CDC 6600. 

Once the machine type is known, the proper constants and masks are selected from assembled tables. 

3.3.2.5 Design Requirements 

This subroutine must be modified if it is to operate with other than the four machine types 

listed above. 
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3.3.3 SEMINT (Sequence Monitor Initialization). 

3.3.3.1 Entry Point: SEMINT. 

3.3.3.2 Purpose 

To execute the Preface of a NASTRAN problem solution. 

3.3.3.3 Calling Sequence 

CALL SEMINT 

3.3.3.4 Method 

The first card of the NASTRAN data deck is read from the system input file and its imaqe 

stored in blank C0MM0N, XRCARD is called to convert the card. If the name of the card is 

NASTRAN, the card is echoed and keywords are identified and appropriate words of /SYSTP1/ ar~ 

reset to the input values. If an unidentified keyword is detected, or the card has a format error, 

a message is printed and the N0Gf/J flag is turned on. The first word of blank C0MM0N is set to one 

if the card was a NASTRAN card, to zero otherwise. Then GNFIAT is called to generate the initial 

FIAT. XCSA is called to read and process the Executive Control Deck. IFPl is called to read and 

process the Case Control Deck. XS0RT is called to read and sort the Bulk Data Deck. If bulk 

data is present, IFP is called to process it. If the problem is a conical shell problem, IFP3 is 

called to further process the bulk data. If the current run is to prepare a- User's Master File, 

UMFEDT is called and control is returned to XS0RT for each new problem to be written on the UMF. 

Otherwise, XGPI is called to perform General Problem Initialization and then return is made to 

XSEMl signifying completion of the Preface. 

3.3.3.5 Design Requirements 

If the NASTRAN card is present, it must be the first card of the data deck. For a description 

of the keywords, see the NASTRAN User's Manual, Section 2.1. 

3.3.3.6 Diagnostic Messages 

UNIDENTIFIED NASTRAN KEYWflJRD ~· ACCEPTABLE KEYW0RDS F0LL0W--

BUFFSIZE 

C0NFIG 

MAXFILES 

MAX0PEN 

SYSTEM 

FILE 

FILES 
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Self-explanatory. 

i·IASTRAN CARO 00ES N0T HAVE C~RRECT F0RMAT. 

Typical errors include non-integer values or continuation of the card followino an= sign. 

See section 6.3.1 for further details on the r~ASTRAN card. 
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3.3.4 GNFIAT (Generate FIAT), 

3.3.4.l Entry Point: GNFIAT. 

3.3.4.2 Purpose 

EXECUTIVE SUBROUTINE DESCRIPTIONS 

Determines the number of logical files available within the computer hardware and software 

configuration and places an entry for each into FIAT or XFIAT. 

3.3.4.3 Calling Sequence 

CALL GNFIAT 

GNFIAT must be called once and only once as the first call from the preface. 

3.3.4.4 Method 

Each computer configuration has its own independent subroutine to accomplish the necessary 

functions of GNFIAT. The subroutine interrogates unit blocks, data definition cards, file tables, 

etc. to determine the number of logical files available within the configuration. As each 

logical file is sensed, it is determined whether the file has been assigned to a ohysical magnetic 

tape or some bulk storage device such as disk or drum. Each file has a logical name and/or 

number for identification. These file IO's are stored in FIAT, XFIAT or both de~ending on 

several factors. As the file ID is stored, a physical tape flag is set where appropriate. The 

factor~ that determine FIAT v~. XFIAT stora~e are as follows: 1) the first PFIST (see section 

2.4 for a description of the FIST) files sense~ are always entered into XFIAT, 2) except for the 

first file (always the P~~L), all of the first PFIST files without tape flags are also entered 

into FIAT, and 3) all other files are entered into FIAT only. 

3.3.4.5 Design Requirements 

Since GNFIAT routines are computer hardware/software dependent, operational requirements 

may differ at various times. See appropriate commented assembly listing if difficulties or 

error codes are encountered. 
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3.3.5 ENDSYS (End-of-Link). 

3.3.5.l Entry Points: ENDSYS, BGNSYS. 

3.3.5.2 Purpose 

For ENDSYS, to save various NASTRAN core-resident Executive Tables on a scratch file for use 

in cornnunicating with the next link requested. 

For BGNSYS, to restore the NASTRAN Executive Tables saved by ENDSYS and to position the 

0SCAR at the correct entry to be executed in the resident link. 

3.3.5.3 Calling Sequences 

CALL ENDSYS(LINK,X,REWFLG) 

LINK BCD name of the link. The naming convention is: NS01 = link 1, NS02 = link 2, 

etc. 

X - Dependent on machine type. For the IBM 7094 only, X (6 BCD characters) specifies 

the unit where the links are stored. Not used on other machines. 

REWFLG • 0 indicates LINK is ahead of current link (i.e. we are going from link N to 

link N + K, K ~ O}. IBM 7094 only; not used on other machines. 

REWFLG • 1 indicates LINK is behind current link (i.e. we are going from link N to 

link N + K, K < O}. IBM 7094 only; not used on other machines. 

CALL BGNSYS. 

3.3.5.4 Method 

For ENOSYS, a search is made for an empty file and when found the Executive Tables are 

written (saved) on it. A pointer to the save file is saved in blank common or written on a 

system file for use by BGNSYS when the new link is loaded. Subroutine SEARCH is then called to 

load the requested link. 

BGNSYS is called after a new link is loaded. The pointer to the save file containing the 

Executive Tables is obtained from either blank corrmon or a system file, and the Executive Tables 

are reloaded into core. The 0SCAR is positioned at the correct entry to be executed, and a 

RETURN is made to the ca 11 i ng routine. 
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3.3.5.5 Design Requirements 

Program links are usually considered to be physically seoarate orograms, essentially 

independent of one another except for the fact that the operating system executive (not th~ ~ASTRA~ 

executive) provides a means by which control can be transferred from one link to another when 

requested by the user. The means by which the operating system executive transfers control from 

one 1 ink tu another is dependent upon the machine and the system being used. For some future 

machines there may be no means for building physically separate links so the links become 

logical subsets of one huge program. 

No matter how the links are formed it is necessary, when transferring from one link to 

another, that all file assignments be preserved as well as their status (i.e. don't rewind the tapes). 

Open core is used for GIN0 buffer area and the beginning of open core is defined by named 

common block /ESFA/. 

If no save file is available or if any of the Executive Tables to be written exceeds 900 

words, the job is terminated. 
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3.3.u SEARCH (Search, Load, and Execute Link). 

3.3.6.l Entry Point: SEARCH. 

3.3.G.2 Purpose 

SEARCH locates (searches for) a particular link of the NASTRAN system on the Link Storace 

File, loads the link into the computer memory and transfers execution control to the link entry 

point XSEMi, i = 2,3, ...• 

3.3.6.3 Calling Sequence 

CALL SEARCH(LKNAM,LKFIL,REW) 

LKNAM = 4 character symbolic name of link, i.e., NSOl, NS02 for link 1, link 2, etc. 

LKFIL = symbolic name of the Link Storage File (IBM 7094 only) 

REW = set non-zero to position a sequential L1nk Storage File to its beginning 

(IBM 7094 only) 

3.3.6.4 Method 

SEARCH is machine dependent. It interfaces with the machine operatino system to provide a 

multi-link capability. Each link is a somewhat arbitrary part of the comolete NASTRAN svstem. 

The division into links was necessary only because of the size limitation for program complexes 

imposed by the various operating systems. The linking tech~ique for each machine is discussed 

in section 5 of the Prograrrmer 1 s Manual. 

3.3.6.5 Design Requirements 

Only the IBM 7094 system requires the Link Storage File to be named (LKFIL) and, since it is 

sequential, provides the capability of rewinding it following a SEARCH call. All other systems 

provide random access (disk, drum) Link Storage Files. 

3.3.6.6 Diagnostic Messages 

Individual SEARCH subroutines may abnormally terminate due to hardware malfunction. See 

appropriate conmented assembly listing if difficulties or error codes are encountered. 
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3.3.7 XSEr-ii (Link i Main Program, i = 2,3, 

3.3.7.l Entry Point: XSEMi. 

3.3.7.2 Purpose 

To get the next module to be executed from the ~SCAR, initialize the module and call it 

if it is in link i, or transfer to the link in which r11odule resides if it is not in link i. 

3.3.7.3 Calling Sequence 

Example: CALL XSEM2, where XSEM2 is the entry point of link 2 

3.3.7.4 Method 

Subroutine BTSTRP is called to initialize machine dependent data, and then subroutine BGNSYS 

is called to reload Executive Tables saved from the previous link. 

The next 0SCAR entry is read into core and processed. If the entry is for a functional 

module, subroutine GNFIST is called to link files with inout, cutout and scratch data blocks 

needed by the module. Variable parameter values needed by the module are transferred to blank 

common from table VPS which resides in named co11111on block /XVPS/. Constant values in the ~SCA°' 

entry parameter section are transferred to blank co111110n. 

The link specification table in named corrmon block /XLINK/ is examined to see if the module 

resides in this link. If it does, the module is called. Upon returning from the module, the 

diagnostic message queue is checked and message writer MSGWRT is called if there are messages 

queued. Begin and end execution times are printed out for functional modules. 

The next ~SCAR entry is read and the process is repeated until a mod~le is encountered which 

does not reside in this link, at which time subroutine ENDSYS is called to initiate loading of the 

link containing the module. 

3.3.7.5 Design Requirements 

XSEMi must reside in the core resident portion of link i. Li·nk' i is re-entrant w'iich means 

program control can be transferred to this link as often as needed. Ooen core is userl for a 

GIN0 buffer with named common block /ESFA/ defining the be~inning of ooen core. ~n ~scAq entry 

cannot be greater than 200 words. 
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Files, data blocks and named corrmon blacks needed by XSEMi are listed below, along with type 

of access required (i.e. fetch and/or store data) and reasons for use. 

1. Data Pool File - fetch. Contains X0SCAR data block. 

2. X0SCAR - fetch. Contains 0SCAR entry to be processed. 

3. ColTIOOn /XLINK/ - fetch. Contains link soecification table. 

4. Corrmon /XFIST/ - store. Initialized prior to callino GNFIST. 

5. Corrmon /XPFIST/ - fetch. Contains parameter needed to initialize FIST table. 

6. Common /0SCENT/ - fetch. Contains 0SCARentry to be processed. 

7. Conmon /ESFA/ - store. Defines beginning of open core area used by GIN0 buf~er. 

8. Conmon /XVPS/ - fetch. Contains variable parameter values needed to initialize module 

to be executed. 

9. Common /MSGX/ - fetch. Contains diagnostic message queue. 

lJ. Comroon /SEM/ - fetch. Contains BCD names of links NS01, NS02, 

3.3.7.6 Diagnostic Messages 

A message is written if the lll)dule to be executed required more files than are available. 

The job is then terminated. 
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3.3.8 XSEMXX (Sequence Monitor - Deck Generator). 

3.3.3. l Entry Point: XSEMXX. 

3.3.8.2 Purpose 

To provide a model from which all other XSEMi (i = link number) subroutines except XSEMl 

can be made. 

See section 6, 11, which discusses how to generate a link driver subroutine. 
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3.3.9 GNFIST (Generate FIST) 

3.3.9.l Entry Point: GNFIST. 

3.3.9.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To set up the proper linkage between data b1ocks and the fi1es they reside on in preparation 

for executing the functional modu1e requiring the data blocks. 

3.3.9.3 Ca1ling Sequence 

CALL GNFIST(DDN,FISTNM,M0DN0) 

DBN - Data b1ock name (Two word BCD array - 8 characters total) 

FISTNM - Data b1ock identification (GIN0 file number) used by functiona1 module 

(integer). 

M0DN0 - 0SCAR record number of functional module to be executed (integer). M0DN0 

indicates to the calling routine what action was taken by GNFIST. 

3.3.9.4 Method 

M0DN0 > 0, data block assigned a file or it was purged. 

M0DN0 • 0, fatal error detected. 

M0DN0 < O, data block not assigned a file, GNFIST called Executive Segment 

File Allocator (XSFA) 

If the data block is purged, GNFIST returns to the calling routine with M0DN0 > O. A 

data b1ock is purged if it is an input which has not been generated or its status is purged or 

DBN = O. 

If an input data block resides on the Data Pool File and needs to be unpooled, GNFIST calls 

the file allocator (XSFA) to unpool all inputs to the module which reside on the Data Pool File 

that need to be unpooled. GNFIST then returns to the calling routine with M0DN0 < o. The other 

condition under which XSFA is called is if a file has !!21 been allocated to a non-purged output 

data block or scratch data block needed by the module. 

A file is allocated to a data block when the data block name appears in the FIAT tab1e, 

located in named conmon block /XFIAT/, as unpurged. Input, outout and scratch rtata blocks which 

have been assigned to a file and are required by the functional module, have their FISTNM's entered 
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in the FIST table which is located in named common block /XFIST/. FIST entries are linked to 

the DBN's in the FIAT table which in turn links the data block to a file. This completes the 

linking of functional module data blocks to their files. 

Output data blocks cannot reside on the Data Pool File, so GNFIST checks for this and if 

found, the DBN and all DBN's equivalenced to it are deleted from the DPL table located in named 

common /XDPL/. 

3.3.9.5 Design Requirements 

GNFIST resides in the core resident portion of a link. lt does not use onen core and the 

only restriction is that the FIST table be large enough to hold a11 FISTNM's for a module. 

The named common blocks needed by GNFIST are listed below, along with type _of access 

required (i.e. fetch and/or store data) and reasons for use. 

1. C~MM0N/XFIST/ - Store. 

Used to store FISTNM's and link FISTNM's with their corresponding DBN's in FIAT. 

2, C~MM0N/XFIAT/ - Fetch and store. 

Used to determine status of DBN's. The FIAT table is altered if unpooling of input 

data blocks is necessary. 

3. C~MM0N/XOPL/ - Fetch and store. 

Used to detennine status of input OBN's and is altered if output DBN's appear in it. 

4. C~MM0N/0SCENT/ - Fetch. 

Contains 0SCAR entry for functional module to be executed. Used to alter FIAT when 

input OBN's need to be unpooled. 

3.3.9.6 Diagnostic Messages 

GNFIST detects overflow in FIST table and sends message to terminate job. 
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3.3.10 XE0T (End-of-Tape). 

3.3.10.l Entry Point: XE!n', 

3.3.10.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To prepare and send to the computer operator, messages instructing him what to do when 

end-of-tape has been encountered on the Old Problem Tape (iPTP) or the New Problem Tape (NPTP). 

3.3.lQ,3 Calling Sequence 

CALL XE0T(I0,0REEL,NREEL,BUF) 

ID - BCD name NPTP or ~PTP 

0REEL - Number of reel to be dismounted - integer. 

NREEL - Number of new reel to be mounted - integer. 

BUF - GIN0 buffer used by NPTP or 0PTP. 

3.3.lJ.4 Method 

A check is made to see if tape has multi-reel capability. If not, a fatal message is issued 

and job is terminated. The operator messages are generated and issued and the old reel is re­

wound and unloaded. A check is made to see if correct new reel has been mounted and then a 

return is made to calling program. 

3.3.10.5 Design Requirements 

XE0T must be accessible to routines XGPI and XCHK. 

3.3.10.6 Diagnostic Messages 

A message is issued if tape does not have multi-reel capability. 
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3.3.11 SSWTCH (Sense Switches) 

3.3.11.l Entry Point: SSWTCH. 

3.3. 11 .2 Purpose 

To indicate to the calling routine whether or not a specified sense switch is set. 

3.3. 11 .3 Calling Sequence 

CALL SSWTCH(SS,F) 

SS - Sense switch number - integer. l~SS~31. 

F - Flag indicating status of SS 

F = 0 if SS not on 

F = 1 if SS is on 

3.3.11.4 Met~od 

Named common block /SYSTEM/ contains the word which contains the sense switch settings. 

Bit 1 of the word corresponds to sense switch 1, bit 2 corresponds to sense switch 2, etc. If 

the bit corresponding to SS is on then F = l, if not then F = 0. 

Note that sense switches are set by the user via the DIAG card in the Executive Control Deck 

and~ through physical sense switches set by the computer operator. 

The following sense switches are currently in use: 

Switch 

2 

3 

4 

5 

6 

7 

Dump core when subroutine DUMP or PDUMP is called. This 
will cause a core dump on any nonpreface fatal error. 

Print the FIAT after each call to XSFA. 

Print the Data Pool Dictionary after each call to XSFA. 

Print the 0SCAR at the end of XGPI. 

Type a message to signify the beginning of each module 
on the operator's console. 

Type a message to signify the ending of each module on 
the operator's console. 

Print eigenvalue extraction diagnostics for real inverse 
power and real and complex determinant methods. 
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Switch 

8 

9 

10 

SUBROUTINE DESCRIPTIONS 

Print matrix trailers as the matrices are generated and data block 
trailers as data blocks are generated. 

Not used. 

Use alternate nonlinear loading in TRD. (Replace 

11 Print all active row and column possibilities for the decomposition 
algorithm. 

12 Print eigenvalue extraction diagnostics for complex inverse power. 

13 Print open core length. 

14 Print the Rigid Fonnat (NASTRAN SOURCE PROGRAM COMPILATION) 
for all non-Restart runs. 

15 Trace GIN0 0PEN/CL0SE operations on CDC 6000 series. 

16 Trace real inverse power eigenvalue extraction operations. 

17 Punch the DMAP sequence that is compiled. 

18 Print internal grid points picked by SET2 cards. 

19 Print data for MPYAD method selection. 

20 Generate de-bug printout (For NASTRAN progra111T1ers who include 
CALL BUG in their subroutines). 

21 Print GP4 set definition. 

22 Print GP4 degree of freedom definition. 

23 Print DMAP alters generated during multi-stage substructuring. 

24 Punches DMAP alters generated during multi-stage substructuring. 

25-26 Not used. 

27 Input File Processor (IFP) table dump. 

28 Punch out the link specification table - deck XBSBD. 

29 Process link specification table update deck. 

30 Punch out alters to XSEMi decks. 

31 Print link specification table. 

32-38 Not used. 

39 FAl additional printout (trace operations) 

For a further explanation of switches 28~31 see Section 6.11 in the Programmer's Manual. 
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3.3. 11.5 Design Requirements 

SSWTCH resides in the core resident portion of a link. 
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3.3.12 C0NMSG (Console Message Writer}. 

3.3.12.1 Entry Point: C0NMSG 

3.3.12.2 Purpose 

lJrites the current time and a NASTAAN system message onto the system output device and 

(if the computer configuration permits} onto the on-line operator's console device. 

3.3.12.3 Calling Sequence 

CALL C0NMSG(MSG,CNT,YN} 

MSG - Array name containing message. 

CNT - Number of 4-character words in message (integer), 

YN - l = yes, O • no. Print on-line device if yes and available. 

3.3.12.4 Method 

A computer real-time and/or job clock is interrogated. The number of message words 

indicated is sent to the system output device (usually printer} along with the clock reading(s). 

If the computer configuration permits and the yes/no switch is set yes, the same clock reading(s} 

and message is sent to the operator's console device (usually typewriter). 

3.3.12.5 Design Requirements 

Only the left-most four characters from each computer word are extracted and sent to the 

output device(s). 
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3.3.13 TTLPGE (Title Page Writer) 

3.3. 13.l Entry Point: TTLPGE 

3.3.13.2 Purpose 

To print on the system output file title page information as follows: 

• the NASTRAN symbol 

• the machine type and model 

• the system generation date 

• the level i den ti fi ca ti on 

• major level number (corresponds to the basic archive Source Library) 
• minor level number (corresponds to the object library for a machine type) 
• local level number 
• variations of a local level 

• the Rigid Fonnat series identification, including modifications, if any. 

3.3. 13.3 Calling Sequence 

CALL TTLPGE (K) 

3.3.13.4 Method 

TTLPGE is called from NASCAR following reading of the NASTRAN card (if any). 

The variable K is stored as a local variable in subroutine NASCAR and may be set at execution 

time by the user on the NASTRAN data card by 

NASTRAN TITLE0PT • k 

where the default value fork isl as defined by a DATA statement in subroutine NASCAR. The 

action taken by TTLPGE depends on the integer option parameter K (whose value is k) as shown below. 

k 

<O 
•O 

l 

2 
3 

>3 

TTLPGE action 

Print one (1) copy of an abbreviated title page 
Supress any title page printout 
Print one (1) copy of the full title page 
Print two (2) copies of the full title page 
Print a single copy of· a locally annotated title page 
Supress any title page printout 
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Whenever changes are incorporated into NASTRAN, the TTLPGE routine should be updated to 

reflect these changes. This is particularly important when official updates are made since runs 

may only be identifiable by the information contained in this printout. The basic identification 

of a given version of NASTRAN is called the Level number, a code of the form 

i.j .k 

where i is the current major level number, j is the minor level number and k is local level 

number. 

The major level corresponds to a complete recompilation of the entire system on each machine 

from a single archive source library maintained for all machines. It is through this mechanism 

that the machine-independent nature of the NASTRAN code is guaranteed. Major levels of NASTRAN 

will probably only be issued at intervals of once a year or longer due to the expense involved. 

Minor levels correspond to changes that are made on one given type of machine, say the 

CDC 6000 machines. These changes are reflected in the object library for the given machine 

class, and may be reflected in the source by either alters to the basic source library or by an 

updated source library. Minor levels will probably be issued every few months for each machine 

class as alters to the basic or previous source library. 

Local levels are reserved for locally made changes and provides a mechanism for the local 

NASTRAN system progra11111er to keep track of several versions of NASTRAN that may exist at his 

installation. This would probably consist of a digit or a digit and a typed letter (e.g., Level 

15.1.2A}. 

The Rigid Fonnat series is designated by a letter. Minor modifications will be identified 

by a digit (e.g., Rigid Format Series M.2} •. It is anticipated that new series of Rigid Formats 

will only be available concurrently with major levels of the program. 
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3.3.14 SEMTRN (Transliterator) (IBM 360-370 only) 

3.3.14.1 Entry Point: SnlTRN 

3.3. 14.2 Purpose 

To read the system input stream and convert EBCDIC characters to BCD. 

3.3.14.3 Calling Sequence 

CALL SEMTRN (KIN, K0UT) 

3.3.14.4 Method 

An 1/0 activity is done using F0RTRAN. One eighty (80) column card image at a time is read 

from F0RTRAN unit KIN, transliterated, and written out on F0RTRAN unit K0UT. F0RTRAN unit K0UT 

is rewound before writing and before returning. F0RTRAN unit KIN is not rewound before reading and 

is not manipulated further once an end-of-file condition is detected. Any EBCDIC characters other 

than the standard NASTRAN set defined in Section 2.1 of the User's Manual are transliterated 

to the blank character. BCD punched characters are transliterated into themselves. Thus, for the 

standard character set, either BCD, EBCDIC or mixed BCD and EBCDIC may be used on the IBM 360-370 

computer systems. It should be emphasized that decks containing EBCDIC characters will !!21 run on 

the other NASTRAN computers. 

3.3.14.5 Design Requirements 

The F0RTRAN unit K0UT must be defined in the JCL and sufficient space must be allocated to hold 

the transliterated input stream. The actual unit numbers used are defined by the call.ing program 

(SEMINT) and are currently set to KIN= 5 and K0UT = 1. If the 2314 disk facility is used for K0UT, 

the space can be estimated by 

No. Tracks • No. 9yards 

if full track blocking is used. This is accomplished by specifying the DCB as 

DCB • (RECFM•FB, LRECL•BO, BLKSIZE•7280} 

The transliteration is effected by using the character read in as an index into a 256 byte 

table containing the desired BCD representations. In this way, no look-up expense is involved. 
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3.3.15 RETURN (Return) 

3.3.15.l Entry Point: RETURN 

3.3.15.2 Purpose: 

SUBROUTINE DESCRIPTIONS 

To allow inclusion of calls to non-existing decks. Linkage Editor data changes are 

required to use this capability. 

3.3. 15.3 Calling Sequence 

CALL RETURN 

3.3.15.4 Method 

The only executable statement is a RETURN to the calling program. 

3.3.15.5 Design Requirements 

RETURN should be located in LINKO or in the root segment. 

3.3.15.6 Diagnostic.Messages 

None. 
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3.3.16 NASCAR (Read the NASTRAN card) 

3.3.16.l Entry Point: NASCAR 

3.3.16.2 Purpose 

To read the NASTRAN card (if any} and then to cal1 TTLPGE (see Section 3.3.13). 

3.3.16.3 Calling Sequence 

CALL NASCAR 

3.3.16.4 Method 

NASCAR is called as the first executable statement in the Preface drtver SEMINT following 

transliteration (IBM 360,370 only}. NASCAR reads the first data card from the input stream. If it 

is a NASTRAN card, NASCAR decodes its contents and sets the values thereby defined. Following 

this, NASCAR calls TTLPGE and returns to SEMINT. 

3.3.16.5 Design Requirements 

NASCAR is intended to be overlayed, along with TTLPGE, under both SEMINT and XRCARD. Any 

common blocks having entries which can be overridden via the NASTRAN card must be accessible to the 

routine. 

3.3.16.6 Diagnostic Messages 

Messages 17 and 43 may be issued. 
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3.4 UTILITY SUBROUTINE DESCRIPTIONS. 

3.4.1 MAPFNS (Machine Word Functions). 

3.4.l.l Entry Points: LSHIFT, RSHIFT, ANDF, 0RF, X0RF, C0MPLF, K0RSZ, C~RWDS. 

3.4. 1.2 Purpose 

To perform basic computer word manipulations by standard binary digit {bit} operations. 

The manipulations are performed over the complete memory word length for the particular hardware. 

Also, to determine the size of open core (C0RSZ) and the absolute difference between locations in 

core ( C~RIJDS) . 

3.4. 1.3 Calling Sequence 

All machine word functions are executed as F0RTRAN integer function subroutines with 

integer arguments. 

3.4.1.4 Method 

The method employed within each function will be described following the separate function 

examples. 

3.4.1.5 Entries 

K. = LSHIFT (I,N) 

The entire bit structure of word I is shifted left N places and the resulting word replaces 

word K. Word I is unchanged. High-order bits shifted out are lost. Zeros are supplied to 

vacated low-order positions. The shift is logical; no special provision is made for the sign 

position.· 

K • RSHIFT (I,N) 

The entire bit structure of word I is shifted right N places and the resulting word reolaces 

word K. Word I is unchanged. Low-order bits shifted out are lost. Zeros are supplied to 

vacated high-order positions. The shift is logical; no special ~revision is made for the sign 

position. 

K • ANDF (I ,J) 

A logical product of the bits within word I and word J is formed and stored into word K. 

Words I and J are unchanged. 
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K = 0RF (I,J) 

A logical ;um of the bits within word I and word J is formed and stored into word K. 

i~ords I and J are unchanged. 

K ., X~RF (I,J) 

The modulo-two sum (exclusive or) of the bits within word I and word J is formed and 

stored into word K. Words I and J are unchanged. 

K • C0MPLF (I ) 

The ones complement of the bits within word I is formed and stored into word K. Word I 

is unchanged, 

K • C~RSZ (I,J) 

The size of open core is computed and stored in location K through this function. Location 

I is normally the address of a labeled co11111on cell defining the beginning of a particul~r open 

core area. Location J is normally the address of blank comnon (usually thought to be the end of 

a particular open core area). On computer memory configurations where blank conmen does not 

define the end of open core, C~RSZ ignores location J and substitutes a correct end value. The 

arguments I and J may be interchanged without affecting results. 

K • C~RWDS (I,J) 

The absolute difference plus l between the addresses of locations I and J is cornnuted and 

stored into word K. L~ords I and J are unchanged. 

3.4.l.6 Design Requirements 

MAPFNS is wr,tten in assembly language. 
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3.4.10 NASTI0 (NASTRAN Input/Output Manager) 

3.4.10.l Entry Point: NASTI0 

3.4.10.2 Purpose: To manage core storage in which data blocks may be core resident. 

3.4.10.3 Ca;11ing Sequence: 

CALL NASTI0 (AREA, LENGTH, NAMES, C0UNT), where three types of calls exist, depending 

on LENGTH: 

1. LENGTH> O implies a call to furnish NASTI~ with working storage for the 

purpose of holding NASTRAN data blocks in core. In this case, 

AREA • Address of the area of working storage. 

LENGTH= Number of words in the area. 

NAMES • Address of a list of 1-word entries defining the GIN0 
reference names of candidates for core files. 

C0UNT • Number of 1-word entries in NAMES list. 

2. LENGTH• O implies a call to modify the candidates list. In this case, the NAMES 

list specifies GIN0 reference names to be dropped from the previously supplied NAMES 

list. 

AREA • Address of the area of working storage supplied in previous LENGTH> 0 call. 

LENGTH• 0 

NAMES • Address of a 1 is t of 1 -word entries defining GI NIii reference names to be 
dropped from previously supplied list. 

C0UNT • Nuni>er of 1-word entries in NAMES 11st. 

3. LENGTH< 0 implies a cal~ to return working storage previously furnished to NASTI0 

by the user. 

AREA • Address of working storage to be released (must be the same as the 
previous ca 11). . . 

LENGTH• Absolute value - number of words to be released (must be the same as 
the previous LENGTH> 0 call). 

NAMES • Address of NAMES list in previous LENGTH> O call (not used in this call). 

Cl!IUNT • Number of 1-word entries in NAMES list (not used in this call). 
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Design Notes for NASTI0 

1. The order of calls~ be as follows: 

LENGTH > 0 call 

0-n LENGTH= 0 calls 

LENGTH< 0 call 

2. A module should release all working storage (LENGTH< 0 type call) before returning 
control to XSEM. 

3. It is permissible for the sequence of calls listed in Note 1 above to occur more than 
once within a module. 

3.4.10.4 Method: 

Implementation of NASTI0 is computer dependent. The basic logic is, however, similar on each 

of the NASTRAN computers for which NASTI0 has been implemented. 

The amount of core furnished through a LENGTH> 0 call is divided into equal blocks according 

to the GIN0 block length. These blocks are chained in a threaded list. Initially all blocks belong 

to the "free" chain. 

Data blocks are written in the normal manner to secondary storage. When a data block 

scheduled for core residency is opened to read, all GIN0 blocks in the data block which can fit 

into available core are read into core. For each GIN0 block the corresponding entry in the threaded 

list of free blocks is removed and added to a threaded list of blocks belonging to the particular 

data block. Note that this activity occurs at the time of CALt 0PEN. Subsequent calls from GIN0 

to read a block result in a substitution of a new buffer address only. 

When a data block is dropped from core status through a LENGTH• 0, LENGTH< O or a write 

operation on the same unit, all core blocks previously assigned are added to the threaded list of 

"free" blocks, 

3.4.10.5 Diagnostic Messages 

Messages generated by NASTI0 are computer dependent. See Section S for a detailed list. 
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3.4.11 0PEN (Initiate Activity on a File) 

3.4.11 .1 Entry Point: ~PEN 

3.4. 11 .2 Purpose: To initiate activity for a file. 

3.4.11 .3 Calling Sequence: 

CALL 0PEN ($n,NAME,BUFF,0P) 

n - F0RTRAN statement nuni>er defining the return to be taken in the event NAME 
is not in the FIST. 

NAME - GIN0 file name. 

BUFF - Address of buffer to be used for file activity. Length of the buffer is defined 
by the contents of the first word of /SYSTEM/. 

-2, write end-of-file and rewind if file was previously opened to write 

0P 

~ 

and is now off the load point 
O, open file to read with rewind 
1, open file to write with rewind 
2, open file to read without rewind 
3, open file to write without rewind 

For 0P • ~2 call, no action takes place if stated conditions are npt met. The file 
is closed on return from 0PEN when 0P • -2. 

3.4.11.4 Method 

If the file 1 s currently pos.iti oned off the 1 oad point and was previously opened to write and 

0P • -2 or 0P • O or 0P • 2, 0PEN calls Q0PEN to write with no rewind, calls E0F and then calls 

CL0SE. If 0P • -2, 0PEN returns. Otherwise, 0PEN calls Q0PEN with 0P set as requested. If 

0P • 2, BCKREC is called to position prior to the end-of-file which was just written. 

If any of the above conditions are not met, 00PEN is called directly. 

/ 
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3. 4. 12 GI N0 ( Genera 1 Input/Output Routine) 

3.4. 12. 1 Entry Points: GIN0, Q0PEN, WRITE, READ, CL0SE, BCKREC, FWDREC, SKPFIL, REWIND, E0F, 

SAVP0S, GETURN, FILP0S, RDBLK, WRTBLK, PUTSTR, ENDPUT, GETSTR, ENDGET, GETSTB, ENDGTB, RECTYP 

3.4.12.2 Purpose: To provide general input/output services for all NASTRAN data block 

operations. 

3.4.12.3 Calling Sequence: 

CALL GIN0 (NAME, 0PC0DE) 

This entry point is provided in Level 16 as a general service entry but no service operations 

have been defined. Therefore, in Level 16, it results in no operation. 

To initiate activity on the requested file: 

CALL Q0PEN ($n,NAME,BUFF,0P) 

n - F0RTRAN statement number defining the return to be taken in the event NAME 
is not in the FIST (i.e., the data block is purged). 

NAME - GIN0 file name of the data block which is to be read or written (see 
Section 1.6.4.1). 

BUFF - An array whose dimension equals the contents of the first word of /SYSTEM/ 
which will be used by GIN0 while the file is open. 

{ 

0, open file to read with rewind 
0p _ 1, open file to write with rewind 

- 2, open file to read without rewind 
3, open file to write without rewind 

To write a logical record, or portion of a logical record: 

CALL WRITE (NAME,BL0CK,N,E0R) 

NAME - GIN0 file name of the data block which is to be written (see Section 1.6.4.1). 

BL0CK - An array of dimension~ N containing the data words to be written. 

N 

EPR = 

- The number of words to be written - integer - input. 

l 0, the N words to be written by this call do not end the logical record, 
i.e., subsequent WRITE calls will provide additional data to be written 
in the current logical record. 

1, the N words to be written by this call end the logical record. 
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To read a logical record, or portion of a logical record: 

CALL READ ($n 1 ,$n 2 ,NAME,BL0CK,N,E0R,M) 

- F0RTRAN statement number defining the return to be taken in the event an 
end-of-file is encountered by this READ operation. 

- F0RTRAN statement number defining the return to be taken at the end of 
the READ operation whenever the end-of-logical-record is encountered prior 
to transmitting the requested number of data words. 

NAME - GIN0 ·file name of the data block which is to be read (see Section 1.6.4.1). 

BL0CK - An array· of dimension~ N, where the words read will be stored. 

N 

E0R 

{ 

N > 0: The number of words to be read and stored at BL0CK - integer - input. 
N < 0: The number of words to be skipped, i.e., read but not stored at 

- BL0CK. Integer - input. 

l 
0, subsequent calls to READ for the current logical record are expected. 
1, the current call is the last call for the current logical record. The 
file will be positioned to the beginning of the next logical record before 
returning. 

M - If return to n2 is given, the number of words actually read is stored in M. In 
no other case are the contents of M changed. 

Whenever return to n2 is given, the file is positioned to the beginning of the next logical 

record regardless of the setting of E0R. 

A return to n1 is possible only when a call to READ is given when the file is positioned at 

the beginning of a logical record. 

To terminate activity on the requested file: 

CALL CL0SE (NAME,0P) 

NAME - GIN0 file name of the data block to be closed (see Section 1.6.4.1). 

( 1, if file was opened to write, write end-of-file and rewind. 
If file was opened to read, rewind only. 

0P ( 2, close file at current file position (no end-of-file, no rewind). 
3, if file was opened to write, write end-of-file and position file in 

front of end-of-file mark. If file was opened to read, same as 
0P • 2. 

If the requested file is not in the FIST or is not currently open, a normal return is given 

and no operation takes place. 

ff the file was opened for output and the last logical record has not been written, it is 

written prior to honoring the 0P request. 
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The buffer assigned when the file was opened is released and is available to the user on 

return. 

To position the requested file backward one logical record: 

CALL BCKREC (NAME) 

NAME - GIN~ file name of data block to be positioned backward (see Section 1.6.4.1). 

If the file is positioned in the middle of a logical record, the file is repositioned to the 

beginning of that record. Otherwise, the file is positioned to the beginning of the previous 

logical record. 

If the file is positioned at the beginning of file, no operation occurs and a normal return 

is given. 

To position the requested file forward one logical record: 

CALL FWDREC (Sn,NAME) 

n - F0RTRAN statement number defining the return to be taken in the event an end-
of-file is encountered. 

NAME - GIN0 file name of data block to be positioned forward (see Section 1.6.4.1). 

This call will always position the ffle to the beginning of the next logical record unless 

an end-of-file is encountered. 

To position the requested ffle forward or backward a stated number of files: 

CALL SKPFIL(NAME,N) 

NAME - GIN0 fi~e name of the data block to be repositioned (see Section 1.6.4.1). 

N - The number of files to be skipped. N > 0 means forward skip, N < O means 
backward skip, N = 0 means no operation - integer - input. 

~: 

1. Following a forward skip, the file is positioned at the beginning of the first 
logical record (i.e., inmediately after the end-of-file mark). 

2. Following a backward skip, the file is positioned immediately in front of the 
end-of-file mark (or at the beginning-of-unit). 

3. Request to skip backward from the beginning-of-unit is ignored and the file 
remains positioned at the beginning-of-unit. 

4. SKPFIL backward on a file opened to write is not permitted. 
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To rewind the requested file: 

CALL REWIND(NAME) 

NAME - GIN0 file name of the data block to be rewound (see Section l .6.4.1). 

Rewind given for an output file has the effect of erasing any data which has been written 

on the file. 

To write an end-of-file on the requested file: 

CALL E0F(NAME) 

NAME - GIN0 file name of data block on which end-of-file is to be written (see 
Section l .6.4.1). 

The file must be open to write at the time of this call. 

To save the "GIN0 address" of the current logical record on the requested file: 

CALL SAVP0S (NAME,P0S) 

NAME - GIN0 file name of data block. 

P0S - Address of the word into which SAVP0S will return the GIN0 address of 
the current logical record - integer - output. 

The "address" returned by SAVP0S contains the block number and position within the block in 

which the logical record begins. The bit positions within the word in which these two quantities 

reside is machine dependent. 

To find the unit reference nuri>er corresponding to the GIN0 file name: 

CALL GETURN (NAME} 

NAME - GIN0 file name. 

Notes: 

1. NAME must be stored in /GIN0X/ prior to entry. 

2. FILEX in /GI~0X/ must be set to zero prior to entry. 

3. The unit reference nuri>er is returned in FILEX in /GIN0X/. If FILEX • O on 
return, NAME is not in the FIST. 

4. GETURN will also return the contents of UNITAB (FILEX) in E0R, XYZ(l) and XYZ(2) 
in /GIN0X/. If GETURN is called when the file is not open, E0R will contain the 
read/write bit from the previous open, XYZ(l) and XYZ(2) will contain the block 
number and record pointer defining the position at which the file was closed. 
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To position the requested file to the stated file position: 

CALL FILP0S (NAME,P0S) 

NAME - GIN0 file name. 

P0S - "GIN0 address" of requested logical record. This word should have been 
furnished through a previous CALL SAVP0S for the file - integer - input. 

The requested file must be open for input at the time of a CALL FILP0S. 

To determine the type of the logical record at which the requested file is currently 

positioned: 

CALL RECTYP (NAME,TYPE) 

NAME - GIN0 file name. 
T , I O: normal GIN0 logical record 

YPE - Output - integer I 1: record written in string format 

The requested file must be open for input at the time of a CALL RECTYP. 

Two special entry points are.provided for efficient data transfers between the Substructuring 

Operating File and GIN0. 

To read the next physical block of a file into the buffer: 

CALL ROBLK ($n,NAME,FIRST,LEFT) 

Notes: 

n F0RTRAN statement number defining the return to be taken if block read is 
the last in the file. 

NAME - GIN0 file name of the data block to be raad (see Section 1.6.4.1). 

1
1., this is the first call to read a block after opening the file. 

FIRST -
O, this is a call to read additional blocks from the file. 

LEFT - If return ton is given, the number of unused words remaining in the last 
buffer. 

1. The first block is read into the buffer on the call to 0PEN, but RDBLK must be 
called with FIRST non-zero to check if it is the last block. 

2. RDBLK terminates reading the file and takes the non-standard return when the 
first end-of-file is encountered. 

To write the current contents of the buffer as the next physical block of a file: 

CALL WRTBLK (NAME,E0F) 

NAME - GIN0 file name of the data block to be written (see Section 1.6.4.1) 

1
1. this is the last call to write a block before closing the file. 

E0F 
2, subsequent calls to WRTBLK will provide additional data for the file. 
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l. The last block will be written on the file by the call to CL0SE, but WRTBLK 
should be called first with E0F non-zero to properly set the buffer pointers. 

2. The file should be closed with 0P = 1 or 3 to write an end-of-file mark on 
the file. 

The entry points PUTSTR, ENDPUT, GETSTR, ENDGET, GETSTB, and ENDGTB allow for matrix string 

manipulation directly from the buffer. Associated with string calls is a communication block. 

Word 

2 

3 

4 

5 

6 

7 

The communication block for all string calls is as follows: 

Description 

GIN0 fi 1 e name 

Type of elements (1,2,3,4) 
1 = real single precision 
2 • real double precision 
3 • complex single precision 
4 • complex double precision 

Format of strings (0,1) 
0 implies no string trailers 

are written in the buffer 
1 implies string trailers 

are written in the buffer 

Row position of lfirstl element in string !last I 

Pointer to string 

Number of terms \available! in string 
!actual I 

Number of terms written in string 

Input or Output Entry Points 

input to all 
J input to PUTSTR 
toutput from GETSTR, GETSTB 

J input to PUTSTR 
toutput from GETSTR, GETSTB 

input to ENDPUT 
output from I GETSTR 1 

I GETSTB I 

output from PUTSTR, GETSTR, GETSTB 

output from PUTSTR, GETSTR, GETSTB 

input to ENDPUT 
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Word Description Input or Output Entry Points 
I input to a 11 8 Begin/end flag (-1,0,+1) 

-1 = first call 
O = intermediate call 
1 = last call 

I output from ENDGET, ENDGTB 

9-11 Reserved for internal use by the 
various entry points 

12 Column number I input to PUTSTR 
I output from GETSTR, GETSTB 

Notes: 

The pointer returned in word 5 is relative to /XNSTRN/ and depends on the precision of the 

elements (word 2). For double precision elements, a double precision reference is made to the 

element in the buffer. Thus, for complex double precision elements: 

D0UBLE PRECISI0N XND,SSQR 
C0MM0N /XNSTRN/ XND(l) 
EQUIVALENCE ( BL0CK(5), JP0INT) 

CALL GETSTR ($n,BL0CK) 
SSQR = XND(JP0INT)**2 + XND(JP0INT+1 )**2 

For GETSTB calls, the pointer returned is to the last element in the string. The string should be 

processed "backwards". 

For the convenience of assembly language progra111T1ers, it is possible to have the true machine 

address returned in word 5. This option is machine dependent and the user is referred to comments 

in assembly listings for specific details. 

To initiate writing a string directly into the buffer of the requested file: 

BL0CK(l) = GIN0 file name 
BL0CK(2) = Type of elements 
BL0CK(3) = Format of strings 
BL0CK(8) = -1 
BL0CK(12) = Column number 
CALL PUTSTR (BL0CK) l prior to first string 

for column only 

To terminate processing a string furnished by PUTSTR: 

BLOCK(7) = number of tenns written in string 
BLOCK(8) = 1 (last string in column) 
CALL ENDPUT (BL0CK) 
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To initiate reading a string directly from the buffer on the requested file: 

BL.0CK(l) = GIN.0 file name 
BL.0CK(8) = -1 
CALL GETSTR ($n,BL.0CK) 

prior to first string 
for column only 

n - F.0RTRAN statement number defining return taken when there does not exist 
another string in the column. 

To terminate processing a string furnished by GETSTR: 

CALL ENDGET (BL0CK) 

3.4.12.4 Method 

To provide maximum efficiency, GIN0 is coded in assembly language on each of the NASTRAN 

computers. The logic of each of the versions is similar, however. 

GIN0 blocks all logical records into fixed length blocks {physical records). A buffer area 

is furnished with each call ~PEN. The format of the buffer is machine dependent and are described 

in Figure 1 for the CDC, IBM and UNIVAC computers respectively. 

The actual address of the buffer is either that furnished by the CALL 0PEN or the address plus 

one. The criterion is that the displacement in words from /XNSTRN/ be even (so that accesses to 

double precision words is insured}. 

A description of the blocking techniques used for matrix and non-matrix data is found in 

Figure 2. 

Formats of the various control words are computer dependent and are defined in Table 1 for each 

computer. Their contents are the same. 

• The record header indicates the type of record (regular or "string" data) 
and the number of words in the record. 

• The record trailer contains the "GI~ address" (block number and position) 
of the record and continuation indicators. 

• The last control word is either an end-of-file flag or an indicator that more 
information is contained in the next block. 

An example of string packing of matrix data is found in Figure 2. A string is defined as a 

. set of contiguous non-zero rows in a matrix column. The example in Figure 2 shows two strings 

implying all terms of the column are "O" except for rows 2, 3, 9 and 10. 
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The following is a description of the control words: 

, The column header and column trailer contain the type of elements in the strings, format 
of the strings and the column number. 

1 The string l ~;:1r;r} contains the row position of the l f!;~t ! term in the string and the 
number of terms in the string. On the CDC and UNIVAC computers the string header or 
trailer is one word while on the IBM 360 each is two words. 

, Two additional control words may appear in the place of a string header: 
1. durrmy string word. This is used as a pad to insure proper alignment of double 

precision terms. 

2. "last" string word. This indicates no more strings in the current block. 

On the 360 and 6000 series, current buffer pointer and current logical record pointer are 

maintained as offsets relative to the address of the buffer. On the 1108, current buffer pointer 

and current logical record pointer are maintained as actual addresses. 

Most key parameters are maintained in /GIN0X/ as follows: 

Word Variable Description 

l LGIN0X Length of /GIN0X/ 
2 FILEX Current unit reference number 
3 E.0R End-of-record indicator for READ/WRITE 
4 .DP Operation code for 0PEN/CL0SE 
5 ENTRY Code for current entry point 
6 LSTNAM GIN0 file name on previous entry 
7 N Number of words to transmit on READ/WRITE 
8 NAME GIN0 file name on current entry 
9 NTAPE Device flag (0 implies disk,, 0 implies tape) 

10-11 XYZ Scratch 
12-86 UNITAB Position maintenance table 
87-161 BUFADD Buffer address maintenance table 
162 NBUFF3 Block size 

163-166 (computer dependent) 

The Position maintenance table has a one word entry for every file that is maintained by GIN0. 

The format of each word is as follows: 

I R/W I BL0CK N0. I L0GICAL REC0RD 

3.4-19c (12/31/77) 



where 

R/W 

UTILITY SUBROUTINE DESCRIPTIONS 

= 0 if file last opened for read 
= 1 if file last opened for write 

BL0CK N0. block number of position of file 

L0GICAL REC0RO current logical record pointer 

The buffer address maintenance table has a one word entry for every file that is currently opened. 

The format of each word is as follows: 

where 

INC0RE BUFF 

INC0RE BUFF 

R/W 

R/W BUFF ADDR 

buffer address supplied when 0PEN was called and 
the file is to be held in core 

= 0 if file opened for read 
= 1 if file opened for write 

BUFF ADDR buffer address from which GIN0 will be blocking 
or unblocking 

3.4. 12.5 Design Requirements 

1. Maximum block size = 4095 words 

360 - 64 words 2. Minimum block size 1180 _ 143 words 

3. Maximum number of blocks in a single· file (NASTRAN data block)• 65535 

4. Q0PEN should only be called from SUBR0UTINE 0PEN. 

3.4. 12.6 Diagnostic Messages 

Section 5 contains details of the various messages which may occur in GIN0. 
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CDC 
NASTRAN 
l/0 
Subsystem 
Buffer 

IBM 
NASTRAN 
I/0 
Subsystem 
Buffer 

UNIVAC 
NASTRAN 
I/0 
Subsystem 
Buffer 

Physical 
Record 
Block 
to be 
written 

SUBROUTINE DESCRIPTIONS 

Word Count Contents 
l Data Block 

2 
current BuTrer ~ointer \bits ~~-18) 
Current Logical Record Pointer (bits 

3 Not used 

4 Current Block Number 

5 Pointer to Last Control Word 

6 Logical Record Header . 

NBUFF End of Block Definition Word 
NBUFF + 30 File Environment Table ( FET) 

NBUFF + 30 + 126 Subindex Array 

Hord Count Contents 
1 Data Block Reference Name 

2 Current Buffer Pointer 

3 Current Logical Record Pointer 

4 Current Block Number 

5-6 8 Bytes Containinf! Ful 1 Disk Address 
Fonn of tJBBCCHHR DCBFDAD\ 

17-0) 

in the 

Physical 
Record 
to be 
written 

7 l Byte containing the UL.I' Open Fl~~s (DCBOFLGS, 
3 Bvtes of Track Balance (DCBTRBAL 

Physical 
Record 
to be 
written 

8 

9 

NBUFF 

Word Count 
1 

2 

3 

4 

5 

6 

NBUFF 

Pointer to Last Control Word 

Logical Record Header . . . . . 
End of Block Definitio• .Jord .. 

Contents 
Current Buffer Pointer 

Current Logical Record Pointer 

Address of End of Buffer - 2 

Current Block Number 

Pointer to Last Control Word 

Logical Record Header . . . 
End of Block 

Figure 1. Buffer Fonnat for the CDC, IBM and UNIVAC I/0 Subsystem 
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UTILITY- SUBROUTINE DESCRIPTIONS 

Example Operation Number of Words Description 

l Record Header 
l Call to 10 Logical Data Record WRITE 

l Record Trail er 

l String Data 
l Column Header 
l String Header 
2 Rows 2 and 3 Stored in Real Single 

Precision 

2 Call to l String Trailer 
PACK 1 String Header 

I 
2 Rows 9 and 10 Stored in Real Single 

Precision 
l String Trailer 
l Column Trailer 
l Record Trail er 

3 Call to l End of File Definition Word 
CL!llSE l End of Block Definition Word 

Figure 2. An example of Blocked Logical Records in a Physical Record Block 
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Table 1. GIN0 Definition \fords 

CDC 
Definition Word 

59 54 53 36 35 18 17 0 0 3 4 19 

Record Header 0 11111 0 NBR WDS F 1111 

String Data 0 22222 0 NBR WDS F 2222 

Record Trailer 

A. Contained 1n Block 0 33330 BLK N0 CLR 2 -

B . Last of Continued Record 0 33332 OLK N0 CLR 2 -
c. Record Continued in Next Bloc~ 0 33333 BLK N0 CLR 3 -

End of Block 0 55555 0 0 F 5555 

End of File 0 77771 0 0 F 7777 

Column Header 0 Cr,Jl NBR 7 8*TYPE+F0RM 4 Cr,Jl NBR 

Column Trailer 0 C0l NBR 377777 8*TYPE+F0RM 8 Cr,Jl NBR 

String Header* IBM 0 Rf)W NBR 17 NBR TERMS F 8888 

String Trailer 0 R0W NBR 37 NBR TERMS F 9999 

Dummy String Def. Word 0 0 777 0 F AAAA 

End of Block String Word 0 0 77 0 F 8888 

* For IBM the next word contains the row nunber. 

IBM UNIVAC 

20 31 35 30: 29 12 11 0 

NBR WDS 77 11111 NBR WDS 

NBR WDS 77 22222 NBR WDS 

CLR 11 BLK N0 CLR 

CLR 12 BLK Nr,J CLR 

CLR 13 BLK N0 CLR 

0 77 55555 0 

0 77 77777 0 

16*TYPE+F0RMAT 21 C0l NBR 8*TVPE+F0RM 

16*TYPE+FORMAT 27 C0l tlBR 8*TYPE+F0RM 

NBR TERMS 31 R0W NBR NBR TERMS 

NBR TERMS 37 R0W NBR NBR TERMS 

0 77 33333 0 

0 77 44444 0 



SUBROUTINE DESCRIPTIONS 

THE MATERIAL PREVIOUSLY ON PAGE 3.4-20 HAS BEEN DELETED 
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UTILITY SUBROUTINE DESCRIPTIONS 

THE MATERIAL PREVIOUSLY ON PAGE 3.4-21 HAS BEEN DELETED 

3.4-21 (7 /4/76) 



SUBROUTINE DESCRIPTIONS 

3.4.14 G0PEN (Short Form for Subroutine 0PEN With Header Record Processin_gl. 

3.4.14.1 Entry Point: G0PEN. 

3.4.14.2 Purpose 

To provide a short form (without the non-standard return of subroutine ~PEN) for opening a 

GIN0 file, and to write a two-word header record if the data block is opened as output with 

rewind or to skip the header record if the data block is opened as input with rewind. 

3.4.14.3 Callina Sequence 

CALL G0PEN(FILE,BUFFER,0PT) 

where: 

FILE = GIN0 file name (see section 1.6.4.1). 

BUFFER• GIN0 buffer location. 

0PT • any of the open options pennitted by subroutine 0PEN (see section 3.4.2). 

3.4.14.4 Method 

Open the file (subroutine 0PEN). If 0PT • input with rewind (O), skip the ·first record of· 

the data block. If 0PT • output with rewind (1), write the two word BCD name of the data block 

as returned by subroutine FNAME. 

3.4.14.5 Design Requirements 

The data block must exist (must not be purged). If 0PT • inout with rewind (0), the first 

record of the data block must be at least two words tong. Subroutines used: ~PEN, READ, 1,JtHTE, 

FilAME I MESAGE. 

3.4.14.6 Diagnostic Messages 

If the data block is purged or if an end-of-file or end-of-record· condition is encount~red 

when reading the data block, subroutine MESAGE will be called with internal messaoe numbers 1, 2, 

or 3, respectively (external message numbers are 3001, 3002 and 3003). 
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3.4.15 FREAD (Short Form for Subroutine READ). 

3.4.15.1 Entry Point: FREAD. 

3.4.15.2 Purpose 

To provide a short form (without the non-standard returns of subroutine READ) of reading a 

GI;10 file. 

3.4.15.3 Calling Sequence 

CALL FREAD(FILE,BL0CK,N,E0R) 

where: 

FILE= GIN0 file name (see section 1.6.4.1). 

BL0CK= array into which N items are to be read. 

N = number of items to be read. 

E0R = any end of record option permitted by subroutine READ (see section 3.4.5). 

3.4.15.4 Method 

Read the N items from FILE into BL0CK. If subroutine READ returns an end-of-file or 

end-of-record condition, subroutine MESAGE is called with a fatal error condition. 

3.4.15.5 Design Requirements 

In addition to those imposed by READ, there must.be N items remaining in the record to be 

read. Subroutines used: READ, MESAGE. 

3.4.15.5 Diagnostic Messages 

Subroutine MESAGE may be called with internal message number 2 or 3 (external message 

numbers 3002,3003). 

3.4-23 



SUBROUTINE DESCRIPTIONS 

3.4.16 WRTTRL (Write Trailer), 

3.4.16.1 Entr.v Points: WRTTRL. RDTRL, 

3.4.16.2 Purpose 

LvRTTRL will pack six words of trailer information into three words and store them in the FIAT. 

RDTRL will retrieve and unpack the trailer information. 

3.4.16.3 Calling Sequence 

CALL WRTTRL(FILBLK) 

FILBLK(l) - GIN0 file name (see sectioi 1.6.4.1). 

FILBLK(2-7) - Trailer information to be stored. 

CALL RDTRL(FILBLK) 

FILBLK(l) - GIN0 file name. 

FILBLK(2-7) - Storage space for trailer infonnation. 

3.4.16.4 Method 

The index into the FIAT for the specified file is located in the FIST. The three packed 

words are stored in or retrieved from the FIAT. ThP infonnat.ion is also sto~P.d for all files 

equivalenced to the GIN0 file name. For ROTRL, if the file is purged, FILBLK(1) is set 

negative. If the file is a matrix, word 7 is converted to a density (10000 • 100% dense). 

Matrix trailers can be displayed as they are written by activating DIAG 8 .. 

3.4.16.5 Design Requirements 

Each we·:: of trailer information is assumed to be a positive integer less than 216-1. 

Trailers may not be written on GIN0 files 101-199. 

3.4.16.6 Diagnostic Messages 

If the file did not exist in the FIST when WRTTRL was called, fatal error 3011 occurs. 
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3.4.17 rnAME (File Name). 

3.4.17.1 Entry Point: FNAME. 

3.4. 17.2 Purpose 

UTILITY SUBROUTWE DESCRIPTIONS 

Given a GIN0 file name, FNAME return~ the two BCD words which describe the data block. 

3.4.17.3 Calling Sequence 

CALL FNAME(FILE,NAME) 

FILE - GIN0 file name (see secticn 1.6.4.1). 

NAME(2) - Storage for the two BCD words. 

3.4.17.4 Method 

The GIN0 file name is first located in the FIST. The index in the FIST is used to find 

the BCD descriptors in the FIAT. If the file does not exist in the FIST, ·~(N0NE)"'" is returned 

as the two words," indicating a BCD blank. 
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3.4.18· CLSTAB (Close a GIN0 File and Write a Non-zero Trailer). 

3.4.18.1 Entry Point: CLSTAB. 

3.4. 18.2 Purpose 

To close a GIN0 file and generate a table trailer by callino WRTTRL. 

3.4.18.3 Calling Sequence 

CALL CLSTAB(FILE 1 0PT) 

where: 

FILE= GIN0 file number - integer - input. 

0PT = any close option permitted by subroutine CL~SE (see section 3.4.4) - integer - input. 

3.4.18.4 Method 

CALL CL0SE(FILE,0PT) 

Generate the table control block, ITABCB: 

CALL '.JRTTRL ( ITABC3) • 

3.4.18.5 Design Requirements 

ITABCB(l) • FILE 

ITABCB(7) • 1 

00 10 I • 2,6 

10 ITABCB(I) • 0 

Same as those for subroutines CL0SE and WRTTRL. Subroutines used: CL0SE, WRTT~L. 

3.4-26 



UTILITY SUBROUTINE DESCRIPTIONS 

3.4. 19 XRCARD (Executive Free-Field Card Data Conversion Routine) 

3.4. 19.1 Entry Point: XRCARD. 

3.4. 19.2 Purpose 

To interpret NASTRAN free-field card input data as follows: 

1. Identify BCD alpha and numeric data fields as they are converted and placed in 

the user's bufferi 

2. Flag and output special data field delimiters; 

3, Convert BCD numeric fields to binary integer or binary floating point; 

4. Indicate when the data extends beyond one 72 column card. 

3.4.19.3 Calling Sequence 

CALL XRCARD(~UTBUF,L,INBUF) 

Where: 

~UTBUF • The buffer which is to contain the converted card image. 

L • The length of ~UTBUF available to XRCARD. 

INBUF • The buffer containing the card image to be converted. 

3.4.19.4 Method 

XRCARO's design 1s based on the necessity of having to function on a variety of computing 

machines having a variety of computer word structures, and a variety of differences in hollerith 

handling imposed by differing F~RTRAN compilers. 

XRCARD analyzes the twenty hollerith words input through INBUF as follows: 

Data Field Delimiters 

Type A: 

The following symbols signify the end of an alpha field or numeric field on the card. As 

these symbols are encountered, they will be flagged and placed in the output buffer to aid the 

user in identifying the data. 
( LEFT PAREN 
/ SLASH 

• EQUAL 
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Type B: 

The following symbols are identical to those listed above except that the symbol is not 

flagged or placed in the output buffer: 

, COMMA 

RIGHT PAREN 

When successive type A or type B delimiters are encountered, a null field indication (two BCD 

blank words) is output. A null field is generated for each successive delimiter. A null field 

is also generated when a type A or type B delimiter is followed by a$ indicating the end of data 

condition. 

Type C: 

The following symbol is identical to the COMMA except that no null field indication is output 

when they are encountered in succession. 

A. BLANK 

End of Data Indication 

There are three means by which end-of-data may be specified on the card: 

- The last data field ends in column 72, or is followed by blanks out through 
column 72; 

- Sis encountered, after which corm,ents may be included out to column 80; or 

- Continuation cards ending in(,/,• or , will result in a continuation flag 
(0 mode word). 

Format of Outout Data 

A mode word, N, is placed in the output buffer to distinguish between BCD data and 

numeric data. 

Numeric Mode Word: A new mode word is output each time a numeric field is converted 

and output. (All numeric mode words are negative}. 

N • -1 integer data ( 1 data word) 

= -2 floatin3 point single precision (1 data word) 

• -4 floating point double precision (2 data words} 

N indicates the type of numeric data and where to look for the next mode word. 
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Aloha Mode ~lord: \Jhen processing alpha data, only one mode word is outout for successive 

alpha fields, i.e., an alpha mode word will never follow another aloha mode word. 

N = The number of successive alpha fields encountered on the card. Eac~ alnha ~ield 

consists of two 4-character computer words (left adjusted). Thus~ can be used 

to compute the location of the next mode word. 

The type A delimiters are output as aloha data and are 'covered' by the aloha mode \'lord. 

Since data output in the alpha mode must consists of two words a type A delimiter will appear as: 

1ford = Delimiter flag, all bits of the word are on. 

!ford 2 = BCD delimiter, left adjusted, followed by BCD blanks. 

End-of-Data: The end-of-data flag is placed last in the output buffer and appears in place 

of an expected mode word. There are two end-of-data flags: 

A word with all bits off, indicating that more data is to follow on a continuation card. 

- A word with all bits on except for the sign, indicating that no more data is to ~ollow 

for this card type. 

Sample Inout Card 

,;ARDA A=1, E=1. O, AEC/CDE:F"GH GOOD DATA 

c:JooooDOnc. ~oo~ ooc coo~:oooooocoo oooccoooac rooooncao riooooo~::~oc~ nooooou~ 
1 2 l 1 ! .i;., ~:;1 ;~:Jl(f51Si;1~:nn1:zui42;:;;12,zJH31JZ1Jtc!S!SJrHnw.;1cuuu5.:ur 'Jt.SISZ~;.;~~~•u :u;.:it:tHh5bl1UH1111 ::;.orstE:r;!7J:'l 

1 11 iil 1.111.111 11 111111111111i I 1!1111111 111111111 :11111:111111 lilillll 

22Z~22Z22222, 222222 222222222222722222222222222222222222222222222222222222222222 

3333333: 3,3,3,3 33 3 3333333333333 33333333,13333333nnn3333s:z3333z3333333n 

5 : 5 J 5 : : S 5 55 5 5 : 5 5 5 5 5 5 S 5 5 S 5 ~ 5 S 5 5 5 5 5 S:i ~ 5 S 5 5 5 5 5 5 5 5 S 5 5 5 5 5 : 5 5 5 5 q S 5 5 5 5 5 5 5 : , 5 5 S ) 5 5 : 5 i 5 

SSS2S~:Qc66SE6C6:ESH65SS CC.G~ S5~St66SG6666666iiS6655n66~q3HJ56iioSH~S5ICS6S 

7777:7777i7:777771777ii117 77 7n77P777777777i777i77777777777777i77777777777777 

, : ; : : j ~ : : 9 H 9 S 3S 9 : 9 9 9 9 9 : 3 ~ :; 9 ! H 9 5 9 9 ,S S S 9 S S 9 ~ 39 9S 9 1 : j 39 9 ~ 9 H 5 : 9 ~ ~ H 3 : : .; ; : a , : ~ ; :; :i 
, •.•.. : ~ ; ·;Ii·=:::~ iS :c Ii~~ !!l:~: z::l:::! :i;J ~ .... : ~: .:Jll1;~ :: ... :l33IO&l ~! '.; :~~:.15!141!~.;~· ::1:.;.;:s:s~; :; ;. :;;;.;!Hast~:.~ ;:•: j, .: ·: ;. ·: ·: .! .~:: •• 

·••C3D 
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Resulting Output Buffer for IBM 7094 or Univac 1108 

BCD Field { 

BCD Field { 

Output Delimiter { 

Output Delimiter { 

NOTE: For the IBM S/360 the 
output buffer shown here 1ooks 
the same except that the right 
two blanks shown in the BCD 
fields here do not exist. For 
the CDC 6600 there are an 
additional four trailing blanks 
in each word of a BCD field than 
shown here. 

A Indicates blank. 

+ (alpha mode word) 3 

C A R D /'.. A 

A A A A A A 

A A A A A A 

A A A A A A 

a11 bits on 

= A A A A A 

-(numeric mode word) 1 

integer 1 -+ (alpha mode word) 2 

B A A A "' A 

A A A A " A 

all bits on 

• A A A A A 

-(numeric mode word) 2 

s1na1e-orecis1on 1.0 

+ (alpha mode word) 5 

A B C A A A 

A A A A A A 

--
all bits ~., 

I A A A A A 

C D E F A A 

G H A A A A 

G ! ' D "' "' 
A A A A A A 

0 A T A "' A 

A " A "" A A 

al1 bits on sign bit off 

~- - - -
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3.4.19.5 Design Requirements 

An alpha field must be eight characters or less. Long alpha fields will be truncated to 

eight characters. 

All data must be placed in card columns 1-72. 

A data field may not be split between two cards. 

The specification of all numeric data fields must conform to F0RTRAN IV standards. 

If an error condition is encountered, e.g., data bad, XRCARD will write a message, turn on 

the H0G0 flag in /SYSTEM/, set the first word of 0UTBUF • O, and make a normal return to the 

calling program. 
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3.4.20 RCARD (Fixed Field Card Data Conversion Routine). 

3.4.2::J. l Entry Point: RCARD. 

3.4.20.2 Purpose 

To interpret NASTRAN fixed-field (bulk data) card input as follows: 

- Identify BCD alpha and numeric data fields as they are converted and placed 

in the users buffer; and 

- Convert BCD numeric fields to binary integer or binary floating point. 

3.4.2::J.3 Calling Sequence 

CALL RCARD(0UTBUF 1 FRr.fT'BF 1 NFLAG 1 INBUF) 

Where: 

0UTBUF • The buffer which is to contain the converted card image. 

FRMTBF • A buffer which contains identification flags for the converted data in 0UTBUF. 

NFLAG • Contains number of words returned in 0UTBUF. 

INBUF • The buffer containing the card image to be converted. 

Definition of Data Identification Flaas Placed in FRMTBF 

0 • output for a blank data field. 

1 = output for an integer field. 

2 • output for a floating ooint field. 

3 • output for a BCD field. 

4 • output for a double precision floating point field. 

-1 • error. 

3.4.20.4 Method 

RCARD's design is based on the necessity of having to function on a variety of·computing 

machines having a variety of computer word structures, and a variety of differences in Hollerith 

handling imposed by differing F~RTRAN compilers. 

T,·1enty 4-Hollerith words are received by RCARD on any particular call to RCARD. RCARD first 

determines from field 1 (\·1ords 1 and 2) if the data card is a continuation card, and whet~er the 
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fields are single (2 words each) or double (4 words each) in length. Fields 2 through 9 (for 

single field cards) or 2 through 5 (for double field cards) are then considered one at a time. 

No consideration is made for the last field of any card (words 19 and 20). 

3.4.20.5 Design Requirements 

1. All BCD fields must begin with an alphabetic character. 

2. All BCD fields are defined to be eight characters in length. Names with less than eiaht 

characters will be filled with BCD blanks. 

3. When placed in the user output buffer, each BCD field will be divided into two four­

character words (left adjusted) and stored in two successive locations of the output bu-Ffer. 

The remainder of the words is filled with BCD blanks. 

4. Special characters are not to be used as part of a BCD field except for* and+ in field 

l (column 1) which indicate a double field or single field (respectively) continuation card. 

5. The data fields will be stored successively in the users output buffer as they are 

encountered in scanning the card image from left to right. The number of output core loca­

tions required per field type varies: 

a. Integer field= l core word (right adjusted). 

b. BCD field• 2 core words. 

c. Real single precision• 1 core word. 

d. Real double precision• 2 core words. 

e. Blank field= l core word (integer O). 

6. The card type field (field l) of a continuation card will not be oassed alonn to the user. 

T•.-10 zero 1·1ords will replace the ID field in the out!)ut buffer. Thus the user can easily dis­

tinguish the difference between a continuation card and a new card type. 

7. A check for bulk data card types SEQGP and SEQEP is made by RCARO. Fields 3, 5, 7, and 9 of 

these card types are processed by a special conversion. 

The input within these special fields will be similar to the Dewey decimal notation and 

consists of a multiple digit integer and up to three single digit sub-integers; e.g., (354.1 .2) 

, and (267.5). The special fields will be converted to a single integer by dropping any decimal ··,, 
points and appending a number of zeros equal to three minus the number of decimal points in 

the original number; e.g., (354120) and (267500). 
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8. RCARD does not know the length of the users output buffer, therefore, no check is made 

for exceeding the length of the buffer. However, the number of data words placed in the 

~utput buffer will be specified in NFLAG. 

9. Field 10 will not be passed along to the user. 

3.4.20.6 Diagnostic Messages 

Fields appearing to be incorrect to RCARD will cause a diagnostic to be written on the 

system output file followed by a card format heading, a card image echo, and an underlining of 

the field in question. Also, the /SYSTEM/ N~G0 flag is set .TRUE., a zero is placed in t~e out~ut 

buffer for the field, and a -1 is placed in the format buffer for the field. RCARD will orint 

diagnostics for all fields appearing incorrect and make a normal return. 
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3.4.21 TAPBIT (Tape Bit Test). 

3.4.21.1 Entry Point: TAPBIT. 

3.4.21 .2 Purpose 

UTILITY SUBROUTINE DESCRIPTIONS 

To examine the tape bit for a permanent GIN0 file to determine the existence of a physical 

tape for that file. 

3.4.21 .3 Calling Sequence 

IF (TAPBIT(FILE)) G0 T0 

FILE is the GIN0 file name (one of 1 P00L', '0PTP, 1 MPTP 1
, 'UMF 1 'NUMF', 'PLT1 1

, 

'PLT2', 'INPT'). 

3.4.21 .4 Method 

The permanent FIST is searched and the tape bit in the corresponding FIAT entry is 

examined. If the bit is on (indicating the presence of a physical tape)., TAPBIT will be set 

.TRUE •• Otherwise it will be set .FALSE •• 

3.4.21 .5 Design Requirements 

The type of TAPBIT must be declared L0GICAL. 

3.4.21.6 Diagnostic Messages 

A fatal call to MESAGE occurs if a GIN0 file. name other than those listed is used. 
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3.4.22 PEXIT (Problem Exit), 

3.4.22.l Entry Point: PEXIT. 

3.4.22.2 Purpose 

To terminate the program. 

3.4.22.3 Calling Sequence 

CALL PEXIT. 

3.4.22.4 Method 

SUBROUTINE DESCRIPTIONS 

The diagnostic message queue is checked and if not empty the message writer MSG!1RT is 

called. If the checkpoint flag is set a card is punched indicating the end of the restart 

checkpoint dictionary. The system cutout buffers are flushed and then the iob is terminated. 

3.4.22.5 Design Requirements 

PEXIT must have access to the F~RTRAN I/0 routines. 

PEXIT should !!21 be called by module writers. Termination should be via a call to 

MESAGE (i.e., CALL MESAGE(-61 .o, NAME)). 
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3.4.23 TMr0G0 (Time-To-Go). 

3.4.23.l Entry Point: TMT0G0, 

3.4.23.2 Purpose 

UTILITY SUBROUTINE DESCRIPTIONS 

Computes the running time remaining for this NASTRAN problem. 

3.4.23.3 Calling Sequence 

CALL TMT0G0 (TIME) 

TIME= Remaining time in integer seconds. 

3.4.23.4 Method 

During NASTRAN problem initialization, one system cell is set to the problem starting time 

(PSTART) while another is set to the maximum running time (HXTIME) contained on the Executive 

Control Deck TIME card. TIME-T~·G0 is then found by reading the clock (N~~) and solving the 

following: 

TIME-T0-G0 • MXTIME - (Nial~ • PSTART). 

The CPU clock is utilized on all machines except the IBM 7094 where none is available. 

3.4-37 



SUBROU7INE DESCRIPTIONS 

3.4.24 PAGE (Paae Heading), 

3.4.24.l Entry Points: PAGE, PAGEl, PAGE2 

3.4.24.2 Purpose 

To provide a standard page heading for NASTRAN output. 

3.4.24.3 Calling Sequence 

CALL PAGE 
CALL PAGEl 
CALL PAGE2(N) 

C0M'-10N/SYSTEM/XXX,1rPE,SPACE(6), IPAGE,LHIE, ITLINE,MAXLIN ,DATE(3) 

0TPE - System cutout unit - inteqer. 

IPAGE - Current page number - increased by 1 on each call to PAGE. 

LINE - Number of data lines on previous page - LINE is set to zero by PAGE. 

ITLINE - Total number of lines of printout in run - ITLINE • ITLINE + LI~E. 

MAXLIN - Maximum number of data lines allowed - if ITLINE > MAXLIN, PEXIT will be called. 

DATE(3)- Today's date: month, day, year - integer. 

N - Number of 11 nes to be written - integer - input. 

C0MM0N/0UTPUT/TITLE(32),SUBTIT(32),LABEL(32),HEAD1(32),HEAD2(32),HEAD3(32) 

3.4.24.4 Method 

PAGE writes a standard 6 line heading from TITLE, SUBTIT, LABEL, HEADl, HEAD2, HEAD3. 

PAGE1 writes only the first 3 lines of a standard header. 

PAGE2 restores the page if N lines will not fit on the current page. 

3.4.24.5 Design Requirements 

ITLINE must ·be less than MAXLIN. PAGE must have access to the F0RTRAN 1/0 routines. 
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3.4.25 MESAGE (Message). 

3.4.25.1 Entry Point: MESAGE. 

3.4.25.2 Purpose 

UTTI ITV SUBROUTINE DESCRIPTIONS 

To queue nonfatal messages during the execution of a module; and for fatal messages give 

a core dump (CALL PDUMP), print the message queue (CALL MSGWRT), and call PEXIT. 

·3.4.25.3 Calling Sequence 

CALL MESAGE(N0,PARM,NAME) 

Where 

N~ = Internal message number. N0 positive defines the message as nonfatal; 

N0 negative defines the message as fatal. 

PARM= Parameter used in the printed message (usually the GIN0 file number) 

NAME(2) = Two words used in the printed message (usually two BCD words containing the 

name of the subroutine calling MESAGE). 

3.4.25.4 Method 

Non-fatal messages are queued in conmon block /MSGX/ until the maximum number is reached. 

All non-fatal messages after this are lost. When a fatal message is encountered, it is queued 

and appropriate action taken to terminate the run. 

3.4.25.5 Design Re~uirements 

The size of common block /MSGX/ limits the number of messages stored. 
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3 .4. 2G MSGWRT (Message ~Jri ter). 

3 .4.26 .1 Entry Point: MSGl·JRT. 

3.4.26.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To print NASTRAN error messages on the system output file. 

3.4.26.3 Calling Sequence 

C0MM0N/MSGX/N,M,MSG(4,l0) 

where: 

N - is the total number of messages to be printed. 

M - maximum number of messages that can be queued by subroutine MESAGE in the array MSG. 

MSG - array where message parameters are queued. 

MSG(l,I) - the internal message number of the 1th messaoe. 

MSG(2,I) - if IMSG(l ,I)I , 30, MSG(2,I) is a GIN~ file number. 
If IMSG(1,I)I • 30, then MSG(2,I) is an internal message number and 
USRMSG is called. 

MSG(3,I), MSG(4,I) • parameters for the 1th message. 

3.4.26.4 Method 

The internal message number, M(l ,I), if not equal to 30 in absolute value, is used by MSGWRT to 

print out the error message along with external message number, which is 3000 plus the internal 

message number. If the internal message number, M(l,I), is 30, subroutine USRMSG is called. 

3.4.26.5 Design Requirements 

External message numbers output by MSmlRT at present are 3001 through 3057. 

MSGWRT is ca 11 ed only by MESAGE. 

,, 
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3.4.27 USRMSG (User Message Writer). 

3.4.27.1 Entry Point: USRMSG. 

3.4.27.2 Purpose 

To print most NASTRAN user error messsges on the system output file. 

3.4.27.3 Calling Sequence 

CALL USRMSG( I) 

C~MM~N/MSGX/N.M.MSG(4,10) 

where: 

I - Pointer into the MSG array. 

N - not used in USRMSG. 

M - Not used in USRMSG. 

MSG(l 1I) - If JMSG(l ,I) I = 30 1 MSGl~RT will call USRMSG. 

MSG(2,I) - Used by USRMSG.as the internal message number. 

MSG(3 1 l) 1 MSG(4,I) - Parameters for the 1th message. 

3.4.27.4 Method 

USRMSG will print appropriate error message along with external message number, which is 

2000 plus internal message number. 

3.4.27.5 Design Requirements 

External message numbers output by USRMSG at present are: 2001--2140. 

USRMSG is called only by MSGWRT. 
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3.4.28 MATOUM (Matrix Dump (Print) Routine). 

3.4.28.l Entry Point: MATOUM. 

3.4.28.2 Purpose 

To print a general NASTRAN matrix. 

3.4.28.3 Calling Sequence 

CALL MATOUM(FILEA) 

FILEA - Seven-word array (matrix control block) - integer 

Word 

1 GIN~ name 

2 Number of columns 

3 Number of rows 

4 Form of matrix 

5 Type of matrix 

6 Maximum number of non-zero terms in any column 

7 Undefined 

3.4.28.4 Method 

The non-zero terms of each column are unpacked and printed. 

If the matrix control block does not contain legal values the table printer (see section 

3.4.29) is called. 

3.4.28.5 Design Requirements 

Open core at /TABPRX/. 

MATOUM must hold the non-zero band of the matrix in this area. 

Subroutine TABPRT and the F0RTRAN I/~ routines must be available to MATOUM. 
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.4.29 TABPRT (Table Printer). 

3.4.29.l Entry Point: TABPRT. 

3.4.29.2 Purpose 

UTILITY SUBROUTINE DESCRIPTIONS 

To print any NASTRAN Data Block (especially tables). 

3.4.29.3 Calling Sequence 

CALL TABPRT(FILEN) 

FILEN - GIN~ name of data block - integer - in~ut. 

3.4.29.4 Method 

Each word is read, identified as to type -- integer, BCD, or real number and printed 10 

characters per word, 10 numbers per line. Note that the identification method varies from 

machine to machine and is not 100% certain, i.e., certain words may be misidentified. 

3.4.29.5 Design Requirements 

Open core at /TA8PRX/. 

Double precision numbers will not be correctly interpreted on the Univac 1108. 
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3.4.30 PREL0C (Position Data Block to Requested Record). 

3.4.30.l Entry Points: PREL~C, L0CATE. 

3.4.30.2 Purpose 

To provide a convenient means of locating data records in data blocks output by the 

Input File Processor (IFP). 

3.4.30.3 Calling Sequence 

CALL PREL~C($n,BUFF,NAME) 

n - F0RTRAN statement number defining return taken in the event NAME is not in the 

FIST (i.e., data block is purged). 

BUFF - An array whose dimension equals the contents of the first word of /SYSTEM/ 

~.2!!!· Used as a GIN0 buffer by PREL0C and L0CATE. 

NAME - GIN0 file name of data block to be read (integer). 

CALL L0CATE($n,BUFF,ID,I0X) 

Notes: 

n · - F0RTRAN statement number defining return taken in the event that the reauP.sted 

record (defined by ID) is not present in the data block. 

BUFF - The same BUFF assigned when PREL0C was called. 

ID - The address of a two-word array. The first word is the integer record identifi­

cation and the second word is the bit position in the trailer for the data block 

where the presence or absence of the record is defined. 

IOX - The contents of the third word of the record found will be stored in IDX 

(internal card number generated by IFP). 

1. If the data block is not purged, PREL0C will open the file and skip the header record. 

2. If the requested record is not present (as determined by the appropriate trailer bit), no 

1/0 activity will occur. Otherwise, L0CATE will position the file to read the first data entry of 

the requested record l1.e., after the 3-word header for the record). See 2.3.2 for format of 

records and trailer. 
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3. If the user does not read all data in a record and he wishes to use L0CATE to find 

another record, he should use FWDREC to skip the remainder of the current record prior to calling 

L0CATE. 

4. For optimum efficiency in processing a data block, the user should call L0CATE in 

the order in which the records appear on the data block, i.e. NASTRAN collating order. 

3.4.30.4 Method 

PREL0C stores NAME in BUFF(l) and then calls 0PEN using BUFF(2} as the buffer address. If 

the data block is purged, the non-standard return is given to the user. Otherwise, FWDREC is 

called to skip the header record and return is made to the user. ·L0CATE calls RDTRL to read the 

data block trailer. The bit position identified by ID(2) is tested usincr ANDF. If z~ro, the 

non-standard return is given. Otherwise, three words from the file are read. If the first word 

equals ID(l), !DX is set to the.third word and return is made. Otherwise, the first word is saved 

and the remainder of the record is skipped. The first three words of each successive record are 

read and the test for match on first word is made until (1) an end-of-file occurs in which case 

the file is rewound, the header record skipped and the process is continued, (2) a match is found 

in which case IDX is set and return is given or (3) a match with the first record read is found 

in which case the record is skipped, a warning message is queued and the non-standard return is 

given. 

3.4.30.5 Diagnostic Messages 

The following messages may be issued by PREL0C: 

2072 

3002 

3003 
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3.4.31 S0RT (Sort a Table). 

3 .4. 31 .1 Entry Point: S0RT. 

3.4.31 .2 Purpose 

SUBROUTINE DESCRIPTIONS 

To sort a core contained table, or to sort a logical record from a specified in~ut file, 

on a specified keyword in each entry. 

3.4.31.3 Calling Sequences 

To sort a core contained table: 

CALL S{aRT(O,O,NWDS,KEYWD,TA3LE,NTABLE) 

NWDS - The number of words in each entry of the table. Restriction: NHDS:;; 20. 

KEY!~D - The word position within each entry on which the sort is to take olace. 

TABLE - Addres5 where the table is stored. 

NTABLE - Total number of words in the table (NTABLE ITIJSt be an integral multiple of 

NWDS). 

To sort a logical record: 

cgMM~N/SETUP/NFlLE(6),BUF 

CALL S0RT(INPFL,{aUTFL,~wDS,KEYWD,BL0CK,NBL0CK) 

NFILE - The first three words must be set by the user prior to CALL S0RT with the 

GIN0 file names of three scratch fi1es for use by S{aRT. Upon return to 

the user, NFILE(6) will contain the GIN0 file name of the file containing 

the sorted record. 

BUF - If INPFL • 0UTFL, then BUF points to an area in BL0CK where a GIN0 buffer 

is available for S0RT, i.e., BL{aCK(BUF) is the buffer addr~ss. 

Restriction: BUF > NBL{aCK. 

HIPFL - GHl0 file name of data block containing the loaical record to hf! sorted. 

0UTFL - GW0 fi 1 e name of data b 1 ock where the sorted record is to be written. 

If 0UTFL • O, the sorted record will remain on NFILE(6). 
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NWDS - The number of words in each entry of the record. Restriction: N'·/DS ~ 20. 

KEYWD - Defined as above. 

BL0CK - An area in core to be used by S~RT to perform the sort phase. 

NBL0CK - The number of computer words available at BL0CK. 

1. INPFL must be opened and positioned to the logical record by the user prior to 

entry to S0RT. The file is .!1Q1 closed by S~RT. 

2. If 0UTFL ~ 0, this file must be opened and positioned by the user prior to entry to 

S0RT. The file is not closed by S0RT. 

3. If INPFL = 0UTFL, the file is closed by S0RT, opened to write with rewind, and 

the sorted logical record is written as the first logical record on the file. The file is 

.!1Q1 closed by S0RT. 

4. NFILE(6) is always closed with rewind. 

3.4.31.4 Method 

1. C~RE S0RT. The method used is a shuttle exchange or bubble sort which is optimum for 

data which is nearly in sort. The method is as follows: 

a. The key words of two successive entries are compared. If currently in sort, the 

process is repeated. If not, 

b. A search toward the beginning of the table is made to determine the position of the 

out-of-sort entry. 

c. From this position, the table is shifted one entry and the out-of-sort entry is 

inserted at its proper position. 

d. If the last pair of entries have not been analyzed, the process returns to step (a). 

Otherwise the sort is complete. 

2. FILE S0RT. One GIN0 buffer is allocated at the end of BL0CK and a scratch file is 

opened to write. As many entries as can be held in the remaining core in BL0CK are read and 

sorted using the algorithm above. The sorted data is written as a logical record on the scratch 

file. This process is repeated until all data in the input record has been read and the sorted 
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strings written on the scratch file. If only one such sort was required, the sort is complete 

except for copying onto 0UTFL if requested. Otherwise, an optimum distribution of sorted recc.irc:1s 

on two scratch files is computed using a Fibonacci sequence. The sorted strings are redistributed 

between two scratch files and the merge phase is entered. The two scratch files are read one 

entry at a time, merged, and new sorted entries written on a third scratch file. ~late that, usina 

the Fibonacci sequence, one of the files containing sorted strings will have a greater number of 

strings (records) than the other. On each pass in the merge phase, the merge occurs unti 1 the 

file with fewer strings is exhausted. At this point, the merged file becomes the file with the 

larger number of sorted strings, the previous larger file becomes the file with the fewer strings, 

and the previous file with fewer strings (which was exhausted) becomes the file onto which the 

merged strings are written. The process continues until the sort is complete. The resulting 

sorted record is copied onto ~UTFL if requested. 

3.4.31.5 Design Requirements 

The number of words per entry may not exceed 20, (A change in the dimension of the local 

variable TEMP may be made to relax this restriction.) 

The amount of core available at BL0CK must be at least one GHl0 buffer plus 2*\\IWDS during 

the cora sort phase and three G.INJ buffers !)lus 2*N1'l0S during the merge ohase. 

The core table or logical record to be sorted must contain an integral number of entries. 

3.4.31.6 Diagnostic Messages 

The following messages may be issued by S0RT: 

3001 

3002 

3008 
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3.4.32 Gi1MATD (General Matrix Multioly and Transoose - Double Precision). 

3.4.32.1 Entry Point: GMMATO. 

3.4.32.2 Purpose 

To perform any one of the following matrix operations: 

[A] [BJ= [C] 

[A]T [B] = [CJ 

[A] [B]T = [C] 

[A]T [B]T • (CJ 

[AJ [BJ+ [DJ=· [C] 

[AJT [BJ+ [DJ• [CJ 

[AJ [BJT + [D] • [CJ 

[AJ T [BJ T + [DJ • [CJ 

( 1 ) 

(2) 

(3) 

( 4) 

(5) 

(6) 

( 7) 

(8) 

where [AJ, [BJ, [CJ, and [DJ are real double precision matrices. This routine is used for 

small in-core matrices, in non-NASTRAN packed format, in such modules as SMAl, SMA2, SMA3 and 

0SMG1. 

3.4.32.3 Calling Sequence 

CALL GMMATD(A, IR!1l~A, IC0LA,MTA,B, IR!1WB, IC0LB ,MTS ,C) 

A - A real double precision matrix of IR0WA rows and IC{1LA columns stored in the 

singly dimensioned double precision variable A. 

!i:.!:.. A must be stored by rows. For example, if 

1.0 4.0 

[A] • 2.0 5.0 , 

3.0 6.0 

then the matrix must be stored in the F~RTRAN double precision array A as follows: 

A(l) • 1.0 

A(2) • 4.0 

A(3) • 2.0 

A(4) IS 5.0 

A(S) .. 3.0 
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A(6) • 6.0 

(A is input only). 

IR~WA - number or rows of [AJ - input. 

IC0LA - number of columns of [AJ - input. 

MTA - Flag used to cietennine if [AJ is to be transposed and to detennin~ if the output 

matrix, [CJ, is to be zeroed out; that is, to detennine if a matrix product only, of the fonn 

[AJ [BJ= [CJ, will be perfonned or if a product and (in effect) a sum, of the fonn 

[AJ [BJ+ [DJ= [CJ, will be perfonned. 

1. If MTA = O, then [AJ is not transposed and hence either Equation (1) or (3) will 

be perfonned, depending upon MTB. 

If MTA • +l then [AJ is transposed and hence either Equation (2) or (4) will be 

performed, depending upon MTB. 

MTA is input only. 

2. If MTA is less than zero, (CJ is not zeroed out. Hence the routine, in this 

case, computes 

[A] [BJ+ [DJ• [CJ if MTA • -2 and MTB • 0. 

[AJ [BJ1 +[DJ• [CJ if MTA • -2 and MTB • l. 

[AJ1 [E] + [D] • [C]. if MTA • -1 and MTB • O. 

[AJT [E]T +[DJ• [CJ if MTA • -1 and MTB • 1. 

(see MTB definition below) 

where Dis a real double precision matrix of IR0WA r~ws and IC0LB columns if 

MTA • -2 and Dis IC0LA x IC0LB if MTA • -1. D must be stored row-wise at the 

location of C by the calling program. 

B - real double precision matrix, stored row-wise. See co111T1ents for A above - input. 

IR~WB - the number or rows of [B] - input. 

IC0LB - the number of columns of [B] - input. 

MTB - Transpose flag for [BJ. If MTB • O, [BJ is not transposed. If MTB = 1, [BJ is 

transposed. Note that MTA and MTB are independent and that only MTA controls whether or not 
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[CJ will be zeroed out. MTB is input only. 

C - real double precision matrix. Input (if MTA < 0) and output. 

Examples on the use of the routine: 

1. If [A] is 3x3 and [BJ is 3xl and [C] • [A] [B] is desired then: 

CALL GMMATD(A,3,3,0,B,3,l,O,C), ,[C] is 3xl. 

2. If [AJ is nxl and [BJ is nxl and the dot product is desired ([AJT [BJ) then: 

CALL GMMATD(A,N,1,1,B,N,1,0,C), [C] is lxl, a scalar. 

3. Compute [CJ• ([XJ [Y])T where [XJ is 5x4 and (Y] is 4x7: 

CALL GMMATD(Y,4,7,1.X,5,4,1,C). C is 7x5. 

4. Compute D • [A] [B]T + (C] where [A], [BJ and [C] are 3x3: 

3.4.32.4 , Method 

DO iO I• 1, 9 

10 D(I) • C(I) 

CALL GMMATD(A,3,3.-2,B,3,3,1,D). 

The first phase of the subroutine sets up integer loop limits which are functions of the two 

transpose flags. If MTA is not less than zero, the C array is zeroed out. Then the classical 

mathematical definitions of the above matrix products are carried out. 

3.4.32.5 Design Requirements 

The orders of the [Al and the [BJ matrices in combination with the tran~pose flags must define 

a conformable matrix product. 

3.4.32.6 Diagnostic Messages 

The subroutine examines the tranpose flags in combination with the orders of the matrices to 

make sure that a confonnable matrix product is defined by this input data. This test clearly is 

made for purposes of calling routine checkout only. No tests are made, nor can they be made, to 

insure that the calling routine has provided sufficient storage for arrays. If a confonnable 

matrix product is not defined by the input arguments, fatal error message 2021 is printed. 

- . ..__ 
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3.4.33 GMMD.TS (General Matrix Multiply and Transpose - Sinqle Precision). 

3.4.33.1 Entry Point: Gr+1ATS. 

3.4.33.2 Purpose 

To perform any one of the following matrix operations: 

[AJ [BJ= [C] 

[AJ T [BJ • [CJ 

[AJ [BJT • [CJ 

[AJ1 [BJ T ., [CJ 

[A} [BJ+ [D] • [CJ 

[A]T [B] + [D] • [C] 

[A] [B]T + [D] • [C] 

[A]T [BJT +[DJ• [CJ 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

where [AJ. [BJ. [DJ and [CJ are real single prec1s1on matrices. This routine is used for small 

in-core matrices in non-NASTRAN packed format in such modules as SDR2 and PLA3 and in the utility 

routine PREMAT. 

3.4.33.3 Calling Sequence 

CALL GMMA:·s(A 1 IRQJWA 1 ICQJLA,MTA,B, IRQJWB I ICQJLB ,MTB,C) 

This routine is exactly the same as subroutine GMMATO except that GMMATO operates on real 

double precision matrices. while GMMATS operates on real single precision matrices. See sub­

routine description ror Gt+tATD (see section 3.4.32) for details on subroutine arguments, method. 

design requirements and diagnostic messages. 

3.4-52 



UTILITY SUBROUTINE DESCRIPTIONS 

3.4.34 ]NVERD (Double Precision In Core Inverse Routine). 

3.4.34.1 Entry Point: INVERD. 

3.4.34.2 Purpose 

To compute the inverse of a real double precision matrix [A] and on option to solve the 

matrix equation [A] [X] = [BJ. This routine is used to invert small in-core double precision 

matrices in non-NASTRAN packed format and is used as a utility routine in such modules as SMAl, 

s:1A3 and DSMGl. 

3.4.34.3 Calling Sequence 

CALL I NVERD ( NDIM,A, N ,B ,M, DETERM, IS ING, INDEX} 

MDIM - The actual row dimension of the doubly subscripted arrays A and Bin the 

calling program - integer - input. 

A - The square matrix to be inverted. [A]-1 upon return from INVERD is stored at 

A. Double precision - input and output 

N - The order of the matrix being inverted (the size of the upper left hand corner 

actually being inverted). N ~ NDIM - integer - input. 

B - The column{s) of constants in the above equation. If [A] is to be inverted, 

then Bis a dummy argument. The solution matrix [X] is returned at B. Double 

precision - input and output. 

M - The number of columns of constants. If M ~ O, [A]-1 is comouted - inteaer -

input. 

OETERM - The determinant of [A]. Double precision - output. 

ISING - Singularity indicator. If [A] is non-singular, ISING is set to 1; if [A] is 

singular, ISING is set to 2 - integer - output. 

INDEX - Doubly subscripted array of row dimension N and column dimension 3 used for the 

row and column interchanges - integer - internal working storage. 

3.4.J4.4 Method 

The classical Gauss-Jordan method with full row and column interchanges is used. All 

arithmetic operations are double precision. 
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3.4.35 INVERS (Single Precision In Core Inverse Routine). 

3.4.35.1 Entry Point: INVERS. 

3.4.35.2 Purpose 

To compute the inverse of a real single precision matrix [A] and on option to solve the 

matrix equation [A] [X] = [BJ, This routine is used to invert small in-core single precision 

matrices in non-NASTRAN packed format and is used as a utility routine in such modules as SOR2. 

3.4.35.3 Calling Sequence 

CALL INVERS (NOIM,A,N,B,M,OETERM, ISING,INDEX) 

This routine is exactly the same as subroutine INVERD except that INVERD operates on real 

doub 1 e precision matrices, while INVERS operates. on rea 1 _single precision matrices. A 11 ari th­

meti c operations are single precision. DETERM is real single precision. See subroutine descrio­

tion for INVERD (see section 3.4.34) for details on subroutine arguments and method. 
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3.4.36 PREMAT (Material Property Utility). 

3.4.36. 1 Entry Points: PREMAT, MAT. 

3.4.36.2 Purpose 

To provide a utility routine for obtaining material properties used by structural element 

subroutines. The first entry point, PREMAT, is called once by a module for initialization purposes, 

and then MAT can be called by tte module's element subroutines repeatedly to fetch required 

material properties. 

3.4.36.3 Calling Sequence 

CALL PREMAT (Z,ZZ,BFR,N1MAT,N2MAT,MPTF,DITF) 

Z - Integer array of open core given to the subroutine to store the material proper-

ties and the direct input tables - input and output. 

ZZ - Same address as Z. Used as rea 1 in this routine - input and output. 

BFR - A GIN0 buffer (plus one cell) used by subroutine PREL0C as a buffer - input only. 

NlMAT - The length of open core, the Z array, given to PREMAT and MAT - integer -

input only. 

N2MAT - The len~th of open core used by PREMAT and MAT - inteqer - output only. 

MPTF - GIN0 file number of the Material Properties Table (MPT) data block - input only. 

DITF - GIN0 file number of the Direct Input Tables data block. If OITF is negative, 

the routine assumes that the calling module is a Piecewise Linear Analysis 

module which implies material properties cannot be temperature dependent and 

that MATS1 cards are to be read. 

PREMAT uses the 10th word of /SYSTEM/ which is the temperature set identification number for 

material properties chosen by the user in his Case Control Deck. PREMAT also uses /NAMES/ for 

various GIN0 options. 

-~-- . ./ 
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CALL MAT (ELEMIO) 

ELEMID - Integer element identification number; used only for diagnostic messages 

(see below) - input and output. 

C0MM0N/MATIN/MATI0 1 INFLAG,TEMP 1 PLAARG 1 SINTH,C0STH 

MATID - Material property identification nullDer - integer - input. 

INFLAG - Integer input flag which determines which sets of input data cards, MATl, MAT2, 

or MAT3, the routine will search in order to find MATIO. Also INFLAG deter­

mines in what format the output will be placed in the MAT0UT common block. 

Currently INFLAG may assume the values 1 through 7 defined as follows: 

INFLAG = 1 -- The material oroperties corresoondinq to the MATID are out~ut in 

"MATl" or isotropic material format (see /MAT~UT/ below). One dimensional 

elements such as R~D, BAR, SHEAR etc. require isotropic materials. If the 

MATID is not found among all the MATl material cards read by PREMAT, a fatal 

error occurs. 

INFLAG = 2 -- If INFLAG = 2, the material properties corresponding to the 

MATID are output in "MAT2" or anisotropic material format. Two-dimensional 

elements such as TRMEM, TRIAl, QDPLT, QUAD1 etc. may use isotropic or 

anisotropic materials. First, the routine will try to find the MATID among 

the t,\C\Tl cards. If it is found among the t,\C\Tl cards, the variables E (modulus 

of elasticity), v (Poisson's ratio) and G (shear modulus) are used to construct 

the 3x3 symnetric matrix [G~] needed by two-dimensional elements, and the 

matrix is stored in /MAT0UT/: 

= 

E 
1-7 

0 
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If the MATID is not found among the MATl cards, the MAT2 cards are searched. 

If the MATID is not found among the MAT2 cards a fatal error occurs. If it is 

found, [Gm], the 3x3 symmetric matrix input on the MAT2 card, is transformed 

by the matrix equation [Ge]= [U]T[Gm] [U] and {a}= [VJ {'11,}, where {am} is 

the temperature expansion coefficient vector innut on a MAT2 card, [U] and [VJ 

are functions of sine and cos e (see SINTH and C0STH below). 

COS 2 e sin 2 e cos e sine 

[U] = sin 2 e cos 2 e -cos e sine 

-2 cos e sine 2 cos e sine (cos 2 e-sin 2 e) 

cos 2e sin 2e -cose sine 

[VJ .. cose sine 

2 cose sine -2 cose sine 

INFLAG • 3 -- If INFLAG • 3, it implies the inverse of the sy11T11etric 2x2 

transverse shear matrix J will be stored in locations 16, 17 and 18 of 

/MAT0UT/. There are two cases: (1) the current Ml'.TID is not equal to the 

most recent Ml'.TID, MATID0, and (2) the current Ml'.TIO is equal to the most 

recent Ml'.TI D. 

1. If the current Ml'.TID is not equal to the most recent material identi~i­

cation number (MATI00), the Ml'.T1 cards are searched. If the M~TID is 

found among the MATl cards, then locations 16,17 and 18 of /MAT0UT/ are 

set to G, 0.0 and G respectively, where G is the shear modulus. If the 

MATID is not found among the MATl cards, the MAT2 cards are searched. 

If the MATID is not found among the MAT2 cards, a fatal error occurs. If 

it is found among the MAT2 card~, locations 16, 17 and 18 are set to zero. 

2. The current MATID is equal to the most recent MATID. If INFLG0, the 

most recent INFLAG is not 2, this is the same as case (1). If it is 2, 

then (a) if the MATID was found on a MATl card, locations 15, 17 and 18 
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are set to G, 0.0 and G respectively; or (b) if the MATID was found on a 

MAT2 card, locations 16, 17 and 18 are set to 0.0. 

INFLAG • 4 -- If INFLAG is 4, this implies that only the density of the 

material, RH0, will be returned in /MAT0UT/ and this is the first location. 

The MATID can be either on a MATl or MAT2 card. If the MATID cannot be found 

among all MATl and MAT2 cards, a fatal error occurs. 

INFLAG • 5 -- INFLAG • 5 is reserved for use only by module PLAl. This option 

determines if the MATID is such that E, the modulus of elasticity, is defined 

as stress dependent by MATS1 and TABLES1 cards. If it is stress dependent, 

INDSTR, equivalenced to the first word of /MAT0UT/, is set to +l. If not stress 

dependent, INDSTR is set to 0. Only MATl cards are admissible for INFLAG • 5. 

INFLAG • 6 -- INFLAG • 6 is reserved for use by modules PLA3 and PLA4. The 

fourth word of /MATIN/, PLAARG (see below), is strain and is used as the inde­

pendent variable in a table look-up for stress, which is stored in the first 

word of /MAT0UT/. Only MATl cards are searched for match the input MATID. 

INFLAG • 7 -- INFLAG • 7 implies that the material properties corresponding to 

MATID will be output in MAT3 fonnat. This fonnat is a combination of both 

orthotropic and anisotropic material fonnat. If the MATID is found in the MATl 

set, the data is stored in MAT3 fonnat. If not found in the MATl set, then the 

MAT2 set is searched. If MATID is not found in the MAT2 set, then the MAT3 cards 

are searched. If not found here, a fatal error occurs. If it is found, [GM], the 

3 x 3 synmetric matrix input on the MAT2 card is transformed by the matrix equatiori 

[Ge]• [uJT[GM][u] and {a}•[u] {a.ii}, where {a.ii} is the temperature expansion co­

efficient vector input on a MAT2 card. [u] is a function of sine and cosine. 

cos2e sin2e cose sine 

[u] • sin2e cos2e -cose sine 

-2 cose sine 2 cose sine cos2e-sin2e 
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INFLAG = 8 -- INFLAG = 8 is used only by two-dimensional element subroutines 

in modules PLA3 and PLA4. The fourth word of /MATIN/, PLAARG (see below), is 

stress (o) and is used as the ordinate in an inverse interpolation table look­

up to obtain the abscissa which is strain (t). 

If either: a) the ordinate is in the range of the piecewise linear function 

defined by the table on a TABLES1 bulk data card, orb) the ordinate is greater 

than the maximum (which is also the last) ordinate in the table but the slope 

of the line segment joining the last two points of the table is nonzero, then 

the second word of /MAT0UT/ is set to zero and the abscissa, obtained by inverse 

linear interpolation or extrapolation, is stored in the first word of /MAT0UT/. 

If either: a) the ordinate is less than the minimum (which is also the first) 

ordinate in the table, orb) the ordinate is greater than the maximum ordinate 

in the table and the slope of the line segment joining the last two points of 

the table is zero, then the integer "1" is stored in the second word of /MAT0UT/ 

(and the first word of /MAT0UT/ is set to zero). Only MATl cards are searched 

to match the input MATID. 

TEMP - Average element temperature. Used as the independent variable in a table look­

up when it is determined that a material property is temperature dependent. 

Not used when INFLAG • 5 or 6. 

PLAARG - Element strain. Used as the independent variable in a table look-up when E, 

the modulus of elasticity, is defined as the first derivative of a strain-stress 

curve. Used only in the Piecewise Linear Analysis Rigid Format and only by 

modules PLA3 and PLA4. 

SINTH - Sine of the material property orientation angle. Used only when INFLAG = 2 

and the MATID is found among the MAT2 cards. Used to construct the [U] matrix 

referenced above. 

C0STH - Cosine of the material property orientation angle. The comments on SINTH, 

above, also apply here. 

C0MM0N/MAT0UT/ - (output Common Block). Length 20 words. Depending upon the values of INFLAG, 

the output common block is defined variously as follows: 
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Word 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11-25 

26 

2. MAT2 Format 

Word 

1 

2 

3 

4 

5 

6 

7. 

8 

9 

10 

11 

12 

13 

14 
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(INFLAG • 1) 

Symbol 

E 

G 

u 

p 

a 

T 
0 

ge 

O't 

O' 
C 

as 

TDEP 

(INFLAG • 2) 

Symbol 

Gll 

G12 

G13 

G22 

G23 

G33 

RH0Y 

ALPHl 

ALPH2 

ALPH12 

T0Y 

GEY 

SIGTY 

SIGCY 

Definition 

Young's modulus (modulus of elasticity) 

Shear Modulus 

Poisson's ratio 

Density 

Thermal expansion coefficient 

Thermal expansion reference temperature 

Structural element damping coefficient 

Stress limit for tension 

Stress limit for compression 

Stress limit for shear 

Undefined 

Temperature dependent flag (logical) 
T - material referenced was temperature 

dependent 
F - material referenced was not temperature 

dependent 

Definition 

The 3x3 syirmetric material property matrix 

Density 

Thermal expansion coefficient vector 

Thermal expansion reference temperature 

Structural element damping coefficient 

Stress limit for tension 

Stress limit for compression 

/ 
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Symbol 

SIGSY 

Definition 

Stress limit for shear 

Undefined 

3. Transverse Shear Inverse Matrix (INFLAG = 3) 

Word Symbol 

1-15 

16 Jll 

17 Jl2 

18 J22 

19-26 

4. RH0 Only Forma~ (INFLAG • 4} 

Word Symbol 

RH0 

2-26 

5. PLAl Use Only (INFLAG • 5} 

~ Symbol 

l INDSTR 

2-26 

Definition 

Unchanged 

The 2x2 symmetric inverse of the transverse 
shear matrix 

Undefined 

Definition 

Density 

Undefined 

Definition 

Stress dependent flag 

Undefined 

6. Stress Functional Value (INFLAG • 6} 

Word 

2-26 

Symbol 

PLAANS 

' 

Definition 

Value of stress (a} as a function of E (strain) 

Undefined 

J' 

, 
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7. MAT3 Format (INFLAG • 7) 

Word Symbol Definition 

EX3 

2 EY3 Young's moduli r, e and z directions 

3 EZ3 

4 NUXY3 

5 NUYZ3 Poisson's ratios. Coupled strain ratios in the 
xy, yz, and zx directions 

6 NUZX3 

7 RH03 Mass density 

8 GXY3 

9 GYZ3 Shear Moduli 

10 GZX3 

11 AX3 

12 AY3 Thermal expansion coefficient 

13 AZ3 

14 TREF3 Thennal expansion reference temperature 

15 GE3 Structural element damping coefficient 

16 G113 

17 G123 

18 G133 The 3 x 3 syrrmetric material property 

19 6223 matrix 

20 G233 

21 G333 

22 SIGTY3 Stress limit for tension 

23 SIGCY3 Stress limit for compression 

24 SIGSY3 Stress limit for shear 

25 MATSET MATID type (1.0, 2.0, or 3.0} 

/ 
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8. Strain Functional Value (INFLAG = 8) 

Word S~bol Definition 

PLAANS Value of strain (E) as an inverse function 
of stress (cr) 

I = O if the input stress is in the range of 

2 ICELL2 the function 
= l if the input stress is outside the range 

of the function 

3-26 Undefined 

3.4.36.4 Method 

1. PREMAT: All the MATl, MAT2 and MAT3 cards are read from the MPT data block into open 

core so that each card is assigned l + 3*N words of core where N, a function of the card type. is 

the number of material property data items on that card type. The first word is the material ider 

tification number and each material property is allocated 3 words: the first the input material 

property; the second a table (function) number which gives this material property as a function o1 

temperature; the third a table number which gives this material property as a function of stress. 

Initially words 2 and 3 are set to zero. Although the third word is currently used only for MATl 

cards and for E, the modulus of elasticity, on that card, future development may make use of a 

more general application of stress dependent material properties. If there are no te~perature 

dependent material properties for a non-Piecewise Linear Analysis problem, PREMAT is wrapped up 

and a RETURN to the calling routine is executed. 

For a non-Piecewise Linear Analysis problem for which a temperature set for material proper­

ties was selected in the user's Case Control Deck, all MATTl, MATT2 and MATT3 cards are read into 

open core from the MPT data block. For a Piecewise Linear Analy-sis problem MATS1 cards are read 

into open core from t_he MPT. A sorted 1 ist. with duplicates discarded, of the table numbers 

referenced on these cards is constructed in open core. This table number list is constructed so 

that every referenced table has eleven locations allocated to it. These eleven locations are used 

as a dictionary for the tables. The contents are: the table number (word 1); the table type 1 ,2, 

or 4 (word 2}; pointers to the first and last entries in the table (words 3 and 4}; parameters 

from the TABLE card (words 5 through 11). The DIT data block is then read. For each table read, 

it is determined·by scanning the table number list whether or not the table is required for prob­

lem solution. If it is required, the table is read into open core and the dictionary entry for 
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the table is completed. For a required table which is a type 4 (polynomial) table, the functional 

values of the polynomial at the end points of the interval of the real line over which the poly­

nomial is defined are calculated by an "internal subroutine" and stored in the table dictionary. 

If the table is not required, it is read until an end-of-file indicator is sensed. This process 

continues until all tables of the set TABLEMl, TABLEM2, TABLEM3 and TABLEM4 or of the set TABLES1, 

are exhausted. When all referenced tables have been read into core, PREMAT is wrapped up and a 

return is generated. 

2. MAT: The basic logic of the MAT routine is straightforward. Eight types of table look­

ups, described above for INFLAG • 1, 2, 3, 4, 5, 6, 7 and 8 are supported. A computed-go-to on 

INFLAG is executed and each option is carried out as described above. "Internal subroutines" 

which are entered via F0RTRAN ASSIGN and G0 T0 statements and return to their correct "calling" 

locations via ASSIGNED G0 T0's are used liberally by MAT. It should be noted that each time MAT 

is called, MATID, INFLAG and other applicable input items, are saved. On the next call if the 

input is identical with the input ~f the previous call, nothing is stored in /MAT0UT/. Hence, 

the calling routine should use /MAT0UT/ as a "read-only data set". 

3.4.36.5 Design Requirements 

Subroutine GMMATS is the only non-root segment subroutine used by this routine. There are no 

other special requirements. 

3.4.36.6 ·Diagnostic Messages 

The following messages can be output via PREMAT and/or MAT: 3008, 2017, 2018, 2019, 2041, 

2042, 2103, 2112, 2113, 2114, 2115, 2116, and 2117. 

_ .. · / 
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3.4.37 PRETRD (Utility for Modules Which Use the csrn Data Block - Double Precision Version). 

3. 4. 37. 1 Entry Points: PRETRO, TRAtlSO 

3.4.37.2 Purpose 

A utility routine for modules which use the CSTM (Coordinate System Transformation ~atrices) 

data block, TRANSD generates a real double orecision 3x3 direction cosine matrix which mar,s a 

vector from a local coordinate systsm to basic coordinates. PRETRD sets uo eventual calls to 

TRAilSD. For a module to use TRANSO a call to PRETRO is made once and only once. 

3.4.37.3 Calling Sequence 

CALL PRETRD(CSTM,NCSTM) 

CSTM • array of coordinate system transformation matrices (see data block descri~tion 

for CSTM, section 2.3) - mixed - input. 

NCSTM • length of the CSTM array. NCSTM • 14*the number of coordinate svsterns in the 

CSTM data block - integer - input. 

CALL TRANSD(ECPT,TA) 

ECPT • array of length 4. The first word is an inte~er coordinate system identification 

nulli>er and the next 3 words are the components of a vector in basic coordinates -

input only. 

TA • real double precision 3x3 direction cosine matrix \'lhich maps a vector from the 

local coordinate system designated by ECPT(l) to basic coordinates - output. 

3.4.37.4 Method 

The CSTM array is searched to find a coordinate system transformation identification number 

that matches ECPT(l). If the coordinate system is rectangular, the 3x3 matrix, call it T, which 

is in words 6 through 14 of the CSTM blocks, is stored in TA and a RETURN is generated. If the 

coordinate system is basic, the identity matrix is returned. If the coordinate system is spherical 

or cylindrical, the [TJ matrix defines the rectangular system from which the angles are def1ned. 

In these cases calculate: 

X 

y 

z 

• (TJT 

wnere E is the input vector stored at ECPT(2) ami V is the translation offset vector in oasic 
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coordinates found in the CSTM block in words 3, 4 and 5; and 

r = .Jx2 + y2 

If the coordinate system is cylindrical define: 

= 

If the coordinate system is spherical define: 

[

x/r 

y/r 

0 

x/R. 

-y/r 

x/r 

0 

xz 
rr 

y/9. * 

~] 
-y/r 

x/r 

Z/9. -rt 0.0 

Then [TA] = [T][T1] is computed and the subroutine returns to the calling program. 

3.4.37.5 Design Requirements 

The routine is designed so that a mJdule which uses the CSTM data block can have a utility 

routine to fetch a coordinate system transformation matrix. Typically, a module driver will 

attempt to open the file which contains the CSTM data block. If the data block is not ourged, 

tha module will read the entire data block into open core, close the file and call PRETRD to 

transmit the address of the array and the len~th of the array. Once this initialization call 

has been made, TRANSD may be called in the mJdule as many times as necessary. The routine does 

not perform any I/0 operations. The routine assumes the format of the CSTM data block, as outlined 

in the Data Block Description for the CSTM (section 2.3 of the Programner's Manual) is correct, and 

no numerical checks are made. 

3.4.37.6 Diagnostic ;1essages 

If the coordinate system identification number transmitted via ECPT(l) can not be found in 

the CSTM array user fatal message 2025 occurs. The user should check coordinate system numbers 

on GRID bulk data cards against those defined on C0RD1C, C0RD1R~ etc., bulk data cards to insure 

that there are no undefined coordinate systems. 
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3.4.38 PRETRS (Utility for Modules Which Use the CSTM Data Block - Single Precision Version). 

3. 4. 38. l Entry Points: PRETRS. TRANSS. 

3.4.38.2 Purpose 

A utility routine for modules which use the CSTM (Coordinate System Transformation Matrices) 

data block, TRANSS generates a real sinale precision 3x3 direction cosine matrix which macs a 

vector from a local coordinate system to basic coordinates. PRETRS sets up eventual calls to 

TRAtlSS. For a module to use TRANSS a call to PRETRS is made once and only once. 

3.4.38.3 Calling Sequence 

CALL PRETRS(CSTM,NCSTM) 

CALL TRANSS(ECPT,TA) 

This routine is exactly the same as subroutine PRETRO (see section 3.4.37} and TRANSU 

except that TRANSO, an entry point, returns a real double crecision matrix TA and uses double 

precision arithmetic, while TRANSS returns a real single crecision matrix TA and uses sinnle 

precision arithmetic. See subroutine description for PRETRD for details on subroutine arguments, 

method, design requirements and diagnostic messa~es. 

~-·· 
/ 

I / 
I • ·' 
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3.4.39 PRETAB (Table Look-up) 

3.4.39. 1 Entry Points: PRETAB, TAB, TABl 

3.4.39.2 Purpose 

To read tables (functions) from the data block DIT, Direct Input Tables, into core and to 

set up table dictionaries which are subsequently used when the calling routine requests a func­

tional value from a table via a call to the entry point TAB or TABl. The routine is designed so 

that PRETAB is called once and only once by a module and so that TAB and TAB1 may be called 

many times as a table look-up routine. 

3.4.39.3 Calling Sequence 

CALL PRETAB(OITF,Z,IZ,BUF,LCRGVN,LCUSEO,TABN0L,LIST) 

DITF - GIN0 file number of the Direct Input Tables data block - integer-input. 

Z - Array of core given to the subroutine as working storage - real-input/output. 

IZ - Same address as Z. Used as integer in this routine. 

BUF - A GIN0 buffer (plus one word) used by subroutine PREL0C - input. 

LCRGVN - The length of Z array, given to PRETAB and TAB - integer-input. 

LCUSED - The number of words of core used by PRETAB - integer-output. 

TABN0L 

LIST 

- List of table numbers that the calling routine will be referencin9 via TAB calls. 
TABN~L(l) = N is the number of tables to be referenced. TABN0L(2), ... , 
JABN0L(N+l) contain the table numbers. Note that O is an admissible table 
number. Table O defines a function which is identically zero for all values 
of the independent variable - integer-input. 

- Array of control words for subroutine L0CATE and table types. LIST(l)•M is the 
number of triples which follow in the list. The first two words of each triple 
are the subroutine L0CATE control words for the particular table being referenced 
and the third word is the table type: 1, 2, 3 or 4 - integer-input. 

Note: If DITF is empty, PRETAB will exit with a GIN0 fatal message. 

CALL TAB(TABIO,X,Y) 

TABIO - Table number - integer-input •. 

X - Abscissa for table number TABID at which the functional value is desired - real-
input. 

Y - Functional value (ordinate) of abscissa X for table number TABID - real-output. 
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CALL TABl(TABID,X,Z) 

TABID - Table number - integ·: -input. 

X - Abscissa for table number TABID at which functional value is desired - real-input. 

Z(l) - Functional value (ordinate) of abscissa X for table TABID(Real part) - real-output. 

2(2) - Imaginary part - real-output. 

3.4.39.4 Method 

PRETAB: For each table in the TABN0L list an 11 word table dictionary entry is defined in open 

core. The first word in each entry is the table number obtained from the TABN0L list. Then the DIT 

data block is read. For each entry of the DIT, it is detennined whether or not this table number is 

in the TABN0L list. If it is not, then the table is read serially until an end-of-table indicator 

is sensed. If it is a table called for in the TABN0L list, the program sets words 2 and 3 of the 

table dictionary, the table type (1, 2, 3, 4 or 5) and the pointer to the first entry in the table 

respectively. The table is then read into core, and the fourth word of the table dictionary, the 

pointer to the last entry in the table, is set. Words 5 through 11 of the dictionary, the table 

parameters, are set. If the table type is 4, indicating a polynomial, the function~ values of the 

polynomial at the end points of the interval of the real line over which the polynomial is defined 

are calculated. After the tables for an entry in the LIST array have been exhausted, a check is 

made to detennine if all tables in the TABN0L list have been found (after each table is found the 

table number is set negative). If all tables have been found, the table numbers in TABN0L are set 

to their original positive status.and the routine is wrapped up. If all tables have not been found, 

the next class of table cards, defined by the next triple in the LIST array, are located in the DIT 

data block and the process is repeated. 

TAB: The table dictionary is searched until a match is found with the input argument TABIO. 

The table type (1, 2, 3, 4, or 5) is detennined, the (functional) argument is computed after a 4-way 

branch on table type, and a transfer is made to either the "internal subroutine" which perfonns 

linear interpolation--if the table type is 1, 2, or 3--or the "internal subroutine" which performs 

polynomial evaluation--if the table type is 4. A table IO of zero returns a y value of zero. 

Table 5 (TABRNOG) defines 

( 1 ) 
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.e. 
1/3 
1/2 

k 

1.339 
1.0 

and TYPE, LU, and WG are set by the TABRNDG card. 

TAB1: Basically transforms a time function to a frequency function via a F0URIER transfonn. 

For TABLEDl, 2, and 3 cards, Y(t) transforms to Z(w) by the following equations: 

Let Y(t) be a piecewise linear table for the (N-1) intervals (X1, x2) ... (Xn-l' Xn). 

Then, 

Z(w) 
n-1 X. l - X. 

X2 , ,+ 1 (L Y R Y ) = l 2 . . + ,· ,· +l i=l 1 1 
(2) 

where -iw(Xl + X2 X.) 
Li = e 1 E2(-iwX2(Xi+l - Xi)) 

-iw(Xl + X2 Xi+l) 
R; = e E2(iwX2(Xi+l - Xi)) 

E2(ie) is given in module IFT. The fonnulas for the TABLED4 cards are given in Section 4.61, 

Equations 19-23. 

3.4.39.5 Subroutines Called 

TAB1 calls IFTE2 (see Section 4.139.8. 1). 

3.4.39.6 Design Requirements 

DIT must not be purged. Enough open core must be made available to construct the table 

dictionaries and to contain all referenced tables in core. All table numbers must be unique. All 

table numbers input via the TABN0L array must be found in the DIT data block. A table number 

referenced by the TABID argument of the TAB must have been referenced previously in the TABN0L array. 

3.5.39.7 Diagnostic. Messages 

The following diagnostic messages may appear: 3008, 2088, 2089, 2090. 
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3.4.40 AXIS (Draw an Axis on a Plot). 

3.4.40. 1 Entry Point: AXIS. 

3.4.40.2 Purpose 

To draw an x or y axis on a plotter. 

3.4.40.3 Calling Sequence 

CALL AXIS(X1,Y1,X2,Y2,PEN,0PT) 

C0MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

where: 

X1,Y1 • starting point of the axis line - real - input. 

X2,Y2 • tenninal point of the axis line - real - input. 

PEN • pen number or line density to be used (its meaning depends on the plotter) 

- integer - input. 

0PT 

/PLTDAT/ 

l
-1 to initiate the line mode. 

• +l to tenninate a series of plot convnands. 

0 to draw an axis. 

M0DEL • plotter model number - integer - input. 

PL0TER • plotter number (i) - integer - input. 

! -integer - input 

NPENS • largest number of pens or maximum density for plotter i - integer - input. 

3.4.40.4 Method 

This subroutine calls LINE or AXISi, depending on whether the plotter has available a single 

conunand used for drawing an axis. At this writing. only plotters 3, 10 and 11 have a special axis 

command. 

If 0PT ~ o. all other arguments are ignored, and LINE or AXISi is called. Otherwise, alter­

nate pen nunt,er (PENX) is calculated modulo NPENS and is used as the pen number passed to 
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LINE or AXISi, as follows: 

PENX = PEN - NPENS * ( (PEN-1)/NPENS) 

3.4.40.S Design Requirements 

Generally, AXIS or LINE should be called with ~PT~ -1 before axes are generated, even though 

it is not necessary to specifically put all plotters in the line mode (e.g •• piotter 3). Once 

this is done, it need not be repeated unless the plotter has been put into some other mode (e.g., 

the typing mode). 

Subroutines used: LINE, AXISi. 

/ 
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3.4.41 AXISi (Axis Routine for Plotter i). 

3.4.41. l Entry Point: AXISi. 

3.4.41.2 Purpose 

To set up a plot c01m1and to draw an x or y axis on plotter i, 

3.4.41.3 Calling Sequence 

CALL AX1Si(Xl,Yl,X2,Y2,PEN,0PT) 

C~MM~N/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

v,here: 

X1,Y1 • starting point of the axis line - real - input. 

X2,Y2 • tenninal point of the axis line - real - input. 

PEN • pen number or line density to be used (meaning depends on plotter)- integer -

input. 

l-1 to initiate the line mode \ 

0PT • +1 to tenninate a series of plot conmands -integer - input, 

0 to draw an axis 

/PLTOAT/ 

XYMIN • minimum x and·y values of the region pennitted on plotter i - real - input, 

XYMAX • maximum x and y values of the region pennitted on plotter i - real - input. 

IF:GIN • location of the lower left corner of the plotter relative to its true physical 

origin - real - input. 

3,4,41,4 Method 

Taking into account the true origin of the plotter, the plot conmand is generated. 

·,- .. 
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3.4.41.5 Design Requirements 

Subroutine used: WPLTi. 
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3.4.42 SKPFRM (Skip a Variable Number of Frames). 

3.4.42. 1 Entry Point: SKPFRM. 

3.4.42.2 Purpose 

Tc skip a variable number of frames, if appropriate to the plotter. 

3.4.42.3 Calling Sequence 

CALL SKPFRM (BFRAMS) 

C(aMM(aN/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

where: 

BFRAMS • number of frames to be skipped - integer - input. 

/PLTDAT/ 

M~DEL • plotter model number - integer - input. 

PL~ER • plotter number - integer - input. 

REG • plot region parameters - real - input. 

AXYMAX • size of the paper (x 1y) used, less the borders, in plotter units - real - input. 

EDGE • size of the borders (x 1y) in plotter units - real - input. 

CAMERA• currently active camera - integer - input. 

~RIGIN • location (x.y) of the lower left corner of the plotter relative to its true 

physical origin - real - input. 

3.4.42.4 Method 

For plotter 3, the specified number of frames (BFRAMS) is skipped. For plotters 4 to 7 the 

remainder of the current plot is skipped, and another half plot is also skipped leaving the pen 

at the lower left of the frame. 

,A_ ~ .. . / .. ---- . 

3.4-73 (12/31/77) 



UTILITY SUBROUTINE DESCRIPTIONS 

3.4.42.5 Design Requirements 

Subroutines used: LINE, WPLTi. 
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3.4.43 SELCAM (To Initiate a New Plot). 

3.4.43.1 Entry Point: SELCAM. 

3.4.43.2 Purpose 

Tc select a camera and/or to generate a setup record for a ·new plot. 

3.4.43.3 Calling Sequence 

CALL SELCAM (CAMERA 1 PLTNUM 1 0PT} 

C0MM{aN/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

where: 

CAMERA • camera number to be selected (if appropriate} - integer - input. 

PLTNUM • plot number - integer - input. 

0PT ~ 0 • if the camera is to be selected when appropriate, and nothing is to be done 

when not appropriate - integer - input. 

/PLTDAT/ 

MGDEL • plotter model number - integer - input. 

PL0TER • plotter number - integer - input. 

XYMAX • size of the paper (x,y) used, less the borders, in plotter units - real 

- input. 

EDGE • size of the borders (x,y) in plotter units - real - input. 

CAMNUM • last selected camera - integer - output. 

0RIGIN • location (x,y) of tr.e lower left corner of the plotter relative to its true 

physical origin - real - input and output. 

3.4.43.4 Method 

If 0PT ~ 0 and a camera is not appropriate to the plotter, nothing is done by this subroutine. 

_,,,,, ... ~~ . 
,, . 
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Otherwise, what is done is dependent upon the plotter hardware requirements. 

For plotters 4 to 7, a block address record with the plot number is generated. 

3.4.43.5 Design Requirements 

Subroutines used: SPLTi, LINE. 
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THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 
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3.4.44 IDPL0T (Generate an "ID" Plot), 

3.4.44.1 Entry Point: I0PL0T. 

3.4.44.2 Purpose 

To identify the owner of all the plots by printing the infonnation contained on the PL0TID 

card in the user's Case Control Deck prior to generating the first plot. 

3.4.44.3 Calling Sequence 

CALL IDPL0T (IDX) 

C0MM0N/~UTPUT/SKIP(32,6),1D(32) 

C0MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

where: 

IDX 

/0UTPUT/ 

if a plot id was not generated l 
if a plot id was generated 

- integer - output. 

ID • user supplied PL~TID, in the Case Control Deck - BCD - input. 

/PLTDAT/ 

XYMIN 

• {plot region parameters - real - input. 
XYMAX 

AX.YMAX • size of the paper (x,y) used, less the borders, in plotter units - real 

- input. 

EDGE • size of the borders (x,y) in plotter units - real - input. 

CNTX,CNTY• number of counts per printed character in the x and y directions respectively 

- real - input. 

PLTYPE • plotter type - integer - input. 
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3.4.44.4 Method 

If there is no PL~TID (ID= blanks), IDX is set to zero and no identification is generated. 

Otherwise, IDX is set to one and an identification is generated. Tre current region parameters 

are saved (they will be restored at the end of the subroutine) and are set to include the entire 

paper area. The identification generated varies, depending upon the plotter type. 

If the plotter is a microfilm plotter (IPLTYPEI • 1), an entire frame is generated as identi­

fication. The top and bottom of the frame are a series of closely spaced horizontal lines. The 

PL~TID is then printed six times in the center of the frame. 

If the plotter is a drum or table plotter (IPLTYPEI ; 1), the identification is printed once 

at the very bottom of the paper within the bottom border. 

After the identification is generated, the PL~TID is set to blanks. This insures that the 

identification will be generated prior to the first plot only, 

3.4.44.5 Design Requirements 

Subroutines used: AXIS, PRINT. 

'-
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3.4.45 INTGPX (Search a List of Integers). 

3.4.45.l Entry Points: INTGPX, INTGPT. 

3.4.45.2 Purpose 

Given a list. of N integers, to find the index of the list item equal to ITEM (primarily used 

to search a list of external grid point id's). 

3.4.45.3 Calling Sequence 

CALL INTGPX(LIST,N) 

K • INTGPT (ITEM) 

~here: 

LIST• list of N integers, in arbitrary order - input. 

N • number of entries in LIST - integer - input. 

ITEM• integer for which a match is to be found in LIST - input. 

3.4.45.4 Method 

Search LIST using a linear search until a match for ITEM is found. Then the result (INTGPT) 

is set equa1 to the index of LIST where the match occurs. If no match is found, the result is 

set• O. 

3.4.45.5 Design Requirements 

INTGPX must be called before INTGPT is used. As long as LIST does not change 1ocation and 

the value of N does not change, INTGPX need not be ca1led again. 
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3.4.46 INTLST (Interpret a. List of Integers). 

3.4.46.1 Entry Point: INTLST. 

3.4.46.2 Purpose 

To interpret a list of integers and/or pairs of integers separated by the word T0 or THRU. 

3.4.46.3 Calling Sequence 

CALL INTLST(LIST,N,SIGN,Nl,N2) 

where: 

LIST - the list to be interpreted - integer - input. 

N - index location of the next list item(s) to be interpreted - integer - input. 

SIGN - sign (_:!:l) of the interpreted integer or the first of a pair of integers -

output. 

Nl - absolute value of the interpreted integer or the first of a pair of integers -

output. 

N2 - absolute value of the second integer of pair of integers (• Nl if not a pair) -

output. 

3.4.46.4 Method 

SIGN• +l if LIST(N) is positive or negative. 

Nl • absolute value of LIST(N). 

If LIST(N+l); T0 or THRU, then N2 • Nl and N is incremented by 1. 

If LIST(N+l) • T0 or THRU, then N2 • absolute value of LIST(N+2) and N is incremented 

by 3. 

3.4.46.5 Design Requirements 

Initially, N must be set to the index of the first integer or integer pair to be interpreted 

in LIST. If the list is consecutive, N need not subsequently be altered until a new list is to 

be interpreted. It is advisable that the value following the last item in LIST be set= o to 

avoid the chance that it may equal T0 or THRU. 
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3.4.47 LINE (Draw a Line on a Plotter). 

3.4.47.1 Entry Point: LINE. 

3.4.47.2 Purpose 

To draw a line on a plotter. 

3.4.47.3 Calling Sequence 

CALL LINE{Xl,Yl,X2,Y2,PEN,0PT) 

C0MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

where: 

Xl,Yl = starting point of the line - real - input. 

X2,Y2 • tenninal point of the line - real - input. 

PEN • pen number or line density to be used - integer - input. 

~

-1 to initiate the line mode. ~ 

• +l to tenninate a series of plot conmands. 

Oto draw a line. 

{aPT 

/PLTDAT/ 

M0DEL • plotter model number - integer - input. 

PLIJrER • plotter number {i) - integer - input. 

integer - input. 

REG • x and y values defining the region in which the line is to be drawn - real -

input. 

NPENS • maximum number of pens or line density possible for plotter i - integer - input. 

3.4.47.4 Method 

If the line to be drawn is entirely outside the specified region, the subroutine inmediately 

returns without drawing anything. If only part of the line is outside the region, only that 

portion of the line within the region is drawn. The actual pen number or line density used will 

be modulo the maximum number of pens or line density as follows: 

PENX • PEN - NPENS* t(PEN-1)/NPENS) 

Then LINEi is called. 
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3.4.47.5 Design Requirements 

Generally, LINE should be called with 0PT = -1 before any lines are drawn, even though it is 

not necessary to specifically put all plotters in the line mode (e.g., plotter 3). Once this is 

done, it need not be repeated unle~s the plotter has been put into some other mode (e.g •• the 

typing mode). If 0PT; O, all other arguments are ignored. Subroutine used: LINEi. 

3.4-78a (12-1-69) 



UTILITY SUBROUTINE DESCRIPTIONS 

3.4.48 LlNEi (Draw a Line on Plotter i). 

3.4.48.1 Entry Point: LINEi. 

3.4.48.2 Purpose 

To draw a line on plotter i. 

3.4.48.3 Calling Sequence 

CALL LlNEi(X1,Yl,X2,Y2,PEN,0PT) 

C0MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description section 2.5. 

where: 

Xl,Yl = starting point of the line - real - input. 

X2,Y2 = terminal point of the line - real - in.put. 

PEN = pen number or line density to be used - integer - input. 

0PT 

~

-1 to initiate the line mode. ~ 

•. +l to tenninat~ a series of plot co11111ands. -integer - input. 

Oto draw a line. 

/F'LTDAT/ 

M0DEL • plotter model number - integer - input. 

PL0TER • plotter number - integer - input. 

i'1AXLEN • maximum length of a 1i ne segment - rea 1 - input. 

0RIGIN • x and y values of the current position of the pen (applicable only to incre­

mental plotters) - real - input and output. 

3.4.48.4 Method 

If 0FT; 0, all other arguments are ignore~. If 0PT • -1 and if applicable for plotter i, a 

flag is set so that when LINEi is subsequently called with 0PT = 0, the plotter will be put into 

the line mode before drawing the requested line. If 0PT • +1 and if applicable for plotter i, the 

pen is raised. Then, no matter which plotter is being used the current sequence of plotter 

commands is terminated. If 0PT • O, the line is drawn as a series of line segments, each of 

maximum length MAXLEN. 
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3.4.49 PRINT (Print a Title on a Plotter}. 

3.4.49.1 Entry Point: PRINT. 

3.4.49.2 Purpose 

To type a title on a plotter horizontally or vertically. 

3.4.49.3 Calling Sequence 

CALL PRINT(X,Y,XYO,CHR,N,0PT) 

C0MM"N/Pl.TOAT/ - see PLTOAT Miscellaneous Table description, section 2.5. 

where: 

X,Y - starting or ending point of the title to be typed (always left-to-right or 

top-to-bottom) - real - input. 

l;!:1 if X • starting or ending point of the title - integer - input. 
XYD ·' . 

l1.2 if Y • starting or ending point of the title - integer - input. 

CHR - title to be typed (four characters/word - left adjusted followed by blanks) -

BCD - input. 

N - number of words in the title - integer - input. 

{

-1 to initiate the typing mode. ~ 

0PT - +l to tenninate a series of plot commands. 

Oto type a title. 

- integer - input. 

/PLTOAT/ 

CNTCHR • number of plotter counts per character in the x and y directions - real - input. 

3.4.49.4 Method 

If 0PT; 0, all other arguments are ignored and TIPE is called. Otherwise, each character 

in the title {CHR) is separated and put into another array (C). This is done for each 20 words 

of the title (80 characters), and TIPE is then called to type these characters. 

3.4.49.5 Design Requirements 

Genera 1 ly, one of the typing subroutines (PRINT, TIPE, TYPFl. T, TYP INT, SYi·1B"L) shou 1 d be 
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called with 0PT = -1 before any typing is attempted, even though it is not necessary to specifi­

cally put all plotters in the typing mode (e.g., plotter 3). Once this is done, it need not be 

repeated unless the plotter has been put into some other mode (e.g., the line mode). 

Subroutines used: TIPE. 

3.4-82 (12-1-69) 



UTILITY SUBROUTINE DESCRIPTIONS 

3.4.50 RDM0DX (Read a File Containing XRCARD Translations). 

3.4.50.1 Entry Points: RDM0DX, RDM0DY, RDM0DE, RDW0RD 

3.4.50.2 Purpose 

To read from a file or storage a record containing the subroutine XRCARD interpretation of 

free field data cards (e.g.·, the PCDB data block). 

3.4.50.3 Calling Sequence 

CALL RDM0DX(FILE,M0DE,W0RD) 

CALL RDM0DY(A,M0DE,W0RD) 

CALL RDM0DE($n1,$n2,$n3,FILE,M0DE,W0RD) 

CALL RDM0DE($n1,$n2,$n3,A,M0DE,W0RD) 

CALL RDW0RD(FILE,M00E,W0RO) 

CALL RDW0RD(A,M00E,W0RD) 

where 

FILE• GIN0 file name which is to be read - integer - input. 

M0DE = storage location into which the XRCARD mode value is to be read - integer - output. 

W0RD • 2 locations into which XRCARD card items are to be read - integer - output. 

A = array which is to be "read" (instead of FILE) - integer - input. 

n1 • the F0RTRAN statement number defining the return at which numeric data are 

interpreted (MOOE< 0). 

n2 = the F0RTRAN statement number defining the return at which alphabetic data are 

interpreted (O <MOOE< l ,000,000). 

n3 • the F0RTRAN statement number defining the return when the end of a logical card 

is encountered (MOOE~ 1,000,000). 

3.4.50.4 Method 

ROM00X and RDM0DY are intialization calls for the file and core oriented options respectively. 

RDM00E determine~ if the following data is BCD, numeric, end-of-physical card. or end-of-logic 
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card. An XRCARD mode word (see Section 3.4.19.4) is read into M0DE. 

1. End-of-physical card (M0DE=O) - the record is terminated if FILE is being read 
and the first word of the next record or core location is read into M0DE and 
appropriate action is continued. 

2. End-of-logical card (M0DE > 1,000,000). If the FILE option is being read the 
current record is terminated and return n3 is executed. 

3. BCD or delimiter word (0 < M0DE < 1,000,000) - M0DE pairs of 4-character BCD 
words follow. The first two of these words are read into NEXT(l) and NEXT(2). 

In addition the next set of words are checked for NEXT(l) being a blank or 
all-bits-on. If true, M0DE is decremented by one. This is continued until 
either a M0DE=O or NEXT(l) is not a blank (end-of-physical card, go to step 1) 
and not all-bits-on (delimiter). Note. that W0RD is not set but NEXT(l) and 
NEXT(2) are set for a RDW0RD call and that delimiter's"'"a're ignored prior to 
returning (n2). 

4. Integer or real word (M0DE < O) - the next word is read into rJ0RD(l). If 
M0DE=-4 (double precision), another word is read into NEXT(2). A RDW0RD call 
must not follow. 

RDW0RD sets W0RD(l) and W0RD(2) from NEXT(l) and NEXT(2). This call is only used when 

0 < M0DE < 1,000,000. The value of M0DE is decremented by 1. If M0DE is greater than 

zero, the next two BCD words are read into NEXT(l) and NEXT(2). If NEXT(l) is blank or 

all-bits-on, this step is repeated until either M0DE=O or NEXT(l) is not a blank or 

all-bits-on. 

3.4.50.5 Design Requirements 

RDM0DX or RDM0DY must be called before RDM0DE and RDW0RD. As long as FILE does not change in 

value, and M0DE, W0RD, and A do not change locations, RDM0DX and RDM0DY need not be called again. 

If RDM0DX is called, FILE must be opened and properly positioned by the calling program. In 

addition, RDM0DE and RDW0RD cannot be called when FILE is closed. If an end-of-file or -record 

condition is encountered, a fatal error occurs (see subroutine FREAD). 
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3.4.51 SGIN0 (GIN0 for Unformatted Tapes). 

3.4.51. 1 Entry Points: S0PEN, SWRITE, SE0F, SCL0SE. 

3.4.51.2 Purpose 

To write unformatted BCD and binary tapes to drive NASTRAN plotters. 

3.4.51.3 Calling Sequences 

CALL S0PEN($n,PLTTP,BUFFER,LBUFF) 

n -- F0RTRAN statement number defining the return if PLTTP is not available 

for writing. 

PLTTP - GIN0 file name of the plot tape. This may have two values: PLTl - BCD plot 

tape; PLT2 - binary plot tape - BCD - input. 

BUFFER - Array in which the plot data transmitted during SWRITE calls are stored. 

LBUFF - Length of the buffer array - integer - input. 

CALL SWRITE(PLTTP,DATA,LDATA,I0PT) 

PLTTP - GIN0 file name of the plot tape - BCD - input. 

DATA - Array of plot data (1 character/word, right justified, leading zeros). 

LDATA - Length of the DATA array in words - integer - input. 

-l
o, potentially mor_e data to be transmitted in this record.' 

I0PT 
1, end of record with this data transmission. 

CALL SE0F(PLTTP) 

l integer -· input. 

PLTTP - GIN0 file name of the plot tape on which a physical E0F will be written. 

CALL SCL0SE(PLTTP) 

PLTTP - GIN0 file name of the plot tapt. 

3.4.51.4 i~ethod 

SGIN0 stores data in BUFFER until I0PT • 1 or BUFFER is filled. It then transmits the data 

to a physical tape without any control words. The data are transmitted to SGIN0 1 character {right 
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justified, leading zeros) per word. SGIN0 packs these characters into fui1 words. SGIN0 is in 

F0RTRAN on a11 machines. On the IBM 7094 it interfaces with GIN0; the Univac 1108 version uses 

NTRAN; the IBM S/360 uses F0RTRAN I/0; and the CDC 6600 use XI0RTNS. See section 5 for details. 

3.4.51.5 Design Requirements 

Only one of PLTl or PLT2 may be open at one time. 

S0PEN must be called before SWRITE, SE0F, or SCL0SE. 

PLT1 or PLT2 must be physical tapes if they are written on. 
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3.4.52 STPL@T (To Initiate a New Plot or Terminate the Current Plot). 

3.4.52.1 Entry Point: STPL0T. 

3.4.52.2 Purpose 

To initiate a new plot or terminate the current plot. 

3.4.52.3 Calling Sequence 

CALL STPL0T(PLTNUM) 

ClllMMlllN/PLTDAT/ - see PLTOAT Miscellaneous Table description, section 2.5. 

C0f.1M0N/XXPARM/ - see XXPARM Miscellaneous Table description, section 2.5. 

where: 

lif nonnegative, the plot number l 
PLTNUM • - integer - input. 

if negative, terminate the current plot 

/PLTDAT/ 

MlllDEL • plotter model index - integer - input. 

PLlllTER • plotter number - integer - input. 

REG • plot region parameters - real - input. 

XYMAX • size of the paper (x,y) used, less the borders, in plotter units - real - input. 

PLTYPE • plotter type - integer - input. 

PLTAPE • plot tape - BCD - input. 

ElllF • 

/XXPAPJV 

0 if an end-of-file mark is to be written on the plot 

tape after each plot 

1 if !!.2. end-of-file mark is to be written on the plot 

tape after each plot 

- integer - input. 

CAMERA• camera number (if applicable) to be used.- integer - input. 

BFRAMS • number of blank frames between plots - integer - input. 
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3.4.52.4 Method 

A. If PLTNUM is nonnegative: 

1. Select the specified camera or create a setup record appropriate to the plotter 

(CALL SELCAM). 

2. Skip to a new frame (if applicable) and create the owner identification frame. 

If the owner identification frame is generated by subroutine IDPL0T, re-execute 

step 1 and skip to a new frame. 

3. If appropriate to this plotter, insert the desired number of blank frames on 

film only. If the camera specified is camera 2 (paper only), no blank frames are 

inserted. 

4. · If the plot number is nonzero, type this number in the upper left and right 

corners of the picture and the date between. 

B. If PLTNUM is negative: 

1. Tenninate the current plot tape record. 

2. Close the current plot tape file (CALL SCL0SE). 

3. If each plot is to be separated by an end-of-file mark (E0F = O), write an 

end-of-file on the plot tape (CALL SE0F). 

3.4.52.5 Design Requirements 

Subroutines used include: I0PL0T, SELCAM, SKPFRM, TYPINT, SCL0SE, SE0F, TIPE. 
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3.4.53 SYMB~L (Type a Symbol on a Plotter). 

3.4.53. 1 Entry Point: SYMB0L, 

3.4.53.2 Purpose 

To type a symbol on a plotter. 

3.4.53.3 Calling Sequence 

CALL SYMB0L(X,Y,SYM,0PT) 

C0MM0N/PLTOAT/ - see PLTOAT Miscellaneous Table description, section 2.5. 

Cfi1lMM0N/SYMBLS/ - see SYMBLS Miscellaneous Table description,· section 2.5. 

where: 

X,Y - point at which the symbol is to be typed - real - input. 

SYM - two consecutive storage locations each containing an index into the SYMBLS 

table - integer - input. 

{

-1 to initiate the typing mode. } 

0PT - +1 to tenninate a series of plot conmands. 

0 to type the symbol. 

/PLTDAT / 

M0DEL - plotter model number - integer - input. 

PL0TER - plotter number (i) - integer - input. 

/SYMBLS/ 

- integer - input. 

NSYM - number of symbols defined in the SYMBLS table - integer - input. 

SYMBL(20,i) - character indices defining the symbols of plotter i - integer - input. 

3.4.53.4 Method 

If 0PT, O, all other arguments are ignored and TYPEi or DRWCHR is called. Otherwise, an 

alternate symbol index (SYMX) is calculated module NSYM for each index in SYM and is used as the 

actual symbol index, as follows: 
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SYMX = SYMj - NSYM*((SYMj-l)/NSYM) j = ,. 2. 

Then TYPEi or DRWCHR is called for each symbol. 

The reason for SYM being two indices is to enable the user to create any additional symbol 

by combining any two of the valid symbols in the SYMBLS table. Note: any of the indices in SYM 

may= 0. This would imply that a new symbol is not being created, 

3.4.53.5 Design Requirements 

Generally, one of the typing subroutines (PRINT, TIPE, TYPFLT, TYPINT, SYMB0L) should be 

called with 0PT ~ -1 before any typing is attempted, even though it is not necessary to put all 

plotters in the typing mode (e.g., plotter 3). Once this is done, it need not be repeated unless 

the plotter has been put into some other mode (e.g., the line mode). 

Subroutines used: TYPEi, DRWCHR. 
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3.4.54 TIPE (Type a Line of Characters on a Plotter). 

3.4.54.1 Entry Poi~t: TIPE. 

3.4.54.2 Purpose 

To type a line of characters on a plotter horizontally or vertically. 

3.4.54.3 Calling Sequences 

CALL TIPE (X,Y,XYO,CHR,N,0PT) 

C0MM0N/PLTOAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

C0MM0N/CHAR94/ - see CHAR94 Miscellaneous Table description, section 2.5. 

where: 

X,Y - starting or ending point of the line to be typ~d (always left-to-right or top-to­

bottom) - real - input. 

XYO - ~ integer - input • l.:!:l if X • starting or ending point of the line. l 
.:!:2 if Y • starting or ending point of the line. 

CHR - line of characters to be typed (one.character/word - left adjusted followed by 

blanks} - BCD - ;~put. 

N - number of characters to be typed - integer - input. 

0PT - +l to tenninate a series of plot corm1ands. 
{

-1 to initiate typing mode. . J 

Oto type a line of characters. 

/PLTDAT/ 

M0DEL - plotter model number - integer - input. 

PL0TER - plotter number (1) - integer - input. 

- integer - input. 

CNTCHR - number of plotter counts per character in the x and y directions - real - input. 

/CHAR94/ 

CHAR - Section I of the CHAR94 table - BCD - input. 
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3.4.54.4 Method 

If 0PT i 0, all other arguments are ignored and TYPEi or DRWCHR is ca11ed. Otherwise, for 

each character to be typed, an index into the CHAR character set is found. This is done 80 

characters at a time. If a character cannot be located, it is treated as a blank. For each set 

of 80 character indices set up, TYPEi or DRWCHR is called. 

3.4.54.5 Design Requirements 

Generally, one of the typing subroutines (PRINT, TIPE, TYPFLT, TYPINT, SYMB0L) should be 

called with 0PT; -1 before any typing is attenipted, even though it is not necessary to put all 

plotters in the typing mode (e.g., plotter 3). Once this is done, it need not be repeated unless 

the plotter has been put into some other mode (e.g., the line mode). 

Subroutines used: TYPEi, DRWCHR. 
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3.4.55 TYPEi (Type a Line of Characters on Plotter i). 

3.4.55. l Entry Point: TYPEi. 

3.4.55.2 Purpose 

To type a line of characters on plotter i horiziontally or vertically. 

3.4.55.3 Calling Sequence 

CALL TYPEi{X,Y,XYD,CHR,N,0PT) 

C~M~N/PLTDAT/ - see PLTDAT Miscellaneous Ta~le description, section 2.5. 

C0MM0N/CHAR94/ - see CHAR94 Miscellaneous Table description, section 2.5. 

where: 

X,Y • starting or ending point of the line to be typed (always right-to-left or top-to 

. bottom)~ real - input. 

l!l if x • starting or ending point of the line. l 
XYD • - integer - input. 

!2 if y • starting or ending point of the line. 

CHR • indices of the line of characters to be typed (see description for TIPE, section 

3.4.54) - integer - input. 

N • number of characters to be typed - integer - input. 

{

-1 to initiate the typing mode. } 

0PT • +1 to terminate a series of plot corrmands 

Oto type a line of characters. 

/PLTDAT/ 

- integer - input. 

X\MIN • minimum x and y values of the region in which the line is to be typed - real -

input. 

XYMAX • maximum x and y values of the region in which the line is to be typed - real -

input. 

CNTCHR • number of plotter counts per character in the x and y directions - real - input. 
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/CHAR94/ 

CHRC0D = Section II, III, or IV of the CHAR94 table - integer - input. 

3.4.55.4 Method 

If 0PT, O, all other arguments are ignored. If 0PT = -1 and if applicable for plotter i, a 

flag is set so that when TYPEi is subsequently called with 0PT = O, the plotter will be put into 

the typing mode before typing the first character. If 0PT = +1, the current sequence of plotter 

corrrnands is terminated. 

Define: 

LSTCHR = last legitmai.e character index for plotter i. 

NCHR = number of character indices which must be changed for plotter i. 

CHAR = NCHR pairs of character indices. The first index of each pair is the index 

which must be changed, and the second index is the replacement index·. 

If N.:;. O, it is assumed that one character is to be typed. 

Each character index in CHR is checked against LSTCHR. If the index is greater than LSTCHR, 

a blank is inserted at the corresponding point on the plot. Otherwise, indices are altered if 

need be from CHAR and the character is typed. 

No characters will be typed outside the region as defined by XYMIN and XYMAX. 

3.4.55.5 Design Requirements 

Subroutines used: WPLTi. 
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3.4.56 TYPFLT (Type a Floating Point Number on a Plotter). 

3.4.56. l Entry Point: TYPFLT. 

3.4.56.2 Purpose 

To type a floating point number on a plotter, horizontally or vertically. 

3.4.56.3 Calling Sequence 

CALL TYPFLT (X,Y,XYO,V,FIELD,0PT) 

C0MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

where: 

X,Y - point at which the number is to be typed (always left-to-right or top-to-bottom) 

- real - input. 

-l:.1 if X • starting or ending point of the typed number.l-
XYD integer - input. 

!,2 if Y • starting or ending point of the typed number. 

V - number to be typed - real - input. 

FIELD - field width of the typed number. _If FIELD> O, the number will be centered at 

(X,Y). If FIELD< O, the number will be typed starting or ending at (X,Y). If 

IXYDI • 1 or 2, the number will be typed horizontally or ~ertically 

respectively - integer - input. 

0PT 

/PLTDAT/ 

{

-1 to initiate the typing mode. } 

- +1 to tenninate a series of plot conmands. -

Oto type the number. 

M0DEL - plotter model number - integer - input. 

PL0TER - plotter number (i) - integer - input. 

integer - input. 

CNTCHR - number of plotter counts per character in the x and y directions - real - input. 

3.4.56.4 Method 

If 0PT, O, all other arguments are ignored and TYPEi or DRWCHR is called. Otherwise, the 
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number of significant digits (NSIG) to be typed is determined. 

If V ! 0, the typed number will be unsigned. If FIELD> 4, the number of significant digits 

typed will be at least= FIELD - 4. If FIELD~ 4, NSIG = FIELD - 1. 

If V < 0, the typed number will be signed. If FIELD> 5, the number of significant digits 

typed will be at least FIELD - 5. If FIELD~ 5, NSIG = FIELD - 2. 

The number (V) is multiplied by some power of ten such that the product is between 107 and 

108• It can then be expressed as an 8-significant digit integer. If the number is such that NSIG 

digits cannot be typed without an exponent, a standard form is used: -X.XXXX ••• .!. XX. Otherwise 

the decimal point is adjusted and the exponent .. wi 11 not be printed. 

3.4.56.5 Design Requirements 

Generally, one of the typing subroutines (PRINT, TIPE, TYPFLT, TYPINT, SYMS0L) should be 

called with 0PT a -1 before any typing is attempted, even though it is not necessary to put all the 

plotters in the typing mode (e.g., plotter 3), Once this is done, it need not be repeated unless 

the plotter has been put into some other mode (e.g., the line mode). 

Subroutines used: TYPEi, ORWCHR. 

3.4.56.6 Diagnostic Messages 

If NSIG significant digits cannot possibly be typed in the field width (FIELD) specified, 

the entire field will be filled with asterisks (** ••• *). 
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3.4.57 TYPINT (Type an Integer Number on a P1otter). 

3.4.57.1 Entry Point: TYPlNT. 

3.4.57.2 Purpose 

To type an integer number on a plotter, horizontally or vertically. 

3.4.57.3 Calling Sequence 

CALL TYPINT (X,Y,XYO,NUM,FIELD,0PT) 

C0MM0N/PLTDAT/ - see PLTOAT Miscellaneous Table description, section 2.5. 

where: 

X,Y - point at which the number is to be typed (always left-to-right or top-to-bottom) 

- real - input. 

XYD -l
!l if X • starting or ending point of the typed number.I 

- integer - input. 
!2 if Y • starting or ending point of the typed number. 

NUM - number to be typed - integer - input. 

+1 if the typed number is to be centered at (X,Y). If IXYDI • 1 or 2, the number 

wi11 be typed horizontally or vertic&11y, respectively. 

FIELD -
-1 or o, the number will be typed starting or ending at (X,Y}. If FIELD• -1, 

/PLTDAT/ 

FIELD will be set to the number of digits typed by the subroutine; in this 

case, FIELD~ be a symbol in the call statement. - integer - input and 

output. 

{

-1 to initiate the typing mode. } 

- +1 to tenninate a series of plot conmands. -integer -

Oto type the number. 

input. 

M0DEL - plotter model number - integer - input. 

PL0TER - plotter number (0. - integer - input. 

CNTCHR - number of plotter counts per character in the x and y directions - real - input. 
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3.4.57.4 Method 

If 0PT; O, all other arguments are ignored and TYPEi or DRWCHR is called. Otherwise, each 

digit of the number is separated and used as character indices for the TYPEi or DRWCHR subroutines. 

In addition, if FIELD< O, FIELD is set= the number of digits printed. 

3.4.57.5 Design Requirements 

Generally, one of the typing subroutines (PRit-IT, TIPE, TYPFLT, TYPINT, SYMB0L) should be 

called with 0PT = -1 before any _typing is attempted, even though it is not necessary to 

specifically put all plotters in the typing mode (e.g., plotter 3). Once this is done, it need 

not be repeated unless the plotter has been put into some other mode (e.g., the line mode). 

Subroutines used: TYPEi, ORWCHR. 
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3.4.60 WPLT3 (Write a Plotter Command for Plotter 3). 

3.4.60. 1 Entry Point: WPLT3. 

3.4.60.2 Purpose 

To write a plot command for plotter 3. 

3.4.60.3 Calling Sequence 

CALL WPLT3 (A,0PT) 

C0MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

where: 

A(l) and A(2) • 36 bit plot command set up by AXIS3, LINE3, or TYPE3, as 2 18-bit words 

(right justified, leading zeros) - input. 

{
O, if A• plot command } 

0PT • · - integer - input. 
1, if a series of plot conmands is to be tenninated 

/PLTDAT/ 

PL0T - GIN0 file name of the plot tape to be written - BCD - input. 

MAXCHR - plot tape buffer size (number of characters) - integer - input. 

3.4.60.4 Method 

Each plotter command is 36 bits long (6 six-bit characters). Six of the 36 bits in A(l) and 

A(2) are written on the plot tape until all 36 bits have been written. In addition, the number 

of six-bit characters written in a record is calculated. When WPLT3 is called with 0PT • 1, a 

check is made to detennine if the number of 6 bit characters written in the current record is 

an integer multiple of the number of characters per word on the computer. If such is not the case, 

an additional 36 bit command is written as many times as necessary until this condition does 

exist before tenninating the plot tape record. The command used will do nothing to affect the 

generated plot. 

3.4.60.5 Design Requirements 

Subroutine used: SWRITE. 
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3.4.62 EJECT (Automatic Page Eject) 

3.4.62.1 Entry Point: EJECT 

3.4.62.2 Purpose 

Automatic line counting for printed output and new page initiation when pages are filled. 

3.4.62.3 Calling Sequence 

K = EJECT (LINES) 

C0r,f,10N /SYSTEM/ - see SYSTEM table description, section 2.4.1 .8. 

where: 

LINES - Number of lines to be printed. 

/SYSTEM/ 

MAXLIN - Maximum number of lines permitted per page. 

LINCNT - Number of lines thus far printed on this page. 

3.4.62.4 Method 

If the number of lines already printed on this page (LINCNT) added to the number of lines 

about to be printed (LINES) would be greater than the nurrber of lines permitted per page 

(MAXLIN), a new page is started (CALL PAGEl), the current line counter is set to the number 

of lines to be printed (LINCNT • LINES), and the result of this function is set to 1 (EJECT= 1). 

If the number of lines about to be printed (LINES) will fit on this page (LINCNT +LINES!. 

MAXLrn), the result of this function is set to O (EJECT • O). 

3.4.62.5 Design Requirements 

If it is desired to force a new page to be started, simply set LINCNT • MAXLIN before 

calling this function. 
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3,4.63 PLA14AT (Material Property Utility for Two-Dimensional Elements in Piecewise Linear 

Analysis). 

3.4.63. 1 Entry Point: PLAMAT. 

3.4.63.2 Purpose 

To perform the fellowing matrix operation: 

[C] = [A]T [BJ [A] , 

where [A] is equal to [U] (see the subroutine description for PREMAT and 14.AT, section 3.4.36.3, 

for a definition of [U] with INFLAG • 2), and [B] is equal to a previously calculated material 

properties matrix which is in common block /PLAGP/. The result [C], which is symmetric, is stored 

in common block /MAT0UT/. 

3.4.63.3 Calling Sequence 

CALL PLAMAT 

C0MM0N/PLAGP/GP(S),MI0GP,ELID 

C0MM0N/MATIN/MATID,INFLAG,ELTEMP,PLAARG,S1NTH,C0STH 

C0MM0N/MAT0UT/Gll,Gl2,Gl3,G22,G23,G33,0UMMY(l4) 

where: 

/PLAGP/ 

GP(9) • 3x3 material properties matrix calculated in a PLA element driver - real - input. 

MIDGP • the material identification number associated with GP - integer - input. 

ELIO • the element identification number associated with GP - integer - input. 

/MATIN/ 

MATID • the incaning material identification number - integer - input. 

lf\'FLAG 

ELTEMP • not used by PLAMAT. 

PLAARG 
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SINTH = Sine of the material property orientation angle - real - input. 

C~STH = Cosine of the material property orientation angle - real - input. 

/MAT!i'UT/ 

Same as /MAT!i'UT/ with INFLAG = 2 as described in section 3.4.36.3 except only the first 

six cells are used. 

3.4.63.4 Method 

This routine checks to see if the incoming material identification number (MATID) is equal to 

the material identification number (MIDGP) which was used to calculate the material properties 

matrix stored in /PLAGP/. If they are not equal, this routine calls MAT with INFLAG = 2 and 

returns to the calling program. This will only happen in combination elements (TRIAl, TRIA2, 

QUADl, QUAD2) where there is a different material identification number used for the membrane and 

plate properties. If they are equal, then the matrix operation described above is performed. 
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3.4.o4 :JPLT4 (write a Plotter Cormnand for Plotters 4 Through 7). 

3.4.64.1 Entry Point: WPLT4. 

3.4.64.2 Purpose 

To write plot cormnands for plotters 4 through 7. 

3.4.64.3 Calling Sequence 

CALL WPLT4 (A,0PT) 

C~MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description, Section 2.5. 

where: 

A(l) 

A(2-N) 
- integer, 

• additional data used to generate the plot commands (contents and 

• command type (O • Search Address record, l • line, 2 • position)) 

0PT • 

/PLTDAT/ 

input. 
length, N, vary with conmand type) 

lo, if a plot conmand is to be generated l 
1, if the current command buffer is to be tenninated 

- integer, input. 

PLTMDL • plotter model number - integer - input. 

PL0T • GIN0 file name of the plot tape to be written - BCD - input. 

PBFSIZ • Plotter buffer size (number of characters). 

3.4.64.4 .~ethod 

Two types of records are created depending on the value of A(l). If A(l) • O, a Search 

Address record necessary to start the plotter or identify each frame is created. If A(l) > O, a Plot 

Data record is created which causes pen up, down, right and left conunands. If 0PT is non-zero, A(l) 

is ignored and the current plot buffer is tenninated (if any). 

The Search Address recorJ (A(l) • 0) input consists of the appropri~tely coded plot number as 

follows: 

-- -·· 
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A Entries 

2 

3 

4 

0 

Number of characters to output startinq at A(4) (15 maximum) 

If non zero close the Search Address record also 

Coded "plot number11 characters. 

The necessary synchronization and search-address-indicators commands are automatically supplied. 

The plot buffer size must be sufficient to hold the entire record. 

The Plot Data records (A(l)=l or 2), will begin with the characters necessary to lower or 

raise the pen, unless the pen is already in position. The data in A is used to control the 

movement of the pen as follows: 

A 

1 

2 

3 

4 

5 

Entries 

l • move with pen down, 2 • move with pen up 

Number of half steps - major 

Number of half steps - compensation 

Control pointer - major movement 

Control pointer - compensati,n movement 

Same as A(4) and A(S) but for last half step (if any) 

Drum movement is caused by the "control pointers" in A(4) to A(7) indexing the following 

commands: 

1 = +Y 9 • +Y/2 17 = +X/2, +Y 

2 = +X, +Y 10 = +X/2, +Y/2 18 • +X, +Y/2 

3 = +X 11 • +X/2 19 • +X, -Y/2 

4 • +X, -Y 12 • +X/2, -Y/2 20 • +X/2, -Y 

5 = -Y 13 = -Y/2 21 • -X/2, -Y 

6 = -x. -Y 14 = -X/2, -Y/2 22 = -X, -Y/2 

7 ·• -X 15 • -X/2 . 23 • -X, +Y /2 

8 = -x, +Y 16 • -X/2, +Y /2 24 = -X/2, +Y 
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The nurrber of. and values of 1 the control cha~acters for each increment is a function of the 

internal plotter model number. PLTMDL. If the hundred's digit isl (e.g., 150). three characters/ 

command are required. otherwise only one character/command is needed. The one's digit position 

is the nuRDer of spacers desired to account for different tape densities and tape transport 

switch settings. A 11011 is used before each plot command for each spacer unless the hundreds 

digit is 4 where an octal 10 is used. 

As with the Search Address records. each plot record automatically accounts for the 

synchronization. start-plot. end-plot and the pen-up or pen-down commands as a function of the 

plot buffer size. PBFSIZ. 

The commands that are written on the PLT2 tape by calling SWRITE are a function of the 

tape density. The value is one (1) or two (2) if a 7 track or a 9 track tape respectively is 

mounted. The va·1ue is set in the preface by subroutine GNFIAT or NASCAR. 

3.4.64.5 Design Requirements 

The only incremental drum movements available for the CALCOMP drum plotter indicated as 

PLTMDL • 111 or 211 are the first eight (8) as listed above. Therefore, the values in A(4 - 7) 

must be less than nine (9). The plotter buffer size must be sufficient to hold the entire 

Search Address record. 

Subrcutine used: SWRITE. 
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3.4.66 WPLTlO (Write a Plotter Corrmand for the NASTRAN General Purpose Plotter). 

3.4.66. 1 Entry Point: WPLTlO. 

3.4.66.2 Purpose 

To write the plotter commands for the NASTRAN general purpose plotter. 

3.4.66.3 Calling Sequence 

CALL WPLTlO (A.0PT) 

C0MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description. section 2.5. 

where: 

A( 1) = plot mode index 

A(2) = control index 

A(3) = xl • x-coordinate 

A(4) = Y1 .. y-coordinate 
- integer - input. 

A(S) = x2 • x-coordinate 

A(6) • Yz • y-coordinate 

{
o if A• plot co11111and l 

0PT • - integer - input. 
1 if a series of p 1 ot conmands is to be terminated J 

/PLTDAT/ 

EDGE • size of the borders (x,y) in plotter units - real - input. 

PL0T • GIN0 file name of the plot tape to be written - BCD - input. 

MAXCHR • plot tape buffer size (number of characters) - integer - input. 

3.4.66.4 Method 

Each plot comnand written is composed of 30 six-bit unsigned integers. The plot mode index. 

A(l), and the control index, A(2) 1 are the first two integers. The next 20 integers represent 

the values in A(3-6). Each value is represented by five 6-bit integers, each integer b~ing a 

decimal digit of the decimal representation of the value as follows: 
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where the original integer value is given by 

This representation is used so as to make it easy to recover the original integer values on any 

binary computer. The last 8 characters are always zeros. 

The end result is a plot co11111and of the following format: 

where: 

M • plot mode index 

C • control index 

P; • decimal digit of the ,st integer value 

Q; • decimal digit of the 2"d_integer va1ue 

Ri • decimal digit of the 3rd integer value 

S; • decimal digit of the 4th integer value 

0 • zero 

When WPLTlO is called with 0PT • 1, the current plot tape record is .filled with as many dunmy 

plot commands as is necessary to generate a fixed length record. The du11111y plot command is made 

of 30 zeros. This is done so that the plot tape can be read in F0RTRAN without having to worry 

about variable length records as long as the plot tape buffer size (MAXCHR) is an integer multiple 

of the number of characters per word on the computer on which the plot tape is being read (see 

section 6.10.6 for further details). 

3.4.66.5 Design Requirements 

Subroutine used: SWRITE. 
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3.4.67 PLTSET (Plotting Parameter Initialization). 

3.4.67.1 Entry Point: PLTSET. 

3.4.67.2 Purpose 

Given the internal plotter and model numbers, to initialize the /XXPARM/ and /PLTDAT/ tables 

as needed by the NASTRAN plotter· software package. 

3.4.67.3 Calling Sequence 

CALL PLTSET 

C0MM0N/XXPARM/ - see XXPARM Miscellaneous Table description, section 2.5. 

C0MM0N/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

where: 

/XXPARM/ 

PBUFSZ • plot tape buffe~ size (number of words) - integer - output. 

PAPSIZ • size of the paper to be used (inches) - real - input. 

/PLTDAT/ 

M0DEL • internal plotter model number - integer - input, 

PL0TER • internal plotter number - integer - input, 

REG • plotting region parameters - real - output. 

AXYMAX • size of the paper (x,y) used, less the borders, in plotter units - real - output. 

XYEDGE • size of the borders (x,y) in plotter units - real - output, 

XYMAX • maximum useable x and y coordinate values on the plotter - real - output. 

C~TS·IN • number of plotter counts per inch of paper - real - output. 

CNTCHR • number of plotter counts per character in the x and y directions - real - output, 

PLTYPE • plotter type - integer - output. 

PBFSIZ • plot tape buffer size {number of characters) - integer - output. 
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3.4.67.4 Method 

Using the internal plotter (PL0TER) and model (M0DEL) numbers, the initialization needed to 

properly use the NASTRAN plotting software is performed as follows: 

1. Section 2 of /PLTDAT/, of which XYMAX, CNTSIN, CNTCHR, PLTYPE and PBFSIZ are a part, is 

set to a duplicate of section PL0TER+2. If the 20th word of section l is nonzero, the 

CNTCHR entries are multiplied by it so as to scale the character size. 

2. PBFSIZ of /XXPARM/ is then set to PBFSIZ/CHRl-lRD where CHRHRD = number of characters per 

word on the subject computer. 

3. If the plotter is a drum plotter and the paper size is o.o X 0.0 the paper size is 

calculated as; 

PAPSIZ(I) • XYMAX(I)/CNTSIN 

For table plotters the paper size is set to 11 X 8.5 if either entry is 0.0. 

4. AXYMAX and XYEDGE are calculated based upon the plotter type and/or paper size. If the 

plotter is a table plotter (PLTYPE • +2 or -2), the borders are set up a~ 1/2 inch borders 

If the plotter is not a table plotter and has no typing capability (PLTYPE • -1 or -3), 

the borders are set up as half the horizontal and vertical character sizes (CNTCHR/2). 

Oterhwise, the borders are set to zero. 

5. The plotting region is then set to (O,O,AXYMAX(1),AXYMAX(2)). This region can be sub­

sequently altered by the module writer. 
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3.4.68 ORWCHR (To Draw a Line of Characters). 

3.4.68. l Entry Point: DRWCHR. 

3.4.68.2 Purpose 

To draw a line of characters on a plotter. horizontally or vertically. 

3.4.68.3 Calling Sequence 

CALL ORWCHR (X,Y,XYO,CHR,NN,{llPT) 

C{llMM{llN/PLTDAT/ - see PLTDAT Miscellaneous Table description, section 2.5. 

C{llMM{llN/CHRORW/ - see CHRDRW Miscellaneous Table de!;cription, section 2.5. 

where: 

X,Y • starting or ending coordinate of the line of characters to be drawn (always left-to­

right or top-to-bottom) - real - input. 

{
!1 if X • starting or ending point of the line} 

XYO • - integer - input. 
!2 if Y • starting or ending point of the line 

CHR • indices of the line of characters to be drawn (see subroutine TiPE) - integer -

input. 

NN • number of the characters to be drawn - integer - input. 

l
-1 to initiate the line mode. l 

{llPT • +1 to tenninate a series of plot conmands. -

Oto draw a line of characters. 

/PLTDAT/ 

REG • plot region parameters - real - input. 

integer - input. 

XYMAX • size of the paper (x,y) used, less the borders, in plotter units - real - input. 

EDGE • size of the border (x,y) in plotter units - real - input. 

CNTCHR • number of p 1 otter counts per character in the x and y directions - real -· input. 

/CHRORW/ 

LSTIND • index of the last character which can be drawn - integer - input. 
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CHRIND = indices into XYCHR used to locate the data needed to draw characters - integer 

- input. 

XYCHR = lines which must be drawn to produce alphanumeric characters - integer - input. 

3.4.68.4 Method 

If 0PT r o. all other arguments are ignored and LINE is called. Otherwise. the characters 

are drawn. The width and height of each character position are assumed to be integer multiples 

of 8 and 16 1 respectively. The size of the drawn character will be this integer multiple of 6. 

The remaining space in each character position is used as the horizontal and vertical spacing, 

No character will be drawn outside the region specified in REG. 

3.4.68.5 Design Requirements 

Subroutine used: LINE. 
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3.4.69 FNDPLT (Detennine the Internal Plotter and Model Indices). 

3.4.69.1 Entry Point: FNDPLT. 

3.4.69.2 Purpose 

Given the external name and model of a plotter, to detennine the corresponding internal 

plotter and model numbers used by the NASTRAN plotting software package. 

3.4.69.3 Calling Sequence 

CALL FNDPLT (PL0TER,M~DEL,PLTNAM,PM0DEL) 

where: 

PL0TER 

M0DEL 

= internal plotter number - integer - output. 

= internal model number - integer - output. 

PLTNAM(2) = external plotter name - BCD - input. 

PM0DEL(2) = external model name - integer or BCD - input and output. 

3.4.69.4 Method 

PLTNAM and PM0DEL are compared with an internal table of plotter names and models. When a 

match is found, PL0TER and M0DEL are set to the corresponding internal plotter and model numbers. 

If a match is found only for the plotter name (PLTNAM), the model name for the first model appro­

priate to the matched model name will be used to determine PL0TER and M0DEL, -and the model n·ame 

used will be stored in PM0DEL. If no match is found, PL0TER and M0DEL will be set to zero. See 

section 3. 1 for further deta i1 s. 

3.4-117 (12-1-69) ....i. \ 



SUBROUTINE DESCRIPTIONS 

3.4.70 PHDMIA (DMI punch routine} 

3.4.70.1 Entry Points: PHDMIA, PHDMIB, PHDMIC, PHDMID 

3.4.70.2 Purpose 

Writes CMI bulk data card images on a F0RTRAN unit for small real matrices. 

3.4.70.3 Calling Sequence 

CALL PHDMIA - Initializes matrix 
CALL PHDMIB - Initializes each non-null column 
CALL PHDMIC - Collect each non-zero term of column 
CALL PHDMID - Wrap up column 
C0MM0N /PHDMIX / N(2),C,IF0,TIN,T0UT,IR,IC,N0,KPP,NLP,ERN0,IC0L,IR0,XX 

Comnunication area as follows: 

N - Alphanumeric name of matrix, 2A4 • 

. C - Alphanumeric string for continuation chaining, A3. 

IF0 - 1 for a square, non-synmetric matrix; 
2 for a rectangular matrix; 
6 for a symmetric matrix. 

TIN - 1 (input to IFP will be single precision). 

T0UT - 1 if IFP is to generate single-precision terms. 
2 if IFP is to generate double-precision terms. 

IR - Number of rows in matrix, Integer> o. 
IC - Number of columns in matrix, Integer> 0. 

N0 F0RTRAN printer output unit number (if N0 s. 0, no printing will be done; 
if N0 > 0, the card images will be.listed on F0RTRAN unit N0 as well as 
"punched"). 

KPP - l, single-field DMI card images will be generated; 
i. double-field CMI card images will be generated. 

NLF - lfuntJer of data lines per page. 

ERN0 - O, no errors were detected; 
(output) 1, more than 9999 card images for a single matrix were requested. 

IC0L - Current column nunmer. 

IR0 - Current row number. 

XX - Current value of matrix term as a single-precision floating point number. 
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3.4.70.4 Method 

To use this routine, carry out the steps below after loading the co1TTI1on block. 

1. For each matrix, CALL PHDMIA. All data items in /PHDMIX/ must be loaded except 

ERN0 (output}, IC0L, IR0 and XX. 

2. For each non-null column, do the following: 

a. Load IC0L, IR0 and XX with data corresponding to the first non-zero term 
in the column. 

b. CALL PHDMIB 

c. For any other non-zero terms in the column, load IR0 and XX and 

d. CALL PHDMIC 

e. After all non-zero terms have been processed, CALL PHDMID to wrap up the 
column. 

Matrices will be punched on single-field DMI cards using a F8.l format for the element 

values if KPP = 1; double-field cards will be punched using a 1PE16.8 field if KPP = 2. 

3.4.70.5 Design Requirements 

A PUNCH file is assumed to exist on F0RTRAN unit 7 (for the CDC and IBM) and unit 1 

(for the UNIVAC). 

3.4.70.6 Diagnostic Messages 

None. 
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3.4.71 HEAD (Plot Heading) 

3. 4. 71. l Entry Point: HEAD 

3.4.71.2 Purpose 

Create four line heading blocks for structure plot frames. 

3.4.71.3 Calling Sequence 

CALL HEAD(DTYP,PLTP,MTYP,IDAT) 

DTYP - Analysis O = 1 Undefonned shape 
1 .. STATIC 
2 = FREQ. 
3 = TRANS. 
4 = M0DAL 
5 = CM0DAL 

PLTP - Response 1 • DEF0R. 
2 = VEL0CITY 
3 • ACCEL. 

MTYPE - Variable 1 • FREQ. 
2 • EIGENV. 
3 • TIME 

IDAT - Value of phase lag (Real); array of 17 words 

Word Description 

1 Number of words that follow (Integer) 
3,4 Analysis type heading (4-cnaracter BCD) 
7 Subcase nunt>er (Integer) 
8 Load or Mode nuni>er (Integer) 
9 BCD of L0AO or M0DE 

10 Value of frequency, eigenvalue or time (Real) 
14 to 16 BCD of PHASE LAG or MAGNITUDE 

17 Value of phase log (Real) 

3.4.71.4 Method 

The TITLE, SUBTITLE and LABEL from /0UTPUT/ are typed in the lower left hand corner of the 

p, .: frame, followed by the plot identification line. 

The plot identification line may have the following forms, 

UNDEFORMED SHAPE 

!
STATIC I FREQ. 
TRANS. 
M0DAL 
CMl!IDAL I DEFOR. I VELOCITY 

ACCEL. 

. 
SUB CASE n [1 ~:~~ \ i] [ I FREQ • I ] { PHASE LAG w } 

~rn:NV' v MAGNITUDE 
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The format is controlled by the calling sequence and IDAT(l). The following combinations and 

parameters for deformed plots are legal: 

STATIC FREQ. TRANS. M0DAL 

IDAT(l) 8 15, 16 12 12 

DEF0R, X X X X 

VEL0CITY X X 

ACCEL X X 

L0AD X X ·x 

M0DE X 

FREQ. X X 

EIGENV X 

TIME X 

PHASE LAG w X 

MAGNITUDE X 

3.4.71.5 Design Requirements 

The plotter software package must be available to this routine. 

3.4.71.6 Diagnostic Messages 

None. 
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3.4.72 DELSET (Dummy Element Setup) 

3.4.72.1 Entry Point: DELSET 

3.4.72.2 Purpose 

Modifies /GPTAl/ to accorrrnodate any durrrny elements present. 

3.4.72.3 Calling Sequence 

CALL DELSET 

3.4.72.4 Method 

The ADUMi bulk data card infonnation is picked up from the 45th thru 54th words of /SYSTEM/ 

where it was placed by IFSSP. The desired entries in /GPTAl/ are generated and inserted into the 

53rd thru 61st positions as required. 

3.4.72.5 Design Requirements 

All modules using /GPTAl/ should call this.routine to insure that the dummy elements are 

properly recognized. 

3.4.72.6 Diagnostic Messages 

None. 
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3.4.73 HMAT (Set Up and Compute Heat Transfer Material Coefficients) 

3.4.73. l Entry Point: HMAT 

3.4.73.2 Purpose 

Used in place of subroutine MAT and PREMAT for heat transfer analysis. Sets up material 

property data and calculates properties. 

3.4.73.3 Calling Sequence 

CALL HMAT (ID,Z) 

ID - Element identification number or 0. 

Z - Array of open core. 

/MATIN/MATID,INFLAG,ELTEMP,DUM,SIN,C0S - Input parameters. 

/MAT0UT/0UTPUT(7) - Depends on INFLAG as follows: 

INFLAG 0UTPUT 

1 Kl 

2 Kll ~12 K22 

3 Kl 1 K12 K13 K22 K23 K33 

4 cP 

3.4.73.4 Method 

HMAT has two modes. If the value of ID is zero, the MPT data block is read and the MAT4, 

MATS, MATT4, and MATTS data cards are stored in core. A list of material tables is built and 

subroutine PRETAB is called to read the DIT table data and store in core. 

If the value of ID is greater than zero, the data of /MATIN/ is examined. The material ID 

(MATID) is found in the MAT4 or MATS data in core. If the ID is found in the corresponding 

MATT4 or MATTS data, the material is assumed to be temperature dependent, and subroutine TAB 

is called using the value ELTEMP for each table referenced on the MATT4 or MATTS card. The 

operations involved for each combination of data is given in the table below. 
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TYPE OF CARD INFLAG = l INFLAG = 2 INFLAG = 3 INFLAG = 4 

MAT4 K = c1 K11 = c1 Kll = c1 C = C p 2 

Kl2 = 0 Kl2 = 0 

K22 = Cl K13 = 0 

K22 = Cl 

K23 = 0 

K33 = Cl 

MATS K = c1 K11 = c1 C 2 K11 = c1 CP = c7 
2 + c4s - 2c2sc K12 = Cz 

Kl2 = (C,-C4) K13 = C3 

sc + (c2-s2)c2 Kzz"' C4 

K22 = c,s2 + Kz3 = C5 
2 CzC + 2CzSC K33 = C6 

Note: C = C0S, S = SIN 

3.4-122a (5/1/73) 



UTILITY SUBROUTINE DESCRIPTIONS 

3.4.74 BISRCH (Binary Search) 

3.4.74.1 Entry Point: BISRCH 

3.4.74.2 Purpose 

To perform a binary search on a list of sorted data. 

3.4.74.3 Calling Sequence 

CALL BISRCH ($n IO,BUF,L,KN,JP) 

n - F0RTRAN statement number defining the return to be taken in the event 
a match is not found. 

ID - Word to match with first word of entry. 

BUF - Array to be searched. 

L - Length of each entry of array. 

KN - Number of entries in BUF. 

JP - Pointer returned to cal1ing program. This pointer gives the first 
word of the matching entry in the array. 
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3.4.74.4 Method 

A standard binary search algorithm is used as shown below: 

< 0 

KHI=K 

< 0 

JP=J 

RETURN 1 

N0 

+ 
JJ=L-1 

KL0=1 
KHI=KN 

K+ KL0+KHI +1..,._ _______ _, 

J=K*l-JJ 

> 0 

JP=J 

RETURN 

> 0 

YES 

K=KHI 

KL0=KHI 
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3.4.74.5 Design Requirements 

None. 

3.4.74.6 Diagnostic Messages 

None. 

UTILITY SUBROUTINE DESCRIPTIONS 
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3.4.75 F0RFIL (File Unit) 

3.4.75.1 Entry Point: F0RFIL 

3.4.75.2 Purpose 

UTILITY SUBROUTINE DESCRIPTIONS 

To extract the logical unit to which a given GIN0 file name belongs. 

3.4.75.3 Calling Sequence 

INTEGER F0RFIL 

NUNIT = F0RFIL(NAME) 

NAME - GIN0 file name 

3.4.75.4 Method 

F0RFIL searches the FIST for the GIN0 file name. When a match is found, the internal unit 

number is either /XXFIAT/ or /XFIAT/ and is extracted and returned through the function name 

as in integer. 

3.4.75.5 Design Requirements 

None. 

3.4.75.6 Diagnostic Messages 

Message 2179 may be issued in the event that the requested GIN0 file name cannot be 

found. 
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3.4.76 DAD0TB (Double Precision Vector Dot Product) 

3.4.76. 1 Entry Point: DAD0TB 

3.4.76.2 Purpose 

To compute the scalar inner product of two vectors in double precision. 

3.4.76.3 Calling Sequence 

D0UBLE PRECISI0N DAD0TB, A(3) ,8(3),C 

C = DAD0TB{A,B) 

3.4.76.4 Method 

3.4.76.5 Design Requirements 

None. 

3.4.76.6 Diagnostic Messages 

None. 

_., 
/ 
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3.4.77 DAXB (Double Precision Vector Cross Product) 

3.4.77.l Entry Point: DAXB 

3.4.77.2 Purpose 

To compute the vector product of two vectors in double precision. 

3.4.77.3 Calling Sequence 

D0UBLE PRECISI0N A(3),B(3),C(3) 

CALL DAXB (A,B,C) 

3.4.77.4 Method 

... ... ... 
D • A X B 

... ... 
C ~ D 

3.4.77.5 Design Requirements 

... ... ... 
C may overlay A or Bin core. 

3.4.77.6 Diagnostic Messages 

None. 
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3.4.78 SAD0TB (Single Precision Vector Dot Product) 

3.4.78. l Entry Point: SAD0TB 

3.4.78.2 Purpose 

To compute the scalar inner product of two vectors in single precision. 

3.4.78.3 Calling Sequence 

DIMENSI0N A(3) ,B(3) 

C = SAD0TB (A,B) 

3.4.78.4 Method 

3 
C = I: A.B. 

; =l , , 

3.4.78.5 Design Requirements 

None. 

3.4.78.6 Diagnostic Messages 

None. 
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3.4.79 SAXB (Single Precision Vector Cross Product) 

3.4.79. l Entry Point: SAXB 

3.4.79.2 Purpose 

To compute the vector product of two vectors in single precision. 

3.4.79.3 Calling Sequence 

DIMENSI0N A(3),B(3),C(3) 

CALL SAXB (A,B,C) 

3.4.79.4 Method 

+ + + 

D = A X B 

+ + 

C~ D 

3.4.79.5 Design Requirements 

+ + + 
C may overlao A or Bin core. 

3.4.79.6 Diagnostic Messages 

None. 
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3.4.80 HBDY (Compute HBDY Element Coefficients) 

3.4.80. 1 Entry Point: HBDY 

3.4.80.2 Purpose 

To compute the variables Ar• {Ai}, {V1}, {V2}, and/or {Gi} from the HBDY element data. 

3.4.80.3 Calling Sequence 

CALL HBDY (ECPT,NECPT,I0PT,RDATA,IDATA) 

ECPT - ECPT/EST data for one element, real array, input. 

NECPT - ECPT/EST data for one element integer array, input. 

I0PT - Option flag for output data. 

RDATA - Real array of output data. 

IDATA - Integer array of output data. 

3.4.80.4 Method and Design Requirements 

See Section 4.87.17 for details of the algorithm. The input arrays ECPT and NECPT may be 

the same array. The output arrays RDATA and !DATA are assumed to be the same array. 
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3.4.81 OEC0DE (Decodes "l" bits in a 32-bit computer word) 

3.4.81. l Entry Point: DEC0DE 

3.4.81.2 Purpose 

To decode a 32-bit computer word and return a list of integers corresponding to each bit 

position which is "on" (i.e. = 1). 

3.4.81 .3 Calling Sequence 

CALL DEC00E (C00E, LIST, N) 

CIIJOE - the word to be decodc!d 

LIST - address of an array c)f dimension ~ 32 where the integers corresponding to bit 
positions which are '''on° are stored. 

N - the number of i ntege1"S stored at LIST. 

Note: the numbering convention for the bit positions is right (low order) to left (high 
order) 00 through 31. 

[. __ ___,, 
31 00 

3.4.81.4 Method 

DEC0DE uses the NASTRAN ANDF a~1d conmen block /TW0/, 
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3.4.82 ECTL0C (Special Version of Entry Point L0CATE) 

3.4.82.1 Entry Point: ECTL0C 

3.4.82.2 Purpose: To read either the GE0M2 or ECT data block sequentially and position 

the data block to read element connection data from a logical record which has a corresponding 

definition in the element data table in conmon block /GPTAl/. 

3.4.82.3 Calling Sequence 

CALL ECTL0G ($n, ECT, BUF, IELEM) 

n - F0RTRAN Statement number definition return when end-of-file on the data 
block is encountered. In this case, ECTL0C closes the data block prior to 
return. 

ECT - GIN0 reference name for either the GE0M2 or ECT data block. 

BUF - Address of a 3-word array into which the first 3 words of each logical record 
are read. 

!ELEM - Pointer to the first word of the element entry in /GPTAl/ corresponding to 
the logical record at which the data block is now positioned. 

Note: The file ECT must be open on each entry to ECTL0C, 

3.4.82.4 Method 

ECTL0C differs from L0CATE in that ECTL0C is designed to read the data block once 

sequentially returning pointers to the elements in the data block. L0CATE is, of course, 

mor.e general. ECTL0C will operate successfully only on the GE0M2 or ECT data blocks . 

• 

-~ . 

------------
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3.4.83 MRGE (Merges two sorted lists to form a new list) 

3.4.83.1 Entry Point: MRGE 

3.4.83.2 Purpose 

To form a new unique list as a result of merging two sorted lists. 

3.4.83.3 Calling Sequence 

CALL MRGE (LIST, N, STRING, M) 

LIST - An array containing a sorted list which is to be merged and potentially 
extended. 

N - Input: the number 1of entries in LIST; 
Output: the number of entries in the extended LIST. 

STRING - An array contai nin,g a sorted list to be merged with LIST. 

M - The nul!Der of entries in STRING. 

Note: LIST is both an input aind output array. Its dimension must be> N+M. 

3.4.83.4 Method 

BISRCH is called to locate the position of the first entry in STRING in LIST. A "hole" 

in LIST is created by moving entrie:s from the point determined to the end of the LIST array 

(N+M). At this point the two strin1gs (STRING and LIST) are merged to form a new list. A new 

value of N is returned. 

Example: 

prior to call 

LIST • 5, 8, 9, 13, 17, 20 

N • 6 

STRING • 10, 12, 13, 1 !S, 17 

M • 5 

CALL MRGE (LIST, N, STRING, M) • 

after call 

LIST • 5, 8, 9, 10, 12, 13, 15, 17, 20 

N • 9 

:TRING: :0, 12, 13, l!S, 17 l 
unchanged 
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3.4.84 DMPFIL (Print a NASTRAN Scratch Data Block) 

3.4.84.l Entry Point: DMPFIL 

3.4.84.2 Purpose: To provide a debugging printout of a scratch data block 

3.4.84.3 Calling Sequence: CALL DMPFIL (IFILE,IZ,LZ) 

!FILE is the GIN0 file name of the data block. !FILE > 0 implies a table, 

!FILE< 0 implies a matrix. 

IZ is an available array of storage 

LZ is the length of IZ 

3.4.84.4 Method: If DIAG 30 is not set DMPFIL wi11 return. (See BUG for method of setting 

DIAG 30.) LZ must be at least SYSBUF + 5 or DMPFIL wi11 terminate. DMPFIL wi11 dump 5 words 

per line (110 and E11.3 for each word) if it is a table. The file must be closed upon entry and 

will be closed upon return. At the conclusion of the dump, the trailer will be displayed. A 

matrix will be dumped based on its matrix control block (up to 300 columns and 300 rows) in single 

precision, 10 values per line. 

3.4.84.5 Design Requirements: DMPFIL calls BUG. 

3.4.84.6 Diagnostic Messages: None. 

·' 
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3.4.85 SSPLIN (Produce an Interpolatfon Matrix) 

3.4.85.l Entry Point: SSPLIN. 

3.4.85.2 Purpose 

The purpose of this subroutine is to produce an interpolation matrix for functions of two 

variables (x, y). The options include:: 

1. Nonsynmetric, synmetric, or ai<isynmetric in either x or y, 

2. The output matrix, G, may be for interpolation only, or interpolation plus slope. 

3. The matrix G or its transpose may be computed. 

4. "Attachment flexibility" is inc:luded for smoothing the interpolation. 

3.4.85.3 Calling Sequence 

CALL SSPLIN(NI ,XVI ,NO,XYO,KX,KY ,KC1,KT ,DZ,G,NCflJRE,ISNG) 

where: 

NI - Number of independent poirits - integer - input 

XVI - Array of independent point: locations in pairs (X(I),Y(I), I• l,NI) - real - input 

ND - Number of dependent points - integer - input 

XYD - Array of dependent points in pairs (X(I),Y(I) I• l,ND) - real - input 

KX - Synmetry flag for X di rect:i on i + 1 • Synmetr1 c, -1 • anti synmetri c, 0 • general -

integer - input 

KY - Synmetry flag for Y direct:ioni same convention as KX. 

KO - Flag for slopes; O • inter·polation only, 1 • interpolation plus slope - integer - input 

KT - Flag for transposition; O • G output, 1 • GT output - integer - input 

DZ - Attachment flexibility - r·eal ~ 0.0 - input 

G - Array location for output G matrix - real - output 

NC0RE - Amount of core available for subroutine starting at G(1) - integer - input 

ISNG - Flag for singular matrix; +2 • singular matrix for spline equations - integer - output 

3.4-136 (3/1/74) ·, -· .. ....- ' 



UTILITY SUBROUTINE MODULES 

3.4.85.4 Method 

A check is made to see if enough core is available. If there is sufficient core, the 

matrices A, B, and Care built in core (see the Theoretical Manual, Section 17.3 for a descrip­

tion of these matrices). Then the output matrix G is returned in core after the following compu­

tations using utility subroutines INVERS and GMMATS: 

if KT • 0 

if KT • 1 

If INVERS gets a singular matrix, no G output is produced and ISNG • 2. 

3.4.85.5 Design Requirements 

Enough core is needed to satisfy the following equation: 

{ 

NI*(NI+3) if KT • 0 
NC0RE > (NI+3) 2 + 3*(NI+3) + NI*ND*(l+KD) + 

(NI+3)*ND*(l+KD) if KT •l 

3.4.85.6 Diagnostic Messages 

If not enough core is available, message 3008 occurs. 
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3.4.86 LSPLIN (Produce an Interpolation Matrix) 

3.4.86.1 Entry Point: LSPLIN 

3.4.86.2 Purpose 

The purpose of this subroutine is to produce an interpolation matrix for functions of one 

variable (y). The options include: 

1. Nonsymmetry, symmetry, or antisymmetry about y. 

2. The output G matrix may be for interpolation only, or for interpolation plus slopes. 

3. The matrix G or its transpose may be computed. 

4. "Attachment flexibility" is included for smoothing the interpolation. 

5. The interpolation may be based upon slopes at the independent points, or just independent 

deflections. 

3.4.86.3 Calling Sequence 

CALL LSPLIN (NI,XYI,NO,XYD,KY,KD,KT,OZ,OTX,DTY,OT0R,G,NC~RE,ISNG) 

where: 

NI - Number of independent points - integer - input 

XVI - Array of independent points in pairs (X(I), Y(I) I• 1,NI) - real - input 

ND - Number of dependent points - integer - input 

XYD - Array of dependent points in pairs (X(I), Y(I) I• 1,NO) - real - input 

KY - Symmetry flag for Y direction; 0 • general, 1 • symmetric, -1 • antisymmetric -

integer - input 

KO - Flag for slopes; O • interpolation, 1 • interpolation plus slopes· about X, 2 • inter-

polation plus slopes about X and Y - integer - input 

KT - Flag for transposition; 0 • G output, 1 • GT output - integer - input 

DZ - Attachment flexibility - real~ 0.0 - input 

OTX - Slope attachment flexibility (X); 0.0 or greater• use in computations, less than 0.0 

• emit these slopes - real - input 
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DTY - Slope attachment flexibility (Y); 0.0 or greater• use in computations, less than 0.0 

• omit these slopes - real - input 

DT0R - Torsion flexibility - real~ 0.0 - input 

G - Array location for output matrix - real - output 

NC0RE - Amount of core available starting at G(l) - integer - input 

ISNG - Flag for singular matrix; 2 • singular - integer - output 

3.4.86.4 Method 

A check is made to see if enough core is available. If there is sufficient core, the 

matrices A, B, and Care built (see Theoretical Manual Section 17.3 for a description of these 

matrices). Then the output matrix G is produced using the utility subroutines INVERS and GMMATS. 

ff KT • 0 

ff KT • 1 

If INVERS produces a singular matrix, no G matrix is produced and ISNG • 2. 

3.4.86.5 Design Requirements 

Enough core is needed to satisfy the following equation: 

{ 

S*NI*N if KT • 0 
NC0RE > N*N + 3*N + S*NI*NO*(l+KD) + 

N*NO*(l+KO) ff KT• 1 

where: 

S • 3 if DTX and DTY ~ 0.0 

2 ff DTX or DTY < a.a 
1 if DTX and DTY < 0.0 

N • S*NI + (3 if KY• 0, 2 if KY• 1, 1 ff KY• -1) 

3.4.86.6 Diagnostic Messages 

If not enough core is available, message 3008 occurs. 
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3.4,87 BISL0C (Binary Search Routine) 

3.4.87. 1 Entry Point: BISL0C 

3.4.87.2 Purpose 

The purpose of this subroutine is to use a binary search to position a word in a table using 

the first entry. 

3.4.87,3 Calling Sequence 

CALL BISL0C ($n,,ID,ARR,LEN,KN,JL0C) 

where: 

n
1 

- Nonstandard return if ID is not one of the first entry words in ARR 

ID - Integer to locate as first word of entry - input 

ARR - Table to search - input 

LEN - Number of words in each entry of ARR - integer - input 

KN - Number of entries in ARR - integer - input 

JL0C - Integer pointer to location of first word in the entry. If the nonstandard return is 

taken, JL0C is where the entry should be positioned - output 

3.4.87,4 Method/E1ample 

A table with two words per entry exists as follows: 

Location 

, 
2 

3 

4 

Contents 

3 

19.0 

5 

6.0 

5 6 

6 20.0 

where location is word position in ARR 

LEN• 2 

KN• 3 

--
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If ID= 3, the standard return with JL0C • 1 occurs. If ID• 4, the nonstandard return with 

JL0C = 3 occurs. This is the position ID should have been. If ID= 100, the nonstandard return 

with JL0C = 7 occurs. 

-, 
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3.4.88 BISHEL (Merge Unique Entries into an Array) 

3.4.88.1 Entry Point: BISHEL 

3.4.88.2 Purpose 

The purpose of this subroutine is to merge an entry based on the first word into a list 

sorted on the first word. If the entry is a duplicate, only a nonstandard return results. 

3.4.88.3 Calling Sequence 

CALL BISHEL ($n1.LIST.NENT,NTERM,ARRAY) 

where: 

n1 - Nonstandard return if the first word of the entry is not unique 

LIST - NTERM words to merge into ARRAY 

NENT - Number of words in ARRAY, integer 

NTERM - Number of words per entry in ARRAY, integer 

ARRAY - Array sorted on first word of each entry 

3.4.88.4 Method 

The array will be sorted on the first word of each entry, an integer. 

For the first call (NENT • O), the LIST is added to ARRAY and a return is made. 

For an existing array (NENT ~ NTERM) the LIST is checked if it is beyond the end of the table. 

If it is, the LIST is appended and a return is made. If it is not, subroutine BISL0C is called. 

A nonstandard return is made if the entry is not unique, otherwise the high end of the arrav is 

pushed down and the LIST items inserted. 

In all cases, NENT is properly set. (NENT•i • NTERM,1•1,2, ••• ) 

3.4.88.5 Subroutines Called 

BISL0C (see Section 3,1,87) 
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3.4.88.6 Example 

Let ARRAY be desired to be built as 

Location 

1 
2 
3 

4 
5 
6 

7 
8 
9 

Contents of X 

5 
ABC 
DEF 

10 
XYZ 
~v~ -

15 
PQR 
STU 

To get this, the following sequence is one way this could have taken place: 

LIST 

1 10 NW•O 
2 XYZ CALL BISHEL ($ ,LIST,NW,3,X) 
3 wvu NW will be 3 oii return 

1 15 
2 PQR CALL BISHEL($ ,LIST,NW,3,X) 
3 STU NW will be 6 on return 

1 5 
2 ABC CALL BISHEL($ ,LIST,NW,3,X) 
3 DEF NW will be 9 on return 
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3.4.89 BUG (Produce debugging printout) 

3.4.89.l Entry Point: BUG 

3.4.89.2 Purpose 

The purpose of this subroutine is to provide debugging printout on certain runs. 

3.4.89.3 Calling Sequence 

CALL BUG(LABEL,ISTN0,BUF,LBUF) 

where: 

LABEL• a one-word BCD table for the printed data - BCD - input 

ISTN0 • an integer label (such as F0RTRAN statement number) - BCD - input 

BUF • the array to be printed - input 

LBUF • the number of words to be printed - integer - input 

3.4.89.4 Example 

CALL BUG (4HTEST,500,10,l) will print: 

TEST IN AREA OF LABEL 500 

10 O.OEO 

3.4.89.5 Restrictiorrs 

(A) BUG uses the second word of /SYSTEM/ as its output unit. 

(B) BUG will only print up to 5000 lines (until overlayed). 

(C) BUG will not print a negative number of words or more than 1000 words in one call. 

(D) BUG prints three words per line, printing each word as I10 and 1PE21.3. 

(E) DIAG 30 must be set for BUG to print. 

Note that the user cannot set DIAG 30 and get thru the PREFACE. DIAG 30 must be set prior to 

entry of the "bugged" module via the PARAM DMAP statement, i.e., 

PARAM //C,N,SSST/C,N,30 $ 
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3.4.90 SKPREC (Skip Records on a File) 

3.4.90.l Entry Point: SKPREC 

3.4.90.2 Purpose 

The purpose of this subroutine is to skip forward or backward on a given file. 

3.4.90.3 Calling Sequence 

CALL SKPREC (NAME,NREC) 

where: 

NAME• GIN0 file name of the data block to be positioned - integer - input 

NREC • number of records to skip - integer - input; NREC • 0 implies RETURN; NREC > O, NREC 

calls to FWDREC will occur; NREC < O, INRECI calls to BCKREC will occur. 

3.4.90.4 Design Requirements 

If SKPREC hits an EOF while going forward, a fatal message (3002) will result. 

~--· __ ., ..... 
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3.4.91 RE2AL (Real number to alohanumeric) 

3.4.91 .1 Entry Point: RE2AL 

3.4.91 .2 Purpose 

To convert a single precision to alohanumeric that mav be printed with a 2A4 format. 

3.4.91.3 Calling Seouence 

CALL RE2AL(RE,ALPH) 

where: 

RE - single precision real number, inout 

ALPH - BCD output (2 words)· 

3.4.91.4 Method 

The output value is in the floatin~ or exoonential fonn depending on which gives greater 

significant digits. Round off is based on the number of significant digits being outout. 
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Load character 
in C array 

T 

UTILITY SUBROUTINE DESCRIPTIONS 

START 

C(B) = Blank 
!POWER= power of RE 
REA= abs. value of RE 

divided by 10IPOWER 

Convert REA to integer IP.EA 
between 1 000 000 and 9 999 999 

Detenn1ne how mahy characters 
(EXP) the exponent needs 

Locate the decimal 
in C array (L0CD). 

• 1 

Load characters 
into B array using !REA 

I 

·T 

T 

Reset 
L0CD, 
L0CS, 14-----------< 

'f 

IP0WER 
!REA 

Load C array using 
C, L0CS, L0CD, EXP 

Encode C array into ALPH 
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3.4.92 CPYSTR (Copies a string formatted record) 

3.4.92.l Entry Point: CPYSTR 

3.4.92.2 Purpose: To copy a logical record written in string format from one data block to 

another data block. 

3.4.92.3 Calling Sequence: 

CALL CPYSTR (INBLK,0UTBLK,FLAG,C0L) 

INBLK - 15-word string conununication block for input file. 

0UTBLK - 15-word string comnunication block for output file. 

FL.11.G \ O · ls tt ca 11 to GETSTR has not been made 
-};o: ,s call to GETSTR has been made 

C0L 

3.4.92.4 Method 

j O· column number is in INBLK(12} 
1;0: colurra, number is C0L 

CPYSTR uses GETSTR and PUTSTR and moves the strings directly from one buffer to another. 

If possible, consecutive strings are concatenated. 
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3.4.93.1 Entry Point: CPYFIL 

UTILITY SUBROUTINE DESCRIPTIONS 

3.4.93.2 Purpose: To copy a logical file from one data block to another data b,lock. 

3.4.93.3 Calling Sequence: 

CALL CPYFIL (INFILE,0UFILE,AREA,N,C0UNT) 

INFILE = GIN0 file name of file from which GIN0 file is copied. 

0UFILE = GIN0 file name of file to which GIN0 file is copied. 

AREA = Work area of Length N 

N = Length of AREA 

C0UNT = Number of words copied 

3.4.93.4 Method 

CPYFIL calls RECTYP to determine the type of the next record on the input data block. For 

a normal NASTRAN logical record, READ and WRITE are used to copy the record. For a string 

formatted logical record, CPYSTR is used to copy the record. The process is continued until an 

end-of-file is encountered. 
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3.4.94 SETFND (IO lookup utility) 

3.4.94.1 Entry Point: SETFND 

3.4.94.2 Purpose 

To find an ID in a sorted set list which may contain the NASTRAN thru notation. An example 

of such a sorted set as might be found in the CASECC data block is: 

4, 5, 10, 15, - 19, 31, 55 

The above list includes the following IO's: 

4, 5, 10, 15, 16, 17, 18, 19, 31 , 55 

3.4.94.3 Calling Sequence 

CALL SETFNO($n1,SET,LSET,ID,NEXT) 

n1 - F0RTRAN statement label defining return to be taken in the event a match on 'IO' is 

not in the list 'SET' 

SET - The sorted array list of the type shown in the above example. This list is in sort 

with respect to absolute values only. Negative ID's are undefined with respect to 

this routine. 

LSET - Length in computer words of the list 'SET' 

IO - Positive identification to be searched for in the list 'SET' 

NEXT - If calling this routine continuously with ?D's themselves which are in sort lowest to 

highest, NEXT should be a local variable (not used for anything else) set equal to 1 

on the first call and not modified on subsequent calls. If ID's being searched for 

are in nonsorted order, NEXT should be a local variable set equal to l on each call. 

3.4.94.4 Method 

SETFND performs a linear search of the list starting at SET(NEXT) until either the list is 

exhausted or an ID in the 11st 'SET' is greater than or equal in absolute value to the ID to be 

found. If the list is exhausted, the nonstandard return is made. If the ID is matched exactly, 

a normal return is taken. If an ID of 'SET' is greater or equal to the absolute value and 
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negative in true value, then the normal return is made. In all cases when the search begins, 

SETFND assumes that the SET(NEXT) in the list 'SET' is less than or equal to the ID in 

question. Thus, the routine can be called with ID's to match which they themselves are in sort, 

and which may also contain repeated ID's. without reseting the value of 'NEXT'. SETFND always 

leaves NEXT equal to the index of the last ID looked at or one greater than the value of LSET. 
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3.4.95 SAMB (Vector Subtract) 

3.4.95. 1 Entry Point: SAMB 

3.4.95.2 Purpose 

The purpose of SAMB is to subtract two vectors of length 3. 

3.4.95.3 Calling Sequence 

CALL SAMB(A,B,C) 

A-S = C 

Vectors may overlap. 
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3.4.96 SAPB (Vector Add) 

3.4.96.l Entry Point: SAPS 

3.4.96.2 Purpose 

UTILITY SUBROUTINE DESCRIPTIONS 

The purpose of SAPS is to add two vectors of length 3. 

3.4.96.3 Calling Sequence 

CALL SAPB(A,B,C) 

A+e = C 

Vectors may overlap. 
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3.4.97 GMMATC (General Matrix Multiply and Transpose - Complex Single Precision) 

3.4.97. l Entry Point: GMMATC 

3.4.97.2 Purpose 

To perform the same operations as GMMATD, but where [AJ, [BJ, [CJ and [DJ are complex single 

precision matrices. 

3.4.97.3 Calling Sequence 

CALL GMMATC(A,IR0WA,IC0LA,MTA,B,IR0WB,IC0LB,MTB,C) 

This routine is exactly the same as GMMATD except this routine operates on complex single precision 

matrices. See Section 3.4.32. 
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3.5 MATRIX SUBROUTINE DESCRIPTIONS 

3. 5 .1 PAKUNPK ( PAcK/UNPacK) 

3.5.1.1 Entry Points: BLDPK, BLDPKI, ZBLPKI, BLDPKN, INTPK, INTPKI, ZNTPKI, PACK, UNPACK 

3.5.1.2 Purpose: To provide a general capability for input, output and interpretation of 

matrices. 

3.5.1.3 Calling Sequences 

If several different matrices are to be packed concurrently, the multi-column version of 

BLDPK is used: 

CALL BLDPK(TYPIN,TYP0UT,NAME,BL0CK,FLAG) 

CALL BLDPKI(A,I,NAME,BL0CK) 

CALL BLDPKN(NAME,BL0CK,MCB) 

where: 

BLDPK is an initialization call and is made once for each column to be packed. 

BLDPKI is the call made to supply a single element of the column to be packed. 

BLDPKN is a call to terminate processing of the column. 

TYPIN - Arithmetic type of the elements to be packed (1 = real single precision, 2 = real 
double precision, 3 = complex single precision, 4 • complex double precision) -
integer - input. 

TYP0UT - Arithmetic type of the elements in the packed column - integer - input. 

NAME - GIN0 reference name of data block where packed column will be written. 

BL0CK - An array of dimension!. 20 for use by BLDPK and BLDPKI. 

A 

FLAG 

I 

MCB 

- An array of dimension 1, 2 or 4 (depending on TYPIN) where the element to 
be packed is stored - real - input. 

{ 
l to indicate multi-column version with no string trailers. 

- -1 to indicate multi-column version with string trailers. 

- Row position of element to be packed - integer - input. 

- An array of dimension 7 where the trailer information about the matrix is 
accumulated. 

If only one matrix is being packed, the single column version should be used as it is more 

efficient. 

COMMON/ZBLPKX/A(4),I 

CALL BLDPK(TYPIN,TYP0UT,NAME,0,0) 
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CALL ZBLPKI 

CALL BLDPKN(NAME,0,MCB) 

where: 

BLDPK and its arguments are as defined above. 

ZBLPKI is the call made to provide an element of the column to be packed. The element (A), 

and its row position (I), are stored in /ZBLPKX/ by the user prior to each CALL ZBLPKI. 

Note: 

SLDPKN and its parameters are defined as above. 

BLOPKN accumulates the following three words of MCB: 

MCB(2) = column number 

MCB(6) = number of words in the densest column 

MCB(7} = number of non-zero words in the matrix 

In the multi-column version, BL~CK must be different for each matrix being packed. 

To pack a column of a matrix: 

C0MM0N/PACKX/TYPIN,TYP0UT,I,N,INCR 

CALL PACK(A,NAME,MCB) 

A - An array where the elements of the column are stored in unpacked form. 

NAME - GIN0 name of the data block where the packed column will be written. 

MCB - An array of dimension• 7 where the matrix trailer infonnation will 
be accumulated. 

TYPIN - Arithmetic type of the elements of the column stored at A (l • real single 
precision, 2 • real double precision, 3 = complex single precision, 4 • 
complex double precision}. 

TYP0UT - Arithmetic type in which the elements are to be in packed fonn. Same 
convention as TYPIN. 

I - Row position of the element stored at A(l). 

N - Row position of the last element in the column stored at A. 

INCR - Spacing of the elements in column stored at A in units of elements, e.g., 
if real double precision elements are stored consecutively. INCR = l. 

If several different matrices are to be read and interpreted concurrently, the multi-column 

version of INTPK is used. 

CALL INTPK($n,NAME,BL0CK,TYP0UT,1) 

CALL INTPKI(A,I,NAME,BL0CK,E0L) 
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where: 

INTPK is the initialization call and is made once for each column to be read and interpreted. 

INTPKI is the call made to read successive non-zero elements of the column. Each call to 
INTPKI returns one non-zero element. 

n - F0RTRAN statement number defining return to be taken in the event the column is null. 

NAME - GIN0 file name of data block where the matrix is stored. 

BL0CK - An array of dimension 2:, 20 for use by INTPK and INTPKI. 

TYP0UT - Arithmetic type into which the elements are to be unpacked (:,1 = real single 
precision, +2 = real double precision, +3 = complex single precision, +4 = complex 
double precrsion). If TYP0UT < O, the sign of each non-zero element is to be 
changed - integer - input. 

A - An array of dimension 1, 2 or 4, depending on TYP0UT, where the non-zero element 
is to be stored - real - output. 

I - Row position of the non-zero element - integer - output. 

E0L • 1 indicates last non-zero element in the column was read on the current call to 
INTPKI, •O otherwise - integer - output. 

If only one matrix is to be read and interpreted, the single-column version should be used 

as it is more efficient. 

C0MM0N/ZNTPKX/A(4),I,E0L,E0R 

CALL INTPK($n,NAME,},TYP0UT,O) 

CALL ZNTPKI 

where: 

INTPK and its arguments are defined as above.· 

ZNTPKI is the call made to read successive non-zero elements of the column. One element (A), 
its row position (I), end-of-column indicator (E0L), and end-of-record indicator (E0R) are 
stored in /ZNTPKX/ for each call to ZNTPKI. 

E0L is defined as above. 

E0R • 1 indicates the end-of-record has been read by ZNTPKI, = O otherwise (E0R may be one 
before E0L is one. E0R is always one when E0L • 1). 

To read and unpack a column of a matrix stored in NASTRAN packed format: 

CALL UNPACK($n,NAME,A} 

C0MM0N/UNPAKX/TYP0UT 1 I 1 N1 INCR 

where: 

n - F0RTRAN statement nunDer defining return to be taken if the column is null. 

NAME - GIN0 name of data block containing the column to be unpacked. 

A - An array where the unpacked column will be stored. 
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TYP0UT - Arithmetic type in which the elements are to be stored at A (1 = real single 
precision, 2 = real double precision, 3 = complex single precision, 4 = complex 
double precision). TYP0UT < O means that each of the elements will be stored with 
a change of sign. 

I - Row position of the element to be stored at A(l). 

N - Row position of the last element to be stored at A. 

INCR - Spacing.of the elements to be stored at A in units of elements, i.e., if complex 
single precision elements are to be stor~d at A(l), A(5), A(7), etc., INCR = 2. 

Notes: 

l. Zeros are stored for zero elements. 

2. If I< o or N < O, the column is unpacked from the first non-zero element through 
the last non-zero element and I and N are set to these row positions. 

3. If return to statement n is given, zeros are n.21 stored at A. 

In addition, Level 15 calling sequences are also supported by PAKUNPK. As a result, the 

following forms are also acceptable: 

CALL BLDPK(TYPIN,TYP0UT,NAME,BL0CK,WRITE,1) 

CALL BLDPKI(A,I,NAME,BL0CK,WRITE) 

CALL BLDPKN(NAME 1 BL0CK 1WRITE 1 MCB) 

CALL INTPK($n,NAME 1BL0CK,READ,TYP0UT,1) 

CALL INTPKI(A,l,NAME,BL0CK,READ,E0L) 

CALL PACK(A,NAME,WRITE,MCB) 

CALL UNPACK($n,NAME,A,READ) 

Note: The Level 15 "RDC0R" and "WRTC0R" options are n.21 currently supported. 

3.5. l.4 Method 

To provide maximum efficiency, PAKUNPK is coded in assembly language on each of the three 

NASTRAN computers. The logic of each of the versions is very similar. Input and output of the 

matrix elements is accomplished through the new Level 16 entry points PUTSTR, ENDPUT, GETSTR, 

ENDGET. 
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The packed matrix format for Level 16 is as follows: 

column header 

string header 

non-zero term 
string . 

string trailer optional 

string header 

- - ~ ....-- -~ -
string trailer optional 

column trailer 

The format of the column header and trailer and string header and trailer is machine de­

pendent. However, the contents of the control words is machine independent and is as follows: 

column header or trailer 

type of element in column (1,2,3 or 4) 

format of strings (O=no trailers, l=trailers) 

column number 

string header or trailer 

row position of {r!~~t} element in string 

number of tenns in string 

Use of the string entry points to access terms directly in the GIN0 buffer has simplified the 

logic of PAKUNPK and increased its efficiency. Pointers, addresses and indicators are maintained 

by each of the PAKUNPK entry points in a colTITlunication block that is passed to the string entry 

points. For the multi-column versions of BLDPK and INTPK this 20-word array is furnished by the 

caller. For the single column versions of BLDPK and INTPK, and for PACK and UNPACK, the array is 

local to PAKUNPK. 
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The contents of this corrmunication block is as follows: 

Word 

l 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 
15 
16 
17 

18 

19 

20 

GIN0 reference name 
type of elements (l=RSP, 2=RDP, etc.) 
format of strings (O=no trailers) 
row position of{f!~t}element in string 
address of element in string 
number of tenns available or actual in string 
number of tenns written in string 
begin/end flag 

l reserved for s trf ng routines 

column number 

l 
count of non-zero words (BLDPK, PACK only} 

branch addresses and indicators 
(depends on machine) 

lnot used 

3.5.1.5 Design Requirements 

,. Let Ij and Ij+l be the row positions of two elements supplied in successive calls to 
BLDPKI or ZBLPKI. Then Ij+l > Ij for all j of a column. 

2. MCB(2) and MCB(6) must be set to zero prior to the first call to BLDPKN or PACK for 
a matrix. 

3. The exact format of a packed column is machine dependent. See Section 5 for details. 

3.5.1.6 Diagnostic Messages 

The diagnostic messages are machine dependent. See Section 5 for a detailed listing of 

possible messages. 
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THE MATERIAL PREVIOUSLY IN SECTIONS 3.5.2 THRU 3.5.4 

HAS BEEN DELETED. 
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3.5.5 CALCV (Compute a Partitioning VectorJ. 

3.5.5.1 Entry Point: CALCV. 

3.5.5.2 Purpose 

To build a partitioning vector of zeros, ones and twos to be used by subroutines MERGE 

and PARTN. 

3.5.5.3 Calling Sequence 

CALL CALCV(FILEP,SET1,SUBO,SUB1,C0RE) 

FILEP - GIN0 file number of partitioning vector - integer - input. 

SETl - Bit position of major set - integer - input. 

suao - Bit position of zero subset - integer - input. 

SUBl - Bit position of one subset - integer - input. 

C0RE - Open core. 

C0MM0N/PATX/LC0RE,NSUB0,NSUB1,NSUB2,FUSET 

LC0RE - Length of open core - integer - input. 

NSUBO - Number of rows in zero subset - integer - output. 

NSUB1 - Number of rows in one subset - integer - output. 

NSUB2 - Number of rows in two subset {not in one or zero subset) - integer - output. 

FUSET - File name of USET - integer - input. 

3.5.5.4 Method 

Each element of USET is examined and classified. If it belongs to SETl it is further 

classified into SUBO, SUB1, and SUB2. 

A vector is constructed which has zeros, ones and twos in order as elements of USET are so 

classified. 

3.5.5.5 Design Requirements 

LC0RE must be~ twice length of GIN0 buffer. 

3.5.5.6 Diagnostic Messages 

System messages if USET or FILEP are not correct GIN0 files. 
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3.5.6 PARTN - MERGE (Partition a Matrix - Merge Matricies Together). 

3.5.6.1 Entry Point: PARTN, MERGE. PARTN and MERGE are two distinct routines but are so 

closely related that they are described together here. 

3.5.G.2 Purpose 

PARTN will break up a matrix into four submatrices. 

MERGE is the inverse of PARTN in that given the four buildinq blocks A11 , ••• ,A22 MERGE 

will reconstruct [A]. 

3.5.6.3 Calling Sequence 

CALL PARTN (RP,CP,Z) 

CALL MERGE (RP,CP,Z) 

RP - Matrix control block of the row partitioning vector - integer - input. 

CP - Matrix control block of the column partitioning vector - integer - input. 

Z - Array of open core. 

If RP{l) ~ 0, or CP{l) ~ 0, the core locations from RP(S) or CP(S} will contain this 

vector in oacked form. 

If RP{l) • CP(l} ~ O the arrays RP and CP coincide in core. 

Cli!MMll!N/PARMEG/MCSA(7),MCSA11{7),MCSAZ1(7),MCBA12(7),MCBAZZ(7),LC~RE,RULE 

MCBA - Matrix control block for [A] - input. 

MCBAll - Matrix control block for [All] - input. 

MCBA21 - Matrix control block for [A21] - input. 

MCBA12 - Matrix control block for [Al2] - input. 

MCBA22 - Matrix control block for [A22] - input. 

If any submatrix is not desired or does not exist set MCBAij(l) • O. 

LC!aRE - Length of Z array - integer - input. 

RULE - Rule to be applied to the row and column partitioning vectors - integer - input. 
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3.5.6.4 Method 

Each element of [A] is assigned to the appropriate submatrix by the following schemes. 

~ULE ~ 0 N. IRULEI 

a .. e: [All] if RP(I) = CP(J) • N 
1J 

aij e: [A21] if RP(I) = N, CP(J) 'f N 

a .. e: [A12] if RP(I) 'f N, CP{J) • N 
1J 

aij e: [A22] if RP(I) 'f N, CP(J) 'f N 

RULE .:. 0 N • IRULE I 

aij e: [All] if RP(I) ~ N, CP(J) :11: N 

aij t [A21] if RP(I) ~ N, CP{J) c N 

aij e: [Al2] if RP(I) 'N, CP(J) a: N 

aij t [A22] if RP(I) c N, CP(J) < N 

Subroutine RULER (RULE,IP,ZC0NT,0NCNT,LIST,NR0WP,BUFF,I0PT) is called twice to accomolish 

this assignment where 

RULE • Rule to be applied 

IP - Either RP or CP 

ZC0NT - Number of elements {row or column) assigned to the one class. 

0NCNT - Number cf elements (row or column) assigned to the two class. 

For example, if RULER is analyzing RP and RP(I) • N this element of RP is said to belong to 

the 1 class in that it will go e ther t( (All] or (A21]. 

LIST - A list of zeros and ones. Zero, if the element belongs to the one class. 

One, if the element belongs to the two class. 

NR0WP - Number of rows in IP 

BUFF - One GIN0 buffer space 

I0PT - If I0PT • 1, LIST will be stored 1 number per word. If I0PT • O, LIST will be 

packed 32 bits/word. 

Non-zero elements are read, classified and output. 
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3.5.6.5 Design Requirements 

Open core must contain n GIN~ buffers+ 1 column (single precision) of [A] and 1 row/32 of 

[A], where n = the number of submatrices present plus one. 

3.5,6.6 Diagnostic Messages 

If insufficient core is available as described above, fatal message 3008 is given. 

If illegal input is detected, fatal message 3007 is given. 
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3.5.7 SSG2A (Driver for PARTN). 

3.5.7.1 Entry Point: SSG2A. 

3.3.7.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To partition a vector into two subsets (i.e •• to be a driver for PARTN). 

3.5.7.3 Calling Sequence 

CALL SSG2A(VECT0R.PART1,PART2,PVECT) 

VECT0R - GIN0 file number of vector to be partitioned - integer - input. 

PARTl - GIN0 file number of major oartition - integer - input. 

PART2 - GIN0 file number of minor ~artition - integer - input. 

PVECT - GIN0 file number of partitioning vector - inte~er - input. 

C~M~N/PATX/XXX,NR0:~1 .NR~W2 

NR(1W1 - Number of rows in PARTl - integer - input. 

NR(1W2 - Number of rows in PART2 - integer - input. 

3.5.7.4 Method 

The PARTN common block is filled. 

Based on the trailer of VECT0R and NR0W1, NR0W2: 

{VECTOR}=;> {~2~fll 
3.5.7.5 Design Requirements 

Open core is needed at /SSGA2/. 
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3.5.8 SDR1B (Driver for MERGE). 

3,5,8, 1 Entry Point: SOR1B 

3.5.8.2 Purpose 

MATRIX SUBROUTINE DESCRIPTIONS 

To drive MERGE forming VECT0R 

{vECT0R} • 

3.5.8.3 Calling Sequence 

{ 
PART1 } 
PART2 

CALL SOR1B(PVECT,PART1,PART2,VECT0R,MAJ0R,SUBO,SUB1 ,USET,I0PT,IYS) 

PVECT - GIN0 name of partition vector - integer - input. 

3.5.8.4 

PARTl - GIN0 name of vector which corresponds to SUBO set - integer - inout. 

PART2 - GIN0 name of vector which corresponds to SUBl set - integer - input 

VECT0R - GIN0 name of merged vector - integer - input. 

MAJ0R 

suao 

SUBl 

USET 

raPT 

IVS 

Method 

- Bit position of set of VECT0R - integer - input. 

- Sit position Qf set of PART1 - integer - input. 

- Bit position of set of PART2 - integer - input. 

- GIN0 name of USET - integer - input. 

- '0' { These are used in a module specific call to 
handle the YS data block in a special manner. 

'O' 

CALCV is called to obtain partitioning vector. 

PARMEG conmon block is filled. 

MERGE is called. 

3.5.8.5 Design Requirements 

Open core at /S0R81/. 
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3.5.9 UPART (Symmetric Partition Driver). 

3.5.9.1 Entry Points: UPART, MPART 

3.5.9.2 Purpose 

To compute a partitioning vector and then perfonn a series of symmetric partitions. A 

symmetric partition is such that the row partitioning vector equals the column partitioning vector. 

For example: 

3.5.9.3 Calling Sequence 

CALL UPART(USET,SCRl ,MAJ0R,SUBO,SUB1) 

USET - GIN0 file number of USET - integer - input. 

SCRl - Scratch file on which the partitioning vector will be written - integer - inout. 

MAJ0R - ·sit position within a USET word of the super set (e.g., n set in the above 

example).- integer - input. 

SUBO - Bit position of the first subset {e.g., f set in the above example) - integer -

input. 

SUB1 - Bit position of the second subset (e.g., s set in the above example) - integer -

input. 

CALL MPART(KNN,KFF,KSF,KFS,KSS) 

KNN - GIN0 name of the matrix to partitioned - integer - input. 

KFF,KSF,KFS,KSS - GIN0 names of the oartition outputs. A zero will cause the respective 

matrix not to be written. 

3.5.9.4 Method 

A call to UPART causes CALCV to compute a partitioning vector. 

MPART drives PARTN and is called repeatedly to partition several matrices (i.e. KNN, MNN, 

BNN, K4:~N) in a similar symnetric manner using the same partitioning vector. 

3.5.9.5 Design Requirements 

Open core at /UPARTX/. 
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3.5.10 ADO (Driver for SAOO) 

3.5.10.1 Entry Point: ADO. 

3.5.10.2 Purpose 

MATRIX SUBROUTINE DESCRIPTIONS 

To drive SADD to compute [X] = a[A] + S[B] or on option [X] = a[A]. 

3.5.10.3 Calling Sequence 

CALL ADO (Z) 

Z -- Array of core 

C0MM0N/AODX/MCBA(7).MCBB(7),MCBC(7),TYPA,ALPHA(4),LC(aRE,TYPB,BETA(4) 

MCBA - Matrix Control Block for [A] - input. 

Meas - Matrix Control Block for (BJ - input. 

MCBC - Matrix Control Block for [XJ - input. 

TYPA - Type of Alpha - integer - input. 

1 - real single precision 

2 - real double precision 

3 - complex single precision 

4 - complex double precision 

ALPHA - a - input - type depencis on TYPA. 

LC0RE - Length of Z array. 

TYPB - Type of BETA - integer - input. 

BETA - e - input - type depends on TYPB. 

3.5.10.4 Method 

ADD rearranges and moves /ADDX/ to /SADDX/, and calls SADD 

to compute [XJ in above equation. 

3.5.10.5 Design Requirements 

Matrix add routine ADD is replaced by SADD. The revised ADO routine is kept 

in the system to acconnodate the existing calls to the ADO routine. 

However, all future calls to matri.x addition should be made directly to SAOO. 



SUBROUTINE DESCRIPTIONS 

3.5.11 SSG2C (Driver for ADD), 

3.5.11.1 Entry Point: SSG2C. 

3.5.11.2 Purpose 

To drive ADD to compute [CJ= a[AJ + S[BJ, 

3.5.11.3 Calling Sequence 

CALL SSG2C (FILEA,FILEB,FILEC,I~P,BL0CK} 

FILEA - GIN0 file number of [AJ - integer - input, 

FILEa - GIN0 file number of [BJ - integer - input. 

FILEC - GIN0 file number of [CJ - integer - input. 

I0P - Option flag - integer - input. 

IF I0P < 0 the first colunn of [A] will be added to each column of [BJ to 

give [CJ. 

BL0CK - 11-word array containing coefficients - in~ut. 

ilwt 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

m!. 
Integer 

Real 

Integer 

Real 

Meaning 

Type of a 

a 

a 

a 

a 

Not used 

Type of B 

B 

B 

B 

B 
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3.5.11.4 Method 

The trailers of FILEA and FILEB and BL~CK are used to fill the ADDX comnl)n block. 

The type of FILEC is the minimum type compatible with a[A] and 6[B]. 

3.5.11.5 Design Requirements 

Open core at /SSGC2/. 
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3.5.12 MPYAD (Matrix Multiplication Routine) 

3.5.12.l Entry Point: MPYAD 

3.5.12.2 Purpose 

To evaluate the matrix equation 

D = t [A)[B) t [CJ or D = t [A)T[B] ± [CJ . 

3.5.12.3 Calling Sequence 

CALL MPYAD(Z,Z,Z) 

C0MM0N/MPYADX/A(7),8(7),C(7),0(7),NZ,T,SIGNAB,SIGNC,PREC,SCR 

Z - An area of workinq storage. 

NZ - The number of computer words at Z. 

A,B,C - Matrix control blocks for. the matrices A, B, C. 

If C(l) • O, C is not used, i.e., [DJ• t [A)[B] or t [A1J[BJ. 

D - Matrix control block for the product matrix. The trailer is not written by MPYAD. 

0(1) must contain the GIN0 file name prior to entry. 

0(5) must contain the arithmetic type of the elements of O. 

0(2), 0(6) and 0(7) are initialized and accumulated in MPYAD. 

{ 
• O, t [AJ[B] ± [CJ is computed. 

T T 
; 0, t (A] (BJ t [CJ is computed . . 

~ +1, compute +[A][B] or +(A]1[BJ 

SIGNAB •) O, the product (AJ(B] is null 

l -1, compute -[A][B] or -[A]T[B] 

. I 
+1, use +C 

SIGNC 
-1, use -C 

Note: If C(l) • 0, SIGNC is ignored. 

{ 

O, perform arithmetic in double precision if A, B or C is double precision 

PREC • 1, perform arithmetic in single precision 

2, perform arithmetic in double precision 

SCR • GIN0 file name of a scratch file for use by MPYAD. 

--· 
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3.5.12.4 Method 

1. General Comments. Three alternative methods of performing the matrix multiplication are 

available in MPYAO. Method One holds as many unpacked columns of the Band D matrices as core 

storage will allow. The A matrix is read interpretively by INTPK. For each non-zero element in 

A, all combinatorial terms for columns of B currently in core are computed and accumulated in the 

storage for 0. At the completion of one pass of the A matrix, the matrix product is complete to 

the extent of the number of columns of B currently in core. (If the C matrix is present, columns 

are initially unpacked into the storage for 0.) The process is repeated until the B matrix is 

exhausted. One GIN0 buffer only is required ·ror Method One. The number of passes of the A matrix 

for Method One equals the number of columns of B divided by the number of columns of Band D which 

can be held in core at one time. In Method Two eith,r one element of B (T = 0) or one column of B 

in unpacked form (T = 1) is held in core at one time, and either one column of O in unpacked form 

(T = 0) or one element of O (T = 1}. The remaining storage is allocated to storage of columns of 

A in packed form (i.e., non-zero terms and row positions only). For all the columns of A in 

storage at one time the Band E matrices are passed, column by column, forming partial answers on 

each pass. The E matrix is initially the C matrix (if present} and thereafter is the partial 

product matrix from the previous pass. Three GIN0 buffers are required for Method Two. It may be 

seen that the A matrix is passed once and the number of passes of the Band E matrices equals the 

number of columns of A divided by number of columns of A that may be held in core at one time. 

Method Three is provided for the transpose case only. A pass is initiated by reading and storing 

rows of the A matrix in unpacke~ form. For all rows of A in storage at one time the Band E 

matrices are passed, column by column, forming partial answers on each pass. The E matrix is 

initially zero and thereafter is the partial product matrix from the previous pass. The C matrix 

(if present) is added on the last pass. In this way, the E matrix is only unpacked to the number 

of the last row of A in core. The B matrix is processed directly from the buffer through use of 

the string routines. Each non-zero term in Bis multiplied by terms in the corresponding rows of 

A currently in core and the products are accumulated in the storage for E. Four GIN0 buffers are 

required. 

2. Initialization Phase. The arithmetic type of the elements of Dis determined as a func­

tion of the types of A, Band C and the precision requested by the user. Various parameters for 

Methods One, Two and Three are computed and used to estimate the core storage required and 

execution times. These parameters include: 
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NA - number of words/row in [AJ. 

NB - number of words/row in [BJ. 

SUBROUTINE DESCRIPTIONS 

N0 - number of words/column (non-transpose case) or number of words/row (transpose case) 

for [DJ or [AJ. 

MA) MB - order (row• column) 

MC 

of [AJ, [BJ and [CJ respectively. 

J =NB~ No - number of columns and rows per pass. Fatal exit if less than one. C is open 

core minus one system buffer. 

P - number of words/element in [DJ. 

:: } - density of [AJ, [BJ and [CJ respectively. 

Po - density of [DJ estimated as maximum of PA and Ps 

CA,RA} 
c8,R8 - number of columns (C} and rows (R} for [A], [BJ and 

cc,Rc 
[CJ respectively. 

Tm,Tmt'Ti,Tu,Tp,Tbp - System timing constants for Multiply-tight, Multiply-loose, INTPK, 

UNPACK, PACK and Buffer-pack respectively. 

TpC • Mc (0.05 + 0.95pc) Tu - unpack time for [C]. o.o if no [C]. 

TmA • MA (Tm+ ~1 - PA) Tm1) - multiply time for [AJ. 

T;A • (RAPA+ S} CATi - unpack time for [A]. 

TuB • CACB (0.05 + 0.95 Pg) Tu - unpack time for [B]. 

TpD • RACB (0.1 + 0.9 Pol Tp - pack time for [DJ. 

For Method One the time is estimated by: 

c8 - 1 
N1 - J - integerized number of passes. 
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For Method Two the core and time are calculated by: 

C = open core - 3 buffers - ND or NB (T 1 O) 

(2 • p )M p 
N2 = ci\ A A - i ntegeri zed number of passes 

K = maximum number of nonzero words/column for [B] 

c2 = CB(RAPc + 5) - if [CJ is present, 0.0 otherwise 

N2 + 1 N2 - 1 
T2 = P2pATmA + CB(RApA + S)Ti + NzTuB + 2 (RApD + S)CBTbp + 2 (RApD + S)Ti + c2 

where the length of the strings are assumed proportional to PA· 

Method Three is only calculated for the [AJT case as follows: 

{ 
open core - 3 buffers ( no [CJ) 

C = 
open core - 4 buffers (with [C]) 

. . (C - MA ) P3 • minimum RAP , CA 

CA - 1 
N3 • p + 1 - integerized number of passes 

3 

N3 + 1 
T3 = MACBpBTm + MA(0.05 + 0.95pA)Tu + N3 (CApB + 5)Ti + 2 TpD 

N3 - l 
+ 2 ( RApD + l O) CB Ti + T uC 

These time estimates, T;, and the number of passes may be printed for each of the methods 

by setting DIAG 19. Note that CPU and not I/0 time is used to arrive at these estimates. The 

method with the minimum time estimate or the method selected by number with SYSTEM(58) is used. 

By inspection of the equations for T, the running time is proportional to PA for Method One {where 

Pe considered full), is proportional to the product PA* Pe for Method Two, and is proportional to Ps 

for Method Three where sparsity of PA is not considered. These three methods are described below. 
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3. Method One. The allocation of core storage for Method One is shown below: 

JZB or JZOB 

NZZ 

NZ 

z 
l dll 

d21 
. . . 

dnl 

d12 
d22 . . . 

· dn2 

. . . 
dlr 
d2r . . . 

· dnr 

bn 
b21 . . . 
bml 

b12 
b22 . . . 
bm2 

. . . 
blr 
b2r . . . 
bml" 

GINfJ buffer 
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Columns of 8 and Care read and unpacked by UNPACK. INTPK is called to initiate reading and 

interpreting the tth column of A (t = 1 initially). For each non-zero in A, ait or at; depending 

on T, the following arithmetic computations are made: 

T = 0: 

T t- 0: 

dij = ait btj + d;j 

dtj = at; b;j + dtj 

where j runs across the columns of 8 and D currently in core. At the conclusion of a pass of the 

A matrix, the columns of Din core are packed and written by PACK. The process if repeated until 

the multiplication is complete. The scheme for each is diagramed below. 

INTPK Terms MAX 
UNPACK columns 

MAX 
UNPACK columns 

Non-Transpose Case (T • 0) 

t 

I 

INTPK Terms MAX 

MAX 
UNPACK columns 

UNPACK columns 

Transpose Case (T; 0) 

4. Method Two. The allocation of core storage for Method Two is shown on the next page. 
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z 

AC0RE~~~ ... 

FIRSTL~~~ ... 

BUF3~~~~~ 

BUF2~~~~ .. 

BUFl----
NZ-+ 

SUBROUTINE DESCRIPTIONS 

Storage for one column of 
Dor B 

I 
No. n.z. tenns1Row pos. of 
in string I 1st n.z. tenn 

1 

Non-zero tenns 
. . . . . 
. . . . 
I No. n.z. tenns 1Row pos. of 

in string I 1st n.z. term 
t 

Non-zero terms . . . . 
. . . . . 

No. strings in 1st col. of A 
Pointer to 1st col. of A 

GINf) buffer 

GINJ buffer 

GIN0 buffer 
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To begin each pass of Method Two, as many columns of A that can be held in core are read using 

INTPK and stored in core in strings. Each string consists of a string definition word followed by 

consecutive terms of a column such that no two consecutive terms are zero. For each column there 

exists a pair of column definition words -- one points to the first string in the column and the 

other defines the number of strings in the column. The number of passes is determined by the size 

and density of the A matrix. 

The following operations are perfonned for the nontranspose case: 

1. UNPACK is called to unpack the next column of C into the D matrix area. 

2. INTPK is called to read the non-zero terms of the corresponding column of B. 

3. MPY2NT is called to perfonn the operation dik = aij bjk + cik . Each non-zero element 

of B (bjk) will combine with all non-zero elements in the jth column of A and add to the 

corresponding elements in the kth column of Din core. 

4. When all columns of A in core are complete, the column of Dis packed and written by 

PACK. 

5. When all columns of Band Care complete, a test for completion of the multiplication 

is made. 

6. If incomplete, the C and O files are switched and the process described above is 

repeated. 

This scheme is diagramed below. 

String terms 

INTPK terms 
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The following operations are perfonned for the transpose case: 

1. UNPACK is called to unpack the next column of B into core. 

2. INTPK is called to read the non-zero terms for the corresponding column of C. 

3. BLDPK is called to initiate the packing of a column of D. 

4. MPY2T is called to perform the operation dik = ta;j bjk + cik for each row of A in core. 

5. The elements of Dare packed using ZBLPKI. 

6. When all columns of Band Care complete. a test for completion of the multiplication is 

made. 

7. If incomplete. the C and D files are switched and the process described above is repeated. 

This scheme is diagramed below. 

String tenns BLDPK terms 

UNPACK column 

If. after completion of Method Two, there has been an even number of passes of the B matrix, 

FILSWI is called to switch the D matrix from a scratch file to its assigned unit. 

5. Method Three. To begin each pass of Method Three. as many rows of A that can be held in 

core are read using UNPACK. The number of passes is detennined by the total number of terms in the 

A matrix and the number of tenns of available core. 

The following operations are perfonned: 

1. UNPACK is called to unpack the next column of E in the D matrix area (except on first 

pass in which case the D area is set to zero}. 

2. If last pass, the next column of C is read interpretively (if present} and added to the 

D tenns currently in core. 
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3. MPY3T is called to perform the operation 

di = di+ aijbj 

for all non-zero elements in the current column of Band all rows of A currently in core. 

4. The current column of Dis packed in the D file. 

5. When all columns of Band E are complete, a test for end of the multiplication is made. 

6. If incomplete, the D and E files are switched and steps 1 through 5 are repeated. 

The scheme is diagramed below. 

P3 P3 .... 

UNPACK rows UNPACK column 

INTPK terms 
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The allocation of core storage used above is shown in the following figure: 

z 
l 

ACll)RE 

BUF4 

BUF3 

BUF2 

BUFl 

NZ 

dl,k 

d2,k 
. . . 

ail 

ai2 
. . . 

ain 

. . . 

. 

aR.l 

a.e.2 . . . 
a.e.n 

GINIIJ Buffer 

GINIIJ Buffer 

GINQJ Buffer 

GINIIJ Buffer 
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3.5.12.5 Auxiliary Subroutine MPYQ 

l. Entry Points: MPYl, MPY2NT, MPY2T, MPY3T 

2. Purpose: MPYQ is called once per execution of MPYAO. It performs general initialization 

for each of the other entry points. 

MPYl. MPY2NT, MPY2T and MPY3T perform the inner loops for Method One, Method Two 

(non-transpose), Method Two (transpose) and Method Three (transpose) respectively. For 

efficiency these routines are written in assembly language for each of the machines. A 

F0RTRAN version of MPY3T is also available. 

3.5.12.6 Auxiliary Subroutine FILSWI 

l. Entry Point: FILSWI 

2. Purpose: Auxiliary subroutine to switch unit reference numbers in /XFIAT/ in the 

event that the product matrix in Method Two ends up on a scratch file (even nunt>er 

of passes of B matrix). 

3.5.12.7 Design Requirements 

Core storage must be sufficient to hold one unpacked column of B plus one unpacked column of 

D plus one GIN0 buffer. 

The matrices to be multiplied (and added) must have compatible dimensions. MPYAD checks 

for this condition. 

3.5.12.8 Information Messages 

C0NMSG is called at entry and at exit from MPYAD. Consequently, the line xxxxx MPYAD will 

appear twice for each call to MPYAD (where xxxxx = time in seconds). The difference is the 

execution time for MPYAO. 

MPYAD method selection data is printed under control of DIAG 19. 

2102 LEFT-HANO MATRIX R0W P0SITI0N ~~0UT 0F RANGE - IGN0RED, 

A term in the A matrix whose row position is larger than the stated dimension was detected 

and ignored. 
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3.5. 12.9 Diagnostic Messages 

The following messages may be issued by MPYAD: 

3001 - undefined file when opening 

3002 - end of file encountered 

3008 - insufficient core 

3050 - insufficient time 

3055 - incompatible matrices 
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3.3.13 SSG2B (Driver for MPYAO). 

3.S.13.1 Entry Point: SSG2B. 

3.5.13.2 Purpose 

To drive M?YAD to compute 

[DJ = :. [AJ [BJ.:, [CJ 

or 

[DJ = :. [AJT [BJ:, [CJ 

3.5.13.3 Calling Sequence 

CALL SSG2B(FILEA,FILEB,FILEC,FILED,T,PREC,IS1GN,SCR1) 

FILEA - Gii'l0 name of [AJ - integer - input. 

FILES - GIN0 name of [BJ - integer - input. 

FILEC - GIN0 name of [CJ - integer - input. 

FILED - GIN0 name of [DJ - integer - output. 

T - Transpose flag - integer - input. 

T • 0 implies use [A] 

Tc 1 implies use [A]T 

PREC - Precision of computation - integer - input. 1 = real single precision, 

2 • real double precision, 3 • complex single precision, 4 c c~mplex double 

precision. 

!SIGN - Sign of products - integer - input. 

SIGN • + l =/ I :,,.!sign [AS] • sign (ISIGN) 
- sign [CJ = sign (ISIGN) 

I !SIGN I > 1 ?> + [AB] - [CJ 
I ISIGNI < 1 -> - [AB] + [CJ 

SCRl - GIN0 scratch file - integer - input. 

3.5.13.4 Method 

SSG23 fills /MPYAOX/ and calls MPYAD to com~ute [O] in above equation. 

3.5.13.5 Design Requirements 

Open core at /SSG32/. 
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3.5. 13.6 Diagnostic Messages 

The following message may be issued by SSG2B: 2363. 

3.5-31a (12/31/77) 



MATRIX SUBROUTINE DESCRIPTiONS 

THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 
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3.5.14 SDCOMP (Syrm1etric Decomposition) 

3.5. 14. 1 Entry Point: SDC0MP 

3.5.14.2 Purpose 

To decompose a symmetric matrix [A] into the fonn [A]= [L][D][L]T where [L] is a unit lower 

triangular matrix and [DJ a diagonal matrix stored in place of the unit elements on the diagonal 

of [L]. On option, the Cholesky decomposition [A]= [C][C]T is done for a real, positive definite 

matrix, with only the lower triangle [C] being output. SDC0MP will also compute the determinant 

of [A] and minimum diagonal element of [L]. 

3.5. 14.3 Calling Sequence 

CALL S0C0MP ($n1,Z,Z,Z) 

C0MM0N/SFACT/A(7),L(7),Q(7),SCR1,SCR2,NZ,OETR,DETI,P0WER,SCR3,MINDIA,CHLSKY 

A(7) - Matrix control block for [A] 

L(7) - Matrix control block for [L] or [C] 

Q(7) - Q(l} • SCR4, Q(2) ••• Q(7) not used 

SCRl, SCR2 
SCR3 , SCR4 - Four scratch files. 

NZ - The number of computer words at Z. 

DETR, DETI - Double precision cells where the scaled value of the detenninant of 
[A] will be stored 

P0WER 

MINDIA 

CHLSKY 

z 

3.5.14.4 Method 

- Scale factor to be applied to DET (Oetenninant • DET*lO**P0WER}. 

- Double precision cell where the absolute value of the minimum 
diagonal element of [A] will be stored 

- When CHLSKY • 1, fonn [C] 

- An area of working storage. 

- Statement number to which control is transferred if the decomposition 
fails. 

The following discussion will be based on the equation 

[A] • [L][U] 
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where [L] is a unit lower triangle. The elements of the upper triangle may be computed by the 

following recursion fonnula: 

i-1 
= a1J. - r: 

k=l 

For symmetric matrices without pivoting, the upper and lower triangular elements are related 

as follows: 

Substituting the relation in Equation 3 into Equation 2 gives: 

Now, k < i ~ j, so that only previously computed results occur on the right-hand side of 

Equation 4, if the elements uij are computed in order, starting with the first row. 

(2) 

( 3) 

(4) 

For the first row, uij • aij' as the second term in Equation 4 is zero. Next, the second 

tenn within Equation 4 is determined fork• 1 with i and j taking on all values greater than l, 

for which there are non-zero terms, uij' in the first row of matrix (AJ. The results are stored 

in the ij positions. This results in a triangular array having a side dimension equal to one less 

than the number of active columns, which is the same as the number of non-zero terms in the first, 

or more generally the pivotal, row. The locations of the non-zero tenns for the preceding opera­

tions are shaded in Figure 1 for a particular matrix. The X's indicate the locations of non-zero 

terms in the original matrix and the O's indicate the locations of terms that are initially zero, 

but become non-zero as the decomposition proceeds. The shaded locations in the first row form 

the pivotal row and the remaining shaded locations are the contributions from the second term of 

Equation 4, A compact storage array is shown in Figure 2 with the shaded area. The integers in 

the first row are the numbers of the active colul!'l'ls. 

The second row of [UJ is obtained by adding the second row of the matrix (A] to the previously 

computed results in the first row of the triangular array, which is the second shaded row in 

Figure 2. The next step is to calculate the contributions from the second half of Equation 4 for 

k • 2, and with i and j taking on a11 values greater than 2 associated with non-zero columns of 
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[U] for the second row. The results are combined with previously computed results in the ij 

positions. The locations of the non-zero operations when the second row is pivotal are shown as 

shaded areas in Figure 3. The equivalent compact storage array is shown in Figure 4. The integers 

in the first shaded row are the numbers of the current active columns. 

The third row of [U] is detennined by adding the third row of the matrix [A] to the associat­

ed terms in the current first row of the previously computed triangular array. These terms are 

located in the second shaded row of Figure 4. This process continues with k taking on all values 

from l to N • 1, where N is the order of the matrix. 

It is clear from the previously described procedure that if a triangular array having a side 

dimension equal to the number of active columns is available in main storage, the decomposition 

can proceed in a single pass without using secondary storage_ for any of the intermediate matrix 

operations. The number of active columns is always equal to the number of non-zero terms in the 

pivotal row, which is identified with the i~dex of kin Equation 4. It is clear that in general 

the number.of active columns will vary as the decomposition proceeds, and k takes on all values 

from 1 to N - 1. This means that the actual positions within the triangular array for particular 

values of i and j will be different for each pivotal row, or for each value of k. 

It should be noted that the number of active columns can increase by any number. up to a 

total number of N - k at any point of the decomposition. However, if it is assumed that the 

number of active columns will never decrease by more than one for each new pivotal row, it is 

possible to store the current calculations dynamically in the same array with previous calculations 

without interference. This is equivalent to assuming that once a column becomes active that it 

remains active until the column intersects the diagonal (column nuri>er equals pivotal row number). 

This assumption wi11 not cause errors in the calculations, but will result in the perfonnance of a 

number of zero operations and require additional working space in main storage. 

If at some point in the decomposition the diagonal tenn of the pivotal row initiates a new 

active column, all active columns will tenninate in the previous row (change status from active to 

passive). The shaded part of Figure 7 indicates the non-zero terms in the upper triangular factor, 

where the original no~-zero terms are indicated with X's. Columns 7, 9, and 13 are tenninated at 

row 3, and columns 11 and 14 are tenninated at row 6. New active columns will be activated only if 

the original matrix contains non-zero terms in the current pivotal row (columns 5 and 11 of row 4, 

or column 8 of row 7 in Figure 7). Columns will be reactivated (change status from passive to 
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active) if the second term in Equation 4 has previously made a non-zero contribution to the 

current pivotal row (columns 9 and 13 of row 7 in Figure 7). 

An allowance is made for the tennination of active columns at the expense of writing the 

contents of the working area (passive elements) on a secondary storage file in order to save these 

intermediate results until a later stage of the decomposition. Figure 8 indicates the positions 

of non-zero tenns when row 3 is the pivotal row. The shaded tenns in rows 7, 9, and 13 are written 

on a secondary file prior to operations with row 4 as a pivotal row. These terms are not needed 

until each of the rows 7, 9, and 13 become pivotal. 

Figure 9 indicates the positions of non-zero terms when row 6 is the pivotal row. The shaded 

terms in rows 11 and 14 are merged with those of rows 7, 9, and 13 already existing on secondary 

storage. When row 7 becomes pivotal, the contents of the secondary file for row 7 is added to 

those of row 7 for matrix [A]. The contents of this secondary file will be referred to as passive 

elements. whereas the contents of the working area in main storage are referred to as active 

elements. 

The actual decomposition is preceded by the generation of an active column vector for each 

pivotal row. The active column vector contains the column number for each active column and is 

generated as follows: 

l. The current active colunm vector (AC) for a particular pivotal row is a union 

of all column numbers from the previous active column vector (except the first 

entry), the column numbers of the non-zero terms in the current row of the 

matrix [A], and the colunm numbers for non-zero terms associated with the 

previous termination of active columns (passive elements become active). 

2. If a zero diagonal term is encountered, the row number is saved, and the rest 

of the matrix scanned for zero diagonal terms. The total number of zero 

diagonals and the row numbers of the first twenty are printed as a user 

information message. SDC0MP then returns to the calling program via the non­

standard return. 

3. New active columns are identified by setting the column numbers negative when 

they appear in the active column vector. 
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4. Secondary storage required for intennediate matrix operations is determined. No 

spill is required if 

2C + (C)~C-1) ~ W 

where C equals the number of entries in AC and W equals working space for calcula­

tion of the triangular factor. The value of W assumes 5 buffers. 

5. The active column vector is written on a scratch file along with the pivot row. 

The maximum number of active columns, as well as a running sum is saved in order 

to calculate the average number of active columns. Also, the maximum number of 

passive columns, as well as a running sum of the number at each active column 

tennination point, is saved in order to calculate the average number of passive 

columns. The maximum and average number of active and passive columns is output 

as a user information message. 

6. If spill is required, the number of rows. S, that can be held in W for the 

current number of active columns. is calculated according to the following 

equation: 

2C + S(C-1) - (S)~S-l) • W 

The end of the current spill group is the column number that is S-positions 

beyond the beginning of AC for the first row of the spill group. 

7. If.the number of active columns in any row of the spill group is greater than 

the number of active columns in the first row of the spill group, a check is made 

for each such row for a possible reduced value of the number of rows that can be 

held in W for the spill group. Sc is calculated from the following expression: 

S (S - 1) 
2C + S (C - 1) • c c • W 

C C C 2 

where Cc equals the number of active columns in the current row of the spill 

group. If 

s > cs c-
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where Cs is the number of active columns in the current row in the range of the 

spill group, no reduction in the number of rows in the current spill group is 

necessary. Otherwise, the range of the spill group is reduced to satisfy 

Equation 8. 

8. If the following conditions are all satisfied, all active columns are terminated 

in the previous row and they become passive columns. 

AC(2) - AC(l) l. CL0SE 

where AC• Active colunm vector 

Cc= Current number of active columns 

Rc = Current row number 

RP• Row number of last active column termination. 

If a spill condition exists, the spill group is terminated with the previous row. 

The estimated time for the decomposition is calculated from the following expression: 

N N 
T • l Mt >. Cf + I ( l +n) ~ C. R. + l I ~ C2 

;":'t i•l 1 1 S 

N 
+ } ( P + P ) ~ ct2 + P I: c,. 

p g p i•l 

Mt • time for tight multiply-add loop 

I • time to read and write one tenn on spill file 

PP • time to put one term in write buffer 

Pg • time to get one term from read buffer 
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order of matrix 

number of active columns in the ;th row 

number of core-held rows in the current spill group 

number if I/0 transfers on the ;th row. R; may be approximated by the 
C; 

integral part of s"" . 

cs = number of active columns at beginning of spill operations that are out of 

range of first spill group (column numbers greater than last row in spill 

group) for each time that spill operations begin. 

Ct = sum of number of passive columns on secondary storage and number of active 

columns in working space for each time that active column termination 

occurs. 

n = number of words per ten11. 

For all pivotal rows without spill, the second term of Equation 13 is zero. The estimated 

time is printed out as a user infonnation message, along with the maximum number of active columns, 

the average number of active columns, the maximum number of passive columns, the average number of 

passive columns, the total number of spi11 groups, and the average nunter of rows in a spill group. 

The decomposition of the matrix proceeds as follows: 

1. The active column vector is read from the scratch file into array AC. The use 

of working storage without spill is shown in Figure 5. The ac~ive column vector 

and the pivotal row are located at the top of working storage. The triangular 

array for the decomposition products is located at the bottom of working storage. 

2. If the next pivota1 row is on the spill file, it is read into array P. 

3. If the next pivotal row is not on the spill file, it is created as follows: 

P(i) • W
1
(t) + A(j) + B(j) + F(j) 

where i • all integers from 1 to C 

C • number of entries in AC 

j • column number in the i-position of AC 

A(j) • zero if term is zero in original matrix (A] 
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Wa(t) = zero if column number in i-position of AC is negative, 
or if first entry in AC is negative 

Wa = working array associated with previous pivotal row 

F(j) = zero if first record on spill file is empty 

B(j) = zero unless next row on passive element storage file 
equals pivotal row number. 

4. The origin of Wais located at a distance from the end of the working space, W, 

equal to 

where Sc= number of rows currently in working space W 

C = current number of active columns 

when the pivotal row is within the current spill group. The compact storage for 

a spill group is indicated in Figure 6. A possible reduction in the number of rows 

that can be held in Wis indicated when the third from the last row of the spill 

group is the pivotal row. 

In the case of no spill. Sc= C. 

If the pivotal row is on the spill file {pivotal row precedes current spill group), 

(15) 

S • C - C C p (16) 

where CP • number of previously processed columns. providing 

where ex satisfies the equation 

Otherwise. Sc extends over the full range of the current spill group. 

5. If active column tennination occurs in the previous row. the contents of Ware 

merged with the contents of the passive column file. The file is rewound and 

opened to READ. 
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6. Processing for the next column proceeds as follows: 

P(i) = - ¥ 
where P = diagonal term in pivotal row 

= C + 1 • C + S p p C 

CP ~ i-position in P of last column processed 

Sc= current number of rows in W 

If imax < C, the column nuooers in the range of i are less than or equal to the 

number of the last row in the current spill group. 

(19) 

( 20) 

where k = i ,C 

j = 1,Wb 

i • Ca, Wa (Ca• 1 if pivotal row is on the spill file.) 

Ca• number of active columns in previous pivotal row 

Wb • working array associated with current pivotal row 

Wa(1) equals zero if the column nuni)er in either the i-position or the k-position of 

AC is negative. The indexes j and k are incremented together; the index 1 is •ncre­

mented only when W
8
{1) is not equal to zero. The operations are perfonned in groups. 

If i-position is negative, k is indexed from i to C, and j is indexed for the next 

(C - 1+1) locations. If i-position is positive, k is indexed in groups of positive 

entries in AC. The indexing of k is interrupted only when new active columns appear. 

7. Consider the inner loop of Step 6 for each pivotal row. If the loop terminates with 

i • C, the pivotal row is complete and is written out as the next column of L with 

the associated diagonal tenn. 

8. If the inner loop tenninates with i < C and the current row is the first row of a 

new spill group. (not read from spill file), the contents of W that are out of range 

of the current spill group (active column nuooers greater than last row nuooer in 

current spill group) are merged with the contents (if any) of the first record on 
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spill file. Remaining terms are moved to end of W. This situation is shown in 

Figure 10, with the second row pivotal, and 4 rows in the spill group. The non­

zero terms in rows 8, 9, and 13 are beyond the current spill group. The non-zero 

term in row 9, as shown in Figure 1, is written on the first record of the spill 

file. 

9. If the inner loop terminates with i < C, the pivotal row is not complete, and it is 

written on the spill file. 

10. After completing the last row of the spill group, the spill file is rewound and 

opened to READ. All rows in first record that are beyond the range of the next 

spill group are copied as the first record on the second spill file. The READ 

file is rewound when next pivotal row is not on spill file in order to have 

access to the terms on the first record of the spill file. 

11. If the next-to-last pivotal row is written on L, Step 12 is executed nexti other­

wise, Step 1 is next. 

12. The last diagonal term is written on L~ 

13. On option, the diagonal elements from the original matrix aii and the upper 

triangular factor uii are read and the following operations are performed: 

a. The number of terms for which u1i < O is detennined. 

a;; 
b. £ • ~ is calculated and sorted by absolute magnitude. 

S Uii 

c. The maximum value (£
5

m) of £
5 

is determined. 

d. The number of £s values (Ni) in the following ranges are determined: 
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e. A user infonnation message with the following items is printed: 

(1) Number uii < 0 

(2) Esm 

(3) N1 through N6 
(4) Row numbers for five largest £s 
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Figure 1. Decomposition with First Row as Pivotal Row 
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Figure 2. Compact Storage with First Row as Pivotal Row 
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Figure 3. Decomposition with Second Row as Pivotal Row 
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Figure 4. Compact Storage with Second Row as Pivotal Row 
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Figure 5. Compact Working Storage 
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Figure 6. Compact Storage with Spill 
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Figure 8. Decomposition with Third Row as Pivotal Row 
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Figure 9. Decomposition with Sixth Row as Pivotal Row 
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Figure 10. Spill with Second Row as Pivotal Row 
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3.5.14.5 Auxiliary Subroutine SDC0UT 

1. Name: S0C0UT 

2. Purpose: To write a row of a matrix in string fonnat using PUTSTR/ENDPUT 

3. Calling Sequence: 

CALL SDC0UT (BL0CK,R0W,AC,N,VEC,VEC) 

BL0CK - 15-word array in which the first three words have been completed with 
GIN0 file name, type and fonnat. 

{ 
0: row number= AC(l) 

- ~O: row number= R0W R0W 

AC 

N 

VEC 

- a vector of N column positions (column numbers may be< O) 

- the number of words in AC arid the number of tenns in VEC 

- a vector of N tenns. The position of each tennis defined by the integer 
stored in the corresponding position of AC. 

3.5.14.6 Auxiliary Subroutine SOCIN 

1. Name: SDCIN 

2. Purpose: To read a row of a matrix using GETSTR/ENDGET and add the tenns of 
the row into a vector 

3. Calling Sequence: 

CALL SDCIN (BL0CK 1AC 1 N1 VEC 1 VEC) 

where the arguments are defined as in SDC0UT. 

~: The initial call to GETSTR for the row is assumed to have been 
made prior to CALL SDCIN. 

3.5. 14.7 Auxiliary Subroutine SDC0M 

1. Name: SDC0M 

2. Entry Points: SDC0Ml, SDC0M2, SDC0M3, SDC0M4 

3. Purpose: To compute the contributions of the current pivot row to subsequent 
rows of [L]. 
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4. Calling Sequence: 

CALL SDC0Mi (P,AC,WA,WB} 

where 

i - 1,2,3 or 4 for the RSP, RDP, CSP or CDP version respectively. 

P - current pivot row 

AC - active column vector for P 

WA - First address of previous contributions to be accumulated 

WB - First address where current contributions are to be stored. 

Note: Implementation of the various entry points is computer dependent. 
Independent F0RTRAN versions are available for each entry point. 
Assembly language versions are provided for the most commonly 
used entry points by computer type (e.g., SOC0Ml for CDC, SDC0M2 
for IBM}. 

3.5. 14.8 Design Requirements 

Core storage requirements include 5 GIN0 buffers and a minimum of 3*CMAX terms where 

CMAX = maximum number of active columns in a pivot row. 

3.5.14.9 Infonnation Messages 

1. C0NMSG is called following the preface of SDC0MP (prior to the actual decomposition} and 

after the actual decomposition is completed {prior to the optional statistics computa­

tion}. 

2. Message 3023 prints the following parameters regarding the decomposition: 

data b 1 ock name 

N - nuni)er of rows in the data block 

TIME ESTIMATE - the estimate in seconds to perfonn the actual 
decomposition 

C AVG - the average number of active columns per pivot row 

PC AVG - the average number of passive columns at each active 
column tennination point 

SPILL GR0UPS - the number of spill groups 

S AVG - the average number of rows in each spill group 

ADDITI0NAL C0RE - if positive, the number of additional computer 
words required to avoid spill. If negative, 
the number of unused computer words in this 
decomposition. 
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C MAX - the maximum number of active columns in any one pivot row 

PC MAX - the maximum number of passive columns at any one active 
column termination point 

PC GR0UPS - the number of active column termination points 

PREFACE L00PS - the number of times which the preface to the actual 
decomposition is executed. 

3. If the 57th word of /SYSTEM/ is non-zero, statistics regarding the decomposition 

are prepared and message 2314 is printed. Section 3.5.14.4 contains a definition 

of these statistics. 

3.5.14.10 Diagnostic Messages 

1. Message 3007 is given if the matrix is not square. 

2. Message 3008 is given if the preface cannot be executed. 

3. The message 

SDC0MP FATAL MESSAGE nnnn -- L0GIC·ERR0R 

may occur followed by the contents of /SDC0MX/. This message indicates a program 

design error or unexpected condition. nnnn refers to the nearest F0RTRAN state­

ment label at which the error is detected. 

4. Message 3097 is printed in the case of a singular matrix prior to a non-standard 

return. 
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3.5.15 DEC~MP (Unsymmetric Matrix Decomposition) 

3.5.15.1 Entry Point: DEC0MP 

3.5.15.2 Purpose 

To decompose a real square matrix [A] into the fonn 

[A] = [L][U] 

(where [L] is a unit lower triangular matrix, and [U] is an upper triangular matrix), using 

partial pivoting within the lower band. 

3.5.15.3 Calling Sequence 

CALL OEC(1MP ($n,X,X,X) 

C0MM(1N /OC(1MPX/ A(7),L(7),U(7),SCR(3),0ET,P0WER,NX,MINDIA,B,BBAR,C,CSAR,R 

n - Statement number to which control is transferred if [A] is singular. 

X - An area of core available to DEC0MP. 

A - Matrix control block for the input matrix (A] (if A(l) < 0, avoid 

re-writing (UJ 1n reverse order). 

L,U - Matrix control blocks for the output matrices (L] and (U]. 

SCR(3) • GIN0 file names for three scratch f11es - integer. 

DET • Double precision cell where the scaled value of the detenninant of [A] 

wi 11 be stored • 

P~WER • Scale factor to be applied to DET (det((AJ) • DET * 10**P'1!~ER). 

NX - Number of computer words available at X. 

MINDIA - Double precision word where the value of the minimum diagonal of (U] is 

stored. 

( 1 ) 

Integer values describing the upper an, lower semi-bandwidths, number of active 

rows and columns and number of columns of (L] held in core, used to decompose 

(A]. (If B, BBAR • O, GENVEC is called to compute the parameters before de­

composing (A]. If B, BBAR; 0, the given parameters are used for decomposition), 
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3. 5. 15. 4 Method 

1. Mathematical Considerations: By expanding Equation 1, introducing element notation, 

and forming the multiplication, we can solve for the elements of [L] and [U]. These 

equations are given by: 

j-1 
1;j = [aij - k:l 1ik.ukj]/ujj, i > j 

1-1 
uij = aij - k:1 1ik ukj ,ii.j. 

2. General Conments: The implementation of the above equations is accomplished with 

several constraints in mind. The decomposition procedure is optimized such that the 

minimum number of operations is performed, with the minimum amount of core used. To 

accomplish this, the elements of the input matrix (A] are separated into two groups: 

terms inside the band (band elements), and terms outside the band (active elements)·. 

Also, pivoting is used only within the lower band to avoid unnecessarily filling the 

matrix with non-zero terms. 

Since, in practice, structural matrices tend to be semi-banded with scattered terms 

existing outside the band, this division of the matrix should optimize the decomoosition 

process. Several parameters are generated to describe this division. Bis defined as 

the upper bandwidth, Bas the lower bandwidth, C is defined as the number of active 

(2) 

(3) 

columns, and c as the number of active rows, where an active column is defined as a column con­

taining one or more active elements above. the diagonal, and an active row contains one or more 

active elements below the diagonal. Corresponding to these parameters, several storage areas 

are defined to hold the various parts of the matrix. The description and location of these 

areas are given in Figures 1, 2 and 3. A flow chart for DEC0MP is given in Figure 4. 

The storage areas in Figures 1, 2, and 3 are defined as follows: 

I Storage for the completed columns of [L] still required for computation. 
II Storage for the current column being computed. 

III Storage for active column elements. 
IV Storage for active row elements. 
v Storage for elements created by interactions between active row and column elements. 

VI Storage for indexes identifying active columns. 
VII Storage for indexes identifying active rows. 
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Figure 3. Allocation of core for DEC"MP 

3.5-60 {7/4/76) 



( l ) 

(3) 

(4) 

(5) 

MATRIX SUBROUTINE DESCRIPTIONS 

ENTER 

Initialize 
Parameters 

YES 

YES 

NO 

Pick thP Ootim1111 
B,~,C,C,R (GENVEC) 

Initialize Pointers 
to Various Core 
Areas 

NO 

Transpose the 
Active Co h111n 
Tenns (TRANSP) 

YES 

( 2) 

Solve a Matrix of 
Order 1 or 2 
(¢tlETW¢) 

(6) 

Generate Active Colunns 
Corresp!:_Wding to Active......,~ 
Elements in the First 
B + 1 Rows of [ A ] 

.Fiqure 4-.(a) DEC!iJMP program flow 

3.5-61 (7/4/76) 

RETURi~ 



SUBROUTINE DESCRIPTIONS 

(7) 

(8) 

Read Sand Portion of 
A into Area III 

Read Active Rew 
Tenns into Area IV 

(22) 

Finish Outputing 
Columns of [L]. 
Re·1~ri te [U] 
(FW,·iRT) 

NO 

Add Active Column 
(Area III) into Area II 

(9) Ac!d :rteraction Tenns 
:~rea '!) to Area IV. 

Operate on the Current 
(10) Column of [A]by All 

Previous Columns of [L] 

(11) Compute the Elonents 
for Active Rows 

( 12) 

Search the Lower Band of 
~rea II for the :v1aximun 

..._ ____ ~Element and Interchange ..... --1~ 

Rows to '.·1ove 1 t to the 
Dia onal · 

Figure4.(b) DEC0MP Program flow 

l.5-62 (7/4/76) 

RETURII 



( 13) 

( l 4) 

( 15) 

MATRIX SUBROUTINE DESCRIPTIONS 

Interchange Active 
Column Elements and 
Add in Tenns from 
Last Column of[L] 

Output Column of [U] 
Plus Active Co111nn 
Terms 

YES 

Compute Active Row-
Colunn Interaction 
Elements 

Move Elements of 
Area IV Over One 
Column 

Read Next Row of 
Active Column 
Elements 

Zero Area II 

NO 

Merge Interaction 

YES 

( 16) 
Move Elements 1n 
Area III One Row Up Elements into Area III 

Cl 7) Output Col 11nn of (L] 

Move .Elemen·ts-of Area I 
· Over One Co 1 umn. Add 

C lS) Lower Band of Area II 
to Area I 

if Necessary 

Figure 4. (c) DEC{aMP program flow 
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3. Program Flow: The flow chart in Figure 4 gives the logical program flow of OEC0MP. 

The following comments expand on certain portions of the flow chart: 

{1) Allocate buffers, initialize the determinant, and write header records. 

(2) If the order of [A] is 1 or 21 subroutine 0NETW0 is called to handle the 

decomposition. 

(3) If Band Bare input as zero, GENVEC is called to pick the optimum parameters 

for decomposition. 

{4) The pointers into the various areas of core shown in Figure 1 are computed. 

(5) If there exist active elements in the upper triangle, TRANSP is called to 

transpose these elements. 

(6) Active columns are initialized for all columns having an active element 

within the first B + 1 rows of [A]. 

(7) The band portion of the next column of [A] is read into Area II. 

(8) Any active elements occurring below the diagonal in the current column are 

added into existing active rows, or new active rows are created. 

(9) When an active column merges into the band, a column from Area III is added 

into corresponding positions in Area II, and a column of interaction elements 

in Area Vis added to the active row terms in Area IV. 

(10) The ~urrent column of [AJ in Area II is operated on by the columns of [L] 

stored in Area I. 

(11) Terms corresponding to active rows not yet merged into the band are added into 

Area II. 

(12) The lower band portion of Area II is searched for the maximum element. Rows 

are interchanged to bring it to the diagonal position, and the interchange 

index is stored in Area I. 

{13) Active columns elements are interchanged corresponding to the interchange 

within the band. If a column of [L] is about to be output (i.e., B + B 

columns of [L] are stored in Area lh terms arising from that column are added 

i~to the active columns. 
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(14) The column of [U] from Area II plus a row of active column terms in Area III 

are output. 

(15) If active rows and columns exist, terms arising from their interaction are 

computed and added into Area V. 

(16) Elements in the active columns are 1rt>ved up one row position in Area III to 

replace the output elements, and make room for a new row. 

(17) The first column of [L] in Area I is written out if Area I is full. The 

active row elements belonging to that column are also output. 

(18) The columns of [L] in Area I are moved over one column and the 1ower band 

portion of Area II is stored in Area I. 

(19) Active rows in Area IV are moved over one column. 

(20) The next row of active elements in the upper triangle of [A] is read. 

Elements are added to exist~ng active columns, or new columns are created. 

(21) When possible, a row of interaction elements in Area Vis merged into the 

bottom row of active column elements (Area III). 

(22) After processing all columns of [A], FINWRT is called to complete the 

outputting of [L] and to re-write [U]. 

3.5.15.5 Auxiliary Subroutine TRANSP 

1. Entry Point: TRANSP 

2. Purpose: To do an in-core transpose of the active elements occurring outside the band 

and in the upper half of the matrix (i.e., transpose all elements a1j such that j - i ~ B). 

3. Calling Sequence: CALL TRANSP (X,X,NX,A,B,SCRFIL) 

X - An area of core available to TRANSP. 

NX - Number of words available at X. 

A - GIN0 file containing the input matrix [A] - integer. 

B - Upper bandwidth of matrix [AJ. 

SCRFIL - GIN0 file where transposed elements are stored. 
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4. Method: The input matrix [A] is read, and all elements occurring outside the band in 

the upper triangle are stored in core, along with their row and column position. This list 

is then searched and elements output in transposed order. 

3.5. 15.6 Auxiliary Routine 0NETw0 

1. Entry Points: 0NETi~0, FINWRT 

2. Purpose: 0NETW0 is a separate routine whose sole responsibility is to solve matrices 

of order one or two. 

FINWRT is a section of code separated from DEC0MP due to compiler overflow. Its 

function is to finish outputting the remaining columns of [L] and to re-write the columns 

of [U]. 

3.5. 15.7 Auxiliary Subroutine GENVEC 

1. Entry Point: GENVEC 

2. Purpose: To pick the optimum B, a, C, e, and R for a given matrix [A]. 

3. Calling Sequence: CALL GENVEC ($n1,BUF,A,NX,X,N,B,BBAR,C,CBAR,R,IENTRY) 

n1 - Statement to which control is transferred if a null column is discovered 

BUF 

A 

X 

NX 

N 

B,BBAR, 

C,CBAR, 

R 

IENTRY 

in [A]. 

- Location of a GIN0 buffer. 

- GIN0 file containing .the input matrix [A]. 

- An area of core available to GENVEC. 

- Number of words of core available at x. 

- The order of the matrix [A]. 

{

Integer output parameters giving the ootimum values for the upper and lower 

- bandwidths, the number of active rows and columns, and the number of columns 

of [L] held in core. 

_ {• 1 imp11es DEC0MP called GENVEC. 
• 2 implies CDC0MP called GENVEC. 

4. Method: The following logic flow gives the means by which the optimum bandwidths are 

chosen. 
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A. Locate extreme non-zero terms 

1. Initialize active column list to zero. The length of the list is equal to the 

maximum value of the upper bandwidth (B) that is of interest. 
105 

(B = or the order of the problem, whichever is less. where N is the order of max met 
B 

the matrix and M8 is the arithmetic time inµ seconds for performing one multiply and 

one add. 

2. Initialize the column list to zero. The length of the list is the order of 

the problem. 

3. Locate the non-zero elements in the next column of the matrix. 

4. Insert the column number of all non-zero elements in the correct row position 

of the column number list with the following constraints: 

a. Consider only elements in the lower triangle. 

b. Do not insert column numbers in row positions already occupied. 

5. Insert the row number of the non-zero element located in the lowest numbered 

row into the column position of the row number list for the current column under 

consideration. 

6. Return to step 4 until all columns of the matrix have been processed. 

B. Determine active columns 

1. Zero counter E 

Set Counter F to N-1 

Set Counter G to N-1 

Set Counter H to 2 

2. Beginning with the last entry in the row number list, subtract the current 

value of counter H, and test for·a negative sign. If negative. increment counter 

Eby one. 

3. The current value of counter Eis the number of active columns when the upper 

bandwidth is equal to the current value of counter F. Compare counter E with the 

existing entry in the active column list for the bandwidth indicated by counter F. 

Update the active column list if counter Eis greater than the existing entry. 

4. Decrement counter F by one. Return to step 2 unless counter Fis zero. 
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5. Decrement counter G by one. Increment counter H by one. Set counter F to the 

value of counter G. Zero counter E. Return to step 2 unless counter G is zero. 

6. The final active column list contains the maximum number of active columns for 

bandwidths of unity through the maximum upper bandwidth investigated. 

7. Prepare reduced active column list by extracting pairs - minimum Band 

associated C for unique values of C. 

C. Determine active rows for given Band B 

1. Extract pairs (row number, L1 and column number, K) from the column number 

list for which 

L - K > B 

2. Consider a new list of pairs consisting of Kand L + B. For each pair 

(K. L + B) determine the number of remaining pairs (K;• (L + B)i) for which 

K; < L.+ B and (L + B)i ~ K 

3. The maximum number of pairs satisfying the relation in step 2 for any single 

pair is t for the given Band 8. 

o. Select 81 81 C and~ for Minimum Decomposition Time 

l. Select the next value of Band associated C from the reduced active column 

list (begin with maximum B of interest). 

2. Assume B •Band C • c . 
. 3. Calculate Rand T with preliminary timing equations. 

4. Save the minimum T and the associated Band C. 

5. Return to step 1 unless all entries in reduced active column list have been used. 

6. If the matrix is unsyrrrnetric use Band C from step 4 and set!'• a. 

7. Determine C for a given D and B. 

8. Calculate Rand T with the preliminary timing equations. 

9. Compare with the previous minimum T. 
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10. If the new T exceeds the previous minimum by more than 20% or B = maximum B 

of interest go to 12. 

11. Save the minimum T along with associated B, S, C and C. Increment S by 2% ot· 

the B associated with minimum T and go to 7. 

12. Return to B = S. 

13. Decrement S by 2% of the B associated with minimum T and determine the 

associated C. 

14. Calculate Rand T with the preliminary timing equations. 

15. Compare with the previous minimum T while decrementing S. 

16. If the new T exceeds the previous minimum by more than 20% or B • 2 go to 18. 

17. Save the minimum T along with associated B, S, C and C and go to 13. 

18. Save values of B, S, C and C associated with the minimum value of T from 

upsearch and downsearch on a, for use in decomposition. 

3.5.15.9 Auxiliary Function FINDC 

1, Entry Point: FINDC 

2. Purpose: To find the number of active rows (C) for a given Band S. 

3. Calling Sequence: CALL FINDC (B,BBAR,N,X,Y,CBAR) 

B - Upper bandwidth - integer. 

BBAR - Lower bandwidth - integer. 

N - Order of the problem. 

X - Column number list. 

Y - Scratch vector. 

CBAR - The number of active rows, C. 

4. Method: See step C in the GENVEC method. 
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3.5. 15. 10 Auxiliary Routin_e TIMEEQ 

1. Entry Points: T,TFIN,RC0RE 

2. Purpose: To compute the preliminary and final timing equations for decomposition, 

and to compute the core allocation function. 

3. Calling Sequences: CALL T (B,BBAR,C,CBAR,R,IENTRY,N,TIM) 

CALL TFIN (B,BBAR,C,CBAR,R,IENTRY,N,TIMEX) 

CALL RC0RE (B,BBAR,C,CBAR,N,IENTRY,NX,R) 

8 ,BBAR - Upper and 1 ower bandwidths, number of active rows and co 1 umns. C,CBAR, 

{
•1 implies entry was from DEC0MP. 

!ENTRY - =2 implies entry was from CDC0MP. 

N - The order of the problem. 

TIM - Floating point value for the preliminary time. 

TIMEX - Floating point value for the final timing equation. 

NX - Nunt>er of core words available to DEC0MP or CDC0MP. 

R - The number of columns of [L] that can be held in core (output by RC0RE, 

input to T and TFIN}. 

4. Method: The following equations are evaluated to give the desired output. 

where 

A. Core Function 

R • (NX - ((B + B + 1} + 2*IENTRY*MINO(N 1 B + J +I)+ 

2*IENTRY*C*(B + 2} + 2*e*IENTRY*(MINO(B + B,N) + 1) + 

2*IENTRY*C*C + C + C*IENTRY + C} - 6*SYSBUF)/(2*IENTRY*B) 

B. Preliminary Timing Equation 

TIM • N6 [MsBR + Mc(BC + se + se + 2CC) + IB(B + B - R - 1)] 
10 

Ms • Arithmetic time in~ seconds for one term inside the band. 

Mc • Arithmetic time in~ seconds for one term in the active row or 
active column. 
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I = I/~ time inµ seconds for one term. 

C. Final Timing Equations 

TIMEX is a function of T1, T2, T3 and T4 as defined below (P = matrix 

packing time inµ seconds for one term). 

r1 is given by: 

r, = Kl [MBBR + I9(B + 9 - R) + P(B + 29)], 

where 

where 

IO
N - B - 28 , if N - B - 29 > 0 

Kl = 
, if N - B - 2B ~ O • 

T2 is given by: 

K 
T2 • ~ [BK2Ma + (K3 - R)(I - Ma)B + 2PB + PK2] , 

if N ~ B + 29; otherwise, 

and 

KJ • !NB+ B if N ~ B + B 
if N < B + B • 

T3 is given by: 

where 

f B + B - R , if B .; R ~ 0 

!a , if B - R > 0 • 
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3 
Ks = B + ! B 

IN - R , if N - R < S 
~ = -S , if N - R > B • 

and 

r4 is given by: 

T4 = (N - B)[Mc(BC +BC+ Sc+ CC)+ P(C + C)] . 

Finally, 

where TIMEX is the total estimated time for decomposition. 

3.5.15.11 Auxiliary Subroutine DL00P 

1. Entry Points: DL~0P,DOL00P,XL~0P 

2. Purpose: To improve efficiency of F~RTRAN generated code for several loops 

in OEC0MP. 

3.5. 15.12 Design Requirements 

( 14) 

( 15) 

( 16) 

(17) 

( 18) 

Core storage requirements depend on the parameters B, B, C and C. Areas II, III, IV, and V 

must reside in core at all times, along with a minimum of two columns of Area I, and five r,I~0 

buffers. GENVEC is designed to pick the combination of B, B, C, and C such that the oroblem 

will allocate if at all possible. 

The file containing [U] is not in standard format, as the active column terms are stored 

out of place. For this reason [L] and [U] should be used as input only to GFBS or an associated 

routine. 
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3.5.15. 13 Information Messages 

l. C0NMSG is called at entry and exit from DEC0MP. The line 

XXXX DEC0MP 

will appear twice per decomposition. The actual execution time of DEC0MP will be the 

difference in the times (where XXXX = time in seconds). 

-2. Message 3028 gives the values of the parameter B, B, C, C, and R chosen for the 

decomposition. 

3. Message 3027 gives the estimated time in seconds for the decomposition. 

3.5.15.14 Diagnostic Messages 

Fatal error messages 3008, 3025, and 3097 may occur. 
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3.5.16 CDC0MP (Complex Matrix Decomposition) 

3.5.16. l Entry Point: CDC0MP 

3.5.16.2 Purpose 

To decompose a complex square matrix [A] into the fonn [A]= [L][U] where [L] is a 

unit lower triangular matrix and [U] is an upper triangular matrix. 

3.5.16.3 Calling Sequence 

CALL CDC0MP {$n1,X,X,X) 

C0MM~N /CDCMPX/ A(7),L(7),U(7),SCR(3),0ET(2),P0WER,NX,MIN0IA,B,BBAR,C,CBAR,R 

n1 - Location in calling program where control is transferred if [A] is sinqular. 

X - An area of working storage. 

A - Input matrix control block for [A]. 

L,U - Output matrix control blocks for [L] and [U]. 

SCR(3) - Three scratch files available for use. 

DET(2) - Two double precision words where the real and imaginary values of the 

determinant are stored. 

P0WER - Scale factor to be applied to the determinant (det ([A])• OET*lO**P~WER). 

NX - Number of computer words at X. 

MINDIA - Double precision word where the modulus of the minimum diagonal element 

of [U] is stored. 

B,BBAR, 
C,CBAR, 
R 

_ {If B • BBAR • O, compute and store B,BBAR,C,CBAR,R before decomposing [A]. 

If B or BBAR ~ O, use previously stored values. of B,BBAR,C,CBAR and R for 
decomposing. 
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3.5. 16.4 Method 

CDC0MP is simply a copy of DEC0MP with the arithmetic statements replaced by complex 

arithmetic. Pointers to storage areas were modified to accommodate the extra words needed. 

3.5.16.5 Auxiliary Subroutine CTRNSP 

Purpose: Complex version of TRANSP (see Section 3.5. 15.5). 

3.5. 16.6 Auxiliary Subroutine C0Ml2 

Purpose: Complex version of 0NETW0 (see Section 3.5.15.6) 

3.5. 16.7 Auxiliary Routine CL00P 

Inner loop routine. 

3.5.16.8 Auxiliary Routine CXL00P 

Inner loop routine. 

3.5.16.9 Design Requirements 

See subroutine descriptions for DEC0MP, Section 3.5.15. 

3.5.16.10 Diagnostic Messages 

See subroutine descriptions for DEC0MP, Section 3.5.15. 
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3.5.17 FBS (Forward - Backward Substitution) 

3.5.17 .1 Entry Point: FBS 

3.5.17.2 Purpose 

Given the decomposition of a real syrrmetric matrix [A] = [L][D][L]T FBS will perform the 

forward-backward pass necessary to solve the system of linear equations [A][XJ = [BJ. 

3.5.17.3 Calling Sequence 

CALL FBS(Z,Z) 

C0MM0N/FBSX/L(7),U(7),B(7),X(7),NZ,PREC,SIGN 

L - Matrix control block for the lower triangular factor output from SDC0MP. 

U - Not used. 

B,X - Matrix control blocks for the matrices [BJ and [XJ. 

NZ - Number of computer words at Z. 

PREC {1, perform arithmetric in single precision 
- 2, perform arithmetic in double precision 

SIGN -{+1, solve [AJ[X] • [BJ. 
-1, solve [AJ[X] • -[BJ. 

Z - An area of working storage. 

3.5.17.4 Method 

Mathematical Considerations. Given the lower triangular matrix [LJ with the diagonal 

matrix [DJ stored over its diagonal, FBS solves the two systems of equations given by 

[L][Y] • :!:.(B] 

and 

Elements [Y] and [XJ are given by 
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3.5.17.5 Auxiliary Subroutine FBSI 

1. Name: FBSI 

2. Entry Points: FBS1, FBS2, FBS3, FBS4 

3. Purpose: To perfonn the mathematical computations for the fo~ard and backward 
passes. 

4. Calling Sequence: 

CALL FBSi (BL0CK,Z,Z(LAST),NW0S) 

where 

i = 1 ,2 ,3 or 4 to specify the RSP, RDP, CSP or CDP version respectively. 

BL0CK - 15-word string conmunication block for [L]. 

Z,Z(LAST) - Addresses of the first and last load vectors currently in core. 

NWDS - Number of computer words in a load vector. 

Note: Implementation of the various entry points is computer dependent. Independent 
F0RTRAN versions are available for each entry point. Assembly language versions 
are provided for the most conmonly used entry points (e.g., FBS1 for CDC, FBS2 
for IBM). 

3.5.17.6 Design Requirements 

One column of [B] and one GIN0 buffer must fit in core. 

3.5.17.7 Infonnation Messages 

C0NMSG is called at entry and exit from FBS. 

3.5.17.8 Diagnostic Messages 

• 3008 

• FBSI FATAL MESSAGE 10 is issued when the first element of a column (or row) of [L] 

is not the diagonal element. 
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3.5. 18. 1 Entry Point: SSG3A. 

3.5. 18.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To solve [A] [X] = [BJ using [A]• [L] [U] where U is an upper trianoular matrix obtained 

from [L]. The residual matrix [RES]= [A] [X] - [BJ will be computed when requested by the IRES 

option. 

3.5.18.3 Callinq Seauence 

CALL SSG3A(FILEA,FILEL,FILEB,FILEX,SCR1,SCR2,IRES,FILER) 

C0MM0N / / N,IRESS, NSKIP,IEPSI 

FILEA - GIN0 file name of [A] - integer - input. 

FILEL - GIN0 file name of [L] - integer - input. 

FILES - GIN0 file name of [BJ - integer - input. 

FILEX - GIN0 file name of [X] - integer - input. 

SCRl - GIN0 name of scratch file - integer - input. 

SCR2 - GIN0 name of scratch file - integer - input. 

IRES - Option for residual vector - integer - input. IRES< 0 suppresses calculation 

of residual vector. 

FILER - GIN0 file name of residual vector - integer - input. 

NSKIP - Record number -1 of CASECC.- integer - input. 

IEPSI - Residual error - integer - output. 

Notes: 1. Files FILEL, FILEB and FILEX may not be purged. 

2. Files FIL-A, SCRl and SCR2 may be purged if IRES!. 0 or FILER is purged. 

3.5.18.4 Method 

/FBSX/ is set to compute [A] [XJ • [B]. 

If IRES> 0 and FILER is not purged, SSG2B is called to compute [RES]• [A] [X] - [BJ (see 

section 3.5.17.3). Then for e~ch column {X1}, ti is computed and printed, where 

T T ti• {Xi} {RESi}/{Bi} {Xi} 
If t; is less than .001, message 3058 is printed and IEPSI is set to -1. 

3.5.18.5 Design Requirements 

Open core at /SSGA.3/. 
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3.5.19 GFBS (General Fo~~ard - Backward Substitution). 

3.5.19.1 Entry Point: GFBS. 

3.5.19.2 Purpose 

Given the decomposition of a general square matrix [A]= [L] [U], GFBS will solve the system 

of equations [A] [X] = [L] [U] [X] • + [BJ 

3.5.19.3 Calling Sequence 

CALL GFBS (Z,Z) 

C0MM0N/GF8SX/L(7) ,U(7) ,8(7) ,X(7) ,NZ,PREC,.ISIGN 

L,U,B,X - Matrix control blocks for the matrices [LJ, [UJ, [BJ, and [XJ. 

X(5) 

NZ 

PREC 

ISIGN 

- Desired output type for [XJ. 

- Number of computer words available at Z. 

{

l, use single precision arithmetic 

2, use double prec1s1on arithmetic 

{
1, solve [AJ [XJ • + [BJ. 

- -1, solve [AJ [XJ • -[BJ. 

z 

3.5.19,4 Method 

- An area of working storage. 

1. Mathematical Considerations. Given [LJ, [UJ (n by n lower and upper triangular 

matrices) and [BJ (an by m matrix) GFBS solves the two systems of equations 

[LJ [YJ • !. [BJ 

and 

[UJ [XJ • [YJ 
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Elements of [Y] and [X] are given by 

i-1 
• b .. - l: 

,J k=l 
( 1 ) 

(2) 

2. Initialization Phase. The type of arithmetic to be performed is computed as a function 

of the type of [L], [BJ, and the precision requested by the calling routine. Corresponding 

transfer vectors are set up to transfer control to the proper arithmetic computation. Core 

storage is filled with as many colurms of [B] as possible. 

3. Forward Pass. The intermediate values of [YJ are computed directly over the columns of 

[BJ currently in core. This is a forward pass on [L] since it is read sequentially forward. 

Interpretation of Equation 1 snows that ylj is complete after the first column of [L] has been 

read, y2j after column 2, etc. Elements of [L] are read one at a time via INTPK and the 

appropriate term subtracted off. 

4. Backward Pass. Elements of [X] are computed by processing [U] in the reverse order. 

Reading the last column of [U] completes xn,j• the n-1 column of [U] gives xn-l.j• etc. In order 

to facilitate the reading of [U], it was written in the reverse order by DEC~MP, allowing a 

forward pass to be made in actuality. 

5. Output Phase. The finished columns of [X] are packed and output via PACK. If more 

columns of [BJ still exist, core is once again filled with vectors of [BJ and the process 

repeated until all columns of [X] have been computed. 

3.5.19.5 Design Requirements 

At least one column of [B] must be unpacked in core, along with one GIN0 buffer. 

3.5.19.6 Diagnostic Messages 

If insufficient core is available for GFBS, fatal message 3008 occurs. 

If a diagonal term does not exist for a column of [U], fatal message 3005 occurs. This is 

noramlly detected in DEC~MP implying care was not taken in processing singular matrices in the 

calling routine calling DEC~MP. 
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3.5.20 S0LVER (Simultaneous Equation Solution Routine) 

3.5.20. l Entry Point: S0LVER. 

3.5.20.2 Purpose 

To perform the following three functions: 

1. Solve [AJ [XJ = -[BJ for X where A is a real synmetric matrix which has been 

decomposed by SDC0MP. 

2. Evaluate the matrix equation [EJ =[DJ+ [BJT [XJ 

3. On option. compute 

e: = /l[EJI! 
11 (DJ 11 

3.5.20.3 Calling Sequence 

CALL S0LVER(L,u,x.s.o.E.EPS.FLAG,SCR) 

where: 

L,U are the GIN0.file names of the data blocks containing the lower and uooer trianoular 

factors of A, respectively. 

Note: 

Xis the GIN0 file name of the data block where the solution matrix will be written. 

Bis the GIN0 file name of the data block containing the right hand matrix in [A] [X] = -[B] 

D,E are the GIN0 file names of the data blocks in Equation (2) above. 

EPS is the real single precision result of the division in Equation (3). 

SCR is the GIN0 file name of· a scratch file for use by S0~VER. 

{
r o, compute e: from Equation (3) above and store in EPS 

FLAG 
= o. do not compute e: 

/S0LVRX/ is open core for S0LVER 

l. L must be output from subroutine S0C0MP. 

2. If D • A, then Eis the error residual matrix. 
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3.5.20.4 Method 

/FBSX/ is initialized and FBS is called to solve [A] [X] • -[B]. 

/MPYADX/ is initialized and MPYAD is called to compute [E] = [D] + [B]T [A]. FLAG is 

tested. If FLAG= 0, return is made. Otherwise, INTPK is called to unpack and interpret each 

non-zero tenn of E. The cumulative sum of the absolute value of all non-zero tenns of E is 

formed in double precision. This operation is then performed on D. Finally€ is the division 

of these two quantities and is stored in EPS in single precision. 

3.5.20.5 Design Requirements 

/S0LVRX/ must be inserted at the end of the overlay segment containin!] S0LVER. 

3.5.20.6 Diagnostic Messages 

The following system fatal message may be issued by S0LVER: 

3001 
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3.5.21 OMPY (Multiply a Diagonal Matrix by an Arbitrary Matrix). 

3. 5. 21 • l Entry Point: DMPY. 

3.5.21 .2 Purpose 

To pre or post multiply an abritrary matrix [BJ by a diagonal matrix, i.e. [CJ= [OJ[BJ or 

[CJ = [BJ[D]. 

3.5.21 .3 Calling Sequence 

CALL DMPY(Z,Z) 

C~MM0N/DMPYX/D(7) .a(7) ,C(7) .NZ,FLAG,SIGN .. 

Z - An area of working storage. 

NZ - The number of computer words at Z. 

D - Matrix control block for the diagonal matrix. 

B - Matrix control block for the general matrix. 

C - Matrix control block for the product matrix. 

C(l) must contain the GIN0 file name prior to entry. 

C(S) must contain the arithmetic type of the elements of c. 
DMPY will accumulate C(2) and C(6} and set C(7) • O. 

C(3) and C(4) may be set by the user before or after the call. 

{

• 0, pre-multiply B by 0, 
FLAG -

; O, post-multiply B by D. 

{
+1, form positive product. 

SIGN -
-1, form negative product. 

3.5.21.4 Method 

The type of arithmetic is determined (real or complex). The elements of the diagonal 

matrix, 0, are unpacked at Z. INTPK is used to read and interpret the non-zero elements of B, 

column by column. The following equations are used: 

Pre-multiplication: 

Post-multiplication: Ci , = b, ,d, .1 , ., ., 
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3.5.21.5 Design Requirements 

Double precision arithmetic is used throughout. 

The amount of core at Z must be sufficient to hold the unpacked diagonal tenns of D and 

two GIN0 buffers. 

The dimensions of D and B must be compatible although this is not checked. 

3.5.21 .6 Diagnostic Messages 

The following system fatal messages may be issued by OMPY: 

3001 

3002 
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3.5.22 ELIM (Perfonn a Matrix Reduction). 

3.5.22. l Entry Point: ELIM. 

3.5.22.2 Purpose 

To perform a matrix reduction on the structural model by computing the matrix equation: 

3.5.22.3 Calling Sequence 

c·ALL ELIM( KI IB ,KJIB ,KJJB ,GJ ,KII ,SCRl 1 SCR2 ,SCR3) 

where KIIB, KJIB, KJJB, GJ and KII are the GIN0 file names of each of the matrices in the 

above equation. SCRl, SCR2 and SCR3 are GIN0 file names of three scratch files used by ELIM. 

Open core for ELIM is defined by /ELIMX/. 

3.5.22.4 Method 

ELIM computes the above matrix equation by three successive calls to MPYAD. These are as 

follows: 

[SCRlJ • (rjjJ (GjJ + [lrjfJ 

[SCR2J • [Kjif [GjJ + [X'11 J 

[K11 J • [GjJT [SCRlJ + [SCR2] 

3.5.22.5 Design Requirements 

/ELIMX/ must be included at the end of the segment in which ELIM resides. 
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3.5.23 FACT0R (Decompose a Matrix Into Triangular Factors). 

3.5.23.1 Entry Point: FACT0R. 

3.5.23.2 Purpose 

To decompose a symmetric matrix into its two triangular factors. 

3.5.23.3 Calling Sequence 

CALL FACT0R (A,L.U,SCR1,SCR2) 

where A, L. U are the GIN0 file names of the data blocks for the synmetric matrix to be 

decomposed, its lower triangular factor and its upper triangular factor. respectively, If U is 

negative. FACT0R will decompose the symmetric matrix (A] on file A such that 

[A] • [C][C]T , 

where the Cholesky decomposition is used. [C] will be written on U as a lower triangular matrix. 

L will contain the lower triangular factor of a standard non-Cholesky ciecomposition. SCRl and 

SCR2 are GIN~ file names of two scratch files for use by FACT0R. The conrnon block /FACTRX/ is 

open core for FACT0R. 

3.5.23.4 Method 

FACT0R initializes /SFACT/ and calls SDC0MP to accomplish the decomposition. 

3.5.23.5 Design Requirements 

/FACTRX/ must be included at the end of the segment which contains FACT0R. 

3.5.23.6 Diagnostic Messages 

The following system fatal message may be issued by FACT0R: 

3005 
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3.5.24 TRANP1 (Driver for TRNSP). 

3.5.24. 1 Entry Point: TRANPl. 

3.5.24.2 Purpose 

To drive TRNSP to compute [BJ= [A]T 

3.5.24.3 Calling Sequence 

CALL TRANPl(FILEA,FILAT,NSCRTH,SCRl,SCR2,SCR3,SCR4,SCR5,SCR6,SCR7,SCR8), 

FILEA - GIN0 name of [A] - integer - inout. 

FILAT - GIN0 name of [A] T - integer - input. 

NSCRTH- Number of scratch fi1 es - integer - input. 

SCRl, ••• , SCRS - GIN~ names of scratch files - integer - input. 

3.5.24.4 Method 

/TRNSPX/ is set based on the trailer of FILEA. 

3. 5. 24. 5 Design Requi"rements 

Open core at /OTRANX/. 

3.5-87 (7/4/76) 



SUBROUTINE DESCRIPTIONS 

3.5.25 TRNSP (r1atrix Transpose). 

3.5.25.1 Entry Point: TRNSP. 

3.5.25.2 Purpose 

To compute [A]T given [A]. 

3.5.25.3 Calling Sequence 

CALL TRNSP(Z) 

Z - Array of core. 

C0MM0N/TRNSPX/MCBA(7),MCBAT(7),LC{;JRE,NSCRTH,SCR(8) 

MCBA - Matrix control block for [A] - input. 

MC3AT - Matrix control block for [A]T - input. 

LC{;JRE - Length of Z array - integer - input. 

NSCRTH - Number of scratch files available - integer - inout. 1 ~ NSCRTH ~ 8. 

SCR - List of GIN0 names of scratch files - integer - input. 

3.5.25.4 Method 

Three methods are possible: 

Method 1 - In-core matrices. 

If the full matrix can be held in core, [A] is unpacked into core, and packed 

out onto [A]T. 

Method 2 - Simple sub-matrices. 

The matrix [A] is broken up one column at a time into submatrices. The submatrices 

are written on scratch files, read in and transposed one at a time. The break-uo of 

[A] can be pictured as follows: 

SCRATCH 1 

SCRATCH 2 
[A]• ----------------

SCRATCH 3 

etc. 
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If insufficient scratch files are available to hold [A], multiple passes may be made 

Method 3 • Multiple passes on submatrices. 

If multiple passes on [A] are necessary in Method 2, it may be more efficient to 

create larger submatrices and pass each submatrix several times rather than several 

passes on [A]. The break-up of [A] can be pictured as follows: 

Cli}RE L~AD 1 
SCRATCH 1 - - - - - - - - - - - - - - -

[A]= 
Cli}RE Lli'AD 2 - - - - - - - - - - - - - - -
Cli}RE· L0AD 3 

SCRATCH 2 - - - - - - - - - - - - - - -
C~RE L~AD 4 

etc. 

TRNSP will choose between the methods to minimize running time. 

3.5.25.5 Design Requirements 

Methods 2 and 3 require at least one scratch file. 

Neither [A] nor [A]T may be purged. 

One unpacked column of [A] and NSCRTH+l GIN0 buffel"S must fit into core. 

3.5.25.6 Diagnostic Messages 

A message indicating insufficient core 1s produced if the third of the above requirements 

is not satisfied. Either reduce the number of scratch files or increase the open core 

available to TRNSP. 
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3.5.26 SADD (Matrix Addition Routine) 

3.5.26.1 Entry Point: SADD 

3.5.26.2 Purpose 

To compute [X] = a[A] + e[B] + y[C] + o[D] + E[E] 

3.5.26.3 Calling Sequence 

CALL SADD (Z.Z) 

Z -- Array of core 

C0MM0N/SADDX/N0MAT.LC0RE.MCBA(7).TYPA,ALPHA(4},MCB8(7).TYPB. 

BETA(4}.MCBC(7),TYPC.GAMMA(4),MCBD(7).TYPD.DELTA(4), 

MCBE(7).TYPE,EPSLN(4).MC(7) 

N0MAT - Number of matrices to be added - integer - input. 

LC0RE - Length of Z array - integer - input. 

MCBA - Matrix Control Block for [A] - input 

TYPA - Type of ALPHA - integer - input 

1 - real single precision 

2 - real double precision 

3 - complex single precision 

4 - complex double precision 

ALPHA - G - input - type depends on TYPA 

MCBB - Matrix Control Block for [BJ - input 

TYPB - Type of BETA - integer - input 

BETA - e - input - type depends on TYPB 

MCBC - Matrix Control Block for [CJ - input 

TYPC - Type of GAMMA - integer - input 

GAMMA - y - input - type depends on TYPC 

MCBD - Matrix Control Block for [OJ - input 

TYPO - Type of DELTA - integer• input 

DELTA - o - input - type depends on TYPO 
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MCBE - Matrix Control Block for [E] - input 

TYPE - Type of EPSLN - integer - input 

EPSLN - E - input - type depends on TYPE 

MC - Matrix Control Block for [X] - input 

3.5.26.4 Method 

The type of arithmetic is determined to be the maximum type of [A], [BJ, [C], 

[D], [E], a, S, y, o, E. 

Initially a column of [X] is zeroed out. Each non zero element of [A] is obtained 

by ZNTPKI, multiplied by a, and added into a corresponding position of [X]. After 

processing a complete column of (A]. columns from matrices [BJ. [CJ. etc •• are treated 

in a similar manner. When the contribution from the last matrix has been added in, 

a complete column of [XJ is output via PACK. This procedure is repeated until all 

columns of [XJ are output. 

3.5.26.5 Design Requirements 

Z must be sufficient to hold one unpacked column of [X] plus n GIN0 buffers 

(where n ~ N0MAT+l). 
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THE MATERIAL PREVIOUSLY IN SECTIONS 3.5.27 THRU 3.5.29 

HAS BEEN DELETED. 
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3.5.30 MAKMCB (Make a Matrix Control Block) 

3.5.30.1 Entry Point: MAKMCB 

3.5.30.2 Purpose 

To fill out a Matrix Control Block 

3.5.30.3 Calling Sequence 

CALL MAKMCB (MCB,IFILE,IR0W,IF0RM 1 ITYPE) 

where: 

MCB = a seven word array to be filled in - output 

!FILE• the GIN0 file name of the matrix - integer - input 

IR0W = the number of rows in the matrix - integer - input 

IF0RM • the matrix fonn (1 s IF0RM ~ 8) - integer - input 

ITYPE • the matrix type (1 ~ ITYPE s 4) - integer - input 

3.5.30.4 Method 

MAKMCB fills MCB as follows: 

MCB(l) • !FILE 

MCB(2) • 0 

MCB(3} • IR0W 

MCB(4} • IF0RM 

MCB(5) • ITYPE 

MCB(6} • 0 

MCB(7} • 0 
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3.5.31 ATEIG (Find the Eigenvector of an Upper Hessenberg Matrix) 

3.5.31. 1 Entry Point: ATEIG 

3.5.31.2 Purpose 

To find the eigenvalues of an Upper Hessenberg Matrix. 

3.5.31.3 Calling Sequence 

CALL ATEIG(N,A,RR,RI,IANA,IA) 

N - order of matrix 

A - input matrix order NxN - Real 

RR - vector for real parts of eigenvalues - Real-N-Output 

RI - vector for imaginary parts of eigenvalues - Real-N-Output 

!ANA - Storage for extracting order vector - N-Integer 

IA - IA=N for vector stored matrix 

3.5.31.4 Method 

The QR transform method is used with double iteration. The A matrix is destroyed. 
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3.5.32 HSBG (Reduce a Matrix to Upper Hessenberg Fenn) 

3.5.32. 1 Entry Point: HSBG 

3.5.32.2 Purpose 

To reduce a matrix to Upper Hessenberg Fenn. 

3.5.32.3 Calling Sequence 

CALL HSBG(N,A,IA) 

N - order of matrix 

A - input matrix order NxN - Real 

IA - size of first dimension when A is double subscripted; IA=N for vector stored matrix. 

3.5.32.4 Method 

Similarity transfonnation using eigenvector elimination matrices with partial pivoting. 

Should be used with ATEIG (see Section 3.5.31). 
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3.5.33 INC0RE (Incore Complex Solve) 

3.5.33.1 Entry Point: INC0RE 

3.5.33.2 Purpose 

To solve the simultaneous equation [A][X] = [BJ 

3.5.33.3 Calling Sequence 

CALL INC0RE(A,N,B,X,IX) 

A - A-matrix - Complex A(N,N) 

N - Size of A 

B - B-matrix - Complex B(IX,N) 

X - X-matrix - Complex X(IX,N) 

IX - Number of vectors in B 

3.5.33.4 Method 

Unsyrrmetric decomposition with pivoting on a square matrix is used. Once the decomposition 

is complete, a backward pass is made to get X. 

3.5.33.5 Design Requirements 

The core needed to use INC0RE is just the space needed for A, Band X. 

Core= 2*(N*N + 2*(IX*N)). A and Bare destroyed. 
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3.5.34 EGNVCT (Calculate Eigenvectors) 

3.5.34.1 Entry Point: EGNVCT 

3.5.34.2 Purpose 

To obtain eigenvectors from a matrix for which the eigenvalue is known. 

3.5.34.3 Calling Sequence 

CALL EGNVCT(Cl,C2,EIGN,C3,Nl,N2,N) 

Cl - Matrix - Input - Complex - NxN - Integer 

C2 - Scratch storage for complex-N 

EIGEN - Eigenvalue for which the eigenvector is wanted 

C3 - Eigenvector - Complex - Output - N 

Nl - Scratch storage - N - Integer 

N2 - Scratch storage - N - Integer 

N - Order of matrix Cl 

3.5.34.4 Method 

The method used is the direct method derived by J. H. Wilkinson (see pp. 323, 626-628, 

Wilkinson, J. H., The Algebraic Eigenvalue Problem, Oxford: Clarendon Press, 1965.) 
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3.5.35 MPY3 (Triple Matrix Multiply) 

3.5.35. l Entry Point: MPY3DR 

3.5.31 .2 Purpose 

To perfonn the matrix product C = ATBA + E or BA+ E for sparse A matrix and full B matrix. 

3.5.35.3 Calling Sequence 

CALL MYP3DR (FA,FB,FE,FC,Sl ,S2,S3,IC0DE,IPREC,Z,LK0RE,N0M0D) 

where: 

FA = matrix A GIN0 file number - integer - input 

FB = matrix B GIN0 file number - integer - input 

FE = matrix E GIN0 file number - integer· input 

FC = matrix C GIN0 file number - integer - input 

Note: Matrices A, Band E must be in packed fonnat and the trailers of matrices A, B, E and C 

(words 2, 6, 7 • 0) must be written ahead of time. 

Sl 

S2 

S3 

IC0DE 

: ! the G!NP file numbers of three scratch files - integer - input 

= O, ATBA + E will be perfonned 

2, BA+ E will be perfonned 

IPREC • 1, output matrix will be in real single precision 

2, output matrix will be in real double precision 

Z • open core array 

LK0RE • length of open core available 

N0M0D • 1, a flag to indicate to MPY3 that it is to be used as a utility subroutine 

(•O if MPY3 treated as a functional module) 

3.5.35.4 Method 

The following chart describes the basic flow that MPY3 takes while executing as a module 

and as a utility subroutine. 
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Another 
Module 

N0M0D = 1 
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Yes 

No 

MPY3IC 

Return 

Return -----MP YA D 

SSG28 

Yes 

MPY30C 

Return 

The following is a brief description of how MPY3 perfonns the computation. A more detailed 

description is found in Section 4.149.7. 

3.5.35.4.1 In-Core and Out-of-Core Processing 

MPY3DR, the entry point when MPY3 is executing as a utility subroutine, determines the size 

of the problem and branches to fot'Y31C for in-core or wY3,C,C for out-of-core prucessiny dCcordinyly. 

The product matrix, C, is calculated one column at a time. MPY38 manages the computation 

until as many columns of the B matrix as possible are put in core. MPY3C then takes over 

managing the computation, substituting columns of 8 in core whenever necessary. Once MPY38 and 

MPY3C have made the necessary preparations, MPY3P, called by both MPY38 and MPY3C, perfonns the 

actual multiplications and sum accumulations. 

3.5.35.4.2 Differences Between In-Core and Out-of-Core Processing 

MPY3IC uses an in-core packed version of AT to: 
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1. Provide terms when the problem is ATBA. 

2. Provide part of a system which manages the core-resident columns of the B matrix when 

the entire B matrix is too large to fit in core. MPY3NU determines which columns of B 

to be inserted and removed. 

MPY3A sets up this packed version of AT. 

MPY30C calculates BA and then, if necessary, uses MPYAD to complete the triple product. 

Hence: 

1. AT is not needed in core. 

2. Management of the core-resident columns of Bis done internally in MPY30C. 

In MPY3IC, matrix E {if it exists) is sunmed one column at a time into the C matrix as each 

column of C is processed. In MPY30C, the same is done if the problem is BA+ E. But if the 

problem is ATBA, the entire summation of Eis done in MPYAD. 

3.5.35.5 Subroutines 

The main subroutines used in this module are MPY3IC and MPY30C. These make use of the 

following subroutines: 

MPY3A 

MPY3B 

MPY3C 

MPY3P 

MPY3NU 

SSG2B 

Performs initial processing of A and B 

Reads current column of A and performs initial computation of current column of 
ATsA or BA 

Continues computation until current column of ATBA or BA is entirely computed 

Called by MPY3B and MPY3C to perform actual computation 

Used in the in-core version to calculate next-time-used values 

A matrix multiply routine described in Section 3.5.13 

3.5.35.5. 1 Subroutine Name: MPY3IC 

1. Entry Point: MPY3IC 

2. Purpose: To perform product with A matrix in core 

3. Calling Sequence: CALL MPY3IC (Z,IZ,DZ,N0M0D) 

Z Real single precision - open core 

IZ Integer - open core 
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DZ Real double precision - open core 

N0M0D O - MPY3 executing as module 
1 - MPY3 executing as subroutine 

3.5.35.5.2 Subroutine Name: MPY30C 

1. Entry Point: MPY30C 

2. Purpose: To perform product with A matrix out of core. 

3. Calling Sequence: CALL MPY30C (Z,IZ,DZ,N0M0D) 

Z Real single precision - open core 

IZ Integer - open core 

DZ Real double precision - open core 

N0M0D O - MPY3 executing as module 
1 - MPY3 executing as subroutine 

3.5.35.6 Common Blocks 

1. /MPY3BC/ Type of solution; precision. 

2. /MPY3TL/ Matrix trailers, open core positions of buffers, and a logical variable 

denoting the existence or non-existence of matrix E. 

3. /MPY3CP/ Various parameters needed by more than one subroutine, including pointers to 

positions in open core. 

3.6.36.7 Design Requirements 

Open core is used as described in Section 4.149.10 of the Programmer's Manual. 

3.5.35.8 Diagnostic Messages 

Fatal messages 6651, 6552, 6553, 6554, 6555, 6556, and 6557 may be issued. 
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3.6 SUBSTRUCTURE OPERATING FILE (S0F) UTILITIES 

The Substructure Operating File (S0F) is a permanent storage file for the user substruc­

turing data. It is physically stored on a user diskpack, drum, or equivalent device, and can 

therefore be used to conrnunicate data between different phases of a multi-stage substructuring 

problem or different groups working on the same substructuring problem. 

In addition to the user data, the S0F contains tables created by the S0F utility subroutines 

which allow the full trace back of the substructuring process. 

To avoid confusion in what follows, a sunmary of the nomenclature used in defining the data 

structure is needed. 

• The unit of data is a substructure. 

• Each substructure has a fixed number of items associated with it. The number and 
properties of these items are described in the ITEMDT executive table (see section 
2.4.2.10). 

• Each item is divided into an arbitrary nunmer of groups of variable lengt~. 

3.6.l Tables Associated with the S@F 

3.6. 1,1 The Array NXT 

The different tables associated with the S0F will grow at arbitrary times, and the compo­

nents of different substructures will be created at arbitrary times. Storing data sequentially 

on the S0F will consequently be wasteful of storage space if not impossible. The S0F has there­

fore been divided into equal size blocks where data is stored sequentially. A block is also 

the unit of input/output operations, that is, only one block is read (from the S~F) or written 

(on the S0F) at a time. The size of a block is identical to the GIN0 block size as specified in 

the /GIN0X/ conrnon block. 

Different tables may extend over several noncontiguous blocks and data related to different 

items may also extend over several noncontiguous blocks. The array NXT is used to chain together 

all related data blocks. 

Two pointers TPFREE, and BTFREE are used with NXT where TPFREE points to the first free 

block BTFREE to the last free blocks. Each block of the S0F has an entry in the array NXT. The 

array contains the following information: 
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• If a block is being used, the entry for the block contains the index of the next block 

linked to it (e.g., block 1 is linked to block 5 in the sketch below) or zero if no 

further blocks are linked (e.g., see block 9 below). 

• If a block is free, the entry for the block contains the index of the next free block 

(e.g., free blocks 2, 4, 10 and 7 are linked together). However, the entry for the 

block is zero if it corresponds to BTFREE (e.g., block 7). 

When data is deleted, blocks that were used by it will be returned to the list of free blocks 

and BTFREE updated accordingly. BTFREE will likewise be updated when free storage blocks are used 

to store more data. If no free blocks are available! TPFREE • BTFREE • 0 (no blocks= no entries). 

Block 1 Entry for (1) • 5 

2 TPFREE • 2 
(2) - 4 

3 (3) • 0 

4 (4) • 10 

5 (5) • 0 

6 (6) • 8 

7 BTFREE • 7 
(7) • 0 

8 (8) • 9 

9 (9) • 0 

10 (10) • 7 

3.6. 1.2 The Directory Index Table (OIT) 

The Directory Index Table contains the names of all the substructures that are stored on the 

S0F. The name of each substructure consists of two BCD words of four characters each. 
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1 
2 
3 
4 
5 
6 

-
-
-

DIT 

SNAMEl -
SNAME2 -
SNAME3 -

. 

The OIT provides an easy way of checking for the existence of a substructure on the S0F. 

3.6. 1.3 The Master Data Index (MDI) 

The Master Data Index contains a directory for each substructure on the S0F, that is, a 

collection of pointers to data related to the substructure. The size of a directory is NITEM + 2 

words and is denoted by DIRSIZ. (NITEM is contained in the ITEMDT table) Each directory should 

contain the infonnation indicated in Figure 1. 

A substructure having the Ith name in the DIT will have the Ith directory in the MDI and 

will have I for its internal index. 

A few points should be made clear. If substructures A.Band Care combined to produce sub­

structure o. then each of A, Band C is a lower level substructure to D. and Dis a higher level 

substructure to A, Band C. 

The entry LL of D will contain the index of A, B or C 

The entry HL of A will contain the index of D 

The entry HL of B will contain the index of D 

The entry HL of C will contain the index of D 

The entry CS of A will contain the index of 13 

The entry CS of B will contain the index of C 

The entry CS of C will contain the index of A 

Note that the link through combined substructures is circular. 
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Position 

J + 1 

2 

3 

4 

DIRSIZ 

SUBROUTINE DESCRIPTIONS 

MDI Contents 
31 30 20 19 16 15 l O 9 0 

TYPE :ss PS 

. - :cs HL 
ITEM #1 Length ITEM #1 Block Index 
ITEM #2 Length ITEM #2 Block Index 

ITEM# NITEM Length ITEM# NITEM Block Index 

J = (I-1) * DIRSIZ 

TYPE= Substructure type bits. Current bit positions are 

30 - Image substructure 
29 - Combined substructure 
28 - Guyan reduced substructure 
27 - Modal reduced substructure 
26 - Complex modal reduced substructure 
a basic substructure has bits 20-29 off. 

SS = Index of the secondary equivalent substructure 
PS• Index of the primary equivalent substructure 
LL• Index of one of the lower level substructures 
CS• Index of one of the substructures that are combined together 
HL • Index of the higher level substructure 

Figure 1. Ith Directory in the Master Data Index 
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If a substructure does not have a lower level, or a higher level substructure, or is not com­

bined with any substructure then its LL, HL or CS entries will respectively be equal to zero. 

If substructure Fis reduced from substructure E, then Eis a lower level substructure to F, 

and Fis a higher level substructure to E. 

The entry LL of F will contain the index of E 

The entry HL of E will contain the index of F 

The entry CS of E will contain zero 

,---, ,--, 
I XA I I XB I 
L.. r- _, I.. 'T ..I 

I I 
L--'T-:- --J 

_L..------., I • 

r---, ,---, ,---, 
IYXAf IYXBI I YE I 
'-'T..1 '-T..J L..T..i 

I I I 
'--,---..1 I 

I I 
,- L.-, I 
I YD I I 
L..r-' l 

I I '-----,--- .. 
I 

,L-i 
I YF I 
I.. T" ..J 

I 
I 

FiQure 2. r.1ulti-level substructuring. 

Suppose that in Figure 3.6.1-2, Dis set equivalent to C with prefix X and later His set 

equivalent to G with prefix Y. The substructures A, B, C, E, F and G will be called primary sub­

structures, D and H will be called secondary substructures and XA, XB, YXA, YXB, YD, YE and VF will 

be called image substructures. Image substructures are also secondary substructures. 

The substructure A has two secondary substructures: XA and YXA. Its SS entry will however 

point to only one of them. Assume it points to XA, the SS entry of XA will then point to YXA. All 

secondary substructures relative to a primary substructure are thus chained together through the SS 

entry with the SS entry of the last substructure containing zero. The SS entry of YXA will 
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therefore contain zero. The PS entry of XA and YXA will point to A, while that of A will contain 

zero because A is a primary substructure. 

The substructure Chas two secondary substructures D and YD, where YD is an image substructure 

and Dis not. The IS bit of all image substructures will be set to one, while that of all other 

substructures will be zero. 

A diagram of these pointers is illustrated in Figure 3. 

I 
\ 
\ 

' ' ' .... ..... ... _ 
l 
\ 

,,,,...--- ......... 
/ ----- ....... / ,,,,,,,,,,,- ----- .. ~ ---------- ....... .-

' ' ' ' ..... _ 
----

....... 

K 

Program 
Pointers 

Index to one of the lower level substructures LL 

Link between structures that are combined together cs 
Index to higher level substructure HL 

Index to equivalent substructure (successor) ss 
Index to equivalent substructure (predecessor) PS 

Fiqure 3. Diagram of Master Data Index (MDI) pointers. 
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Data re1ated to an item starts always at the beginning of a block and may, if needed, extend 

over several blocks with the possibility of the last block being only partially used. Those 

blocks are not necessarily contiguous, but are chained together through the array NXT. If an 

item's data is deleted at any point, the blocks used by the data are returned to the list of 

free blocks and may be used again. 

The end of a group and the end of an item are both denoted by special symbols, (SEOG and 

SEOI) and stored as part of the data on the S0F. The entry in the MDI which indicates the 

length of an item is expressed in number of blocks and is used to compute the approximate 

item size for the table of contents printout. The entry for an item's block number contains 

the physical block number of the first S0F block on which the item's data is stored. If no 

data is stored for an item, both its length and block number entries will be set to zero. 
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3.6.2 Organization of the S0F 

The user of the NASTRAN program is allowed to allocate several files of different sizes to the 

S0F. The number of files allocated by the user is saved in the common block /S0FC0M/ and is denoted 

by NFILES. The maximum number that may be allocated is ten. The size of each S0F file expressed 

in number of blocks is stored in the array FILSIZ and also saved in /S0FC0M/. 

The first physical block of each S0F file is reserved to store the S0F password, the file 

sequence number, the colTlllon blocks /S0F/ and /SYS/ used by the S0F utility subroutines, and the 

item structure for the S0F, This infonnation is saved at the end of each module using the S0F 

subroutines for protection reasons and because diff~rent overlays might wipe out the S0F co1T1Tion 

blocks. The exact fonnat for this data is described in the conunented listing for subroutine 

S0FINT (section 3.6.2B). 

At the first stage of a substructuring process, blocks that are chained together will be 

physically very close if not contiguous. However, as the process goes on data will be edited out 

and blocks used by that data will be used over for other data, thus causing chained blocks to be 

farther apart. It is desirable to keep chained blocks as close to each other as possible. The 

blocks of each S0F file have for that reason been grouped into super blocks. The nurrber of blocks 

contained in a superblock is equal to 2 * (BLKSIZ -1). 

The partitioning of the S0F files is illustrated in Figure 4. 

Block 
Number 

1 

2 

SUPSIZ+2 

S0'F File 1 

Common Blocks 

Array NXT 

> 

Array NXT 

> . . . . . 

1st 
Super 
Block 

2nd 
Super 
Block 

Block 
Number 

FILSIZ(l)+l 

FILSIZ(1)+2 

FILSIZ(l)+ 
SUPSIZ+2 

Sl&F File 2 

C01llll0n Blocks 

Array NXT 

Array NXT 

. . . . . 

Block 
Number 

FILSIZ(NFILES-l)+l 

FILSIZ(NFILES-1)+2 

....... 

Figure 4. Partitioning of the S0F files. 
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The first block of a superblock contains the array NXT for that particular superblock. The 

array NXT of the first S0F superblock contains the information indicated in Figure 5. 

Word Number 

1 

2 

3 

BLKSIZ 

31 16 15 0 

TPFREE BTFREE 

Index of block chained to block 2 Index of block chained to block 3 

Index of block chained to block 4 Index of block chained to block 5 

. . . . . . . . . . . . . . 
Index of block chained to block (Not Used) 2*BLKSIZ-2 

Figure 5. Array NXT of the first S0F superblock. 

Note t~at the entry for even numbered blocks is in the left part of a word, whereas that of 

odd numbered blocks is in the right part. In order for that arrangement to hold true for the array 

NXT of each superblock, the size of each S0F file is required to be of an even number of blocks. 

The S0F utility subroutines will use the first superblock until all its free blocks are ex­

hausted and then will start using the second superblock, until it in turn is exhausted. However, 

before moving on to the third block, the list of free blocks of the first superblock and then that 

of the second will be examined. Thus, all free space of all previous superblocks will be used be­

fore a new superblock is acquired. Note that each superblock has its own list of free blocks, and 

its own pointers TPFREE and BTFREE which are stored in the first word of its array NXT. The pro­

cedure described above will be similarly followed to get access to more superblocks, and when one 

S0F file is exhausted, to another S0F file. 

The last superblock on each one of the S0F files will not necessarily contain 2*(BLKSIZ-l) 

blocks, but will still be handled as a regular size superblock with its own array NXT, list of free 

blocks, and TPFREE and BTFREE pointers. 
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3.6.3 In-core Handling of the S0F Data and Tables 

As we have already seen, the array NXT may extend over more than one block. The MDI and the 

DIT will similarly grow and extend over several blocks. In order to store, modify, or delete infor­

mation in those tables, portions of them must be in core. 

Core is also the intermediate storage area for input/output data. To reduce the number of 

input/output operations, only one block of data is read or written at a time. A buffer is conse­

quently reserved to store data temporarily until a whole block of data is available for output, or 

to store an input data block and then read portions of it as desired. 

Three in-core buffers are needed by the S0F utility subroutines to handle the S0F data and 

tables. Those buffers have to be allocated by the module writer who uses the S0F routines, and 

passed as parameters through a call to the subroutine S0F0PN. The size of each buffer is equal to 

the contents of the first word of /SYSTEM/. 

3.6.3.l Buffer Used by the Array NXT and the DIT 

Only one block of either the array NXT or the DIT remains in core at any time. The core 

occupied by that block is located by the S0F routines relative to the origin of blank co1T111on. It 

starts at location (DIT + 1) relative to the beginning of blank conmon and extends to location 

(DIT + BLKSIZ). DIT is used as a pointer into blank conmon which indicates the beginning of the 

block relative to the beginning of blank conmon. The buffer passed by the module writer starts at 

location (DIT - 2). No infonnation is stored in the first three words of that buffer, thus making 

possible the use of someGIN0 subroutines to enable the input/output operations between core and the 

S0F. 

When a block of the array NXT is in core, the physical block number of that block is stored in 

the variable NXTPBN, and its logical block number is stored in NXTLBN. If no blocks of the array 

NXT are in core both NXTPBN and NXTLBN are set to zero. The same holds true for the DIT with NXTPBN 

and NXTLBN replaced by DITPBN and DITLBN. 

3.6.3.2 Buffer used by the MDI 

Only one block of the MDl remains in core at any time. The handling of the MDI buffer is sim­

ilar to that of the buffer used by NXT and the DIT. The in-core block of the MDI is stored in core 

starting at location (MDI+ 1) relative to the beginning of blank colTlllon and extending to location 

(MDI+ BLKSIZ). The variable MDIPBN contains the physical block number of the in-core MDI block, 
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and MDILBN contains its logical block number. Both variables are zero if no blocks of the MDI are 

in core. 

3.6.3.3 Buffer Used for Input/Output of Data 

Only one buffer is used for both input and output. The in-core buffer is stored in core 

starting at location (I0 + l) relative to the beginning of blank common and extending to location 

(I0 + BLKSIZ). The input/output buffer is handled the same way the above two buffers are handled. 

The variable I0PBN contains the physical block number of the block being read or written and I0LBN 

contains its logical block number. 
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3.6.4 Index for S0F Utility Functions and Subroutines 

Section Number Function/Subroutine Page Number 

3.6.5 CHKP0N 3.6-13 
3.6.6 CRSUB 3.6-14 
3.6.7 DELETE 3.6-15 
3.6.8 DSTR0Y 3.6-16 
3.6.9 EDIT 3. 6-18 
3.6. 10 EQS0F 3.6-19 
3.6.11 ERRMKN 3. 6-20 
3.6.12 FDIT 3. 6-21 
3.6. 13 FDNAME 3. 6-22 
3. 6.14 FDSUB 3.6.23 
3.6.15 FMDI 3.6-24 
3.6.38 FNDLVL 3.6-54 
3.6.16 FNDNXL 3. 6-25 
3.6.17 FNXT 3. 6-26 
3. 6. 18 GETBLK 3.6-27 
3.6.19 ITC0DE 3.6-28 
3.6.37 ITTYPE 3. 6-53 
3.6.20 MTRXI 3.6-29 
3.6.21 MTRX91 3. 6-30 
3.6.22 RETBLK 3. 6-31 
3.6.23 SETEQ 3. 6-32 
3.6.24 SETLVL 3. 6-34 
3.6.25 SFETCH 3. 6-36 
3.6.26 SJUMP 3.6-38 
3.6.35 SMSG 3. 6-51 
3.6.27 S0FCLS 3. 6-39 
3.6.28 S0FINT 3.6-40 
3.6.29 S0FI0 3. 6-42 -
3.6.30 S0F0PN 3.6-43 
3.6.37 S0FTRL 3. 6-52 
3.6.31 S"FSIZ 3.6-44 
3.6.32 SUREAD 3. 6-45 
3.6.33 SlMRT 3. 6-46 

S@F Utility Common Blocks 

3. 6. 34. 1 /S0F / 3.6-47 
3.6.34.2 /S0F~M/ 3.6-49 
3.6.34.3 /SYS/ 3.6-50 
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3.6.5 CHK0PN 

3.6.5.l Entry Point: CHK0PN 

3.6.5.2 Purpose 

To check if a call to S0F0PN has been made prior to calling any of the S0F utility subroutines. 

3.6.5.3 Calling Sequence 

CALL CHK0PN (SBRNM) 

SBRNM - Name of the subroutine which issued the call to CHK0PN - array of dimension two 

where each word is 4 characters long - BCD - input. 

3.6.5.4 Method 

The logical variable 0PNS0F contained in /S0FC0M/ is checked. If the value of the variable is 

.TRUE., return from CHK0PN is nonna1. If the value is .FALSE., a fatal error message is issued. 

3,6,5.5 Diagnostic Messages 

User Fatal Message 6204. 
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3.6.6 CRSUB (Create Substructure) 

3.6.6.1 Entry Point: CRSUB 

3.6.6.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To create an entry for the substructure NAME in the DIT. 

3.6.6.3 Calling Sequence 

CALL CRSUB (NAME,I) 

NAME - Name of the substructure to be created - array of dimension two where each word is 

4 characters long - input 

I - Index in the DIT of the substructure NAME - integer - output 

3.6.6.4 Method 

Stores NAME in the DIT. If there are any empty entries within the DIT, NAME is stored in the 

first one, otherwise NAME is stored at the end of the DIT. 

3.6.6.5 Diagnostic Messages 

System Fatal Message 6224. 
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3.6.7 DELETE 

3.6.7.1 Entry Point: DELETE 

3.6.7.2 Purpose 

To delete an item which belongs to a given substructure. 

3.6.7.3 Calling Sequence 

CALL DELETE (NAME,ITEM,ITEST) 

NAME - Name of the substructure whose item is to be deleted - array of dimension two 

where each word is 4 charact.ers long - input 

ITEM - Name of the item which is to be deleted - four BCD characters - input 

!TEST - Status of NAME and ITEM - integer - output 

.. 

3.6.7.4 Method 

1 if ITEM does exist 

2 if ITEM pseudo exists 

3 if ITEM does not exist 

4 if NAME does not exist 

5 if ITEM is an illegal item name 

The pointers belonging to ITEM are set to zero in the MOI. For primary substructures, all 

blocks on which data is stored for the item are retur,ied to the 11st of free blocks. For secon­

dary and image substructures, the blocks are returned only if the corresponding field fn the 

ITEMDT table is non-zero. If NAME is a primary substructure, ITEM is also deleted from each 

secondary substructure if it occupies the same blocks (i.e., KMTX, MMTX, etc.). 
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3.6.8 DSTR0Y 

3.6.8.l Entry Point: DSTR0Y 

3.6.8.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To remove from the S0F all the items belonging to a substructure and to all subsequent level 

substructures. 

3.6.8.3 Calling Sequence 

CALL DSTR0Y (NAME,ITEST) 

NAME - Name of the substructure which is to be destroyed - array of dimension two, where 

each word is 4 characters long - input 

ITEST - Integer - output 

1 nonnal return 

• 4 if NAME does not exist 

6 if NAME is an image substructure 

3.6.8.4 Method 

Destroys the substructure NAME by deleting its directory from the MDI, and its name from the 

DIT. No operation will take place if NAME is an image substructure. If NAME is a secondary sub­

structure, it is deleted from the 11st of secondary substructures to which it belongs, and its 

image contributing tree is destroyed. If NAME is a primary substructure, all its secondary sub­

structures are also destroyed. In all cases, all the substructures derived from a substructure 

being destroyed are also destroyed, and connections with other substructures are deleted. If one 

of those that are destroyed is the result of combining several substructures together, or a reduc­

tion, higher level descriptive items (nonzero HIGHER entry in table ITEMDT) of those lower level 

substructures will be deleted. For primary substructures, all blocks on which data is stored for 

the substructure are returned to the list of free blocks. For secondary and image substructures, 

the blocks are returned only if the corresponding field in the ITEMDT table is nonzero. 

Example: 

Suppose that substructures are set up as follows: 

3.6-16 (12/29/78) 



GJ 
LJ 

GJ 
I 
I 

F 

SUBSTRUCTURE OPERATING FILE (S0F) UTILITIES 

GJ GJ 
r----, ---- i----1 I I 
I I I I I I 

E 1 XC I I XD I I XE I J 
I I I I '-,--1 

I 
- -i-- --,--

I 
I I I 

, 1 
I I , __ - - - _t 
I 
I 

I 

G I I 

H Q 
A call to DSTR0Y with NAME equal to G will generate the following sequence of operations: 

1. Destroy G 

a. Return all blocks used by primary substructure G to the list of free blocks. 

b. Put I on a stack of substructures to destroy it later. 

c. Destroy image substructures sc. SD and SE and return blocks unique to them (non zero 

image field in table ITEMDT). 

d. Delete G's directory from the MDI 1 and its name from the DIT. 

e. Delete link through substructures that were combined with G (1.e .• F) to produce a 

higher level substructure (H), and delete higher level descriptive items from those 

substructures. 

f. Delete the link through the combined substructures C, D, and E, and their pointer to 

G. Also delete higher level descriptive items from C, D and E. 

2. Destroy H 

a. Return all the blocks used by H to the list of free blocks. 

b. Delete H's directory from the MDI, and its name from the DIT. 

3. Destroy I 

a. Return blocks unique to secondary substructure I (non zero secondary field in table 

ITEMDT). 

b. Delete I's directory from the MDI, and its name from the DIT. 
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c. Delete link through I and J (combined substructures), J's pointer to K, and higher 

level descriptive items of J. 

4. Destroy K 

a. Return all blocks used by K to the list of free blocks. 

b. Delete K's directory from the MDI, and its name from the DIT. 
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THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 
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3.6.9.1 Entry Point: EDIT 

3.6.9.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To remove selected items of a substructure from the S0F. 

3.6.9.3 Calling Sequence 

CALL EDIT (NAME,I0PT,ITEST) 

NAME - Name of the selected substructure - array of dimension two where each word 

is 4 characters long - input. 

I0PT - Option code - integer - input. The value of I0PT is the bit pattern repre-

senting the edit groups which are to be removed. See the description of the 

ITEMDT table (section 2.4.2.10) for the available values. 

!TEST • Integer - output. 

l nonnal return 

• 
4 if NAME does not exist 

3.6.9.4 Method 

The I0PT value is tested against the EDIT field in the ITEMDT table for each item. If a 

match occurs, the pointers belonging to the item are removed from the directory of substructure 

NAME. For primary substructures, all blocks on which data is stored for the item are returned 

to the list of free blocks. For secondary and image substructures, the blocks are returned 

only if the corresponding field in the ITEMDT table is non zero. 

If NAME is a primary substructure, selected items are also deleted from each secondary 

substructure if it occupies the same blocks. 
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3.6.10 EQS0F (Equate S0F) 

3.6.10.l Entry Point: EQS0F 

3.6.10.2 Purpose 

To set the pointers belonging to ITEM of NAME2 to the same value as those belonging to ITEM 

of NAMEl. 

3.6.10.3 Calling Sequence 

CALL EQS0F (NAME1,ITEM,NAME2,ITEST) 

NAMEl - Name of a substructure - array of di~ension two where each word is 4 characters 

long - input. 

ITEM - Selected item which is to be identical for substructures NAMEl and NAME2 - four 

BCD characters - input. 

NAME2 - Name of substructure which is to have the pointers belonging to ITEM set to the 

same value as those belonging to ITEM of substructure NAMEl - array of dimension 

two where each word is 4 characters long - input 

!TEST - Integer - output 

3.6.10.4 Method 

1 normal return 

4 if NAMEl does not exist 

5 if ITEM is an illegal item name 

7 if NAME 2 does not exist 

Fetches from NAME1 's directory in the MDI the desired pointers, and stores them in NAME2's 

directory. It is not required that NAMEl and NAME2 be equivalent substructures. If they are not 

equivalent, it will be necessary that the user remembers to delete the pointers belonging to ITEM 

from one substructure's directory if the same ITEM has been deleted or edited from the other sub­

structure, or if the other substructure has been destroyed. 
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3.6.11 ERRMKN 

3.6. 11 .1 Entry Point: ERRMKN 

3.6.11.2 Purpose: 

SUBROUTINE DESCRIPTIONS 

To write system error messages for the S0F subroutines. 

3.6.11.3 Calling Sequence 

CALL ERRMKN (N,IERR) 

N - Code of the calling subroutine - integer - input 

IERR - Error code - integer - input 
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3.6.12 FDIT (Fetch DIT) 

3.6.12.l Entry Point: FDIT 

3.6.12.2 Purpose 

SUBSTRUCTURE OPERATING FILE (S0F) UTILITIES 

To fetch from direct access storage device, the desired block of the DIT, and store it into 

core in the array BUF. 

3.6.12.3 Calling Sequence 

CALL FDIT (I ,K) 

I - Index of the substructure whose DIT entry is desired - integer - input 

K - Index in the array BUF of the desired entry - integer - output 

3.6.12.4 Method 

The DIT logical block number. on which the rth substructure is written. is computed. and the 

corresponding physical block number is derived by threading through the linked blocks of the DIT. 

The desired block is stored in the array BUF starting at location (DIT + 1) and extending to loca­

tion (DIT + BLKSIZ). The Ith substructure's index in BUF is returned in the variable K. 

3.6.12.5 Diagnostic Messages 

User Fatal Message 6223. 
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3.6.13 FONAME 

3.6.13. l Entry Point: FDNAME 

3.6. 13.2 Purpose 

SUBROUTINE DESCRI PTIOMS 

To find the name of the primary substructure equivalent to a given substructure. 

3.6.13.3 Calling Sequence 

CALL FDNAME (NAME,NEWNM) 

NAME - Name of the substructure whose primary equivalent substructure's name is desired -

array of dimension two, where ea.ch word is 4 characters long - input. 

NEWNM - Name of the primary substructure equivalent to NAME. If no primary substructure 

is equivalent to NAME, NAME will be returned to NEWNM. If NAME is not known to 

the system, blanks will be returned to NEWNM - array of dimension two, where 

each word is 4 characters long - output. 

3.6.13.4 Method 

A search for NAME is carried in the DIT. If NAME is not found, blanks are returned in NEWNM. 

If NAME is found, its directory is fetched from the MDI. If NAME does not have a primary substruc­

ture, NAME will be returned in NEWNM, otherwise, the name of the primary substructure will be 

returned in NEWNM. 
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3.6.14 FDSUB 

3.6.14.l Entry Point: FDSUB 

3 .. 14.2 Purpose 

SUBSTRUCTURE OPERATING FILE (S~F) UTILITIES 

To find the name of a substructure in the DIT. 

3.6.14.3 Calling Sequence 

CALL FDSUB (NAME,I) 

NAME - Name of the substructure which is to be found in the DIT - array of dimension two, 

where each word is 4 characters long - input. 

I Index, in the DIT, of the substructure NAME. If NAME is not found in the DIT, 1 

is set to -1 - integer - output. 

3.6.14.4 Method 

Successive blocks of the DIT are copied from the direct access storage device into core, and 

NAME is searched for in each block. 
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3.6.15 FMDI (Fetch MDI) 

3.6.15.l Entry Point: FMDI 

3.6.15.2 Purpose 

To fetch from the direct access storage device the block of the MDI containing the directory 

of a particular substructure. 

3.6.15.3 Calling Sequence 

CALL FMDI (I,J) 

I - Index of the substructure whose directory is desired - integer - input 

J (Index - l) of the desired directory in the array BUF. The array BUF is located in 

the blank colTITlon block and is shared by all srF utility subroutines - integer -

output. 

3.6.15.4 Method 

The MDI logical block number of the block, in which the 1th substructure has its directory, is 

computed from the index I, and the index of the directory in that block is also computed. The 

desired block is then read into core. 

3.6.15.5 Diagnostic Messages 

User Fatal Message 6223. 
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3.6.16 FNDNXL 

3.6.16.1 Entry Point: FNDNXL 

3.6.16.2 Purpose 

To find the name of a higher level substructure to a given substructure. 

3.6.16.3 Calling Sequence 

CALL FNDNXL {NAME,NEWNM) 

NAME - Name of the substructure whose higher level substructure's name is desired -

array of dimension two where each word is 4 characters long - input. 

NEWNM - Name of the higher level substructure to NAME. If NAME does not have a higher 

level substructure, NAME will be returned in NEWNM. If NAME is not known to the 

system, blanks will be returned in NEWNM - array of dimension two, where each 

word is 4 characters long - BCD - output. 

3.6.16.4 Method 

A search for NAME is carried in the DIT. If NAME is not found, blanks are returned in NEWNM. 

If NAME is found, its directory is fetched from the MDI .. If NAME does not have a higher level sub­

structure, NAME will be returned in NEWNM, otherwise the name of the higher level substructure will 

be returned in NEWNM. 
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3.6.17 FNXT (Fetch NXT) 

3.6.17.l Entry Point: FNXT 

3.6.17.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To fetch from the direct access storage device, the block of the array NXT on which a physical 

block number has an entry. 

3.6.17.3 Calling Sequence 

CALL FNXT (I,J) 

I - Physical block number of the block whose entry in the array NXT is desired -

integer - input. 

J - Index of the desired entry in the array BUF. The array BUF is located in the blank 

comnon block and is shared by all S0F utility subroutines - integer - output. 

3.6. 17.4 Method 

The physical block number of the desired block of the array NXT is computed from I, the 

desired block is then read into core. 

3.6.17.5 Diagnostic Messages 

System Fatal Message 6224 
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3.6.18 GETBLK 

3.6.18. l Entry Point: GETBLK 

3.6.18.2 Purpose 

To return the physical block number of.a free block. 

3.6.18.3 Calling Sequence 

CALL GETBLK (I0LD,INEW) 

I0LD - Physical block number of a block which has been completely used up and needs to be 

extended with a new block. If. I0LD is zero, it indicates that there is no old 

block that needs to be extended - integer - input. 

INEW - Physical block number of a free block - INEW is set to -1 if there are no more 

free blocks available - integer - output. 

3.6.18.4 Method 

The current superblock is checked to see if there are any free blocks on it. If there are no 

more free blocks on it, the subroutine moves on to check the next superblock. If after checking 

all available superblocks, no free block can be found, the subroutine sets up a new superblock 

(unless all provided storage devices have been completely exhausted), and increments the number of 

available superblocks by one. INEW is set to the physical block number of the found free block, 

and the number of that block is removed from the list of free blocks in which it was found. If 

I0LD is not zero, the entry of I0LD in the array NXT is set to INEW indicating that the next block 

after I0LD is INEW. 

3.6. 18.5 Diagnostic Messages 

System Fatal Message 6224. 
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3.6.19 ITC0DE {Item Code) 

3.6.19.1 Entry Point: ITC0DE 

3.6. 19.2 Purpose: 

SUBROUTINE DESCRIPTIONS 

To associate with every item a code number which is the item's index in an MDI directory. 

3.6.19.3 Calling Sequence 

K = ITC0DE (ITEM) Integer function 

ITEM - Any of the legal item names: four BCD characters - input. 

The function will return the following 

n - items index in a MDI entry 

-1 - illegal item name 

3.6.19.4 Method 

The ITEMDT table is searched for the·occurence of the requested item. If no match is found. 

a negative number is returned. If a match is found its relative position in a MDI entry is 

computed and returned. 
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3.6.20 MTRXI 

3.6.20.1 Entry Point: MTRXI 

3.6.20.2 Purpose 

To copy a matrix from the S0F to a NASTRAN matrix file. 

3.6.20.3 Calling Sequence 

CALL MTRXI (FILE,NAME,ITEM,O,ITEST) 

FILE - GIN0 file name of the data block to be written - integer - input. 

NAME - Name of substructure - array of dimension two, where each word is 4 characters 

long - BCD - input. 

Item - Item name of the matrix to be copied - allowable names are any legal matrix 

item - four BCD characters - input. 

0 - Du11111y parameter to retain compatibility with old calling sequence. 

ITEST - Integer - output 

1 if ITEM exists on the S0F 

2 if ITEM pseudo-exists only on the S0F 

3 if ITEM does not exist on the S0F 
• 

4 if NAME does not exist 

5 if ITEM is not one of the allowable item names 

6 if FILE has been purged 

The subroutine will copy the matrix data only when ITEST takes the value l. 

3.6.20.4 Method 

The GIN0 file is opened and the S0F buffer is aligned to match the GIN0 buffer. Each block 

of data is read from the S0F using S0FI0 and written to the GIN0 file with WRTBLK, The matrix name 

is inserted into the first record of the file. The trailer infonnation is extracted from the last 

S0F block and stored in the FIAT by a call to WRTTRL. 

3.6.20.5 Diagnostic Messages 

System Fatal Message 6224. 
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3. 6. 21 11TRX0 

3.6.21. 1 Entry Point: MTRX0 

3.6.21.2 Purpose 

To copy a matrix from a NASTRAN matrix file to the S0F. 

3.6.21.3 Calling Sequence 

CALL MTRX0 {FILE,NAME,ITEM,O,ITEST) 

FILE - GIN0 file name of the data block to be read - input. 

NAME - Name of substructure - array of dimension two, where each word is 4 characters 

long - input. 

Item - Item name of the matrix to be copied - allowable names are any legal table item -

four BCD characters - input. 

0 - Dummy parameter to retain compatibility with old calling sequence. 

ITEST - Integer - output 

• 

1 if ITEM already exists on the S0F 

3 if ITEM does not exist on the S0F 

4 if NAME-does not exist 

5 if ITEM is not one of the allowable item names 

6 if FILE has been purged 

The subroutine will copy the matrix data only when ITEST takes the value 3. If the user 

wishes to rewrite a matrix which already exists on the S0F, he will have to delete the old 

matrix data through a call to DELETE, and then write the new matrix data. 

3. 6.21.4 Method 

The GIN0 file is opened and the S0F buffer is aligned to match the GIN0 buffer. Each block of 

the file is read with the GIN0 entry point RDBLK and written to the S0F using S0FI0. After the last 

block is read, a test is made to determine if there exists six unused words in this block. If the 

words exist, the matrix trailer is stored at the end of the block. If insufficient space remains, 

the matrix trainer is stored in a new block and then written to the Sll)F. 
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If IFILE is less than zero, no data is copies to the S0F, but the new item is added to the S0F 

for substructure NAME with a block number of 65535 (i.e., 216 - 1). 

3.6.21.5 Dia~nostic Messages 

Fatal Messages 3008, 3037, and 6223. 
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THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 
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3.6.22 RETBLK 

3.6.22.l Entry Point: RETBLK 

3.6.22.2 Purpose 

To return a block and all blocks linked to it to the list of free blocks. 

3.6.22.3 Calling Sequence 

CALL RETSLK (ISL) 

ISL - Physical block number of the block which is to be returned - integer - input 

3.6.22.4 Method 

The number of the superblock, to which block I belongs, is computed, and block I is returned 

to the list of free blocks belonging to that superblock. All blocks linked to block I are also 

returned to the list of free blocks of their respective superblocks. 

3.6.22.5 Diagnostic Messages 

System Fatal Message 6224. 
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3.6.23 SETEQ 

3.6.23.1 Entry Point: SETEQ 

3.6.23.2 Purpose 

To set a new substructure equivalent to an old substructure. 

3.6.23.3 Calling Sequence 

CALL SETEQ (NAMEl,NAME2,PREFX,DRY,ITEST,IM0RE,IMAGE,LENl 

NAMEl - Name of old substructure - array of dimension two, where each word is 4 characters 

long - input. 

NAME2 - Name of new substructure - array of dimension two, where each word is 4 characters 

long - input. 

PREFX - The names of all substructures contributing to substructure NAMEl are equivalenced 

to a new set having the PREFX value appended to the names - single BCD character -

input. 

DRY - Integer 

Input • 

-1 if neither NAME2 nor any of the names of the image substructures 

should exist before ca11ing SETEQ. 

0 if NAME2 and all the names of the image substructures should 

exist before calling SETEQ. 

1 if neither NAME2 nor any of the names of the image substructures 

should exist before calling SETEQ. 

ITEST - Integer - output. 

• 

1 normal return 

4 if NAMEl does not exist. 

8 if DRY• -1 or 1 and NAME2 or one of the image substructures already 

exists. 

9 if DRY• 0 and NAME2 or one of the image substructures does not exist. 
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IM0RE - Scratch array where SETEQ will construct a list of all substructures contributing 

to substructure NAMEl. 

IMAGE - Scratch array where SETEQ will construct a list of all image substructures that 

will be created. 

LEN - Maximum length of IM0RE and IMAGE arrays that is available to SETEQ - input. 

3.6.23.4 Method 

1. Make a list of all the substructures contributing to the substructure NAMEl. 

2. If DRY is equal to -1 or 1, create an image substructure for each substructure in the 

above list. The names of the image substructures are obtained by adding the prefix PREFX 

to the old names. All the image substructures become contributing substructures to NAME2. 

3. Build in the MDI the directory of NAME2, and of all image substructures. Items EQSS, 

L0DS, L0AP, and PLTS of NAME2 will be copied from those of NAMEl, after replacing the old 

name (NAMEl) by the new name (NAME2}, and inserting the new prefix to the names of all con­

tributing substructures. 

3.6.23.5 Diagnostic Messages 

User Information Message 6228. 

User Warning Message 6236. 

User Fatal Message 6223. 

System Fatal Message 6224. 
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3.6.24 SETLVL 

3.6.24.1 Entry Point: SETLVL 

3.6.24.2 Purpose 

To make a new substructure known to the system. 

3.6.24.3 Calling Sequence 

CALL SETLVL (NEWNM,NUMB,0LDNMS,ITEST,BIT) 

NEWNM - Name of the new substructure - array of dimension two, where each word is 4 

characters long - input. 

NUMB - Integer - input and output 

• 

O if NEWNM is a basic substructure 

1 if NEWNM results from reducing the first substructure in the array 

0LONMS 

i where 2 ~ i ~ 7 if NEWNM results from combining the first i substructures 

in the array 0LDMNS 

For output, if ITEST is set to 4, NUMB will be set to the number of substructures 

in the array 0LONMS. 

0LDNMS - Array of dimension 14 containing the names of 7 substructures at most, and 

where each word is 4 characters long - input and output. 

If ITEST is set to 4, and NUMB to the number of substructures in 0LDNMS that 

do not exist, the first NUMB names in 0LDNMS will be set to the names of those 

substructures that do not exist. 

ITEST - Integer - output 

• 

1 normal return 

4 if one or more substructures in 0LDNMS do not exist 

7 if NEWNM already exists 

8 if one of the substructuess in 0LDNMS has already been used in a 

reduction or combination 

BIT - Bit position of the type field in the MDI to be set for the new substructure. 
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3.6.24.4 Method 

Creates an entry for the substructure NEWNM in the DIT, and updates in the MDI the directories 

of NEWNM and of the substructures in the array 0LDNMS. 
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3.6.25 SFETCH 

3.6.25.1 Entry Point: SFETCH 

3.6.25.2 Purpose 

To position the S0F to read or write data. 

3.6.25.3 Calling Sequence 

CALL SFETCH (NAME(l),ITEM,IRW,ITEST) 

NAME - Name of the substructure which is to be read or written - array of dimension two, 

where each word is 4 characters long - input. 

ITEM - Item name of the table to be read or written - allowable names are any legal 

table item - four BCD characters - input. (Note - matrix items may be processed 

only with subroutines MTRX0, MTRXI, or S0FTRL.) 

IRW - Integer - input 

~ 
l if ITEM is to be read 

= 2 if ITEM is to be written 

3 if ITEM is to be checked only 

ITEST - Integer 

If IRW • l then, 

output• 

It IRW • 2 then, 

1 if ITEM exists 

2 if ITEM pseudo-exists 

3 if ITEM does not exist 

4 if NAME does not exist 

5 if ITEM is an illegal item name 

input • { 
2 if ITEM is to be pseudo-written 

3 if ITEM is to be written 

output• { 

1 if ITEM is already written 

4 if NAME does not exist 

5 if ITEM is an illegal item name 
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3.6.25.4 Method 

If ITEM is to be read or checked, ITEST is set to 1, 2 or 3 according to whether ITEM exists, 

pseudo-exists, or does not exist. If ITEM is to be checked only, SFETCH now returns. If ITEM 

exists, the first block on which ITEM is written is read in the buffer BUF starting at location 

(I0 + 1) and extending to location (I0 + BLKSIZ). The pointer into the buffer is also initialized. 

If ITEM is to be written or pseudo-written, the MDI is examined and ITEST set to 1 if ITEM has 

already been written. Otherwise, if ITEM is to be pseudo-written, the block number for ITEM is set 

to 65535 (i.e., 216 - 1), and if it is to be written, the pointer in the array BUF is initialized. 
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3.6.26 SJUMP 

3.6.26.1 Entry Point: SJUMP 

3.6.26.2 Purpose 

To jump over groups within an item, when in the read mode. 

3.6.26.3 Calling Sequence 

CALL SJUMP (N) 

N - Number of groups to skip over - integer - input 

N will be set to: 

-1 if the end-of-item was reached before skipping over N groups 

-2 if in the write mode 

3.6.26.4 Method 

The S0F is positioned at the beginning of the group following the Nth end of group marker 

that has been skipped. 

3.6.26.5 Diagnostic Messages 

System Fatal Message 6224. 
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3.6.27 S0FCLS 

3.6.27.1 Entry Point: S0FCLS 

3.6.27.2 Purpose 

To save, at the termination of a module, all the in-core buffers and corranon blocks by 

writing them out on the direct access storage device. 

3.6.27.3 Calling Sequence 

CALL S0FCLS 

3.6.27.4 Method 

Each of the in-core blocks of the DIT, MDI and array NXT that has been updated is written 

on the direct access storage device. The data contained in the /S0F/ and /SYS/ co111Tion blocks, 

along with the S0F item structure in the ITEMDT table are written in the first block of each 

physical S0F file. 

If the S0F is not open, no action is taken. 
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3.6.28 S0FINT 

3.6.28. l Entry Point: S0FINT 

3.6.28.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To initialize and update the conmon blocks used by the S0F utility subroutines. The subroutine 

is called only once by S0F0PN at the beginning of every run using the S0F utility subroutines. 

3.6.28.3 Calling Sequence 

CALL S0FINT (IB1,IB2,NUMB,IBL1) 

C0MM0N/S0FC0M/NFILES,FILNAM(l0),FILSIZ(l0),STATUS PSSWRD(2) 

NFILES - User-specified number of S0F files where the maximum number of fi 1 es is 1 O -

integer - input 

FILNAM - NASTRAN file names assigned to the S0F files - BCD - input 

FILSIZ - Size of the S0F files expressed in terms of the number of blocks in each file. 

The size of a block is calculated by GIN0 and stored in /GIN0X/ - integer -

input. 

STATUS - Integer - input. 

{ 
O if the S0F is empty 

•. 1 if the S0F is not empty 

PSSWRD - Password - BCD - input 

181,182- Two arrays where the dimension of each array is equal to the contents of the 

first word of /SYSTEM/. 

NUMB - Number of blocks to be added to the last superblock of the last S0F file. 

Integer - output. 

IBLl - Block number of the first block to be added to the last superblock of the last 

S0F file. Integer - output. 

3.6.28.4 Method 

a. If STATUS• O, the following operations take place: 

1. The S0F common blocks are initialized. 

2. The array NXT, the DIT and the MDI are initialized and written out on the S0F. 
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3. The password, the S0F common blocks and the S0F item structure are written on the 

first block of each S0F file together with the sequence number of that file. 

b. If STATUS= 1, the following operations take place: 

1. The password as well as the file sequence number are checked on each of the S0F 

files that were available in the previous run and are still available in the current 

run. If any of the old passwords is not identical to the new password, or if any of 

the S0F files is out of sequence, a fatal error is flagged. 

2. The buffer size is checked and not allowed to vary from that in the previous run. 

3. The number and sizes of the S0F files are checked and a fatal error is issued if 

the following rules are not respected: 

i. The number of S0F files may always be incremental, but the new files should 

always follow the old files in the sequence. 

ii. Only the size of the last file in previous run - "last old file" - can be 

increased. 

iii. Any number of old files can be deleted from the end of the list of old files as 

long as no data was written on them. 

iv. Only the size of the last old file can be reduced under the condition that no 

data was written on the portion of the file which is to be deleted. 

4. The item structure is retrieved from the S0F and stored in the ITEMDT table. If 

no item structure is present, the level 16.0 structure is used to keep compatibility 

with old systems. 

5. The S0F conmon blocks are updated, and the password, S0F common blocks and the S0F 

item structure are written on the first block of each S0F file available to the 

current run together with the sequence number of that file. 
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3.6.29 S0FI0 

3.6.29.1 Entry Point: S0FI0 

3.6.29.2 Purpose 

SUBROU.TI NE DES CR I PT! ONS 

To perform the I/0 operations between core and the S0F files. 

3.6.29.3 Calling Sequence 

CALL S0FI0 (IRW,IBLKNM,IBUFF) 

C0MM0N/S0FC0M/NFILES,FILNAM(l0),FILSIZ(l0) 

IRW - Integer - input 

,. { 1 if a read operation is requested 

2 if a write operation is requested 

IBLKNM - Physical block number of the block of data which is to be read or written -

integer - input. 

!BUFF - Array which contains the data to be written on the S0F or in which data read from 

the S0F is to be stored. The dimension of the array is equal to the contents of 

the first word of /SYSTEM/. The I/0 data is stored at starting location IBUFF(4). 

NFILES - Number of S0F files - integer - input. 

FILNAM - NASTRAN file names assigned to the S0F files - BCD - input. 

FILSIZ - Size of the S0F files expressed in tenns of the number of blocks in each file. 

the size of a block is 3 words smaller than the contents of the first word of 

/SYSTEM/ - integer - input. 

3.6.29.4 Method 

The S0F file number and the block number within that file are computed from the integer 

IBLKNM. The requested operation is then performed. 

S0FI0 is a machine dependent subroutine. 

3.6.29.5 Diagnostic Messages 

System Fatal Messages 6225-6227. 
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3.6.30 S0F0PN 

3.6.30.l Entry Point: S0F0PN 

3.6.30.2 Purpose 

To compute the addresses of the three in-core buffers, and read into core the common blocks 

/S0F/ and /SYS/. The subroutine should be called at the beginning of each module using the S0F 

utility subroutines. 

3.6.30.3 Calling Sequence 

CALL S0F0PN (Bl ,B2,B3} 

C0MM0N/S0FC0M/NFILES,FILNAM(10),FILSIZ(l0),STATUS,PSSWRD(2),FIRST 

FIRST - Logical - input. 

= { .TRUE. if S0F0PN is being called for the first time in the current run . 

• FALSE. if S0F0PN has been previously called. 

81,82, - Three arrays where the dimension of each array is equal to the contents of the 
B3 

first word of /SYSTEM/. 

3.6.30.4 Method 

The addresses of the three in-core buffers are computed and if FIRST is equal to .TRUE. the 

S0FINT is called. The corrmon blocks /S0F/ and /SYS/ are then read into core. 

3.6.30.5 Diagnostic Messages 

User Fatal Message 6222. 
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3.6.31 S0FSIZ 

3.6.31. l Entry Point: S0FSIZ 

3.6.31.2 Purpose 

To indicate how many available words remain on the S0F, 

3.6.31.3 Calling Sequence 

K = S0FSIZ(DUM) Integer function 

OUM - Durrmy Parameter 

3.6.31.4 Method 

S0FSIZ obtains the number of available blocks and the number of words per block from corrmon 

block /SYS/. The product of these two terms is the number of available words on the S0F. 
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3.6.32 SUREAD 

3.6.32.l Entry Point: SUREAD 

3.6.32.2 Purpose 

To read a certain number of data words belonging to an item into a given array. The substruc­

ture and item names must have been specified through an earlier call to the subroutine SFETCH. 

3.6.32.3 Calling Sequence 

CALL SUREAD (IA,ND,N0UT,ITEST) 

IA - Address of the array into which data is to be read. The array should be large 

enough to hold all the desired data. 

ND - Integer - input 

~ 
1 where i > O if i words are to be read 

• -1 if a read until end-of-group is requested 

-2 if a read until end-of-item is requested 

N~UT - Number of words that have been read - integer - output 

ITEST - Integer - output 

3.6.32.4 Method 

1 nonnal return 

~ 2 if end-of-group has been encountered • l 3 if end:of-item has been encountered 

4 if not in read mode 

The pointer into the in-core buffer BUF is updated as words are read from BUF into the array 

IA. Jf the end of the in-core block is reached before the desired number of blocks has been read, 

the block next to the in-core block is copied into core, and the read operation continues until 

either the desired number of words has been read, or an end-of-group is encountered, or an end-of­

item is encountered. 

3.6.32.5 Diagnostic Messages 

System Fatal Message 6224. 
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3.6.33 SUWRT 

3.6.33.l Entry Point: SUWRT 

3.6.33.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To copy a certain number of data words belonging to an item from a given array onto the random 

access storage device. The substructure and item names must have been specified through an earlier 

call to the subroutine SFETCH. 

3.6.33.3 Calling Sequence 

CALL SUWRT (IA,NW0R0S,ITEST) 

IA - Address of the array from which data is to be copied 

NW0R0S - Number of words that should be copied from the array IA into the random access 

storage device - integer - input 

ITEST - Integer - input 

3.6.33.4 Method 

1
1 if there· is more data to come 

• 2 if an end-of-group should be written at the end of the copied data 

3 if an end-of-item should be written at the end of the copied data 

output• 4 if in the read mode 

The pointer into the in-core buffer BUF is updated as data is copied from IA into BUF. If the 

end of the in-core I/0 b1ock is reached before the desired number of words has been copied. the fu11 

block is written out on the random access storage device, a new free block is called for, and the 

array NXT is updated to indicate that the old block is followed by the new. The write operation 

continues after that and is terminated as specified by the variable ITEST. The directory of the 

item which is written is, however, not updated until an end-of-item is written. Thus, if the 

NASTRAN programmer forgets to specify an end-of-item at the end of his data, the data wi11 be 1ost. 

3.6.33.5 Diagnostic Messages 

User Fatal Message 6223. 
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3.6.34 Common Blocks Used by the SOF Utility Subroutines 

1. C0MM0N/S0F/ OIT,OITPBN,OITLBN,OITSIZ,OITNSB,DITBL, 

I0,I0PBN,I0LBN,I0M0DE,I0PTR,I0SIND,I0ITCD,I0BLK, 

MDI,MDIPBN,MDILBN,MDIBL, 

NXT,NXTPBN,NXTLBN,NXTTSZ,NXTFSZ(lO),NXTCUR, 

DITUP,MDIUP,NXTUP,NXTRST 

DIT - Pointer to an address in open core where the address is relative to the beginning of 

the common blank block. The in-core block of the DIT is stored in an array, starting 

at location (DIT + 1) and extending to location (DIT + BLKSIZ). 

DITPBN - Physical block number of the block of the DIT which is stored in core. If no block of 

the DIT is in core DITPBN is set to zero. 

DITLBN - Logical block number of the block of the DIT which is stored in core. If no block of 

the DIT is in core, DITLBN is set to zero. 

DITSIZ - Total number of words used by the DIT. 

DITNSB - Number of substructure names stored in the DIT. 

DITBL - Physical block number of the first block of the DIT. The value of DITBL is set in the 

subroutine S~FINT. 

I0 - Pointer to an address in open core, where the address is relative to the beginning of 

the conmen blank block. The input/output buffer extends from location (I0 + 1) to 

location (I0 + BLKSIZ). 

I0PBN - Physical block number of the data block being read or written. 

I0LBN - Logical block number of the data block being read or written. 

I0M0DE - Mode of current input/output operation. The variable takes one of the following 

values: 

0 in the idle mode 

1 in the read mode 

2 in the write mode 

I0PTR - Pointer to an address in the input/output buffer. The address is relative to the 

beginning of the blank common block. 
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l0SIND - Index of the substructure whose data is being read or written. 

I0ITCO - Code of the item whose data is being read or written. The item code is obtained by 

calling the function ITC0DE. 

I0BLK - In the case of a write operation, I0BLK contains the physical block number of the first 

data block in the chain of blocks that are written out. 

MDI - Pointer to an address in core where the address is relative to the beginning of the 

blank common block. The in-core block of the MDI is stored in an array starting at 

location (MDI+ 1) and extending to location {MDI+ BLKSIZ). 

MDIPBN - Physical block number of the block of the MDI which is stored in core. If no block of 

the MDI is stored in core, MDIPBN is set to zero. 

MDILBN - Logical block number of the block of the MDI which is stored in core. If no block of 

the MDI is in core, MOILBN is set to zero. 

MDIBL - Physical block number of the first block of the MDI. The value of MDIBL is set in the 

subroutine S0FINT. 

NXT - Pointer to an address in open core where the address is relative to the beginning of 

the blank conmen block. The value of NXT is the same as that of DIT since the array 

NXT and the DIT share the same in-core buffer. Only one of them is in core at any 

time. The in-core block of NXT also extends from location (NXT + 1) to location 

(NXT + BLKSIZ). 

NXTPBN - Physical block number of the block of the array NXT which is stored in core. If no 

block of NXT is in core, NXTPBN is set to zero. 

NXTLBN - Logical block number of the block of the array NXT which is stored in core. If no 

block of NXT is in core, NXTlBN is set to zero. 

NXTTSZ - Total number of superblocks that have been used so far. 

NXTFSZ - Array containing the number of superblocks that are on each one of the S0F files. 

NXTCUR - Number of the superblock which is currently being used. 

DITUP - Logical variable which takes one of the following values: 

.FALSE. if the in-core block of the DIT has not been updated 

.TRUE. if the in-core block of the DIT has been updated 
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MDIUP - Logical variable which takes one of the following values: 

.FALSE. if the in-core block of the MDI has not been updated 

.TRUE. if the in-core block of the MDI has been updated 

NXTUP - Logical variable which takes one of the following values: 

.FALSE. if the in-core block of the array NXT has not been updated 

.TRUE. if the in-core block of the array NXT has been updated 

NXTRST - Logical variable which takes one of the following values: 

.FALSE. if no search for a free block has been made through already existing 

superb locks 

.TRUE. if a search for a free block is being carried through already existing 

superb locks 

2. C0MM0N/S0FC0M/NFILES,FILNAM(l0),FILSIZ(10),STATUS,PSSWRD(2),FIRST,0PNS0F,AS0FCB 

NFILES - Number of files allocated to the S0F, The maximum number of files that can be 

allocated is ten. 

FILNAM - Array containing the names of the S0F files. Each name is four characters long. 

FILSIZ - Array containing the sizes of the S0F files. The size is expressed in number of 

blocks where the number of words contained in a block is four words less than the 

content of the first word of /SYSTEM/. The size of each S0F file must be an even 

number of blocks~ 4. 

STATUS - Integer variable which takes one of the following values: 

O if the S0F is empty 

1 if the S0F is not empty 

PSSWRD - Array containing a password for the S0F. A substructuring problem must use the same 

password for all runs. The passwor~ is two words of four characters each. 

FIRST - Logical variable which takes the value .TRUE. at the beginning of each substructuring 

run thus initiating a call from the subroutine S0F0PN to the subroutine S0FINT. FIRST 

is then set to .FALSE. in S0FINT. 

0PNS0F - Logical variable which is set to .TRUE. when S0F0PN is called and to .FALSE. when 

S0FCLS is called. 
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AS0FCB - Address of control blocks for direct access S0F input and output on the IBM 360/370 

computer. 

3. C0M~·iN/SYS/BLKSIZ ,DIRSI Z,SUPSIZ ,AVBLKS ,HIBLK, IFRST 

BLKSIZ - Block size. The size of a block is three words smaller than the content of the first 

word of /SYSTEM/. 

DIRSIZ - Size of a substructure's directory in the MDI. The value of DIRSIZ is set in the sub-

routine S0FINT. 

SUPSIZ - Superblock size. The size of a superblock is equal to 2 * (BLKSIZ -1). 

AVBLKS - Number of available free blocks on the S~F. 

HIBLK - Block number of the highest numbered block written. 

IFRST - Index in the r.101 of the word containing the information for the first item 

(currently • 2) 
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3.6.35 SMSG (Substructure Messages) 

3.6.35.1 Entry Point: SMSG 

3.6.35.2 Purpose 

Message writer for substructure diagnostics. 

3.6.35.3 Calling Sequence 

CALL SMSG (N,ITEM,NAME) 

N - Message number. N > 0 indicates warning only. N < 0 indicates fatal message. 

Integer - input. 

ITEM - Item name. BCD, input. 

NAME - Substructure name. Two-word BCD array, input. 

3.6.35.4 Method 

The message number generated is 6100 + IABS(N). 

For fatal messages, subroutine S0FCtS is called to save any S0F updates. Subroutine MESAGE 

is then called to terminate execution. 
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3.6.36. 1 Entry Point: S0FTRL 

3.6.36.2 Purpose 

To obtain the matrix control block of a matrix stored on the S0F. 

3.6.36.3 Calling Sequence 

CALL S~FTRL (NAME,ITEM,MCB) 

NAME - Name of substructure whose matrix item is to be examined - array of dimension 

two words where each word is 4 characters long - input. 

ITEM - Name of matrix item - allowable names are: KMTX, MMTX, PVEC, PAPP, P0VE, UPRT, 

H0RG, UVEC, QVEC, U·ITX - four BCD characters - input. 

MCB - 7-word matrix control block. Item status is returned in MCB(l). 

MCB(l) • 

3.6.36.4 Method 

1 if ITEM exists - matrix trailer is returned in words 2 through 5 

2 if ITEM pseudo-exists 

3 if ITEM does not exist 

4 if NAME does not exist 

5 if ITEM is an illegal item name 

The existence of NAME and ITEM on the S0F is checked. The chain of blocks belonging to the 

item is followed until the last block is located. This block is then read and the trailer is 

extracted from the last six words. 
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3.6.37. 1 Entry Point: ITTYPE 

3.6.37.2 Purpose 

To return the type, table, or matrix of each item. 

3.6.37.3 Calling Sequen~e 

K = ITTYPE (ITEM) Integer function 

K - Integer - output 

0 if table item 
= 

1 if matrix item 

ITEM - any of the legal item names - four BCD characters - input. 

The function will return the following: 

3.6.37.4 Method 

O - table item 

l - matrix item 

-1 - illegal'item name 

The ITEMDT t~ble is s~arched for the occurrence of the requested item. If no match is 

found, a negative number is returned. If a match is found the item TYPE field is returned. 
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3.6.38 FNOLVL 

3.6.38.l Entry Point: FNDLVL 

3.6.38.2 Purpose 

SUBROUTINE DESCRIPTIONS 

To find the name of a lower level substructure to a given substructure. 

3.6.38.3 Calling Sequence 

CALL FNDLVL (NAME.NEWNM) 

NAME - Name of the substructure whose lower level substructure's name is desired -

array of dimension two words where each word is 4 characters long - BCD - input. 

NEWNM - Name of a lower level substructure to NAME. 

substructure. NAf-lE wi 11 be returned in tlEWNr1. 

If NAME does not have a lower level 

If HAl-tE is not known to 

system. blanks will be returned in NEWNM. NEWNM is an array of dimension two 

words. where each word is 4 characters long - BCD - output. 

3.6.38.4 Method 

A search for NAME is carried in the DIT. If NAME is not found. blanks are returned in 

NEWNM. If NAME is found, its directory is fetched from the MDI. If NAME does not have a 

lower level substructure, NAME will be returned in NEWNM, otherwise the name of the lower 

level substructure will be returned in NEWNM. Note that only one of the possible lower level 

substructures will be returned. To get all of them the CS loop of that substructure must be 

traversed. 
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4. M'.)DULE FUNCTIONAL DESCRIPTIONS 

4. 1 GENERAL COMMENTS AND INDEXES 

The NASTRAN modules (a module is a logical group of subroutines) documented in this section 

have been classified into 7 categories: 1) Executive Preface modules, 2) Executive modules, 

3) Executive DMAP instructions, 4) Executive DMAP modules, 5) functional modules, 6) output modules, 

and 7) matrix modules. 

Executive Preface modules are those which are executed prior to the execution of the first 

modules in a DMAP sequence. They consist of: 1) XCSA (Executive Control Section Analysis), which 

processes the NASTRAN Executive Control Deck; 2) IFPl (Input File Processor, Part 1), which pro­

cesses the NASTRAN Case Control Deck; 3) XS0RT (Executive Bulk Data Card Sort), which sorts the 

NASTRAN Bulk Data Deck; 4) IFP (Input File Processor), which processes the sorted Bulk Data Deck; 

5) IFP3, IFP4 and IFPS (Input File Processor 3, 4 and 5), which process bulk data cards unique to 

an axisyrrmetric conical shell, hydroelastic, or acoustic problem; 6) XGPI (Executive General Prob­

lem Initialization), the heart of the Preface, which a) translates (compiles) a DMAP sequence into 

an internal form, the 0SCAR, - see Section 2.4.2.1, and b) for problem restarts, initializes data 

blocks and labeled common blocks; and 7) UMFEDIT (User Master File Editor), which creates and 

manipulates User Files. 

The only module classified as an Executive module, per se, is XSFA (Executive Segment File 

Al locator), which is the "aaninistrative manager" of files for NASTRAN. 

Executive DMAP instructions documented in this section are REPT, JUMP, C0ND, EXIT, and END. 

The DMAP instructions BEGIN, FILE, LABEL, PRECHK, and XDMAP are not allocated a separate section 

and, therefore, brief descriptions follow. 

1. The BEGIN and XDMAP instructions are declarative DMAP instructions which denote the begin­

ning of a DMAP sequence. They are analogous to a computer operating system control card which 

calls a system compiler. The BEGIN card is used in cases where all DMAP compiler default options 

are elected. 

2. The FILE DMAP instruction is a declarative DMAP instruction which alters the normal attri­

butes of a data block in an 0SCAR entry (see an explanation of the attributes AP, LTU, TP, NTU. of 

a data block in the Data Section Fonnat for functional modules section in the description of the 

0SCAR, section 2.4.2. 1). These attributes of a data block are used by the Executive Segment File 

Allocator (XSFA) module in perfonning its task. 
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3. The LABEL DMAP instruction is used to label a location in a DMAP sequence so that the 

location may be referenced by the DMAP instructions JUMP, C0ND, and REPT. 

4. The PRECHK DMAP instruction is a declarative DMAP instruction allowing the user to make a 

single, or limited nunDer of statements which will generate CHKPNT instructions for the entire DMAP 

sequence automatically. 

A more detailed description of these five Executive DMAP modules can be found in Section 5 of 

the User's Manual. 

Executive DMAP modules consist of CHKPNT, SAVE, PURGE, EQUIV, PARAM and SETVAL. In addition 

to the descriptions in this section, the reader is referred to section 5 of the User's Manual. where 

further explanations of the uses of EQUIV, PURGE and CHKPNT can be found. 

Functional modules comprise the bulk of the descriptions in this section. Functional modules 

perform the actual structural problem solution. The reader is referred to seciton 5 of the User's 

Manual for a) general co11111ents on DMAP rules and b) the syntactical rules of the DMAP calling 

sequences referring to functional modules. 

Output modules are those whose entire output is directed a) to the system output 

file and/orb) to a tape which will drive a plotting device. 

Matrix modules are those which, although no different operationally from functional 

modules, are most. likely to be used by the program user who wishes to take advantage of the 

Direct Matrix Abstraction capabilities of NASTRAN; therefore, they are separately categorized. 

4.1. 1 Use of Module Functione~ Descriptions 

Each module documented by means of a Module Functional Description {MFD) has been 

assigned an integer i, and its MFD is documented in section 4.1. For functional modules, 

a consistent numbering scheme has been followed, wherever possible, in the MFD's. For a 

functional module whose assigned integer is 1, then, 

4.1 Title 

4.1.1 Entry Point 

4.1.2 Purpose 

4.1.3 DMAP Calling Sequence 

4.1.4 Input Data Blocks 

4. 1.5 Output Data Blocks 

4.1.6 Parameters 
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4.i.7 Method 

4.i.8 Subroutines 

4.i.9 Design Requirements 

4.i.10 Diagnostic Messages 

GENERAL COMMENTS AND INDEXES 

comprises this nu~bering scheme. The title: a) classifies the module into one of the seven 

categories defined in the first paragraph of section 4, 1; b) defines the module name, which, 

if it is a DMAP module (one which is called by a DMAP instruction), is the name by which it 

must be called in the DMAP calling sequence; and c) defines, parenthetically, the phrase 

from which the name was derived. Colllllents on the remaining sections follow. 

1, Entry Point 

This section defines the entry point of the module. A module's entry point usually 

agrees with the module name~ but there are exceptions. For example, the READ (Real 

Eigenvalue Analysis Displacement) module has the entry point REIG (the entry point READ 

is a subroutine in the GWl1l collection of routines). 

2. Purpose 

A brief descript1.on of the purpose of the module is given. The casual or first-time 

reader will perhaps go no further than read the purpose. 

3. DMAP Calling Sequence 

The DMAP calling sequence as it appears in a Rigid Fonnat is given (see section 3 of 

the User's Manual for a detailed description of the Rigid Formats in NASTRAN). 

DMAP calling sequences for Executive OMAP instructions and for Executive OMAP modules follow 

no fixed format. Refer to the individual Module Functional Descriptions for details on their 

OMAP calling sequences. Functional modules, which are always "called" via a OMAP calling 

sequence, do have·a fixed format. Consider the following OMAP calling sequence for functional 

module SMA2, which generates the mass matrix, CM J, and the damping matrix, ta J: gg gg 

SMA2 CSTM,MPT,ECPT,GPCT,OIT/MGG,BGG/V,Y,WTMASS • 1.0/V,N,Nl1JMGG/V,N,N11JBGG/V,Y, 

C"UPBAR • -1 $ 

SMA2 is the module name. The name of a module must begin with an alphabetic character 
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followed by up to seven additional alphanumeric characters. Following the name is a blank 

field. Following this blank field is the list {CSTM,MPT,ECPT,GPCT,DIT} of data blocks input 

to the module. The list is tenninated by a slash (/), Each item in this list is separated 

by a conma. Note that the number of co11111as for this list is one less than the number of input 

data blocks. The second slash tenninates the list {MGG,BGG} of data blocks output from the 

module. The rule for naming input and output data blocks is the same as for module names. 

Each subsequent slash tenninates a parameter field. Each parameter field contains three parts 

separated by commas. The first part is either the letter 11 V11 or the letter 11 C11
, defining the 

parameter as a variable or as a constant respectively. The second part is either the letter 
11 v11 or the letter 11N11

• 
11 Y11 implies 11yes 11 the value of the parameter may be specified on a 

PARAM bulk data card, and 11 N11 implies 11 no 11 the value of the parameter may not be specified on a 

PARAM bulk data card. The third part may be either: (a) the name of the parameter, (b) the 

value of the parameter, or (c) the name and the value of the parameter. A variable parameter 

must have a name, hence a variable parameter may not be specified only by its value, The rule 

governing the names of parameters is the same as that for module names. The value of a 

parameter may be complex double precision, complex single precision, double precision, real, 

integer or BCD. In the example given, the name of the first parameter is WTMASS, and its 

initial value (which can be overridden by a value on a PARAM card because of 11 Y11 prior to the 

name) is 1.0. Note that the slash terminating the last parameter field is omitted. Although 

one can terminate the last parameter field with a slash, this final slash is usually omitted. 

A dollar sign, 11 $11
1 terminates a DMAP statement. 

4; Input Data Blocks 

A short description of each of the module's input data blocks is given along with 

notes explaining what the module's design requires about the status (purged or not 

purged) of the data blocks. Detailed data block descriptions are found in section 2 

of the Progra11111er's Manual. 

5. Output Data Blocks 

A short description of each of the module's output data blocks and an explanation of 

the action taken when an output data block has been pre-purged are given in this 

section. An output data block is said to be pre-purged if the data block has been 
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explicitly purged in a previous PURGE DMAP instruction, or if the data block does not 

appear in the DMAP calling sequence for the module. 

6. Parameters 

The order of DMAP parameters in a DMAP calling sequence is the same as the order of the 

F0RTRAN variables corresponding to the parameters in blank common at module execution time. 

Each variable DMAP parameter is defined as whether a) it is input data into, or output 

data from, the module, or both (e.g., a DMAP loop counter which is incremented within the 

module); b) the type of the parameter: integer, real, double precision, complex single 

precision, complex double precision, or BCD; and c) the default value of the parameter 

as defined either i) in the Module Properties List (MPL) Executive table, ii) by means 

of a PARAM or SETVAL DMAP instruction, or iii) by means of the DMAP statement itself. An 

example of the third type of default value is 

M~DULEA A,B,C/D,E/V,N,UVW/V,Y,XYZ•-1 $. 

The parameter XYZ is set to -1 by the above statement. For further information on DMAP 

parameters see paragraph 3 above, section 2.4.2.2 in the Progranuner•s Manual and section 

5 of the User's Manual. 

7. Method 

A discussion of the method used by the module writer to achieve the purpose of the 

module is given in this section. 

8. Subroutines 

The subroutines which comprise the module are described in this section. However, 

not all subroutines capable of being called by a module are listed here. Utility 

routines and matrix routines that are in the root seqment are not listed in this 

section. These inlcude: MAPFNS, all the GIN0 routines (0PEN, WRITE, CL0SE, READ, FWDREC, 

BCKREC, REWIND, E0F, SKPFIL, XGIN0, GIN0, 0PNC0R), FREAD, G0PEN, WRTTRL, FNAME, CLSTAB, 

PREL0C, PEXIT, TMT0G0, MESAGE, and the matrix packing and unpacking routines (BLOPK, PACK, 

INTPK, UNPACK). Dascriptions for these routines are found in section 3. 
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9. Design Requirements 

Design requirements peculiar to the module are presented. 

10. Diagnostic Messages 

Diagnostic messages unique to the module are given in this section. A detailed list 

of NASTRAN diagnostic messages can be found 1n section 6 of the User's Manual. 
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4. l. 2 Alphabetical Index of Module Functional Descriptions 

Section Nurrber Module Name Section Number Module Name 

4.78 ADD 4.32 GPSP 
4.96 ADDS 4.29 GPWG 
4. 114 AMG 4.21 GPl 
4. 115 AMP 4.22 GP2 
4.112 APO 4.25 GP3 
4. 127 ASOMAP 4.31 GP4 

*** BEGIN 4.5 IFP* 
4.90 BMG 4.3 IFPl 

4.6 IFP3* 
4.56 CASE 4.89 IFP4* 
4.59 CEAD 4. 91 IFPS* 
4.10 CHKPNT 4.97 INPUT 
4. 128 C0MB1 4.98 INPUTTl 
4. 129 C0MB2 4.99 INPUTT2 
4.13 Cl/lNO ** INPUTT3 
4. 148 C0PY ** INPUTT4 
4. 110 CYCT1 
4.111 CYCT2 4. 12 JUMP 

** DOR *** LABEL 
4. 141 DDRMM 
4.67 DDRl 4.72 MATGPR 
4.68 OOR2 4. 71 MATPRN 
4.81 DECIIJMP 4.73 ft1ATPRT 
4. 143 DIAGIIJNAL 4.33 MCEl 
4.47 DPD 4.34 MCE2 
4.121 DSCHK 4.84 MERGE 
4.49 0SMG1 ** M0DA 
4.51 0SMG2 4.126 MIIIDACC - DUMMIIJDl ** Ml/lOB - DUMM0D2 ** Ml/lDC 
** DUMM0D3 4.79 MPYAD 
** DUl+10D4 4.57 ~ITRXIN 

4.123 EMA 4.70 1/lFP 
4. 124 EMG 4.120 0PTPR1 
4.18 END 4.142 0PTPR2 
4. 17 EQUIV ** 0UTPUT 
4.130 EX10 4.100 IIJUTPUTl 
4.14 EXIT 4.101 0UTPUT2 

4.102 0UTPUT3 
4.116 FAl - 0UTPUT4 
4.117 FA2 
4.82 FBS 4.19 PARAH 
*- FILE 4.118 PARAML 
4. 61 FRRD 4.119 PARAMR 

4.83 PARTN 
4.113 GI ** PARTVEC 
4.58 GKAD 4.52 PLAl 
4.66 GKAM 4.53 PLA2 
4.109 GPCYC 4.54 PLA3 
4.146 GPFDR 4.55 PLA4 

4.24 PLIIJT 

*Executive System Internal Module 
**Dunmy Module 

***Executive System Instruction (No Module Functional Descriptions) 
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Alphabetical Index of Module Functional Descriptions (Continued) 

Section Number Module Name 

4. 139 
4.23 
4.92 
4.76 
4. 77 
4.16 
4.145 

4.64 
4.37 
4.38 
4.39 
4.40 
4. 131 
4. 132 
4.48 
4.133 
4.11 
4.104 

4. 15 
4. 144 
4.35 
4. 108 
4.45 
4.46 
4.62 
4.74 
4.20 
4.134 
4.27 
4.28 
4.30 
4.86 
4.36 
4.50 
4. 135 
4.136 
4.137 
4.80 
4. 105 
4.41 
4.42 
4.43 
4.44 
4. 138 
4. 147 

PLTMRG 
PLTSET 
PLTIRAN 
PRTMSG 
PRTPARM 
PURGE 
PVECi i 

RAND0M 
RMBGl 
RMBG2 
RMBG3 
RMBG4 
RC0VR 
RC0VR3 
READ 
REDUCE 
REPT 
RMG 

SAVE 
SCALAR 
SCEl 
SDRHT 
SDRl 
SDR2 
SDR3 
SEEMAT 
SETVAL 
SGEN 
SMAl 
SMA2 
SMA3 
SMPYAO 
SMPl 
SMP2 
S0FI 
S0F0 
S0FUT 
S0LVE 
SSGHT 
SSG1 
SSG2 
SSG3 
SSG4 
SUBPH1 
SWITCH 

*Executive System Internal Module 
**Dunmy Module 

Section Number 

4.122 
4.103 
4.75 
4.26 
4.140 
4.65 
4.107 
4.106 
4.85 

4.94 
4.8 
4.93 

4.60 
4.95 

4.2 
4.7 
4.9 
4.4 
4.69 -4.63 

Module Name 

TABPCH 
TABPRT 
TABPT 
TAl 
TIMETEST 
TRD 
TRHT 
TRLG 
TRNSP 

UMERGE 
UMFEDIT* 
UPARTN 

VDR 
VEC 

XCSA* 
XGPI* 
XSFA* 
XS0RT* 
XYPL0T 
XYPRNPLT 
XYTRAN 

***Executive System Instruction (No Module Functional Description) 
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4.1. 3 Alphabetical Index of Entry Points in Module Functional Descriptions 

Section Number Entry Point Module Name Page Number 

4.46.8 AI SDR2 4.46-7 

4.59.8.25 ALLMAT CEAD 4.59-18 

4.46.8 AMATRX S0R2 4.46-7 

4.114. l AMG AMG 4. 114-1 

4.115.l AMP AMP 4.115-1 

4.115.8.1 AMPA AMP 4.115-8 

4.115.8.2 AMPB AMP 4.115-9 

4.115.8.3 AMPBl AMP 4.115-9 

4.115.8.4 AMPB2 AMP 4.115-10 

4.115.8.5 AMPC AMP 4 .115-10 

4.115.8.6 AMPCl AMP 4. 115-10 

4. 115.8.7 AMPC2 AMP 4.115-12 

4.115.8.8 AMPO AMP 4.liS-12 

4.112.1 APO APO 4.112-1 

4.112,8.2 APDF APO 4.112-3 

4.112.8.l APDl APO 4.112-3 

4.48.8.25 ARRM READ 4.48-18 

4.127.1 ASDMAP ASDMAP 4.127-1 

4.127 .8.1 ASPR0 ASDMAP 4.127-6 

4.7.5.13 AUT0CK XGPI 4.7-6 

4.7.5.14 AUT0SV XGPI 4.7-7 

4.41.11.35 BAR SSGl 4.41-27 

4.41.11.21 BASGLB SSGl 4.41-22 

4.128.8.4 BDATOl C0MB1 4.128-11 

4.128.8.5 BDAT02 C0MB1 4.128-12 

4.128.8.8 BDAT03 C0MB1 4.128-14 

4.128.8.10 BDAT04 C0MB1 4.128-20 

4. 128.8.6 BDATOS C0MB1 4.128-12 

4.128.8.7 BDAT06 C0MB1 4.128-13 
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Section Number Entry Point Module Name Page Number 

4.46.8 BINT S0R2 4.46-7 

4.128.8.25 BITPAT C0MB1 4. 128-41 

4.90.1 BMG BMG 4.90-1 

4.90.8 BMGTNS BMG 4.90-7 

4.28.8.16 BVISC SMA2 4.28-8 

4.56.1 CASE CASE 4.56-1 

4.59.8.14 CDETM CEAD 4.59-12 

4.59.8.15 CDETM2 CEAD 4.59-12 

4.59.8.18 CDETM3 CEAD 4.59-14 

4.59.8.9 CDI FBS CEAD 4.59-8 

4.59.8.19 CDIVID CEAD 4.59-14 

4.59.F3.17 CDTFBS CEAD 4.59-13 

4.59.l CEAO CEAD 4.59-1 

4.59.8.1 CEADlA CEAD 4,59;.3 

4.59.8.23 CFACTR CEAD 4.59-17 

4.59.8.24 CFBS0R CEAD 4.59-17 

4.59.8.8 CINFBS CEAD 4.59-8 

4.59.8.2 CINVPR CEAD 4.59-3 

4.59.8.3 CINVPl CEAD 4.59-4 

4.59.8.4 CINVP2 CEAD 4.59-4 

4.59.8.5 CINVP3 CEAD 4.59-6 

4.128.8.13 CMAUT0 Ct)MB1 4.128-24 

4.128.8.2 CMCASE Ct)MB1 4.128-9 

4. 128.8.12 CMCKCD C9)MB1 4.128-23 

4.128.8.29 CMCKDF C9)MB1 4. 128-45 

4.128.8.16 CMCt)MB Ct)MB1 4.128-29 

4. 128.8. 11 CMC9)NT Cl)MB1 4. 128-21 

4.128.8.17 CMDISC Cl)MB1 4. 128-32 

4. 128.8.19 CMHGEN C,0MB1 4.128-35 
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Section Number Entry Point Module Name Page Number 

4.128.8.15 CMMCl?JN Cl?)MB1 4. 128-29 

4.128.8.14 CMRELS Cl?)MB1 4.128-28 

4. 128.8.9 CMSFIL C0MB1 4.128-14 

4. l 28.8. 18 CMS0F0 C0MB1 4.128-34 

4.59.8.10 CMTIMU CEAD 4.59-9 

4.128.8.3 CMT0C C0MB1 4 .128-10 

4.59.8.6 CN0RM CEAO 4.59-7 

4.59.8.7 CN0RM1 CEAD 4.59-7 

4.23.8.3 CNSTRC PLTSET 4.23-4 

4.41.ll.7 C0MB1N SSGl 4.41-17 

4.127.9.l C0MB0 ASOMAP 4.127-8 

4.128.1 C0MB1 C0MB1 4. 128-1 

4 .129. 1 C0MB2 C0MB2 4.129-1 

4.23.8.2 C0MECT PLTSET 4.23-3 

4.41.11.32 C0NE SSGl 4.41-26 

4.148.l C0PY CQIPY 4. 148-1 

4.4.5.7 CRDFLG XS0RT 4.4-5 

4.41.11.18 CR0SS SSGl 4.41-21 

4.59.8.12 CSUB CEAO 4.59-10 

4.59.8.16 CSUMM CEAD 4.59-13 

4. 59 .8. 11 CXTRNY CEAD 4.59-9 

4.110.l CYCTl CYCTl 4.110-1 

4.111.1 CYCT2 CYCT2 4. 111-1 

4.111.8.1 CYCT2A CYCT2 4.111-5 

4.111.8.2 CYCT2B CYCT2 4.111-5 

4. 78.1 DADD ADD 4.78-1 

4.96.1 DADDS ADDS 4.96-1 

4.49.8.6 OBAR DSMGl 4.49-6 

4.49.8.10 DCQINE DSMGl 4.49-7 
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Section Number Entry Point Module Name Page Number 

4.81. l DDC0MP DEC0MP 4.81-1 

4.141. l DDRMM ODRMM 4.141-1 

4.141.8.4 DDRMMA DDRMM 4.141-7 

4.141.8.2 DDRMMl ODRMM 4.141-4 

4.141.8.3 DDRMM2 ODRMM 4.141-6 

4.67 .1 DDRl DDRl 4.67-1 

4.68.1 D0R2 0DR2 4.68-1 

4.68.8. 1 DDRlA DDR2 4.68-4 

4.68.8.2 DOR1B D0R2 4.68-5 

4.28.8.30 DELTKL SMA2 4 .28-11 

4.27.8.5 DETCK SMAl 4.27-9 

4.123.8.1 DETCKX EMA 4.123-6 

4.48.8.24 DETDET READ 4.48-17 

4.48.8.28 DETFBS READ 4.48-19 

4.48.8.15 DETM READ 4.48-13 

4.48.8.16 DETMl READ 4.48-15 

4.48.8.17 DETM2 READ 4.48-16 

4.48.8.18 DETM3 READ 4.48-16 

4.48.8.19 DETM4 READ 4.48-16 

4.48.8.20 DETMS READ 4.48-16 

4.48.8.21 DETM6 READ 4.48-16 

4.82. 1 DFBS FBS 4.82-1 

4.143.1 DIAG0N DIAG0NAL 4.143-1 

4.49.8.16 DIHEX 0SMG1 4.49-7a 

4.41.11.8 DIRECT SSGl 4.41-18 

4.27.8.21 OKI SMAl 4.27-13 

4.27.8.22 DKINT SMAl 4.27-14 

4.27.8.24 DKlOO SMAl 4.27-15 

4.27.8.25 OK211 SMAl 4.27-16 

4.27.8.23 DK89 SMAl 4.27-15 
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Section Number Entry Point Module Name Page Number 

4.114.8.2 DLAMG AMG 4.114-4 

4.114.8.11 DLPT2 AMG 4.114-9 

4.27.8.27 DMATRX SMAl 4.27-17 

4.26.8.7 DMFGR TAl 4.26-15 

4.28.8 DMI SMA2 4.28-3 

4.28.8 DMINT SMA2 4.28-3 

4.79.1 DMPYAD MPYAD 4.79-1 

4.28.8 DMlOO SMA2 4.28-3 

4.28.8 DM211 SMA2 4.28-3 

4.28.8 DM89 SMA2 4.28-3 

4.47.1 DPD DPD 4.47-1 

4.47.8.1 DPOAA DPD 4.47-7 

4.47.9.2 DPDCBD DPD 4.47-8 

4.47.7.1 OP01 DPD 4.47-3 

4.47.7.1 DPD2 DPD 4.47-3 

4.47.7.1 DPD3 DPD 4.47-3 

4.47.7,' DPD4 DPD 4.47-3 

4.47.7.1 DPD5 DPD 4.47-3 

4.24.1 DPLIIJT PLIIJT 4.,4-1 

4.23.l · DPLTST PLTSET 4.23-1 

4.114.8.4 DPPS AMG 4. 114-4 

4.49.8.3 DQDMEM DSMGl 4.49-7 

4.49.8.12 DQUAD DSMGl 4.49-7a 

4.49.8.14 DQUADS DSMGl 4.49-7a 

4.24.8.6 DRAW PLIIJT 4.24-7 

4.49.8.5 DRIIJD 0SMG1 4.49-6 

4.121.1 DSCHK DSCHK 4.121-1 

4.49.8.7 DSHEAR DSMGl 4.49-6 

4.49.1 DSMGl DSMGl 4.49-1 

4.51.1 DSMG2 DSMG2 4.51-1 
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Section Number Entry Point Module Name Page Number 

4.49.8. l DS1 DSMGl 4.49-5 

4.49.8.2 DS1A DSMGl 4.49-5 

4.49.8.4 DSlABD DSMGl 4.49-6 

4.49.8.3 DS1B DSMGl 4.49-5 

4.85.1 DTRANP TRNSP 4.85-1 

4.49.8.13 DTRBSC DSMGl 4 .49-?a 

4.49.8. ll DTRIA DSMGl 4.49-7 

4.49.8.15 DTRIAS DSMGl 4.49-7a 

4.49.8.8 DTRMEM DSMGl 4.49-7 

4.94.1 DUMERG UMERGE 4.94-1 

4.7.5.10 DUMPER XGPI 4.7-6 

4.93.1 DUPART UPARTN 4.93-1 

4.24.8.11 DVECTR PL0T 4.24-10 

4.48.8.23 EADD READ 4.48-17 

4.41.11.4 EDTL SSGl 4.41-16 

4.24.8.16 ELELBL PL0T 4.24-12 

4.41.11.59 ELTKL SSGl 4.41-34 

4.123.1 EMA EMA 4.123-1 

4.124.1 EMG EMG 4.124-1 

4.124.8.2 EMGCNG EMG 4.124-5 

4.124.8.3 EMGC0R EMG 4.124-6 

4.124.8.5 EMGFIN EMG 4.124-7 

4.124.8.6 EMG0UT EMG 4.124-7 

4.124.8.4 EMGPR0 EMG 4.124-6 

4.124.8.1 EMGTAB EMG 4.124-4 

4.48.8.36 EMPC0R READ 4.48-19c 

4.112.8.4 EMSG APO 4.112-4 

4.128.8.24 ENC0DE C0MB1 4.128-40 

4.128.8.20 EQSC00 C0MB1 4. 128-38 

4.128.8.26 EQS0UT COMB1 4.128-41 
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Section Nurrber Entry Point Module Name Page Nurrber 

4.128.8.27 EQlllUTl Clllr-131 4. 128-42 

4.130.8.6 EXF0RT EXI0 4. 130-7 

4.130.8.5 EXI2 EXI0 4. 130-6 

4. 130. 1 EXIIII EXIIII 4.130-1 

4. 130.8.2 EXIllll EXIlll 4.130-3 

4. 130.8.3 EXI02 EXI0 4. 130-4 

4.130.8.7 EXLVL EXI0 4. 130-7 

4. 130.8.4 EXlll2 EXIlll 4.130-5 

4.41.11.2 EXTERN SSGl 4.41-14 

4.4.5.8 EXTINT XS0RT 4.4-5 

4. 116.1 FAl FAl 4.116-1 

4.116.8.2 FAlK FAl 4. 116-3 

4.117.1 FA2 FA2 4. 117-1 

4.61.8. 7 FACTRU FRRO 4.61-7 

4.65.8. 11 FBSINT TRD 4.65-15 

4.41.11.31 FCURL SSG1 4.41-26 

4.41.11.25 FDCSTM SSGl 4.41-23 

4.48.8.22 FDVECT READ 4.48-1" 

4.41.11.26 FEDT SSG1 4.41-24 

4.41.11. 37 FEDTEO SSGl 4.41-28 

4.41.11.36 FEDTST SSGl 4.41-27 

4.46.8 FF100 SDR2 4.46-7 

4.48.8.37 FILC0R READ 4.48-19d 

4.24.8.2 FIND PLl!IT 4.24-4 

4. 128.8.21 FINDER ClllMBl 4.128-39 

4.128.8.23 FNOGRD C0MB1 4.128-40 

4. 119.8.1 FNDPAR PARAMR 4.119-3 
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Section Number Entry Point Module Name Page Number 

4.41.11.17 FNDPNT SSG1 4.41-21 

4.24.8. 12 FNDSET PL0T 4.24-11 

4.41. 11.20 FNDSIL SSGl 4.41-22 

4.73.8.4 F0RMAT MATPRT 4.73-4 

4. 31. 8. 3 F0RMGG GP4 4.31-6 

4.65.8.4 F0RM1 TRD 4.65-12 

4.65.8. 10 F0RM2 TRD 4.65-15 

4.41.11.10 FP0NT SSGl 4.41-19 

4. 61. 1 FRRD FRRD 4.61-1 

4. 61. 8. 1 FRRDlA FRRD 4.61-5 

4.61.8.2 FRRD1B FRRD 4.61-6 

4.61.8.3 FRRDlC FRRD 4,61-6 

4.61. 8.4 FRRDlD FRRD 4.61-6 

4.61.8.5 FRRDlE FRRD 4.61-7 

4. 61.8.6 FRRDlF FRRD 4.61-7 

4.46.8 F6211 SDR2 4.46-7 

4.46.8 F89 SDR2 4.46-7 

4. 41. l 1. 60 GBTRAN SSGl 4.41-35 

4.114.8.3 GENO AMG 4, 114-4 

4.24.8.4 GETDEF PL0T 4.24-6 

4.113.8.1 GI GI 4, 113-8 

4.113.8.2 GIGGKS GI 4.113-B 

4.113.8.4 GIGTKA GI 4.113-B 

4.113.8.3 GIPSST GI 4.113-B 

4.58. l GKAD GKAD 4.58-1 

4.58.8. 1 GKADlA GKAD 4.58-7 

4.58.8.2 GKAD1B GKAD 4.58-7 

4.58.8.3 GKADlC GKAD 4.58-8 

4.58.8.4 GKADlD GKAD 4.58-8 
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Section Number Entry Point Module Name Page Number 

4. 66. 1 GKAM GKAM 4.66-1 

4.66.8.2 GKAMlA GKAM 4.66-4 

4.66.8. 1 GKAM1B GKAM 4.66-3 

4. 41. 11. 22 GLBBAS SSG1 4.41-23 

4.109.1 GPCYC GPCYC 4. 109-1 

4. 146. 1 GPFOR GPFDR 4. 146-1 

4.32. 1 GPSP GPSP 4.32-1 

4.24.8. 10 GPTLBL PL0T 4.24-10 

4.24.8.9 GPTSYM PL0T 4.24-9 

4. 29. 1 GPWG GPWG 4.29-1 

4. 29.8.1 GPWGlA GPWG 4.29-5 

4.29.8.2 GPWGlB GPWG 4.29-5 

4.29.8.3 GPWGlC GPWG 4.29-6 

4. 21. 1 GPl GPl 4.21-1 

4.22. 1 GP2 GP2 4.22-1 

4.25. 1 GP3 GP3 4.25-1 

4.25.8.3 GP3A GP3 4.25-4 

4.25.8.4 GP3B GP3 2.25-7 

4.25.8.2 GP3C GP3 4.25-2 

4.25.8.5 GP3D GP3 4.25-Ba 

4. 31. 1 G,04 GP4 4. 31-1 

4. 31. 8. 1 GP4PRT GP4 4.31-6 

4.41.11.15 GRAV SSGl 4.41-20 

4.41.11.5 GRAVLl SSGl 4.41-16 

4.41.11.6 GRAVL2 SSGl 4.41-16 

4.41. 11. 27 GRAVL3 SSGl 4.41-24 

4. 128,8.22 GRIDIP C0MB1 4.128-39 

4. 128,8.28 GTMUl C0MB1 4. 128-42 

4. 128,8.28 GTMAT2 C0MB1 4.128-42 
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GENERAL COMMENTS AND INDEXES 

Section Nurrber Entry Point Module Name Page Number 

4. 128.8.28 GTfv\l\T3 C0MB1 4. 128-42 

4. 41. 11. 38 HBDY SSGl 4.41-28 

4.59.8.20 HESSl CEAD 4.59-14 

4.59.8.21 HESS2 CEAD 4.59-15 

4.27.8.34 HRING Sfv\l\1 4.27-19 

4.112.8.3 !APO APO 4.112-3 

4.114.8.9 IDFl AMG 4.114-8 

4.114.8.10 IDF2 AMG 4. 114-8 

4. 5.1 IFP IFP 4.5-1 

4.5.7.9 IFPDC0 IFP 4.5-7 

4.3. 1 IFPl IFPl 4.3-1 

4.3.7. 1 IFP1B IFPl 4.3-2 

4.3.7.2 IFPlC IFPl 4.3-3 

4.3.7.3 IFPlO IFPl 4.3-4 

4.3.7.4 IFPlE IFPl 4.3-4 

4.3.7.5 IFPlF IFPl 4.3-4 

4.3.7.6 IFPlG IFPl 4.3-5 

4.3.7.8 IFPlXY IFPl 4. 3-6 

4.6. 1 IFP3 IFP3 4.6-1 

4.6.8.l IFP3B IFP3 4.6-15 

4.89. 1 IFP4 IFP4 4.89-1 

4.89.8. 1 IFP4A IFP4 4.89-15 

4.89.8.2 IFP4B IFP4 4.89-15 

4.89.8.3 IFP4C IFP4 4.89-16 

4.89.8.4 IFP4E IFP4 4.89-16 

4.89.8.5 IFP4F IFP4 4.89-17 

4.89.8.6 IFP4G IFP4 4.89-17 

4. 91. 1 IFPS IFP 4.91-1 

4. 91. 8. 1 IFP5A IFP 4.91-7 
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Section Number Entry Point Module Name Page Number 

4.5.7.8 IFS1P IFP 4.5-6 

4.5.7.8 IFS2P IFP 4.5-6 

4.5.7.8 IFS3P IFP 4.5-6 

4.5.7.8 IFS4P IFP 4.5-6 

4.5.7.8 IFS5P IFP 4.5-6 

4.5.7. 1 IFX1BD IFP 4. 5-5 

4.5.7.2 IFX2BD IFP 4. 5-5 

4.5.7.3 IFX3BD IFP 4.5-5 

4.5.7.4 IFX4BD IFP 4.5-6 

4.5.7.5 IFX5BD IFP 4.5-6 

4.5.7.6 IFX6BD IFP 4.5-6 

4.5.7.7 IFX7BD IFP 4.5-6 

4.41. 11.54 IHEX SSG1 4.41-33 

4.27.8.42 IHEXSD SMA1 4.27-20 

4.46.8.48 IHEXSS SDR2 4.46-22 

4.114.8. 7 INCR0 AMG 4.114-6 

4.4.5.3 INITC{a XS{aRT 4.4-4 

4.65.8.2 INITL TRD 4.65-11 

4.97.8 INPABD INPUT 4. 97-3 

4. 98.1 INPTT1 INPUTTl 4.98-1 

4.99. 1 INPTT2 INPUTT2 4.99-1 

4. 97. l INPUT INPUT 4.97-1 

4.4.5.9 INTEXT XS0RT 4.5-5 

4.65.8.7 INTFBS TRD 4.65-13 

4.73.8.1 INTPRT MATPRT 4.73-1 

4.24.8.7 INTVEC PL0T 4.24-8 

4.48.8.40 INVERT READ 4.48-19e 

4.48.8. 14 INVFBS READ 4.48-12 

4.48.8.6 INVPWR READ 4.48-8 
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Section Number Entry Point Module Name Page Number 

4.48.8.7 INVPl READ 4.48-8 

4.48.8.8 INVP2 READ 4.48-9 

4.48.8.9 INVP3 READ 4.48-9 

4.48.8.41 INVTR READ 4.48-19f 

4.4.5.11 ISFT XS0RT 4.4-6 

4.97.8 IUNI0N INPUT 4.97-3 

4.27.8.7 KBAR SMAl 4.27-10 

4.27.8.17 KC0NE SMAl 4.27-12 

4.27.8.17 KC0NEX SMAl 4.27-12 

4.27.8.16 KELAS SMAl 4.27-12 

4.27.8.28 KFLUD2 SMAl 4.27-17 

4.27.8.29 KFLUD3 SMAl 4.27-17 

4.27.8.30 KFLUD4 SMAl 4.27-18 

4.27.8.41 KIHEX SMAl 4.27-20 

4.27.8.9 KPANEL SMAl 4.27-10 

4.27.8.35 KPLTST SMAl 4.27-19 

4.27.8.11 KQOMEM SMAl 4 .27-11 

4.27.8.36 KQDMMl SMAl 4.27-19 

4.27 .~.14 KQDPLT SMAl 4.27-12 

4.27.8.39 KQUAOS SMAl 4.27-20 

4.27.8.6 KR0D SMAl 4.27-10 

4.27.8.31 KSL0T SMAl 4.27-18 

4.27.8.33 KSQILID SMAl 4.27-18 

4.27.8.32 KTETRA SMAl 4.27-18 

4.27.8.20 KTll)RDR SMAl 4.27-13 

4.27.8.38 KTPZ SMAl 4.27-19 

4.27.8.19 KTRAPR SMAl 4.27-13 

4.27.8.12 KTRBSC SMAl 4.27-11 

4.27.8.37 KTRIA SMAl 4.27-19 

4.27.8.40 KTRIAS SMAl 4.27-20 
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MODULE FUNCTIONAL DESCRIPTIONS 

Section Number Entry Point Module Name Page Number 

4.27.8.15 KTRIQD SMAl 4.27-12 

4.27.8.18 KTRIRG SMAl 4.27-13 

4.27.8.10 KTRMEM SMAl 4.27-11 

4.27.8.13 KTRPLT SMAl 4.27-11 

4.27.8.8 KTUBE SMAl 4.27-10 

4.2.5.2 LDi XCSA 4.2-2 

4.24.8.18 LINEL PL0T 4.24-12a 

4.7.5.15 LINKUP XGPI 4.7-7 

4.46.8.35 MAGPHA S0R2 4.46-18 

4.74.8.1 MAP SEEMAT 4.74-4 

4. 74.8.1 MAPSET SEEMAT 4.74-4 

4.28.8.12 MASSO SMA2 4.28-7 

4.28.8.7 MASSTQ SMA2 4.28-5 

4. 72. l MATGPR MATGPR 4.72-1 

4. 71.1 MATPRN MATPRN 4.71-1 

4.73.8.2 MATPRT MATPRT 4.73-2 

4.65.8.5 MATVEC TRO 4.65-13 

4.28.8.8 MBAR SMA2 4.28-6 

4.28.8.9 MCBAR SMA2 4.28-6 

4. 33.1 MCEl MCE1 4.33-1 

4.33.8.1 MCElA MCEl 4.33-3 

4.33.8.2 MCE1B MCEl 4.33-3 

4.33.8.3 MCElC MCE1 4.33-3 

4.33.8.4 MCE1D MCE1 4.33-3 

4.34.1 MCE2 MCE2 4.34-1 

4.28.8.11 MC0NE SMA2 4.28-6 

4.28.8.10 MC"NMX SMA2 4.28-6 

4.28.8.17 MCR0D SMA2 4.28-8 

4.59.8.22 MERGED CEAD 4.59-16 

4.84.1 MERGEl MERGE 4.84-1 
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GENERAL COMMENTS AND INDEXES 

Section Number Entry Point Module Name Page Number 

4.31 .8.4 MFGR GP4 4.31-7 
4.28.8.22 MFLUD2 SMA2 4.28-9 
4.28.8.23 MFLUD3 SMA2 4.28-9 
4.28.8.24 MFLUD4 SMA2 4.28-9 
4.28.8.25 MFREE SMA2 4.28-10 
4.28.8.28 MHBDY SMA2 4. 28-10 
4.28.8.35 MIHEX SMA2 4.28-12 
4.24.8.13 MINMAX PL0T 4.24-11 
4.116.8.3 MINTRP FAl 4.116-4 
4. 126 .1 M0DACC M0DACC 4 .126-1 
4.126.8. l M0DAC1 M0DACC 4.126-3 
4.126.8.2 M0DAC2 M0DACC 4.126-3 
4.7.5.11 MPLPRT XGPI 4.7-6 
4.41.11.23 MPYL SSG1 4.41-23 
4.41. 11.24 MPYLT SSGl 4.41-23 
4.28.8.32 MPZDA SMA2 4.28-11 
4.28,8.20 MQOPLT SMA2 4.28-9 
4.28.8.33 MQUAOS SMA2 4.28-11 
4.28.8.29 MRING SMA2 4.28-10 
4.28.8.5 MR0D SMA2 4.28-5 
4.28.8.26 MSL0T SMA2 4.28-10 
4.28.8.27 MS0LID SMA2 4.28-10 
4.28.8.31 MSTRIA SMA2 4.28-11 
4.48.8.11 MTIMSU READ 4.48-10 
4.28.8.15 MT0RDR SMA2 4.28-7 
4.28.8.14 MTRAPR SMA2 4.28-7 
4.28.8.18 MTRBSC SMA2 4.28-8 
4.28.8.34 MTRIAS SMA2 4.28-12 
4.28.8.21 MTRIQD SMA2 4.28-9 
4.28.8.13 MTRIRG SMA2 4.28-7 
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MODULE FUNCTIONAL DESCRIPTIONS 

Section Number Entry Point Module Name Page Number 

4.28.8.19 MTRPLT SMA2 4.28-8 

4.57 .1 MTRXIN MTRXIN 4.57-1 

4.28.8.6 MTUBE SMA2 4.28-5 

4.41.11.19 N(IRM SSGl 4.41-21 

4.48.8.10 N(1RM1 READ 4.48-10 

4. 70.1 li'FP li'FP 4.70-1 

4. 70. 8.1 (IFPPUN (IFP 4.70-2 

4.70.8,2 (1FP1 liJFP 4.70-3 

4.70.8.3 li'FPlA IJFP 4.70-3 

4.70.8.4 0FP1BD li'FP 4.70-3 

4.70.8.5 {IFPSBD IJFP 4. 70-3 

4.70.8.6 {IFlPBD {IFP 4.70-3 

4.70.8.7 {IF2PBD IJFP 4.70-3 

4.70.8.8 {IF3PB0 {IFP 4.70-3 

4.70.8.9 {IF4PB0 {IFP 4.70-3 

4. 70.8.10 {IF5PB0 {IFP 4.70-4 

4.70.8.11 {IF6PB0 {IFP 4.70-4 

4.70.8.12 {IF7PB0 0FP 4.70-4 

4.70.8.13 0F8PB0 {IFP 4.70-4 

4.70.8.14 0F9PB0 {IFP 4.70-4 

4.120.8.3 {IPTPlA 0PTPR1 4.120-5 

4.120.8.4 {IPTPlB IIJPTPRl 4.120-5 

4.120.8.5 {IPTPlC 0PTPR1 4.120-6 

4.120.8.6 0PTP10 0PTPR1 4.120-7 

4. 120. 1 IIJPTPRl {IPTPRl 4.120-1 

4. 142. 1 IIJPTPR2 {IPTPR2 4.142-1 

4.142.8.1 IIIPT2A IIIPTPR2 4.142-3 

4.142.8.2 IIIPT2B IIIPTPR2 4.142-4 
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GENERAL COMMENTS AND INDEXES 

Section Nurrber Entry Point Module Name Page Number 

4. 142.8.3 !IJPT2C !IJPTPR2 4. 142-5 

4. 142.8.4 0PT2D 0PTPR2 4.142-6 

4. 120.8. 1 !IJPTPX 0PTPR1 4. 120-3 

4. 120.8.2 !IJPTPXl !llPTPRl 4. 120-4 

4.48.8.5 !llRTCK READ 4.48-7 

4.59.8. 13 0RTH!ll CEAD 4. 59-10 

4.7.5.12 !1JSCXRF XGPI 4.7-6 

4.7.5.16 0UTPAK XGPI 4.7-8 

4.100.1 0UTPT1 0UTPUT1 4. 100-1 

4.101. l 0UTPT2 0UTPUT2 4. 101-1 

4.102.1 0UTPT3 0UTPUT3 4.102-1 

4.24.8.1 PARAM PLfllT 4.24-4 

4.118.1 PARAML PARAML 4. 118-1 

4.83.1 PARTNl PARTN 4.83-1 

4.83.8.1 PARTN2 PARTN 4.83-3 

4.83.8.2 PARTN3 PARTN 4.83-4 

4.41.11.16 PERMUT SSGl 4.41-21 

4.24.8. 14 PERPEC PLfllT 4.24-11 

4.102. 8. 1 PHDMIA fllUTPUT3 4. 102-2 

4.55.8.5 PKBAR PLA4 4.55-4 

4.55.8. 10 PKQADl PLA4 4.55-5 

4.55.8.11 PKQAD2 PLA4 4.55-5 

4.55.8.7 PKQDM PLA4 4.55-5 

4.55.8.18 PKQDMS PLA4 4.55-7 

4.55.8. 13 PKQDM1 PLA4 4.55-6 

4.55.8.22 PKQDPL PLA4 4.55-8 

4.55.8.4 PKR0D PLA4 4.55-4 

4.55.8. 14 PKTQl PLA4 4.55-6 

4.55.8.16 PKTQ2 PLA4 4. 55-7 
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4.55.8.20 PKTRBS PLA4 4.55-8 

4.55.8.8 PKTRI1 PLA4 4. 55-5 

4.55.8.9 PKTRI2 PLA4 4.55-5 

4.55.8.6 PKTRM PLA4 4.55-4 

4.55.8. 17 PKTRMS PLA4 4. 55-7 

4.55.8. 12 PKTRMl PLA4 4.55-6 

4.55.8.21 PKTRPL PLA4 4.55-8 

4.55.8. 19 PKTRQD PLA4 4.55-7 

4.55.8. 15 PKTRQ2 PLA4 4.55-6 

4. 52. l PLAl PLAl 4.52-1 

4. 53. l PLA2 PLA2 4.53-1 

4.54.1 PLA3 PLA3 4.54-1 

4. 54. 8. l PLA31 PLA3 4.54-3 

4.54.8.2 PLA32 PLA3 4.54-4 

4.55. l PLA4 PLA4 4.55-1 

4.55.8.1 PLA41 PLA4 4.55-3 

4.55.8.2 PLA42 PLA4 4.55-3 

4.55.8.3 PLA4B PLA4 4.55-4 

4.41.11.12 PLIIIAD SSGl 4.41-19 

4.41.11.53 PLi'JAD3 SSGl 4. 41-32 

4.24.8.3 PLIIIT PLIIIT 4.24-5 

4. 139.1 PLTMRG PLTMRG 4. 139-1 

4.24.8.5 PLT0PR PL0T 4.25-6a 

4.92.l PLTTRA PLTTRAN 4.92-1 

4.41.11.14 PRESAX SSGl 4.41-20 

4.24.8.15 PRi'JCES PLIIIT 4.24-12 

4. 73.1 PRTINT MATPRT 4.73-1 

4.73.8.2 PRTMAT MATPRT 4.73-2 

4.76. 1 PRTMSG PRTMSG 4.76-1 

4. 77. 1 PRTPRM PRTPARM 4.77-l 
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4.73.8.3 PRTVEC MATPRT 4. 73-3 

4.54.8.4 PSBAR PLA3 4.54-4 

4.54.8.9 PSQADl PLA3 4.54-5 

4.54.8. 10 PSQAD2 PLA3 4.54-5 

4.54.8.6 PSQDM PLA3 4.54-4 

4.54.8. 12 PSQDMl PLA3 4.54-6 

4.54.8. 16 PSQPLl PLA3 4.54-7 

4.54.8.3 PSR00 PLA3 4.54-4 

4.54.8.15 PSTPLl PLA3 4.54-6 

4.54.8.13 PSTQ1 PLA3 4.54-6 

4.54.8. 18 PSTQ2 PLA3 4.54-7 

4.54.8.14 PSTRB1 PLA3 4.54-6 

4.54.8.7 PSTRI1 PLA3 4.54-5 

4.54.8.8 PSTRI2 PLA3 4. 54-5 

4.54.8.5 PSTRM PLA3 4.54-4 

4.54.8.11 PSTRMl PLA3 4.54-5 

4.54.8.17 PSTRQ2 PLA3 4.54-7 

4.127.12.l PULL ASDMAP 4.127-11 

4.127.11. l PUSH ASDMAP 4. 127-11 

4.145.8.4 PVEC PVECii 4.145-4 

4.145.8.5 PVECA PVECii 4. 145-5 

4.145.8.7 PVECK PVECii 4.145-9 

4.145.8.6 PVECP PVECii 4.145-8 

4.145.8.8 PVECS PVECii 4.145-9 

4. 145. 8. l PVEC05 PVECi i 4. 145-3 

4. 145.8.2 PVEClO PVECii 4.145-4 

4. 145.8.3 PVEC20 PVECii 4.145-4 

4.41.11. 33 QDMEM SSGl 4. 41-26 

4.41. 11.52 QDMMl SSGl 4.41-32 

4. 41. 11. 40 QDPLT SSGl 4.41-28 

---
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Sec ti on NurTt>er 

4.41.11. 39 

4.41.11.51 

4.19. l 

4.119. l 

4.48.8.38 

4. 41.11.50 

4.64. l 

4.64.8.4 

4.64.8.5 

4.64.8.5 

4.64.8.6 

4.64.8.7 

4,64.8.2 

4.64.8.8 

4.64.8. 1 

4.64.8.3 

4.37. 1 

4.38.1 

4.39.1 

4.40.1 

4.131.8.2 

4. 131.8.3 

4.131. 8.4 

4. 131.1 

4.132. 1 

4.48.8. 1 

4.48.8.2 

4.48.8.3 

4.48.8.4 

4.48.8.2 

MODULE FUNCTIONAL DESCRIPTIONS 

Entry Point 

QHBOY 

QL!ilADL 

QPARAM 

QPARMR 

QRITER 

QV0L 

RAN00M 

RAND1 

RAN02 

RAND2A 

RAN03 

RAN04 

RANDS 

RAND6 

RAN07 

RANDS 

RBMG1 

RBMG2 

RBMG3 

RBMG4 

RC0VA 

RCIIJVB 

RCIIJVC 

RCIIJVR 

RtgVR3 

READl 

READ2 

READ3 

READ4 

READS 

4.1-26 (7/4/76} 

Module Name 

SSGl 

SSG1 

PARAM 

PARAMR 

READ 

SSGl 

RAND0M 

RAND0M 

RAND0M 

RANOOM 

RAND0M 

RAND0M 

RANDIIJM 

RAND0M 

RAND0M 

RANOOM 

RBMGl 

RBMG2 

RBMG3 

RBMG4 

RCIIJVR 

RC0VR 

RCfaVR 

RC0VR 

RCIIJVR3 

READ 

READ 

READ 

READ 

READ 

, --

Page Number 

4.41-28 

4. 41-32 

4. 19-1 

4. 119-1 

4.48-19d 

4.41-31 

4.64-1 

4.64-6 

4.64-6 

4.64-6 

4.64-7 

4.64-7 

4.64-6 

4.64-7 

4.64-5 

4.64-6 

4.37-1 

4.38-1 

4.39-1 

4.40-1 

4. 131-4 

4.131-5 

4.13~-9 

4.131-1 

4.132-1 

4.48-4 

4.48-5 

4.48-6 

4.48-7 

4.48-5 



GENERAL COMMENTS AND INDEXES 

Section Nunt>er Entry Point Module Name Page Number 

4.48.8.42 READ6 READ 4.48.19f 

4.48.8.43 READ7 READ 4.48-199 

4. 127. 10. l REDU ASDMAP 4.127-10 

4.133.1 REDUCE REDUCE 4. 133-1 

4.48.1 REIG READ 4.48-1 

4.41.11.13 RF0RCE SSGl 4.41-20 

4. 104.1 RMG RMG 4. 104-1 

4.41.11.41 R0D SSGl 4.41-28 

4.27.8.26 R0MBDK SMAl 4.27-16 

4.46.8 R0MBER SDR2 4.46-7 

4.48.8.35 RQJTATE READ 4.48-19c 

4.48.8.34 RQJTAX READ 4.48-19c 

4.4.5.2 RPAGE XS0RT 4.4-3 

4.46.8.36 SAXIFl SDR2 4.46-18 

4.46.8.37 SAXIF2 SDR2 4.46-18 

4.46.8. 14 SBARl SDR2 4.46-12 

4.46.8.31 SBAR2 SDR2 4.46-17 

4.46.8.26 SBSPL2 SDR2 4.46-16 

4. 144. l SCALAR SCALAR 4. 144-1 

4.31.8.2 SCALEX GP4 4.31-6 

4.35. 1 SCEl SCEl 4.35-1 

4.46.8. 15 SCONEl S0R2 4.46-12 

4.46.8.29 SCONE2 SDR2 4.46-17 

4.46.8.30 SCONE3 SDR2 4.46-17 

4.46.8.44 SDHTFF SDR2 4.46-21 

4.46.8.43 SDHTF1 SDR2 4.46-20 

4.46.8.45 SDHTF2 SDR2 4.46-21 

4.46.8.42 SDRETD SDR2 4.46-20 

4.108.l SDRHT SDRHT 4. 108-1 
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Section Number Entry Point Module Name Page Number 

4.45. l SDRl SDRl 4.45-1 

4.45.8. l SDRlA SDRl 4.45-6 

4.45.8.2 SDRlC SDRl 4.45-7 

4.45.8.3 SDRlD SDRl 4.45-7 

4.46. l SDR2 SDR2 4.46-1 

4.46.8.2 SDR2A SDR2 4.46-8 

4.46.8. l SDR2AA SDR2 4.46-8 

4.46.8.3 SDR2B SDR2 4.46-9 

4.46.8.20 SDR2C SDR2 4.46-13 

4.46.8.21 SDR20 SDR2 4.46-14 

4.46.8.22 S0R2E SDR2 4.46-15 

4.62. 1 S0R3 SDR3 4.62-1 

4.62.8. 1 S0R3A SDR3 4.62-9 

4. 74. l SEEMAT SEEMAT 4. 74-1 

4.46.8. 12 SELASl S0R2 4.46-11 

4.46.8.25 SELAS2 SDR2 4.46-16 

4. 23. 8. 1 SETINP PLTSET 4.23-3 

4.20. 1 SETVAL SETVAL 4.20-1 

4. 134. 1 SGEN SGEN 4.134-1 

4.24.8.8 SHAPE PL0T 4.24-8 

4.48.8.32 SIC0X READ 4.48-19b 

4.46.9.47 SIHEXl SDR2 4.46-21 

4.46.8.49 SIHEX2 S0R2 4.46-22 

4.48.8.33 SINCAS READ 4.48-19b 

4.41.11.11 Slf/JAD SSGl 4.41-19 

4.27.8. 1 SMAl SMAl 4.27-8 

4.27.8.2 SMAlA SW\1 4.27-8 

4.27.8.3 SMA1B SMAl 4.27-9 

4.27.8.4 SMA1BD SW\1 4.27-9 

4. 28. 1 SMA2 SMA2 4.28-1 
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4.28.8.2 SMA2A SMA2 4.28-4 

4.28.8.3 SMA2B SMA2 4.28-4 

4.28.8.4 SMA2BD SMA2 4.28-4 

4. 30. 1 SMA3 SMA3 4.30-1 

4.30.8. 1 SMA3A SMA3 4.30-5 

4.30.8.2 SMA3B SMA3 4.30-5 

4.30.8.4 SMA3BD SMA3 4. 30-6 

4.30.8.3 St,tl1.3C St,t11.3 4.30-6 

4.48.8.30 SMLEIG READ 4.48-19a 

4.86.1 SMPYAD SMPYAD 4.86-1 

4. 36. 1 SMPl SMPl 4.36-1 

4.50. 1 SMP2 SMP2 4.50-1 

4.114.8.6 SNPDF AMG 4. 114-5 

4. 136.1 S0F0 S0F0 4.136-1 

4. 135.1 S0FI S0FI 4.135-1 

4. 137. l Sr,JFUT SIIJFUT · 4.137-1 

4.41.11.42 S0LID SSGl 4.41-29 

4.80. 1 S0LVE S0LVE 4.80-1 

4.46.8.6 SPANLl SDR2 4.46-10 

4.46.8.24 SPANL2 SDR2 4.46-15 

4.134.8 SPLT10 SGEN 4. 134-5 

4.46.8.19 SQDM11 SDR2 4.46-13 

4.46.8.46 SQDM12 S0R2 4.46-21 

4.46.8.11 SQDMEl SDR2 4.46-11 

4.46.8.9 SQDPLl SDR2 4.46-11 

4.46.8.27 SQRTM READ 4.48-19 

4.46.8.52 SQUADl S0R2 4.46-22 

4.46.8.54 SQUAD2 SDR2 4.46-23 

4.46.8.4 SR0Dl S0R2 4.46-10 
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Section Number Entry Point Module Name Page Number 

4.46.8.23 SR0D2 SDR2 4.46-15 

4.41.11.48 SSGETD SSGl 4.41-31 

4. 105.1 SSGHT SSGHT 4. l 05-1 

4. l 05. 8. l SSGHTP SSGHT 4.105-6 

4. 105.8.2 SSGHTl SSGHT 4. 105-6 

4. 105.8.3 SSGHT2 SSGHT 4.105-7 

4.41.11.47 SSGKHI SSGl 4.41-30 

4.41.11.49 SSGSLT SSGl 4. 41-31 

4. 41. 1 SSGl SSGl 4.41-1 

4.41.11.1 SSGlA SSGl 4.41-14 

4.42.1 SSG2 SSG2 4.42-1 

4.42.9 SSG2Bl SSG2 4.42-4 

4. 43. 1 SSG3 SSG3 4.43-1 

4.44.1 SSG4 SSG4 4.44-1 

4.46.8.38 SSL0Tl S0R2 4.46-19 

4.46.8.39 SSL0T2 S0R2 4.46-19 

4.46.8.40 SS0LD1 SDR2 4.46-19 

4.46.8.41 SS0LD2 SDR2 4.46-20 

4.65.8.6 STEP TRD 4.65-13 

4.46.8. 18 STQJRDl SDR2 4.46-13 

4.46.8.34 ST0RD2 S0R2 4.46-18 

4.46.8.50 STPAXl S0R2 4.46-22 

4.46.8.56 STPAX2 SDR2 4.46-23 

4.46.8.57 STPAX3 SDR2 4.46-23 

4.46.8.27 STQME2 SDR2 4.46-16 

4.46.8.17 STRAPl SDR2 ,, 4.46-12 

4.46.8.33 STRAP2 S0R2 4.46-18 

4.46.8.51 STRAXl S0R2 4.46-22 

4.46.8.58 STRAX2 SDR2 4.46-24 

4.46.8.59 STRAX3 SDR2 4.46-24 
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4.46.8.7 STRBS1 SDR2 4.46-10 

4.46.8.53 STRIAl SDR2 4.46-23 

4.46.8.55 STRIA2 SDR2 4.46-23 

4.46.8. 16 STRIRl SDR2 4.46-12 

4.46.8.32 STRIR2 SDR2 4.46-17 

4.46.8.10 STRMEl SDR2 4.46-11 

4.46.8.8 STRPL 1 SDR2 4.46-10 

4.46.8.13 STRQD1 SDR2 4,46-12 

4.46.8.28 STRQD2 SDR2 4.46-16 

4.46.8.5 STUBEl SDR2 4.46-10 

4.48.8. 13 SUB READ 4.48-11 

4.114.8.5 SUBP AMG 4, 114-5 

4.138.1 SUBPH1 SUBPHl 4,138-1 

4.48.8.26 SUMM READ 4.48-18 

4.24.8.19 SUPLT PL0T 4.24-12c 

4.147.1 SWITCH SWITCH 4. 147-1 

4.3.7.7 SWSRT IFPl 4.3-6 

4. 103. 1 TABFMT TABPRT 4.103-1 

4. 122. 1 TABPCH TABPCH 4.122-1 

4. 75. 1 TABPT TABPT 4, 75-1 

4.26.8.1 TAl TAl 4.26-14 

4.26.8.2 TAlA TA1 4.26-14 

4.26.8.3 TA1B TAl 4.26-15 

4.26.8.5 TA1C TAl 4.26-15 

4.26.8.6 TAlCA TAl 4. 26-15 

4.26.8.8 TAlETD TAl 4.26-15 

4.26.8.4 TAlH TAl 4.26-15 

4.41.11.3 TEMPL SSG1 4.41-15 

4.41.11.43 TETRA SSG1 4.41-29 

4. 140. 1 TIMTST TIMETEST 4. 140-1 
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Section Number Entry Point Module Name Page Number 

4. 140.8. 1 TIMTS1 TIMETEST 4. 140-2 

4. 140.8.2 TIMST2 TIMETEST 4. 140-3 

4. 140.8.3 TIMTS3 TIMETEST 4. 140-3 

4. 140.8.4 TIMTS4/TIMTS5 TIMETEST 4.140-3 

4. 140.8.5 TIMTS6 TIMETEST 4. 140-3 

4. 140.8.6 TIMTS7 TIMETEST 4.140-4 

4. 140.8.7 TIMTS8 TIMETEST 4.140-4 

4.114.8.8 TKER AMG 4.114-7 

4.41.11.9 TP0NT SSG1 4.41-19 

4.41.11.57 TPZTEM SSG1 4.41-34 

4.41.11.55 TQUADS SSG1 4.41-33 

4.41.11.44 TRBSC SSG1 4.41-29 

4.65. 1 TRD TRD 4.65-1 

4.65.8. 1 TRD1A TRD 4.65-11 

4.65.8.3 TRD1C TRD 4.65-11 

4.65.8.8 TRD1D TRD 4.65-14 

4.65.8.9 TRD1E TRD 4.65-15 

4.107.1 TRHT TRHT 4. 107-1 

4.107.8.1 TRHTlA TRHT 4. 107-5 

4.107.8.2 TRHT1B TRHT 4.107-6 

4.107.8.3 TRHT1C TRHT 4. 107-6 

4.48.8.31 TRIDI READ 4.48-19a 

4.41. 11.34 TRIMEM SSGl 4.41-26 

4. 41. 11. 45 TRIQD SSGl 4.41-30 

4.106. 1 TRLG TRLG 4.106-1 

4. 106.8. 1 TRLGA TRLG 4.106-8 

4.106.8.2 TRLGB TRLG 4.106-8 

4.106.8.3 TRLGC TRLG 4.106-8 

4.106.8.4 TRLGD TRLG 4.106-9 
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Section Number Entry Point Module Name Page Number 

4.85. l TRNSP TRNSP 4.85-1 

4. 41. 11. 58 TRTIEM SSGl 4.41-34 

4.41. 11. 46 TRPLT SSGl 4.41-30 

4.41.11.30 TI0RDR SSGl 4. 41-25 

4.41.11.29 TIRAPR SSGl 4.41-25 

4. 41. 11. 56 TTRIAS SSGl 4. 41-33 

4. 41. 11. 28 TIRIRG SSGl 4.41-25 

4.8. l UMFEDT UMFEDIT 4.8-1 

4.8.6 UMFZBD UMFEDIT 4.8-2 

4.48.8.29 VALVEC READ 4.48-19 

4.60.8. l VOR VOR 4.60-6 

4.60.8.2 VORA VOR 4.60-6 

4.60.8.3 VORB VOR 4.60-6 

4.60.9.2 VORBO VOR 4.60-7 

4. 95. l VEC VEC 4.95-1 

4.73.8.3 VECPRT MATPRT 4.73-3 

4.48.8.39 WILVEC READ 4.48-19e 

4.76.8.2 _ WRTMSG PRTMSG 4.76-2 

4.24.8. 17 WRTPRT PL0T 4.24-12a 

4.4.5.5 XBCOBI XS0RT 4.4-4 

4.7.6.2 XBSBO XGPI 4.7-10 

4. 11. l XCEI REPT 4.11-1 

4.11.6.1 XCEI REPT 4.11-2 

4. 12. l XCEI JUMP 4. 12-1 

4. 13. 1 XCEI C0ND 4. 13-1 

4. 14. l XCEI EXIT 4. 14-1 

4. 18. l XCEI ENO 4. 18-1 

4.10.1 XCHK CHKPNT 4. 10-1 

4.9.5.2 XCLEAN XSFA 4.9-4 
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Section Nurrber Entry Point Module Name Page Number 

4. 2. 1 XCSA XCSA 4.2-1 

4.9.5.4 XDPH XSFA 4. 9-6 

4. 17. 1 XEQUIV EQUIV 4. 17-1 

4.4.5.4 XFADJ XS0RT 4.4-4 

4.4.5. 10 XFADJl XS0RT 4.4-5 

4.9.5.7 XFLIPS XSFA 4.9-7 

4.7.5.9 XFLDEF XGPI 4.7-5 

4.7.5.8 XFL0RD XGPI 4.7-5 

4. 7.1 XGPI XGPI 4.7-1 

4.7.6.2 XGPIBD XGPI 4.7-10 

4.7.5.2 XGPIBS XGPI 4. 7-3 

4.7.5.1 XGPIDG XGPI 4. 7-3 

4.7.5. 1 XGPJf,W XGPI 4.7-3 

4.7.5.5 XIPFL XGPI 4.7-4 

4.7.5.4 XLNKHD XGPI 4.7-4 

4.7.6.2 XMPLBD XGPI 4.7-10 

4.7.5.5 X0PFL XGPI 4.7-4 

4.7.5.3 X0SGEN XGPI 4.7-3 

4.7.5.6 XPARAM XGPI 4. 7-4 

4.9.5.6 XPLEQK XSFA 4.9-6 

4.9.5.5 XP!"LCK XSFA 4.9-6 

4.4.5.6 XPRETY XS0RT 4.4-4 

4.9.5.3 XPUNP XSFA 4.9-5 

4. 16. l XPURGE PURGE 4.16-1 

4.4.5.1 XRECPS XSl!'RT 4.4-3 

4.2.5. l XRGDFM XCSA 4.2-1 

4. 15. 1 XSAVE XSAVE 4.15-1 

4.2.5.3 XSBSET XCSA 4.2-2 

4.7.5.7 XSCNDM XGPI 4.7-4 

4.9. 1 XSFA XSFA 4.9-1 
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Section Nurrt>er Entry Point Module Name Page Number 

4.4. 1 XS0RT XS0RT 4.4-1 

4. 9. 5. 1 XS0SGN XSFA 4.9-3 

4.48.8.12 XTRNSY READ 4.48-11 

4.63.8.7 XYCHAR XYTRAN 4.63-7 

4.63.8. l XYDUMP XYTRAN 4. 63-5 

4.63.8.2 XYFIND XYTRAN 4.63-5 
4.63.8.8 XYGRAF XYTRAN 4.63-8 
4,63.8.4 XYL0G XYTRAN 4.63-6 
4.63.8.3 XY0UT XYTRAN 4.63-6 

4.69.1 XYPL0T XYPL0T 4.69-1 
4.63.8.6 XYPRPL XYTRAN 4.63-7 
4.63.8.5 XYTICS XYTRAN 4.63-7 
4. 63. l XYTRAN XYTRAN 4.63-1 
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4.2 EXECUTIVE PREFACE MODULE XCSA (EXECUTIVE CONTROL SECTION ANALYSIS) 

4.2.1 Entry Point: XCSA 

4.2.2 Purpose: 

To process the NASTRAN Executive Control Deck. 

4.2.3 Ca11ing Sequence 

CALL XCSA. XCSA is called only by subroutine SEMINT. 

4.2.4 Method 

The cards of the Executive Control Deck are read and processed with checks being made for 

illegal formats, duplication and errors peculiar to the particular card being processed. When all 

of the control cards have been processed (i.e., CEND control card found), the Executive Control 

Table (XCSA) is written on the Problem Tape and XCSA returns to the calling routine. 

4.2.5 Subroutines 

4. 2. 5. 1 Subroutine Name: XRGDFM 

1. Entry Point: XRGDFM 

2. Purpose: To select a rigid format based on the S0L card in the Executive Control Deck. 

3. Calling Sequence: CALL XRGDFM (NEWS0L,0LDS0L,IAPP) 

NEWS0L - Two-word array containing solution and subset numbers taken from S0L 

control card. 

0LDS0L - Two-word array containing solution and subset numbers taken from the 

Old Problem Tape if the problem is a restart. If not a restart, 0LDS0L = O. 

IAPP - Approach code (l • HEAT, 2 • DISPL, 3 • DMAP) taken from the APP card in 

the Executive Control Deck. 

4. Method: If the problem is being restarted, a check is made for a solution (Rigid Format) 

change. If the solution has been chanqed, a bit is set in table MEDMSK in named common block 

/XMDMSK/. 
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A check is made for a legal solution number, and, if acceptable, a branch is made on 

the solution number, and subroutine LDi (i = solution nuntier) is called to create the DMAP 

and MED records for the XCSA table. XRGDFM then returns to the calling routine XCSA. 

4.2.5.2 Subroutine Name: LDi, where i = solution number, i = 01, 02, ... , 12. 

1 . Entry Point: LOi 

2. Purpose: To write the DMAP sequence and MED records of the XCSA Executive Table for 

solution (Rigid Format) i (see XCSA Executive Control Table description, Section 2.4.2.5). 

3. Calling Sequence: CALL LDi (SUBSET) 

SUBSET - Solution subset number from the S0L control card. 

4. Method: The packed DMAP program is generated, and then subroutine XSBSET is called to 

select the proper solution subset for the DMAP program by altering the IS array. Upon return 

from XSBSET the arrays IS, JNM and INM (see 4.2.6.2 below) are written on the New Problem 

Tape to complete the MED record for Executive Table XCSA. LDi then returns to calling routine. 

4~.5.3 Subroutine Name: XSBSET 

1. Entry Point: XSBSET 

2. Purpose: To eliminate DMAP instructions not belonging to the specified subset by 

altering the IS array. 
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3. Calling Sequence: CALL XSBSET (ID,NSS,SUBSET,IS,NDI ,NWPI) 

ID - Table containing DMAP instruction numbers of those instructions that are 

!!Q!_ part of the specified subset. 

NSS - Number of subsets in table ID. 

SUBSET - Subset to be selected from ta~le ID. 

IS - Module execution decision table. 

NDI - Number of DMAP instructions in DMAP program. 

NWPI - Number of words per IS entry. 

4. Method: Table ID is searched and the proper subset is selected. Each DMAP instruction 

has a corresponding entry in table IS. If the IS entry for an instruction is zero, then the 

instruction is eliminated from the OMAP program. Therefore zeroing the IS entries of those 

instructions specified in table ID yields the proper subset. XSBSET then returns to the 

ca 11 i ng routine. 

4.2.6 Design Requirements 

4.2.6.1 Use of Open Core 

Open core is used for GIN0 buffers, for generating the XPTDIC Executive Table (see Section 

2.4) on restarts, and for storing user generated OMAP programs. Named colTIT!on block /XCSABF/ 

defines the beginning of open core for module XCSA. Since XPTDIC is not stored permanently in 

open core and because the use of open core to store a DMAP program and a call to LDi are mutually 

exclusive, the LDi subroutines can be origined for overlay purposes at the same location as 

/XCSABF/. 

4.2.6.2 Restart Tables Initialized in the Routines 

The following tables are initialized by the LOi (i = solution number) subroutine or its 

associated Block Data program and are used to aid module XGPI in restarting a problem which uses 

Rigid Fonnat i. 

1. IS - Module Execution Decision Table: This table when used in conjunction with table 

MEDMSK in named COITIT!On block /XMDMSK/ will provide module XGPI with the information needed 

to decide whether or not to set the execute flag in an 0SCAR entry. Each DMAP instruction 
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in a Rigid Format has a corresponding entry in IS. An Entry in IS can be one to five words 

in length, and only bits 1 through 31 are used to form a truth table. Note that if an IS 

entry is zero, the corresponding DMAP instruction is unconditionally excluded from the 

Rigid Format DMAP program being compiled by module XGPI. 

2. JNM - File Name Restart Table: The JNM table provides module XGPI with the capability 

of regenerating data blocks which are missing in the restart dictionary and which are needed 

to restart the problem. Note that the restart must be a modified restart. If a data block 

is missing, the JNM table wi11 indicate which bit to set in table MEDMSK. MEDMSK is then 

used with IS to determine which DMAP·modu1es must be re-executed in order to correctly 

regenerate the missing data block. 

Sample JNM Entry: 

Word 1 

2 

3 

i--- Data Block 
Name (BCD) 

BN ( 1 nteger) 

BN is the bit number of the bit which is to be set in table MEDMSK to regenerate the 

specified data block. The usable bits (bits 1-31) of MEDMSK are nunt>ered sequentially 

starting from bit 31 of the first word. MEDMSK is five words long. 

Example: 

BN • 1 , . . . . J1 I s2 1 • • •, 12 1 
,,, 

• • • 1 I 3 1 , .. , •,., 121t, 12s, ••• ,1ss • 

MEDMSK ~.~ ~~3~ i~1I ~i3~ Jiu Iii -- .. v' - .. v" - .... v' ~ 

Word 1 2 3 4 5 

3. INM - Card Name Restart Table: When the problem is being restarted and input data 

(Bulk Data and/or Case Control Data) has been modified, table INM tells module XGPI 

whether or not the modifications affect the compilation of the DMAP program associated 

with the Rigid Fonnat. Table MJCD in named co11111on block /IFPX1/ and table MJMSK in named 

common block /IFPXO/ indicate which cards have been modified. If INM has an entry for a 

modified card, the INM entry will indicate which bit to set in table MEDMSK. MEDMSK is 

then used with IS to determine which OMAP modules must be re-executed. 
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Sample INM Entry: 

Word 

2 

3 

•-- Card Name (BCD) ---

~-----------------------BN (integer) 

BN is the number of the bit which is to be set in table MEDMSK if the associated card name 

has been modified. See sample JNM entry for further description of BN. 

4. ID - Subset Table: DMAP instructions in a DMAP program are numbered sequentially 

starting with "BEGIN" as instruction number 1. Table ID contains the instruction numbers 

of those instructions that are not to be included in a subset. 

Sample ID Entry: 

Word 1 Nl ( integer) 

2 Ij (integer) ) 
------------------------ Repeat for all subsets . . . N1 words 

------------------------Ik ) 
. . . 

N1 = number of instructions to delete in subset 1. (N1 ~ O). 

Ij - Ik = DMAP instruction numbers of instructions to be deleted. 
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4.2.7 Diagnostic Messages 

Every effort is made to get through module XCSA so that the roodules IFPl and IFP can process 

the Case Control Deck and the Bulk Data Deck. XCSA sets the N~~ flag in named common block 

/SYSTEM/ according to the severity of the errors found. 

N0G0 = 0 - no errors found. 

1 - job will terminate after module XGPI. 

2 - job will terminate after IFP modules. 

3 - job terminates in XCSA. 

See diagnostic message section of User's Manual (section 6.2) for a detailed discussion of 

XCSA error messages. XCSA messages include numbers 501 thru 526. 
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4.3 EXECUTIVE PREFACE MODULE IFPl (INPUT FILE PROCESSOR, PART 1) 

4.3. 1 Entry Point: IFPl 

4.3.2 Purpose 

To process the Case Control Deck. See section 2.3 of the User's Manual for a discussion 

of the Case Control Deck. 

4.3.3 Calling Sequence 

CALL IFP1. IFPl, a Preface module, is called only by subroutine SEMlNT. 

4.3.4 Input Data 

The input data consists of the Case Control Deck and the CASECC data block from the Old 

Problem Tape if the problem is a restart. 

4.3.5 Output Data Blocks 

CASECC - Case Control Data Table. 

PCDB - Plot Control Data Table (for the structure plotter). 

XYCDB - XV output Control Data Block. 

~=-
1. CASECC will always exist. 

2. PCDB will exist only 1f a structure plotter package is included in the Case 

Control Deck. 

3. XYCDB will exist only if a XY0UT plotter package is included in the Case 

Control Deck. 

4.3.6 Method 

The Case Control Cards are read and stored on a scratch file for later use. The title 

cards are abstracted to form page headings. Title card abstraction is stopped by a SYM, SUBCASE, 

SYMC0M or REPCASE card. IFPl is stopped by a BEGIN BULK card. 
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The construction of CASECC is as follows: 

1. The scratch tape is read one card at a time, and subroutine XRCARD is called to 

translate the card. 

2. The first four characters beginning with a non-blank are identified in a key word 

table, and card type dependent routines are executed. (See Case Control Deck in User's 

Manual). 

3. \./hen "SUBCASE" type cards are encountered, a CASECC record is written out. 

4. If the card 0UTPUT (PL(11') is encountered,XRCARO images of succeeding cards are written 

on P:DB. 

5. If the card ~UTPUT (XY0UT) is encountered,IFPlXY processes the succeeding cards into 

the XYCDB. 

The module conclusion is as follows: 

1. A copy of CASECC is placed on the NPTP for use in restart. 

2. If this run is a restart, IFP1B is called to analyze CASECC changes and set modify flags 

for later use in Executive Preface module XGPI (see section 4.7). 

4.3.7 Subroutines 

4.3.7.l Subroutine Name: IFP1B 

l. Entry Point: IFP1B 

2. Purpose: To set m::>dify flags for use in modified restart. 

3. Calling Sequence: CALL IFPlB (ICASE,~PTP,CASECC,IBUF1,IBUF2,LENCC) 

ICASE - A two-dimensional array (LENCC,2) for storage of both copies of CASECC -

array - input. 

0PTP - GIN0 file name of the Old Problem Tape - BCD - input. 

CASECC - GIN0 file name of CASECC - BCD - input. 

~:~~1} - GIN0 buffer pointers - integer - in~ut. 

LENCC - Row dimension of !CASE - integer - input. 
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C0MM0N/IFPXO/SPACE(3),NW0R0S 

NW0RDS - Pointer into /IFPXO/ such that IFPl modify flags are in SPACE(mJ0RDS). 

4. Method: 

CASECC and the copy of CASECC on the 0PTP are compared according to the following 

scheme. The local array IW0RD classifies each word in CASECC into O and 1. O words: If 

the CASECC word is non-zero and IBIT is non-zero in this position, the IBIT bit· is turned on 

in /IFPXO/. 1 word: If the CASECC word is different from the 0PTP word and IBIT is 

non-zero in this position, the IBIT is turned on in /IFPXO/. 

IFP1B also determines the loop nature of the problem. The looping rules are as 

follows: 

a. The current problem will loop under the following conditions: SPC set changes; 

MPC set changes; direct input matrix changes; transfer function set changes; tran­

sient load changes; frequency set changes; differential stiffness coefficient set 

is greater than zero; and Piecewise Linear coefficient set is greater than zero. 

If any of the above conditions are met. L00P$ is turned on in /IFPXO/. 

b. The old problem might have been a looping problem if the above conditions were 

present 1n the ~PTP CASECC. If the old problem was a looping problem as determined 

in (a) and the number of records in CASECC changes, L00P1$ is set (this should 

force the re-execution of the entire loop). 

c. If the problem is not a looping problem, N0L00P$ is set. 

4.3.7.2 Subroutine Name: IFPlC 

1. Entry Point: IFPlC 

2. Purpose: To construct set lists from SET cards. 

3. Calling Sequence: CALL IFPlC (ISUB,I81,C0RE,SCR1,NWPC,ICC,Nl,THRU,NSET) 

ISUB - 1 - master set. 2 - set belongs to a subcase - integer - input. 

I81 - Pointer to storage for set in core - integer - input/output. 

C0RE - Open core array. 

SCRl - GIN0 file number of scratch file containiM card images - integer - input. 
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NWPC - Number of words per card - integer - input. 

ICC - Current line count of Case Control card echo - integer - input/output. 

NZ - Length of open core - integer - input/output. 

THRU - BCD value "THRU" - BCD - input. 

NSET - Number of sets found to current set - integer - input. 

4.3.7.3 Subroutine Name: IFPlD 

1. Entry Point: IFPlD 

2. Purpose: To write user diagnostic messages from IFPl. 

3. Calling Sequence: CALL IFPlD (MSGN) 

MSGN - User message number - integer - input. 

4.3.7.4 Subroutine Name: IFPlE 

1. Entry Point: IFPlE 

2. Purpose: To write out CASECC and update sets. 

3. Calling Sequence: CALL IFPlE (CASE,ISUBC,SYMSEQ,NWDSC,I81) 

CASE - Array containing Case Control record to be written out (CASE (LENCC,2)). 

ISUBC - Five word BCD array containing current subcase nunDer - BCD - output. 

SYMSEQ - Symmetry coefficient array - real - input. 

NWOSC - Pointer to beginning of set lists - integer - input/output. 

I81 - Pointer to end of set list - integer - output. 

4.3.7.5 Subroutine Name: IFPlF 

l • Entry Point: IFPl F 

2. Purpose: To find the first four characters beginning with a non-blank on one inout 

card. 
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3. Calling Sequence: CALL IFPlF {$n,IW0RD,IS,IBEN,II} 

$n - F0RTRAN statement number which defines the return to be taken if the entire 

card is blank. 

IW0RD - First four characters beginning with a non-blank, left justified - BCD - output. 

IS - Number of bits/character times (number of characters/word-1) - integer - input. 

1BEN - Mask used to determine if character is blank 1b000 1 
- input. 

II - Pointer to word in which IW0RD begins - integer - output. 

C0MM'1N/IFP1X/C0RE(20) 

IFPlX - 20-word array holding card image - BCD - input. 

C0MM0M/IFP1A/ 

IFPlA - See /IFPlA/ description under Design Requirements (section 4.3.S). 

4.3.7.6 Subroutine Name: IFPlG 

1. Entry Point: IFPlG 

2. Purpose: To find an equal sign and copy the remainder of the data into a specified arrays 

3. Calling Sequence: CALL IFPlG (ITYPE,CASE,ISUBl} 

ITYPE - Indicates area in which to store data. 

1. TITLE 
2. SUBTITLE 
3. LABEL 
4. HEAOl of /0UTPUT/ 
5. HEAD2 
6. HEA03 
7. PL0TID 
S. First 32 words of CASE 

- integer - input. 

CASE - Case control array (132,2) unless ITYPE • S, when it may be only 32 word array. 

ISUB1 - Subcase number -1 or 2 of CASE array. 

C0MM0N/IFP1X/C0RE(20) 

IFPlX - 20-word array holding card image. 

,· 
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CQIMMQIN/QIUTPUT/ 

0UTPUT - Output common block - holds BCD titles for NASTRA~ pages. 

CQIMMQIN/IFPlA/ 

IFPlA - See /IFPlA/ description under Design Requirements (section 4.3.8). 

4.3.7.7 Subroutine Name: SWSRT 

1. Entry Point: SWSRT 

2. Purpose: To check set lists for duplicates and overlapping intervals. SWSRT also 

sorts lists into increasing order. 

3. Calling Sequence: CALL SWSRT (LIST,IST0R,NLIST} 

LIST - Array of set members. 

IST0R - Scratch space of length NLIST. 

NLIST - Number of members in LIST. 

4.3.7.8 Subroutine Name: IFPlXY 

1. Entry Point: IFPlXY 

2. Purpose: To construct the XYCDB data block. 

3. Calling Sequence: CALL IFPlXY (FLAG} 

FLAG - O, first entry for initialization; l, data entry; -1, last entry. FLAG is set 

to 1 on return from the first entry - integer - input/output. 

C~MM~N/IFP1X/CARD(20), CARD1(20) 

CARO - Contains card data as read from the input file. 

CAROl - Contains XRCARD translation of CARD unless CARD(l} contains 'XTIT', 'YTIT', 

'TCUR', 'YTTI' or 'YBTI'. In this case CARDl (20) contains BCD data occurring 

after the equal sign. 

4.3.8 Design Requirements 

1. One scratch file. 

2. Open core at /IFPlX/. 
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3. Conmon block IFPlA. 

~ Length 

NAME 2 

SUBC 1 

SET l 

SYMS 1 

TSTE 1 

LASE 1 

SUBT 1 

SCRl 1 

CASECC 1 

BLANK l 

CtaMM0N/IFP1X/ 

Card 
Image 

XRCARD 
translation 

of input card 

} 20 words 

set lists 
currently 
active 

} 2 GIN0 buffers 

Meaning Initialized to 

Name of data block for error CASE 
messages. cc 

Subcase key word SUBC 

Set key word SETb 

Synwnetry sequence key word SYMS 

Time step card selection key word TSTE 

Label key word LABE 

Subtitle key word SUBT 

GIN0 file number of scratch file 301 

GIN0 file name of CASECC CASE 

Blank word bbbb 
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~ Length Meaning Initialized to 

CARO 1 Heading word card CARO 

C0UN ~} Heading word C0UN 

T CIIJUNT T 

BEGI Begin bulk key word BEGI 

TITL l Title key word TITL 

CASEN 11 Case Control page heading Case Control 
Deck echo 

SPCF Forces of constraint key word SPCF 

VEL~ 1 Velocity key ~ord VEL0 

ACCE l Acceleration key word ACCE 

ELF0 l Element forces key word ELF0 

STRE Element stress key word STRE 

OISP l Displacement key word OISP 

0UTP 1 (1utput key word 0UTP 

SYM Symmetry subcase key word SYM 

FREQ 1 Frequency set key word FREQ 

DLIIJA l Dynamic loading key word DL0A 

TEMP 1 Temperature fie1d key word TEMP 

DEF~ Deformation set key word DEF0 

TIME 1 Time key word TIME 

SPC 1 Single-point constraint set key word SPC 

MAXL 1 Maximum number of output lines key word MAXL 

IC 1 Initial condition set selection id IC 

METH 1 Real eigenvalue or buckling method METH 
selection key word 

L0AD 1 Load set selection key word L0AD 

MPC 1 Multipoint set selection key word MPCb 

STIF 1 Stiffness thermal field key word STIF 

ALL 1 ALL key word ALLb 

THRU 1 THRU key word THRU 

S0RT 1 Sorted echo key word S0RT 

UNS~ 1 Unsorted echo key word UNS0 
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~ Length Meaning Initiated to 

ECH0 l Bulk data echo key word ECH0 

PL0T Plot key word PL0T 

M00E Modes key word M0DE 

PUNC Punch key word PUNC 

PRIN Print key word PRIN 

N~lPC 1 Number of words per card 20 

NCPW Number of characters per word (NASTRAN) 4 

80TH 1 Echo-sorted and unsorted B0TH 

N0NE l None key word N0NE 

PCOB 1 Plot control data GIN0 file name PCOB 

NAME 2 GIN0 error message for PCOB file PCOB 
bbbb 

VECT Alternate displacement key word VECT 

SYMC 1 Symcom key word SYMC 

EQUALl l Equal sign left adjusted =bbb 

NM0DES l Value of modes card l 

IB0B 1 Structure plot flag 0 
0, not currently in structure 

p1ot mode 
1, in structure plot mode 

IEND 1 0 

ISYMCM 1 Symcom flag 0 

L0ADN 1 Current Subcase ID number 

I0UT2 1 0 

ICC 1 Printed card count , 
NSET 1 Number of current set lists 0 

NSYM 1 Number of 1 SYM 1 subcases 1 

IN0f10R l Flag to turn off Title card search 0 

NPTP , GIN0 file name of the New Problem Tape NPTP 

0PTP 1 GIN0 file name of the Old Problem Tape 0PTP 

D0L l Dollar sign $bbbb 

ZZZZBB 1 Ho 11 eri th zeros OOOObb 
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~ Length Meaning Initiated to 

ISTR l Storage flag for IFPlG titles 

!SUB Subcase or master CASECC pointer 

K2PP n K2PP 
S2PP Key words for direct input matrix selection B2PP 
M2PP M2PP 

DSC(a l Key word for differential stiffness set DSC0 
selection · 

REPC Key word for repeat subcase subcase REPC 

LENCC 1 Length of Case Control Record 166 

LINE 1 Key word for LINE/page count LINE 

!IJM 1 Word to distinguish between SUBC0M (aMbb 
SUBCASE 

TFL 1 Key word for transfer function set selection TFL 

DEFA 1 Key word for default specification DEFA 

ELST 1 Key word for element stress set selection ELST 

MAT 1 Key word for thermal material set selection MATE 

!IJFRE 1 Key word for output frequency set selection !IJFRE 

IMAG 1 Key word for real/imaginary printout IMAG 

PHAS l Key word for magnitude/phase printout PHAS 

REAL 1 Key word for real or real/imaginary printout REAL 

CMET 1 Key word for complex eigenvalue set selection CMET 

SCAM 1 Key word for Structural Damping Table for SDAM 
use in modal formulation 

INER 1 Key word for Inertia Relief Element set INER 
selection 

ADIS 1 Key word for solution set displacement SDIS 
selection 

AVEL l Key word for solution set velocity selection SVEL 

AACC 1 Key word for solution set acceleratiQn 
selection 

SACC 

N!IJNL 1 Key word for non-linear load set selection N!IJNL 

C!IJNF 1 Not used 

XYPL 1 Key word for XYPL!IJT packet delimiter XYPL 

PLC!ll 1 Key word for Piecewise Linear set selection PLC0 
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tlame 

AXIS 

~ILL0 

:JELE 

XYCB 

0tlEB 

HARM 

SINE 

C0SI 

FLUID 

SUBS 

AVEC 

F0RC 

RAND 

XY0U 

0L0A 

PL Tl 

PLT2 

XTIT 
YTIT 
TCUR 
YTTI 
YBTI 

IBEN 

EQUAL 

PP.ES 

TEMP 

EXECUTIVE PREFACE MODULE IFPl (INPUT FILE PROCESSOR, PART 1) 

Length 

l , 
, 

l , , , 
1 

Meaning 

Key word for selection of Axis 
symmetric boundary condition 

Key word for non-linear output 
set selection 

Key word for element deletion 
set selection 

GIN0 file name of XY control data block 

BCD one 

Key word. for hannonic output control 

Key word for sine boundary conditions 

Key word for cosine boundary conditions 

Key word for fluid boundary conditions 

Key word for SUBSEQ 

Key word for solution set vector output 

Not used 

Key word for random set selection 

Key word for XYPL0T packet delimiter 

Key word for output load set selection 

GIN0 file name of BCD plot tape 

GIN0 file name of binary plot tape 

Key words for XY output titles 

Right shifted blank 1000b' 

Right shifted equal 1000= 1 

Alternate dis~lacement key word 

Alternate displacement key word 

4. Interface with /SYSTEM/ (See Section 2.4). 

IFPl can set the following cells of SYSTEM: 

a. tl0G0 - (N0G0 flag). If a fatal error is detected. 

Initiated to 

AXIS 

~lLL0 

DELE 

XYCB 

lbbb 

HARM 

SINE 

C0SI 

FLUI 

SUBS 

SVEC 

RAND 

XY0U 

0L0A 

PLTl 

PLT2 

XTIT 
YTIT 
TCUR 
YTTI 
YBTI 

PRES 

TEMP 

b. NLPP - Plumber of lines per page). If a LWE card is supplied by the user. 
c. STFTEM - (Material Temperature Set ID). If a TEMP(MATE) card is supplied. 

'-,,I . 
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d. ECH0 - (Echo flag). If an ECH0 request is made. 

5. Interface with /0UTPUT/. 

IFP1 supplies the problem title, subtitle, and label as well as the Plot ID. 

4.3.9 Diagnostic Messages 

IFPl makes every attempt to process the entire Case Control Deck so that the complete Preface 

will run. Hence all fatal messages only cause the N0G0 flag to turn on. 

IFP1 causes messages 601-699. For the exact nature of these messages, refer to the Diagnostic 

Message section of the User's Manual. 
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4.4 EXECUTIVE PREFACE :,10DULE XS0RT (EXECUTIVE BULK DATA CARD S0RT) 

4.4.1 Entry Point: XS0RT 

4.4.2 Purpose 

The function of XS0RT is to prepare a file on the New Problem Tape containing the sorted 

bulk data. The operation of XS0RT is influenced by the type of run. If a cold start, the bulk 

data is read from the system input stream (or the User's Master File), sorted and written on the 

New Problem Tape. If an unmodified restart, the bulk data is copied from the Old Problem Taoe 

onto the New Problem Tape. If a modified restart, the bulk data is read from the Old Problem 

Tape, and cards are deleted and/or added in accordance with cards in the system input stream. 

Additionally, flags are set within restart tables for each card type changed in any way. Again, 

the sorted bulk data is written onto the New Problem Tape. A print of the unsorted and/or sorted 

bulk data is made on request. XS0RT processes all data cards between the BEGIN BULK and ENDDATA 

cards in the input stream. Both cards must be present to properly bracket the NASTRAN Bulk 

Data Deck. 

4.4.3 Calling Sequence 

CALL XS~RT. xseRT, a Preface module, is called only by the Preface driver, SEMINT. 

4.4.4 Method 

If the input is to be from a User Master File, XS0RT begins by positioning the file to the 

beginning of the proper subset of bulk data cards. INITC0 is then called to initialize machine 

dependent masks and constants. The open core below XS0RT (/ES0RT/) is divided into 5 GIN0 buffers 

and a work buffer. This work buffer will contain each data card and a chaining pointer to 

indicate its sorted position. That is, the cards will be placed into the work buffer in the 

same order as read, but their sorted order will be shown by a chaining word with each card 

pointing to the position of the next card in alphanumeric sort. If the work buffer is unable 

to hold all of the bulk data cards, each subset that fills the buffer is unchained and written 

in sorted order onto a scratch file. This writing onto a scratch file frees the work buffer ~or 

another subset of data cards. 
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Three scratch files may become involved in sorting a large number of bulk data cards. 

After the first two scratches are filled with sorted subsets, they are merged, while main­

taining the sorted order, onto a third scratch. From this point. after each new subset is 

written onto a· scratch, it 1s merged with the scratch containing all previous subsets. As 

an example, assume three scratches are named A, B, and c. Scratch A is written with the first 

subset of data from a filled work buffer. Scratch Bis written with the second subset. 

Scratch A and B are then merged to form scratch C. This frees scratch A and B. Scratch A is 

then written with the third subset of data. A and Care merged to form a new B. A is then 

written with the fourth subset. A and Bare merged t.n form a new C. This process continues 

until all bulk data has been sorted. Following the final merge, one of the scratch files 

will contain all of the sorted bulk data cards. 

As the sort and merge operations are being performed, any continuation cards or delete 

cards encountered are written onto separate holding files. After all data cards in the input 

stream have been processed, each of these holding files is processed. The delete card values 

are placed in ascending order and any overlaps or redundancies are removed. The continuation 

cards are checked and flagged for duplication and an in-core dictionary of their connection 

words is formed. 

XS0RT may now make a pass through the scratch file containing all of the sorted bulk data 

cards within the input stream. During this pass, the User Master File (UMF) or the Old Problem 

Tape (0PTP) data cards are merged with those from the input stream. Both the UMF and 0PTP data 

cards were properly sorted during their preparation. As this merge progresses, any data cards 

designated for removal by delete control cards are discarded. If the NASTRAN run for which XS0RT 

is operating is a restart, all data cards within the input stream plus any deleted from the 0PTP 

will cause data card type falgs to be set within restart tables. This entire pass is not performed 

if the run does not req~ire either a UMF or 0PTP. 

Now a final pass of the resulting sorted data is made to introduce any continuation cards and 

write the completed Bulk Data Deck onto the New Problem Tape. The conttnuation cards are connected 

to the sorted data cards by matching connection words (duplicate continuation cards are ignored). 

Continuation cards can in no way affect the sorted order. If a print of the resulting sorted deck 

is requested, it is perfonned during this pass. 

After all the cards are sorted, any continuation cards that are unused (because they are 

4.4-2 (12/31/77) --·- -



EXECUTIVE PREFACE r.<lDULE XS0RT (EXECUTIVE BULK DATA CARD S0RT) 

parentless and/or are duplicates) are properly identified. Also, those continuation cards that 

are valid, but cannot yet be ~recessed because of errors on other related continuation cards. are 

also properly identified. 

During any sort collation the data cards are ordered by comparing half-fields from left to 

right. Each bulk data card may contain up to ten, eitht column (character) fields. Because of 

computer word size constraints, each data card is stored into twenty memory words, four characters 

(half a card field) per word. Sorting proceeds by comparing the first words (4 characters) from 

each card are compared, and so on, until an order is established or total duplication is detennined. 

Each field (8 characters) is left (BCD) or right (integer) justified prior to sorting to eliminate 

leading or trailing blanks. Th~ characters within the first field of each card are converted to 

a special internal character set prior to comparing to eliminate machine dependent collation se­

quences which might order the same cards differently on different machines. This internal set 

forces the collation order to be ascending from blank through all numbers then all letters. A 

flowchart is given in Figure l. 

4.4.5 Subroutines 

In the following, note that XRECPS, RPAGE, INITC0, XFADJ, XBCOBI, XPRETY, CRDFLG, EXTINT, 

INTEXT are secondary entry points in XRECPS. 

4.4.5. 1 Subroutine Name: XRECPS 

l. Entry Point: XRECPS 

2. Purpose: Positions the continuation card file to the proper record (card image) as 

detennined from the in-core continuation card dictionary. 

3. Calling Seauence: CALL XRECPS (NEW, 0LD) where: 

NE~/ = the file position being requested 

OLU = the file position last requested. Both arguments are integer record numbers. 

4.4.5.2 Subroutine Name: RPAGE 

1. Entry Point: RPAGE 

2. Purpose: Counts output print lines for XSGRT, and performs the necessary interface with 

the system subroutine PAGE. 

3. Calling Sequence: CALL RPAGE (NLINE) where: 

NLINE = integer number of lines being output. If NLINE .::_ 100 a page eject is forced and 

the line count is set to NLINE - 100. 
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4.4.5.3 Subroutine Name: INITC0 

1. Entry Point: INITC0 

2. Purpose: Initializes machine dependent masks and constants within XS0RT. 

3. Calling Sequence: CALL INITC0 

4.4.5.4 Subroutine Name: XFADJ 

1. Entry Point: XFADJ 

2. Purpose: Adjusts four character fields, left or right, two or four fields at a time. 

If the fields contain only integers, the shift is right, otherwise the shift will be 

left. This routine detennines only the direction of shift required. Actual shifting 

is perfonned by XFADJl. 

3. Calling Sequence: CALL XFADJ (BUF,SD,K) where: 

BUF • field array to be shifted 

(0, shift two fields at a time 
SD = h. shift four fields at a time 

Jo' returned if right shift was done. 
K • 

t,' returned if left shift was done. 

4.4.5.5 Subroutine Name: XBCDBI 

1. Entry Point: XBCOBI 

2. Purpose: Converts two, four character BCD integer fields (right adjusted in the left 

most four characters of the computer word) into a single binary integer (right adjusted 

in the second of the two input words). 

3. Calling Sequence: CALL XBCOBI (BUF) where: 

BUF • two word array to be converted. 

4.4.5.6 Subroutine Name: XPRETY 

1. Entry Point: XPRETY 

2. Purpose: "Pretties-up11 printed output by left adjusting all fields to eliminate any 

leading zeros introduced when integer fields are right adjusted. 

3. Galling Sequence: CALL XPRETY (BUF} where: 

BUF • card image array. 
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4.4.5.7 Subroutine Name: Subroutine Name: CRDFLG 

l. Entry Point: CRDFLG 

2. Purpose: Sets the card type flags within the restart tables. 

3. Calling Sequence: CALL CRDFLG (CARD) where: 

CARD= first of two word card type field. 

4.4.5.8 Subroutine Name: EXTINT 

l. Entry Point: EXTINT 

2. Purpose: Converts card type field from the machine dependent character code to an 

internal machine independent code. 

3. Calling Sequence: CALL EXTINT (CTYBF) where: 

CTYBF = first of two word card type field. 

4.4.5.9 Subroutine ~ame: INTEXT 

l. Entry Point: INTEXT 

2. Purpose: Converts the card type field from an internal machine independent code to 

the machine dependent character code. 

3. Calling Sequence: CALL INTEXT (CTYBF) where: 

CTYBF • first of two word card type field. 

4.4.5. 10 Subroutine Name: XFADJl 

1. Entry Point: XFACJl 

2. Purpose: Adjust four character fields left or right, two or four fields at a time. 

This routine performs actual shifting with the direction of shift controlled through the 

calling sequence. (Note entry point XFAOJ). 

3. Calling Sequence: CALL XFADJl (BUF,SHIFT,SD) where: 

BUF • Field Array to be shifted. 

SHIFT• Function LSHIFT or RSHIFT. 

SD 
JO, shift two fields at a time. 

·1,. shift four fields at a time. 

4.4.5.11 Function Name: ISFT 

1. Entry Point: ISFT 

2. Purpose: Performs special shifting functions for subroutine XFAJl. 
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3. Calling Sequence: CALL ISFT 

Result= ISFT(BUF,SFTCNT,J) where: 

BUF = Word to be shifted. 

SFTCNT = Bits to be shifted. 

J = Shift direction control; 3 = right, 4 = left. 

4.4.6 Design Requirements 

1. Data cards operated upon by XS0RT must conform to the NASTRAN format for bulk 

data cards {ten. eight character fields per card). See section 2 of the User's Manual 

for details. 

2. Data cards must contain only valid BCD key punch codes or blanks. Non-standard 

multi-punched code (e.g .• some IBM EBCDIC) will cause unpredictable results. 

3. XSORT requires sufficient o~en core to contain five GIN0 buffers and a work buffer 

for at least ten data cards. (Each data card requires twenty-one core locations). Sort 

efficiency increases in proportion to the size of the work buffer. 

4. The continuation card dictionary must fit into the core work buffer during the final 

pass. Each continuation card requires four dictionary locations. 

5. XS0RT logic is biased toward input that is already sorted. That is, the program 

will operate at a much greater speed 1f verifying a sort rather than producing a sort. 

4.4.7 Diagnostic Messages 

XS0RT can produce two categories of diagnostic messages. The first are tenned USER messages 

and deal with bulk data card errors. The second are termed SYSTEM messages which are generally 

fatal in nature and indicate serious I/0 malfunctions. 

XS0RT message numbers includes 201 through 216. These messages are listed and explained in 

Section 6.2. l of the User's Manual. 
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Figure l.(a) Flowchart for module XS0RT. 
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Figure 1.(b) Flowchart for module XS0RT. 
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Figure l.(d) Flowchart for module XS0RT. 
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4.5 EXECUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR) 

4.5.1 Entry Point: IFP 

4.5.2 Puroose 

To process the Bulk Data Deck sorted by Executive Preface module, XS~RT. This task is 

accomplished as follows: 1) the sorted Bulk Data Deck is read from the New Problem Taoe (NPTP) 

card-by-card; 2) the contents of each field of each card are validated (see section 2.4 of the 

User's Manual for detailed descriptions of each bulk data card); 3) card images or modified 

card images are written on data blocks or the NPTP or the Data Pool File (see section 2.3.2 of 

the Programner's Manual for details on the formats of these data blocks). · 

4.5.3 Calling Sequence 

CALL IFP· 

subroutine SEMINT. 

IFP, an Executive Preface module, is called only by the Preface driver, 

4.5.4 Input 

The input to IFP consists of the Bulk Data Deck sorted by Executive Preface nndule XS~RT. 

4.5.5 Output 

The output of IFP consists of: 1) data blocks used in Rigid Fonnats; 2) the AXIC data 

block, which is processed by Executive Preface Modules IFP3, IFP4 and IFPS and is present only if 

the NASTRAN run is a conical shell (a unique structural element) problem, a hydroelastic problem, 

or an acoustic cavity problem; 3) the PVT Executive table, which contains the names and values of 

all DMAP parameters input by means of the PARAM bulk data card, and which is written on a 

scratch file to be processed by Executive Preface module XGPI; and 4) DMI's (Direct Matrix Inputs) 

and DTI's (Direct Table Inputs), each of which is written on the Data Pool File as a data block 

and is indistinguishable from any matrix data block or table data block pooled by the Executive 

Segment File Allocator (XSFA) module. 

4.5-1 (5/1/73) I _;___.-



MODULE FUNCTIONAL DESCRIPTIONS 

4.5.5.1 Output Data Blocks Used in Rigid Formats 

GE0Ml - Grid point, coordinate system, and sequence data. 

GE0M2 - Element connection data. 

GE0M3 - Static loads and temperature data. 

GE0M4 - Displacement set definitions data. 

EPT - Element Property Table. 

MPT - Material Property Table. 

CIT - Direct Input Tables. 

EDT - Element Deformation Table. 

DYNAMICS - Collection of bulk data cards for a dynamics problem. 

MATP00L - Data block containing matrices input on DMIG bulk data cards. 

~: Do not confuse the DTI (Direct Table Input) bulk data card and the DIT (Direct 

Input Table) data block. 

4.5.6 Method 

4.5.6.1 General Conrnents 

The bulk data cards processed by IFP are classified into five categories. Listed below is 

a brief explanation of each with a few examples. 

1. Closed End Cards (Fixed Length Card) 

Cards such as CQUA02 and PR00 go through all the standard bulk data card checks (see 4.5.6.2) 

before being processed by the card dependent subroutines within IFP, (IFSiP, i • 1, 2, 3, 4, 

5). These closed end cards are output to one·of the standard GIN0 files. 

2. Open Ended Cards (Variable Length Cards) 

In cards such as SPCl and PLFACT, since the length and therefore the formats are not 

known, the bulk data checks using the data initialized in the block data subprograms 

must be made in the card dependent subroutines. Also, since the length is not known, a 

flag is placed at the end of the infonna.tion for that card before being written on the 

file in order that routines reading an open ended card will be signaled as to an end-of­

ca rd condition. 
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3. GRDSET and BAR0R Cards 

Special cards such as GRDSET and BAR0R are not output to a GIN~ data block, but are stored 

in local variables, and provide default values for the GRID and CBAR cards. 

4. DMI and DTI Cards 

DMI and OTI cards are unique in the manner in which they are used by the user and orocessed 

by IFP. The DMI card enables the user to define matrix data blocks directly, while the 

DTI card gives the user the capability to input his own table data blocks directly. The 

user must write a OMAP sequence or use the ALTER feature - see section 2.2 of the User's 

Manual - in the Executive Control Deck to alter the Rigid Format chosen in order to use 

the DMI or DTI feature since he is defining his own data blocks. Both DMI and DTI cards 

are written directly onto the Data Pool File. 

5. PARAM Cards 

PARAM bulk data cards are stored in open core by IFP until the entire Bulk Data Deck has 

been processed. PARAM cards are then written as the PVT (Parameter Value Table) on a 

scratch file for subsequent processing by the Executive Preface module XGPI. 

4.5.6.2 Card Processing 

1. IFP searches the NPTP for the Bulk Data Deck and extracts it in 20 word (one physical 

card) segments. Each card is passed to subroutine RCARD, which takes the BCD card images 

and converts the fields thereon to values, and identifies the values as to type: blank 

data field, integer data field, real single precision data field, BCD data field, real 

double precision data field or a data field which is in error. 

IFP always has two physical bulk data cards in internal storage areas: the "current" 

card and the 11 next 11 card. M is the local F!a:'RTRAN array where the values of the current 

bulk data card are located, and Ml the local F!i:iRTRAN array where the values of the next 

card are located. After the current card is processed, the data in Ml are transferred into 

M, and new card values for Ml are input from the NPTP. When the values from Ml are trans­

ferred to M, the first two woras {the card mnemonic} are stripped off. Ml(3) is stored in 

M(1), M1(4) is stored in M(2),and so on. 
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2. /IFPXl/ is referenced to verify the admiss1oility of the name (mnemonic) of the 

particular card taken from the NPTP. 

3. The approach acceptability flag is checked. This flag is defined as follows: 

0 = OK for any approach; 

• Not used by displacement approach; 

2 = Illegal for displacement approach. 

The approach flag (DISPL, DMAP) is found in /SYSTEM/. 

4. The proper output files are established. See Table 1 or Table 2 for the outout file 

on which the various bulk data cards will reside. 

5. Uniqueness flags, which reside in ciaMMiaN/IFPXS/, are defined for each card 
type as follows: 

O - No check is made; 

1 - A check is made; 

2 - A special check is made. 

For example, on the bulk data card C~NR~D, field 2 is the EID, and it must be unique with 

respect to all other C~NR~D EID 1s. 

6. The next physical card is read from the NPTP. This will be the next card to be processed. 

7. A check for too many_continua~ion cards is made. This check is made on fixed length 

cards only. 

8. A check is made for the minimum and maximum number of words for a logical bulk data card. 

9. A check for the proper types of values for the fields on a card is made by referencing 

/IFPX7/, which contains fonnat codes for each card type as follows: 

O • Blank 

1 • Integer 

2 • Real 

3 • BCD 

4 • Double Precision 

5 • Anything. 
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When RCARD passes format values to IFP, a format code of O will override this check. In the 

card dependent code check (step 10), the value will be looked at to see if it is in error. 

10. An auxiliary subroutine IFSiP, i = l, 2, 3, 4, 5, is called to execute card dependent code. 

11. If the input card passes the tests in the card dependent code, the data are written on 

the appropriate GIN0 output file. 

4.5.6.3 Module Conclusion 

When the sorted Bulk Data Deck has been exhausted, the following steps are carried out. 

1. The appropriate trailer codes are wri-tten for each data block. For listings of 

trailer information reference section 2.3.2. 

2. The PVT is written on a scratch file. 

3. Restart flags are set in /IFPXO/. 

4.5.7 Subroutines 

IFP uses the utility routine RCARD described in section 3.4.20. 

4.5.7.l Block Data Subprogram: IFXlBD 

Purpose: To initialize /IFPXl/, which is used by IFP to validate card names. All bulk 

data card names must appear in this table. 

4.5.7.2 Block Data Subprogram: IFX2BD 

Purpose: To initialize /IFPX2/. This table contains two words per entry (two words per 

card type): the first gives the GIN0 output file number, and the second gives the approach 

acceptability flag. 

4.5.7.3 Block Data Subprogram: IFX3BD 

Purpose: To initialize /1FPX3/. This table contains two words per entry {two words oer 

card type}: the first w~rd is used as the Conical Shell. Problem flag, and the second word is 

used internally to store the number of words to be output to the GIN0 output file. 
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4.5.7.4 Block Data Subprogram: IFX4BD 

Purpose: To initialize /IFPX4/. This table contains two words per entry (two words per 

card type): the first is the minimum number of words allowable, the second is the maximum 

number of words allowable. The first word of an entry being negative implies the card is open 

ended. 

4.5.7.5 Block Data Subprogram: IFX5BD 

Purpose: To initialize /IFPX5/. This table contains two words per entry (two words per 

card type): the first is a pointer into /IFPX7/., the second is the field 2 uniqueness check flag. 

4.5.7.6 Block Data Subprogram: IFX6BD 

Purpose: To initialize /IFPX6/. This table contains two words per entry (t\~o words per 

card type): the first is header word l (card type), the second is header word 2 (trailer bit 

position) of the three word header information of each logical record, which corresponds to all 

the data of particular bulk data card type. See section 2.3.2 for details. 

4.5.7.7 Block Data Subprogram: IFX7BD 

Purpose: To initialize /IFPX7/. Each entry contains the admissible sequence of format 

codes for that card type (see step 9 in section 4.5.6.2 above). 

4.5.7.8 Subroutine Name: IFSiP, i • 1, 2, 3, 4, 5 

1.· Entry Point: IFSiP, i • l, 2, 3, t, 5 

2. Purpose: These are the four subroutines that the module driver IFP calls to execute 

care dependent code. 

3. Ca11ing Sequence·: CALL IFSiP ($n1 ,$n2,Sn3) 

n1 - F~RTRAN statement number defining the return taken in the event of a fonnat 

or data error. 

n2 - F~RTRAN statement number defining the return taken when local variables are 

set to provide default values for appropriate cards. 

n3 - F0RTRAN statement number defining the return taken in the event of a data error. 

,, 
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4.5.7.9 Subroutine Name: IFPDC0 

1. Entry Point: I FPDC0 

2. Purpose: L0GICAL FUNCT10N IFPDC0 decodes packed component code and returns .FALSE. if 

no errors are detected and .TRUE. if any errors are detected. The decoded results are stored 

in labeled conmon block /IFPDTA/ . This subroutine is also used by the Preface Module IFP3. 

4.5.8 Design Requirements 

Open core is defined in /IFPXX/. Open core is used to store all PARAM cards until the Bulk 

Data Deck has been exhausted, at which time the PARAM cards are written on a scratch file as the 

PVT Executive table. 

IFP has a compilation-dependent overlay structure as shown in the sketch below. 

IFP 
RCARD 

Block. Data 
Routines 

IFS1P 
IFS2P IFS4P 

IFSSP 
IFS3P 

I I 

/IFPXX/ Open Core 

The open core (conmon block /IFPXX/ must be located below the longest of the IFSiP segments. 

This is automatically done on the Univac 1108 but must be done by the programmer on the other 

machines. 

4.5.9 Diagnostic Messages 

If a fatal error is detected during any phase of the processing of module IFP, the N0G0 flag 

will be set, and the error message will be printed out. IFP will continue processing data cards 

until al1 are processed. 
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Table 1(a). Bulk Data Cards Processed by IFP Sorted by Internal Card Number. 

The following list gives an explanation of the column headings on the following pages of 

Table 1. 

A= Internal IFP Bulk Data Card Number 

B = Bulk Data Card 1'ame (an asterisk following a name implies the card is not available) 

C = Internal lFP GlN0 Output File Number 

D = Data Block Name 

E = Approach Acceptance Indicator 

-2 = Illegal for ~eat Approach 

-1 = Ignored for Heat Approach 

0 = OK for all approaches 

1 = Ignored for Displacement Approach 

2 • Illegal for Displacement A?proach 

F = Minimum Number of Words Allowed Per Logical Card (F negative implies an open ended card) 

G = Maximum Number of Words Allowed Per Logical Card 

H • Fonnat Check Pointer Into IFX7BD 

I• Field 2 Uniqueness Check Flag 

O • No Check is Made 

1 • Check is Made 

2 • Special 

J • Subroutine L~CATE Code for Card on Output Data Block 

K • Trailer Bit Position 

L • Pointer to Secondary (Card Dependent) Code 

Sl • Subroutine IFS1P 

S2 • Subroutine IFS2P 

S3 • Subroutine IFS3P 

S4 • Subroutire IFS4P 

SS = Subroutine IFSSP 

M • F0RTRAN Statement Number 1n the Card Dependent Subroutines 

N • Conical Shell Problem Flag 

-1 = Illegal for Shell Mode 
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Table l(b), Bulk Data Cards Processed by IFP Sorted by Internal Card Number. 
O = OK for Shell Mode 

l = Puts Card Into Different Data Block 

0 = Users Map for Data Blocks 1FX2BD, ••• ,1FX6BD 

Values for I= 1,2,3 or 4 

J = 1,2 or 3 

H = A,S,C,D or E 

K = 1,2,3,4,5 or 6 

I= Data Statement in the Block Data Program 

J = The Group of A Through E Continuation Card Blocks Within the Ith Data Statement 

H = Alphabetic Character in Col 6 (Continuation Column) in the Jth Group 

K • The Pair Number on Line H Where the Actual Data is located. 
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Table 1(c). Bulk Data Cards Processed by IFP Sorted by Internal Card Number. 

A B C D E F G H I J K L M N 0 
IJHK 

l GRID l GEfllMl 0 4 12 l 1 4501 45 S3 100 -1 llAl 
2 GRDSET 1 GEfllMl 0 4 12 13 2 0 0 S3 200 -1 llA2 
3 ADUM1 1 GEfllMl 0 8 8 537 0 0 0 S5 100 0 11A3 
4 SEQGP 1 GEfllMl 0 -4 9 37 0 5301 53 Sl 40 -1 11A4 
5 C0RD1R 1 GE0M1 0 4 8 37 0 1801 18 Sl 500 -1 11A5 
6 CfllRDlC 1 GEfllMl 0 4 8 37 0 1701 17 S1 600 -1 11A6 
7 CfllRDlS 1 GE0Ml 0 4 8 37 0 1901 19 Sl 700 -1 11Bl 
8 CfllRD2R 1 GE0Ml 0 12 16 45· 1 2101 21 Sl 800 -1 11B2 
9 C0RD2C 1 GEfllMl 0 12 16 45 1 2001 20 S1 900 -1 11B3 

10 C0R02S 1 GE0M1 0 12 16 45 1 2201 22 S1 1000 -1 11B4 
11 PLfllTEL 8 GEfllM2 0 4 8 505 0 5201 52 Sl 1111 -1 l1B5 
12 SPCl 10 GE0M4 0 -4 9 -1 0 5481 58 S3 3980 -1 11B6 
13 SPCAOO 10 GE9)M4 0 4 8 -1 1 5491 59 S3 4020 l 11C1 
14 SUP0RT 10 GE0M4 0 4 8 37 0 5601 56 Sl 1400 -1 11C2 
15 0MIT 10 GEfllM4 0 4 8 37 0 5001 50 Sl 1400 -1 11C3 
16 SPC 10 GEr4 0 4 8 101 0 5501 55 Sl 1600 -1 11C4 
17 MPC 10 GE M4 0 4 8 -1 0 4901 49 S3 1700 -1 11C5 
18 F0RCE 9 GE0M3 0 8 12 109 0 4201 42 Sl 1800 1 11C6 
19 M0MENT 9 GEfllM3 0 8 12 109 0 4801 48 Sl 1800 1 1101 
20 FfllRCEl 9 GEfllM3 0 8 12 121 0 4001 40 Sl 2000 -1 1102 
21 M0MENT1 9 GEfllM3 0 8 12 121 0 4601 46 Sl 2000 -1 1103 
22 FfllRCE2 9 GE0M3 0 8 12 133 0 4101 41 Sl 2200 -1 1104 
23 MfllMENT2 9 GE0M3 0 8 12 133 0 4701 47 Sl 2200 -1 1105 
24 PL0AD 9 GE0M3 0 8 12 145 0 5101 51 S1 2400 -1 1106 
25 SLfllAD 9 GE0M3 0 4 8 157 0 5401 54 Sl 2500 -1 11El 
26 GRAV 9 GEfllM3 0 8 12 165 1 4401 44 S1 2600 1 11E2 
27 TEMP 9 GE0M3 0 4 8 157 0 5701 57 Sl 2500 -1 11E3 
28 GENEL 8. GE0M2 0 -4 9 -1 1 4301 43 S3 2800 -1 11E4 
29 PR00 2 EPT 0 4 12 165 1 902 9 S1 2900 -1 11E5 
30 PTUBE 2 EPT 0 4 12 177 1 1602. 16 Sl 2920 -1 11E6 
31 PVISC 2 EPT 0 4 8 189 0 1802 18 S1 310 -1 12Al 
32 ADUM2 1 GE0M1 0 -4 9 537 0 0 0 S5 200 0 12A2 
33 PTRIAl 2 EPT 0 4 16 221 1 1202 12 S1 2980 -1 12A3 
34 PTRIA2 2 EPT 0 4 8 237 0 1302 13 Sl 3000 -1 12A4 
35 PTRBSC 2 EPT 0 4 12 257 1 1102 11 S1 3020 -1 12A5 
36 PTRPLT 2 EPT 0 4 12 257 1 1502 15 Sl 3020 -1 12A6 
37 PTRMEM 2 EPT 0 4 8 237 0 1402 14 S1 3000 -1 12Bl 
38 PQUAOl 2 EPT 0 4 16 221 1 702 7 Sl 2980 -1 12B2 
39 PQUAD2 2 EPT 0 4 8 237 0 802 8 S1 3000 -1 1283 
40 PQDPLT 2 EPT 0 4 12 257 0 602 6 S1 3020 -1 12B4 
41 PQDMEM 2 EPT 0 4 8 237 0 502 5 Sl 3000 -1 12B5 
42 PSHEAR 2 EPT 0 4 8 237 0 1002 10 S1 3000 -1 12B6 
43 PTWIST 2 EPT 0 4 8 237 0 1702 17 Sl 3000 -1 12Cl 
44 PMASS 2 EPT 0 4 8 269 0 402 4 Sl 3200 -1 12C2 
45 PDAMP 2 EPT 0 4 8 269 0 202 2 S1 3200 -1 12C3 
46 PELAS 2 EPT 0 4 8 497 0 302 3 S1 3240 -1 12C4 
47 C0NR0D 8 GE0M2 0 8 12 277 1 1601 16 Sl 3260 -1 12C5 
48 CR0D 8 GE0M2 0 4 8 37 0 3001 30 Sl 3281 -1 12C6 
49 CTUBE 8 GE0M2 0 4 8 37 0 3701 37 Sl 3282 -1 1201 
50 CVISC 8 GE0M2 0 4 8 37 0 3901 39 S1 3283 -1 1202 
51 ADUM3 1 GE0M1 0 -4 9 537 0 0 0 S5 300 0 1203 
52 CTR!Al 8 GEl/lM2 0 8 12 313 1 3301 33 Sl 3360 -1 1204 
53 CTRIA2 8 GE0M2 0 8 12 313 l 3401 34 Sl 3360 -1 1205 
54 CTRBSC 8 GE0M2 0 8 12 313 1 3201 32 Sl 3360 -1 1206 
55 CTRPLT 8 GEfllM2 0 8 12 313 1 3601 36 Sl 3360 -1 12El 
56 CTRMEM 8 GEl/lM2 0 8 12 313 1 3501 35 Sl 3360 -1 12E2 
57 CQUADl 8 GE0M2 0 8 12 325 1 2801 28 Sl 3460 -1 12E3 
58 CQUA02 8 GE0M2 0 8 12 325 1 2901 29 Sl 3460 -1 12E4 
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Table l(d). Bulk Data Cards Processed by IFP Sorted by Internal Code Number. 

A B C D E F G H I J K L M N 0 
IJHK 

59 CQDPLT 8 GE0M2 0 8 12 325 1 2701 27 S1 3460 -1 12E5 
60 CQDMEM 8 GE0M2 0 8 12 325 1 2601 26 Sl 3460 -1 12E6 
61 CSHEAR 8 GE0M2 0 8 12 337 1 3101 31 Sl 3540 -1 13A1 
62 CTWIST 8 GE0M2 . 0 8 12 337 1 3801 38 Sl 3540 -1 13A2 
63 C0NM1 8 GE0M2 0 8 28 349 1 1401 14 Sl 3580 -1 l 3A3 
64 C0NM2 8 GE0M2 0 8 20 377 1 1501 15 Sl 3600 -1 13A4 
65 CMASSl 8 GE0M2 0 4 12 337 l 1001 10 Sl 3620 -1 l 3A5 
66 CMASS2 8 GE0M2 0 4 12 397 l 1101 11 Sl 3623 -1 l 3A6 
67 CMASS3 8 GE0M2 0 4 8 37 0 1201 12 Sl 3674 -1 l 3B 1 
68 CMASS4 B GE0M2 0 4 8 409 0 1301 13 Sl 3697 -1 1382 
69 CDAMPl 8 GE~M2 0 4 12 337 1 201 2 Sl 3620 -1 1383 
70 CDAMP2 8 GE~M2 0 4 12 397 1 301 3 Sl 3623 -1 l 3B4 
71 CDAMP3 8 GE0M2 0 4 8 37 0 401 4 Sl 3675 -1 13B5 
72 CDAMP4 8 GE0M2 0 4 8 409 0 501 5 Sl 3698 -1 13B6 
73 CELAS1 8 GE0M2 0 4 12 337 1 601 6 Sl 3620 -1 l 3Cl 
74 CELAS2 8 GE0M2 0 4 12 417 1 701 7 Sl 3800 

_, l 3C2 
75 CELAS3 8 GE0M2 0 4 B 37 0 801 8 Sl 3676 -1 l 3C3 
76 CELAS4 8 GE0M2 0 4 8 409 0 901 9 Sl 3699 -1 13C4 
77 MATl 3 MPT 0 4 20 429 1 103 1 Sl 3860 0 l 3C5 
78 MAT2 3 MPT 0 8 20 449 1 203 2 Sl 3880 0 13C6 
79 CTRIARG 8 GE0M2 0 8 12 738 1 1708 17 S4 790 -1 1301 
80 CTRAPRG 8 GE0M2 0 8 12 737 1 1808 18 S4 800 -1 1302 
81 DEF0RM 4 EDT 0 4 8 157 0 104 1 Sl 2500 -1 1303 
82 PARAM 6 PVT 0 -5 16 -1 2 0 0 S3 3960 0 1304 
83 MPCADO 10 GE0M4 0 4 8 -1 1 4891 60 S3 4020 1 1305 
84 UJAD 9 GE0M3 0 4 8 -1 1 4551 61 S3 4060 1 1306 
85 EIGR 7 DYNAMICS 0 14 18 469 1 307 3 S2 850 0 13El 
86 EIGB 7 DYNAMICS 0 14 18 469 1 107 1 S2 850 0 13E2 
87 EIGC 7 DYNAMICS 0 -4 10 -1 1 207 2 S2 870 0 13E3 
88 ADUM4 1 GE0Ml 0 -4 9 537 0 0 0 S5 400 0 13£4 
89 1 GE0Ml 0 8 8 -1 2 0 0 S2 890 0 13E5 
90 MATS1 3 MPT 0 4 16 545 1 503 5 S4 900 -1 l 3E6 
91 MAITl 3 MPT 0 4 16 545 l 703 7 S4 900 0 21Al 
92 0MIT1 10 GE0M4 0 -4 9 -1 0 4951 63 S3 3981 -1 21A2 
93 TABLEMl 5 DIT 0 -4 16 -1 1 105 1 S2 930 0 21A3 
94 TABLEM2 5 DIT 0 -4 16 -1 1 205 2 S2 930 0 21A4 
95 TABLEM3 5 CIT 0 -4 16 -1 1 305 3 S2 930 0 21A5 
96 TABLEM4 5 DIT 0 -4 16 -1 1 405 4 S2 960 0 21A6 
97 TABLES1 5 DIT 0 -4 16 -1 l 3105 31 S2 930 -1 2181 
98 TEMPO 9 GE0M3 0 4 12 269 0 5641 65 S4 980 1 2182 
99 ADUMS 1 GE0Ml 0 -4 9 537 0 0 0 S5 500 0 2183 

100 ADUM6 1 GE0M1 0 -4 9 537 0 0 0 S5 600 0 2184 
101 ADUM7 1 GE0Ml 0 -4 9 537 0 0 0 S5 700 0 2185 
102 MATT2 3 MPT 0 4 16 525 1 803 8 S4 1020 -1 21B6 
103 AOUM8 1 GE0Ml 0 -4 9 537 0 0 0 S5 800 0 21Cl 
104 CT0RORG 8 GE0M2 0 4 12 750 1 1908 19 S4 1040 -1 21C2 
105 SP~HNT 8 GE0M2 0 -4 9 794 0 5551 49 S4 1050 -1 21C3 
106 AOUM9 1 GE0Ml 0 -4 9 537 0 0 0 S5 900 0 21C4 
107 CDUMl 8 GE0M2 0 8 24 925 1 6108 61 S5 1000 0 21C5 
108 CDUM2 8 GE0M2 0 8 24 925 1 6208 62 S5 1100 0 21C6 
109 COUM3 8 GE0M2 0 8 24 925 l 6308 63 S5 1200 0 2101 
110 CDUM4 8 GE0M2 0 8 24 925 1 6408 64 S5 1300 0 2102 
111 CDUM5 8 GE0M2 0 8 24 925 1 6508 65 S5 1400 0 2103 
112 CDUM6 8 GE0M2 0 8 24 925 1 6608 66 S5 1500 0 2104 
113 CDUM7 8 GE0M2 0 8 24 925 1 6708 67 S5 1600 0 2105 
114 CDUMS 8 GE0M2 0 8 24 925 1 6808 68 S5 1700 0 2106 
115 CDUM9 8 GE0M2 0 8 24 925 1 6908 69 S5 1800 0 21E1 
116 POUMl 2 EPT 0 4 24 925 1 6102 61 S5 1900 0 21E2 
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Table l ( e) . Bulk Data Cards Processed by IFP Sorted by Internal Card Number. 

A B C D E F G H I J K L M N 0 
IJHK 

117 PDUM2 2 EPT 0 4 24 925 l 6202 62 S5 2000 0 21E3 
118 POUM3 2 EPT 0 4 24 925 l 6302 63 S5 2100 0 21E4 
119 DMI 12 P00L 0 -4 16 _, 0 0 0 S2 1190 0 21E5 
120 DMIG 14 MATP00L 0 -4 12 -1 0 114 l S2 1200 0 21E6 
121 PT0RDRG 2 EPT 0 4 8 '237 0 2102 21 Sl 3000 _, 22Al 
122 MAT3 3 MPT 0 4 20 449 l 1403 14 S4 1220 -1 22A2 
123 DL0AD 7 DYNAMICS 0 4 8 _, l 57 5 S3 4060 0 22A3 
124 EP0INT 7 DYNAMICS 0 -4 9 794 0 707 7 S4 1050 0 22A4 
125 FREQl 7 DYNAMICS 0 4 8 705 0 1007 10 Sl 1250 0 22A5 
126 FREQ 7 DYNAMICS 0 4 8 -1 l 1307 13 S3 1260 0 22A6 
127 N0LIN1 7 DYNAMICS 0 8 12 725 0 3107 31 Sl 1270 0 2281 
128 N0LlN2 7 DYNAMICS 0 8 12 725 0 3207 32 Sl 1280 0 2282 
129 N0LlN3 7 DYNAMICS 0 8 12 725 0 3307 33 Sl 1290 0 22B3 
130 N0LlN4 7 DYNAMICS 0 8 12 725 0 3407 34 Sl 1290 0 22B4 
131 RL0ADl 7 DYNAMICS 0 8 8 337 l 5107 51 S3 1310 O· 2285 
132 RL0AD2 7 DYNAMICS 0 8 8 337 l 5207 52 S3 1310 0 2286 
133 TA8LED1 5 OIT 0 -4 16 -1 l 1105 11 S2 930 0 2,~l 
134 TABLED2 5 OIT 0 -4 16 -1 1 1205 12 S2 930 0 22C2 
135 SEQEP 7 DYNAMICS 0 4 8 37 0 5707 57 Sl 40 _, 22C3 
136 TF 7 DYNAMICS 0 8 12 -1 0 6207 62 Sl 1360 0 22C4 
137 TIC 7 DYNAMICS 0 4 12 713 0 6607 66 Sl 1370 0 22C5 
138 TL0ADl 7 DYNAMICS 0 8 8 681 l 7107 71 S3 1380 0 22C6 
139 TL0AD2 7 DYNAMICS 0 8 16 689 1 7207 72 S3 1390 0 22Dl 
140 TA8LED3 5 DIT 0 -4 16 -1 l 1305 13 S2 930 0 22D2 
141 TABLED4 5 DIT 0 -4 16 -1 1 1405 14 S2 960 0 2203 
142 TSTEP 7 DYNAMICS 0 4 8 -1 l 8307 83 Sl 1420 0 2204 
143 OS FACT 3 MPT 0 4 8 -1 l 53 10 S3 1430 0 2205 
144 AXIC 15 AXIC 0 4 8 93 0 515 5 S3 1440 0 2206 
145 RINGAX 15 AXIC 0 4 12 245 1 5615 56 S3 1450 0 22El 
146 CC0NEAX 15 AXIC 0 4 8 645 l 2315 23 S3 1460 0 22E2 
147 PC0NEAX 2 EPT 0 4 28 653 l 152 19 S3 1470 0 22E3 
148 SPCAX 15 AXIC 0 4 12 485 0 6215 62 S3 1480 0 22E4 
149 MPCAX 15 AXIC 0 4 8 -1 0 4015 40 S3 1490 0 22E5 
150 0MITAX 15 AXIC 0 4 8 337 0 4315 43 S3 1500 0 22E6 
151 SUPAX 15 AXIC 0 4 8 337 0 6415 64 S3 1500 0 23Al 
152 P0INTAX 15 AXIC 0 4 8 517 1 4915 49 S3 1520 0 23A2 
153 SECTAX 15 AXIC 0 4 12 177 1 6015 60 S3 1530 0 23A3 
154 PRESAX H, AXIC 0 4 12 61 0 5215 52 S3 1540 0 23A4 
155 TEMPAX 15 AXIC 0 4 8 237 0 6815 68 S3 1550 0 23A5 
156 F0RCEAX 15 AXIC 0 -4 13 109 0 2115 21 S3 1560 0 23A6 
157 M0MAX 15 AXIC 0 -4 13 109 0 3815 38 S3 1560 0 2381 
158 EIGP 7 DYNAMICS 0 4 8 561 0 257 4 Sl 1580 0 23B2 
159 POUM4 2 EPT 0 4 24 925 l 6402 64 S5 2200 0 2383 
160 POUM5 2 EPT 0 4 24 925 1 6502 65 S5 2300 0 2384 
161 POUM6 2 EPT 0 4 24 925 1 6602 66 S5 2400 0 2385 
162 TA80MP1 5 OIT 0 -4 16 -1 l 15 21 S2 930 0 2386 
163 POUM7 2 EPT 0 4 24 925 1 6702 67 S5 2500 0 23Cl 
164 POUM8 2 EPT 0 4 24 925 1 6802 68 S5 2600 0 23C2 
165 POUM9 2 EPT 0 4 24 925 1 6902 69 S5 2700 0 23C3 
166 FRE02 7 nYNAMTCS o· 4 8 705 0 1107 11 Sl 1660 0 23C4 
lb7 C0NCT1 10 GE0M4 0 -4 20 -1 u 110 41 S5 2800 -1 23C5 
168 CONCT 10 GE0M4 0 -4 12 -1 0 210 2 S5 ?.9nn 

_, 23C6 
169 TRANS 10 GE0M4 0 12 16 45 1 310 3 S5 3000 -1 2301 
170 RELES 10 GE0M4 0 -4 12 -1 0 410 4 S5 3100 -1 2302 
171 L0AOC 10 GE0M4 0 -8 16 -1 0 500 5 S5 3200 -1 2303 
172 SPCSO 10 GE0M4 0 6 9 1000 0 610 6 S5 3300 -1 2304 
173 SPCS1 10 GE0M4 0 -4 12 -1 0 710 7 S5 3400 -1 2305 
174 SPCS 10 GE0M4 0 -4 12 -1 0 810 8 S5 3500 -1 2306 
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EXECUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR) 

Table 1 (f). Bulk Data Cards Processed by IFP. Sorted by Internal Card Number. 

A B C D E F G H I J K L M N 0 
IJHK 

175 BDYC 10 GE0M4 0 -8 16 -1 l 910 9 ss 3600 -1 23El 
176 ;,iPC$ 10 GE0t14 0 -8 12 -1 0 1110 11 ss 3700 -1 23E2 
177 BOYS 10 GE0M4 0 4 12 -1 0 1210 12 S5 3800 -1 ~JtJ 
17~ i3DYS1 10 GE0M4 0 -4 12 -1 0 1310 13 S5 3900 -1 23E4 
179 BAR0R 8 GE0M2 0 4 12 25 2 0 0 Sl 100 -1 23E5 
180 CBAR 8 GE0M2 0 8 20 73 1 2408 24 Sl 200 -1 23E6 
181 PBAR 2 EPT 0 4 24 621 1 52 20 Sl 300 -1 31A1 
182 DAREA 7 DYNAMICS 0 4 8 101 0 27 17 S3 1820 0 31A2 
183 DELAY 7 DYNAMICS 0 4 8 101 0 37 18 S3 1820 0 31A3 
184 DPHASE 7 DYNAMICS 0 4 8 101 0 77 19 S3 1820 0 31A4 
185 Pl F'ACT 3 MPT 0 4 8 _, 1 1103 11 S3 1420 _, 31A5 
186 GNEW* 10 GE0M4 0 9 9 993 0 1410 14 S5 4000 -1 31A6 
187 GTRAN 10 GE0M4 0 5 9 993 0 1510 15 S5 4100 -1 31B1 
188 TARRNDG 5 or::: 0 4 8 1 0 56 26 S2 1000 0 31C2 
189 MATT3 J MPT 0 4 16 525 1 1503 15 S4 1020 -1 3183 
190 RF0RCE 9 GE0M3 0 8 12 109 0 5509 55 S1 1900 1 31B4 
191 TABRNDl 5 DIT 0 -4 16 -1 l 55 25 S2 930 0 3185 
192 UDEF 10 GE0M4 0 -4 16 -1 0 0 0 S5 4300 0 31B6 
193 USET 10 GE0M4 0 -4 9 1065 0 110 l S5 4400 0 31 Cl 
194 USETl 10 GE0M4 0 -4 10 -1 0 210 2 SS 4500 0 31 C2 
195 RANDPS 7 DYNAMICS 0 4 12 782 0 2107 21 S4 1950 -1 31C3 
196 RANDTl 7 DYNAMICS 0 4 8 752 0 2207 22 S4 1960 -1 31C4 
197 RANDT2* 7 DYNAMICS 0 -4 8 -1 1 2307 23 S9 -1 31C5 
198 PL0AD1* 9 GE0M3 0 0 0 0 0 6909 69 S9 -1 31 C6 
199 PL0AD2 9 GE0M3 0 -4 9 774 0 6802 68 S4 1990 -1 3101 
200 DTI 12 P00L 0 -4 16 

_, 
0 0 0 S2 2000 0 3102 

201 TEMPPl 9 GEf)M3 0 -4 10 -1 0 8109 81 S4 2100 -1 3103 
202 TEMPP2 9 GEf)M3 CJ -4 10 -1 0 8209 82 S4 2200 -1 3104 
203 TEMPP3 9 GEf)M3 0 -4 10 -1 0 8309 83 S4 2300 -1 3105 
204 TEMPRB 9 GE0M3 0 -4 10 -1 0 8409 84 S4 2400 -1 31D6 
205 GRIDS 15 AXIC 0 8 12 l 1 8115 81 S4 3100 -1 31 El 
206 FSLIST 15 AXIC 0 -4 10 -1 0 8215 82 S4 3200 -1 31E2 
207 RINGFL 15 AXIC 0 4 8 497 1 8315 83 S4 3300 -1 31E3 
208 'PRESPT 15 AXIC 0 4 8 834 0 8415 84 S4 3400 -1 31E4 
209 CFLUI02 15 AXIC 0 8 8 845 1 8515 85 S4 3500 -1 31E5 
210 CFLUI03 15 AXIC 0 8 8 853 l 8615 86 S4 3600 -1 31 E6 
211 CFLUI04 15 AXIC 0 8 8 861 , 8715 87 S4 3700 -1 32Al 
212 AXIF 15 AXIC 0 -8 10 -1 0 8815 88 S4 3800 -1 32A2 
213 BDYLIST 15 AXIC 0 -4 10 -1 0 8915 89 S4 3900 -1 32A3 
214 FREEPT 15 AXIC 0 4 8 834 0 9015 90 S4 4000 -1 32A4 
215 ASET 10 GE0M4 0 4 8 37 0 5561 76 S1 1400 -1 32A5 
216 ASETl 10 GEf)M4 0 -4 9 -1 0 5571 77 S3 3901 -1 32A6 
217 CTETRA 8 GE0M2 0 8 8 337 l 5508 55 S4 4100 -1 3281 
218 CWEDGE 8 GE0M2 0 8 8 525 1 5608 56 S4 4200 -1 32B2 
219 CHEXAl 8 GE0M2 0 16 16 531 l 5708 57 S4 4300 -1 32B3 
220 CHEXA2 8 GE0M2 0 16 16 531 l 5808 58 S4 4400 -1 3284 
221 DMIAX 14 MATPf)f)L 0 -4 9 _, 0 214 2 S4 4500 

_, 3285 
222 FLSYM 15 AXIC 0 4 10 826 0 9115 91 S4 4600 -1 3286 
223 AXSL0T 15 AXIC 0 8 8 869 1 1115 11 Sl 4100 0 32Cl 
224 CAXIF2 8 GEflM2 0 8 8 877 1 2108 21 S1 4200 0 32C2 
225 CAXIF3 8 GE0M2 0 8 8 877 l 2208 22 S1 4300 0 32C3 
226 CAXIF4 8 GE0M2 0 8 8 877 , 2308 23 Sl 4400 0 32C4 
227 CSL0T3 8 GEf)M2 0 8 8 877 1 4408 44 Sl 4500 0 32C5 
228 CSL0T4 8 GEf)M2 0 8 16 877 1 4508 45 Sl 4600 0 32C6 
229 GRIDF 15 AXIC 0 4 8 885 1 1215 12 Sl 4700 0 3201 
230 GRIDS 15 AXIC o 4 8 893 , 1315 13 Sl 4800 o 3202 
231 SLBDY 15 AXIC 0 -4 8 -1 0 1415 14 S1 4900 0 3203 
232 CH80Y 8 GE0M2 0 9 17 909 1 4208 42 S1 5000 -1 3204 
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f100ULE FUNCTIONAL DES CR I PT IONS 

Table l ( g) . Bulk Data Cards Processed by IFP Sorted by Internal Card Number. 

A B C D E F G H I J K L M N 0 
IJHK 

233 QHBOY 9 GE0M3 0 9 9 901 0 4309 43 Sl SOSO _, 3205 
234 MAT4 3 MPT 0 4 8 198 l 2103 21 Sl 3900 _, 3206 
235 MATS 3 MPT 0 4 8 198 1 2203 22 Sl 4000 -1 32El 
236 PHBOY 2 EPT 0 4 8 350 1 2502 25 Sl 5100 -1 32E2 
237 MATI4 3 MPT 0 4 8 37 l 2303 23 Sl 3950 _, 32E3 
238 MATIS 3 MPT 0 4 8 37 1 2403 24 Sl 4050 -1 32E4 
239 QBOYl 9 GE0M3 0 -4 9 774 0 4509 45 S4 1990 _, 32E5 
240 Q80Y2 9 GE0M3 0 4 8 350 0 4909 49 Sl 5150 -1 32E6 
241 QVECT 9 GE0M3 0 -4 16 -1 0 5009 50 S1 5200 -1 33Al 
242 QV0L 9 GE0M3 0 -4 9 774 0 5209 52 Sl 1990 _, 33A2 
243 RADLST 14 MATP00L 0 -4 16 -1 0 2014 20 Sl 5250 -1 33A3 
244 RADMTX 14 MATP00L 0 -4 8 -1 0 3014 30 S3 1400 -1 33A4 
245 SAME* 10 GE0M4 0 -4 10 -1 0 7810 78 S5 4600 -1 33AS 
246 SAME1* 10 GE0M4 0 -8 9 -1 0 7910 79 S5 5 -1 33A6 
247 INPUT 11 GE0MS 0 17 17 -1 0 1310 13 S5 5 -1 3381 
248 0UTPUT 11 GE0MS 0 17 17 -1 0 1410 14 S5 5 -1 3382 
249 CQOMEMl 8 GE0M2 0 8 12 325 0 2008 20 Sl 3460 _, 3383 
250 PQOMEMl 2 EPT 0 4 8 237 0 2202 22 Sl 3000 -1 3384 
251 CIHEXl 8 GE0M2 0 12 16 951 1 7108 71 S5 5000 -1 3385 
252 CIHEX2 8 GEpM2 0 24 28 951 1 7208 72 S5 5100 _, 3386 
253 CIHEX3 8 GE0M2 0 36 40 951 l 7308 73 S5 5200 -l 33Cl 
254 PIHEX 2 EPT 0 4 12 981 1 7002 70 S5 5300 -1 33C2 
255 PL0AD3 9 GEfaM3 0 8 12 949 0 7109 71 S5 5400 -l 33C3 
256 SPCO 10 GE0M4 0 4 8 101 0 5110 51 Sl 1600 -1 33C4 
257 CYJ0IN 10 GE0M4 0 -4 16 -1 0 5210 52 S1 5240 -1 33C5 
258 CNGRNT 8 GE0M2 0 -4 16 -1 0 5008 50 S1 5245 -l 33C6 
259 CQDMEM2 8 GE0M2 0 8 12 325 0 5308 53 Sl 3460 . -1 33Dl 
260 PQDMEM2 2 EPT 0 4 8 237 0 5302 53 Sl 3000 -1 3302 
261 CQOMEM3 8 GE0M2 0 8 12 325 0 5408 54 Sl 3460 -l 3303 
262 PQDMEM3 2 EPT 0 4 8 237 0 5402 54 S1 3000 -l 3304 
263 CAEROl 4 EDT 0 16 16 39 1 3002 30 S5 6400 -1 3305 
264 PAEROl 4 EDT 0 4 8 803 l 3102 31 S5 6500 -1 3306 
265 AER0 4 EDT 0 8 12 2 0 3202 32 S5 6600 -1 33El 
266 SPLINEl 4 EDT 0 8 12 42 l 3302 33 S5 6700 -1 33E2 
267 SPLINE2 4 EDT 0 12 16 1025 1 3402 34 S5 6800 -1 33E3 
268 SETl 4 EDT 0 -4 16 -1 0 3502 35 S1 5300 -1 33E4 
269 SET2 4 EDT 0 4 8 197 0 3602 36 S5 5600 -1 33E5 
270 MKAER02 4 EDT 0 4 8 ROS 0 3702 37 S5 5700 -1 33E6 
271 MKAER01 4 EDT 0 16 16 805 0 3802 38 S5 5800 -1 41Al 
272 FLUTIER 4 EDT 0 10 14 1005 1 3902 39 S5 5900 -1 41A2 
273 AEFACT 4 EDT 0 -4 16 -1 l 4002 40 S3 1415 -1 41A: 
274 FLFACT 4 EDT 0 -4 16 -1 1 4102 41 S3 1415 -1 41A4 
275 C8ARAO* 8 GE0M2 0 9 13 -l 1 4001 40 S5 6100 -1 41A5 
276 PLIMIT 3 MPT 0 -9 14 -1 0 304 3 S5 6200 -1 41A6 
277 P0PT 3 MPT 0 9 13 1017 0 404 4 S5 6300 -1 4181 
278 PL0ADX* 9 GE0M3 0 8 12 1037 0 7001 70 S5 69C".' -1 4182 
279 CRIGDl 10 GE0M4 -2 -3 48 -1 l 5310 53 S3 20L -1 4183 
280 CQUADTS* 8 GE0M2 0 8 20 1045 1 4108 41 S4 2020 -1 4184 
281 PQUADTS• 2 EPT 0 8 12 277 1 2402 24 S4 2030 -1 4185 
282 CTRIATS• 8 GE0M2 0 8 20 1047 1 5908 59 S4 2021 -1 4186 
283 PTRIATS* 2 EPT 0 8 12 277 l 2302 23 S4 2030 -1 41C1 
284 CRIGD2 10 GE0M4 -2 -4 48 -1 l 5410 54 S3 2060 -1 41C2 
285 CTRIAAX 15 AXIC -2 4 8 313 l 7012 70 S3 2111 0 41C3 
286 PTRIAAX 2 EPT -2 4 24 349 l 7032 85 S3 2030 0 41C4 
287 CTRAPAX 15 AXIC -2 4 8 325 l 7042 74 S3 2040 0 41C5 
288 PTRAPAX 2 EPT -2 4 24 349 l 7052 95 S3 2030 0 41C6 
289 VIEW 2 EPT 0 4 8 326 l 2606 26 Sl 5175 0 4101 
290 VARIAN 4 EDT 0 -4 16 -1 0 4202 42 S3 1410 0 4102 
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EXECUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR) 

Tab 1 e 1 ( h). Bulk Data Cards Processed by IFP Sorted by Internal Card Number. 

A B C D E F G H I J K L M N 0 
IJHK 

291 CTRIM6 8 GE0M2 -2 12 16 913 1 6101 81 S1 6101 -1 4103 
292 PTRIM6 8 GE0M2 -2 8 12 802 l 6201 82 Sl 6201 -1 4104 
293 CTRPL Tl 8 GE0M2 -2 12 16 913 1 6301 83 S1 6301 -1 4105 
294 PTRPLTl 2 EPT -2 8 20 1089 1 6401 84 S1 6401 -1 4106 
295 TEMPG 9 GE0M3 -2 -8 20 -1 0 8509 85 S4 6501 -l 41 El 
296 TEMPP4 9 GE0M3 -2 -8 20 -1 0 8609 86 S4 6601 -1 41E2 
297 CRIGDR 10 GE0M4 -2 4 8 37 1 8210 82 S3 6000 -1 41E3 
298 CRIGD3 10 GE0M4 -2 -3 48 -1 1 8301 83 S3 7000 -1 41E4 
299 CTRSHL 8 GE0M2 -2 12 16 913 l 7501 75 Sl 7501 -1 41E5 
300 PTRSHL 2 EPT -2 20 24 1005 1 7601 76 Sl 7601 -1 41E6 
301 CAER02 4 EDT 0 12 · 16 39 1 4301 43 S5 6400 -1 42A1 
302 CAER03 4 EDT 0 16 16 39 1 4401 44 S5 6400 -1 42A2 
303 CAER04 4 EDT 0 16 16 39 1 4501 45 S5 6400 -1 42A3 
304 PAER02 4 EDT 0 16 16 1162 1 4601 46 ss 6510 -1 42A4 
305 PAER03 4 EDT 0 4 24 801 1 4701 47 S5 6520 -1 42A5 
306 PAER04 4 EDT 0 -4 8 -1 1 4801 48 S5 6530 -1 42A6 
307 SPLINE3 4 EDT 0 -4 16 -1 0 4901 49 ss 6850 -1 4281 
308 GUST 5 DIT 0 4 8 165 0 1005 10 S5 7600 -1 4282 
309 CAER05 4 EDT 0 16 16 39 1 5001 50 S5 6400 -1 4283 
310 PAER05 4 EDT 0 -4 8 -1 1 5101 51 S5 7700 -1 42B4 
311 DAREAS 7 DYNAMICS -2 -4 9 1080 0 9027 90 S5 3300 -1 4285 
312 DELAYS 7 DYNAMICS -2 -4 9 1080 0 9137 91 S5 3300 -1 4286 
313 DPHASES 7 DYNAMICS -2 -4 9 1080 0 9277 92 S5 3300 -1 42Cl 
314 TICS 7 DYNAMICS -2 -4 9 1080 0 9307 93 S5 3350 -1 42C2 
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EXECUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR) 

(THIS PAGE LEFT BLANK FOR FUTURE USE) 
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EXECUTIVE PREFACE MODULE IFP ( INPUT FILE PROCESSOR) 

THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 
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MODULE FUNCTIONAL DESCRIPTIONS 

Table 2(a). Bulk Data Cards Processed by IFP Sorted Alphabetically by Card Name. 

The following list gives an explanation of the column headings on the followins pages of 

Table 2, 

A= Internal IFP Bulk Data Card Number 

B = Bulk Data Card Name (an asterisk following a name implies the card is not available) 

C • Internal IFP GIN0 Output File Number 

D = Data Block Name 

E = Approach Acceptance Indicator 

-2 • Illegal for Heat Approach 

-1 = Ignored for Heat Approach 

o = OK for a 11 approaches , 

1 • Ignored for Displacement Approach 

2 • Illegal for Displacement Approach 

F • Minimum Number of Words Allowed Per Logical Card (F negative implies an open ended card) 

G • Maximum Number of Words Allowed Per Logical Card 

H • Fonnat Check Pointer Into IFX7BD 

I• Field 2 Uniqueness Check Flag 

O • No Check is Made 

1 • Check is Made 

2 • Special 

J • Sub~outine L0CATE Code for Card on Output Data Block 

K • Trailer Bit Position 

L • Pointer to Secondary (Card Dependent) Code 

Sl • Subroutine IFS1P 

S2 • Subroutine IFS2P 

S3 • Subroutine IFS3P 

S4 • Subroutine IFS4P 

S5 • Subroutine IFS5P 

M • F0RTRAN Statement Number in the Card Dependent Subroutines 

N • Conical Shell Problem Flag 

-1 • Illegal for Shell Mode 
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tXECUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR) 

Table 2(b). Bulk Data Cards Processed by IFP Sorted Alphabetically by Card Name. 
a= OK for Shell Mode 

1 = Puts Card Into Different Data Block 

0 = Users Map for Data Blocks IFX2BD, ••• ,IFX6BD 

Values for I = 1,2,3 or 4 

J = 1,2 or 3 

H • A,B,C,D or E 

K = 1,2,3,4,5 or 6 

I = Data Statement in the Block Data Progra111 

J = The Group of A Through E Continuation Card Blocks Within the Ith Data Statement 

H = Alphabetic Character in Col 6 (Continuation Column) in the Jth Group 

K = The Pair Number on Line H Where the Actual Data is located. 

4.5-15 (12/31/77) 



MODULE FUNCTIONAL DESCRIPTIONS 

Table 2(c). Bulk Data Cards Processed by IFP. Sorted Al ohabetically by Card Name. 

A B C D E F G H I J K L M N 0 
IJHK 

89 1 GE0Ml 0 8 8 -l 2 0 0 S2 890 0 l3E5 

3 ADUMl 1 GE2'Ml 0 -4 9 537 0 0 0 S5 100 0 l 1A3 
32 ADUl12 1 GE0Ml 0 -4 9 537 0 0 0 S5 200 0 l 2A2 
51 ADUM3 1 GE0Ml 0 -4 9 537 0 0 0 S5 300 0 12D3 
88 ADUM4 1 GE0M1 0 -4 9 537 0 0 0 ss 400 0 13E4 
99 ADUMS 1 GE0M1 0 -4 9 537 0 0 0 S5 500 0 2183 

100 ADUM6 1 GE0M1 0 -4 9 537 0 0 0 S5 600 0 2184 
101 ADUM7 1 GE0M1 0 -4 9 537 0 0 0 S5 700 0 21B5 
103 ADUM8 1 GE0Ml 0 -4 9 537 0 0 0 S5 800 0 21 Cl 
106 ADUM9 1 GE0M1 0 -4 9 537 0 0 0 S5 900 0 21C4 
273 AEFACT 4 EDT 0 -4 16 -1 1 4002 40 53 1415 -l 41A3 
265 AER0 4 EDT 0 8 12 2 0 3202 32 S5 6600 -1 33El 
215 ASET 10 GE0M4 0 4 8 37 0 5561 76 Sl 1400 -1 32A5 
216 ASETl 10 GE0M4 0 -4 9 -1 0 5571 77 S3 3981 -1 32A6 
144 AXIC 15 AXIC 0 4 8 93 0 515 5 S3 1440 0 22D6 
212 AXIF 15 AXIC 0 -8 10 -1 0 8815 88 S4 3800 -1 32A2 
223 AXSLGT 15 AXIC 0 8 8 869 1 1115 11 Sl 4100 0 32Cl 
179 BAR0R 9 GE0M2 0 4 12 25 2 0 0 Sl 100 -1 23E5 
175 BDYC 10 GE0M4 0 -8 16 -1 1 910 9 S5 3600 -1 23El 
213 BDYLIST 15 AXIC 0 -4 10 -1 0 8915 89 S4 3900 -1 32A3 
177 BOYS 10 GE0M4 0 4 12 -1 0 1210 12 S5 3800 -1 23E3 
178 BDYS1 10 GE0M4 0 -4 12 -1 0 1310 13 S5 3900 -1 23E4 
263 CAEROl 4 EDT 0 16 16 39 1 3002 30 S5 6400 -1 33D5 
301 CAER02 4 EDT 0 12 16 39 1 4301 43 S5 6400 -1 42Al 
302 CAER03 4 EDT 0 16 16 39 1 4401 44 S5 6400 -1 42A2 
303 CAER04 4 EDT 0 16 16 39 1 4501 45 S5 6400 -1 42A3 
309 CAER05 4 EDT 0 16 16 39 1 5001 50 S5 6400 -1 42B3 
224 CAXIF2 8 GE0M2 0 8 8 877 1 2108 21 Sl 4200 0 32C2 
225 CAXIF3 8 GEDM2 0 8 8 877 1 2208 22 Sl 4300 0 32C3 
226 CAXIF4 8 GEDM2 0 8 8 877 1 2308 23 Sl 4400 0 32C4 
180 CBAR 8 GEDM2 0 8 20 73 1 2408 24 Sl 200 -1 23E6 
275 CBARA0* 8 GE0M2 0 9 13 -1 1 4001 40 S5 6100 -1 41A5 
146 CC{1NEAX 15 AXIC 0 4 8 645 1 2315 23 S3 1460 0 22E2 
69 CDAMPl 8 GEDM2 0 4 12 337 1 201 2 Sl 3620 -1 13B3 
70 COAMP2 8 GEDM2 0 4 12 397 1 301 3 Sl 3623 -1 13B4 
71 CDAMP3 8 GEOM2 0 4 8 37 0 401 4 Sl 3675 -1 l3B5 
72 CDAMP4 8 GEf)M2 0 4 8 409 0 501 5 Sl 3698 -1 13B6 

107 CDUMl 8 GEOM2 0 8 24 925 1 6108 61 S5 1000 0 21C5 
108 COUM2 8 GEf)M2 0 8 24 925 1 6208 62 S5 1100 0 21C6 
109 CDUM3 8 GEDM2 0 8 24 925 1 6308 63 S5 1200 0 2101 
110 CDUM4 8 GEDM2 0 8 24 925 1 6408 64 S5 1300 0 2102 
111 CDUM5 8 GEDM2 0 8 24 925 1 6508 65 S5 1400 0 21D3 
112 CDUM6 8 GEDM2 0 8 24 925 1 6608 66 S5 1500 0 21D4 
113 CDUM7 8 GEDM2 0 8 24 925 1 6708 67 S5 1600 0 2105 
114 COUMS 8 GEDM2 0 8 24 925 1 6808 68 S5 1700 0 21 D6 
115 COUM9 8 GEtlM2 0 8 24 925 1 6908 69 S5 1800 0 21E1 

73 CELAS1 8 GEDM2 0 4 12 337 1 601 6 Sl 3620 -1 13C1 
74 CELAS2 8 GEDM2 0 4 12 417 1 701 7 S1 3800 -1 l 3C2 
75 CELAS3 8 GE,CM2 0 4 8 37 0 801 8 S1 3676 -1 l 3C3 
76 CELAS4 8 GEDM2 0 4 8 409 0 901 9 Sl 3699 -1 13C4 

209 CFLUI02 15 AXIC 0 8 8 845 1 8515 85 S4 3500 -1 31E5 
210 CFLUID3 15 AXIC 0 8 8 853 1 8615 86 S4 3600 -1 31 E6 
211 CFLUID4 15 AXIC 0 8 8 861 1 8715 87 S4 3700 -1 32Al 
232 CHBDY 8 GEDM2 0 9 17 909 1 4208 42 S1 5000 -1 3204 
219 CHEXAl 8 GEDM2 0 16 16 531 1 5708 57 S4 4300 -1 32B3 
220 CHEXA2 8 GEDM2 0 16 16 531 l 5808 58 S4 4400 -1 3284 
251 CIHEXl 8 GEl)M2 0 12 16 951 1 7108 71 S5 5000 -1 33B5 
252 CIHEX2 8 GEDM2 0 24 28 951 1 7208 72 S5 5100 -1 33B6 
253 CIHEX3 8 GE{)M2 0 36 40 951 1 7308 73 S5 5200 -1 33Cl 
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EXECUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR) 

Table 2(d). Bulk Data Cards Processed by IFP. Sorted Alphabetically by Card Name. 

A B C 0 E F G H I J K L M N 0 
IJHK 

65 CMASS1 8 GE0M2 0 4 12 337 1 1001 10 Sl 3620 -1 l 3A5 
66 CMASS2 8 GE0M2 0 4 12 397 1 1101 11 Sl 3623 -1 13A6 
67 CMASS3 8 GE0M2 0 4 8 37 0 1201 12 Sl 3674 -1 1381 
68 CMASS4 8 GE0M2 0 4 8 409 0 1301 13 Sl 3697 _, 13B2 

258 CNGRNT 8 GE0M2 0 -4 16 -1 0 5008 50 Sl 5245 _, 33C6 
168 C0rlCT 10 GE0M4 0 -4 12 . -1 0 210 2 S5 2900 -1 23C6 
167 C0NCT1 10 GE0M4 0 -4 20 -1 0 110 41 S5 2800 -1 2:1C!:> 

63 C0NM1 8 GE0M2 0 8 28 349 1 1401 14 S1 3580 -1 13A3 
64 C0NM2 8 GE0M2 0 8 20 377 1 1501 15 Sl 3600 -1 l 3A4 
47 C0NR0D 8 GE0M2 0 8 12. 277 1 1601 16 Sl 3260 -1 l 2C5 
6 C~RDlC l GE0Ml 0 4 8 37 0 1701 17 Sl 600 -1 l 1A6 
5 C0RD1R 1 GE0Ml 0 4 8 37 0 1801 18 Sl 500 _, 

llAS 
7 C0R01S l GE0Ml 0 4 8 37 0 1901 19 Sl 700 -1 11Bl 
9 C{tJR02C l GE0Ml 0 12 16 45 l 2001 20 Sl 900 -1 11B3 
8 C0RD2R 1 GE0M1 0 12 16 45 1 2101 21 Sl 800 -1 11B2 

10 C0RD2S 1 GE0Ml 0 12 16 45 1 2201 22 Sl 1000 -1 11B4 
60 CQDMEM 8 GE0M2 0 8 12 325 1 2601 26 Sl 3460 -1 12E6 

249 CQDMEMl ·8 GE0M2 0 8 12 325 0 2008 20 Sl 3460 -1 3383 
259 CQDMEM2 8 GE0M2 0 8 12 325 0 5308 53 S1 3460 -1 33D1 
261 CQDMEM3 8 GE0M2 0 8 12 325 0 5408 54 S1 3460 -1 33D3 

59 CODPLT 8 GE0M2 0 8 12 325 1 2701 27 Sl 34nn -1 l 2E5 
280 CQUADTS* 8 GE0M2 0 8 20 1045 1 4108 41 S4 2020 -1 41B4 
57 CQUADl 8 GE0M2 0 Cl 12 325 1 2801 28 S1 3460 -1 12E3 
58 CQUAD2 8 GE0M2 0 8 12 325 1 2901 29 S1 3460 -1 12E4 

297 CRI-GDR 10 GE0M4 -2 4 8 37 1 8210 82 S3 6000 -1 41E3 
279 CRIGD1 10 GE0M4 -2 -3 48 -1 1 5310 53 S3 2010 -1 41B3 
284 CRIGD2 10 GE0M4 -2 -4 48 -1 1 5410 54 S3 2060 -1 41C2 
298 CRIGD3 10 GE0M4 -2 -3 48 -1 1 8310 83 S3 7000 -1 41E4 

48 CR0D 8 GE0M2 0 4 8 37 0 3001 30 S1 3281 -1 12C6 
61 CSHEAR 8 GE0M2 0 8 12 337 1 3101 31 Sl 3540 -1 13Al 

227 CSUJT3 8 GE0M2 0 8 8 877 1 4408 44 Sl 4500 0 32C5 
228 CSL0T4 8 GE0M2 0 8 16 877 l 4508 45 Sl 4600 0 32C6 
217 CTETRA 8 GE0M2 0 8 8 337 1 5508 55 S4 4100 -1 32B1 
104 CT0RDRG 8 GE0M2 0 4 12 750 1 1908 19 S4 1040 -1 21C2 
287 CTRAPAX 15 AXIC -2 4 8 325 1 7042 74 S3 2040 0 41C5 

80 CTRAPRG 8 GE0M2 0 8 12 737 l 1808 18 S4 800 -1 1302 
54 CTRBSC 8 GE0M2 0 8 12 313 1 3201 32 Sl 3360 -1 1206 

285 CTRIAAX 15 AXIC -2 4 8 313 1 7012 70 S3 2111 0 41C3 
52 CTRIAl 8 GE0M2 0 8 12 313 1 3301 33 Sl 3360 -1 1204 
53 r.TRIA2 8 GE0M2 0 8 12 313 l 3401 34 Sl 31fi0 _, 1205 
79 CTRIARG 8 GE0M2 0 8 12 738 I 1708 17 S4 790 -1 1301 

282 CTRIATS* 8 GE0M2 0 8 20 1047 l 5908 59 S4 2021 -1 41B6 
291 CTRIM6 8 GE0M2 ;_2 12 16 913 l 6101 81 S1 6101 

_, 4103 
56 CTRMEM 8 GE0M2 0 8 12 313 l 3501 35 Sl 3360 -1 l2E2 
55 CTRPLT 8 GE0M2 0 8 12 313 l 3601 36 Sl 3360 -1 12El 

293 CTRPLTl 8 GE0M2 -2 12 16 913 1 6301 83 Sl 6301 -1 4105 
299 CTRSHL 8 GE0M2 -2 12 16 913 1 7501 75 Sl 7501 -1 41E5 

49 CTUBE 8 GE0M2 0 4 8 37 0 3701 37 Sl 3282 -1 1201 
62 CTWIST 8 GE0M2 0 8 12 337 l 3801 38 Sl 3540 -1 13A2 
50 CVISC 8 GE0M2 0 4 8 37 0 3901 39 51 3283 -1 1202 

218 CWEDGE 8 "GUM2 0 8 8 525 1 5608 56 S4 4200 -1 3282 
257 CYJ0IN 10 GE0M4 0 -4 16 -1 0 5210 52 Sl 5240 -1 33C5 
H:2 DAREA 7 UYNAMICS 0 4 8 101 0 27 17 53 1820 0 31A2 
311 DAREAS 7 DYNAMICS 0 -4 9 1080 0 9027 90 S5 3300 -1 4285 
81 DEF0RM 4 EDT 0 4 8 157 0 104 1 Sl 2500 -1 1303 

183 DELAY 7 DYNAMICS 0 4 8 101 0 37 18 S3 1820 0 31A3 
312 DELAYS 7 DYNAMICS 0 -4 9 1080 0 9137 91 S5 3300 -1 4286 
123 DL0AD 7 DYNAMICS 0 4 8 -1 1 57 5 53 4060 0 22A3 
119 OMI 12 P00l 0 -4 16 _, 0 0 0 52 1190 0 21E5 
221 DMIAX 14 MATP00L 0 -4 9 -1 0 214 2 S4 4500 -1 3285 
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MODULE FUNCTIONAL DESCRIPTIONS 

Table 2(e). Bulk Data Cards Processed by IFP Sorted Alphabetically by Card Name. 

A B C D E F G H I J K L M N 0 
IJHK 

120 DMIG 14 MATP00L 0 -4 12 -1 0 114 l S2 1200 0 21E6 
184 DPHASE 7 MATPflllllL 0 4 8 101 0 77 19 S3 1820 0 31A4 
313 DPHASES 7 DYNAMICS 0. -4 9 1080 0 9277 92 S5 3300 -1 42Cl 
143 DSFACT 3 MPT 0 4 8 -1 l 53 10 S3 1430 0 22D5 
200 DTI 12 Plll!IIL 0 -4 16 -1 0 0 0 S2 2000 0 3102 
86 EIGB 7 DYNAMICS 0 14 18 469' 1 107 1 S2 850 0 13E2 
87 EIGC 7 DYNAMICS 0 -4 10 -1 1 207 2 S2 870 0 l 3E3 

158 EIGP 7 DYNAMICS 0 4 8 561 0 257 4 Sl 1580 0 2382 
85 EIGR 7 DYNAMICS 0 14 18 469 1 307 3 S2 850 0 13El 

124 EPfllINT 7 DYNAMICS 0 -4 9 794 0 707 7 S4 1050 0 22A4 
274 FLFACT 4 EDT 0 -4 16 -1 1 4102 41 S3 1415 -1 41A4 
222 FLSYM 15 AXIC 0 4 10 826 0 9115 91 S4 4600 -1 3286 
272 FLUTTER 4 EDT 0 10 14 1005 l 3902 39 S5 5900 -1 41A2 

18 FlllRCE 9 GE(IJM3 0 8 12 109 0 4201 42 Sl 1800 1 11C6 
20 FfllRCEl 9 GEIIIM3 0 8 12 121 0 4001 40 Sl 2000 -1 1102 
22 FfllRCE2 9 GEfllfl3 0 8 12 133 0 4101 41 Sl 2200 -1 1104 

156 F!IIRCEAX 15 AXIC 0 -4 13 109 0 2115 21 S3 1560 0 23A6 
214 FREEPT 15 AXIC 0 4 8 834 0 9015 90 S4 4000 -1 32A4 
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Table 2(f}. Bulk Data Cards Processed by IFP, Sorted Alphabetically by Card Name. 

A B C D E F G H I J K L M N 0 
IJHK 

126 FREQ 7 DYNAMICS 0 4 8 _, 1 1307 13 S3 1260 0 22A6 
125 FREQl 7 DYNAMICS 0 4 8 705 0 1007 10 Sl 1250 0 22A5 
166 FREQ2 7 DYNAMICS 0 4 8 705 0 1107 11 Sl 1660 0 23C4 
206 FSLIST 15 AXIC 0 -4 10 -1 0 8215 82 S4 3200 -1 31E2 

28 GENEL 8 GE0M2 0 -4 9 -1 1 4301 43 S3 2800 -1 11E4 
186 GNEW* 10 GE0M4 0 9 9 993 0 1410 14 S5 4000 -1 31A6 

26 GRAV 9 GE0M3 0 8 12 165 1 4401 44 Sl 2600 l 11E2 
2 GRDSET 1 GE0Ml 0 4 12 13 2 0 0 S3 200 -1 11A2 
1 GRID 1 GE0M1 0 4 12 1 1 4501 45 S3 100 -1 llAl 

205 GRIDS 15 AXIC 0 8 12 1 1 8115 81 S4 3100 
_, 31El 

229 GRIDF 15 AXIC 0 4 8 885 1 1215 12 Sl 4700 0 3201 
230 GRIDS 15 AXIC 0 4 8 893 l 1315 13 Sl 4800 0 3202 
187 GTRAN 10 GE0M4 0 5 9 993 0 1510 15 S5 4100 -1 3181 
308 GUST 5 DIT 0 4 8 165 0 1005 10 S5 7600 -1 4282 
247 INPUT 11 GE0M5 0 17 17 -1 0 1310 13 S5 5 -1 3381 
84 L0AD 9 GE0M3 0 4 8 -1 1 4551 61 S3 4060 l 1306 

171 L0ADC 10 GE0M4 0 -8 16 -1 0 500 5 S5 3200 -1 23D3 
90 MATSl 3 MPT 0 4 16 545 1 503 5 S4 900 -1 13E6 
91 MATTl 3 MPT 0 4 16 545 1 703 7 S4 900 0 21Al 

102 MATT2 3 MPT 0 4 16 525 1 803 8 S4 1020 -1 21B6 
189 MATT3 3 MPT 0 4 16 525 1 1503 15 S4 1020 -1 3183 
237 MATT4 3 MPT 0 4 8 37 1 2303 23 Sl 3950 -1 32E3 
238 MATTS 3 MPT 0 4 8 37 l 2404 24 Sl 4050 -1 32E4 

77 MATl 3 MPT 0 4 20 429 1 103 l Sl 3860 0 13C5 
78 MAT2 3 MPT 0 8 20 449 1 203 2 Sl 3880 0 13C6 

122 MAT3 3 MPT 0 4 20 449 1 1403 14 S4 1220 -1 22A2 
234 MAT4 3 MPT 0 4 8 198 1 2103 21 Sl 3900 -1 3206 
235 MATS 3 MPT 0 4 8 198 1 2203 22 Sl 4000 -1 32E1 
271 MKAEROl 4 EDT 0 16 16 805 0 3802 38 SS 5800 -1 41Al 
270 MKAER02 4 EDT 0 4 8 805 0 3702 37 S5 5700 -1 33E6 
157 M0MAX 15 AXIC 0 -4 13 109 0 3815 38 S3 1560 0 2381 

19 M0MENT 9 GEraM3 0 8 12 109 0 4801 48 Sl 1800 1 1101 
21 M0MENT1 9 GE0M3 0 8 12 121 0 4601 46 Sl 2000 -1 1103 
23 M0MENT2 9 GE0M3 0 8 12 133 0 4701 47 Sl 2200 -1 1105 
17 MPC 10 GE0M4 0 4 8 -1 0 4901 49 S3 1700 -1 llCS 
83 MPCADD 10 GEraM4 0 4 8 -1 1 4891 60 S3 4020 1 1305 

149 MPCAX 15 AXIC 0 4 8 -1 0 4015 40 S3 1490 0 22E5 
176 MPCS 10 GEf)M4 0 -8 12 -1 0 1110 11 SS 3700 -1 23E2 
127 N0LIN1 7 DYNAMICS 0 8 12 725 0 3107 31 Sl 1270 0 2281 
128 N0LIN2 7 DYNAMICS 0 8 12 725 0 3207 32 Sl 1280 0 22B2 
129 N0LIN3 7 DYNAMICS 0 8 12 725 0 3307 33 Sl 1290 0 2283 
130 N0LIN4 7 DYNAMICS 0 8 12 725 0 3407 34 Sl 1290 0 22B4 
15 0MIT 10 GE0M4 0 4 8 37 0 5001 50 Sl 1400 -1 11C3 

150 0MITAX 15 AXIC 0 4 8 337 0 4315 43 S3' 1500 0 22E6 
92 OMITl 10 GE0M4 0 -4 9 -1 0 4951 63 S3 3981 -1 21A2 

248 0UTPUT 11 GE0M5 0 17 17 -1 0 1410 14 S5 5 -1 3382 
264 PAEROl 4 EDT 0 4 8 803 1 3102 31 SS 6500 -1 3306 
304 PAER02 4 EDT 0 16 16 1162 1 4601 46 S5 6510 -1 42A4 
305 PAER03 4 EDT 0 4 24 801 1 4701 47 SS 6520 -1 42A5 
306 PAER04 4 EDT 0 -4 8 -1 1 4801 48 SS 6530 -1 42A6 
310 PAER05 4 EDT 0 -4 8 -1 1 5101 51 SS 7700 -1 4284 

82 PARAr~ 6 PVT 0 -5 16 -1 2 0 0 S3 3960 0 1304 
181 PBAR 2 EPi 0 4 24 621 1 52 20 Sl 300 -1 31A1 
147 PC0NEAX 2 EPT 0 4 28 653 1 152 19 S3 1470 0 22E3 
45 PDAMP 2 EPT 0 4 8 269 0 202 2 Sl 3200 -1 12C3 

116 PDUMl 2 EPT 0 4 24 925 1 6102 61 S5 1900 0 21E2 
117 PDUM2 2 EPT 0 4 24 925 1 6202 62 SS 2000 .0 21E3 
118 PDUM3 2 EPT 0 4 24 925 1 6302 63 SS 2100 0 21E4 
159 PDUM4 2 EPT 0 4 24 925 1 6402 64 SS 2200 0 2383 
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EXECUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR) 

Table 2 (0). Bulk Data Cards Processed by IFP Sorted Alphabetically by Card Name. 

A B C D E F G H J K L M N 0 
IJHK 

160 PDUM5 2 EPT 0 4 24 925 1 6502 65 S5 2300 0 23B4 
161 PDUM6 2 EPT 0 4 24 925 1 6602 66 S5 2400 0 2385 
163 PDUM7 2 EPT 0 4 24 925 1 6702 67 S5 2500 0 23Cl 
164 PDUM8 2 EPT 0 4 24 925 1 6802 68 S5 2600 0 23C2 
165 PDUM9 2 EPT 0 4 24 925 l 6902 69 S5 2700 0 23C3 

46 PELAS 2 EPT 0 4 8 497 0 302 3 Sl 3240 -1 l 2C4 
236 PH8DY 2 EPT 0 4 8 350 l 2502 25 Sl 5100 -1 32E2 
254 PIHEX 2 EPT 0 4 12 981 l 7002 70 S5 5300 -1 33C2 
185 PL FACT 3 MPT 0 4 8 -1 1 1103 11 S3 1420 -1 31A5 
276 PLIMIT 3 MPT 0 -9 14 -1 0 304 3 S5 6200 -1 41A6 

24 PL0AD 9 GE0M3 0 8 12 145 0 5101 51 Sl 2400 -1 1106 
278 PL0ADX 9 GE0M3 0 8 12 1037 0 7001 70 S5 6900 -1 4182 
198 PL0A01* 9 GE0M3 0 0 0 0 0 6909 69 S9 -1 31C6 
199 PL0A02 9 GE0M3 0 -4 9 774 0 6802 68 S4 1990 -1 3101 
255 PL0AD3 9 GE0M3 0 8 12 949 0 7109 71 S5. 5400 -1 33C3 

11 PL0TEL 8 GE0M2 0 4 8 505 0 5201 52 Sl 1111 -1 1185 
44 PMASS 2 EPT 0 4 8 269 0 402 4 Sl 3200 -1 12C2 

152 P0INTAX 15 AXIC 0 4 8 517 l 4915 49 S3 1520 0 23A2 
277 P0PT 3 MPT 0 9 13 1017 0 404 4 S5 6300 -1 4181 

41 PQDMEM 2 EPT 0 4 8 237 0 502 5 Sl 3000 -1 1285 
250 PQDMEMl 2 EPT 0 4 8 237 0 2202 22 Sl 3000 -1 3384 
260 PQDMEM2 2 EPT 0 4 8 237 0 5302 53 Sl 3000 -1 3302 
262 PQDMEM3 2 EPT 0 4 8 237 0 5402 54 Sl 3000 -1 3304 

40 PODPLT 2 EPT 0 4 12 257 0 602 6 Sl 3020 -1 1284 
281 PQUAOTS 2 EPT 0 8 12 .277 1 2402 24 S4 2030 -1 4185 

38 PQUADl 2 EPT 0 4 16 :221 1 702 7 Sl 2980 -1 1282 
39 PQUAD2 2 EPT 0 4 8 237 0 802 8 Sl 3000 -1 1283 

154 PRESAX 15 AXIC 0 4 12 61 0 5215 52 S3 1540 0 23A4 
208 PRESPT 15 AXIC 0 4 8 834 0 8415 84 S4 3400 -1 31 E4 

29 PR00 2 EPT 0 4 12 165 l 902 9 Sl 2900 -1 llE5 
42 PSHEAR 2 EPT 0 4 8 237 0 1002 10 S1 3000 -1 1286 

121 PT0RORG 2 EPT 0 4 8 237 0 2102 21 Sl 3000 -1 22Al 
288 PTRAPAX 2 EPT -2 4 24 349 1 7052 95 S3 2030 0 41C6 

35 PTR8SC 2 EPT 0 4 12 257 1 1102 11 ~, 3020 -1 12A5 
286 PTRIAAX 2 EPT -2 4 24 349 1 7032 85 ;3 2030 0 41C4 
283 PTRIATS 2 EPT 0 8 12 277 l 2302 23 S4 2030 -1 41Cl 

33 PTRIAl 2 EPT 0 4 16 221 1 1202 12 S1 2980 -1 12A3 
34 PTRIA2 2 EPT 0 4 8 237 0 1302 13 S1 3000 -1 12A4 

292 PTRIM6 2 EPT -2 8 12 802 1 6201 82 Sl 6201 -1 4104 
37 PTRMEM 2 EPT 0 4 8 237 0 1402 14 Sl 3000 -1 1281 
36 PTRPLT 2 EPT 0 4 12 257 1 1502 15 Sl 3020 -1 12A6 

294 PTRPLTl 2 EPT -2 8 20 1089 1 6401 84 Sl 6401 -1 4106 
300 PTRSHL 2 EPT -2 20 24 1105 1 11,n1 76 Sl 1i:;n1 -1 41E6 

37 PTRMEM 2 EPT 0 4 8 237 0 1402 14 Sl 3000 -1 1281 
36 PTRPLT 2 EPT 0 4 12 257 l 1502 15 Sl 3020 -1 12A6 
30 PTU8E 2 EPT 0 4 12 177 1 1602 16 Sl 2920 -1 11E6 
43 PTWIST 2 EPT 0 4 8 237 0 1702 17 Sl 3000 -1 12Cl 
31 PVISC 2 EPT 0 4 8 189 0 1802 18 Sl 310 -1 12Al 

239 Q8DY1 9 GE0M3 0 -4 9 774 0 4509 45 S4 1990 -1 32E5 
240 Q8DY2 9 GE0M3 0 4 8 350 0 4909 49 Jl 5150 -1 32E6 
233 QH8DY 9 GE0M3 0 9 9 901 0 4309 43 Sl 5050 -1 3205 
241 QVECT 9 GE0M3 0 -4 16 -1 0 5009 50 Sl 5200 -1 33Al 
242 QV0L 9 GE0M3 0 -4 9 774 0 5209 52 S1 1990 -1 33A2 
243 RADLST 14 MATP00L 0 -4 16 -1 0 2014 20 Sl 5250 -1 33A3 
244 RADMTX 14 MATP00L 0 -4 8 -1 0 3014 30 S3 1400 -1 33A4 
195 RANOPS 7 DYNAMICS 0 4 12 782 0 2107 21 S4 1950 _, 31C3 

4.5-19 (12/31/77) 

I 



MODULE FUNCTIONAL DESCRIPTIONS 

Table 2(h). Bulk Data Cards Processed by IFP Sorted A1phabetica11y by Card Name. 

A B C D E F G H I J K L M N I.ffiK 
196 RANDTl 7 DYNAMICS 0 4 8 752 0 2207 22 S4 1960 -1 31C4 
197 RANDT2* 7 DYNAMICS 0 -4 8 -1 l 2307 23 S9 -1 31 cs 
170 RELES 10 GE0M4 0 -4 12 -1 0 410 4 S5 3100 -1 2302 
190 RF0RCE 9 GE0M3 0 8 12 109 0 5509 55 Sl 1900 l 31B4 
145 RINGAX 15 AXIC 0 4 12 245 l 5615 56 S3 1450 0 22El 
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(THIS PAGE LEFT BLANK FOR FUTURE USE) 
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Table 2('1). Bulk Data Cards Processed by IFP, Sorted Alphabetically by Card Name. 

A B C D E F G H I J K L M N fl) 
IJHK 

207 RINGFL 15 AXIC 0 4 8 497 l 8315 83 S4 3300 _, 31E3 
131 RL0AD1 7 DYNAMICS 0 8 8 337 l 5107 51 S3 1310 0 22B5 
132 RL0AD2 7 DYNAMICS 0 8 8 337 l 5207 52 S3 1310 0 22B6 
245 SAME* 10 GE0M4 0 -4 10 -1 0 7810 78 S5 4600 -1 33A5 
246 SAMEl* 10 GE0M4 0 -8 9 -1 0 7910 79 S5 5 -1 33A6 
153 SECTAX 15 AXIC 0 4 12 177 1 6015 60 S3 1530 0 23A3 
135 SEQEP 7 DYNAMICS 0 4 8 37 0 5707 57 Sl 40 -1 22C3 

4 SEQGP l GE0Ml 0 4 8 37 0 5301 53 Sl 40 
_, l 1A4 

268 SETl 4 EDT 0 -4 16 -1 0 3502 35 Sl 5300 -1 33E4 
269 SET2 4 EDT 0 4 8 197 0 3602 36 S5 5600 -1 33E5 
231 SLBDY 15 AXIC 0 -4 8 -1 0 1415 14 S1 4900 0 3203 

25 SL0AD 9 GE0M3 0 4 8 157 0 5401 54 Sl 2500 -1 11 El 
16 SPC 10 GEfl)M4 0 4 .. 8 101 0 5501 55 Sl 1600 -1 11C4 
13 SPCADD 10 GEfl)M4 0 4 8 -1 1 5491 59 S3 4020 -1 11 Cl 

148 SPCAX 15 AXIC 0 4 12 485 0 6215 62 S3 1480 0 22E4 
256 SPCD 10 GE0M4 0 4 8 101 0 5110 51 Sl 1600 -1 33C4 
174 SPCS 10 GE0M4 0 -4 12 -1 0 810 8 S5 3500 -1 2306 
172 SPCSO 10 GE0M4 0 6 9 1000 0 610 6 S5 3300 -1 2304 
173 SPCS1 10 GE0M4 0 -4 12 -1 0 710 7 S5 3400 -1 2305 

12 SPCl 10 GE0M4 0 -4 9 -1 0 5481 58 S3 3980 -1 1186 
266 SPLINEl 4 EDT 0 8 12 42 1 3302 33 S5 6700 -1 33E2 
267 SPLINE2 4 EDT 0 12 16 1025 1 3402 34 S5 6800 -1 33E3 
307 SPLINE3 4 EDT 0 -4 16 -1 0 4901 49 S5 6850 -1 4281 
105 SPl,HNT 8 GEfl)M2 0 -4 9 794 0 5551 49 S4 1050 -1 21C3 
175 SS15*** 4710 47 23El 
151 SUPAX 15 AXIC 0 4 ~ 337 0 6415 64 S3 1500 0 23Al 

14 SUP0RT 10 GEfl)M4 0 4 8 37 0 5601 56 Sl 1400 -1 11C2 
162 TABOMPl 5 OIT 0 -4 16 -1 l 15 21 S2 930 0 2386 
133 TABLED1 5 DIT 0 -4 16 -1 l 1105 11 S2 930 0 22Cl 
134 TABLED2 5 OIT 0 -4 16 -1 l 1205 12 S2 930 0 22C2 
140 TABLE03 5 OIT 0 -4 16 -1 l 1305 13 S2 930 0 2202 
141 TABLED4 5 DIT 0 -4 16 -1 1 1405 14 S2 960 0 2203 
93 TABLEMl 5 DIT 0 -4 16 -1 l 105 1 S2 930 0 21A3 
94 TABLEM2 5 DIT 0 -4 16 -1 1 205 2 S2 930 0 21A4 
95 TA8LEM3 5 DIT 0 -4 16 -1 1 305 3 S2 930 0 21A5 
96 TABLEM4 5 DIT 0 -4 16 -1 1 405 4 S2 960 0 21A6 
97 TABLESl 5 OIT 0 -4 16 -1 l 3105 31 S2 930 -1 21Bl 

191 TABRND1 5 DIT 0 -4 16 -1 1 55 25 S2 930 0 3185 
188 TABRNDG 5 DIT 0 4 8 1 0 56 26 S2 1000 0 31C2 

27 TEMP 9 GEfl)M3 0 4 8 157 0 5701 57 Sl 2500 -1 11E3 
155 TEMPAX 15 AXIC 0 4 8 237 0 6815 68 S3 1550 0 23A5 
98 TEMPO 9 GEIIIM3 0 4 12 269 0 5641 65 S4 980 -1 21B2 

295 TEMPG 9 GEfl)M3 -2 -8 20 -1 0 8509 85 S4 6501 -1 41El 
201 TEMPPl 9 GEfl)M3 0 -4 10 -1 0 8109 81 S4 2100 -1 3103 
202 TEMPP2 9 GE(IIM3 0 -4 10 -1 0 8209 82 S4 2200 _, 

3104 
203 TEMPP3 9 GE0M3 0 -4 10 -1 0 8309 83 S4 2300 -1 3105 
296 TEMPP4 9 GE0M3 -2 -8 20 -1 0 8609 86 S4 6601 -1 41E2 
204 TEMPR8 9 GEfl)M3 0 -4 10 -1 0 8409 84 S4 2400 -1 JHJb 
136 TF 7 DYNAMICS 0 8 12 -1 0 6207 62 S1 1360 0 22C4 
137 TIC 7 DYNAHICS 0 4 12 713 0 6207 66 Sl 1370 0 22C5 
314 TICS 7 DYNAMICS 0 -4 9 1153 0 9307 93 S5 3350 -1 42C2 
138 TL0AD1 7 DYNAMICS 0 8 8 681 1 7107 71 S3 1380 0 22C6 
139 TL0AD2 7 DYNAMICS 0 8 16 689 1 7207 72 S3 1390 0 2201 
169 TRANS 10 GE0t14 0 12 16 45 1 310 3 S5 3000 -1 23Dl 
142 TSTEP 7 DYNAMICS 0 4 8 -1 1 8307 83 S1 1420 0 22D4 
192 UOEF 10 GE0M4 a -4 16 -1 0 a a S5 4300 0 3186 
193 USET 10 GE0M4 0 -4 0 1065 0 110 1 S5 4400 0 31Cl 
194 USETl 10 GEfl)M4 0 -4 10 -1 0 210 2 S5 4500 0 31C2 
290 VARIAN 4 EPT 0 -4 16 -1 0 4202 42 S3 1410 0 4102 
289 VIEW 2 EPT 0 4 8 326 , 2606 26 S1 5175 0 4101 
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4.6 EXECUTIVE PREFACE MODULE IFP3 (INPUT FILE PROCESSOR 3) 

4.6.1 Entrt Point: IFP3 

4.6.2 Pureose: 

1. To interpret Bulk Data cards unique to an axisymmetric conical she 11 prob 1 em. 

2. To generate and distribute to data blocks, GE0Ml, GE0M2, GE0M3, and GE0M4 data cards for 
all harmonics specified in the problem. 

3. To convert the following input Bulk Data cards to the following output Bulk Data cards. 

Input Bulk Data Input Output Bulk Data Output 
Card Ttee Data Block Card Tlee Data Block 

AXIC AXIC None 

CC(1NEAX AXIC CC0NE C:E0M2 

CTRAPAX AXIC CTRAPA GE0M2 

CTRIAAX AXIC CTRIAA GE0M2 

F~RCEAX AXIC FORCE GE0M3 

F0RCE AXIC FORCE GE0M3 

GRAV AXIC GRAV GE0M3 

L0AD AXIC LOAD GE0M3 

M0MAX AXIC MOMENT GE0M3 

M0MENT AXIC MOMENT C,E0t-13 

MPCADD AXIC MPCADD GE0M4 

MPCAX AXIC MPC GE0M4 

0MITAX AXIC OMIT GE0M4 

P0INTAX AXIC MPC GE0M4 
GRID 

PRESAX AXIC PRESAX GE0M3 

RF0RCE AXIC RF0RCE GE0M3 

RINGAX AXIC SPC GE0M4 
GRID GE!11M1 

SECTAX AXIC MPC C,Et)t-14 
GRID GEt)Ml 

SEQGP AXIC SEQGP GEt)Ml 

SPCADD AXIC SPCADD tiEt)M4 

SPCAX AXIC SPC GEt)M4 

SUPAX AXIC SUPORT GE0M4 

TEMPAX AXIC TEMP r.Ef)M3 

TEMPO AXIC TEMPO GEt)M3 
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4.6.3 Calling Sequence 

CALL IFP3. IFP3, a Preface module, 1s called only from the Preface driver SEMINT. 

4.6.4 Input Data Blocks 

AXIC - Bulk Data Deck cards as output from IFP. 

4.6.5 Output Data Blocks 

GE0Ml - Grid Point Data. 

GE0M2 - Element Connection Data. 

GE0M3 - Loading Data. 

GE0M4 - Constraint Data. 

4.6.6 Parameters 

Not applicable to IFP3. 

4.6.7 Method 

In the fol lowing a 11 card11 is defined as the type of card image output by IFP, i.e. 1 with 

the mneumonic stripped off and a card image. in some cases a modified card image, written on 

the output data block. 

4.6.7.1 Initialization and Overall Method 

IFP3 first determines the anount of core available, and then allocates three buffers for 

the SCRATCH, AXIC, and GE0M data blocks. The AXIC data block is opened for input using PREL0C, 

At this point the 21 types of input Bulk Data cards are found, one type at a time, on the AXIC 

data block, using the L0CATE routine. The cards of each type are converted and output to a 

GE0M data block. 

To facilitate the operation, all Bulk Data cards causing output to a particular GE0M 

data block are handled together. Thus the processing is such that all cards affecting GE0M2 

are first converted, and following these all those for GE0M3, then GE0M4, and finally GE0Ml. 

The superscripts sand c in the following refer to the sine and cosine sets resoectively. 
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4.6.7.2 Conversion of Input Bulk Data Cards to Output Bulk Data Cards for GE0M2. 

1. AXIC card 

-Input Card­

AXIC l Harm I 0 

-Outout Card­
(None) 

The AXIC card supplies Harm which is used to compute the number of harmonics, N. 

N = Harm + 1 

2. CC0NEAX card 

-Input Card-

CC"NEAX IEL-ID I Prop-ID I RingA ID I Rings ID I 
-N Output Cards-

where 

• EL-ID x 1000 + n, 

RingA IDn • RingA ID+ 1000000 x n, 

Rings IDn = Ring8 ID+ 1000000 x n, 

for n • 1, 2, •••• N. 
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3. CTRAPAX card 

-Input Card-

CTRAPAX EL-ID Prop-ID RingA ID Ring8 ID Ringc ID /Ring0 ID Theta 

where 

- N Output Cards -

• EL-ID x 1000 + n, 

RingA IDn • RingA ID+ 1000000 x n, 

Rings IDn • Rings ID+ 1000000 x ~. 

Ringc IDn • RingC ID+ 1000000 x n, 

Ringo IDn • Ringo ID+ 1000000 x n, 

for n • 1 ,2, ••• , N 

4. CTRIAX card 

where 

-Input Card-

CTRIAAX EL-ID Prop-ID RingA ID 

- N Output Cards -

CTRIAAn EL-IDn Prop-ID 

• EL-IO x 1000 + n 

RingA IDn • RingA ID+ 1000000 x n, 

Rings IDn • Rings ID+ 1000000 x n, 

RingC IDn • RingC ID+ 1000000 x n, 

RingA IDn 

for n • 1, 2, .•. , N 
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4.6.7.3 Conversion of Input Bulk Data Cards to Output Cards for r,E0M3. 

1. F0RCE card, RF0RCE card, and M0MENT card 

These two cards are output to GE0M3 as input from AXIC. 

2. F0RCEAX card and M0MAX card 

-Input Cards-

FORCEAX I Set ID I Ring ID I Harm IOI Factor I Fr F 4> Fz 

M0MAX I Set ID I Ring ID I Harm IOI Factor I Mr M4> Mz 

-Output Cards-

F0RCE I Set IO I Ring IDHI oj Factor I Fr F4> Fz 

M0MENT J Set ID I Ring IDHI oj Factor) Mr M 
4> Mz 

where 

Ring IDH • Ring ID+ {Hann ID+ 1) x 1000000 (5) 

If F0RCE cards and F~RCEAX cards both exist, then the resulting output cards of the F0RCE and 

F0RCEAX cards are merged in sort on Set ID's. This applies to "11)MENT and M0MAX cards also. 

3. GRAV card, L0AD card, and TEMPO card 

These three cards are output to GE0M3 as they are input from AXIC. 

4. PRESAX card 

-Input Card-

PRESAX I Set ID I Value I Rf ngA ID I Rf ng8 IO I 4>1 
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-N Output Cards-

n 

where 

RingA Ion • RingA ID+ 1000000 x n 

Ring8 Ion = Ring8 ID+ 1000000 x n 

for n = 1, 2, ••• , N. 

5. TEMPAX ca rd 

-Input Card-

TEMPAX I Set ID I Ring ID I 4>1 T1 I Set ID I Ring I~ <1>2 

-N x 2 Output Cards -

where 

Ring IOn+l • Ring IO+ 1000000 x (n+l) 

Set IDs • Set ID+ 100000000 

Set IOc • Set ID+ 200000000 

for n • 0, 1, ••• , N-1. 

T~ and T~ are computed as follows. All TEMPAX cards having the same Set 10 and 

Ring ID are gathered together. The angles 4>1 and temperatures Ti are arrayed into a two-

4.6-5 (7/4/76) 
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dimensional matrix. 

(/), T, 

(/)2 T2 

. . . . . . . . . . 
(pk \ 

where k is the total number of unique qi 1s, and the 1f s are converted to radians. 

The matrix is sorted on the qi column, and duplicate angles are removed. 

For n • 0, we have 

and 

For n > O 

and 

Ts • a. 
0 
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where 

( 15) 

and 

\+1 "' Tl • (16) 

4.6-7 



MODULE FUNCTIONAL DESCRIPTIONS 

4.6.7.4 Conversion of Input Bulk Data Cards to Output Cards for GE0M4 

1. SPCADD card 

-Input Card-

SPCADD j Set ID I Sl S9 -1 I} Open-ended 

-2 Output Cards-

SPCADD, Set rnsl Sl S9 101 -1 

SPCAOD4 Set ID9 Sl ... S9 102 -1 

where 

Set IDs • Set IO+ 100000000 , 

Set IOc • Set IO+ 200000000. 

The following 4 mandatory SPCAOD cards are also created and put out on GE0M4 reqardless 

of whether there are or are not SPCADD cards oresent. 

SPCADD j 100000101 101 -1 

SPCADD 1200000102 102 _, 

SPCAOD I 100000000 101 -1 

SPCADD 1200000000 102 -1 

2. MPCADD card 

All operations performed for the SPCADD card are performed for the MPCAOD card. 

4.6-8 / 
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3. SPCAX card 

where 

and 

where 

4. MPCAX card 

MPCAX Set IO 

EXECUTIVE PREFACE MODULE IFP3 (INPUT FILE PROCESSOR 3) 

- Input Ca rd-

SPCAX j Set ml Ring ID/Harm IOI Comp Value I 

-3 Output Cards­

SPCAooiset 1oj set rol 101 

SPCAOOceet 104 Set IOI 102 

-1 

-1 

Set I~s. s Set ID+ 100000000, 

Set IDC s Set ID+ 200000000; 

SPC I Set IOI Ring IDH I Comp Va 1 ue j 

Ring IDH • Ring IO+ (Harm IO+ 1) x 1000000. 

-Input Card-

Ring IO Harm I Comp IO Value ... -1 -1 

Repeats 
-3 Output Cards-

MPCADD~et 104 Set ID I 101 
_, 

MPCADD~et 104 Set ID l 102 -1 

Set 10s • Set ID + 100000000 , 

Set roe • Set ID + 200000000 • 

4.6-9 
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and 

MPC I Set roj~ng IoH!~j 
Repeat Group 

_, _, _, 

For each 3-word group output. 

Ring IDH = Ring ID+ (Harm 10 + 1) x 1000000. (24) 

5. P0INTAX card (also processed in GE0Ml section) 

-Input Card-

POINTAX I ID I Ring IO j tb 

-12 Output cards-

MPC~ 101 I ID ·I i -1.0 

-cont- ron i /coef 'n 

. 
N 3-word roups s set . . (n•l to N i•l to 6 

-cont- Ion i jcoef 'n 

-cont- _, _, _, 

MPC~ 1021 IO i -1.0 

-cont- Ion i jcoef.n 

N 3-word qrnuos c set 
(n=l to N) i•l to 6 

-cont- Ion 1 jcoef 'n 

-cont- _, 
-1 

_, 
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where the Coef.n above are defined by: 

i c set-Coef.n s set-Coef,n 
I I 

1 (ur) cos (n4>) Sin (net>) 

2 (u¢) sin (nct>) -cos (n<P), = +1, n = 0 

3 (ut) cos (ncj,) sin ( n¢) 

4 (er) sin ( ncj,) -cos (n¢), = +l, n = 0 

5 ( e ct>) cos (n4>) sin ( ncj,) 

6 (ez) sin (n¢) -cos (n¢), = +l, n = O 

;1nd 

Ion = Ring IO+ (n x 1000000). 

6. SECTAX card (also processed in GE~Ml section) 

-Input Card­

SECTAX j IO j Ring 1oj R ct, 1 

-6 Output Cards-

MPC ~ ... I _10_1 ____ 1_0_...__1 _ __..l _-_1_.0---' 

-cont- i I Coef ·n j 

-cont- i 

-cont- _, _, _, 

4.6-11 
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MPC;j 102 IO i -1.0 

-cont- i I Coef 'n I 
N 3-word groups c set 
(n=l to N) i =1 to 3 

-cont- . i !coef ·n j 

-cont- -1 
_, 

-1 

where the Coef.n above are def;ned by: 

i c set-Coef.n s set-coef.n 

1 i (sin(n•2) - s1n(n•1)) .. -* (cos(n•2) - cosCn•1)) 

or R(•2 - •,) for n•O or O for n•O 

2 -i (cos(n•2> - cos (nq,1}) - ~ (s1n(nq,2) - sin(n•1)) 

or O for n•O or R(•2 - •1) for n•O 

3 ~ (sinCn•z> - s1n(n•1)) - ~ (cos(n•2> - cos{ncj>1)} 

or RC•2 - • 1) for n-0 or o. for n•O 

and 

Ion • Ring ID+ (n x 1000000) (26) 

7. 0MITAX card 

-Input Card-

0MITA~ ~ing 1oj Harm ID I Como 

-Output card-

Ring IDH • Ring ID+ (Harm ID+ 1) x 1000000. (27) 
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8. SUPAX card 

-Input Card-

SUPAX ~ing ID [Harm ID Comp/ 

-Output Card-

SUP0RT f i ng IDH I Comp 

Ring ID = Ring ID+ (Hann ID+ 1) x 1000000. 
H 

9. RINGAX card (also processed in GE0Ml section) 

-Input Card-

RINGAX jRing ID j R z Comp/ 

- 2 x N Output Cards -

spcs / 101 lRingIO~ [ Dofs 0 

spec j102 'Ring ID~ I Dofc 0 

where 

RingroI • RingID + 1000000 x n 

for n = 1,2, ••• ,N 

and Oofs and Oofc are defined by: 

ELEMENT Dofs DofC 

CC!r'NEAX 135 246 

CTRIAAX 13 2 

CTRAPAX 13 2 
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4.6.7.5 Conversion of Input Bulk Data Cards to Output Cards for GE0M1. 

1. P0INTAX card (also processed in GE0M4 section) 

-Input Card-

P0INTAX I ID !Ring ID I rt, 

-Output Ca rd-

GRID I ID o I rt, I o.o I o.o I 0 0 0 

2. SECTAX card (also processed in GE~M4 section) 

- Input Ca rd-

SECTAX I ID ~ing ID I R rJ,2 

-Output Card-

GRID._! ~ID----~o___._~R ---'~rJi--1 ---'~rJi __ 2_.j~o .......... ~o ----~o__.J 

3. RINGAX card (also processed in GE0M4 section) 

-Input Card-

RI NGAX I Ring rnf R I z 

-N Outcut Cards-

GRID Fi ng rnJ o R z I o.o 

where 

I Comp 

0 !come 

Ring IDn • Ring ID+ 1000000 x n, 

for n • 1, 2, ••• , N. 

4.6-14 (3/1/74) 

0 

(30) 



EXECUTIVE PREFACE MODULE IFP3 (INPUT FILE PROCESSOR 3) 

4.6.7.6 Order of Output for Generated Card Images 

IFP3 has the responsibility to output cards in. the sort order outout by IFP. This causes 

IFP3 to simultaneously process some cards. 

4.6.8 Subroutines 

4.6.8.l Subroutine Name: IFP3B 

1. Entry Point: IFP3B 

2. Purpose: To process the cards causing output to be created for GE0M4 and GE0Ml. 

3. Calling Sequence: CALL IFP3B 

4.6.9 Design Reguirements 

The design requirements are: 

1. To produce card images equivalent to those out out by IFP. 

2. To output those images on GE0M1, GE0M2, GE0M3, GE0M4 in the prooer sort and order. 

The following C0MM0N blocks are required for data interface between subroutines IFP3 and 

IFP3B. 

1. C(IMM(IN/IFP3LV/ 

This C0MM0N block contains local variables conmon between IFP3 

and IFP3B only. 

2. C0MM0N/IFP3BD/ 

This C0MM0N block contains constants conmon between IFP3 and 

IFP3B and is initialized in the Block Data subprogram AXICBD. 

3. C(IMM(IN/IFP3ZZ/ 

This C0MM0N block defines the beginning of open-core. 

4.6.10 Diagnostic Messages 

IFP3 error messages are all user-oriented. They pertain to Bulk Data card errors for the 

axisyrrmetric conical shell problem, and are outout in summary fonn by IFP3 on the system output 

file. 
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4.7 EXECUTIVE PREFACE MODULE XGPI (EXECUTIVE GENERAL PROBLEM INITIALIZATION). 

4.7. 1 Entry Point: XGPI 

4.7.2 Purpose 

To translate (compile) a DMAP program into an internal form (the 0SCAR) for use by the 

NASTRAN Executive System. and, if restarting the problem, to initialize data blocks and named 

conmen blocks for proper restart of the problem. See section 2 for format of the 0SCAR. 

4.7.3 Calling Sequence 

CALL XGPI. XGPI is called only by subroutine SEMINT, the Preface driver. 

4.7.4 Method 

XGPI calls XGPIBS to initialize data ·for the module and to initialize the Link 

Specification table in named co11111on block /XLINK/. Upon return from XGPIBS, XGPI loads the XCSA 

Executive Table into core from the Proble~ Tape. If restarting the problem, XGPI modifies 

table MEDMSK in named common block /XMDMSK/ if necessary. See discussion of the INM table 

in the description for the XCSA module, in section 4.2.6.2. 

XGPI calls X0SGEN to execute phase 1 of the OMAP program compilation. X0SGEN processes 

the DMAP instructions and generates the skeleton of the Operation Sequence Control Array (0SCAR). 

See section 2.4.2.1 for details on the fonnat of the 0SCAR. 

XGPI calls XFL0RD to execute phase 2 of the compilation. XFL0RD fills in the iSCAR 

entries with the information needed for allocating files (by SFA) when DMAP modules are 

executed. If restarting a problem, XFL0RD determines which data blocks are needed from the Old 

Problem Tape to restart the problem and, when necessary, turns on execute flags for OMAP 

modules to regenerate missing data blocks. 

At this point, XGPI terminates the job if any errors were found in compilationi if not, 

XGPI writes the 0SCAR onto the Data Pool File. If the problem is a restart, XGPI copies the 

data bloc~s specified by XFL0RD from the Old Problem Tape onto the Data Pool File and 

initializes various named coll'lllon blocks. 
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XGPI calls 0SCDMP to print the 0SCAR if requested by the user via the DIAG card in the 

Executive Control Deck. The same DIAG card will also produce a cross-reference to the DMAP pro­

gram compilation. XGPI then positions the Data Pool File at the first 0SCAR entry in preparation 

for executing DMAP modules. If checkpointing is requested by the user, the Problem Tape Dictionary 

is initialized and written on the Problem Tape. XGPI then returns to the calling routine SEMINT. 

4.7.5 Subroutines 

The following labeled co11111on blocks are used to co11111unicate data and constants among the 

complex of XGPI subroutines. 

1, C0MM0N/XGPIC/ - Contains 30 individual cells containing various flags, integer and BCD 

constants, and machine dependent data. Also an additional 40 cell array contains a series 

of required masks. 

2. C0MM0N/XGPID/ - Contains restart type codes and approach type codes plus masks and flags 

required in 0SCAR generation. 

3. C0MM0N/XGPI1/ - Defines the beginning of open core for the XGPI module and contains the 

0SCAR as it is generated. 

4. C0MM0N/XGPI2/ - Contains the MPL tab1e (see Section 2.4.2.2). 

5. C0MM0N/XGPI2X/ - Contains the defau1t parameters required by the MPL tab1e. 

6. C0MM0N/XGPI3/ - Contains the PVT table (see Section 2.4.2.4) prior to it being written 

on the Problem Tape. 

7. C0MM0N/XGPI4/ - Contains individua1 DMAP cards as they are output from XRCARD plus the 

various f1ags and pointers required to process each OMAP instruction. 

8. C0MM0N/XGPI5/ - Contains solution, solution subset, approach and start codes along with 

data pertaining to OMAP ALTER nurrmers. 

9. C0MM0N/XGPI6/ - Contains various pointers into the Module Execution Decision Table, 

MED (see Section 1.10). 

10. C0MM0N/XGPI7/ - Contains data pertaining to the IFILE Table (see Section 4.7.6.3). 
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11. C0MM0N/XGPI8/ - Contains pointers into the ICPDPL Table (see section 4.7.6.3). 

Further details regarding these co11111on blocks may be obtained from the source listings for 

XGPIBO and XGPIBS. 

4. 7. 5. 1 XGP I OG 

l. Entry Points: XGPIOG, XGPIMW. 

2. Purposes: For XGPIOG, to write all fatal and non-fatal diagnostic messages for 

module XGPI. For XGPIMW. to write a.11 non-diagnostic messages for module XGPI. 

3. Calling Sequences: 

For XGPIOG: 

CALL XGPIDG (NC0DE,I,J,K) 

NC0DE - Message code number 

I,J,K - Integer values detennined by NC0DE. 

For XGPIMW: 

CALL XGPIMW (MSGN0,l,J,A} 

MSGN0 - Message code number 

I,J,A - Integer values detennined by MSGN0 

4.7.5.2 XGPIBS 

1. Entry Point: XGPIBS. 

2. Purpose: To 1nitial1ze module data and the Link Specification table in named 

conmen block /XLINK/{see section 2.4). 

3. Calling Sequence: 

CALL XGPIBS 

4.7.5.3 X0SGEN 

1. Entry Point: X0SGEN. 

. / 
I • 
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2. Purpose: To execute phase 1 of the compilation by translating the DMAP program 

into a skeleton Operation Sequence Control Array (~SCAR). 

3. Calling Sequence: 

CALL X0SGEN 

4.7.5.4 XLNKHO 

1. Entry Point: XLNKHO. 

2. Purpose: To gentrate the header section of an 0SCAR entry and for problem re­

starts, to determine whether or not to set the escAR entry execute flag. 

3. Calling Sequence: 

CALL XLNKHO 

4.7.5.5 XIPFL 

1. Entry Points: XIPFL, XfPFL. 

2. Purpose: For XIPFL, to generate the input data block section of an 0SCAR entry. 

For X0PFL, to generate the output data block section of an fSCAR entry. 

3. Calling Sequences: 

CALL XIPFL 

CALL xePFL 

4.7.5.6 XPARAM 

1. Entry Point: XPARAM. 

2. Purpose: To generate the parameter section of an fSCAR entry. 

3. Calling Sequence: 

CALL XPARAM 

4.7.5.7 XSCNDM 

1. Entry Point: XSCNOM. 

2. Purpose: To scan all OMAP instructions and return to the calling program each 

item in an instruction along with its identification (i.e., delimiter, BCD name, 
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value or end cf instruction) as it is requested. 

3. Calling Sequence: 

CALL XSCNDM 

4.7.5.8 XFL0RD 

,. Entry Point: XFL0RD. 

2. Purpose: To compute the LTU (Last Time Used) and NTU (Next Time Used) values 

for the input and output sections of 0SCAR entries, and for problem restarts, to 

determine which data blocks are needed from the Old Problem Tape to restart the 

problem. 

3. Calling Sequence: 

CALL XFL0RD 

4.7.5.9 XFLOEF 

1. Entry Point: XFLDEF. 

2. Purpose: To search the Old Problem Tape restart dictionary for a requested data 

block name and flag name if found; and if not found, and if restart is modified and the 

calling routine requests it, to attempt to regenerate the data block by turning on the 

proper 0SCAR exec~te flags. 

3. Calling Sequence: 

CALL XFLDEF (NAM!, NAM2, N0FIND) 

NAM1,NAM2 

N0FIND 

- Data block name (8 characters, 4 characters/word). 

- For input, N0FIND< 0 indicates that the calling routine wants 

the data block regenerated if it is not in restart dictionary. 

N0FINO~O indicates no regeneration is desired. For output, 

N0FIND indicates to the calling routine what XFLOEF did. 

N0FIND < O, the data block was regenerated. N0FIND • O, the 

data block was in the restart dictionary and was flagged for 

use in restarting the problem. N0FIND > 0, the data block 

was not found and was not regenerated. 
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4.7.5. 10 DUMPER 

1. Entry Point: DUMPER 

2. Purpose: To generate a complete and detailed listing of the 0SCAR if requested by the 

user. 

3. Calling Sequence: CALL DUMPER 

4. Remark: DUMPER will be executed if no errors have been detected during a DMAP compilation. 

4.7.5.11 MPLPRT 

1. Entry Point: MPLPRT 

2. Purpose: To print the contents of the Module Properties List (MPL) as defined by the Block 

Data Program XMPLBD, This printout, which occurs whenever a DIAG 31 card exists in the Execu­

tive Control Deck, is formatted for easy readability by programmers and users alike. 

4.7.5.12 0SCXRF 

1. Entry Point: 0SCXRF 

2. Purpose: To generate a cross-reference of the DMAP program is requested by the user. 

3. Calling Sequence: CALL 0SCXRF (I0P,AVAIL) 

IJP - The number of files to skip over in order to reposition the 0SCAR after completion 

of the routine. 

AVAIL - The starting address of open core in XGPI. 

4. Remarks: 0SCXRF will only be executed if no fatal errors have been detected during DMAP 

compilation. 

4.7.5.13 AUT0CK 

1. Entry Point: AUT0CK 

2. Purpose: To automatically generate CHKPNT instructions when the user elects the PRECHK 

option in a D~P program. 

3. Calling Sequence: CALL AUT0CK (IADD) 

IADD - Open core address of start of output data block section of a functional module 

0SCAR entry that is to be automatically CHKPNTed. 

C0MM0N / AUT0CM / PREFLG,NNAMES,PRENAM(lOO) 
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PREFLG - Denotes the type of PRECHK condition specified. 

1 - inclusive list of data block names 

2 - ALL option 

3 - exclusive list of data block names 

If PREFLG is negative, an automatic CHKPNT is generated for an EQUIV or PURGE 

instruction. 

NNAMES - The number of data block names in the inclusive or exclusive list. 

PRENAM - Data block names. 

4.7.5. 14 AUT0SV 

1. Entry Point: AUT0SV 

2. Purpose: To automatically generate SAVE instructions when the user specifies parameter 

as/ S,N,PARAM /. 

3. Calling Sequence: CALL AUT0SV 

C0MM0N / AUT0SM / NW0RDS,SAVNAM 

NW0RDS - The number of words in the 11st of parameter names to be saved. 

SAVNAM - Pointers to the parameters in the VPS. 

4.7.5. 15 LINKUP 

1. Entry Point: LINKUP 

2. Purpose: To generate a linked list of data block, parameter, or module names to be used 

in a DMAP source program cross-reference listing. 

3. Calling Sequence: CALL LINKUP ($n,NAME) 

n - Integer - is statement number to which return is made if open core has been 

exhausted. 

NAME - The BCD name to be added to the list. 

C0MM0N / LNKLST / IT0P,IB0T,ISN,KIND,ITYPE,MASK1,MASK2,MASK3 

IT0P, I80T - Limits of open core that will contain 11st. 

ISN - OMAP statement nunber currently being analyzed 

KIND - Code for type of name 

ITYPE - Module type 

MASKi - Masks used for packing words into linked lists 
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Open core resides in/ XGPil / . 

4.7.5. 16 0UTPAK 

1 . Entry Point: . 0UTPAK 

2. Purpose: To prepare DMAP cross-reference data for output; packs leading zeros into 

statement number and generates output for individual lines. 

3. Calling Sequence: CALL 0UTPAK (II,I0UT,ISN) 

II - Position in output array where DMAP statement nuni>er will be packed 

I0UT - Final output array - BCD 

ISN - DMAP statement number 

4.7.6 Design Requirements 

4.7.6.1 Open Core Layout 

The 0SCAR array in named common block/ XGPI1 / defines the first location in open core. 

All other arrays to be put in open core are equivalenced to 0SCAR and are offset from 0SCAR(l) 

by an amount detennined at execution time. This dynamic allocation of arrays in open core 

optimizes the space available on a given machine, which means that any restrictions on data 

(except those noted below) are due to the machine's core size and not the program. 
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The diagrams below show the order in which tables reside in open core during phase 1 and 

phase 2 of the compilation. 

Phase Phase 2 

~SCAR ~SCAR 

DMPCRD PTDIC 

L&LTBL ICPDPL 

MED MED 

FNM FNM 

IBUFR IBUFR 

In phase 1 the final sizes of the arrays ~SCAR and LBLTBL are not known until the DMAP 

program has been completely scanned by X~SGEN. These two arrays request space as needed 

until it runs out. At this time the user is infonned that the DMAP should be shortened or 

core storage should be increased. 

I 
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4.7.6.2 Data Necessary for Operation 

The Problem Tape provides Executive Tables XCSA, XALTER, and for restarts, XPTDIC (see Section 

2.4 for details). Data in named conmen blocks is initialized by the BL0CK DATA routines XMPLBO, 

XGPIBD and XBSBD or common block data is initialized by routine XGPIBS. If PARAM cards are present, 

a scratch file with the PVT is provided from IFP. 

4.7.6.3 Table Fonnats 

1. 0SCAR: Located in named common block /XGPI1/. See Section 2.4.2.1 for format. 

2. MED, CNM, FNM: Equivalenced to the 0SCAR table. See IS1, INM and JNM table 

descriptions in XSCA Module Functional Description (4.2.6.2). 

3. PTDIC, ICPDPL: Equivalenced to 0SCAR array. 

Sample entry: 

~ 

1 ,2 

3 

Word 1 
2 

3 

Item 

DBN 

R,F 

EQ 

ET 

--
EQ ET ER 

Jl 30 
s 

DBN --
RU R F 
29 28 17 16 1 

Description 

Data block name (BCD) of the data block from the restart 

dictionary. Note, a data block name appears only once in 

the table except for table VPS where it appears twice. 

Reel number and file number where the data block is last 

located on Old Problem Tape. For XVPS there is an entry 

(the first in PTDIC) which indicates where the first XVPS 

data block is located on the Old Problem Tape. For purged 

or not-generated data blocks, R • O and F = 0. 

Equivalence flag. EQ • 0 indicates the data block is 

equivalenced to another data block. 

End of tape flag. ET= 1 indicates that the data block is 

split across two reels of the Old Problem Tape. 
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Item Description 

ER End of logical record flag. ER= 1 indicates that the 

complete logical record was written out prior to changing 

reels when ET= l. 

RU Reuse flag. RU= 1 indicates that this data block is to be 

used to restart the problem. 

Table ICPDPL contains all entries from PTDIC which had the RU flag set. 

4. MPL: The MPL is located in named conmen block /XGPI2/, See section 2.4.2.2 for details 

5. I0RDNL: Equivalenced to MPL, the I0RDNL table is used in phase 2 when the MPL is no 

longer needed. Data block names are entered into l~RONL in the order that they are 

output from functional modules and IFP. 

Sample entry: 

1,2 

3 

Word 

DBN 

LSTUSE 

TF 

LTU 

AP 

1 

2 

3 

4 

OBN 

LSTUSE 

AP,-
u 311 

LTU 
17 

Description 

Data block name (BCD) 

Pointer to input or output section entry 

of a functional module ~SCAR entry where the data 

block was last refer~nced. LSTUSE is used to fill in 

NTU's (Next Time Used) in '1SCAR entries. 

Tape flag. TP = 1 if the data block was declared TAPE 

in a FILE DMAP instruction. 

Last time used. Record number of ~SCAR entry beyond which 

the data block need not be saved for input. 

Append flag. AP= 1 if the data block was declared 

APPEND in a FILE DMAP instruction. 

6. PVT: Located in named common block /XGP13/. 

I 
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Samp 1 e entry: 
MN 

CN 

PVT File see section 2.4.2.4 for details. 

MN - Maximum number of words in PVT (integer}. 

CN - Current number of words being used (integer). 

7. lFILE: Located in named corrmon block /XGPI7/. The purpose of IFILE is to save 

information from FILE DMAP instructions. 

1,2 

3 

Word 1 

2 

DBN 

SV 

TP 

AP 

3 

4.7.6.4 Restrictions on Data 

DBN -- -

Description 

Data block name (BCD) 

SAVE flag 

TAPE flag 

APPEND flag 

There are only three fixed length tables which might be overflowed by excess user data. 

These tables are PVT, IFILE and I0RDNL. 

4.7.7 Diagnostic Messages 

Every effort is made to detect syntactical and logical errors in the DMAP program, and, for 

restarts, to make sure that the problem is being restarted correctly. All tables are checked 

for overflow. 

The N0G0 flag in named conmon biock /SYSTEM/ is set according to the severity of the 

errors found. N0G0 • l indicates compilation is to be discontinued after phase 2. N0G0 • 2 
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indicates a serious error and causes XGPI to terminate the program irrmediate1y. 

See the Diagnostic Message section of the User's Manual (section 6.2) for a detailed dis­

cussion of XGPI diagnostic messages. XGPI messages include numbers 1 through 53. 
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4.8 EXECUTIVE PREFACE MODULE UMFEDIT (USER MASTER FILE EDITOR) 

4.8.l Entry Point: UMFEDT 

4.8.2 Purpose 

To create and manipulate User Master Files. 

4.8.3 Calling Seguence 

CALL UMFEDT. UMFEDT is called only by SEMINT, the Preface Driver. 

4.8.4 Method 

UMFEDIT functions as a post-processor to Executive Module XS0RT. Its primary task is to 

generate a User Master File by repeatedly transferring sorted bulk data decks generated by XS0RT 

from the New Problem Tape (NPTP} to the New User Master File (NUMF} based on control cards read 

from the System Input File. See section 2 of the User's Manual for a description of these 

control cards and how they control the contents of the NUMF. 

In addition to creating a User Master File, UMFEDIT is used to list and/or punch Bulk Data 

Decks from an existing User Master File (UMF}. Control cards read from the System Input File 

also control this process. 

4.8.5 Subroutines 

The UMFEDIT module has no auxiliary subroutines but uses XRCARD (see section 3.4 for a 

description}. 

4.8.6 Design Requirements 

1, Open core is defined at /UMFXXX/ and is utilized as follows: 

C0MM0N/UMFXXX/ 
GIN0 Buffer for UMF 

GIN0 Buffer for UMF 

GIN0 Buffer for NPTP . 
: Unused cort! 
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2. The Block Data subprogram UMFZBD fills /UMFZZZ/. 

3. UMFEDIT operates only in the Preface environment. The Bulk Data Oeck must have been 

processed by XS0RT and accepted by the In~ut File Processor (IFP). 

4.8.7 Diagnostic Messaoes 

Bad Bulk Data Decks (indicated by AB~RT • .TRUE.) will not be accepted by UMFEDIT for 

inclusion on the NUMF. Subsequent Bulk Data Decks will be included, however, if acceotable. 

Other errors detected in UMFEDIT will result in appropriate diagnostic messages being 

written on the System Output File and tennination via PEXIT. These messages are: 1703 through 

1721 (active) and 1722 through 1725 (reserved). 

4.8.8 Remarks 

l. Only a single value of BUFFSIZE is allowed during a NASTRAN execution. Therefore, 

the BUFFSIZE used during the creation of the UHF tape must be subsequently used 

during any executions using the tape. 
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4.9 EXECUTIVE MODULE XSFA (EXECUTIVE SEGMENT FILE ALLOCATOR) 

4.9.1 Entry Point: XSFA 

4.9.2 Purpose 

The Segment File Allocator (SFA) manages the data block to physical file relationships 

throughout a NASTRAN problem. Since. in general. the number of data blocks required for 

problem solution far exceeds the number of physical files available, allocation of files to 

data blocks is done dynamically as the module sequence proceeds. The SFA will allocate 

forward for as many modules as possib1e. A group of modules allocated by one operation of 

the SFA is termed a segment. 

4.9.3 Calling Sequence 

CALL XSFA (0SCP0S) 

0SCP0S - When input to XSFA. this integer argument is the current position (record 

number) within the ~SCAR. Upon return from XSFA, (1) if allocation was 

successful, gsCP0S is the ~SCAR position of the end of the segment as defined 

abovei (2) if allocation was unsuccessful, the input argument is set negative. 

4.9.4 Method 

SFA is called by GNFIST (see section 3.3.9 for a description of GNFIST) when GNFIST fails 

to find the necessary data block names in the FIAT table to construct a complete FIST table 

for the next operating module (see section 2.4 for descriptions of the FIST and FIAT). 

The FIST table must contain an entry for each input, output, and scratch data block required by 

the module. SFA operates by processing the 0SCAR from its present position Cr.ext module to be 

operated) through all remaining modules. Only functional module and output processor 

0SCAR entries flagged for execution are processed. The 0SCAR is read and processed by an 

internal subroutine named XS0SGN (Serial 0SCAR Sequence Generator) and the S0S table is 

formed. From this table all allocation is performed. Following XS0SGN, another internal 

subroutine named XCLEAN operates. XCLEAN acts to "clean up" the FIAT and DPL tables or1or 

to the basic allocation procedure. This clean-up involves deleting data block names not 

need-.d for subsequent modules, removing equivalence flaas if one member of an equivalent 
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pair is deleted, and closing up gaps in the FIAT caused by deletions. Following operation of 

XCLEAN, basic allocation begins. Allocation is accomplished during two passes through the S0S 

table. 

Pass one first checks to see if each data block from the S0S is already in the FIAT. If so, 

it is considered allocated; othen,.,ise the possibility of data block stacking is investiQated. 

Stacking is defined as assigning two or more data blocks to the same physical file by con­

sidering their use span. The various use span attributes available are: First-Time-Used (FTU), 

Next-Time-Used (NTU), and Last-Time-Used (LTU). Data block A may use (be stacked on) the same 

file as data block B if the first use (FTU) of data block Bis subsequent to the last use (LTU) 

of data b 1 ock A. Thus many data b 1 eeks may be a 11 ocated to use the same phys i ca 1 file if their 

use spans do not overlap. INPUTS may not be stacked. Following pass one, if any data blocks 

within S~S remain un-allocated, pass two is begun. 

Pass :ti,,10 first checks for files within the FIAT currently not assigned to any data block. 

These files are considered empty and are assigned to the un-allocated data blocks. Once the 

empty files are exhausted a check is made to detennine if the next module to be operated has 

all its data blocks allocated to files. If the next module {at the least) is allocated, 

basic allocation is completed. If the next module has not been completely allocated, the 

second part of pass two will force pooling of sufficient data blocks to provide the necessary 

empty files for allocation of the remaining data blocks needed for the next module. Pooling 

is accomplished by flagging the data blocks for copying onto a separate file called the 

Data Pool File. The Data Pool File will therefore contain many different data blocks where 

all other files contain only one data block at a time. Data blocks are chosen for pooling 

by checking the next-tim~-used (NTU) attribute. The data· block with the greatest NTU will 

be pooled first. Data blocks pooled are considered un-allocated; when they are subsequently 

re-allocated to their own file, they will be flagged for unpooling. 

Following basic allocation, subroutine XPUNP {Pool-Unpool) is operated. All data blocks 

flagged for pooling are copied to the Pool File followed by all data blocks flagged for unpooling 

being copied from the Data Pool File. Lastly subroutine XDPH (Data Pool Housekeeper) operates 

to clean-up and if necessary re-copy the Data Pool File. SFA then returns control to GNFIST 

with the calling argument set negative if it was un-able to allocate the next module. Figure 1 

illustrates the functional flow. 
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4.9.5 Subroutines 

XSFA performs basic allocation and its entry point, purpose and calling sequence are given 

above. Below, it should be noted that XPLEQK and XFILPS are secondary entry points in XP0LCK. 

4.9.5.1 Subroutine Name: XS0SGN (Serial 0SCAR Sequence Generator) 

1. Entry Point: XS0SGN 

2. Purpose: XS0SGN reads the QSCAR and creates the S0S (Serial 0SCAR Sequence) and MD 

(Module Descriptor) tables. The S0S table contains the data block names and various 

attributes, while the MD table contains the 0SCAR sequence numbers and the number of 

input, output, and scratch data blocks required by each module. 

S0S Table 

# Entries 

Data Block 
Name 

- .. ·,- - - - 'T - -.- - - - - - -·. A,A I •T I ' 

L : P ! L TU : : NTU 
51 I I 

Entry 

AL= Allocation Flag, set on by SFA 
when data block is allocated. 

AP• Append Flag, set on by module 
XGPI if data block is to be 
added to. 

LTU • Last-Time-Used, created by 
XGPI as a data block attribute. 

T • Tape Request Flag, set by XGPI 
to indicate a physical tape file 
is requested for data block. 

NTU • Next-Time-Used, created by XS0SGN 
as a data block attribute. 
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II Entries 

0SCAR Sequence# 

# Inputs 

# Outputs 

# Scratches 

#•Full word integer 
values for items 

/ , 

Entry 
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~: Items created or set by XGPI are passed via ~SCAR. 

These tables are contained within the /XSFAl/ conmon block. 

3. Calling Sequence: CALL XS0SGN 

4.9.5.2 Subroutine Name: XCLEAN (FIAT and OPL Clean-up) 

1. Entry Point: XCLEAN 

2. Purpose: XCLEAN deletes data block names from the FIAT and DPL when they are no 

longer needed (their LTU has been reached). Following these deletions, equivalenced 

data blocks flags within FIAT are checked for continuing validity. lf, for examole, 

one member of an equivalenced pair has been deleted, the equivalence flag on the 

remaining member is removed. Finally, empty spaces within FIAT are removed by closina 

up the table. XCLEAN also regenera~es and stores various parameters into the extended 

FIAT table. Since this table is non-resident and exists only during SFA operation, 

values such as NTU and the on/off switches must be restored. 

1 

Word 
1 

2 

3 

4 

5 

6 

Extended FIAT 
0: ,T , NTU 
SlJL _ _ _j_,.l.i1l_1L - _ 

-N • Poo1 
+N • Unpool Flag 

----------_, Yes Current Module 0 No --------
-1 Ye~ Current Segment 0 No -- -- - -

Allocation Type -- - - - -
Description 

Sample entry 

(one for each FIAT entry) 

On/off switch, data block is turned off following stacking 

to prevent double stacking. 

T Tape request flag. copied from S9S when allocated. 

~:TU ~text-Time-Used; copied from S0S when allocated, ragenerated 

by XCLEAN for data blocks remaining from previous allocation. 
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2 -N 

+N 

3 

4 

5 

6 

Description 

Flags XPUNP to pool data block, N = number of equivalent 

names for data block (Equals 1 if data block not equivalenced). 

Flags XPUNP to unpool data block, N = Data Pool File number 

of data block. 

Flag set yes if data block allocated for ITXldule currently 

being allocated - cleared between module allocations. 

Flag set yes if data block allocated for module within current 

segment - i.e., all data blocks allocated during one SFA 

operation. 

Allocation type - 1 • data block match, name already in FIAT 

2 = data block stacking, name on file with 
another 

Unused 

3 • empty file used for data block 

5 • data block using file freed by cooling 
another data block 

7 • same as 5 except pooled data block is 
equivalenced 

This table is contained within the /XSFAl/ contn0n block. 

4.9.5.3 Subroutine Name: XPUNP (Pool-Unpool} 

1. Entry Point: XPUNP 

2. Purpose: XPUNP checks the Pool and Unpool flags within the extended FIAT and perfonns 

the I/e operations necessary to copy data blocks from their separate files to t~e Data Pool 

File and vice-versa. Data block trailers are copied from the FIAT onto the Data Pool File 

as an additional record during pooling and are reolaced from this record during unoooling. 

All requested pooling operations are perfonned prior to any unooolino ooerations. As data 

blocks are added to the Data Pool File, approoriate entries are added to the Data Pool 

Dictionary (OPL). The extended FIAT (4.9.5.2) is contained within the /XSFAl/ common block. 

3. Calling Sequence: CALL XPUNP 

/ 
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4.9.5.4 Subroutine Name: XDPH (Data Pool Housekeeper) 

1. Entry Point: XDPH 

2. Purpose: XDPH scans the Data Pool Dictionary (DPL) to determine the number and size of 

the data blocks on the Data Pool File which have been flagged as no longer needed. If a 

sufficient quantity of data is flagged, a complete housekeeping operation is performed. 

This complete process involves re-copying the Data Pool File onto a scratch file while 

skipping those data blocks flagged for removal. Following the re-copy, the scratch file 

becomes the new Data Pool File and the old Data Pool File is released as a scratch file. 

XDPH wi11 also perform a partial housekeeping if a (several) flagged data block(s) apoears 

as the last data block on the Data Pool File. For this partial ooeration only the DPL 

entries are modified to release the pool space, no re-copy is necessary. 

3. Calling Sequence: CALL XDPH 

4.9.5.5 Subroutine Name: XP0LCK (Data Pool Dictionary Check) 

1. Entry Point: XP0LCK 

2. Purpose: XP0LCK scans the Data Pool Dictionary for a particular data block name. If 

found, the position within the dictionary and the Data Pool file number are returned to 

the calling program. 

3. Calling Sequence: CALL XP0LCK (0BN1,DBN2,FN,L) 

where: 

DBNl, DBN2 - Request data block name (8 characters), 4 characters in each word, 

left justified and filled with blanks (if necessary). 

{
O, if data block not on the Data Pool File. 

FN 
N, if data block on the Data Pool File; N • Data Pool File number. 

L - Position of data block entry within the dictionary if data block found. 

4.9.5.6 Subroutine Name: XPLEQK (Data Pool Equivalence Check) 

1. entry Point: XPLEQK 
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2. Purpose: XPLEQK scans the Data Pool Dictionary for any equivalence to the called data 

block name. If found, a copy of the equivalent names is moved from the Data Pool 

Dictionary to the FIAT. 

3. Calling Sequence: CALL XPLEQK (P00LX,FIATX) 

1th ere: 

P~0LX - Position of data block entry within the dictionary (see argument L within 

XP0LCK). 

FIATX - Position of same data block entry within the FIAT. 

4.9.5.7 Subroutine Name: XFILPS (Data Pool File Positioner) 

1. Entry Point: XFILPS 

2. Purpose: XFILPS positions the Data Pool File to the beginning of a requested data 

block. (The Data Pool File is a multi-file file). 

3. Ca 11 i ng Sequence: CALL XFILPS ( FNEW) 

where: 

FNEH - The file count of the requested position. The current or old file oosition 

is stored in the /XSFAl/ conrnon block. 

4.9.6 Design Reguirements 

l. Open core is used only for GIN0 buffers (2 maximum). The open core origin is 

COl'il•~n block /ESFA/ located following all SFA subroutines. 

2. SFA conrnunicates data internal to the nDdule subroutines via conmon block /XSFAl/. 

The S0S, MD and extended FIAT tables reside in /XSFAl/. 

3. The 0SCAR must be at the entry where allocation is to begin. Following allocation, 

that initial 0SCAR position is restored. 

4. BLOCK DATA subprogram defines the lengths of tables in /XSFAl/. 
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4.9.7 Diagnostic Messages 

Special DMAP routing may cause the warning 3022 message to be printed by SFA. 

Following output of this message, SFA flags the data block as allocated (although it will 

not appear in the FIAT) and continues. Since SFA cannot pred~ct conditional DMAP routing, the 

data block in question may not be required and the problem will proceed satisfactorily. If the 

data block is required, the problem will terminate in the requesting module. Under these circum­

stances the DMAP routing should be studied. 

All other error messages generated by SFA are fatal in nature and indicate serious I/G 

malfunctions or executive table overflow. See section 6 of User's Manual for l~stino and 

explanation of these messages. XSFA messages include numbers 1001 through 1004, 1011 through 

1014, 1021, 1031 through 1035, 1041, and 1051. 

.' 
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XSFA 

Next 
Module 

Next 
Data Block 

Next 
Data Block 

ENTER 

SPt nlloc ranqe to 
first/next module 

- - -Pass 

Pick-up first/next data 
block within module 

Yes Stack data block 
":),.--I~ on the same file ..,......,.. 

No 

No 

Pick-up first/next 
data block within module 

Set data block 
as a 11 oca ted 

Figure 1.(a) Flowchart for module XSFA. 
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Find the data block 
with the largest 
NTU not required 

in this module 

Yes 

No 

Set ARG. NEG. 
indicating 

Set the pooling flag 
for this data block 

a 11 oc • i ncomp • 

Use this now empty file 
for new data block 

Set new data block 
as allocated 

Figure 1.(b) Flowchart for module XSFA. 
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4.10 EXECUTIVE DMAP MODULE CHKPNT (CHECKPOINT) 

4.10.1 Entry Point: XCHK 

4.10.2 Purpose 

To save, on the Problem Tape, specified data blocks along with other data necessary 

for restarting a problem. 

4.10.3 DMAP Calling Sequence 

CHKPNT 061,062, ••• ,0BN $ 

where OB1, 062, ••• ,0BN (N ~ 1) are data blocks to be copied onto the Problem Tape for 

use in restarting a problem. 

4.10.4 Method 

The Problem Tape Dictionary (XPTDIC}, see section 2.4.2.3, is brought into core from the 

Problem Tape, and the data block list in the CHKPNT 0SCAR entry is scanned. Data blocks that have 

been generated are entered into the local OICT table (see discussion below) along with all data 

blocks equivalenced to them. Data blocks that are purged, or have not yet been generated, 

are entered in the local PURGE table. The data blocks are assigned file numbers and are 

placed in the FOICT table. Data blocks are then copied onto the Problem Tape according to 

their file number unless the data block is equivalenced and is already in the Problem Tape 

Dictionary. Core resident data necessary for restart is also written on the Problem Tape as 

the VPS Executive Table. Entries from FDICT and PURGE are entered into the Problem Tape 

Dictionary, and t~e new checkpoint entries are punched for user submittal in the Executive 

Control Deck upon problem restart. The updated Problem Tape Dictionary is written back on the 

Problem Tape, and the Problem Tape is positioned to the beginning of the last file (i.e •• XPTDIC) 

in preparation for the next execution of the CHKPNT module. 

4.10.5 Subroutine 

Module XCHK has no auxiliary subroutines. 

_I 
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4.10.6 Design Requirements 

4.10.6. 1 Open Core Layout 

Named conmon block /ESFA/ defines the start of the open core area. The use of open core 

is optimized by origining arrays GBUF, PTDIC and I0BUF at /ESFA/ and computing their offset 

from the origin at execution time. The diagram below shows how the arrays are placed in open 

core. 

C0MM0N /ESFA/ 
PTOIC(PTOT0P)~------.. ,-~~~~~~~~-, 

Problem Tape Dictionary 
l{,JBUF(I0PNT) 

Utility buffer 
GBUF(FPNT) 

Data Block GIN{,J buffer 
GBUF(OPPNT) 

Data Pool File GIN0 buffer 
GBUF(l~PTPNT) ----,~---------, 

Problem Tape GIN0 buffer 

4.10.6.2 Data Necessary for Operation 

The data blocks, named common blocks and files needed by the CHKPNT module are listed 

below, along with type of access required (i.e. fetch and/or store data) and reasons for use. 

1. Data Pool File - fetch data blocks to be copied onto the Problem Tape. 

2. Problem Tape - fetch and store data blocks. 

3. Executive Table XPTDIC - fetch and store. Used to generate new checkpoint entries 

which are then added to XPTDIC. 

4. Co111110n /XFIST/ - store temporary entry in FIST for copying data blocks. 

5. Co1m1on 1,scENT/ - fetch. CHKPNT "SCAR entry resides here. 

6. Conmen /XCEITB/,/XVPS/ and /SYSTEM/ - fetch. Contains data to be written in VPS 

Executive Table. 

7. Common /XFIAT/ and Common /XDPL/ - fetch. Contains data block names of data blocks 

to be copied. 

8. Conmen /~UTPUT/ - store. Prints out page heading for Checkpoint Dictionary printout. 

9. Conmon /STAPID/ - fetch and store. Used to write Problem Tape ID file on new reel of 

of the Problem Tape when an end of reel is encountered. 
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4.10,6.3 Formats of Local Arrays 

1. DICT table 

The purpose of the OICT table is to hold preliminary data to be used in generating the 

FDICT tab le. 

Sample DICT entry: 

1,2 

3 

DBN 

EQ 

Word 
2 

3 

DBN 

Description 

BCD name (8 characters, 2 words) of the data block whose status is 

generated and is to be checkpointed. 

Equivalence flag. EQ • 1 indicates all data blocks equivalenced to 

tr.is data block also reside in OICT table. 

FA File number assigned flag. FA• 1 indicates that an FOICT entry has 

been generated for this DBN and that a file number of where the data block 

will reside on the Problem Tape has been assigned. 

DP Data pool flag. DP• 1 indicates that the data block is on the Data Pool 

Fi 1 e. 

FP Varies according to DP flag. For DP= 1, FP is not used. For DP= O, 

FP is a pointer to the FIAT entry containing DBN or equivalenced DBN. 

ID Varies according to DP flag. For DP= 1, ID is the file nunber where 

the data block resides on the Data Pool File. For DP• O, IO is the file 

(unit) identifier. For the IBM 7094, IO is the unit control block pointer 

for the file. For machines using the F~RTRAN GIN0, ID is the F0RTRAN 

logical unit number assigned to the file. 

2. FDICT table 

The purpose of the FOICT table is to hold final data to be used in generating XPTDIC entries 

for data blocks whose status is generated. 
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Sample FDICT entry: 

Word 

1 ,2 

3 

DBN 

Word 1 
2 

3 

BCD name of data block. 

Description 

EQ Equivalence flag. EQ = 1 indicates all data blocks equivalenced to 

this data block als.o reside in the FDICT table. 

ET End-of-tape flag. ET• 1 indicates that the data block is split 

across two reels of Problem Tape. 

ER End-of-logical-record flag. ER• 1 1nd1cates that the complete 

logical record was written out prior to changing reels when ET= 1. 

.R,F Reel number and file number where the data block will be written on 

the Problem Tape. 

4.10.6.4 Restrictions 

XPTDIC cannot be written across two reels of Problem Tape (i.e. a fatal error occurs if 

an end-of-tape is encountered wh11e writing XPTOIC). 

4.10.7 Diagnostic Messages 

See Diagnostic Message section of User's Manual (section 6.2) for a detailed discussion of 

CHKPNT module diagnostic messages. XCHK messages include numbers 1101 through 1109. 
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4. 11 EXECUTIVE DMAP INSTRUCTION REPT (REPEAT A GROUP OF DMAP INSTRUCTIONS) 

4. 11. l Entry Point: XCEI 

The XCEI module executes the DMAP control instructions: REPT. EXIT. C0ND. and JUMP. 

4. 11.2 Purpose 

To repeat a group of OMAP instructions a specified number of times. 

4.11.3 OMAP Calling Sequence 

REPT n.c $ or REPT n.p $ 

where: 

1. n is a BCD name appearing in a LABEL instruction which specifies the location of the 

beginning of a group of Ot,\11.P instructions to be repeated. 

2. c is an integer constant which specifies the number of times to repeat the instructions. 

3. pis the BCD name of a variable set by a previously executed module specifying the 

nul!Der of times to repeat the instruction. 

4. 11.4 Example: 

BEGIN$ 

LABEL Ll $ 
M0Dl A/ B / V,Y,Pl $ 

M0DN B / C / V,Y,P2 $ 
REPT Ll,3 $ 

END$ 

BEGIN$ 

LABEL Ll $ 
M0Dl A/ B / V,Y,Pl $ 

M0DN C / D / V,Y,P2 $ 
REPT Ll,PL00P $ 

END$ 

The D~P instructions from M0Dl to M0DN will be repeated 3 times (i.e., executed four times). 

Note that REPT is plac~d at the end of the group of instructions to be repeated. 
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4. 11.5 Method 

Executive table CEITBL in named common block/ XCEITB / (See Section 2.4 for fonnat) is 

searer - for the REPT entry. If the second word of the entry has the sign bit on, the left half 

of the word is a pointer into the Executive Table VPS (See Section 2.4) which contains the current 

value of the variable loop parameter. This value is then placed in the location fonnerly occupied 

by the pointer and the sign bit is turned off. The execution then progresses as though a constant 

value had been specified. The entry is updated after.detennining whether to execute the loop 

again. If the loop is not to be repeated, a return is made to the calling routine. If a repeat 

of the loop is to be executed, the Problem Tape Dictionary (XPTDIC) is read into core from the 

Problem Tape, and dictionary entries created inside the loop are deleted. The updated XPTDIC is 

written back on the Problem Tape. Data blocks that are referenced only inside the loop and which 

have been declared saved in a FILE D~P instruction have their status changed to not-generated 

(i.e., data block trailers within FIAT are cleared and if the data block name appears in the DPL 

it is removed). The 0SCAR on the Data Pool Tape is positioned to the top of loop and a return is 

made to the calling routine. 

4.11.6 Subroutine 

4.11.6.1 Subroutine Name: XCEI. 

1. Entry Point: XCEI 

2. Purpose: To execute DMAP Control modules REPT, JUMP, C0ND, and EXIT as described 

in the respective Executive DMAP Module Descriptions in this section and in sections 4.12, 

4.13 and 4.14. 

3. Calling Sequence: 

CALL XCEI 

4.11.7 Design Regurements 

4. 11.7.1 Open Core Layout 

Named conman block /ESFA/ defines the start of the open core area. The following 

diagram shows the layout. 

C0MM0N/ESFA/ 
Data Pool File GIN~ buffer area. 
Problem Tape GIN0 buffer area. 
Problem Tape Dictionary (XPTDIC). 
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4.11.7.2 Data Necessary For Operation 

The tables, named corrmon blocks and files needed by the control modules are listed 

below, along with type of access required (i.e. fetch and/or store data) and reasons for use. 

l. Data Pool File - XCEI rTLISt re-position the ~SCAR to the correct entry when a 

transfer is to be executed. 

2. Problem Tape - fetch and store the Problem Tape Dictionary when looping. 

3. Data Block XPTDIC - fetch and store. The Problem Tape Dictionary must be updated 

when looping. 

4. ClllMMlllN /XVPS/ - fetcn. 

/XVPS/ contains the ClllND instruction parameter value. 

S. ClllMMlllN /XCEITB/ - fetch and store. 

/XCEITB/ contains control parameters for REPT and EXIT instructions. 

6. ClllMMlllN /lllSCENT/ - fetch. 

/lllSCENT/ contains the Control Module lllSCAR entry. 

7. ClllMMlllN /XFIAT / - fetch and store. 

Must be updated when looping. 

s. ClllMMlllN /XDPL/ - fetch and store. 

Must be updated when looping. 

/. 
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4.12 EXECUTIVE DMAP INSTRUCTION JUMP (UNCONDITIONAL DMAP TRANSFER) 

4.12.1 Entry Point: XCEI 

4.12.2 Puroose 

To alter the normal order of execution of DMA.P modules by unconditionally transferring 

program control to a specified location in the DMA.P program. 

The normal order of execution of DMAP modules is the sequential order of occurrence of 

the modules as DMAP instructions in the DMAP program. 

4.12.3 DMAP Calling Sequence 

JUMP n $ 

where n is a BCD name appearing on a LABEL instruction which specifies where control is to be 

transferred. 

4.12.4 Method 

If control is being transferred to a previous DMAP module in the 0SCAR (i.e., locoing), 

the Problam Tape Dictionary is read into core from the Problem Tape and dictionary entries 

created inside the loop are deleted. The updated Problem Tape Dictionary is written back out on 

the Problem Tape. Data blocks that are referenced only inside the loop and which have not 

been declared saved in a FILE DMAP instruction have their status changed to not-generated. 

The ~SCAR is positioned to the specified location. Table CEITBL in named colllTDn block /XCEITB/ 

is searched for REPT entries and the loop count is zeroed if the jump is tr~nsferring control 

from inside the loop to outside the loop. A return is then made to the calling program. 

If control is being transferred to a subsequent DMAP module in the 0SCAR, the 0SCAR is 

positioned to the specified location and a return is made to the calling program. 

See description of the Executive DMAP instruction REPT (see section 4.11) for further details • 

.'~-

I 
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4. 13 EXECUTIVE DMAP INSTRUCTION C~ND (CONDITIONAL TRANSFER) 

4.13.1 fntry Point: XCEI 

4.13.2 Purpose 

To alter the normal order of execution of DMAP modules by conditionally transferring 

program control to a specified location in the DMAP program. 

4. 13.3 DMAP Calling Sequence 

C~ND n,V $ 

where: 

1. n is a BCD name appearing on a LABEL instruction which specifies where control is to be 

transferred. 

2. Vis a BCD name of a variable parameter whose value indicates whether or not to execute 

the transfer. If V < O, the transfer is executed. 

4.13.4 Example 

BEGIN $ 

C~NO Ll,K $ 

M~DULEl A/B/V,Y,Pl $ 

LABEL Ll $ 

M~OULEN X/Y/ $ 

END $ 

If K ~ 0, M~DULE1 is executed. If K< 0 control is transferred to L1 and M~DULEN is 

executed. 
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4.13.5 Method 

The parameter value for the C0ND instruction is examined. If the value is greater 

than or equal to zero, a return is made to the calling routine. If the value is less than 

zero, the C0ND instruction is executed exactly like the JUMP instruction. See description 

of the Executive DMAP instruction JUMP (section 4.12) for further details. 
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4.14 EXECUTIVE DMAP INSTRUCTION EXIT (TERMINATE DMAP PROGRAM) 

4.14.1 Entry Point: XCEI 

4.14.2 Purpose 

To terminate a NASTRAN job. 

4.14.3 DMAP Calling Sequence 

EXIT c $ 

where c is an integer constant which specifies the number of times the instruction is to 

be ignored before terminating the program. If c = 0 the calling sequence may be shortened 

to EXIT $. 

4.14.4 Example 

BEGIN$ 

LABEL Ll $ 

M0DULE1 A/B/V,Y,Pl $ 

EXIT 3 $ 

REPT Ll,3 $ 

END$ 

The EXIT instruction will be executed the third time the loop is repeated (i.e., the 

instructions within the loop will be executed four times). 
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4. 14.5 Method 

A detennination is made whether or not to terminate the job by examining the loop count ot 

the EXIT entry in named conmon block /XCEITB/. If the job is to be terminated, routine PEXIT 

is called; if not, the loop count in the EXIT entry is incremented, and a return is made to the 

calling program. 

See description of the Executive DMAP instruction REPT {section 4.11) for further details. 
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4.15 EXECUTIVE DMAP MODULE SAVE (SAVE VARIABLE PARAMETER VALUES) 

4.15.l Entry Point: XSAVE 

4.15.2 Purpose 

To specify which variable parameter values are to be saved from the preceding functional 

module for use by subsequent modules. 

4. 15.3 OMAP Calling Seguence 

SAVE Vl,V2, ..• ,VN $ 

where Vl,V2, .•. ,VN (N ~ l) are the BCD names of some or all of the variable parameters which 

appear in the inmediately preceding functional module DMAP instruction. A SAVE DMAP instruction 

must immediately follow the functional module instruction wherein the parameters being saved 

are generated. 

4.15.4 Method 

The specified parameter values are transferred from blank common to the VPS Executive 

Table located in named conmen block /XVPS/. See description of the ~SCAR in section 2.4.2.1 

for the fonnat of a SAVE ~SCAR entry. 

4.15.S Subroutine 

The XSAVE module has no auxiliary subroutines 

4. 15.6 Design Requirements 

SAVE must access blank common and named co111110n blocks /XVPS/ and /~SCENT/. 

I, 
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4.16 EXECUTIVE DMAP MODULE PURGE (EXPLICIT DATA BLOCK PURGE) 

4.16.1 Entry Point: XPURGE 

4.16.2 Purpose 

To flag a data block so that it will not be allocated to a physical file and so that 

modules attempting to access it will be signaled. 

4.16.3 DMAP Calling Seguence 

PURGE DBN1A,DBN2A,03N3A/PARMA/DBN1B,0BN2B/PARMB $ 

!:!£!!: The number of data block names (OBNia} prior to each parameter (PARl'IA) and the 

number cf sets of data block names and parameters in a particular calling 

sequence is variable. 

4. 16.4 Input Data Blocks 

DBN1A,OBN2A, etc. - Any data block names appearing within the DMAP sequence. 

4.16.5 Output Data Blocks 

(None specified or permitted) 

4.16.6 Parameters 

PARMA, etc. - One required for each data block name or set of names. 

4.16.7 Method 

4.16.7.1 Surranary 

The data blocks (within the DMAP calling sequence} are purged if the value of the associated 

parameter is< 0 or if the pointer normally reserved to locate the parameter value in the VPS has 

been set to -1. If the data blocks are already purged and the parameter value is~ O, the purged 

data blocks are unpurged so that they may be subsequently reallocated. If the data blocks are not 

purged and if the parameter value is~ O, no action is taken. 
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4.16.7.2 Functional Flow 

PURGE operates by modifying entries within the FIAT (File Allocation Table) and DPL 

(Data Pool Dictionary). The FIAT contains an upper section (unique part) and a lower section 

(tail part). Both parts contain entries structured as described in the Executive Table 

description for the FIAT, section 2.4. 1.2. The length of the unique part is defined by the unique· 

files available count in the FIAT header. The tail part is defined as the remainder of the 

FIAT. The unique part contains one entry for each unique (separate) file available for allo­

cation, and the file ID's within these entries are not modified through a NASTRAN run. The 

tail part contains entries for stacked files (see description for Executive ModuleXSFA, section 4.9). 

purged files, and members of equivalenced sets. An entry within the FIAT is purged by flagging 

(setting all bits on) its file ID. Therefore, if a data block within the unique part is to 

be purged, its name is moved to the tail. A data block entry within DPL is purged by removing 

its entry from the DPL. A data block which 1s already purged 1s unpurged by removing the flagged 

entry from the FIAT so that it may be subsequently allocated to a physical file. Figure 1 

illustrates the logic flow. 

4.16.S Design Requirements 

1. No open core is required by this module. 

2. The ~SCAR record containing the DMAP purge request llllSt reside in the labeled 

conrnon block /~SCENT/. 

3. The validity of all data block names and controlling parameters is checked during 

NASTRAN initialization by module XGPI. 

4.16.9 Diagnostic Messages 

PURGE may produce the following System Fatal messages: 

1201, FIAT 0VERFL~W 

1202, DPL 0VERFL~W 

Both of these messages indicate that the assembled size of the particular table has 

been exceeded. Although it is unlikely that either message will occur, a study of the 

erroneous problem's operation along with diagnostic prints of the FIAT and DPL, obtained 

via the DIAG Executive Control card {see User's Manual, section 2), should indicate some 
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corrective action. Possible corrective actions include: increasing the basic table size 

through re-assembly; providing more physical files to the NASTRAN system; and altering the 

DMAP operations. 
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name from unique 

part of FIAT 

No 
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Figure 1. Flowchart for module PURGE. 
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4.17 EXECUTIVE DMAP MODULE EQUIV (DATA BLOCK NAME EQUIVALENCE) 

4.17. 1 Entry Point: XEQUIV 

4. 17.2 Purpose 

To attach one or more equivalent (alias) data block names to an existing data block so that 

module accesses to data by equivalenced names will 'be identical. 

4.17.3 DMAP Calling Seguence 

EQUIV DBN1A,DBN2A,DBN3A/PARMA/DBN1B,DBN2B/PARMB $ 

Note: The number of data block names (DBNia) prior to each parameter (PARMa) and the 

number of sets of data block names and parameters in a particuJar calling sequence are 

variable. 

4.17.4 Input Data Blocks 

DBN1A,0BN2A, etc. - Any data block names appearing within the DMAP sequence. The 1st 

data block name in each series (DBNlA and DBNlB) is primary and the 2nd, etc. data block 

names become equivalent to the primary. 

4.17.5 Output Data Blocks 

(None specified or permitted) 

4. 17.6 Parameters 

PARMA, etc. - One required for each set of data block names. 

4.17.7 Methud 

4. 17. 7. 1 Sunmary 

The data block names are made equivalent if the value of the associated parameter is< O 

or if the pointer nonnally reserved to locate the parameter value in the VPS is set to -1. If 

a set of data blocks is already equivalenced and the parameter value is~ 0, the equivalence is 

broken and the data block names again become unique. If the data blocks are not equivalenced 

and if the parameter value is~ 0, no action is taken. 
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4.17.7.2 Functional Flow 

EQUIV operates by modifying entries within the FIAT (File Allocation Table) and DPL (Data 

Pool Dictionary). The FIAT contains an upper section (unique part) and a lower section (tail 

part). Both parts contain entries structured as described in the Executive Table descriction 

for the FIAT. section 2.4. The length of the unique part is defined by the unique files 

available count in the FIAT header. The tail part is defined as the remainder of the FIAT. 

The unique part contains one entry for each unique (separate) file available for allocation 

and the file ID 1 s within these entries are not modified through a NASTRAN run. The tail part 

contains entries for stacked files (see description for Executive Table XSFA). purged files and 

members of equivalenced sets. Entries within the FIAT and DPL are made equivalent by setting 

their EQUIV flags (sign bit within an entry) and making their file I0 1s identical. Since a data 

block within the unique part of the FIAT must have a unique file ID. only one member of an equiva­

lence set may reside within the unique section, all others will be placed in the FIAT tail. Thus. 

if b-.o ~ata blocks occupying unique physical files are equivalenced. one will be moved to the 

FIAT tail. Data blocks previously equivalenced are 111equivalenced (broken) by rennving the 

EQUIV flags and the secondary entries. When two or more data blocks are equivalenced, the first 

data block of the set is considered the primary data block. All others are considered secondarv. 

The file containing the primary data block is logically attached to all data blocks in the set: 

primary and secondary. Data on files attached to secondary data blocks prior to equivalencinq 

is lost upon equivalence. If the primary data block is purged. the secondary(s) will be ~ur~ed. 

Figure 1 illustrates the logic flow. 

4.17.8 Design Requirements 

1. No open core is required by the module. 

2. The ~SCAR record containing the DMAP EQUIV request rrust reside in the labeled 

conmon block /~SCENT/. 

3. The validity of all data block names and controlling parameters is checked during 

NASTRArt initialization by XGPI. 

4. XEQUIV is an entry point in XPURGE. 
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4.17.9 Diagnostic Messages 

EQUIV may produce the following System Fatal Messages: 

1201 FIAT 0VERFLGW 

1202 CPL 9'VERFL0H 

Both of these messages indicate that the assembled size of the particular table has been 

exceeded. Although it is unlikely that either message will occur, a study of the erroneous 

problem•s operation along with diagnostic prints of the FIAT and DPL obtained, via the DIAG 

Executive Control card (see User's Manual, section 2), should indicate some corrective action. 

Possible corrective actions include: increasing the basic table size through re-assembly; 

providing more physical files to the NASTRAN system; and altering the DMAP operations. 
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EiffER EQUIV 
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Figure 1. (a) Flowchart for EQUIV module 
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Figure 1. {b) Flowchart for EQUIV module 
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4. 18 EXECUTIVE DMAP INSTRUCTION END (ENO OF DMAP PROGRAM} 

4. 18.l Entry Point: XCEI 

The XCEI module executes the DMAP control instructions: REPT, EXIT, Cf3ND, and JU1~P. 

4.18.2 Purpose 

To denote the end of a OMAP program. This DMAP instruction performs a function 

similar to an END statement in a F0RTRAN compilation, i.e., to signal the end of the 

source program. 

4.18.3 DMAP Calling Seguence 

END $ 

Note: An END DMAP instruction is operationally equivalent to an EXIT O $ or EXIT$ 

DMAP instruction. 

4. 18.4 Method 

The END instruction is translated during a DMAP program compilation in module XGPI 

into an EXIT$ instruction. (see section 4.14). 
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4. 19 EXECUTIVE DMAP MODULE PARAM (PARAMETER PROCESSOR) 

4. 19.1 Entry Point: QPARAM 

4.19.2 Purpose: To perform specified arithmetic and logical operations on DMAP parameters. 

4.19.3 DMAP Calling Sequence: 

PARAM //C,N,0P/V,N,0UT/V,N,IN1/V,N,IN2 $ 

where the following operations (0P) are available: 

I 

0P 0UT 

AND -1 
+l 
+1 
+1 

0R -1 

-1 

-1 
-1 

IMPL -1 
+1 
-1 
-1 

ADD INl+IN2 

SUB IN1-IN2 

MPV IN1*IN2 I 
DIV IN1/IN2 

N0T -IN1 I 
EQ -1 

+1 

GT -1 - +1 

LT -1 
+1 
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INl 

< 0 

< 0 

~o 
~o 
< 0 
< 0 

~o 
~o 
< 0 
< 0 

~o 
~o 

I 

! 

I 
I 
I 

= IN2 
; IN2 

> IN2 
~ IN2 

< IN2 
~ IN2 

IN2 

< 0 

~o 
< 0 

~o 
< 0 

~o 
< 0 

~o 
< 0 

~o 
< 0 

~o 

* 
= INl 
; IN1 

< IN1 
~ IN1 

> INl 
< INl 

i 
I 

' 

' 

Logical 

Integer 
Arithmetic 

Relational 
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0P IIIUT I INl 

LE -1 ~ IN2 
+l > IN2 

GE -1 > IN2 
+1 < IN2 

NE _, ; IN2 
+l = IN2 

N0P 0UT * 
KLIIICK CALL KLIIICK(0UT) I * 
TMTIIIGIII CALL TMTIIIG0(111UT) * 
PREC 0UT=SYSTEM(55) * 
SSST 0UT > 0 turns on DIAG 0UT 

0UT < 0 turns off DIAG 0UT * 

SSSR 0UT • SYSTEM cell which con- +1 
tains DIAG data 
SYSTEM cell which contains -1 
DIAG data• 0UT 

STSR 0UT will contain SYSTEM > 0 
(ISUB) 
SYSTEM (IISUBI) will contain < 0 
0UT. 

SYSR I SYSTEM( INl) > 0 

DIAG DIAG INl turned on > IN2 
DIAG INl thru DIAG IN2 < IN2 
turned on 

0IAG0FF Reverse of DIAG ~ IN2 
< IN2 

SYST SYSTEM(IN1)•1N2 > 0 

~: 

1. *not used. 

IN2 

~ INl 
< INl 

~ IN1 
> IN1 

; IN1 
"' IN1 

* 

* 

* 
* 

* 
I 

* 

* 

* 

* 

* 
< INl > IN1 

~ INl 
> IN1 

?. 0 
< 

Relational 
continued 

2. PARAM does its own SAVE. therefore. a DMAP SAVE instruction is not needed 
following the module. 

3. PARAH has no input or output data blocks. 

4. 0P must be a 11 C,N11 parameter. 
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4. 19.4 Examples 

1. PARAM // C,N,N0P / V,N,Pl=S $ - this example sets the value of parameter Pl to 5 

and saves it in the VPS. 

2. PARAM // C,N,N0T / V,N,XYZ / V,N,N0XYZ $ - this example changes the sense of 

parameter N0XYZ which may be useful for the C0ND or EQUIV instructions. Alternatively, 

XYZ could have been set in the following way: 

PARAM // C,N,MPY / V,N,XYZ / V,N,N0XYZ / C,N,-1 $ 

4.19.5 Method 

QPARAM performs the indicated parameter operation and stores the result in the VPS (/XVPS/). 

QPARAM processes its own DMAP call from co11111on block /0SCENT/. 

4.19.6 Diagnostic Messages 

Fatal error message 2024 may be issued by PARAH. 
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4. 20 EXECUTIVE DMAP MODULE SETVAL ( SET VALUES) 

4.20.l Entry Point: SETVAL 

4.20.2 Purpose 

To set DMAP parameters equal to other DMAP parameters or to constants. 

4.20.3 DMAP Calling Sequence 

SETVAL //V,N,X1/V,N,Y1/V,N,X2/V,N,Y2/V,N,X3/V,N,Y3/V,N,X4/V,N,Y4/V,N,X5/V,N,Y5 $ 

4.20.4 Inout Data Blocks 

None. 

4.20.5 Output Data Blocks 

None. 

4.20.6 Parameters 

Xl, X2, X3, X4, XS - Output-integers-no default values. 

Y1, V2, Y3, V4, VS - Input-integers-default values • -1. 

4.20.7 Method 

This IIDdule does nothing except set Xl = Yl, X2 = Y2, X3 = Y3, X4 = Y4, and XS= YS. 

Only two parameters need be specified in the calling sequence (Xl and Yl). 

4.20.8 Su~routines 

SETVAL has no auxiliary subroutines. 

4.20.9 Design Requirements 

SETVAL should reside in the root segment in all links. 

4.20.10 Diagnostic Messages 

None. 
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4.21 FUNCTIONAL MODULE GPl (GEOMETRY PROCESSOR - PHASE 1) 

4.21. l Entry Point: GPl 

4.21.2 Purpose 

GPl performs basic geometry processing for the model. A list of all grid and scalar points 

is assembled and placed in internal order. Coordinate system transformation matrices are computed, 

and all grid points are transformed to the basic coordinate system. 

4.21.3 DMAP Calling Sequence 

GPl GE0Ml,GE0M2,X/GPL,{~6~~i~N}, GPDT~CSTM,BGPDT,{~i[L},v,N,LUSET/V,N,N0CSTM/V,N,N0GPDT $ 

4.21.4 Input Data Blocks 

GE0Ml - Grid point, coordinate system, sequence data. 

GE0M2 - Element connection data. 

X - Dummy data block 

4.21.5 Output Data Blocks 

GPL - Grid Point List. 

~~~~~~N}- Equivalence between external grid or scalar numbers and internal numbers. 

GPDT - Grid Point Definition Table. 

CSTM - Coordinate System Transformation Matrices. 

BGPDT - Basic Grid Point Definition .Table. 

SIL - Scalar Index List. 

HSIL - Scalar Index List for heat problems. 

!:!2!!: No output data block may be purged. 

4.21.6 Parameters 

LUSET - Output, integer, no default. Total degrees of freedom in the g displacement set. 

N0CSTM - Output, integer, no default. Number of coordinate systems defined in the Bulk Data 

Deck, -1 if no coordinate systems defined. 

N0GPDT - Output, integer, no default. -1 if no grid or scalar points defined in Bulk Data 

Deck, +l otherwise. 
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4.21 .7 Method 

4.21 .7.1 Construction of the GPL and First Logical Record of the EQEXIN. 

The SP~INT cards and the scalar element cards {CELASi, CDAMPi, CMASSi, i = 1,2,3,4) are 

read from GE~M2, and a list is made of all referenced scalar points. The GRID cards are read from 

GE0Ml, and a merged list of all grid and scalar points is constructed and written on SCRl, a 

scratch file. The list is expanded to pairs of numbers. The first number is the identification 

number, IO, the second is the resequenced number which is given on the SEQGP cards or is lOOO*IO 

if not given on SEQGP cards. The paired list is sorted by S0RT on the sequence numbers. The 

resulting set of first numbers is written as the first logical record in the GPL (Grid Point List). 

These are the point identification numbers in order of their sequence numbers. The sequenced 

paired list is written as the second logical record of the GPL data block. The second numbers in 

the sequenced paired list are replaced by the indices 1, 2, 3, ••• , accordin~ to IXlSition. The 

list is sorted again, this time using the first number of each pair {the identification number). 

The resulting paired list is the first logical record of the EQEXIN data block which is used to 

convert external numbers, given by the first number of a pair, to the internal grid point indices, 

given by the second number .in the pair. 

4.21.7.2 Formats of GPDT, BGPDT and CSTM. 

The geometry data blocks are the GPOT, the BGPOT and the CSTM. Their formats, although 

described in section 2.3.3, are repeated here since the following terms will be referenced in the 

discussion below on the construction of the CSTM. 

· ~ - There is one entry for each grid or scalar point. The order of the entries 

is by the internal {sequenced) order. Each entry contains: 

1. Internal sequence number. 

2. Locating coordinate system ID. 

3. x,y,z for a rectangular system. 

4. r,e,z for a cylindrical system. 

5. p,6,~ f~~ a spherical system. 

6. Global coordinate local coordinate system IO. 

7. Permanent single-point constraint coordinate {1 • x, 2 • y, etc.). 

4.21-2 I 
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For scalar points. word 2 = -1 and words 3 through 7 are zero. The data is essentially 

a duplicate of the GRID bulk data card except that the identification number is renlaced by 

the internal sequence number. 

BGPOT - Contains one entry for each grid-or scalar point. The contents are: 

1. Local coordinate system ID for global coordinate definition. 

2. x-~ Locations of point 

3. y~ in basic coordinate 

4. zi system. 

~ - The CSTM contains one entry for each local coordinate system. The order is by 

coordinate system identification numbers. Each entry contains 14 words: 

2 

3-5 

6-14 

N - the coordinate system IO. 

TypeN - the coordinate system type (rectangular., cylindrical or 

spherical). 

{R0N} - the location of the system origin in basic coordinates. 

[T0NJ - the three-by-three matrix defining the orientation of the 

coordinate system principal axes. 

4.21 .7.3 Constructi,n of the GPDT. 

The GPDT data block is formed in core sized groups. The grid and scalar data are read one 

entry at a time from SCRl. EQEXIN (in core) is searched to find the internal number, and the grid 

data are stored (if possible) in the internal position allocated in core. If core will not hold 

the GPOT, the data are written on SCR2, and S~RT is called to sort and write the data on the GPDT. 

4.21.7.4 Construction of the CSTM. 

Sixteen words are alloted for each local coordinate system, and five words are alloted for 

each referenced grid point. The C~RDij data is read from GE0Ml and stored in core. External 

point ID's on C~RDij cards are replaced with internal numbers. A C0RD1j card references three 

grid points. It may be converted to a CSTM entry if these grid points have their locations 

reduced to basic coordinates. A C~R02j card references another local coordinate system. It may 
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be converted to a CSTM entry if that referenced system has been reduced to a CSTM entry. The 

basic logic is to make reoeated passes over the coordinate system data, each time reducino one or 

more coordinate systems and, when possible, converting referenced grid points to basic system 

location. 

A C0RDlj card image references three grid points - a, band c. If the locations of these 

points in basic coordinates are the vectors {Ra}' {Rb}'. {Re}• the solution for coordinate svstf!m 

N is 

( 1} 

( 2) 

(3) 

{k} • (4) 

Jj} • {k} X {V1} 
1 (unit "y" vector), 

l{k} x {V1}I 
( 5) 

{i} • {j} x {k} (unit •x• vector). (6) 

Point a is the origin, point b lies on the z (or polar) axis, point c lies in the x-z olane 

(8 • 0 or 41 • O). The three-by-three matrix [TN] is defined as: 

1, jl 1c., 

[TN] • i2 j2 k.2 (7) 

i.3 J3 -"3 

N, typeN' <RoN} and [TN] form the CSTM entry for the coordinate system. 
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A GRlD point (j) referenced to coordinate system (N) may be reduced to basic coordinates 

(X
0

, Y
0

, 2
0

) by the equations: 

1. If typeN = Rectangular (R), Xj' Yj and Zj are given by 

xj 

= {RON}+ [TN] yj 

zj 

2. If typeN = Cylindrical (C), r, e and Z are given by 

xj = r cos e, 

Yj = rsine, 

X
0

, Y
0 

and 2
0 

are calculated as in Equation 8. 

3. If typeN = Spherical (S), P, e and <Pare given by, 

xj • p sine cos <P, 

Yj • p sine sin <P, 

zj .. P cos e. 

X
0

, Y
0 

and 2
0 

are calculated as above. 

(8) 

( 9) 

( 10) 

( 11) 

( 12) 

(13) 

( 14) 

When the basic location of a grid point has been calculated, the entry in the list is changed such 

that the reference coordinate system (entry No. 2) is zero and the three values are X
0

, Y
0

, 2
0

• 
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The C0RD2j card image references another coordinate system and defines three points in the 

referenced system: a, band c. If system number N is defined by system number M, the solution is 

l. If typeM = rectangular, the numbers defining the three points are the vectors: 

{a}, {b}, and {c}. 

2. If typeM = cylindricalL the numbers are r, e and z. The equations to convert these 

to rectangular vectors are 

= = {a} • ( 15) 

The {b} and {c} vectors are calculated similarly. 

3. If typeM • spherical, the numbers given for the points are p, e, and¢. We calculate 

\ap sine cos¢ 

• Jap sine sin~ 

(ap cos e 

and similarly for points band c. 

• {a} ( 16) 

4. The definition of the new system is that point a is the origin, point b lies on 

the z (or polar} axis and point c lies in the x-z (or 8 • 0) plane. The equations for 

the CSTM data are 

(17) 

In system M the vectors defining the axes of system N are 

{Vk} • {b} - {a}; (18} 

{Vk} 
{k} • , ("z" unit vector}~ I tVk} I (, 9} 

{Vi} • {c} - {a}i (20) 
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{j} 
{k} x {V

1
.} 

= ....... --.--.....--,- , ( "Y'' unit vector); 
ltk} X {Vi} 

( 21) 

{i} = {j} x {k} , ("X" unit vector). (22) 

The orientation of the axes is defined by the matrix 

i 1 j, kl 
[TON]= [TOM] i2 j2 ] i3 j3 k3 

( 23) 

5. On each pass of the C0RDij data at least one new system must be converted. After 

each pass the referenced GRID data is checked and converted. The resulting C0RDij data 

wi11 be the CSTM data block with each entry reduced from 16 to 14 words. 

4.21.7.5 Construction of the BGPDT, the SIL and the Second Logical Record of the EQEXIN. 

The BGPDT and the SIL data blocks are formed simultaneously. The SIL data block is simply 

a list of the first scalar index for each grid or scalar point. The nuni>er of scalar indices (or 

degrees of freedom) for each point is determined by examining the elements connected to each point. 

The maximum number of degrees of freedom for each element type is listed in /GPTAl/. The maximum 

degrees of freedom for each point is determined ~Y reading data block GE0M2 and examining the 

connection information in conjunction with the degree of freedom information in /GPTAl/. 

The GPDT data are read a point at a time. The basic location coordinates of the point are 

formed using Equation 8 through Equation 14 and these data are written on the BGPDT file. The SIL 

value for the next point is calculated by incrementing the last value by six (grid point) or by 

one (scalar point). 

A test is made on the value of the displacement coordinate system (field 6) in the GPDT data. 

If this value is the integer, -1, the point is a special RINGFL, GRIDF, or GRIDS fluid point. It 

is given one scalar index, the displacement coordinate system is basic (0), and its location 

coordinates in the BGPDT data block are calculated like a normal grid point. 

Finally the second logical record of EQEXIN is written. This record contains pairs of ex­

ternal numbers, iO*scalar index+ type where type= 1 for a grid point, 2 for a scalar point. 
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4.21.8 Subroutines 

GP1 has no auxiliary subroutines. 

4.21.9 Design Requirements 

4.21.9.l Allocation of Core Storage 

Duri~g the assembly of the GPL, space for 2*(numbe~ of grid points olus number of scalar 

points) plus two GIN0 buffers is required. During the assembly of the CSTM, core storage is 

allocated as follows: 

C0MM~N/GPA1/Z(l) 
1 External point number 

Internal number 

. . . 
ICSDT Coordinate system IO r • rectangular 

Coordinate system type 2 • cylindrical 
3 • spherical 

Coordinate system definition {1 • C0RD1j 
2 • C(.lR02j 

Refe~ence coordinate system ID 

{ii} or HH 
ni} 
{~H 
. . . 

ILIST Internal grid number 

Defin1ng coordinate system IO 

{i} 
. . . 

BUFl GIN0 buffe·r 
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Two words per entry 

one entry per grid or 

scalar point 

Sixteen words per entry 

one entry per coordinate 
. . 

system 

Five words per entry 

one entry for each grid 

point referenced on 1 

C0RD1.1 card • 
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Total storage requirements during this phase, therefore, equals 2*(number of grid+ number 

of scalar points) + 16*(number of coordinate systems)+ S*(number of grid points referenced on 

C0RDlj cards)+ one GIN0 buffer. 

4.21 .9.2 Environment 

Open core for GP1 is defined by /GPAl/. The table /GPTAl/ must be in core when GPl is 

executed. GPl uses two scratch files. 

4.21.10 Diagnostic Messages 

The following diagnostic messages may be issued by GPl: 

2001, 2002, 2003, 2004, 2005, 2006, 2012 
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4.22 FUNCTIONAL MODULE GP2 (GEOMETRY PROCESSOR - PHASE 2) 

4.22.1 Entry Point: GP2 

4.22.2 Purpose 

GP2 processes element connection data and converts external point numbers to internal 

numbers. 

4. 22. 3 DMAP Ca 11 i ng Seguence 

GP2 GE0M2,EQEXIN/ECT $ 

4.22.4 Input Data Blocks 

GE~M2 - Element connection data. 

EQEXIN - Equivalence between external grid or scalar numbers and internal numbers. 

~: EQEXIN may not be purged. 

4.22.5 Output Data Blocks 

ECT - Element Connection Table. 

Note: ECT may not be purged. 

4.22.6 Parameters 

None 

4.22.7 Method 

The first data record of EQEXIN (containing pairs of external point identification and 

internal index) is read into core. GE0M2 is opened, and the header record is skipped. The ECT 

is opened, and the header record is written. The following process is repeated for each logical 

record in GE0M2. 

1. The 3-word header is read. If an end-of-file is encountered, sten (4) is executed. 0ther­

wise, /GPTAl/ (see description in section 2.5) is searched for a match. If found, steo (2) 

is executed. If not found, an internal table, CARDS, which de~ines additional cards processed 
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by GP2 (e.g. GENEL) is searched. If a match is found, step (3) is executed. Otherwise, 

the record is skipped, and step (1) is repeated. 

2. The 3-word header from GE0M2 is written on the ECT. Parameters defining the element are 

fetched from /GPTAl/. If the number of words per element is less than 5, the sort flag in 

the GE0M2 trainer is fetched. Each element card of the current type on GE0M2 is read. 

Each external grid identification is converted to an internal index by performing a binary 

search in the EQEXIN table. If the point is not in the table, an error message is queued 

and the N0G0 flag is turned on. If the data is not to be sorted, the element is written 

directly on the ECT. Otherwise it is saved in core (or written on a scratch file if core is 

full). When all elements of a given type have been processed, the sort flag is again tested. 

If off, the ECT record is closed and return to step (1) is made. Otherwise, the data are 

sorted by S0RT and the ECT record is then written. 

3. For GENEL, SEQBFE and QDSEP data (the latter two are Force Method only), each entry is 

read, all external point identifications are converted to internal indices as in (2) and the 

entry is written on the ECT. When the logical record on GE~M2 is exhausted, the £CT record 

is closed and return to step {l) is made. 

4. The ECT trailer is written, and all files are closed. If the N0G0 flag was turned on, 

PEXIT is called. Otherwise, a normal exit is made. 

4.22.8 Subroutines 

The module GP2 consists of one subroutine, GP2. 

4.22.9 Design Requirements 

4.22.9.1 Allocation of Core Storage 

GP2 requires space for 2*(number of grid points+ number of scalar points) + three GIN0 

buffers. 

4.22.9.2 Environment 

Open core is defined by /GPA2/. The table /GPTAl/ must be in core when r.p2 is executed. 

GP2 uses up to four scratch files. 
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4.22.10 Diagnostic Messages 

The following diagnostic messages may be issued by GP2: 

2007, 2059, 2060, 2061, 2138. 
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4.23 FUNCTIONAL MODULE PLTSET (PLOT SET DEFINITION PROCESSOR) 

4.23.l Entry Point: DPLTST 

4.23.2 Purpose 

To generate the structural element sets to be used by the structural plotter 

(functional module PL~T). 

4.23.3 OMAP Calling Segu6nce 

PLTSET PCDB,EQEXIN,ECT/PLTSETX,PLTPA.R,GPSETS,ELSETS/V,N,NGP/V,N,NPSET 

4.23.4 Input Data Blocks 

PCOB - Plot Control Data Block for the structure plotter. 

$ 

EQEXIN - Equivalence between external grid or scalar numbers and internal numbers. 

ECT - Element Connection Table. 

~: If PCDB is purged, nothing is done in this module. However, if PCDB is not purged, 

neither EQEXIN nor ECT may be purged. 

4.23.5 Output Data Blocks 

PLTSETX - User error messages related to the definition of element plot sets for the 

structure plotter. 

PLTPAR - Plot parameters and plot control table. 

GPSETS - Grid point sets related to the element plot sets. 

ELSETS - Element plot set connection tables. 

~ None of these data blocks may be pre-purged unless PCDB is also purged. 

4.23.6 Parameters 

ltGP - Output-integer-no default. Total number of grid and scalar points 

NPSET - Output-integer-default value• -1. Number of element plot sets (set to -1 if 

none). 

• 
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4.23.7 Method 

Subroutine SETINP reads each logical card in the plot control data block (PCDB). If the first 

entry on a card is not "SET", the card is assumed to be a plot parameter or control card meaningful 

only to the PL0T module. In this case, the logical card is copied onto the PLTPAR data block. 

If the first entry on a card is "SET", it is assumed to be a definition of a new element plot 

set. ~s each entry on the card is read, it is decided whether a list of elements (by type, range 

or explicit id's) or a list of grid points (by range or explicit id) is being included' or excluded. 

An element specified by type (e.g., "R(IJD") is located in the /GPTAl/ data block and the index 

(Ith type) and current pointer into the EL array are placed in a table (TYP,l~O words long). The EL 

array (first part of open core) is created when element numbers are specified. Note that "THRU" is 

more efficient than listing each element nuni>er. Finally, if grid point numbers are specified, they 

are inserted into the end of open core (the GP array). When the set has been completely defined, 

duplicate element types are deleted and it is written out onto a scratch file (MSET) in the follow­

ing format: 

Number of Words 

1 

1 

NEL 

1 

NTYP 

1 

NPT 

Setid 

NEL (number of entries in the EL array) 

the entries in the EL array 

NTYP (number of entries in the TYP array) 

the entries in the TYP array 

NPT (nuni>er of entries in the GP array) 

the entries in the GP array 

After the PCDB has been processed, subroutine C(IJMECT is called to set up a shortened element 

connection table (ECTX). For each element type, a record is created as follows: 

Word 1 • internal W\STRAN element type number , 

Word 2 • nuni>er of grid points per element 

rrd 3 • element id 
for each Word 4 • index in ECT of these element types element of 
this type Word 5 • internal grid point numbers of the grid points connect.ed 

etc. by this element 
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This table, in conjunction with MSET, is used by subroutine CNSTRC to create the GPSETS and 

ELSETS data blocks. The ELSETS data block is simply a duplicate of ECTX for each plot set, except 

that only those elements which are in the set are included and the element type number is converted 

to the two character BCD element type symbol (left justified). The GPSETS data block for each plot 

set is simply a list of sequential indicies (negative means cannot be labeled) into the subset of 

grid roints which pertain to this set. 

4.23.8 Subroutines 

Utility routines CLSTAB, FREAD, G0PEN, INTGPX, INTGPT, INTLST, RDM0DX, RDM0DE and RDW0RD are 

used by PLTSET. See Section 3.4 for their descriptions. 

4.23.8.1 Subroutine Name: SETINP 

1. Entry Point: SETINP 

2. Purpose: To create the plot parameter and control data block (PLTPAR) and interpret 

the plot set definition cards from the Plot Control Data Block {PCDB). 

3. Calling Sequence: CALL SETINP 

C0MM0N / XXPSET / X(l) 

CIIJMM0N // SKPll ,NSETS,SKP12(8),PCOB,SKP2(9),MERR,PLOT,MSETID,SKP3(7),MSET 

NSETS - Number of plot sets 

PCDB - Plot Control Data Block 

MERR - Error message file 

PL0T - PLTPAR data file 

MSETID - GPSETS data file 

MSET - SCRATCHl output data file 

X - Start of open core 

4.23.8.2 Subroutine Name: C0MECT 

1. Entry Point: C0MECT 

2. Purpose: To create a shortened form of the Element Connection Table (ECT). 

3. Calling Sequence: CALL C0MECT (ELE, MAX) 

C0MM0fl / XXPSET / Xt 1) 
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C0MM0N // SKP(l2),ECT1,SKP22(7),MERR,SKP1(10),ECT2 

ECTl - ECT data file 

MERR - Error message file 

ECT2 - SCRATCH2 output data file 

X - start of open core 

ELE - maximum number of locations used to set up the element set data block (ELESETS) 

MAX - amount of core available for the ELE array (open core} 

4.23.8.3 Subroutine Name: CNSTRC 

1. Entry Po irit: CNSTRC 

2. Purpose: To construct the element and grid point plot set data blocks (ELSETS,GPSETS). 

3. Calling Sequence: CALL CNSTRC (GP,ELE,BUF,MAX) 

C0MM0N // NGP,NSETS,SKP(9),EXGPIO,SKP22(8},MERR,SKP31 ,GRIO,ECT2,SKP32(6),MSET,ECT1 

NGP - number of grid points in the structure 

NSETS - number of plot sets 

EXGPID - EQEXIN data ffle 

MERR - Error message file 

GRID - GPSETS data file 

ECT2 - ELSETS data file 

MSET - SCRATCHl set input data file 

ECTl - SCRATCH2 shortened ECT input data file 

GP - NGP locations used to set up the grid point index list for the grid point 
set data block (GPSETS). 

ELE - MAX locations used to set up the element set data block (ELSETS). 

BUF - Location of 3 GIN0 buffers. 

MAX - Amount of core available for the ELE array (open core) 

4.23.9 Design Requirements 

Open core Design (Corrmon Block XXPSET) 

• 
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1. Subroutine SETINP 

EL ( l) 

• EL(NEL) 
GP(rJPT) 

i 
GP(l) 
XC(l) 
~ 

C0MM0N/XXPSET/ 

Element id's and ranges 

Grid point id's and ranges 

5 GIN0 buffers 

2. Subroutine CNSTRC and C~MECT 

X ( l) 

i 
X(NSETS) 
GP(l) 

! 
GP(NGP) 
ELE(l) 

i 
ELE(MAX) 
BUF(l) 

4.23.10 Diagnostic Messages 

Set identification numbers 

Grid Point index table 

Plot set element id's 

4 GIN0 buffers 

A fatal message occurs in SETINP if a set specification is so large that open core is filled 

(i.e., array EL meets array GP). All other diagnostics are non-fatal and are written on the 

PLTSETX data block for printing by the PRTMSG module. 
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4.24 FUNCTIONAL MODULE PL0T (STRUCTURAL PLOTTER) 

4.24. l Entry Point: DPL0T 

4.24.2 Purpose 

To draw structural shapes on a variety of different plotters. 

4.24.3 DMAP Calling Sequence 

PL0T 
IPLTDsP2l rHGPEcTi I H~Es11 

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,EQEXIN,SIL,PLTDSPl,!ECT j•t~~~~ )•t0ES1 \I 

PL0TX/V,N,NGP/V,N,LSIL/V,N,NPSET/V,N,PLTFLG/V,N,PLTNUM $ 

4.24.4 Input Data Blocks 

PLTPAR - Plot parameters and plot control table. 

GPSETS - Grid point sets related to the element plot sets. 

ELSETS - Element plot set connection tables. 

CASECC - Case Control Data Table. 

BGPDT - Basic Grid Point Definition Table. 

EXEQIN - Equivalence between external grid or scalar numbers and internal numbers. 

SIL - Scalar Index List. 

PLTDSPl - Translational defonnation (statics). 

PLTDSP2 - Translational defonnations (dynamics). 

ECT .. - Element Connection Table (required if plotting property ids). 

HGPECT} 
GPECT - Grid point element connection table. (required for stress plotting - not implemented) 
ECPT 

~:~~ 1 } - Output element stress requests. (required for stress plotting - not implemented) 

~: 

1. Only SIL, PLTDSPl, and PLT0SP2 may be purged. If this is the case, only undeformed 

shapes may be drawn. 

2. If either PLTSDPl or PLTDSP2 is purged, that type of deformed shape will not be 

drawn. 

3. If either PLTOSPl or PLT0SP2 is not purged, SIL may not be purged. 
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4.24.5 Output Data Blocks 

PL0TX - User messages. 

Note: PL0TX may not be purged. 

4.24.6 Parameters 

NGP - Integer-input-no default value. Number of grid points. 

LSIL - Integer-input-no default value. Last scalar index value. 

NPSET - Integer-input-no default value. Number of element plot sets. 

PLTFLG - Integer-input/output-default value= 1. Displacement plot flag. 

= 1 if undeformed shapes have not yet been drawn. 

= -1 if undeformed shapes have been drawn. 

PLTNUM - Integer-input/output-default values O. Plot number. 

4.24.7 Method 

The set definitions are checked in DPL0T for no elements in the set. If no elements exist, 

the default set will be used (the set ID is set negative). The default set is the first well 

defined set. If no default set exists, the module exits. Otherwise, subroutine PARAM is then 

called. 

Subroutine PARAM reads each card in the plot parameter control table (PLTPAR). If the first 

entry on a card is not 'FIND' or 'PL0T', it is assumed to be a plot parameter card to be processed 

within PARAH (e.g., PR0JECTI0N, PL0TTER, etc.}. Within PARAM, an implied 'FIND' card is initially 

set up to automatically find an origin, vantage point, and scale. In addition this same implied 

"FWD" card is set up each time a new projection is defined or a 'PL0TIER' card is encountered. At 

the same time, the view angles are re-initialized to their default values, the regions pertaining 

to each origin are reset to full pictures, and all previously defined origins are nullified. 

When a 'FIND' card is encountered, subroutine FIND is called both to interpret the card and 

act upon its requests. And finally, when a 'PL0T' card is encountered, subroutine PL0T is called 

both to interoret the card and to act upon its requests. However, in this case, if the implied 

'FIND' card set up by subroutine PARAM still exists (i.e., if no origin, scale, or vantage point has 

been defined) the FINO subroutine is called to satisfy these needs before subroutine PL0T is called. 
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In subroutine FIND, after the interpretation of the 'FIND' card is completed, a coordinate 

system rotation matrix is calculated relative to the current view angles, and then the vantage 

point, scale factors, and the origin requested are calculated as needed. 

In subroutine PL0T, after the interpretation of the 'PL0T' card is completed, a list of 

messages to the plotter operator is generated. Then all plots requested on the plot card are 

generated by calling subroutine DRAW for each plot/set request. 

Subroutine DRAW plots each set requested on the current frame. It sets up the region of the 

plot. For each request DRAW controls the rotation and scaling of the grid points and defonnations 

based on the current viewing angle and translates these coordinates to the origin specified for 

this plot. It also controls the various options of a plot as specified on the 'PL0T' card, e.g., 

drawing a shape, labeling grid points, etc. 

In addition, DRAW controls the creation of a grid point connecti~n table (for the set being 

plotted) so that unique lines for 'SHAPE' options may be created by way of subroutine SHAPE. If 

sufficient core is not available, each element gets drawn by SHAPE. 
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4.24.8 Subroutines 

The following utility routines are called by PL0T: CLSTAB,FREAD,G0PEN (INTGPX,INTGPT), 

INTLST,(RDM00X,ROM0DY,RDM0DE,RDW0RD). See the subroutine descriptions in Section 3. The sub­

routines FNDSET, MINMAX, PERPEC, PR0CES and WRTPRT are support subroutines used by more than one 

of the following subroutines. 

4.24.8.1 Subroutine Name: PARAM 

1. Entry Point: PARAM 

2. Purpose: To interpret the plot parameter cards and to detect the 'FIND' and 'PL0T' plot 

control cards. In addition, it serves as a driver for subroutine FINO and PL0T. 

3. Calling Sequence: CALL PARAH (SETI0,X,BUF4) 

C0MM0N/XXPARM/ - See XXPARM table description below (Section 4.24.9.2) 

C0MM0N/PLTDAT/ - See PLTDAT miscellaneous table description (Section 2.5} 

C0MM0N // - See description in Section 4.24.9.2. 

where 

SETID • Various plot set id's created in the PLTSET module {Record 1 of GPSETS). 

X • Open core. 

BUF4 • Buffer location 

4. Method: All plot parameters are inserted in the XXPARM table. Any parameter which is 

not recognizable causes a message to be created to this effect, and the parameter is then 

ignored. 

5. Additional Subroutines Requires: FIND,PL0T 

4.24.a.2. Subrautin& Name: FIND 

1. Entry Point.: FIND 

2. Purpose: To interpret a 'FIND' card and to calculate the parameters requested on the 

card. 

3. Calling Sequence: CALL FIND (M00E,BUF1 ,BUF4,SETI0,X) 

C0MM0N/XXPARM/ - See XXPARM table description below (Section 4.24.9.2). 
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C0MM0N/PLTDAT/ - See PLTDAT miscellaneous table description (Section 2.5). 

C0MM0N // - See description in Section 4.24.9.2. 

where: 

M0DE = Current value of the XRCARD mode value as read and modified by subroutine 
RDM0DX. 

BUFl = Buffer location. 

BUF4 = Buffer location. 

SETID = Various plot set id's created in the PLTSET module (record l of GPSETS). 

X • Open core. 

4. Method: After interpreting the 'FIND' card. the coordinate system rotation matrix is 

calculated {based upon the current view angles), the vantage point, scale factor, and 

desired origin are calculated. 

5. Additional Subroutines Required: FNOSET.MINMAX.PR0CES,PERPEC. 

4.24.8.3 Subroutine Name: PL0T 

1. Entry Point: PL0T 

2. Purpose: To interpret the 'PL0T' card, and produce all the'plots requested on the card 

by acting as a driver to subroutine DRAW. 

3. Calling Sequence: CALL PL0T (M0DE,BUF1,B1,SETI0.X) 

C0MM0N/XXPARM/ - See XXPARM table description below (Section 4.24.9.2). 

C0MM0N/PLTDAT/ - See PLTDAT miscellaneous table descriptions (Section 2.5). 

C0MM0N // - See description in Section 4.24.9.2. 

where: 

M0DE = Current value of the XRCARO mode value as read and modified by subroutine 
RDM0DX. 

BUFl • Buffer location. 

Bl • Buffer location. 

SETIO • Various plot set id's created in the PLTSET module (record 1 of GPSETS). 

X • Open core. 

4. Method: After interpreting the deformed structure plot requests {there may be many 

on one 'PL0T' card), the rest of the 'PL0T' card is read into memory. For each deformed 
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structure request, the appropriate deformation data block (PLTDSPl or PLTDSP2) is searched 

for a matching subcase id. If one is found, (this search does not occur if only the undeformed 

requests are being serviced), then the plot is initiated and rest of the plot card is inter­

preted for the various plotting options until the next 'SET' is encountered. Subroutine DRAW 

is then called to service these options and to draw the corresponding picture for each plot 

element set listed on the 'PL0T' card. If additional 'SET's exist on the 'PL0T' card the pro­

cess is repeated. 

5. Additional subroutines Required: HEAD, FNDSET, GETDEF, DRAW, STPL0T. 

4.24.8.4 Subroutine Name: GETDEF 

1. Entry Point: GETDEF 

2. Purpose: To read the translational components of a set of deformations (in the basic 

coordinate system). 

3. Calling Sequence: CALL GETDEF (DFRM,PH,MAG,C0NV,PLTTYP,BUF,GPT,D) 

C0MM0N//XXPARM/ - See XXPARM table descriptions below (Section 4.24.9.2). 

C0MM0N// - See description in Section 4.24.9.2. 

where: 

DFRM • Deformation data block to be read (pre-positioned at the set of deformations 
to be read). 

PH • Phase angle for complex null'bers. 

MAG • O - complex nWIJbers will use -J'(u~) 2 + (U1) 2 for each component. 

1 - complex numbers will use 

U • CONV[Ur cos (PH + t) - u1 sin (PH + ~)J 

for ,·.:1ch component where t • 0.0 (displacement), Il/2 (velocity) or 'If 

(acceleration). 

PL TTYP • 1 • Displacement } 
2 • Velocity used only for complex numbers. 
3 - Acceleration 

BUF • Buffer location. 

C0NV • Conversion factor for velocity (2'1ff), acceleration (2'1ff) 2 or disolacement 
(1.0) for complex numbers. 

GPT • List of grid point indices defining a subset of grid points. 

0 • Array into which the components are to be read (3 per grid point - X,Y,Z). 
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4. i·lethod: The scalar index list (SIL data block) is used to determine at which grid 

point a particular deformation component is specified. While reading the components, 

a maximum absolute component (MAXDEF) is determined. For complex numbers, MAXDEF is set 

after conversion. 

4.24.8.5 Subroutine Name: PLT0PR 

1. Entry Point: PLT0PR 

2. Purpose: To generate printed output to be used by the plotter operator in setting up 

the plotting equipment, and to generate output infonning the user of the plotting parameters 

used to generate the plots. 

3. Calling Sequence: CALL PLT0PR 

C0MM0N/PLTDAT/ - See PLTDAT miscellaneous table description (Section 2.5). 

C0MM0N/XXPARM/ - See XXPARM table description below (Section 4.24.9.2). 

4. Method: All output is written on the PL0TX data block for subsequent processing by 

the PRTMSG module. The resulting output can be used by the user to alter certain plot 

parameters on a subsequent run, if he desires, in order to slightly alter the plots produced. 
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4.24.8.6 Subroutine Name: DRAW 

l. Entry Point: DRAW 

2. Purpose: To service the many possible plotting options and generate the corresponding 

picture. 

3. Calling Sequence: CALL DRAW (GPLST,X,U,S,DEF0RM,STERE0,0PC0R,BUF1) 

C0MM0N/PLTDAT/ - See PLTDAT miscellaneous table description (Section 2.5). 

C0MM0N/XXPARM/ - See XXPARM table description below (Section 4.24.9.2). 

C0MM0N/RSTXXX/ - See RSTXXX table description below (Section 4.24.9.2). 

C0MM0N/DRWDAT/ - See DRWDAT table description below (Section 4.24.9.2). 

C0MM0N // - See description in Section 4.24.9.2. 

where: 

GPLST = List of indices (one for each structural grid point) into the subset of grid 
points which pertain to the element set appropriate to this plot. 

X = Coordinates of the grid points in this element set (3 per grid point - r,s,t). 

u· = Defonnation components for each grid point in this element set (3 per grid 
point - X,Y ,"ij. 

S • Location into which the sand t deformed structure grid point coordinates are 
to be placed (same as U for undeformed requests). Also used by subroutine LINEL. 

DEF0RM -{ 0 if an undeformed structure plot is requested 
- l if a deformed structure plot is requested 

STER 0 • {O if the left image of a stereo plot is to be generated. 
E l if the right image of a stereo plot is to be generated. 

0PC0R • Length of open core. (Integer) 

BUFl • Buffer location. (Integer) 

4. Method: Initially, the grid points are rotated based upon the current viewing angles, 

translated to the selected plot origin, and converted to plotter units using the current 

scale factor, and the deformation comoonents are reduced to the specified maximum deformation 

value. If an undeformed or deformed 'SHAPE' will be required, subroutine LINEL is called to 

create a grid point connection array that will be used by subroutine SUPLT by way of SHAPE. 

Then the undeformed shape plot is generated if required. 

Next, the deformed structure shape (if requested) is drawn. Then the deformation vectors 

(as requested) are drawn. 
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5. Additional Subroutines Required: MINMAX,PR0CES,PERPEC,INTVEC,SHAPE,GPTSYM,GPTLBL, 
DVECTR,ELELBL,LINEL. 

4.24.8.7 Subroutine Name: INTVEC 

1 • Entry Point: INTVEC 

2. Purpose: To interpret the user supplied deformation vector plot request. 

3. Calling Sequence: CALL INTVEC (VECT0R) 

where: 

VECT0R = BCD characters specified in. the defonnati on vector request ( any 
combination up to four letters of the characters R, X, Y, Z, N). 
Input and Output. On input, VECT0R is integer (=O) or BCD. On 
output, VECT0R is integer (=O, if= 0 upon input). 

4. Method: The result is stored into VECT0R, as follows: 

X = 2° 

y • 21 

z • 22 

R • 2
3 

(1f VECT0R • 'R' only, it is treated as if VECT0R = RXYZ}. 

N = -VECT0R (the negative of the sum of the other characters) 

4.24.8.8 Subroutine Name: SHAPE 

1. Entry Point: SHAPE 

2. Purpose: To draw a structural shape. 

3. Calling Sequence: CALL SHAPE (GPLST,X,U,PEN,DEF0RM,I0PT,IPTL,S,0PC0R) 

C0MM0N // - See description in Section 4.24.9.2. 

where: 

GPLST 

X 

u 

s 
0PC0R 

PEN 

= List of indices into the subset of grid points pertaining to the shape to be drawn. 

• Corresponding grid point coordinates of the undeformed structure (3 per 
grid point - r, s, t). 

= Corresponding grid point coordinates of the deformed structure (2 per grid 
point - s, t). 

• Open core. 

= Length of open core. 

= Pen number or line density to be used to draw the shape. 
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if the undeformed shape is to be drawn. 
if the deformed shape is to be drawn. 

= {-1 if grid point connection table (created by LINEL) does not exist. 
number of words minus one to the start of grid pointers used by SUPLT. 

= { 0 if grid point connection table does not exist. 
Number of words minus one to start of gr1d pointers used by SUPLT. 

4. Method: The structural shape to be drawn is defined either on the ELSETS data block 

(assumed open and positioned at the current element set by PL0T) or by a grid point connection 

array created by LINEL. If the ELSETS version is to be used, as each element type is read 

it is determined if it is an element with a special plotting algorithm. If so, subroutine 

LINEL is called to read as many elements as possible for each call. If not, each element is 

read and drawn taking into account whether the element is one or two dimensional. If the 

grid point connection array (contained in core) is to be used, subroutine SUPLT is called to 

create the 'SHAPE'. 

5. Additional Subroutines Required: LINEL,SUPLT. 

4.24.8.9 Subroutine Name: GPTSYM 

1. Entry Point: GPTSYM 

2. Purpose: To type a special symbol at each of a subset of grid points. 

3. Calling Sequence: CALL GPTSYM (GPLST,X,U,SYM,DEF0RM) 

C0MM0N // - see description in Section 4.24.9.2. 

where: 

GPLST = List of indices defining the subset of grid points. 

X = Corresponding grid point coordinates of the undeformed structure (3 per 
grid point - r, s, t). 

U • Corresponding grid point coordinates of the deformed structure (2 per 
grid point - s, t). 

SYM • Two indices to be used to construct the special symbol. 

DEF0RM = 0 if the undeformed grid points are to be used. 
1 if the deformed grid points a re to be used. 
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4.24.8.10 Subroutine Name: GPTLBL 

l. Entry Point: GPTLBL 

2. Purpose: To type the external griA point id of each of a subset of grid points. 

3. Calling Sequence: CALL GPTLBL (GPLST,X,U,DEF0RM,BUF) 

C0MM0N/PLTDAT/ 

C0MM0N// 

where: 

GPLST = 

X = 

u = 

DEF0RM = 

- see the PLTDAT miscellaneous .table description (Section 2.5). 

- see description in Section 4.24.9.2. 

List of indices defining th~ subset of grid points. 

Corresponding grid point coordinates of the undeformed structure (3 per 
grid point - r, s, t). 

Corresponding grid point coordinates of the deformed structure (2 per 
grid point - s, t). 

{ 
0 if the undeformed grid points are to be used. 
1 if the deformed grid points are to be used. 

BUF • Buffer location. 

4. Method: The internal and external id of each structural grid point is read from the 

EQEXIN data block. If the grid point is part of the specified subset, then the external 

id is printed to the immediate right of the grid point. 

4.24.8.11 Subroutine Name: DVECTR 

1. Entry Point: DVECTR 

2. Purpose: To draw deformation vectors. 

3. Calling Sequence: CALL DVECTR (GPT,X,U,PEN) 

C0MM0N// - See description in Section 4.24.9.2. 

where: 

GPT • List of indices defining the subset of grid points at which vectors are 
to be drawn. 

X • Corresponding grid point coordinates of the undeformed structure (3 per 
grid point - r, s, t). 

U • Corresponding grid point coordinates of the deformed structure (2 per 
grid point - s, t). 

PEN • Pen number or line density to be used to draw the vectors. 

4. Method: Calls are made to LINE. 
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4.24.8.12 Subroutine Name: FNOSET 

1 . Entry Point: FNDSET 

2. Purpose: To read the grid point coordinates from the BGPOT data block for the 

pertinent set of elements. 

3. Calling Sequence: CALL FNDSET (GPIO,X,IBUF) 

where: 

IBUF = Buffer location. 

GPIO = Array with the list of indices defining the subset of grid points in 
the set. 

X = Array into which the corresponding coordinates are to be read (3 per 
grid point - x, y, z). 

4. Method: The nonzero indices of GPID cause the corresponding coordinates from BGPDT 

to be read into X. The calling program is assumed to have checked for core requirements 

( 3*NGPSET) . 

4.24.8.13 Subroutine Name: MINMAX 

1. Entry Point: MINMAX 

2. Purpose: To initialize the minimum and maximum grid point coordinates to a very 

large and smaller number, respectively. 

3. Calling Sequence: CALL MINMAX 

C0MM0N/RSTXXX/ - See the RSTXXX table description below (Section 4.24.9.2). 

4.24.8.14 Subroutine Name: PERPEC 

1. Entry Point: PERPEC 

2. Purpose: To calculate the vantage point and/or translate the grid point coordinates 

to the vantage point. 

3. Calling Sequence: CALL PERPEC (X,STERE0) 

C0MM0N/XXPARM/ • See XXPARM table description (Section 4.24.9.2). 

C0MM0N/RSTXXX/ - See the RSTXXX table description (Section 4.24.9.2). 

C0MM0N // - See description in Section 4.24.9.2. 
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where: 

X = Set of grid point coordinates to be translated (3 per grid point - r, s, t). 
_ { O if the coordinates of the left image for stereo are to be calculated. 

STERE0 - 1 if the coordinates of the rjght image for stereo are to be calculated. 

4. Method: After the vantage point is calculated (if required), each grid point is 

translated. In the process, unless the projection is stereo, the minimum and maximum 

sand t coordinates are calculated. Finally, the differences between these minima and 

maxima, and their averages, are calculated. 

4.24.8.15 Subroutine Name: PR0CES 

1. Entry Point: PR0CES 

2. Purpose: To exchange coordinate axes (as requested) and rotate the grid point coordinates 

based upon the current view angles. 

3. Calling Sequence: CALL PR0CES (X) 

C0MM0N/XXPARM/ - See the XXPARM table description below (Section 4.24.9.2'). 

C0MM0N/RSTXXX/ - See the RSTXXX table description below (Section 4.24.9.2). 

C0MM0N // - See the description in Section 4.24.9.2. 

where: 

X • Grid point coordinates (3 per grid point - x, y, z input; s, t, r output). 

4. Method: In addition.to its primary purpose, this subroutine calculates the minimum 

and maximum rotated grid point coordinates, and the differences and averages of these minima 

and maxima. 

4,24.8.16 Subroutine Name: ELELBL 

1. Entry Point: ELELBL 

2. Purpose: To type the element identification number and the element property identification 

number. 

3. Calling Sequence: CALL ELELBL (GPLST,X,U,OEF0RM) 

C0MM0N/CHAR94/ - See the CHAR94 miscellaneous table description (Section 2.5}. 

C0MM0N/PLTOAT/ - See the PLTOAT miscellaneous table description (Section 2.5). 

C0MM0N // - See the description in Section 4.24.9.2. 
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= List of indices defining the set of grid points associated with the 
elements to be labeled. 

= Corresponding grid point coordinates of the undeformed structure. 

= Corresponding grid point coordinates of the deformed structure. 

= 0 if the undeformed grid points are to be used. 
1 if the deformed grid points are to be used. 

4. Method: The request is examined to detennine if properties are to be labeled (PLABEL=4). 

This can be accomplished if the ECT file is altered into the DMAP calling sequence in the 

PLTDSP2 position when doing undefonned plots (the file is created in TAl thus the plot module 

DMAP instructions must be moved to after TAl). If it cannot be accomplished the request 

defaults to LABEL ELEMENTS. 

The compact element connection table (ELSETS} is read one element at a time. The element 

id and type is plotted at the center of the element. If the element is a quadrilateral or 

triangle this label is oriented parallel to the longest side with the minimum slope. The 

property label is placed under or to the right of element label using the same slope. 

4.24.8.17 Subrou_tine Name: WRTPRT 

1. Entry Point: WRTPRT 

2. Purpose: To write messages on a data b.lock for subsequent processing by WRTMSG. 

3. Calling Sequence: CALL WRTPRT (G,L,F,N) 

G = GIN0 file name 

L = List vector of length L(l} in cells L(2}-L(L(l)+l} 

F = Format vector 

N = Length of format vector 

4.24.8.18 Subroutine Name: LINEL 

1 . Entry Point: LINEL 

2. Puroose: To create a line connection list for subroutine SHAPE, and to create a 

grid point connection array that is used by SUPLT. 
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3. Calling Sequence: CALL LINEL(IZ,NWDS,0PC0R,0PT) 

C0MM0N// - See description in Section 4.24.9.2. 

where: 

0PT as nonzero input: 

IZ = List of connections for as many elements of the type as core space 
allows (Integer-output) 

NWDS = Input-element type (2 character BCD, left adjusted) 
Output-number of words in IZ (Integer) 

0PC0R = Open core available. 

0PT = Input-number of grid point connections per element to read from 
data block ELSETS {Integer). Output-number of connections per 
element (Integer) 

0PT as zero input: 

IZ = List of grid point element connections and pointers to each grid point 
(Integer-output). 

NWDS = Number of words in IZ prior to pointer array. Zero is array not 
created (Integer-output). 

~PC0R = Open core available • 

0PT • { NWDS if array IZ was created 
0 if not created (Integer input, output) 

4. Method: For 0PT > 0 input, the ELSETS data block is open and the first two words (Element 

type and number of grid points per element) for this element type have been read. The elemer.t 

type is compared to a list of"elements where special algorithms are needed. The connections 

are read and placed in IZ. For the special element types a zero is placed where the pen is to 

be lifted and the pen moved to a new location. A zero is always placed at the end of each 

element. 

If insufficient core is available to read all the elements of the type both 0PT and NWDS 

are set negative and further calls must be made to complete the read. The minimum currently 

needed is 3 to 43 words depending on element type. 

If the element has more than 4 grids and is not recognized, the element type is skipped 

and a warning message written. NWDS and 0PT are set to zero. 

A fatal message 3002 results if ELSETS is incorrent or mispositioned. This should not 

result. 
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For 0PT as nonzero input, the ELSETS record is assumed positioned at the first word of 

the proper record. Much of the above code is used except for exit conditions and contents 

of IZ. If any failure occurs, 0PT and NWDS are zero on returning. 

As the elements are read, IZ is filled with the 'lines' that would be drawn. The lowest 

number grid is the first of the pair of numbers for each 'line'. These 'lines' are then 

sorted and duplicates eliminated. Each pair is then reversed and appended to the IZ array. 

This is sorted and duplicates eliminated. From this NWDS long array, a connection table is 

created with pointers to the start of each grid loaded into core at IZ(NvJDS+l). As an example 

the following set and model would contain the following IZ array. 

1 

Word 

l 
2 
3 
4 
5 

Vari able 6 
Length 7 

8 
9 

10 
11 
12 

13-24 
25 

r1GP+l 26 
Length 27 

28 
29 
30 
31 

2 

Contents 

2 
3 
l 
3 
4 
l 
2 
5 
2 
5 
3 
4 

l 
3 
6 
9 

11 
13 
13 

ROD 

ROD 

Q 
0 
et:: 

5 

4 

description 

connections to grid l 

connections to grid 2 

• 6 

only used for record sort 
word w~th first connection to grid 1 
word with first connection to grid 2 

No connections to grid 6 

Note that the QUAD2 element did not affect the resultant array size or core requirements. In 
general the core size for the first sort may be exceeded (return without creating the array) 

by excessive number of duplicate lines (e.g., CR0D, CQDMEM, and CSHEAR all connecting the same 

points). 
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4.24.8.19 Subroutine Name: SUPLT 

1. Entry Point: SUPLT 

2. Purpose: To draw a structural shape with unique lines and line continuity when a grid 

point connection array is available (see LlNEL). 

3. Calling Sequence: CALL SUPLT (IZ,IY,X,U,GPLST,PEN,DEF0RM) 

C0MM0N // - See description in Section 4.24.9.2. 

where: 

IZ = Grid point connection list (see Section 4.24.8.18). 

IV = Grid point connection list pointers (see Section 4.24.8.18). 

X = Undeformed grid point coordinates (3 per grid point in the set - r, s, t). 

U = Deformed grid point coordinates (2 per grid point in the set - s, t). 

GPLST • List of indices into the subset of grid points pertaining to the shape to 
be drawn. 

PEN • Pen number or line density to be used to draw the shape. 

DEF0RM = 0 if the undefonned shape is to be drawn 
1 if the defonned shape is to be drawn 

4. Method: The first grid with an odd nuni>er of entries is located (if none, the first 

entry is used) and used as the first line. After this, the following flow diagram is 

followed (IDl • starting grid point, ID2 • ending grid point). 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Step 7 

Step 8 

Draw line IDl to ID2. If no more lines exist, go to step 8. Remove the 
points from IZ. Set ID3•ID1 and ID4•ID2. 

If more connections exist for I04, set ID1•I04. Otherwise, go to step 4. 

Set I02 to the closest entry (using the GPLST ID) to IDl. If two are 
equidistant use the increasing/decreasing sequence of ID3 to ID4. Go to 
step 1. 

If more connections exist for ID3, set I01•ID3 and go to step 3. 

Otherwise search IZ for a new ID4* Start the search to the near end 
of IZ and if that fails start at I04 and search to the far end. 

If ID4* has an odd number of entries, set I01•ID4* and go to step 3. 

Otherwise search all connections of ID4* for only one entry. If found 
set IDl• connection and if not found set ID1=ID4* and go to step 3. 

For wrap-up, if the undefonned shape was being drawn, the IZ array is 
restored to its original values. 
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Note that the X or U array was not used to determine minimum pen movement. It is assumed 

that the grid point sequence is meaningful. Ninety percent of the time is spent in steps 

to 3. 

4.24.8.20 Subroutine Name: B0RDER 

1. Entry Point: B0RDER 

2. Purpose: To draw the structural outline 

3. Calling Sequence: CALL B0RDER (GPLST,X,U,IST0RE,DEF0RM,Bl,0PC0R) 

C0MM0N // 

where: 

GPLST List of indices defining the subset of grid points 

X Corresponding grid point coordinates of the undefonned structure 

U Corresponding grid point coordinates of the defonned structure 

IST0RE Temporary storage area in open core 

1
0 if the undefonned grid points are to be used 

DEF0RM 
1 if the defonned grid points are to be used 

Bl Buffer available in open core 

0PC0R Length of the 1ST0RE area 

4. Method: The subroutine B0RDER uses the table creatP.n nn sr,~2. scratch file 2 by 

subroutine 0RDER. B0RDER extracts from the table those grid points that lie on the 

plot sets boundary. All grid points connected to this grid point by element boundary 

lines are sorted to find the two element boundary lines which form the structural boundary. 

This subroutine then draws two connecting lines for each grid point to fonn the structural 

outline. 

5. Additional Subroutines Required: LINE 

4.24.8.21 Subroutine Name: CENTRE 

1. Entry Point: CENTRE 

2. Purpose: To find the intersection of two lines. 
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3. Calling Sequence: 

where 

MODULE FUNCTIONAL DESCRIPTIONS 

CALL CENTRE(Xl,Yl ,X2,Y2,X3,Y3,X4,Y4,CENTER), 
RETURNS(RETURNl) 

Xl,Yl and X3,Y3 are the end points of one line 

X2,Y2 and X4,Y4 are the end points of a second line 

CENTER the point of intersection of the two lines. 

4. Method: The point of intersection is calculated. The nonstandard return is taken if 

either line has infinite slope. It is assumed that the two lines are not parallel. 

4.24.8.22 Subroutine Name: C0NT0R 

1. Entry Point: C0NT0R 

2. Purpose: To plot and label contour lines. 

3. Calling Sequence: CALL C0NT0R(GPLST,x.s.u.z.rz.PEN,DEF11RM,BUF1,0PC0R) 

C0tfl'N // 

C0MM0N ./XXPARH/ 

C0MM0N /PLTDAT/ 

C0MM0N /DRWDAT/ 

C0MM0N /SYSTEM/ BUFSIZ 

where: 

GPLST List of indices into the busset of gridpoints 

X Corresponding grid point coordinates of the undefonned structure (3 per grid 
point) 

S Cooresponding grid point coordinates of defonned structure 

U Displacement coordinates 

Z,IZ Available open core 

PEN Line density or pen number 

I• 0 if undefonned points to be used 
DEF0RM 

• 1 if defonned grid points are used 

BUFl Index in open core to first GIN0 buffer 

0PC0R Length of unused open core 
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4. Method: If the contour plot is to be a displacement plot, C0NT0R calls the subroutine 

DISPLA to plot the contour lines. If a stress plot was requested, C0NT0R calls the subroutine 

CREATE to prepare a table containing the contour value and the centroid for each element in 

the set. The subroutine 0RDER is then called if necessary, to provide a table of all grid 

points internal to the structural shape and all elements that share a common grid point in 

the current plot set. 

Once these tables are available, C0NT0R estimates a contour value for each internal grid point 

by averaging the distance from the centroids and contour values of surrounding elements. 

Contour lines are found within a triangle formed by connecting an internal grid point and 

two adjacent elements' centroids. Contour lines are plotted with the assumption that the 

contour values vary linearly between vertices of this triangle. 

Labels are placed on the completed contour plot and the subroutine PLT0PR is called to print 

the contour plot key as part of the plot messages. 

5. Additional Subroutines Required: CREATE, DISPLA, LINE, 0RDER, PLT0PR, TYPINT 

4.24.8.23 Subroutine Name: CREATE 

l, Entry Point: CREATE 

2. Purpose: To extract the stress contour values from the proper data block and calculate 

the centroid for each element in the set. 

3. Calling Sequence: CALL CREATE(GPLST,X,U,DEF0RM,C0NMIN,C0NMAX,ELMTI0,ST0RE,LC0R,Bl,B2) 

C'1!MM0N // 

C0MM0N /XXPARM/ 

where: 

GPLST. 

X 

u 

DEF0RM 

C0NMIN 

C0NMAX 

List of indices defining the set of grid points 

Corresponding grid point coordinates of the undeformed structure 

Corresponding grid point coordinates of the deformed structure 

I• 0 if undeformed grid points are to be used 

• l if deformed qrid points are to be used 

Minumum of the contour values 

Maximum of the contour values 
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ELMTID Temporary storage area in open core for the element ID 

ST0RE Temporary storage area in open core for the stress contour value 

LC0R Length of the ELMTID and 1/2 length of ST0RE storage areas 

81
] ~IN0 buffers in open core 

82 

4. Method: After detennining which stress data block has the contour values for this plot, 

the appropriate data block is opened and the temporary storage area is filled. The contour 

values are selected from the infonnation on fibre distance, direction, subcase, and if 

applicable, range or time specified by the user. Then the ELSETS data block is read to 

supply infonnation on element types, element identification numbers, and internal grid 

point numbers of elements contained in this set. 

The subroutine makes two assumptions about the stress data block and the ELSETS data block. 

It assumes that element types are ordered in the same sequence and that for each element 

type, element infonnation is ordered by increasing element ID. Element types for which 

contour lines cannot be drawn are ignored as are elements not in this plot set. 

Finally the centroid is calculated for each element and a temporary table is made containing 

the element ID. the contour value, and the centroid. SCRl, scratch file 1, is generated by 

the subroutine CREATE to be used by the subroutine C0NT0R. The header record is written 

by the subroutine G0PEN. ·The table is comprised of information contained in the ELSETS 

data block and the eES1 data block or the NEW0ES table. 

Table Fonnat: 

Record 

0 

1 

2 

~ 

1 

1 

2 

3 

4,5 

(4m+2) 

~ 

I 

I 

I 

R 

R 

I 

1.!!m 
Header Record 

Element Type 

Element 
Identification 
Number 

Stress Value 

Element Centroid 

0 

End-of-File 

repeated 
for each 
element 
in plot 

Note: m • the number of elements of current type in the plot set. 
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5. Additional Subroutines Required: CENTRE 

4.24.8.24 Subroutine Name: DISPLA 

1. Entry Point: DISPLA 

2. Purpose: To draw displacement contour lines. 

3. Calling Sequence: CALL DISPLA(GPLST,X,S,U~PEN,DEF0RM,LABEL,PT,B1) 

C0MM0N // 

C0MM0N /XXPARM/ 

C0MM0N /PL TDAT / 

where: 

GPLST List of indices defining the set of grid points 

X Corresponding grid point coordinates for undefonned structure 

S Corresponding grid point coordinates for defonned structure 

U Grid point displacement coordinates 

PEN Line density or pen nunDer 

1
=0 if the undefonned points are to be used 

DEF0RM 
=l if the deformed points are to be used 

LABEL Contour line labeling information 

PT Coordinates of the triangle fonned to calculate contour 
1 ines 

Bl GIN0 buffer in open core 

4. Method: OISPLA uses the ELSETS data block to extract the two dimensional elements in 

the plot set. Each element is then broken down to one or more triangles and contour lines 

are drawn within the triangles with the assumption that the contour values vary linearly 

between grid points. 

It is assumed that the user's coordinate system is a righthanded rectangular coordinate system. 

If the AXES card is used to change the orientation of the structural model, it will have 

no effect on the component of displacement used to draw the contour plot. 

Labeling information is maintained on a temporary file to be added by subroutine C0NT0R. 

5. Addi~ional Subroutines Required: LINE 
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4.24.8.25 Subroutine Name: 0RDER 

1. Entry Point: 0RDER 

2. Purpose: To find for each grid point in the plot set, all elements which contain that 

grid point and to order those elements surrounding interior grid points. 

3. Calling Sequence: CALL 0RDER(GPLST,ID,NUMBS,REST,IDTAB,LC0R,Bl ,B2,B3) 

C0MM0N // 

where: 

GPLST List of indices defining the subset of grid points 

ID Temporary storage area in open core for element ID 

NUMBS Temporary storage area in open core for SILS 

REST Temporary storage area in open core for grid points 

IDTAB Temporary storage area in open core for element ID's GPECT index 

LC0R Length of temporary storage areas 

Bl 

B2 Available GIN0 buffers in open core 

B3 

4. Method: 0RDER constructs from data block ELSETS a large in core table containing element 

IDs, the corresponding element internal IDs, and the ordered grid points associated with each 

element. The subroutine then takes from the ECPT, the list of element pointers connected to 

each grid point for each grid point in the plot set. Using the table, 0RDER then finds the 

proper elerrent ID and its associated grid points. For each grid point in the ECPT, 

0RDER finds all two dimensional elements containing that {pivot) grid point. The elements are 

ordered so that adjacent elements contain a second conmen grid point. A flag is set indicating 

whether the pivot grid point is interior to the structural shape or on the boundary of the 

structural shape. 

A temporary table is generated containing one record per grid point. Each record contains 

a flag indicating whether the grid point is interior to the structural model or on the 

boundary of the model. and a list of elements connected to the grid point. For boundary 

grid points, the table contains two grid points for each element that are connected by element 

boundary lines to that grid point. 
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The table will be written to SCR2, scratch file 2, and is to be used by subroutines 

C0NT0R and B0RDER. The table is in the followinq fonnat: 

Record Word ~ Item 

0 Header Record 

l I Flag 

2 l Number of elements, m. 

3 I Grid point internal 
number 

l 
4 I repeated for each 

element containing 
the grid point. 
Contents dependent 
on Flag. 

Notes: 

1) n = the number of grid points in the plot set. 

2) m • the number of elements in current record. 

3) Flag • -1: 

(3+m) 

4) Flag • -2: 

4 
5 
6 

(3m+1} 
(3m+2) 
(3m+3) 

Im. 
I 

~ 

I 
I 
I 

I 
I 
I 

lli!!!. 
Element identification number 

Item 

Element identification number 
Grid point internal number 
Grid point internal number 

Element identification number 
Grid point internal number 
Grid point internal number 
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4.24.8.26 Subroutine Name: R0TAT 

l. Entry Point: R0TAT 

2. Purpose: To transform the normal stresses and the shear stresses to a common coordinate 

system. 

3. Calling Sequence: CALL R0TAT(ECT2,B1,GPLST,X) 

C9)MM0N // 

C0MM0N /XXPARM/ 

where: 

ECT2 Data block containing element connection data 

Bl Include buffer in open core 

GPLST List of indices defining the set of grid points 

X Corresponding grid point coordinates 

4. Method: The subroutine transforms the nonnal stresse~ and shear stresses from the local 

coordinate system to a col!ITK)n coordinate system. 

The following expression is used: 

[T] • [8] [T'] [8]T 

where 

ax 'xy Txz · 

[T' ] • T yx a Y T yz . 

'zx -rzy az 

is a symnetric matrix 

and [8] is the rotation matrix which has as its components the direction cosines between 

the local and comnon coordinate systems. ax' ay' az are the nonnal X, Y, and Z stresses 

respectively and -rxy• 'xz' 'yz are the shear XV, XZ, and YZ stresses respectively. 

Since all elements considered by the contour plotter are plate elements, the elements are 

all assumed to lie in the local X,Y plane with the X-axis passing from grid point one to 

grid point two. A new local element stress table (NEW0ES) is generated to communicate 

the transformed stresses to subroutine C0NT0R and subroutine CREATE. There is no header 
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record. The table is generated using stress values contained in the ~ESl data block. 

The first record in each set of two records on NEW0ES is a copy of the corresponding record 

of the 0ES1 data block. The second record of each set contains changes in content for the 

following element types: 

Element types CQUADl, CQUAD2, CTRBSC, CTRIAl, CTRIA2, CTRPLT 

Word Contents 

2 Zl (Fibre Distance l)' 

3 Normal X Stress at Zl 

4 Normal V Stress at Zl 

5 Normal Z Stress at Zl 

6 Shear XV at Zl 

7 Shear XZ at Zl 

8 Shear YZ at Zl 

9 Maximum Shear at Zl 

10 Z2 (Fibre Distance 2) 

11 Normal X Stress at 22 

12 Normal Y Stress at Z2 

13 Normal Z Stress at Z2 

14 Shear XV at Z2 

15 Shear XZ at Z2 

16 Shear YZ at Z2 

17 Maximum Shear at Z2 

Element types CQDMEM, CQDMEMl, CQDMEM2, CQDPLT, CTRMEM 

~ Contents 

2 Normal X Stress 

3 Normal Y Stress 

4 Normal Z Stress 

5 Shear XV 

6 Shear XZ 

7 Shear YZ 
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4.24.9 Design Requirements 

4.24.9.1 Open Core Design (Common Block XXPL0T) 

Define NPSET = Number of element plot sets. 

NGP = Total number of grid points. 

NGPSET = Number of grid points in.an element set. 

1. Subroutine DPL0T partitions open core for subroutine PARAM as follows: 

X(O) 

X(NPSET) 

X(BUF) 

C0MM0N/XXPL0T/ 

Element plot set id's 

Open Core 

4 GIN0 Buffers 

2. Subroutine PARAM paritions open core for subroutines FIND(FNDSET,PERPEC,PR0CES) as 

follows: 

X(O) 

X(NPSET+l) 

X(NGP+NPSET+l) 

X(NGP+3*NGPSET+ 
NPSET+ll 

Element plot set id's 

GPLST(NGP) 
Grid point indices into a 

subset of grid points 

X(3,NGPSET) 
Coordinates of the grid 

points in the subset 

Rest of open core 
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3. Open core for subroutine PL0T is as follows: 

C0t1M0N/XXPL0T/ 

NAME 

GPLST(l) 
X(l,l) 
U(l,1) 
S(l,1) 
IZ( ID) 

IZ( ISAV) 
Z(IVAL) 
Z(ICEN) 

GPLST(B3) 
GPLST(B2) 

GPLST(Bl) 

Notes: 

TYPE 

I 
I 
A 
I 
R 
R 
R 
I 
I 
R 
R 

l) LC~R=0PC!IIR/5 

where 

LENGTH 

NPSET 
NDEF 
M 

NGP 
3*NGPSET 
3*NGPSET 
2*NGPSET 
LC0R 
LC!IIR 
LC0R 
2*LC0R 
BUFSIZ 
PLTBUF 
BUFSIZ 
BUFSIZ 
BUFSIZ 
BUFSIZ 

OPEN CORE LAYOUT FOR PL0T M0DULE 

DES CR I PT ION 

Element plot set id's 
List of specified defonnation subcases 
Rest of "PL0T" card after subcase ID 
Grid point indices 
Coordinates of undefonned points in plot subset 
Coordinates of deformed points in plot subset 
Sand T coordinates of defonned points 
Element id's. Note that ID=l (see note l below) 
Temporary storage area (ISAV=ID+LC!IIR) (see note 1 below) 
Element's stress values (IVAL•tSAV+LC!llR) (see note l below) 
Element's centroid values inpairs (ICEN=IVAL+LC0R)(see note l belo~ 
PLT DSP GIN!ll buffer 
Plot tape buffer 
Scratch GIN!ll buffer 
Scratch GIN!ll buffer (PARM buffer) 
PL!IITX GIN0 buffer 
Scratch GIN0 buffer 

0PC0R • available open core that exists between S(2,NGPSET) and the beginning of the first 

GIN0 buffer. 
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4.24.9.2 Block Data Interface 

1. C0MM0N/DR~iDAT / SET ,LABEL ,(.mIGIN,PEN,SHAPE,SYM!30L (2) ,SYM (6), VECHlR, C0tl, EDGE 

SET - Element plot set index. 

LABEL - Grid point label option. 

0RIGIN - Origin index. 

PEN - Pen number or density value. 

SHAPE - Structural shape drawing option. 

SYMB0L - Grid point symbol indices. 
Integer 

SYM - Syrmietry options. 

VECT0R - Deformation vector options. 

C0N - Contour plot option. 

EDGE - Outline option. 

2. CDM~N/RSTXXX/ CSTM(3,3) ,MIN(3) ,MAX{3) ,0(3) ,AVER(3) 

CSTM - 3x3 coordinate system rotation matrix. 

MIN - Minimum rotated grid point coordinates: 

MAX - Maximum rotated grid point coordinates. 

D - Differences between· the mi nir:, .. and maxima. 

AVER - Averages of the minima and maxima. 

3. CDMM0N/XXPARM/ PBUFSZ,CAMERA,BFRAMS,PLTMOL(2),TAPOEN, 

Real 

NP ENS, PAPSIZ(2), PAPTYP{2), PENSIZ{S) ,PENCLR(S ,2), 11 SKIP (1 ) 11 , 

SCALE,0BJt'(l)O,FSCALE,MAXDEF,DEFMAX, 

AXIS (3), DAXIS(3), VANGLE (3), BETA0S, BETAP, "SKIP {4) 11 , 

FVP,R0,SDL,S0R,T0,00,D02,D03,PRJECT,S0S, 

F0RG,0RG,N0RG,0RIGJN(ll),EDGE(11,4),XY{11,3) 

NCNTR,CNTR(SO),ICNTVL,WHERE,DIRECT, 

SUBCAS,FLAG,VALUE,SET 

In the following descriptions, the value{s) in parentheses to the right of the variable name, 

the default value, and the letter in parentheses to the right of the explanation pertain to 

the type of the variable (I implies integer and R implies real). 

PBUFSZ{O) • Plot tape buffer size (I) 
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Plotter Data 

CAMERA(2) 

BFRAMS( 1) 

PLTMDL(4020,0) 

TAPDEN(O) 

Pen and Paper Data 

NPENS(S) 

PAPSIZ(S.S, 11.) 

PAPTYP(VELLUMbb) 

PENSIZi ( 1) 

PENCLRi,l(SLAC) & PENCLRi,2(Kbbb} 

Scaling Data 

SCALE 

0BJM0D(1.) 

FSCALE( l) 

MAXDEF(O.) 

DEFMAX 

Viewing Data 

AXIS (l,2,3) 

DAXIS(l,2,3) 

VANGLE(0.,-1. 1010 , 34.27) 

BETA0S(23. l7) 

BETAP(O.) 

= Plotter camera number (I). 

= Number of blank frames between plots (I). 

= Plotter model (BCD or I or R). 

= Plot tape density (I). 

= Maximum number of pens (I). 

= Paper size in inches (R). 

= Paper type (BCD). 

• Pen sizes (I), 

= Pen colors (BCD). 

• Object-to-plotter or model-to-plotter 
(stereo only) scale factor (R). 

• Object-to-model scale factor (R-stereo only). 

• Find scale factors option (I). 

= Forced value of the largest deformation 
component (R). 

• Actual largest deformation component (R). 

• Undefonned structure axis orientation (I). 

• Deformation synmetry/antisymmetry axis 
orientation (I). 

• View angles (R-alpha,beta,gamma). 

• Orthographic and stereo default value for the 
"beta" view angle (R). 

• Perspective default value for the "beta" view 
angle (R). 

• 
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Projection Data 

FVP( 1) 

RO 

SOL 

SOL,SOR 

TO 

DO 

002( l.) 

003(2.) 

PRJECT(l) 

S0S(2.756) 

Origin Data 

FORG(l) 

ORG(O) 

NORG(lO} 

ORIGIN 

EDGE1,1(0.) & EDGE; ,2(0.) 

EDGE; ,3 ( 1.) & EDGE; ,4 ( l.) 

XYi 'l 

XY1 ,3 

Contour Plot~ing Data 

NCNTR( 10} 

CNTR 

ICNTVL(3) 

WHEr,f ( 1) 

0IRECT{2) 

MODULE FUNCTIONAL .DESCRIPTIONS 

= 

= 

= 

= 

= 

= 

= 

.. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Find vantage point option (I). 

"r" component of the vantage point (R) 

"s" component of the perspective vantage point (R) 

"s" components of the stereo vantage point ( R) • 

"t" component of the vantage point ( R). 

Projection plane separation value (R). 

Perspective default projection plare separation 
value (R). 

Stereo default projection plane s~paration 
value (R). 

Projection type (I, l=orthographic, 2=perspectivP, 
3=stereo). 

Ocular separation value (R). 

Find origin point option (I) . 

Number of active origins (I) . 

Maximum number of active origins (I) • 

Active origin id's (I). 

Lower left corner of the region specified for 
the 1th origin (R). 

Upper right corner of the region specified for 
the ith origin (R). 

x component of the ;th origin (R). 

y component of the ;th origin (R). 

left and right x components of the ;th origin 
for stereo projection (R). 

Null'ber of contour values to be plotted {I). 

Contour values (R}. 

Type of contour plot (I) • 

Fibre distance of stress contour value (I). 

Stress vector direction option (I) . • 
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SUBCAS = Current subcase (I). 

FLAG(O.O) = Data identification indicator (R). 

VALUE = Current eigenvalue or time step (R). 

SET = Last plot set processed by contour plotter 

4. C0MM0N// NGP,LSIL,NSETS,PLTFLG,PLTNUM, 

NGPSET,N0DEF,SKP1(3), 

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,EQEXIN,SIL, 

PDEF1,PDEF2,SKP2,PL0TX,SETD 

• 
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PL0T Module Parameters 

NGP 

LSIL 

NSETS 

PLTFLG 

PLTNUM 

- Total number of grid points (I). 

- Last scalar index value (I) 

- Number of element plot sets (I) 

- Displacement plot flag 

- Plot number 

- Number of grid points in the set being plotted 

PL0T Parameters 

NGPSET 

N0DEF - 0 - no defonned plot requests were skipped when PLTFLG was 1. 
l - defonned plot requests were skipped when PLTFLG was 1. 

SETO - Default set to use if current set requested does not exist. 

GIN0 File names 

PLTPAR,GPSETS,ELSETS,CASECC,BGPOT, 
EQEXIN,SIL,PDEFl ,PDEF2 -- Input 

PL0TX - Output 

4.24.9.3 Conmen Storage Requirements 

1. /XXPL!llT/ - Open core. 

2. /PLTDAT/ - Plotter data (see miscellaneous 

3. /XXPARM/ - Plotting parameters. 

table description, 

4. /RSTXXX/ - Plot coordinate system calculations. 

5. /DRWOAT/ - Drawing data. .. 
4.24.10 Diagnostic Messages 

Section 2.5). 

A non-fatal message will be generated by subroutine PL!llT and/or FIND if not enough core is 

available for the grid point data needed for a specific element plot set. If this occurs, this 

set will not be used to generate a plot. 

Elements that require a special algorithm for drawing lines, and the algorithm is not 

present, will be rejected as an illegal element. Special algorithms (subroutine LINEL) are needed 

for elements with more than four grid points or special line connection patterns (e.g., the CTETRA). 

Module PLTSET has less restrictive tests. This is a systems problem and should not occur. 
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Illegal end-of-records and end-of-files will generate fatal messages. 

All non-fatal diagnostics are written onto the PL~TX message data block for printing by the 

PRTMSG module. These messages are all quite self-explanatory and straightforward, and do not have 

any external message numbers. 
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4.25 FUNCTIONAL MODULE GP3 (GEOMETRY PROCESSOR - PHASE 3) 

4.25.1 Entry Point: GP3 

4.25.2 Purpose 

GP3 processes static loads and temperature data. Static load data are collected by set, and 

external numbers are converted to internal numbers. Similarly, temperature data are collected by 

temperature set and external numbers are converted to internal numbers. 

4.25.3 DMAP Calling Sequence 

GP3 GE0M3,EQEXIN,GE0M2/{~~~T},GPTT/V,N,N0L0AD/V,N,N0GRAV/V,N,N0TEMP $ 

4.25.4 Input Data Blocks 

GE0M3 - Static loads and temperature data. 

EQEXIN - Equivalence between external grid and scalar numbers and internal numbers. 

GE0M2 - Element connection data. 

Note: EQEXIN may not be purged. 

4.25.5 Output Data Blocks 

HSLT - Static loads table for heat problems. 

SLT - Static Loads Table. 
~ 

GPTT - Grid Point Temperature Table. 

4.25.6 Parameters 

N0L0AD - Output-integer-no default. -1 if no static loads (i.e. SLT is not created), 

+1 otherwise. 

N0GRAV - Output-integer-no default, -1 if no GRAV cards in the Bulk Data Deck, +l otherwise. 

N0TEMP - Output-irteger-no default. -1 if no TEMP or TEMPO cards in Bulk Data Deck 

(or if GPTT is purged), +l otherwise. 
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4.25.7 Method 

Subroutine GP3 is the control program for the module. lt executes each of the major 

subroutines of GP3 (GP3C, GP3A, GP3B) depending on the status of the data blocks. A flow 

chart for GP3 is included in Figure l. 

4.25.8 Subroutines 

4.25.8.l Subroutine Name: GP3 

1. Entry Point: GP3 

2. Purpose: Module control program. 

3. Calling Sequence: CALL GP3 

4.25.8.2 Subroutine: GP3C 

1. Entry Point: GP3C 

2. Purpose: To convert PL0AD2 data to. PL0AD format, merge PL0AD2 data with PL0AD 

c:iata (if present) and write the resulting data on SCR2, a scratch file. 

3, Calling Sequence: CALL GP3C 

4. i1ethod: PL0AD2 cards are read into core from GE0M3. Six words are used for each 

entry. The first word (set identification) is set negative and the sixth word of 

each entry is set to zero. GE0M2 is opened and the header record is skipped. The 

following steps occu~ for each record on GE{IIM2. 

1. The 3-word header is read. /GPTAl/ (see section 2.5) is searched for a match. If 

net ntatctf is found, the record is skipped and the process is repeated. If an end-of­

file is encountered, step (3) is executed. If a match is found, a test on element 

type is made. If a one-dimensional element. the record is skipped and the process 

repeated. Otherwise. step (2) is executed. 

2. An entry of the current element type is read. A linear search through the PL0AD2 

data in core is made to find a match on element identification (3rd word of each 

PL0AD2 entry). If no match is found, the next entry is read. For each match which 

is found, the grid identification numbers which connect the element are stored 
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in the corresponding PL0AD2 entry and the first word of the PL0AD2 entry is set 

positive. l~hen all data for the current element type has been read, a return to 

step (1) is made. 

3. A pass through each entry in the PL0AD2 data is made. For each entry for which 

the first word is negative, an error message is queued and the N0G0 flag turned on. 

Upon completion of the pass, PEXIT is called if the N0G0 flag was turned on. 

Otherwise step (4) is executed. 

4. L0CATE is called to position G£0M2 to PL0AD data. If none exists, step (5) is 

executed: Otherwise, the PL0AD data is read into core following the PL0AD2 data. 

The combined list is sorted by S0RT on set identification number. 

5. The data in core is written as one logical record on SCR2. A return to GP3 is given. 

Allocation of core storage in GP3C is as follows: 

Before conversion 

- PL0AD2 set ID 

Scale factor 

Element IO 

-
-
0 

. . . 
NPL02 Same format as 1st 

entry 

BUFl GIN0 buffer 

C0MM0N/GP3C0R/Z(l) 

Six words 

per 

?LOAD2 

card 

( Last 

) 
PL0AD2 
entry 

NPLD2 

BUFl 
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+ PL0AD2 or PL0AD set ID 

Scale factor 

Grid point ro, 
Grid point ID2 
Grid point ID3 
Grid point ID4 or 0 

. . . 
Same format as 1st entry 

GIN0 buffer 
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4.25.8.3 Subroutine: GP3A 

2 

1. Entry Point: GP3A 

2. Purpose: To assemble to Static Loads Table (SLT). 

3. Calling Sequence: CALL GP3A 

4. Method: GP3A assembles the SLT by making two passes on the load cards (F0RCEi, M0MENTi, 

etc). On the first pass each of the cards fs read from GE0M3, (or SCR2 for PL0AD 

data), unique set identifications are extracted and saved in core, all external 

point identifcations are converted to internal indices by performing a binary search 

in the EQEXIN table. the data are written on SCRl, and pointer tables are accumulated. 

These tables are as follows: 

STATUS 

Pointer in LIST table to first entry of card type 

Pointer in LIST table to last entry of card type J 
2 words/entry 

. . 1 entry per . 
NTYPES } 

card type 

Last Entry 

Note: entry = (-1, -1) if card type not present 
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NEQX 

I LIST 

NLlST 

ISET 

BUF2 

BUFl 

C0MM0N/GP3C0R/Z(1) 

Externa 1 point ID 

Internal index 

. . . 
Load set ID 

Pointer to data in set 

No. of data words in set 

. . 

. . . 
Set 102 

set ro1 

GIN0 buffer 

GIN0 buffer 

} 2 words/entry 

i 3 words/ entry 

} 

Last entry 
in table 

f l word/entry 

Set IDs are stored backward in core. ISET points to first entry, 

ISET-1 to record entry, etc. 
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( l entry per 
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LIST Table 

(1 entry per set 
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Set LIST 

( l entry per set 
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At the end of the first pass, the LIST table is moved to the beginning of open core. 

The set list is sorted, and duplicate set identifications are discarded. The resulting 

list is stored immediately following the LIST table. If all data for the load cards 

will fit in the remaining core, this data is read from SCRl. Core storage is as 

follows: 

ILIST=l 

NLIST 

ISET 

ITABL•NSET 

BUF1 

C0MM0N/GP3C0R/2(1) 

Set ID 

Pointer to data in set 

No. of data words in set 

. . . 

Set 101 

. . . 
Set IDn 

. . . 
Load data 

. . . 

GIN0 buffer 
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}Last entry 

} 1 word/entry 

Set LIST 

}Last entry 
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The SET list is written in the header record on the SLT. For each set ID in the 

SET list, the LIST table is searched for a match. When found, the pointer 

to the data is fetched. The data are sorted on the applied point (except GRAV and 

PL0AD data) and the data written on the SLT. As a result, each logical record of 

the SLT contains all data for one set. Finally, if combination load cards are 

present, they are copied from GE0M3 to the last record of the SLT. 

If core will not hold the entire load data, the logic is similar to above except 

that SCRl is passed once for each set and only data belonging to a single card 

type within a set are read into core. 

4.25.8.4 Subroutine Name: GP3B 

1. Entry Point: GP3B 

2. Purpose: To assemble the grid point related temperature data and store on the SCRATCHl 

fi 1 e. 

3. Calling Sequence: CALL GP3B 

4. Method: EQEXIN is read into core. A list of default temperatures (TEMPD cards 

if present) is read from GE0M3. The temperature data (TEMP cards) are read to 

determine the number of temperature sets, the set identifications and the number 

of entries in each temperature set. For each temperature set, a three-word entry 

is written in the header record of the SCRATCHl: 

Word 1 = Set ID 

Word 2 = default temperature (real) or -1 (integer) 

Word 3 • record number in SCRATCH1 of temperature data for the set or zero if only 

default temperature is defined. 

GE~M3 is backspaced one logical record. The temperature data are re-read.- '·'hen all 

temperature data for a·set have been read .into core, the data are sorted on point identi­

fication and written as one logical record on SCRATCH1. This process is repeated for 

each temperature set. 

Allocation of core storage for GP3C is as follows: 
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C0MM0N/GP3C0R/Z(l) 

External point IO 

Internal index 
} 2 words/entry 

. , . 
Temperature Set ID 

Default Temperature 
} 2 words/entry 

. . . 
Number of data words in set 1 f 1 word/entry 

. . . 
Point ID 

Temperature 
} 2 words/entry 

. . . 
GIN0 buffer 

GIN0 buffer 
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4.25.8.5 Subroutine Name: GP3D 

1. Entry Point: GP3D 

2. Purpose: To process TEMPPl, TEMPP2, TEMPP3, and TEMPRB data and assemble the element 

temperature table referred to as the GPTT. 

3. Calling Sequence: CALL GP3D 

4. Method: TEMPPl, TEMPP2, TEMPP3, and TEMPRB card data are read from GE0M3, converted for 

GP3D's use and written on SCRATCH2. The grid point temperature data header is then read 

from SCRATCHl (as created in SP3B). A similar header record is then constructed from 

the union of the grid point temperature set data and the element temperature set data. 

This is written on GPTT. For each temperature set, for which there is other than a 

default temperature available, a record is then written on the GPTT containing specific 

element temperature data by element type and element identification. Following the 

element temperature data, the grid point temperature data block, input from SCRATCHl, 

is written on the GPTT data block. Allocation of core storage for GP3D is as follows: 

Element temperature set list 
data ( 2 words/entry) 

Grid point temperature set 
list data (3 words/entry) 

Grid point data for current 
temperature set (2 words/entry) 

TEMPPl, TEMPP2, TEMPP3 data for 
current temperature set 
(7/words/entry) 

TEMPRB data for current set ID 
(15 words/entry) 

. unused . 
GIN0 buffer 

GIN0 buffer 

4.25-Ba (5/1/73) 

Z (1) 

Z( NLIST) 
Z(IGPTT) 

Z(NGPTT) 
Z(IGPT) 

Z.(NGPT) 
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Z(NET2) 

Z(BUF2) 
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4.25.9 Design Requirements 

4.25.9. 1 Allocation of ~ore Storage 

The core storage maps presented in the method sections of GP3A, GP38 and GP3C provide 

detailed storage requirements. A surm1ary is presented here. 

GP3C: Maximum requirement= 6* (number of PL0AD2 + number of PL0AD cards) + one 

GIN0 buffer. 

GP3A: Let NPTS = number of grid+ number of scalar points and NSETS = (number of load 

sets) * ( number of ca rd types per 1 oad set) and SYSBUF = one GIN0 buffer. 

Then maximum storage requirement equals MAX ((2*NPTS+4*NSETS+2*SYS8UF), (4*NSETS + MAX 

(number of words for one set of one card type)+ SYSBUF)). 

GP3B: See storage map. 

4.25.9.2 Environment 

1. B 1 ock Data 

The block data program GP3BD initializes /GP3C0M/ with GIN0 file names, data defining 

the load cards and other miscellaneous data. It must be resident in core when GP3 is 

executed. 

2. General 

/GPTAl/ is used by GP3C and must be core resident when GP3 is executed. Open core is 

defined by /GP3C0R/. The nonnal overlay is to include GP3BD, GP3, GP3C, GP3A, GP3B in 

one segment. GP3 uses two scratch files. 

4.25.10 ~qnostic Messages 

The following messages may be issued by GP3: 

2008, 2009, 2015, 3008, 3304, 3305, 4010, 4011 an~ 4012. See Section 6 of the User's Manual 

for details. 
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ENTER 
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' 
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No 
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Figure 1. Flowchart for module GP3 
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4.26 FUNCTIONAL MODULE TAl (TABLE ASSEMBLER) 

4.26. l Entry Point: TAl 

4.26.2 Purpose 

TAl processes element connection data, element property data and geometry. These data are 

merged in two different sorts for efficiency in later processing. The Element Summary Table 

contains, for each element, connection, property and geometry data. The Element Connection and 

Properties Table contains, for each grid or scalar point in the model, connection, property and 

geometry data for all elements connected to the point. Element temperature data are also included 

in the EST where applicable. Additionally, general elements are processed and the GEI (General 

Element Input) data block is assembled. The Grid Point Element Connection Table contains, for 

each grid or scalar point in the model, connection data for all elements connected to the point. 

4.26.3 DMAP Calling Sequence 

When using SMAl and SMA2: 

TAl ECT,EPT,BGPDT,SIL,GPTT,CSTM / EST,GEI,,ECPT,GPCT / V,N,LUSET / V,N,N0S1MP / 

C,N,O I V,N,N0GENL / V,N,GENEL $ 

When using EMA: 

TAl ECT,EPT,BGPDT,{~~~L~{~~6+},csTM 1 {~~~T},GEI, {~~~E~T},EcPT,GPCT I v,N,LUSET 1 

V,N,N0SIMP / C,N,l / V,N,N0GENL / V,N,GENEL $ 

4.26.4 Input Data Blocks 

ECT - Element Connection Table 

EPT - Element Properties Table 

BGPDT - Basic Grid Point Definition Table 

SIL - Scalar Index List 

HSIL - Scalar Index List for heat problems 

GPTT - Grid Point Temperature Table 

GPOT - Grid Point Definition Table 

CSTM - Coordinate System Transformation Matrices 

Note: The ECT, BGPDT and SIL data blocks may not be purged. 
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4.26.5 Output Data Blocks 

EST - Element Summary Table. 

HEST - Element Summary Table for heat problems. 

GEI - General Element Input. 

ECPT - Element Connection and Properties Table. 

GPCT - Grid Point Connection Table. 

GPECT - Grid Point Element Connection Table. 

HGPECT - Grid Point Element Connection Table for heat problems. 

4.26.6 Parameters 

LUSET - Input-integer-no default. Degrees of freedom in the g-displacement set. 

N0SIMP - Output-integer-no default. Number of elements in the model (exclusive of 
general elements) or -1 if no elements. 

N0GENL - Output-integer-no default. Number of general elements in the model or -1 
if no general elements. 

GENEL - Output-integer-no default. GENEL s -N0GENL. 

4.26.7 Method 

4.26.7.l General Corrments 

The purpose of the Table Assembler Module is to corrbine all of the element data in a convenient 

form for the generation of the structural matrices (ECPT or GPECT) and for the calculation of the 

element stresses and forces (EST). The complete description of an elements requires: (1) the loca­

tions of the connected grid points, (2) necessary orientation data and end conditions, (3} element 

properties, (4) a material reference, (5) transformations from the basic system to the global 

coordinate system and (6} element temperature. Scalar elements require no geometric or material 

data. General elements may require geometric data. 

Four data blocks are formed in this module. The ECPT (or GPECT) data block is used in 

structural matrix generation. It contains all element data for each grid point or scalar point 

in the order of the sequenced grid point numbers (internal grid point indices). The EST data 

block contains element data in groups of element type and with sequential element I.O. numbers 

within each group. It is used to calculate element stresses and forces in a convenient order for 

output. The GEI data block contains the general element stiffness or flexibility and support 

matrices. The GPCT data block is used to allocate storage in the structural matrix assemblers. 
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The reason for assembling the ECPT and EST tables rather than generating functions such as 

element stiffness matrices and stress functions is the expected size of the problems. The comput­

ing time used to recalculate certain data is expected to be compensated for by the time savings 

that result from sorting and merging smaller tables. 

Subroutine TAl is the main control program for the module. It executes each of the major 

routines of the Table Assembler (TAlA to assemble the EST, TAlB to assemble the ECPT and GPCT 

(or TAlH to assemble the G?ECT), and TAlC to assemble the GEI) depending on the status of the data 

blocks and data for the problem. A flow chart of TAl is included as Figure l. 

4.26.7.2 TAlA 

Assembly of the Element Sunmary Table is perfonned in two steps. For the first step, the 

EPT is read into core one property type at a time. The ECT is read one element at a time. For 

each element the referenced property data are found by performing a binary search in the EPT in 

core. The ECT and EPT data are written on SCRl, a scratch file, one element at a time, one 

logical record per element type. 

To initiate the second step, the BGPDT and SIL data blocks are read into core. If a tempera­

ture set is selected, the appropriate temperature data from the GPTT are read into core. Data 

from SCRl are read one element at a time. Internal indices for the grid points are used as pointers 

into the BGPDT and SIL tables. The temperature of the element is extracted from the GPTT data 

block. Each temperature is found by performing a binary search in the GPTT with the element 

identification number. If the entry is not found in the GPTT, the default temperature for the 

set is substituted. The internal indices are now replaced with corresponding scalar index values. 

A line comprising ECT, EPT, BGPDT and GPTT data for the element is written on the EST. Each 

logical record of the EST comprises all data of one element type. 
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Allocation of core storage during the second step is as follows: 

4.26.7.3 TAlB 

Lll)CBGP=l 

NBGP 

NBGP+l 

BUF3 

BUF2 

BUFl 

Cll)MM0N/TAA1/Z(l) --- . 
Coordinate System ID 

X 
4 words/entry 

y 

z 

. 

SIL1 } 1 word/entry 

SIL2 
. . 

GIN0 Buffer 

GIN0 Buffer 

GIN0 Buffer 

BGPDT table 

one entry per point 

in problem 

SIL table 

one entry per point 

in problem 

The ECPT data block is assenoled in TA1B. Each logical record in the ECPT corresponds to a 

grid or scalar point in the model. For each point, the data for each element connected to the 

point are listed. The data for each element are identical to the EST data. Each set of element 

data will be listed in the ECPT "n" times, where "n" is the number of grid points connected by the 

element. A sample of the ECPT is given in Table 1. The logical phases of the operation are as 

fol 1 ows: 

A list is fonned in core giving the relative locations of the elements in the ECT data 

in the order which they will be placed in the ECPT data block. Storage is allocated by 
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forming the GPC (Grid Point Counter) and then replacing the GPC by a running sum of 

elements connected to points. A sample is: 

Irr.plied GPC GPCS 

Grid Point Number of Sum of Previous 

internal index Connected Elements Elements 

( 1) s 0 

(2) 3 s 

( 3) 1 8 

(4) 2 g 

(5) 6 11 

17 

The GPC is formed as follows. An area of core equal to the number of grid and scalar 

points of the model is set to zero. The ECT is read one element at a time. The storage 

location corresponding to the internal index of each referenced grid point is incremented by 

one. When each element in the ECT has been processed, a running sum of the core table is 

formed. 

The contents of each word in the GPC now provide a pointer to the first storage location 

where a second pointer to the element data will be stored. Since the total number of connected 

elements may exceed available core storage, spill logic is provided. A band of entries in the 

GPC is determined. The ECT is read one element at a time. The position of each element of 

a given element type is determined by surnning the number of words for each entry for the 

element (i.e. if m = number of words per ECT entry, then the position of the element in the 

ECT record• (i-l)*m where i • entry number in the ECT record). For each point referenced by 

the element (which 1s in the band currently being processed), the contents of the associated 

position in the GPC is fetched. The element position and its type are storeg at the indicated 

locations. 

The location in the GPC is incremented by one. When a pass of the ECT is complete, the 

skeleton ECPT is written, one logical record per point in the band of the current pass. Each 

4.26-5 



MODULE FUNCTIONAL DESCRIPTIONS 

logical record consists of pairs of (-1, element pointer). The number of pairs equals the 

number of elements connected to the point. Example: 

l 

2 

3 

IECPTO 

/ 
code for element 
type (1 = BAR) 

3 l 

V 

C0MM0N/TAA2/Z(1) 

1 

l. 

6 

. . . 
21 
I 

/1 I 0 
I 

15 I 36 
I 

3 I 80 
I 

1 I 16 , I 0 
L_ 

. . . 

GPC 

Storage for the 

3 element pointers 

connected to grid point 

Storage for the 
2 element pointers 
connected to grid point z 

osition of element in ECT record 

Skeleton ECPT data is written on a scratch file: 

_, 
, I 

0 I 
I Logical record 1 

-1 
I (a11 elements connecte~ 

15 I 36 
I to grid point 1) 

-1 
I 

3 I 80 
I 

-1 , I 16 Logical record 2 I 
I 

-1 (data for grid ~':'lint 2) 

1 I 0 I 
I 

. . . 
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When all entries of the GPC have been processed, the skeleton ECPT is complete. An area of 

core equa 1 to two words per element type is set to zero. The ECT is read into core fo 11 owing the 

above taL~e until either the ECT is exhausted or core is filled. A pointer to the beginning of 

data for each element type is stored in the table. The skeleton ECPT is now read one pair of 

words at a time. If the data to which the element pointer points are currently in core, they are 

written out on a second scratch file. The first word of the entry contains the number of words in 

the ECT data. If the data are not in core, the pair (-1, element pointer) is written on the 

second scratch file. This process is repeated until the skeleton has been exhausted. If all the 

ECT is in core, the new skeleton ECPT is complete. Otherwise, the files for old and new skeleton 

ECPT are switched, and the process continues by reading more of the ECT data into core. Storage 

allocation at this point follows: 

C0MM0N/TAA2/Z(l} 

Pointer to ECT data for 1st element type 

Sum of ECT words read on previous passes 

N21 

ECT data for 1st element type 

ECT data for 2nd element type 
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The remainder of the ECPT assembly is very similar to the EST construction. The principal 

difference is that the entire EPT is held in core. A pointer table similar to the ECT table is 

formed (two entries per element type). The EPT is read into core, and the first position ~f each 

EPT type is stored in the table along with the number of EPT entries of that type. If the BGPDT 

and SIL can be held in core with the EPT, the ECPT is assembled in one pass. Otherwise, two 

passes are made. The skeleton ECPT is read one entry at a time. For each element, the property 

data are attached by performing a binary search in the associated property table in core. If one 

pass, the BGPDT, SIL and GPTT data are attached as in TAlA. Otherwise the ECT and EPT data are 

written on a scratch file, and a second pass is made to attach the BGPDT, SIL and GPTT data. 

Table 1 contains sample ECPT contents. 

During the final pass of the ECPT assembly, the GPCT is constructed. The GPCT is comprised 

of one logical record per point (same as ECPT). Each logical record consists of the pivot point 

and all other points connected to the pivot by means of element connections. 
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Table l. Sample ECPT Data Contents. 

Referenced Grid Point Fi rs t Sea l'a r Index 
(Pivot Point) 

1st Element Type 

Connected Grid Point First Scalar Indices 
(From ECT and SIL) 

Anisotropic Angle (From ECT) 

Material Number (From EPT) 

1st Element Properties (From EPT) 

Location and Orientation Data for Grid 
Points 

( From BGPDT) 

Element Temperature 

2nd Element Type 

( From GPTT) 

Last Element Type (for point 235) 

End of Logical Record (new grid point) 

Reference Grid Point First Scalar Index 
(Pivot Point) 

etc. 

etc. 

etc. 

4.26-9 
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4.26.7.4 TAlH 

The GPECT data block is assembled in TAlH. Each logical record in the GPECT corresponds to a 

grid or scalar point in the model. For each point, the connection data for each element connected 

to the point are listed. Each set of element data will be listed in the GPECT "n" times, where 

"n" is the number of grid points connected by the element. A sample of the GPECT is given in 

Table 1. The logical phases of the operation are as follows: 

A list is formed in core giving the relative locations of the elements in the ECT data 

in the order which they will be placed in the GPECT data block. Storage is allocated by 

forming the GPC (Grid Point Counter) and then replacing the GPC by a running sum of 

elements connected to points. A sample is: 

Implied GPC GPCS 
Grid Point Number of Sum of Previous 

internal index Connected Elements Elements 

( 1 ) 5 0 

(2) 3 5 
( 3) 1 8 

(4) 2 9 

(5) 6 l 1 

17 

The GPC is formed as follows. An area of core equal to the number of grid and scalar points 

of the model is set to zero. The ECT is read one element at a time. The storage location corre­

sponding to the internal index of each referenced grid point is incremented by one. When each 

element in the ECT has been processed, a running sum of the core table is formed. 

The contents of each word in the GPC now provide a pointer to the first storage location 

where a second pointer to the element data will be stored. Since the total number of connected 

elements may exceed available core storage, spill logic is provided. A band of entries in the 

GPC is determined. The ECT is read one element at a time. The position of each element of a 

given element type is determined by summing the number of words for each entry for the element 

(i.e., if m = number of words per ECT entry, then the position of the element in the ECT record= 
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(i-l)*m where i = entry number in the ECT record). For each point referenced by the element (which 

is in the band currently being processed), the contents of the associated position in the GPC is 

fetched. The element position and its type are stored at the indicated locations. 

The location in the GPC is incremented by one. When a pass of the ECT is complete, the 

skeleton ECPT is written, one logical record per point in the band of the current pass. Each 

logical record consists of pairs of (-1, element pointer). The nurrber of pairs equals the number 

of elements connected to the point. Example: 

2 

3 

IECPTO 
code for element 
type ( l = BAR) 

C0MM0N/TAA2/Z(l) 

4 

6 GPC 

3 l 21 0 

I 
1 0 Storage for the 

15 36 3 e 1 ement pointers· 
I 

L3 

-~ 

connected to grid point 
I 

. ·-···-· 
! I Storage for the I --··--' --·· 
I 2 element pointers 

I I. connected to grid point 2 l 0 I 

position of element in ECT record 
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Skeleton ECPT data is written on a scratch file: 

I 

1 I 

I 

I 

15 I 
I 

I 
3 I 

I 

I 
1 I 

I 

I 
1 I 

I 

I 

-· 
-1 

-1 

-1 

-1 

-1 

. . 

0 

36 

80 

16 

0 

Logical record l 

(all elements connected 

to grid point 1) 

Logical record 2 

(data for grid point 2) 

When all entries of the GPC have been processed, the skeleton GPECT is complete. _An area of 

core equal to two words per element type is set to zero. The ECT is read into core following the 

above table until either the ECT is exhausted or core is filled. A pointer to the beginning of 

data for each element type is stored in the table. The skeleton GPECT is now read one pair at a 

time. If the data to which the element pointer points are currently in core, they are written out 

on a second scratch file. The first word of the entry contains the number of words in the ECT 

data. If the data are not in core, the pair (-1, element pointer) is written on the second scratch 

file. This process is repeated until the skeleton has been exhausted. If all the ECT is in core, 

the new skeleton GPECT is complete. Otherwise, the files for old and· new skeleton GPECT are 

switched, and the process continues by reading more of the ECT data into core. Storage allocation 

at this point follows: 
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C0MM0N/TAA2/Z(l) 

Pointer to ECT data for 1st element type 
--

Sum of ECT words read on previous passes 
} 2 words/entry 

. 

ECT data for 1st element type 

. 
-

. . 
ECT data for 2nd element type 

. . . 

one entry 

per 

element 

type 

The final step in the GPECT assembly is to read the scratch file and convert internal grid 

nunt>ers to SIL values. 
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Table 2. Sample GPECT Data Contents. 

Reference Grid Point First Scalar Index 
(Pivot Point) 

1st Element Type 

Connected Grid Point First Scalar Indices 
(From ECT and SIL) 

2nd Element Type 

Last Element Type (for point 235) 

End of Logical Record (new grid point) 

Reference Grid Point First Scalar Index 
(Pivot Point) 

. 
etc. 

etc. 

. 
etc. 
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4. 26. 7. 5 TA 1 C 

The General Element flexibility and support matrices are assembled in TAlC. The data, given 

in the ECT data block, consist of the following sections for each General Element: 

1 . A list of the independent degrees of freedom, ui , in tenns of -grid points and components 

and/or scalar points. 

2. A list of supporting degrees of freedom, ud, given by grid and scalar points (may be 

null). 

3. An indicator of [K] or [Z] matrix. 

4. A stiffness matrix [K] or a flexibility matrix [Z] with rows and columns corresponding 

to the list of given u1 points. 

5. A support matrix [SJ with rows corresponding to the ui points and columns corresponding 

to the ud points. (May be null.) 

The tasks of TAlC are to (1) convert the lists of ui and ud to scalar indices and sort them 

by increasing scalar index, (2) rearrange the matrices to correspond to the sorted lists c· u1 and 

ud degrees of freedom, and (3) on user option calculate the support matrix from grid point geometry. 

These tasks are accomplished as follows: 

1. For each set of coordinates (u1 and ud) of length n, a 4xn table is formed where the 

four entries corresponding to each degree of freedom are: 

a. The position as given (1, 2, 3 ••. n) 

b. The internal position (zero initially) 

c. The grid or scalar point I.D. (Internal index) 

d. The grid point component (1 • x, 2 • y, etc.) 

2. The list is sorted on the third and fourth position. If a point I.D. in the third 

position is duplicated, the duplicates are sorted on the components in the fourth position. 

The list now corresponds to the desired order of increasing scalar indices. 

3. The SIL data block is read, and each of the points in the list is converted to its SIL 

value. (The position of a SIL number is its internal point index.) The SIL value and 

the component c1 determine the scalar index, Ni, of a degree of freedom by: 
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Ni = SIL+ (ci - l) 

for grid points and 

Ni = SIL 

for scalar points. 

The list of scalar indices is written on the GEI data block file. 

4. In order to rearrange the matrices to correspond to the proper sequence of degrees of 

freedom the above list is modified as follows: 

( l ) 

(2) 

a) The internal position number is placed in the second position of each entry in the 

list. The first entry uses l, the second, 2, etc. 

b) The list is sorted again to return the original order as given on the input card 

images. The first position of each entry supplies this order. The internal position 

of a term in a matrix is now given by the second numbers in each entry. 

5. Steps (1) through (4) are repeated for both the ui and ud sets. 

6. The [K] or [Z] and [SJ matrices are rearranged according to the sorted lists of degrees 

of freedom. The row and column numbers are converted by the algorithm: 

a) For a term of Kij or Zij' where i and j are the row and column as given by the 

matrix order, the position i of the ui internal number list gives i, the new column 

number. 

b) For a term of Sij' where i and j are the external row and column numbers, the row 

number i is converted using the ui list. The column number j uses the ud list. 

If a matrix is small enough to fit in core, the new rCM and column numbers are 

used to place the term in its correct position in core. If the matrix will be 

larger than core, the new row and column indices and the term itself are written 

on a scratch file. When all terms are processed, the file is sorted to form a 

sequenced matrix. The terms of the matrix are written on the GEI file in full 

matrix form. 
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4 . 26 . 7 • 6 TA 1 CA 

The [SJ matrix must be generated if the user inputs a list of Ud points and does not supply 

an [SJ matrix. If the flexibility matrix [Z] was input and [SJ is to be internally calculated 

there must be six Ud points in the list. If the stiffness matrix [K] was input and [SJ was not 

supplied, the number of Ud points must be less than or equal to six. The generation of [SJ is 

accomplished in subroutine TAlCA as follows: 

The BGPDT and CSTM data are read into core. (SIL is already in core). 

A six by six matrix [D
0

] is formed, where each row corresponds to a ud scalar index (j). [D0 ] 

is a six by six matrix which transforms the three translations and three rotations in the basic 

coordinate system to the six rigid body ud degrees of freedom: 

basic· 

The steps for generation of each row of [DJ are as follows: 

1. Xj' Yj' Zj the BGPDT location vector for the grid point containing scalar point j is 

found. 

2. [Tj] the 3x3 global-to-basic transformation matrix for the grid point containing j is 

fetched using subroutine MAT. 

3. If scalar j is a translation, define: 

1 0 0 0 zj .y. 
J 

[Ej] • 0 1 0 -zj 0 xj 

0 0 yj -xj 0 

The column of [Tj] corresponding to the degree of freedom j is defined as the row 

vector {Vj}T. The row vector of [D
0

] corresponding to point j is: 
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(5) 

' 4. If scalar j is a rotation, the column of [Tj] corresponding to the degree of freedom 

j is defined as the row vector {Vj}T. The row vector of [D
0

] corresponding to point j 

is: 

(6) 

When all rows of [D
0

] have been generated, the matrix is inve'rted. However, if the 

stiffness matrix was input, [D
0

] may be singular. If R is the number of Ud terms in 

the list, then the r by r nonsingular submatrix [a] of [D
0

] is extracted using sub­

routine DMFGR. The rows of [a] are kept in their original order but the columns may 

have been rearranged in the extraction process. If a redundant set of rigid body modes 

was specified, a fatal error exists. The matrix [Hd
0

] is defined as: 

= [D r 1 
0 

(7) 

[ ] [a] -1 
or Hdo = 

[Hd
0

] transforms the Ud displacements to rigid body motions about the basic coordinate 

system, i.e.: 

(8) 

If the matrix is ill-conditioned, a fatal error exists. 

The [SJ matrix may now be calculated a row at a time. The list of ui points, (s1), is 

read one at a time, and the [SJ matrix is fonned a row at a time. Call each row {Si}T. 

The steps for generation of each row are as follows: 

1. Using the basic coordinates xi., Y;, Z; for the grid point corresponding to scalar si, 

the global-to-basic transformation matrix [Ti] is fetched. 

2. The column of [Ti] corresponding to the scalar coordinate of u1 is defined as the row 
T vector {V1} . 

• 
/ 
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3. If Ui is a translation, we form 

0 0 0 zi -Y. 
1 

[E] = 0 0 -z. 0 X; 1 

0 0 Y; -x. 
1 

0 

If the stiffness matrix was input and less than six Ud terms were specified, the matrix 

{V.}T [E] is changed so that only the columns corresponding to the columns of [a] are 
. 1 

retained and these columns are in the same order as the corresponding columns of [a]. 

We then form 

4. If u; is a rotation: 

However, if the stiffness matrix was input and less than six Ud terms were specified, 

the matrix {000: viT} is modified so that only the colunms corresponding to the columns 

of [a] are retained and these columns are in the same order as the corresponding columns 

of [a]. 

4.26.8 Subroutines 

4.26.8.1 Subroutine Name: TAl 

1. Entry Point: TAl 

2. Purpose: Module driver. 

3. Calling Sequence: CALL TAl 

4.26.8.2 Subroutine Name: TAlA 

1. Entry Point: TAlA 

2. Purpose: To assemble the EST 

3. Calling Sequence: CALL TAlA 

• 
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4.26.8.3 Subroutine Name: TA1B 

1. Entry Point: TA1B 

2. Purpose: To assemble the ECPT and GPCT. 

3. Calling Sequence: CALL TA1B 

4.26.8.4 Subroutine Name: TAlH 

1. Entry Point: TAlH 

2. Purpose: To assemble the GPECT 

3. Calling Sequence: CALL TAlH 

4.26.8.5 Subroutine Name: TAlC 

l. Entry Point: TAlC 

2. Purpose: To assemble the GEi. 

3. Calling Sequence: CALL TAlC 

4.26.8.6 Subroutine Name: TAlCA 

1. Entry Point: TAlCA 

2. Purpose: To calculate the general element support matrix [SJ. 

3. Calling Sequence: CALL TAlCA. 

4.26.8.7 Subroutine Name: DMFGR 

1. Entry Point: DMFGR 

2. Purpose: To calculate the rank of a matrix. 

3. Calling Sequence: CALL DMFGR (IG,JR,JD,IR,ID) 

4.26.8.8 Subroutine Name: TAlETD 

1. Entry Point: TAlETD 

2. Purpose: To extract the temperature data for an element from the GPTT data block . 

• 
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3. Calling Sequence: CALL TAlETD (ELIO, TI, GRIDS) 

ELIO - ID of the element for which temperature data is desired -integer-input 

TI Array of temperature data - real-output 

GRIDS - Number of grid points of the element. If GRIDS=O, average element temperature 
is returned in TI(l), integer-input 

4.26.9 Design Reguirements 

4.26.9.1 Allocation of Core Storage 

TAlA. Step (1): Maximum core storage equals all property data for one element type 

plus three GIN0 buffers. 

Step (2): Maximum core storage equals 5* (number of grid and scalar points 

in model) plus three GIN0 buffers. 

TAlB. The initial steps of TAlB are open ended. The final assembly of the ECPT requires 

that all EPT data be held in core at one time. At another time the same storage 

requirements as TA1A exists plus additional storage to hold a list of the maximum 

nuni>er of points connected to any one point by means of element connections. 

TAlH. The initial steps of TAlH are open ended. The same storage requirement as TAlA 

exists plus additional storage to hold a list of the maximum nurrber of points 

connected to any one point by means of element connections. 

TAlC. The maximum storage requirement equals 5* (nurrber of grid and scalar points in 

the model) plus the CSTM table plus 4* (nuni>er of ui + nuni>er of ud points) plus 

three GIN0 buffers. 

4.26.9.2 Environment 

TAl is designed to allow each of the major phases of the model to be in a separate overlay 

segment. Open core for each is defined as follows: 

TAlA: /TAAl/ 

TAlB: /TAA2/ 

TAlH: /TAA2/ 

TAlC: /TACl/ • 
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GIN0 file names and DMAP parameters are communicated through blank C0MM0N. No block data 

program is used. Communication between TAlC and TAlCA occurs through /TAlCAX/ and /TACl/. 

4.26.10 Diagnostic Messages 

The following messages may be issued by TAl: 

2010, 2011, 2013, 2014, 2015, 2044, 2045, 2063, 2082, 3057, 3058, and 4016. 
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TAl 

ENTER 

Initialize 
GIN0 Fi le 

Names 

Set Flag 
for 

Approach 

Set flag 
for general 
elements 

-{Read Trailer] 
on ECT 

Displacement _ __... __ 

EXIT 

-{ Assemble J 
EST 

1 Assemble J 
- ECPT, GPCT 

or GPECT 

0ff 

-{ Assemble J 
GEI 

Figure 1. Flowchart for module TAl 
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THE MATERIAL PREVIOUSLY ON THIS PAGE 

HAS BEEN DELETED 
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4.27 FUNCTIONAL MODULE SMAl (STRUCTURAL MATRIX ASSEMBLER - PHASE 1) 

4.27. l Entry Point: SMAl 

4. 27. 2 Purpose 

To generate the stiffness matrix exclusive of general elements, [K;
9
], the structural 

damping matrix,[K:g]' and the Grid Point Singularity Table, GPST. 

4.27.3 DMAP Calling Sequence 

SMA1 CSTM,MPT,ECPT,GPCT,DIT/KGGX,K4GG,GPST/V,N,N0GENEL/V,N,N0K4GG $ 

4.27.4 Input Data Blocks 

CSTM - Coordinate System Transformation Matr.ices. 

MPT - Material Properties Table. 

ECPT Element Connection and Properties Table. 

GPCT - Grid Point Connection Table. 

DIT - Direct Input Tables .• 

~: 1. The CSTM may be purged. 

2. The ECPT and the GPCT cannot be purged, or else a fatal error w, 11 occur. 

3. If some element references a material property, the MPT cannot be purged. 

4. If some material property is temperature dependent, DIT cannot be purged. 

4.27.5 Output Data Blocks 

KGGX - Partition of stiffness matrix exclusive of general elements - g set. 

K4GG - Partition of structural damping matrix - g set. 

GPST - Grid Point Singularity Table. 

Notes: 1. Neither KGGX or GPST may be pre-purged. 

2. If K4GG is pre-purged, K4GG will not be generated. 

3. If N0GENL > 0 (see below) the GPST will not be generated. 

4.27.6 Parameters 

N0GENL - Input-integer-no default value. N0GENL is the number of general 
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4. 27. 7 Method 

MODULE FUNCTIONAL DESCRIPTIONS 

elements in the model. If N0GENL > O then GPST will not be generated. 

- Output-integer-no default value. If K4GG has been pre-purged or is the 

zEro matrix, rl0K4GG is set equal to -1. Other.~ise N0K4GG is set= +1. 

Matrix generation modules such as SMAl, SMA2, DSMGl and PLA4 all use the ECPT (or a 

variation thereof in the case of PLA4) and its companion data block, the GPCT, as the basic 

data blocks for generation of stiffness and structural damping matrices (SMAl), mass and 

viscous damping matrices (SMA2), the differential stiffness matrix (OSMGl), and the non­

linear stiffness matrix (PLA4). The central role of the ECPT data block in these modules 

is discussed in section 1.8. 

Subroutine SMAl is the module driver. Its tasks are: to set up GIN~ buffers and matrix 

control blocks for the output matrices, to determine if the CSTM data block exists, and, 

if it does, to read it into open core and call the initialization routine PRETRD; to call 

the material properties initialization routine PREMAT, where material property cards and 

tables are read into open corei to open and position all files so that input data blocks 

are ready to be read and output data blocks are ready to be writteni to call subroutine SMAlA, 

the module 11workhorse 11
, which will create the output data blocks. Upon return from SMA1A, 

files are closed and trailers are written. Subroutine descriptions for PRETRD and PREMAT 

can be found in section 3.4.37 and 3.4.36 respectively. 

Subroutine SMAlA consists entirely of a loop in which, during each pass of the loop, a 

record of the GPCT and a record of the ECPT are processed in a complementary manner. ~ 

pass through !!l1.!. principal loop creates either .2!!!. ~six~ (or columns since [K~gJ and 

[K!
9
J are sy11111etric) of the stiffness matrix, KGGX, (and the structural damping matrix, K4GG, 

if called for in the DMAP calling sequence}. One row will be generated if the pivot point, 

the first word of both the GPCT record and the ECPT record, is a scalar point; six rows will 

be generated if the pivot point is a grid point. The latter case holds in the majority of 

cases. The loop is terminated when an end-of-file is sensed on the file containing the GPCT. 

The loop begins by attempting to read the first two words of the current GPCT record. 

If the second non-standard return from subroutine READ occurs, it implies the current pivot 

point has no elements connected to it so that one or six null rows rrust be output for the 
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matrices. This non-standard return, it should be noted, does not occur in the majority of cases. 

A nonnal return from READ implies a nonnal path through the principal loop. The remainder of the 

GPCT record is read into core, and a pointer table is constructed. This pointer table relates 

the scalar index numbers of the GPCT record, which are the column indices of the (possible) non­

zero terms of the generated matrices, to locations in core in which the correspondinq submatrices 

will reside. The pointer table is defined recursively as follows: 

= 1 

P; = P;-1 + q, i > 1 

( 1 ) 

( 2) 

where q is 6 if the point (i-1) is a grid point and q isl if the point (i-1) is a scalar point. 

It is then determined if all the submatrices corresponding to the current pivot point 

can be held in open core. If they can, there is no problem. If they cannot, spill logic 

is provided only if the structural damping matrix is not called for. Rather than compute all 

submatrices. store them on a scratch file. retrieve them when computations have been completed 

and sort them, the following approach was adopted. It is determined what the maximum number 

of rows that can be held in core is: 3., 2 or 1. The element submatrices are computed in 

their respective routines {i.e. KR0D, KBAR) and passed to the "insertion" subroutine, SMA1B, 

which "inserts" into the correct open core posHions only those rows which can be contained. 

When the ECPT record is exhausted, the link vector. LINK, (see discussion below of the 

LWK variable in /SMAlCL/) is searched to determine if any structural element entries in the 

ECPT were skipped because the corresponding element subroutine did not reside in the link 

(element subroutine overlay segment) currently in core. If there did exist such an element, 

the ECPT file is backspaced and the ECPT record is reprocessed such that all element sub­

matrices not computed on the previous pass(es) of the ECPT record will be computed. lf 

(or when) the LINK array is identically zero. signifying that all element submatrices 

corresponding to the current pass of the ECPT record have been computed. the OETCK subrou~ine 

;s called if the input para111eter N0GENL so. OETCK generates the GPST by examining the 

"translational" and "rotational" diagonal 3 X 3 submatrices of the 6 rows of the KGGX matrix 

currently in core. If the total number of rows to be computed (6 or 1) for the current ECPT 

record is not in core due to spill problems. OETCK stores those elements of the 3 X 3 sub-
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matrices currently in core in local variables and then orocesses the entire 3x3 submatrices on 

the last pass of the ECPT record (see definitions of the variables LR0~HC and NR0WSC in /SMAlCL/ 

below). 

After DETCK returns, the number of rows in core are packed onto the KGGX (and, if called 

for, the K4GG) data block(s) using the standard matrix packing routines BLDPK, ZBLPKl and 

BLOPKN. If the last row in core is not equal to the total number of rows to be computed, 

the ECPT file is backspaced and the record is precessed again, this time the next set of 

3, 2 or 1 rows being output. If the last row in core .i!. equal to the total number of 

rows to be computed, the processing of the ECPT record is complete and a transfer is made 

to the top of the "GPCT and ECPT processing" loop to process the next record of the GPCT and 

ECPT. The loop terminates when an end-of-file is encountered while attempting to read the 

GPCT. Upon loop tennination, SMAlA returns to SMAl. 

It should be noted that the most difficult logic of the routine involves the LINK 

vector and the spill logic. The programmer is advised that the LINK vector logic will not be 

used on any of the current hardware/software configurations because 1) ~he routine residing 

in segment (link) 2, KC(IJNE, cannot be used in conjunction with a·ny other structural element 

routine and 2} the axisynmetrical element routines KTRIRG, KTRAPR and KT(IJROR cannot (from a 

mathematical modeling point of view) be used in conjunction with any other structural element 

routines. The spill logic is very seldom entered since for the majority of cases the geometry 

of the mathematical model is such that the number of words in any GPCT record - and hence the 

number of (potentially} non-zero columns in any six rows of the matrix - is generally quite 

small. A high upper limit for the number of words in any GPCT record would be 40. 
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4.27.7. 1 Determining Grid Point Singularities in Subroutine DETCK 

Let the pivot point be a grid point with scalar index pin the following discussion. Let [Q] 

be the "translational" or "rotational" 3x3 symmetric submatrix along the diagonal of the stiffness 

matrix, [K:g], i.e., the rows and columns of the "translational" [Q] matrix would correspond to 

scalar index numbers p, p+l, and p+2; and the rows and columns of the "rotational" [Q] matrix 

would correspond to scalar index numbers p+3, p+4, and p+S. 

The following steps comprise the algorithm for determining the presence or absence of grid 

point singularities. The discussion assumes [Q] is the "translational" 3x3 matrix but the same 

algorithm holds for the "rotational" [Q]. · In this development, a general non-syrrrnetric matrix 

could be considered. However, only diagonal terms and diagonal 2-by-2 minors are considered in 

determining the order of the matrix since all present NASTRAN elements theoretically generate 

syrrrnetric matrices. Thus, in the actual code, the off-diagonal terms are forced to be syrmnetric. 

Any non-syrm1etry due to numerical round-off is corrected by replacing corresponding off-diagonal 

pairs by their average. 

1. The matrix [Q] is scaled by the magnitude of the largest term, Q : . max 

[BJ • LQl_ 
Qmax

0 (3) 

If the largest term is non-positive, the singularity is of order 3, and the scalar index 

numbers p, p+l and p+2 are written on the GPST. 

2. The vector magnitudes of 3xl columns (rows) are calculated: 

• v's2 2 2 
b1 + B + B 

11 12 1 3 
(4) 

.. ~B2 
2 2 

b2 + B + B 
21 22 23 

(5) 

= .js2 2 2 
b3 + B + B 

31 32 33 
(6) 

3. For each b1 • 0, the singularity order counter I0RDER is increased by one. 

4. If two b; are zero, the order of the singularity is two, and the scalar index numbers 

j and k corresponding to these two rows of [BJ are written on the GPST. 
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5. If one bi is zero, and i is the row such that bi • 0, define j and k as the other rows 

of [BJ and calculate: 

(7) 

R = (8) 

If;< T0L*, the order of the singularity is 2 and the GPST contains the paired scalar 

index values for i, j, kin the order (1) (i-,j) if Bkk > O or (2) (i,k) if Bjj > o. 
If r .!. T0L*, the order of the singularity is one and only the SIL value for i is written 

on the GPST. 

6. lf all bi > 0, we calculate 

D • det [BJ (9) 

If D > .5 x T0L* x (b1b2b3), there are no singularities, and DETCK returns if [Q] is the 
11 rotational 11 matrix. lf [Q] is the "translational" matrix, the "rotational" [Q] is 

input to the algorithm. 

7. lf D < .5 x T0L* x (b1b2b3), one or more singularities exist. The following terms are 

calculated: 

b" B,J 
m1 • det 

Bu 833 
( l 0) 

~ll B1J 
ffl2 • det 

31 Bu 
( 11) 

~ll B'J ' ffl3 • det 
21 822 

( 12) 

*The tolerance (T0L) may be supplied by the user on the NASTRAN card by specifying the 

desired value for SYSTEM(70f or STST. The default is .01. 
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R1 : V(B2 + 92 ) (82 + 92 ) 
22 23 32 3 3 

( 13) 

R2 = -y(B2 + 92 ) (B2 + 92 ) 
l l l 3 3 l 3 3 

( 14) 

R3 = ..J(s2 + 82 ) (82 + 82 ) 
1 1 1 2 21 22 

( 15) 

8. Determine i • j' k such that: 

m. m. mk 
, > i > . 

R; j ~ 
( 16) 

m. 
9. If l[" < T0L , the singularity is of order 2. Redefine i, j, k such that B;; < Bjj < Bkk' , 
The SIL values for the paired indexes (j,k), (i ,k) and (i,j) are written on GPST only if the 

corrasponding 8 is greater than zero. For instance if Bkk is zero, the SIL pair (i ,j) is not 

written on the GPST. 
m. 

10. If R7 ~ T0L 1 (see step 8) the singularity is of order 1. The SIL values are written 
1 

on the GPST in the order 

m. 
i since if7' > T0L (17) , 

m. 
j i f rt > T0L ( 18) 

.) 

m 
k if Jt > T0L ( 19) 

k 
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4.27.8 Subroutines 

The utility routines PRETRD and PREMAT (or HMAT) are called in SMA1 for initialization 

purposes so that the structural element subroutines can cal1 the entry points TRANSD of PRETRD and · 

MAT of PREMAT (or HMAT) to fetch Coordinate System Transformation Matrices (CSTM) data and material 

properties data respectively. GMMATD is used by element routines as a general matrix multiply 

routine, and INVERD is used for inversion of small in-core (order usually~ 12) matrices. It 

should be noted that all matrices referenced in the structural element subroutines are stored El_ 

~ and are double precision. See the subroutine descriptions for these routines in Section 3. 

The principal means of corrmunicating an element entry of the ECPT to an element stiffness 

matrix generation routine is through /SMAlET/. This fact is not explicitly stated in each of the 

descriptions of the element routines (e.g. KR0D) given below. Since much of the mathematics needed 

for generating: (1) element stiffness and structural damping matrices (module SMAl); (2) element 

mass and damping matrices (module SMA2); (3) element contributions to load vectors (module SSGl); 

(4) element stress (and force) data recovery (module SDR2); (5) element differential stiffness 

matrices (module DSMGl); {6) element stress (and force) data recovery for non-linear elements in 

a Piecewise Linear Analysis Rigid Format problem (module PLA3); and (7) element stiffness matrices 

for non-linear elements in a Piecewise Linear Analysis problem (module PLA4), is similar or even 

identical, detailed mathematical algorithms are grouped by element in Section 4.67. 

It should be noted that routines OKI, DKINT, DK89, DKlOO, DK211, R0MBDK, and DMATRX are used 

only (directly or indirectly) by the axisynmetric shell element routines KTRIRG, KTRAPR and KT~RDR. 

4.27.8.1 Subroutine Name: SMAl 

1. Entry Point: SMAl 

2. Purpose: See discussion above. 

3. Calling Sequence: CALL SMAl 

4.27.8.2 Subroutine Name: SMAlA 

1. Entry Point: SMAlA 

/ 
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2. Purpose: See discussion above. 

3. Calling Sequence: CALL SMAlA 

4.27.8.3 Subroutine Name: SMA1B 

1. Entry Point: SMA1B 

2, Purpose: This routine, called by the module's element stiffness matrix generation 

routines such as KR0D, KBAR, etc,, adds a double precision 6 x 6 or l x l matrix, [Ke], to 

;the 11 submatrix 11 of [Kx ] or [K4 ] corresponding to the current pivot point. gg gg 

3. Calling Sequence: CALL SMA1B (KE,J,II,IFILE,OAMPC) 

KE 

J 

II 

- Row-stored double precision 6 x 6 or 1 x 1 matrix to be added to the 

submatrix in core - double precision - input. 

- The column index of the [K;
9
] or [K:g] matrix which corresponds to the 

first column of the [Ke] matrix - integer - input. 

- If II is 0, the [Ke] matrix is 6 x 6. If II is greater than zero, it is 

the row index of the [K:gJ or [K~
0
J matrix corresponding to the 1 x 1 

matrix [Ke] to be added - integer - input. 

IFILE - GIN0 file number of the matrix in core being added to - KGGX or K4GG -

integer - input. 

DAMPC If [Ke] is 6 x 6 and the [K:gJ matrix is called for, the input matrix [Ke] is 

multiplied by OAMPC before being added to the submatrix of [K:gJ in core. 

4.27 .8.4 Block Data Program Name: SMA1BD 

1. Entry Point: SMA1BD 

2. Purpose: Block data program which sets GIN0 file numbers, 1/0 parameters, and SMAl 

overlay parameters. 

3. Calling Sequence: None 

4.27.8.5 Subroutine Name: DETCK 

1. Entry Point: DETCK 
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2. Purpose: This routine generates the Grid Point Singularity Table by examining the 

3x3 "translational" and "rotational" diagonal submatrices of the KGGX matrix. This 

routine is called after the submatrix for each pivot point has been completed. 

3. Calling Sequence: CALL DETCK (JARG) 

If JARG = 0, the pivot point has elements connected to it. 

JARG -

If JARG • -1, the pivot point is a scalar point and no elements are 

connected to it. 

If JARG = 1, the pivot point is a grid point and no elements are connected 

to it. 

4.27.8.6 Subroutine Name: KR0D 

1. Entry Point: KR0D 

2. Purpose: To generate the element stiffness matrix for a R~D element. 

3. Calling Sequence: CALL KR0D 

4.27.8.7 Subroutine Name: KBAR 

1. Entry Point: KBAR 

2. Purpose: To generate the element stiffness matrix for a BAR element. 

3. Calling Sequence: CALL KBAR 

4.27.8.8 Subroutine Name: KTUBE 

1. Entry Point: KTUBE 

2. Purpose: To generate the element stiffness matrix for a TUBE element. 

3. Calling Sequence: CALL KTUBE 

4.27.8.9 Subroutine Name: KPANEL 

1. Entry Point: KPANEL 

2. Purpose: To generate the element stiffness matrix for a SHEAR or TWIST panel element. 

3. Calling Sequence: CALL KPANEL (IARG) 

I 
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lARG - {

IARG = 4 calls for generation of the matrix for a shear panel; 

IARG = 5 implies a twist panel. 

4.27.8. 10 Subroutine Name: KTRMEM 

1. Entry Point: KTRMEM 

2. Purpose: To generate the element stiffness matrix for a TRMEM element. 

3. Ca 11 i ng Sequence: CALL KTRMEM ( I) 

I = 
{ 

O - Do complete triangular membrane. 

1 - Return 3 transformed 3 x 3 matrices only for pivot point. If I = 1, 

KTRMEM is called by KQDMEM. 

4.27.8. 11 Subroutine Name: KQDMEM 

1. Entry Point: KQDMEM 

2. Purpose: To generate the element stiffness matrix for a QDMEM element. 

3. Calling Sequence: CALL KQDMEM 

4.27.8. 12 Subroutine Name: KTRBSC 

1. Entry Point: KTRBSC 

2. Purpose: To generate the element stiffness matrix for a basic bending triangle 

element. 

3. Calling Sequence: CALL KTRBSC (I) 

I = l 
O - Do complete element computation for basic bending 

1 - Form only the [KUJ 9x9 matrix. 

2 -·Form only the [KUJ 9x9 matrix but save the [HJ-1 

4.27.8. 13 Subroutine Name: KTRPLT 

1. Entry Point: KTRPLT 

triangle 

and [SJ matrices. 

2. Purpose: To generate the element stiffness matrix for a triangular plate element. 

3. Calling Sequence: CALL KTRPLT 
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4.27.8. 14 Subroutine Name: KQDPLT 

1. Entry Point: KQDPLT 

2. Purpose: To generate the element stiffness matrix for a quadrilateral plate element. 

3. Calling Sequence: CALL KQDPLT 

4.27.8. 15 Subroutine Name: KTRIQD 

1. Entry Point: KTRIQO 

2. Purpose: To generate the element stiffness matrix for any of the following elements: 

TRIA1,TRIA2,QUA01,QUA02. 

3. Calling Sequence: CALL KTRIQD (IARG) 

1 - TRIAl element. 

IARG • 
2 - TRIA2 element. 

3 - QUAOl element. 

4 - QUA02 element. 

4.27.8.16 Subroutine Name: KELAS 

1. Entry Point: KELAS 

2. Purpose: To generate stiffness matrix contributions from the ELAS1,ELAS2,ELAS3 and 

ELAS4 elements and structural damping matrix contributions from the ELAS1,ELAS2 and 

ELAS3 elements. 

3. Calling Sequence: CALL KELAS (IARG) 

IARG - Indicates the type of element being processed. It can take on the values 

1,2,3 and 4 denoting the ELAS1,ELAS2,ELAS3 and ELAS4 elements respectively. 

Integer-input. 

4.27,8. 17 Subroutine Names: KC0NE, KC0NEX 

1. Entry Point: KC0NE. KC0NEX 

2. Purpose: To generate the element stiffness matrix for a conical shell problem. 

3. Calling Sequence, CALL KC0NE and CALL KC0NEX 
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4.27.8.18 Subroutine Name: KTRIRG 

1. Entry Point: KTRIRG 

2. Purpose: To calculate an element stiffness matrix for a triangular cross-section 

ring, TRIARG, element. 

3. Calling Sequence: CALL KTRIRG 

4.27.8. 19 Subroutine Name: KTRAPR 

1. Entry Point: KTRAPR 

2. Purpose: To calculate an element stiffness matrix for a trapezodial cross-section 

ring, TRAPRG, element. 

3. Calling Sequence: CALL KTRAPR 

4.27.8.20 Subroutine Name: KT~ROR 

1. Entry Point: KT~ROR 

2. Purpose: To calculate an element stiffness matrix for a toroidal thin shell ring, 

T~RORG, element. 

3. Calling Sequence: CALL KT~ROR 

4.27.8.21 Function Name: DKI 

1. Entry Point: OKI 

2. Purpose:· To evaluate integrals in double precision for the triangular and 

trapezoidal cross-section rings in subroutines KTRIRG and KTRAPR. 

3. Calling Sequence: OP= OKI (I,J,K,L,M,N,IP,IQ,R,Z) 

I, J - The subscripts of R defining two lines on the limit of integration, 

integer-input. 

K, L - The subscripts of R, Z defining another line on the limit of integration, 

integer-input. 

M, N - The subscripts of R, Z defining the fourth line on the limit of 

integration, integer-input. 

4.27-13 (7/4/76) // /~ 



MODULE FUNCTIONAL DESCRIPTIONS 

IP,IQ - Integers that define the power of the rand z variables respectively, 

- input. 

R,Z - Vectors of the rand z coordinates of all points used to describe the 

area of integration, double precision - input. 

4.27.8.22 Function Name: OKINT 

1. Entry Point: DKINT 

2. Purpose: To evaluate the following function in the F0RTRAN function routine OKI: 

where 

and 

AJ • 

.) l!, C0EF 
. 1 

w-s+ 1 for t , 0 · 
s 

fort• O 

R(J) (w+v-t+l) -Rp) (w+v-t+l) 
w+v- +1 for (w+v-t+l) , 0 

for (w+v-t+l) • O • 

3. Calling Sequence: DP• DKINT (I,J,A,B,V,W,R,Z) 

I, J - The subscripts of R, z. 

A, B - The arguments of the f~nction fin Equation 20. 

V, W - Integer parameters of the function. 

R, Z - Vectors of the rand z coordinates. 

,_ 
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4.27.8.23 Function Name: DK89 

1 . Entry Point: DK89 

2. Purpose: To evaluate the following function in function OKI. 

1 M s 
OK89(I,A,8) = :;;;.;:,- r M! (-A) • d , 

B s=O 

where 

for (M+l-N-S) 'I- 0 

d = 
for (M+l-N-S) = 0 

3. Calling Sequence: OP= OK89 (I,A,B,M,N,R) 

I - The subscript of R. 

A, B - The arguments of the function. 

M, N - Integer parameters of the function. 

R - Vector of the r coordinates. 

4.27.8.24 Function Name: o·KlOO 

1. Entry Point: DKlOO 

2. Purpose: To evaluate the following function in subroutine OKI. 

where 

d • 

M+N-2 
DKlOO(I,A,8) • A(~~-l) ! (M+N-2)!·d , 

s•O 

(M+N-2-S)! S! (M-1-S)•R(I)(M-l-S} 
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3. Calling Sequence: DP= DKlOO (I,A,B,M,N,R) 

I - The subscript of R. 

A, B - lhe arguments of the function. 

M, N - Integer parameters of the function. 

R - Vector of the r coordinates. 

4.27.8. 25 Function Name: DK211 

l. Entry Point: DK211 

2. Purpose: To evaluate the following function in F0RTRAN function OKI. 

0 for B•R(I) • A 

¥ln(l2·B·R(I)1)J2 for B•R(Ib'A, [B•R(I)]2=A 2 

DK211(I,A,B) • [lnlAl],[lnlR(I)I]. t~1 ti[·B·:(I)Jt for [B•R(I)]2 < A2 (31) 

t(ln( 1B•R(I)!)] 2 + ; 't2 [ -A Jt 
t•l B·R(I) 

for [B·R(I)] 2 
> A2 

3. Calling Sequence: DP= OK2ll (I,A,B,R) 

I - The subscript of R. 

A. B - The arguments of the function. 

R - Vector of the r coordinates. 

4.27.8.26 Subroutine Name: R0MBDK 

1. Entry Point: R0MBDK 

2. Purpose: To evaluate integrals in double precision for the toroidal thin shell ring 

in· subroutine KT0RDR. 
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3. Calling Sequence: CALL R0MBDK (A,B,N0SIG,PRECIS,NUM,IT00NE,FINTG,K0DE,FUNCT,X) 

A, B - Lower and upper limit of integration respectively. 

N0SIG - Number of correct significant digits desired . 

. PRECIS - Actual nurrber of significant digits attained. 

NUM - Maximum number of halvings of the interval [A,8] to be made. 

ITD0NE - Actual number of halvings of the interval [A,B]. 

FINTG - Resultant value of integral. 

K0DE - Print control (not used). 

FUNCT - Function subprogram used to evaluate the integral. 

X - Vector of parameters used by function subprogram. 

4.27.8.27 Subroutine Name: DMATRX 

1. Entry Point: DMATRX 

2. Purpose: To fonn the element stiffness matrix in field coordinates for the toroidal 

thin shell ring in subroutine KT0RDR. 

3. Calling Sequence: CALL DMATRX (0,V,C,CA,CA2,VA,OM,08,YI) 

0 - Resultant stiffness matrix. 

V,C,CA, 
CA2,VA, - Terms used in the evaluation of the stiffness matrix. 
DM,08 

YI - Array of integral values. 

4.27.8.28 Subroutine Name: KFLU02 

1. Entry Point: KFLUD2 

2, Purpose: To fonn the element psuedo stiffness matrix for the FLUI02 and AXIF2 elements. 

3. Calling Sequence: CALL KFLU02. 

4.27.8.29 Subroutine Name: KFLUD3 

1. Entry Point: KFLU03 

2. Purpose: To fonn the element psuedo stiffness matrix for the FLUI03 and AXIF3 elements. 

3. Calling Sequence: CALL KFLUD3 
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4.27.8.30 Subroutine Name: KFLUD4 

1. Entry Point: KFLUD4 

2. Purpose: To form the element psuedo stiffness matrix for the FLUI04 and AXIF4 e]ements. 

3. Calling Sequence: CALL KFLUD4 

4.27.8.31 Subroutine Name: KSL0T 

1. Entry Point: KSL0T 

2. Purpose: To form the element psuedo stiffness matrix for the SL0T3 and SL0T4 elements. 

3. Calling Sequence: CALL KSL0T(IARG) 

IARG = 
O: SL0T3 elements 

1 • SL0T4 elements 

4.27.8.32 Subroutine Name: KTETRA 

1. Entry Point: KTETRA 

2. Purpose: To calculate and insert element stiffness matrices for the TETRA (solid 

tetrahedron) element. It is also used for the sube1ements of the WEDGE, HEXA1, and 

HEXA2 elements. 

3. Calling sequence: CALL KTETRA (I0PT), where: 

If I0PT • 0, the stiffness is divided bv 2. 

If I0PT • l, the stiffness is unmodified. 

If I0PT ! 100, the element is tested for geometric consistency. 

4.27 .8.33 Subroutine Name: KS0LID 

1. Entry Point: KS0LID 

2. Purpose: To perform, on the WEDGE, HEXAl, and HEXA2 elements, the following tasks: 

a) Check geometric consistency. 

b} Rearrange the ECPT data into the TETRA format for each subelement and call the 

KTETRA subroutine. 
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4.27.8.34 Subroutine Name: HRING 

1. Entry Point: HRING 

2. Purpose: To calculate thermal conductivity matrix terms for the TRIARG and TRAPRG 

elements. 

3. Calling Sequence: CALL HRING(ITYPE), where 
!TYPE= 3 implies a TRIARG element. 
!TYPE= 4 implies a TRAPRG element. 

4.27.8.35 Subroutine Name: KPLTST 

1. Entry Point: KPLTST 

2. Purpose: To examine the planarity of quadrilateral elements. 

3. Calling Sequence: CALL KPLTST (Gl ,G2,G3,G4) where 
Gi = Grid Point coordinate vectors 

4.27.8.36 Subroutine Name: KQDMMl 

l . Entry Point: KQDMM1 

2. Purpose: Computes element stiffness matrix for the QDMEMl element. 

3. Calling Sequence: CALL KQDllll!l 

4.27.8.37 Subroutine Name: KTRIA 

1. Entry Point: KTRIA 

2. Purpose: To generate the element stiffness matrix for an axisymmetric triangular 

ring element. 

3. Calling Sequence: CALL KTRIA 

4.27.8. 38 Subroutine Name: KTPZ 

1. Entry Point: KTPZ 

2. Purpose: To calculate an element stiffness matrix for an axisymmetric trapezoidal 

ring element, 

3. Calling Sequence: CALL KTPZ 
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3. Calling sequence: CALL KS0LID (!TYPE), where 

!TYPE= l implies a WEDGE element (three tetrahedra). 

ITYPE = 2 implies a HEXAl element (five tetrahedra). 

ITYPE = 3 implies a HEXA2 element (ten tetrahedra). 

4.27.8. 39 Subroutine Name: KQUADS 

l. Entry Point: KQUADS 

2. Purpose: To generate the element stiffness matrix for a quadrilateral thin shell 

element, 

3. Calling Sequence: CALL KQUADS 

4.27.8.40 Subroutine Name: KTRIAS 

1. Entry Point: KTRIAS 

2. Purpose: To generate the element stiffness matrix for a triangular thin shell 

element, 

3. Calling Sequence: CALL KTRIAS 

4.27.8.41 Subroutine Name: KIHEX 

1. Entry Point: KIHEX ' 

2. Purpose: To generate the element stiffness matrix for an IHEXl, IHEX2, or IHEX3 

element. 

3. Calling Sequence: CALL KIHEX (ITYPE) 

{
1 - IHEXll 

ITYPE = 2 - IHEX2c - integer-input 
3 - IHEX3J 

4.27.8.42 Subroutine Name: IHEXSD 

1. Entry Point: IHEXSD 

2. Purpose: To generate isoparametric shape function data. 

3. Calling Sequence: CALL IHEXSD (ITYPE,SHP,DSHP,JINV,DETJ,EID,XI,ETA,ZETA,C0RD) 

ITYPE - same as in KIHEX calling sequence - integer-input 

SHP - array of values of the shape functions - double precision-output 
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- array of values of the derivatives with respect to element coordinates 
of the shape functions - double precision-output 

- array of the inverse of the Jacobian matrix - double precision-output 

- determinant of the Jacobian matrix - double precision-output 

- Element ID - integer-input 

Element coordinates at which shape functions are evaluated - double 
precision-input 

- array of basic coordinates of the grid points of the element - real-input 

4.27.9 Design Requirements 

4.27.9.1 Open Core Design 

The open core common block for module SMAl is defined by the following F0RTRAN statements: ,. D0UBLE PRECISI0N DZ( 1) 

2. INTEGER IZ( 1) 

3. C0MM0N /SMAlX/ 2(2) 

4. EQUIVALENCE (Z(l) ,IZ(l) ,DZ(l)). 

The open core layout is given in Figure 1. 
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ICSTM C{IJMM{IJN /SMA1X/ 

IMAT1 

IGPCT 

IPIIIINT 

I6X6K 

IGGPST 

IGGPCT 

IGECPT 

IG4GG 

IGKGG 

CSTM Data 

MPT and OIT 

to be read into 

core by MAT or 

HMAT 

GPCT Data 

Pointer table defined 

ir Equations 1 and 2 

Submatrices for KGGX 

and K4GG for the current 

pivot point. 

~-~ 
~- - -- - ...._ 

GIN0 buffer for GPST 

GIN0 buffer for GPCT 

GIN{IJ buffer for ECPT 

GIN{IJ buffer for K4GG 

GIN{IJ buffer for KGGX 

Figure 1. Open core layout for module SMA1. 
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The definition of the variables is as follows: 

ICSTM - The zero pointer to the CSTM portion of open core; defined to be zero. 

IMATl - The zero pointer to the MPT and OIT data read into core by subroutine PREMAT; 
defined to be ICSTM + NCSTM, where NCSTM is the length of the CSTM portion 
of open core. 

IGPCT - The zero pointer to the GPCT portion of open core; defined to be IMATl + MATCR, 
MATCR being the length of open core used by subroutine PREMAT. 

IP0INT - The zero pointer to the pointer table in open core. The pointer table is used 
as a dictionary to relate the GPCT to the submatrices in core; defined to be 
IGPCT + NGPCT, NGPCT being the length of the GPCT. 

I6X6K - The zero pointer to the submatrices of KGGX; I6X6K = (IP0INT + NP01NT -1) / 
2+2 where NP0INT = NGPCT is .the length of the pointer table. The extra 
arithmetic to define I6X6K is necessary because the submatrices are double 
precision numbers. While the above indices are single precision indices, 
I6X6K is a double precision index. 

I6X64 - The zero pointer to be submatrices of K4GG; I6X64 • I6X6K + N6X6K, where 
N6X6K is the number of double precision numbers ·in the submatrices of KGGX. 
I6X64 is a double precision index. 

The pointers for the GIN0 buffers, IGGPST, IGGPCT, IGECPT, IG4GG and IGKGG are, 

unlike the above, 1one 1 pointers. It should be noted that the lengths NCSTM and MATCR are 

constant throughout the module operation, while the length of the GPCT data will vary from pivot 

point to pivot point as the ECPT and GPCT data blocks are processed serially. (Hence it is 

probable that for a pivot point with a relatively small number of elements connected to it the 

entire submatrix may be held in core. while spill logic will be entered only when a pivot point 

has a great many elements connected to it.) 

4.27.9.2 Block Data Subprogram 

The block data program SMA1BO sets GIN0 file numbers, I/0 parameters and SMAl overlay 

parameters in conrnon blocks /SMA1I0/ and /SMAlCL/. 

4.27.9.3 Conrnon Storage Requirements 

Blank conrnon is used only tor DMAP parameters. The following conrnon blocks are used 

throughout the module: /SMA1I0/, /SMAlBK/, /SMAlCL/, /SMAlET/ and /SMA1DP/. They are given 

in detail here since other matrix assembler modules such as SMA2 and DSMGl are designed similarly. 

All common block variables are integer except (1) D00ET in /SMAlCL/ which is a logical variable; 

(2) the array in /SMAlET/.which is a mixed (integer and real) array; and (3) the double 

precision array in /SMAlOP/. 
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1. The SMA1I0 conJ11on block is 36 words in length and is used for SMAl inout/outout 

parameters • 

Word Number Variable Definition 

l IFCSTM GIN0 file number for the CSTM data block. 

2 IFMPT GIN0 file number for the MPT data block. 

3 IFOIT GIN0 file number for the OIT data block. 

4 I0UM1 Undefined. 

5 IFECPT GIN0 file number for the ECPT data block. 

6 IGECPT GIN0 buffer pointer for the ECPT. 

7 IFGPCT GIN0 file number for the GPCT data block. 

8 IGGPCT GIN0 buffer pointer for the GPCT. 

9-10 IFGEI,IGGEI Undefined. 

1l IFKGG GIN0 file number for the KGGX data block. 

12 IGKGG GIN0 buffer pointer for KGGX. 

13 IF4GG GIN0 file number for the K4GG data block. 

14 IG4GG GIN0 buffer pointer for K4GG. 

15 IFGPST GIN0 file number for the GPST data block. 

16 IGGPST GIN0 buffer pointer for the GPST. 

17 INRW Input with rewind option for subroutine 0PEN. 

18 0UTRW Output with rewind option for subroutine 0PEN. 

19 CLSNRW Close without rewind option for subroutine·CL0SE. 

20 CLSRW Close with rewind option for subroutine CL0SE. 

21 NE0R No end-of-record indicator for subroutine READ. 

22 E9R End-of-record indicator for subroutine READ. 

23-29 MCBKGG Matrix control block for the KGGX matrix. 

30-36 MCB4GG Matrix control block for the K4GG matrix. 

2. The SMA1BK cormon block is 10 words in length and is used 'or SMAl onen core bookkeeoing 

parameters. It contains zero pointers and lengths for the various sub-arrays in ooen core. 
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Word Number 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Variable Definition 

ICSTM Zero pointer to the CSTM sub-array in open core. For 
example the first location of this sub-array is referenced 
as IZ (ICSTM + l). 

NCSTM 

IGPCT 

NGPCT 

IP0INT 

NP0INT 

I6X6K 

N6X6K 

I6X64 

N6X64 

Length of the CSTM sub-array in open core. 

Zero pointer to the GPCT sub-array in open core. 

Length of the GPCT sub-array. 

Zero pointer to the P0INT sub-array in open core. 

Length of the P0INT sub-array. 

Zero pointer to the 6x6 submatrices of KGGX. 

Number of words allocated to the 6x6 submatrices of KGGX. 

Zero pointer to the 6x6 submatrices of K4GG. 

Undefined. 

3. The SMAlCL coll'ITK>n block is 133 words in length and is used for rn:>dule control parameters. 

i~ord Number 

2 

3 

4 

5 

6 

7 

8 

Variable 

I0PT4 

K4GGSW 

NPVT 

LEFT 

FR0WIC 

LR0WIC 

NR0WSC 

TNR0WS 

Definition 

Indicator used by element routines denoting whether or not 
the K4GG matrix will be generated. I0PT4 = 0, implies no 
generation; I0PT4 ~ 1 implies generation. 

Indicator set to -1 initially. If I0PT4 = 1, then element 
routines will set K4GGSW • l, when a non-zero element 
structural damping matrix is generated. 

The scalar index which is the pivot point. This is the first 
word of every record of the ECPT data block. 

The number of words of open core remaining after all sub­
a1·rays 1n open core have been allocated. 

The first row of the submatrices in core. If all six rows 
o~ the matrices to be generated cannot be held in core, spill 
logic 1s initiated, and 3, 2 or 1 rows of the submatrices are 
generated during each pass of the ECPT record for the pivot 
point which causes the spill. FR0WIC can take on the values 
1,2,3,4,5 or 6. 

The last row of the submatrices in core. LR0WIC is defined as 
FR0WIC + NR0WSC -1, where NR0WSC is the number of rows in core. 
If there are no spill problems, then LR0WIC a 6 if the pivot 
point is a grid point, and LR0WIC • 1 if the pivot point is a 
grid point. 

The number of rows of the submatrices currently in core. 

Total number of rows of the submatrices to be generated. 
TNR0WS • 6 if the pivot point is a grid point and TNR0WS • l 
if the pivot point is a scalar point. This definition holds 
whether or not the K4GG matrix is to be generated. (In 
actuality, if the K4GG is generated the total number of rows 
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l·lord !lumber Variable 

9 JMAX 

10 NLINKS 

11-20 LINK 

21 N0G0 

22 IDETCK 

MODULE FUNCTIONAL DESCRIPTIONS 

Definition 

generated for any ECPT record is 12 or 2). 

The number of columns of KGGX (and K4GG) to be generated with 
the current ECPT record. 

The nurrber of machine links (overlay segments) necessary to 
contain the module's element routines. Currently NLINKS is 
defined to be 3. This variable is used in conjunction with 
the LINK array defined below. For machines with large 
memories, it is desirable to have all element routines in 
one link, for when in any ECPT record there are elements which 
reside in different links, overlay overhead can be very costly 
(particularly on second generation computing systems). 

Before the current ECPT record is read for the first ti me, the 
LINK array is ·set to -1 for LINK( I) , I = l , ... NL INKS. ~/hen 
the first element is read from the ECPT, the proper element 
routine is called, thereby loading the link in which that 
element routine resides. The variable LINC0R, the link in core, 
is defined as LINC0R • I0VRLY(ITYPE), where ITYPE is the ele­
ment's internal number, e.g., R0D = 1, BEAM= 2, etc. For the 
next element read from the ECPT, it is detennined in what link 
it resides. If it resides in the link which is in core, the 
element routine is called. If the routine does not reside in 
the link currently in core, it is detennined whether (a) the 
link has already been processed or (b) the link has not been 
processed in which case a "to-be-processed-later" flag is set. 
For case (a) LINK (ITEMP) is l; for case (b) LINK(ITEMP) is 
set= 0, where ITEMP • I0VRLY(ITYPE). When an end-of-record 
is sensed for the ECPT, LINK(LINC0R) is set to 1 and LINK 
array is searched for zeros. If there are no zeros, the process­
ing of the ECPT record is complete. If there are zeros, that 
is, links to be processed, the file corresponding to the ECPT 
is backspaced and processing of the record is repeated. 

Flag used to indicate if a user fatal error message occurred 
in the processing of any element. N0G0 = 1 indicates an error. 
Execution is tennination upon completion of the processing of 
the GPCT. N0G0 • 0 indicates no error. Continue execution. 

Used as a first pass indicator in the DETCK subroutine. There 
will be multiple passes through the DETCK routine, for each 
ECPT record, only if there are spill problems, i.e., the total 
~umber of rows to be generated for the ECPT record will not fit 
1n core. 
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23 D0DET Logical variable which if true implies the DETCK routine will 
be called and if false will not be called. If the input para­
meter, N0GENL, is greater than zero, implying general elements 
exist,. then D0DET is set false. Otherwise D0DET is true. 

4. The common block SMA l ET is l 00 words in length and is used as the means of corrmuni cati nq 

the element data from the ECPT data block to the element subroutines. 

5. The corrmon block SMAlDP defines an array of 300 double precision words. This block is 

used as "scratch" storage by element routines. Those variables which in most F0RTRArJ 

programs would be local subroutine variables are defined in /SMA1DP/ by the module's element 

routines in order to preserve core storage and hence increase open core. 

4.27.9.4 Arithmetic Considerations 

All floating point arithmetic operations are carried out in double precision. Both [K~g] 

and [K~9j are double precision matrices. 

4.27. 10 Diagnostic Messages 

The module has a variety of "fail-safe" error checks. If any of these checks fail~. it 

implies an obscure program design error or a computer operating system/hardware failure. 

Diagnostic messages 2022, 2023, 2034 are of this type. 

User fatal error messages 2025, 2026, 2031, 2032, 2033, 2035, 2036, 2037, 2038, 2039, 2040, 

5001, 5002, 5003, and 5004 occur when one of the structural element routines encounters some user 

data which makes generation of an element matrix impossible. Examples would include a user defin­

ing a R00 or BAR element of zero length; a user defining the four points of a SHEAR panel element 

not in the proper cyclical order; a user defining TRPLT data so that a matrix in a algorithm is 

singular; etc. It should be noted the first time this type of user data is encountered a fatal 

error occurs, that is the module does not continue tp process data for uncovering any more errors. 

The following additional user fatal error messages may be issued by the isoparametric solid 

element routines: 3301, 3302 and 3306. 

Detailed descriptions of these error messages can be found in Section 6 of the User's 

Manual. 
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4.28 FUNCTIONAL MODULE SMA2 (STRUCTURAL MATRIX ASSEMBLER - PHASE 2) 

4.28.1 Entry Point: Si•IA2 

4.28.2 Purpose 

To generate the mass matrix [M
99

J and the damping matrix [s
99

J. 

4.28.3 DMAP Calling Sequence 

Si•1A2 CSTM,MPT ,ECPT ,GPCT 1 DIT/MGG 1 BGG/V, Y ,WTMASS=l .0/V 1 N,N0MGG/V ,N,N0BGG/V, Y, 

C0UPMASS/V,Y,CPBAR/V,Y,CPR00/V,Y,CPQUAD1/V,Y,CPQUAD2/V,Y,CPTRIA1/V,Y,CPTRIA2/ 

V,Y,CPTUBE/V,Y,CPQDPLT/V,Y,CPTRPLT/V,Y,CPTRBSC/ $ 

4.28.4 Input Data Blocks 

CSTM - Coordinate System Transfonnation Matrices. 

MPT - Material Properties Table. 

ECPT - Element Connection and Properties Table. 

GPCT - Grid Point Connection Table. 

DIT - Direct Input Tables. 

~: 

1. The CSTM may be purged. 

2. If some element references a material property, the MPT cannot be purged. 

3. Neither the ECPT nor the GPCT may be purged. 

4. If some material property is temperature dependent, OIT cannot be purged. 

4.28.5 Output Data Blocks 

MGG - Partition of mass matrix - g set. 

BGG - Partition of damping matrix - g set. 

!!2.!!!,: 

1. MGG cannot be pre-purged. 

2. BGG can be pre-purged. 

4.28-1 (3/1/71) 
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4.28.6 Parameters 

\vTMASS - Input-real-default value (in DMAP calling sequence) = 1.0. v/TMASS is the scalar 

value by which the generated mass matrix will be multiplied before the columns 

are packed onto the output file. WTMASS is the ratio of mass to weight. 

N0MGG - Output-integer-no default value. N0MGG is set equal to -1 if the generated 

mass matrix is the zero matrix. Otherwise it is set= +l. 

N0BGG dutput-integer-no default value. If the BGG matrix is either pre-purged or is 

generated as the zero matrix, N0BGG is set• -1. Otherwise it is set• +l. 

C0UPMASS - Input-integer-default value• -1. If C0UPMASS = -1, "consistent" mass matrices for 

all elements will not be generated; if C0UPMASS >O, "consistent" mass matrices 

for all elements will be generated. If C0UPMASS = 0 "consistent" mass matrices 

will be generated for element types depending on the values of CPBAR, CPR00, CPQUADl. 

CPQUAD2, CPTRIAl. CPTRIA2, CPTUBE, CPQOPLT, CPTRPLT, and CPTRBSC. 

CPBAR, CPR00, CPQUADl, CPQUAD2, CPTRIAl, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT and CPTRBSC - Input -

integer-default value• -1. 

These parameters choose between "consistent" mass and normal mass algorithms for their res­

pective element types as given below. 

Parameter Element Tl2es 

CPBAR BAR 
CPR0D R0D, C0NR00 
CPQUADl QUADl 
CPQUAD2 QUAD2 
CPTRIA1 TRIA1 
CPTRIA2 TRIA2 
CPTUBE TUBE 
CPQDPLT QDPLT 
CPTRPLT TRPLT 
CTRBSC TRBSC 

These parameters function in conjunction with C0UPMASS and have no effect if C0UPMASS, o. 
If C0UPMASS = 0 a negative va 1 ue for these parameters wi 11 cause the "normal II mass matrix to be 

generated. A value equal to or greater than zero will cause the "consistent" mass matrices to be 

generated fo, all element types controlled by this parameter. 
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4. 28. 7 Method 

SMA2 is structured similarly to module SMAl. A separate module was written to generate 

the mass and damping matrices in order to maximize the amount of open core space available for 

element matrices during matrix generation. This core space was especially critical on the 

development computer, the IBM 7094-7040 DCS. Since SMA2 is so similar to SMAl, the details of 

the similarities will not be repeated here; the differences will be pointed out. The reader is 

referred to the Module Functional Description (MFD) for SMAl (Section 4.27). 

When all rows (or, in the case of spill, the number of rows in core) for each pivot point 

have been computed, each matrix element of [Mgg] is multiplied by WTMASS before being packed 

onto the output data block MGG. 

If the heat transfer option is being used, the following differences occur. Subr.outine 

HMAT is called, rather than subroutine PREMAT to set up the material thermal coefficient tables. 

The element routines will insert thermal capacity tenns in the BGG matrix. The WTMASS parameter 

is not used. 

4.28.8 Subroutines 

SMA2, like SMAl, uses the utility routines PRETRD, PREMAT and GMMATO. 

The principal means of communicating an element entry of. the ECPT to an element mass or 

damping matrix generation routine is through /SMA2ET/. This fact is not explicitly stated in 

each of the descriptions of the element routines (e.g., MR00) given below. 

The following list gives a correspondence between SMAl and SMA2 routines that are used only 

(directly or indirectly) by the axisynmetric shell element routines TRIARG and TRAPRG. All of 

the SMA2 routines are the same as their SMAl counterparts except for name. The reason for 

duplicating these routines with different names was to maximize open core for element matrices 

in SMAl and SMA2, which both reside in the same NASTRAN link. For details on each of the 

routines, see the corresponding SMAl counterpart (Section 4.27.8). 

SMAl 
DKI 
OKI.NT 
DK89 
OKlOO 
OK211 
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4.28.8. 1 Subroutine Name: SMA2 

1. Entry Point: SMA2 

2. Purpose: The module ~river which parallels SMA1. For further details see the 

method section of the MFD for SMAl (section 4.27.7). 

3. Calling Sequence: CALL SMA2 

4.28.8.2 Subroutine Name: SMAZA 

1. Entry Point: SMA2A 

2. Purpose: To generate [Mgg] and [s
99

J. This routine parallels SMAlA. See the MFD 

for SMAl for details en SMAlA (section 4.27.8). 

3. Calling Sequence: CALL SMA2A. 

4.28.8.3 Subroutine Name: SMA28 

1. Entry Point: SMA2B 

2. Purpose: To add a ciouble precision 6 by 6 or 1 by 1 matrix [Ke) to the 11submatrix11 of 

[M
99

J or [s
99

J corresponding to the current pivot point. 

3. Calling Sequence: CALL SMA2B (KE,J,II,IFILE,COMDP). 

KE,J,II are as de~ined for subroutine SMA1B (see section 4.27.8). 

IFILE - GIN0 file number of the matrix in core being added to [Mg
9
J or [e

99
J-integer-input. 

CUMCP - A durm,y double precision argument added so that the calling sequence to 

SMA2B would confonn to that of SMA1B. 

4.28.8.4 Block Data Program Name: SMA2BO. 

1. Purpose: To set GIN0 file numbers, I/0 parameters and SMA2 overlay parameters in 

/SMA2I0/ and /SMA2CL/. 
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4.28.8.5 Subroutine Name: MR(ilO 

l. Entry Point: MR(ilD 

2. Purpose: To generate the element mass matrix for a R0D element. 

3. Calling Sequence: CALL MR0D. 

4.28.8.6 Subroutine !lame: MTUBE 

l. Entry Point: MTUBE 

2. Purpose: To generate the element mass matrix for a TUBE element, 

3. Ca 11 i ng Sequence: CALL MTUBE 

4.28.8.7 Subroutine Name: MASSTQ 

l. Entry Point: MASSTQ 

2. Purpose: To generate an element mass matrix for any of the two-dimensional 

structural elements listed under the Calling Sequence. 

3. Calling Sequence: CALL MASSTQ(IARG) 

IARG • 

4 • TRMEM 
1 • QDMEM 
3 • TRBSC 
3 • TRPLT 
7 • QDPLT 
5 • TRIAl 
4 • TRIA2 
2 • QUAOl 

,. QUA02 
6 • SHEAR 
6 • TWIST 
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4.28.8.B Subroutine Name: MBAR 

1. Entry Point: MBAR 

2. Purpose: To generate the "diagonal" (uncoupled) element mass matrix for a BAR 

element. 

3. Calling Sequence: CALL MBAR 

4.28.8.9 Subroutine Name: MCBAR 

1. Entry Point: MCBAR 

2. Purpose: To generate the "consistent11 (coupled) element mass matrix for a BAR 

element. 

3. Calling Sequence: CALL MCBAR 

4.28.8. 10 Subroutine Name: MC0NMX 

1. Entry Point: MC0NMX 

2. Purpose: To generate an element mass matrix for either of the two concentrated­

mass-elements listed under Calling Sequence. 

3. Calling Sequence: CALL MC0t1MX(IARG) 

{

1 • C0NM1 
IARG -

2 • C0NM2 

4.28.B. ll Subroutir,e r-.ame: MCIIINE 

1. Entry Point: MCfl)NE 

2. Purpose: To generate an element mass matrix for the axisymmetric conical shell 

element (CIIINE). 

3. Calling Sequence: CALL MCIIINE 
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4.28.S. 12 Subroutine Nan:e: MASSO 

1. Entry Point: MASSO 

2. Purpose: To generate l by l element mass matrices for scalar elements MASSi, i = 1,2,3,4; 

and 1 by l element damping matrices for scalar damping elements DAMPi, i = 1,2,3,4. 

3. Calling Sequence: CALL MASSO(I) 

- Generate element mass matrix for a MASS1 element, 

2 - Generate e1ement mass matrix for a MASS2 element, 

3 - Generate element mass matrix for a MASS3 element, 

4 - Generate element mass matrix for a MASS4 element, 
I -

5 - Generate element damping matrix for a OAMPl element, 

6 - Generate element damping matrix for ,a DAMP2 element, 

7 - Generate element damping matrix for a OAMP3 element, 

8 - Generate element damping matrix for a DAMP4 element. 

4.28.8.13 Subroutine Name: MTRIRG 

l. Entry Point: MTRIRG 

2. Purpose: To generate an element mass matrix for a triangular cross-section ring, 

TRIARG, element. 

3. Calling Sequence: MTRIRG. 

4.28.8.14 Subr~utine Name: MTRAPR 

1. Entry Point: MTRAPR 

2. Purpose: To generate an element mass matrix for a trapezoidal cross-section ring, 

TRAPRG, element. 

3. Calling Sequence: CALL MTRAPR. 

4.28.8.15 Subroutine Name: MT0RDR 

1. Entry Point: MT0ROR 
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2. Purpose: To generate an element mass matrix for a toroidal thin shell ring, T0RDRG, 

element. 

3. Calling Sequence: CALL MT0RDR. 

4.28.8.16 Subroutine Name: BVISC 

1. Entry Point: BVISC 

2. Purpose: To generate an element damping matrix for a VISC element. 

3. Calling Sequence: Call BVISC 

4.28.8.17 Subroutine Name: MCRDD 

1. Entry Point: MCR00 

2. Purpose: To generate the 11 consistent11 (coupled) element mass matrix for any of the 

elements listed under calling sequence. 

3. Calling Sequence: CALL MCR00 (IARG) 

IP.RG = 

) 

'j - R00 

l • C0NR00 

3 - TUBE 

4.28.8.18 Subroutine Name: MTRBSC 

l. -Entry Point: MTRBSC 

2. Purpose: To generate the 11 consistent11 (coupled) element mass matrix for a basic bending 

triangle element. 

3. Calling Sequence: CALL MTRBSC 

4.28.8.19 Subroutine Name: MTRPLT 

1. Entry Point: MTRPLT 

2. Purpose: To generate the "consistent" (coupled) element mass matrix for a triangular 

plate element. 

3. Calling Sequence: CALL MTRPLT 
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4.28.8.20 Subroutine Name: MQDPLT 

1. Entry Point: MQDPLT 

2. Purpcse: To generate the "consistent" (coupled) element mass matrix for a quadrilateral 

plate element. 

3. Calling Sequence: CALL MQDPLT 

4.28.8.21 Subroutine Name: MTRIQD 

1. Entry Point: MTRIQC 

2. Purpose: To generate the "consistent" (coupled) element for any of the following 

elements: H.IAl, TRIA2, QUAul, QUAD2. 

3. Calling Sequence: CALL MTRIQD (IARG) 

IARG = 

1 - n.IA 1 e 1 ement. 

2 - n.IA2 e 1 ement. 

3 - QU.£..01 element. 

4 - QUAD2 element. 

4.28.8.22 Subroutine Name: MFLUD2 

1. Entry Poi~t: MFLUD2 

2. Purpose: To generate ·the psuedo mass matrix terms for the FLUI02 and AXIF2 elements. 

3. Calling Sequence: CALL MFLUD2 

4.28.8.23 Subroutine Name: MFLUD3 

1. Entry Point: MFLUD3 

2. Purpose: To generate the pseudo mass matrix tenns for the FLUI03 and AXIF3 elements. 

3. Calling Sequence: CALL MFLUD3 

4.28.8.24 Subroutine Name: MFLUD4 

1. Entry Point: MFLUD4 

2. Purpose: To generate the psuedo mass matrix terms for the FLUID4 and AXIF4 elements. 

3. Calling Sequence: CALL MFLUD4 
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4.28.8.25 Subroutine Name: MFREE 

1. Entry Point: MFREE 

2. Purpose: To generate the psuedo mass matrix terms for the free surface element. This 

element is internally generated in IFP4 from FSLIST data. 

3. Calling Sequence: CALL MFREE 

4.28.8.26 Subroutine Name: MSL0T 

1. Entry Point: MSL0T 

2. Purpose: To generate psuedo mass matrix tenns for the SL0T3 and SL0T4 elements. 

3. Calling Sequence: CALL MSL0T (IARG) 

{ 

0 • Sl0T3 
IARG "' 

1 = SL0T4 

4.28.8.27 Subroutine Name: MS0LID 

1. Entry Point: MS0LID 

2. Purpose: To generate the mass matrix tenns for the three-dimensional solid elements. 

3. Calling Sequence: CALL MS0LI0(I) 

I Element 

1 TETRA 
2 WEDGE 
3 HEXAl 
4 HEXA2 

4.28.8.28 Subroutine Name: MHBDY 

1. Er~~y Point: MHBDY 

2. Purpose: To generate heat capacity tern6 in a heat transfer problem. 

3. Calling Sequence: CALL MHBDY 

4.28.8.29 Subroutine Name: MRING 

1 . Entry Point: MRING 

2. Purpose: To generate heat capacity terms for the TRIARG and TRAPRG elements. 
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3. Calling Sequence: CALL MRING (NP0INTS), where NP0INTS = 3 implies the TRIARG 

and NP0INTS = 4 implies the TRAPRG element. 

4.28.8.30 Subroutine Name: DELTKL 

1. Entry Point: DELTKL 

2. Purpose: To evaluate integrals in double precision for the axisymmetric triangular 

and trapezoidal ring elements in subroutines MSTRIA and MPZDA. 

3. Calling Sequence: DELTKL (A,R,Z,K) 

A - Double precision array of 15 locations containing the results 

R,Z - Double precision arrays of four locations each. The arrays contain the R 
and Z coordinates of all points to describe the area of integration 

K = 0 for triangular ring 
1 for trapezoidal ring 

4.28.8.31 Subroutine Name: MSTRIA 

1. Entry Point: MSTRIA 

2. Purpose: To generate the consistent or lump element mass matrix for an axisyrmnetric 

triangular ring element. 

3. Calling Sequence: CALL MSTRIA (ICMBAR) 

ICMBAR = { 
< 0 Lump Mass 
~ Consistent Mass 

4.28.8.32 Subroutine Name: MPZDA 

1. Entry Point: MPZDA 

2. Purpose: To generate the consistent or lump element mass matrix for an axisY111T1etric 

trapezoidal ring element. 

3. Calling Sequence: CALL MPZDA 

{ 
<0 Lump Mass 

ICMBAR = ~O Consistent Mass 

4.28.8.33 Subroutine Name: MQUADS 

1. Entry Point: MQUADS 

2. Purpose: To generate the element mass matrix for a quadrilateral thin shell element 
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3. Calling Sequence: CALL MQUADS (ICMBAR) 

{

<O, generate lumped mass matrix 
ICMBAR = O t . . .::. , genera e consistent mass matrix 

4.28.8.34 Subroutine Name: MTRIAS 

1. Entry Point: MTRIAS 

2. Purpose: To generate the element mass matrix for a triangular thin shell element 

3. Calling Sequence: CALL MTRIAS (ICMBAR) 

{ 

<O, generate lumped mass matrix 
ICMBAR = O t . . ~, genera e consistent mass. matrix 

4.28.8.35 Subroutine Name: MIHEX 

l . Entry Point: MI HEX 

2. Purpose: To generate the coupled mass matrix for an IHEXl, IHEX2, or IHEX3 element 

3. Calling Sequence: CALL MIHEX (ITYPE) 

{

l - IHEXl } 
!TYPE = 2 - IHEX2 - integer-input 

3 - !HEX3 

4.28.8.36 Subroutine Name: IHEXSD 

See Section 4.27.8.42. 
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4.28.9 Design Requirements 

4.28.9. 1 Open Core Design 

The open core design for SMA2 is the same as that in SMAl with the exception that /SMA2X/ 

defines the beginning of open core and only four buffers are needed, one each for MGG, BGG, 

ECPT anci GPCT. 

4.28.9.2 Common Stcrage Requirements 

The common storage requi rernents for SMA2 are similar to those in SMA1. The common blocks 

/SMA210/, /SMA2BK/, /SMA2CL/, /SMA2ET/ and /SMA20P/ of SMA2 correspond to /SMA1I0/, /SMA1BK/, 

/SMA1CL/, /SMA1ET/ and /SMA1DP/ of SMA1. See the MFD for SMA1 (see section 4.27.9). The. 

fo11owing differences are worthy of note. 

1. In /SMA2I0/, words 15 and 16 are undefined and words 23 through 36 define matrix 

control blocks for MGG and BGG. 

2. /SMA2CL/ is only 131 words in length, the last two words of /SMAlCL/ being reserveQ 

for variables unique to SMAl. 

4.28.9.3 Arithmetic Considerations 

Floating point arithmetic operations are carried out in double precision. Both [M
99

J 

and [B9g] are real symmetric double precision matrices. 

4.28.10 Diagnostic Messages 

See the diagnostic message section in the MFD for SMAl (section 4.27.10). 
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4.29 FUNCTIONAL MODULE GPWG (GRID POINT WEIGHT GENERATOR) 

4. 29. 1 Entry Point: GPWG 

4.29.2 Purpose 

To compute the center of mass of the structure relative to a given point and find the 

principal inertias about the center of gravity. 

4.29.3 DMAP Calling Sequence 

GPWG BGPDT,CSTM,EQEXIN,MGG/0GPWG/V,Y,GRDPNT/V,Y,WTMASS $ 

4.29.4 Input Data Blocks 

BGPDT 

CSTM 

EQEXIN 

MGG 

Notes: 

- Basic Grid Point Definition Table. 

- Coordinate System Transformation Matrices. 

- Equivalance between external grid or scalar numbers and internal numbers. 

- Partition of mass matrix - g set. 

1. BGPDT,EQEXIN and MGG cannot be purged. 

2. CSTM must be present if some grid point of the model is not in basic 

coordinates. 

4.29.5 Output Data B~ocks 

0GPWG - Grid Point Weight Generator Output Table. 

Notes: This data block cannot be purged. 

4.29.6 Parameters 

GRDPNT 

WTMASS 

- Input-integer-default• -1. GRDPNT selects the grid point about which the 

inertias wi11 be calculated. If GRDPNT is not the exterr.al ID of a geometric 

grid point, the basic origin is used. 

- Input-real-default• 1.0. WTMASS gives the ratio of mass to weight for the 

structure. All output quantities are in weight units. 
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4. 29. 7 Method 

The Grid Point Weight Generator module calculates the masses, centers of gravity, and 

inertias of the general mathematical model of the structure. The data are extracted from the [M99 J 

matrix by using a rigid body transformation calculation. The transformation is defined by the 

global coordinate displacements resulting from unit translations and rotations of the whole body 

about a reference point. 

Because of the scalar mass effects, the total mass may have directional properties, and the 

center of gravity may not be a unique location. This effect is shown in the output by giving for 

each of the three masses its own direction and center of gravity. The inertia terms are calculated 

by using the directional mass effects. The axes about which the inertia terms are calculated may 

not intersect. However, these axes are those which provide uncoupled rotation and translation 

effects. This is the significance of the term "center of gravity". If the structural model has 

been constructed using only real masses, the three masses printed out will be equal, the center of 

gravity wi 11 be unique, and the axes of the inertia tenns wil 1 intersect at the center of gravity. 

The actual computation proceeds in 4 parts (see Figure 1). 

1. Computation of the [D]T matrix takes place in subroutine GPWGlA. Six vectors are formed 

which will describe the six motions about the reference point. The matrix [DJ formed from 

the vectors which describe rigid body displacements in global coordinates in terms of the six 

unit displacements and rotations in basic coordinates at the reference point: 

(reference point). ( 1 ) 

The method of generation is as follows: 

EQEXIN is placed in core and searched for GRDPNT to obtain its internal sequence number. If 

the value of the parameter GRDPNT is not the ID number of a physical grid point. the basic 

origin is used. Assuming GROPNT is a physical grid point, BGPDT is read to obtain {R
0

} for the 

reference point. The BGPDT file is then rewound. CSTM (if present) is placed in core and 

readied for use by subroutine PRETRS. Each grid point in the BGPDT is considered in order. 

If it is a scalar point, zero is stored in each of the six co1umns of [DJ. 

If it is a grid point, 
(2) 
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is computed where {R;} is the basic coordinate location of the ;th grid point given in the 

BGPDT table and {R
0

} is the location of the reference point. 

The transformation matrix to the grid point, 

0 r3 -r2 

[T] • r -r3 0 rl 

"'2 -r1 0 

is formed. Subroutine TRANSS calculates the 3x3 transformation matrix [T;J from global 

coordinates to basic coordinates for the grid point. The matrix 

tT.T : T.T T j 
[dJ • -l--•- _1 __ r_ , 

0 l T .T 
I 1 

is computed. The rows of [d] form the columns of [D]T. The matrix [D]T is ·generated a 

column at a time and is packed out onto a scratch file. 

2. If all points were scalar points, GPWG returns; otherwise subroutine TRANPl is 

called to form [DJ from [D]T. 

3. [M
0

] is computed by two calls to subroutine SSG2B, 

(3) 

(4) 

(5) 

4. Output quantities are computed as follows: 

M
0 

is unpacked, output and partitioned as follows: 

[M J==;> ---! JL_ t;;rt I -trj 
0 wti w (6) 

(The matrix is sy11111etric, where the superscripts t and r refer to translation and rotation 
respectively.) 

A check is made for inconsistent scalar masses. Let 

o = -v' t(M~ .) 2 '7) 
1J 

and 

£ • i ;. j. (8) 
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If '"1'" > 10-3, the coordinates should be rotated. Otherwise [S] = [I]. If rotation 

is necessary, the eigenvectors of [Mt], {e1} , {e2} , and {e3}, are detennined by the 

Jacobi technique. Define 

The [S] matrix is output. [Mt], [Mr] and [MtrJ are computed as follows: 

(9) 

( 10) 

{ 11) 

( 12) 

The following terms, defined in the principal axis system {e1}, {e2}, and {e3}, are calculated 

and output: The mass tenns are: 

the "centers of gravity" are: 
Mtr 

xx • ll Yx r.. 
X 

Mtr 
xy • 23 

Vy -;;r:-, 
y 

tr 

xz 
-M32 

• -,:C-• y z 
z 

-Mtr 
• 13 

MX 
Mtr 

• 22 
'1{:-• 

y 

Mtr 
31 • ;;c-• z 

• z • 
X 

( 13) 

( 14) 

( 15) 

( 16) 

( 17) 

(la) 

and the inertias at the center of gravity relative to the principal mass axis are detennined 
from: 

I (S) • 
1l 

I(S) 
12 • 

I(S) 
13 • 

I (S) • 
22 

r 2 2 M11 • My Zy • Mz Yz t 

I(S) • r 
21 -M12 - Mz Xz Yz 

I(S) r 
31 • -M13 - M X Z 1 .V .V .V 

r 2 2 
M22 - Mz Xz - MX zx • 
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These tenns form the synvnetric matrix [I]. 

For principal inertias eigenvalues and eigenvectors are found such that: 

[

1~, 
e 
0 

= [Q]T [I] [Q]. 

(23) 

(24) 

(25) 

[Q] contains the nonnalized eigenvectors (the directions of the principal inertias), and 

the I~i terms are the eigenvalues. The matrices [S] and [Q] are actually coordinate 

rotation matrices and show the directions of the principal masses and inertias. 

4.29.8 Subroutines 

Utility Subroutines PRETRS,TRANSS,TRANP1,SSG2B and GMMATS are used. See subroutine 

descriptions, section 3. 

4.29.8. 1 Subroutine Name: GPWGlA 

1. Entry Point: GPWGlA 

2. Purpose: To fonn the [D]T matrix. 

3. Calling Sequence: CALL GPWG1A(P0INT,BGPOT,CSTM,EQEXIN,OT,N0G0) 

P0INT 

BGPOT 

CSTM 

EQEXIN 

OT 

N0G0 

- External grid point id of reference point - integer - input. 

- GIN0 file number of 0GPWG - integer - input. 

- GIN0 file number of CSTM - integer - input. 

- GIN0 file number of EQEXIN - integer - input. 

- GIN0 file nunoer of file on which [O]T will be written - integer - input. 

- Flag for all scalar problem - integer - output. N0G0 • O implies all 

scalars. 

4.29.8.2 Subroutine Name: GPWG1B 

1. Entry Point: GPWG1B 
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2. Purpose: To form output quantities as given in paragraph 4 of section 4.29.7. 

3. Calling Sequence: CALL GPWG1B (M0,0GPWG,WTMASS,IP) 

M~ 

0GPWG 

wTMASS 

IP 

- GIN0 file number of [M
0

] matrix - integer - input. 

- GIN0 file number of 0GPWG - integer - input. 

- Mass to weight ratio parameter - real - input. 

- External grid point id of reference point (•O if basic origin was used) 

- integer - input. 

4.29.S.3 Subroutine Name: GPWGlC 

1. Entry Point: GPWGlC 

2. Purpose: To compute eigenvectors and values of a 3 by 3 matrix by the classical Jacobi 

method. 

3. Calling Sequence: CALL GPWGlC (B,E,EV 1 IFLAG) 

B - 3 by 3 input matrix - real - input. 

E - 3 by 3 matrix of eigenvectors - real - output. 

EV - 3 eigenvalues - real - output. 

IFLAG - Error termination flag - integer - output. If IFLAG > 0, GPWGlC could 

not convtrge. 

4.29.9 Desi~n Reguirements 

GPWG requires four scratch files. Open core for GPWGlA 1s defined at /GPWGAl/. Open 

core for GPWG1B is defined at /GPWGB1/. 

The layout of open core is as follows: 

C0MM0N /GPWBGl/ 

CSTM 

t 

2 

3 

4 

4.29-6 
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4.29.10 Diagnostic Messages 

CQIMMQIN /GP~IGA l / 

[Mo] 

0GPWG 

36 words for 6 by 6 matrix 

GINQI buffer 

The following fatal error messages may occur: 3007, 3008. 
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FLOW CHAR'T OF GPWG 

WITH A "1" POINT IN CYLINDRICAL COOROS 

10'5 OF COORO 
SYSTEMS OF 

G.P.'S FROM ECPT(ll 

CSTMi OF GP 
COOROS SYST CYLINO. 

3 • 3 T 8 = 0, 9 = ,r/2, Z 
TO BASIC AND { t) c 

PRETRS c:.+.LCUL.A TES•• 

{:} : [T]T {<,,) - h}} 

PARAM CARO GROPNT 

REFERENCE 
G.P. "v" 1.0. 

/

SCALAR 

>--NO-•: 

\ORIGIN 

FETCH COMPONENTS 
OF GP "g" ltf BASIC 
COOROS FROM BGOT 

FETCH COMPONENTS 
OF "v" IN BASIC 

C'OOROS FROM BGPOT 

STORE !r;l 
IN ECPT(2) 

CALCULATE 

r : y'.2 + ,.2 

FORM (T,J 

[d) = 
T;T: TIT T, -- ~ - --
0 : T;T 

[TA] = [T1] = [T] (Tr] 

FORM 
TRANSFORMATION 

MATRIX Tr 

Figure 1. (a) Flowchart of GPWG Hodule Processing 

4.29-8 (7/4/76) 

INSERT 
INTO 
[D] 



Functional Module GPWG (Grid Point Weight Generator) 

M
11 

FROM 

SMA2 

OUTPUT [Mol --- PARTITION 

OUTPUT 
(/6 

SET (SJ 
= (l] 

_ t M' : M"J M - - - - -0 M" : M' 

FORM 6 = v':t(~ ,,2 
lj 

FORM € = v':t(M ')2 i ,t j 
ij 

APPLY JACOBI 

TO [M'] 

OUTPUT 
[S] 

SET [M,,,.J 
= [M,,,.] 

TRANSFORM THE PARTITIONS 

OUTPUT M. M, M• 

FROM {M'] 

(M'] 

[M'•] 

[M'] 

Md' 
x. = T. v. = 

x, ETC. 

x. 

OF (Mo], (s]T [~, ... ] (S] = [M,,..] 

OUTPUT 
DISTANCES 

TO C.G. 
FROM REF. PT. 

Figure 1.(a) Flowchart of GPWG Module Processing 
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2 

DETERMINE [I(S)) AT C.G. 
OUTPUT I(S) FROM (M') BY PARALLEL 

MATRIX 
AXES THEOREM 

APPLY JACOBI - OUTPUT 
TO l(S) (Q] 

! 
TRANSFORM I (S) TO 

GET PRINCIPAL INERTIAS 
I(Q) = ( Q] T ( I (S)] [ Q) 

! 
OUTPUT I(Q) 

Figure 1.(a) Flowchart of GPWG Module Processing 
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4.30 FUNCTIONAL MODULE SMA3 (STRUCTURAL MATRIX ASSEMBLER - PHASE 3) 

4.30.l Entry Point: SMA3 

4.30.2 Purpose 

To generate the final stiffness matrix, [Kgg]• by generating a matrix of order g for each 

general element in the lll)del, and successively adding this matrix to [K~g]• the stiffness matrix 

exclusive of general elements. 

4.30.3 DMAP Calling Sequence 

SMA3 GEI,KGGX/KGG/V,N,LUSET/V,N,N0GENL/V,N,N0SIMP $ 

4.30.4 Input Data Blocks 

GEI - General Element Input. 

KGGX - Partition of stiffness matrix exclusive of general elements - g set. 

Note: 

1. GEI cannot be pre-purged. 

2. KGGX may be pre-purged. This implies that the model consists entirely of general 

elements (i.e., there are no simple elements). 

4.30.5 Output Data Blocks 

KGG - Partition of stiffness matrix - g set. Contains contributions from all elements 

in the model, including general elements. 

~: KGG may not be pre-purged. 

4.30.6 Parameters 

LUSET Input-integer-no default value. LUSET is the total number of degrees of 

freedom in the g displacement set. It is the order of the [K;g] and [K
99

J 
matrices. 

N0GENL - Input-integer-no default value. N0GENL is the number of general elements in 

the GEI data block. 
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N0SIMP - Input-integer-no default value. If N0SIMP < 0, [K;g] does not exist, i.e., all 

elements of the model are general elements. If N0SIMP < 0, [Kx J does exist. gg 

4.30.7 Method 

4.30.7.1 Mathematical Considerations 

Two methods are available to generate the stiffness matrix for the general element. The 

method used depends on the type of input supplied. 

A. Flexibility Method 

Two matrices can be used to form a stiffness matrix for each general element in the GEI 

data block: a flexibility influence coefficient matrix, [Z], and a rigid body matrix [SJ. 

The former must be present and must be non-singular; the latter may or may not be present. 

The set degrees of freedom (scalar index numbers) used by [ZJ is designated the "u;" set; 

the set of degrees of freedom used by [SJ is designated the "u/ set. Call the length of 

the ui set m, and call the length of the ud set n. [ZJ ism by m, and [SJ ism by n. 

For each general element in the model, the stiffness matrix corresponding to the general 

element, [Kge], is made up of four partitions if the ud set exists. They are: 

[Kii] • [zr1 

[Kid] • -[z]-l[S] • 

[Kd;J • -[sJT[zJ-1 • [Kid]T 

[Kdd] • [S]T[z]-l(S] • 

The four matrices must be merged such that 1): 

and 2) the rows and columns of [Kge] must correspond to a merged 'ist of both u1 and ud 

coordinates in order of ascending scalar index numbers. 

If the ud set does not exist, then 

[K9e] • [K;iJ • [Z]-1 

4.30-2 {5/1/73) 
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B. Stiffness Method 

The stiffness method is identical to the method used for the flexibility matrix except 

that the stiffness matrix [K] replaces [ZJ-1 in the above equations. 

4.30.7.2 Initialization 

The GEI data block is opened, and the header record is skipped. It is determined whether the 

number of general elements, f, is even or odd. This is done to insure that the result of the final 

matrix addition, 

where 

[K J = [Krs] + [Kgef] 
99 

f-1 
[Krs] = [Kx J + r [Kgei] 

99 i=l 

and [Kgef] is the final general element matrix, will be written on the output data block, KGG. 

(7) 

( 8) 

If [K;
9

] does not exist, and there is only one general element, then the GIN0 file number (201) 

for the KGG data block is stored in IFA, the variable which contains the GIN0 file number of the 

file onto which the current [Kge] matrix will be packed. 

The principal logic of the module driver, SMA3, is carried out in a loop in which, during each 

pass of the loop, a [Kge] matrix is generated and added, using subroutine SSG2C, to the running sum 

matrix, [Krs]. 

4.30.7.3 Generation and Addition of a General Element Matrix 

The steps involved in the principal loop of the program are as follows: 

1. The loop counter is incremented. 

2. The first three words of the next logical record are read from GEi: the element id; 

the length of the ui set, m; and the length of the ud set, n. 

3. The .matrix control blocks for the scratch files IFS and IFC are interchanged provided 

that: 

a. This is not the first pass through the loop; 

b. this is not the second pass through the loop and the number of general element is 
odd and there are only general elements in thernodel; 

and c. this is not the second time through the loop and [K~g] exists. 
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4. It is determined whether the orders of the [Z] and [SJ matrices are such that the in-core 

matrix routines GMMATD and INVERD can be used. This is accomplished as follows. Define 

and 

p = 2(m + n + m2 + n2 + 2mn) 

q = 2(m + n + m2) + 3m 

r • max(p,q) 

(9) 

( 10) 

( 11 ) 

pis the number of computer words needed to store: 1) the u1 and ud sets in two different 

sorts; 2) the double precision m by m [KJ or [Z] matrix; 3) the double precision n by n 

[S]T[K][S] or [S]T[K][S] or [S]T[zJ-1[S] matrix; and 4) the double precision m by n [SJ matrix 

and the double precision m by n [K][S] or [ZJ-1[s] matrix. 

q is the number of computer words needed to store: 1) the u; and ud sets in two different 

sorts; 2) the double precision m by m [K] or [Z] matrix; and 3) 3m cells of scratch storage 

to be used by subroutine INVERD. 

If r is less than the available amount of core, the in-core routine, SMA3A, is called to 

compute [Kge]. Otherwise: 1) SMA38 generates [K] or [Z] and -[s]T; 2) if [Z] is input, 

FACT0R decomposes [ZJ into its triangular factors; 3) if Z is input, SSG3A computes [Z]-1; 

4) SSG2B computes either -[s]1[K] or -[s]T[z)-1; 5) TRANPl transposes -[s]T; 6) SSG2B 

computes either -[K](SJ1 or -[zJ·1tsJ1; 7) SSG2B computes either [S]T[K][S] or [S]T[zJ-1[s]; 

and 8) SMA3C builds the final [Kge] matrix of order g by g. 

5. The matrix [Kge] having been generated as in step 4, SSG2C is called to add [Kge] to 

[Krs]. 

4.30.8 Subroutines 

Utility routines GMMATD, INVERD, FACT0R, SSG3A, SSG2B, TRANPl and SSG2C are used in this 

module. 
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4.30.8. 1 Subroutine Name: SMA3A 

1. Entry Point: SMA3A 

2. Purpose: To build a g by g general element matrix, [Kge], using the in-core matrix 

routines GMMATO and INVERO. 

3. Calling Sequence: CALL SMA3A (MCBA) 

C0MM0N/GENELY/ - see description below {,Section 4.30.9.2). 

MCBA - The matrix control block corresponding to [Kge]. Word 1 is input; words 

2 through 7 are output. 

4. Method: The ui set and the ud set (if present) of scalar index numbers are read into 

core, and a list Lis fanned of length m + n, such that L(k) = i implies the ith entry 

of the string: {uil'ui 2, •.. ,uim'udl'ud2, ••. ,udn} is the kth smallest. The m2 single precision 

elements of [K] or [Z] are read and stored at double precision locations. [Z]-1, if required, 

is computed using INVERO. [SJ, if present, is read and stored at double precision locations. 

GMMATO is called twice to compute either [K][SJ and [SJT[KJ[SJ or [ZJ-1[sJ and [S]T[zJ-1[s]. 

The elements of [Kge], as defined in Equation 5, are output to the GIN0 file corresponding 

to MCBA(l) with non-zero tenns in the row and column positions specified by the ui and ud sets. 

The list L determines the sequence of elements to be output for any one column. 

4.30.8.2 Subroutine Name: SMA3B 

1. Entry Point: SMA3B 

2. Purpose: To create [K] or [ZJ and [SJ from the GEI data. 

3. Calling Sequence: CALL SMA3B (IFLAG,IZK} 

C0MM0N/GENELY/ - see description below (Section 4.30.9.2). 

IFLAG _ IFLAG • -1 implies [SJ does not exist. 
IFLAG • 1 implies [SJ exists. 

IZK IZK • 1 if [Z] is input. 
- IZK • 2 if [K] is input. 
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4. Method: The GEI data block is read for the row numbers and non-zero tentlS of [K] or [Z]. 

These are output in standard NASTRAN matrix fonnat by subroutine BLOPK. -[S]T is generated 

in a similar manner. (-[S]T is created rather than [S] for computational ease in subsequent 

calculations - see paragraph 4 in Section 4.30.7.3 above). 
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4.30.8.3 Subroutine Name: SMA3C 

l. Entry Point: SMA3C 

2. Purpose: To create the [Kge] matrix from [K], -[K][S], -[S]T[K], and [S]T[K][S] or 

[ZJ-1, -[ZJ-1[S], -[S]T[z]·l and [S]T[zJ-1[s]. 

3. Calling Sequence: CALL SMA3C (IFLAG,KE) 

C0MM0N/'GENELY/ - see description below (Section 4.30.9.2). 

C0MM0N//LUSET - Size of problem. 

IFLAG is as described in SMAJB. 

KE - matrix control block for [Kge] - integer - input/output. 

4. Method: A matrix of g size is created from [K], -[K][S], -[S]T[K] and [S]T[K][S] or 

[Z]-1 , -[z]-1[SJ, -[s]T[z] and [S]T[zJ-1[sJ with the non-zero tenns in the row and column 

positions specified by the ui and ud lists. This matrix can be added to the existing [Krs] 

to reflect the stiffness terms of this general element. 

4.3.0.8.4 Block Data Subprogram: SMAJBD 

Purpose: To initialize the GIN0 file numbers and GIN0 options indicators in /GENELY/, which 

is discussed below. 

4.30.9 Design Requirements 

4.30.9.l Open Core Design 

The open core conman block for the module driver SMAJ and subroutine SMAJA is defined by the 

following F0RTRAN statements: 

l. D0UBLE PRECISI0N DQ(l) 

2. INTEGER IQ(l) 

3. OIMENSI0N Q(l) 

4. C0MM0N /GENELX/ Q 

5. EQUIVALENCE (IQ{1).DQ{1),Q{l)) 

SMA3 uses open core only for one GIN0 buffer, which is reserved for the GEI data block while 

SMAJA. SMA3B, or SMAJC is executing, and which is reserved f9r use by SSG2C when this routine adds 

[KgeJ to [KrsJ at the end of the principal loop in the driver. 
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SMA3A uses low order open core as outlined in paragraph 4 in section 4.30.7 above. 

The open core for subroutine SMA3B is defined at /SMAB3/ and is used for two GIN0 buffers 

in high order open core. 

The open core for subroutine SMA3C is defined at /SMAC3/ and .is used for: l) the ui and ud 

sets in low order open core and 2) six GIN0 buffers in high order open core. 

4.30.9.2 ColTIITK>n Storage Requirements 

The corm10n block /GENELY/ is used for: 1) GIN0 file numbers; 2) GIN0 option indicators; 

3) matrix control blocks; and 4) zero pointers to sub-arrays in /GENELX/ when SMA3A executes. 

It is defined as follows: 

C0MM0N /GEN ELY/ IFGEI, I FKGGX, I F0UT, IFA, IFS. IFC, I FD, I FE, IFF, INRH, 0UTRW ,CLSR'.•I, CLSNRW, E0R, 

NE0R,MCBA(7),MCBB(7),MCSC(7),MCBE(7),MCSF(7),MCBKGG(7),IUI,IUD,I2I,IS,IZIS,ISTZIS,IBUFF3(3), 

LEFT 

Variable 

IFGEI,IFKGGX,IF0UT 

IFA 

IFS,IFC 

IFD,IFE,IFF 

INRW,0UTRW,CLSRW,CLSNRw,E0R,NE0R 

MCBA,MCBB, ••• ,MCSF,MCBKGG 

IUI,IUD,IZI,IS,IZIS,ISTZIS 

IBUFF3(3) 

LEFT 

Definition 

GIN0 file numbers for the two input data blocks 
and the output data block respectively. 

GIN0 file number for the current [Kge] being 
computed. 

GIN0 file numbers for [Krs] and [Krs] + [Kge] 
matrices. They are "flip-flopped" such that 
IFC • IF0UT for the final matrix addition. 

GIN0 file numbers for scratch files which are 
used in subroutine SMA3C. 

GIN0 option indicators as defined in section 
4.27.9.3. 

Matrix control blocks for the matrices corres­
ponding to IFA, IFS, ... , IFF, and IFKGXX. 

Zero pointers to the sub-arrays in /GENELX/ 
corresponding to: 1) ui set; 2) ud set; 3) [ZJ-1; 

4) [S]~ 5) czJ-1[s] and 6) [S]TCz]-1[sJ. Note 
that IZI, IZIS, ISTZIS are zero pointers into 
double precision arrays. 

Three word buffer which contains the general 
element id, m and n. 

The number of computer words currently remaining 
in /GENELX/. 
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4.30.9.3 Arithmetic Considerations 

All floating point arithmetic operations are carried out in double precision. 

4.30.10 Diagnostic Messages 

In SMA3A, system fatal error 2028 can occur. See section 6 of the User 1s Manual for details. 
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4.31 FUNCTIONAL MODULE GP4 (GEOMETRY PROCESSOR - PHASE 4} 

4.31.1 Entry Point: GP4 

4.31.2 Purpose 

GP4 assembles the various displacement sets and builds the displacement set definition table 

(USET). Additionally, for statics problems, GP4 analyzes subcases based on single-point and multi­

point constraint sets, and sets parameters to control execution of the Riqid Fonnat. 

4.31.3 DMAP Calling Sequence 

GP4 CASECC,GEOt14,EQEXIN,GPDT,BGPDT,CSTf'1 / RG,YS, 1 ~~~ff, 1 ~~~T f / V,i~,LUSET / 

V,N,MPCFl / V,N,MPCF2 / V,N,SINGLE / V,N,0MIT / V,N,REACT / V,N,NSKJP / V,N,REPEAT / 

V,N,N0SET / V,N,N0L / V,N,N0A / C,N,SSID $ 

4.31.4 Input Data Blocks 

CASECC - Case Control Data Table. 

GE0M4 - Displacement set definition. 

EQEXIN - Equivalence between external grid or scalar and internal numbers. 

GPDT - Grid Point Definition Table. 

BGPOT - Basic Grid Point Definition Table. 

CSTM - Coordinate System Transformation Matrix Table. 

Note: Only GE0M4 and CSTM may be purged. 

4.31.5 Output Data Blocks 

RG 

vs 

USET 

HUSET 

ASET 
HASET 

r!.2tt= 

- Multipoint and rigid element constraint equations matrix 

- Constrained displacement vector(s) set. 

- Displacement set definition table. 

- Temperature set definition table for heat problems. 

- Not used. 

VS may be purged. 

4.31.6 Parameters 

LUSET - Input-integer-no default. Degrees of freedom in the g-displacement set. 

MPCFl - Output-integer-no default. +1 if the current subcase contains multipoint 

constraints, -1 othen,1ise. 
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MPCF2 - Output; integer, no default. +l if the current subcase contains a different 

multipoint constraint set from the last subcase, -1 if no new multipoint constraint 

set or no multipoint constraints in the current subcase. 

SINGLE - Output, integer, no default. +l if the current subcase contains single-point 

constraints, -1 otherwise. 

0MIT - Ou.tput, integer, no default. +l if the model contains omitted coordinates, 

-1 other,.,i se. 

REACT - Output, integer, no default. +1 if the model contains supports, -1 otherwise. 

NSKIP - Input and output, integer, default• 0. Nunt)er of records to skip to reach the 

first record in the Case Control Data Block for the !!!!1 subcase. (NSKIP = O for 

the first subcase). 

REPEAT - Output, integer, no default. -1 if the current subcase is the last subcase in the 

problem, +l otherwise. 

N0SET - Output, integer, no default. -1 if MPCF1 • -1 and SINGLE• -1 and 0MIT = -1 and 

REACT• -1, +1 otherwise. 

N0L - Output, integer, default • + 1. -1 if !ll degrees of freedom in the mode 1 be 1 ong 

to dependent displacement sets (i.e., no degree of freedom belongs to an 

independent set), +1 otherwise. 

N0A - Output, integer, default• +1. -1 if MPCFl • -1 and SINGLE• -1 and 0MIT • -1, 

+1 otherwise. 

SSID - Input, integer, default• 0. Reserved for future use. 

4.31. 7 Method 

GP4 first detennines the multi-point constraint (MPC) set and the single-point constraint 

(SPC) set for the current subcase by reading CASECC. For the first subcase, these sets are 

extracted from the first non-header record of CASECC. For subsequent subcases, GP4 examines each 

data record on CASECC that follows the data record used for the previous subcase until a dif­

ferent MPC or SPC set is found. After the MPC and SPC sets are known, GP4 reads EQEXIN to set up 

a table of external grid or scalar numbers and the corresponding internal nuni>er, SIL value, and 
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code (1 for grid point; 2 for scalar point) associated with each external grid of scalar number. 

See Figure 1 for where these values are kept in open core. 

If rigid elements exist, GP4 calls subroutine CRIGGP to compute the coefficients of the con­

straint equations directly. See The NASTRAN Theoretical Manual, Section 3.5.6 for a discussion 

of the methods used to calculate the coefficients of the constraint equations. After calculating 

the coefficients, CRIGGP writes a two-word entry onto .RG for each independent degree of freedom 

that affects a dependent degree of freedom. The first word is a coded column-and-row number 

containing the SIL value of the independent degree of freedom multiplied by 2**16 and the result 

added to the SIL value of the dependent degree of freedom. This storage algorithm implies a 

65,535 (2**16 - 1) degree of freedom 1 imitation for any NASTRAN problem. The second word of the 

two-word entry contains the associated coefficient. These two-word entries are written as one 

logical record on RG. A second logical record is written by CRIGGP containing the list of depen­

dent SIL values for the rigid elements. After the RG table is written, CRIGGP returns control to 

GP4. 

GP4 determines whether the MPC set is on a MPCADD card image and, if it is not, a simulated 

MPCADD card image is defined referencing the MPC set. GP4 then reads all MPC card images ref­

erenced by the MPCADD card image and writes, in open core~ two-word entries containing a coded 

column-and-row number, and the corresponding coefficient in the same manner as described for rigid 

elements above (see Figure 1). However, for MPC's the coefficients are obtained directly from the 

MPC card image rather than being calculated as in the case of rigid elements. A list of all 

dependent SIL values associated with MPC's is saved in the upper end of open core. Once all MPC 

card images have been processed by GP4, the list of two-word entries and dependent SIL values is 

expanded to include those values saved on RG that were calculated by CRIGGP for the rigid elements. 

The dependent SIL values are then sorted, thus forming the Um set, and written on SCRl. Based on 

the two-word entries described above, GP4 writes the RG matrix. 

GP4 then reads OMIT (U
0

) card images. The grid and component numbers are converted to SIL 

values, sorted, and written to SCRl. Similarly, SUP0RT (Ur) card images are processed. Figure 2 

shows open core allocation for processing 0MIT and SUP0RT card images. 

GP4 then reads GPDT and forms a list of single-point constraints (Us9) that are identified on 

GRID bulk data card images. The list is written to SCRl. Next, GP4 determines whether the SPC 

set is on an SPCADD card image and, if it is no~. a simulated SPCADD referencing the SPC set is 
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generated. SPCADD, SPC, and SPCl bulk data card images identify the sets of single-point con­

straints used as boundary points (Usb) and include any possible constained displacement values 

(Y ). GP4 reads all SPC and SPCl card images referenced by the SPCADD card image, converts the 
s 

grid and component numbers to SIL values and writes the SIL values and their corresponding dis-

placement values on SCRl. The non-zero Vs values obtained in this step form a packed vector 

(the constrained displacement vector Vs) that is packed ,relative to the Us set. Figure 3 shows 

open core allocation for processing SPC card images. 

In a similar manner as described for the 0MIT card images, the ASET and ASETl card images 

are processed by GP4. After processing the ASET ~nd ASETl card images, SCRl contains a logical 

record for each of the Um' U
0

, Ur' Usg' Usb' and Ua sets, if data exists for each of these 

sets. 

GP4 forms a list of all SILs in open core and creates a mask for each SIL of bits that are 

turned on or off for various displacements sets by examining each logical record of SCRl (see 

The NASTRAN Programmer's Manual Section 2.3.13). This list is written by GP4 to USET. While 

reading the Usb set from SCRl, GP4 also writes YS. The following conventions are followed by 

GP4 for degrees of freedom not specifically included or omitted: 

1. If ASET or ASETl card images are present, unspecified degrees of freedom are omitted. 

2. If ASET or ASETl card images are not present and 0MIT or 0MIT1 card images are present, 

unspecified degrees of freedom are included in the analysis set. 

3. If there are no ASET, ASETl, 0MIT, or 0MIT1 card images present, unspecified degrees of 

freedom are included in the analysis set. 

4. If both ASET or ASETl card images and 0MIT or 0MIT1 card images are present, unspecified 

degrees of freedom are omitted. 

The next operation is to process each degree of freedom in USET to insure that the displace­

ment set definitions are consistent. The governing rule is that each degree of freedom may 

belong at most to one dependent subset. If any inconsistent definitions are found, they are 

written on SCRl. When each point has been analyzed, and if inconsistent definitions are found, 

then SCRl is read, and, for each entry, an error message is queued. After all error messages 

have been queued, GP4 abnormally terminates. 

The final operation for GP4 is to process any SPCD card images. GP4 reads USET into open 

core and establishes a table of L0AD set IDs by examining all records of CASECC up to the current 
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subcase record. YS is then read into open core. See Figure 4 for open core al location when pro­

cessing SPCD card images. GP4 reads the SPCD card images specified by the L0AD set IDs and writes 

two-word entries containing those SILs to SCR2, and corresponding constrained displacement values 

that a re modified by the SPCD ca rd. There wi 11 be one l ogi ca 1 record for each L0AD set on SCR2. 

Once all L0AD sets have been processed, GP4 reads SCR2, updates the YS displacement vector, and 

rewrite$ VS. There will be a column written to YS for each load set specified. 

When axisymmetric elements are used, the total number of degrees of freedom for the problem 

and the number of MPC's and SPC's are greater than one might expect by examination of the input 

data. Table 1 shows the number of GRID, SPC, and MPC card images that are generated by the 

axisymmetric cards MPCADD, MPCAX, 0MITAX, P0INTAX, RINGAX, SECTAX, SPCADD, SPCAX, and SUPAX. As 

can be seen from Table 1, axisymmetric problems involving many hannonics generate many GRID, SPC, 

and MPC card images and by examination of Figures 1, 2, 3, and 4, the core requirements of GP4 go 

up accordingly. Users of axisymmetric cards should be familiar with how NASTRAN processes these 

cards (see The NASTRAN Programmers Manual Section 4.6). 

4.31-3b (12/31/77) . -,.. 
" • "'!. ,~ 

I 



Relative address to /GP4C0R/ 

1 
2 

KN+l 

KM 

KM+ KN/2 + 1 

KNKL 1 

IMPC 
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External Grid or Scalar Number } 
Internal Number 

External Grid or Scalar Number } 
10*SIL + Code 

Table of sorted SILs 

Repeated for each 
grid or scalar point 
in the model 

Repeated for each 
grid or scalar point 
in the model 

Integer value of the Number of Degrees of 
Freedom in the g-Displacement set (LUSET) 

MPCSET ID 

. Coded co 1 umn- and- row number 
Coefficient 

List of Dependent SIL Values 

4 I/QI Buffers 

l 
Repeated for each 
independent SIL that 
affects a dependent 
SIL 

Figure 1. Open core allocation for GP4 when processing MPC card images. 
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Relative address to /GP4C0R/ 

l 
2 

KN+l 

KM 

External Grid of Scalar Number 
Internal Number 

External Grid o~ Scalar Number 
lO*SIL + Code 

Table of sorted SILs 

} 

} 

Repeated for each 
grid or scalar point 
in the model 

Repeated for each 
grid or scalar point 
in the model 

KM + KN/2 + l Integer Value of the Number of Degrees of 
Freedom in the g-Displacement set (LUSET) 

KNKL 1 SIL Values for 
0MIT and gMITl 
Card Images 

4 I/0 Buffer 

SIL Values for 
SUPgRT Card 
Images 

Figure 2. Open core allocation for GP4 when processing 
0MIT, SUPgRT, and ASET card images. 
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Relative address to /GP4C0R/ 

1 
2 

KN+l 

KM 

KM + KN/2 + 1 

KNKL 1 
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External Grid or Scalar Nuri>er 
Internal Number 

External Grid or Scalar Number 
1 O'*S IL + Code 

Table of sorted SILs 

} 

} 

Integer Value of the Nuri>er of Degrees of 
Freedom in the g~Displacement set (LUSET) 

SIL Value of SPCs 
Cnnstrained Displacement for SPC } 

4 I/0 Buffers 

Repeated for each 
grid or scalar point 
in the model 

Repeated for each 
grid or scalar point 
in the model 

Repeated for all SPCs 

Figure 3. Open core allocation for GP4 when processing SPC card Images. 
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Relative address to /GP4C0R/ 

l 
2 

KN+l 

KM+l 

KM + KN/2 + 1 

KNKL 1 

ILOAO 

I0YS 

INYS 

External Grid or Scalar Number 
Interna 1 Number 

External Grid or Scalar Number 
lO*SIL + Code 

Table of sorted SILs 

} 

} 

Integer Value of the Number of Degrees of 
Freedom in the g-Displacement Set (LUSET) 

USET - One Coded Word for Each SIL 

Load Set ID 
Record Number in SCR2 containing 
Displacement Value 

Old VS Constrained Displacement Vector 

New VS Constrained Displacement Vector 

4 I/0 Buffers 

} 

Repeated for each 
grid or scalar point 
in the model 

Repeated for each 
grid or scalar 
point in the model 

Repeated for a 11 
L0AD sets 

Figure 4. Open core allocation for GP4 when processing SPCD card images. 
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Axi symmetric Ca rd Cards Generated 

MPCADD (open ended) 2 MPCADD cards 

MPCAX (open ended) 2 MPCADD cards 

1 MPC card 

0MITAX 1 0MIT card 

POINT AX N x 12 {3-word groups) MPC cards 

1 GRID card 

RINGAX N x 2 SPC cards 

N GRID cards 

SECTAX N x 6 (3-word groups) MPC cards 

1 GRID card 

SPCADO (open ended) 2 SPCAOO cards 

SPCAX 2 SPCADD cards 

1 SPC card 

SUPAX 1 SUP0RT card 

!!2!!= N • HARM+ 1 where HARM is obtained from the AXIC card. 

Table 1. card images generated by axisyrrmetric· cards. 
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4.31 .7.1 Definitions of the Sets Defined in USET 

ug - All structural degrees of freedom defined by grid and scalar points. 

u - Dependent coordinates used in the multipoint constraint equations (defined as 
m 

the first degree of freedom of an MPC card) and rigid elements. 

un - All structural degrees of freedom except um. 

us - All fixed points. The usg points are defined by the GRID cards and have displacements 

of zero. The usb points are defined by the SPC cards and may have constrained 

displacements. 

uf - All degrees of freedom in the structure except um and us. 

u
0 

- These are "omitted coordinates".defined by 0MIT and 0MIT1 cards. In statics, the 

structural matrix is partitioned, and these degrees of freedom are solved separately. 

In dynamics, the displacements of these points are approximated by their static 

displacements under mass loads. 

ua - These are the unconstrained degrees of freedom of the system. They include rigid 

body modes in dynamics. 

ur - These are fictitious supports defined by the SUP0RT cards. In dynamics and inertia 

relief, the elastic displacements are measured relative to these points. 

ui - This set includes all degrees of freedom not defined by the um' us, u
0 

and ur points. 

The stiffness matrix defined by these points is used for the solution of displacements 

versus 1 oads. 

4.31.8 Subroutines 

4.31.8. 1 Subroutine Name: GP4PRT 

1. Entry Point: Gfl4PRT 

2. Purpose: 

a. Prints, at user request via DIAG 21, a list of degrees of freedom. For each 
degree of freedom, an indication is made identifying the sets to which it belongs. 

b. Prints, at user request via DIAG 22, the contents of selected displacement sets. 
For each set, a list of all degrees of freedom belonging to the set is given. 

3. Calling Sequence: CALL GP4PRT (BUF) 
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4. Method: The DIAG flags are tested and local variables set. Table EQEXIN is then read 

into open core and sorted. If DIAG 21 is on, table USET (already in open core) is 

examined and the external degree of freedom is extracted from EQEXIN and printed along 

with the set indications. If DIAG 22 is on, transpose process takes place. 

4.31.8.2 Subroutine Name: SCALEX 

1. Entry Point: SCALEX 

2. Purpose: Decodes packed component codes. 

3. Calling Sequence: CALL SCALEX {I,C,L) 

I • Value to be decoded. 

C = If non-positive, return after loading I into L(l). 

L = Array into which the decoded values are placed. 

4.31.8.3 Subroutine Name: FDRMGG - single precision 
F0RMG2 - double precision 

1. Entry Point: F0RMGG 
F0RMG2 

2. Purpose: To form the [GG] matrix. 

3. Calling Sequence: CALL F0RMGG (IG,JR,JD,IR,ID) 
CALL F0RMG2 {IG,JR,JD,IR,ID) 

IG • Start of row stored [GG] matrix -1. 

JR = Start of [TA] matrix -1. 

JO• Start of [TB] matrix -1. 

IR• Start of BGPDT infonnation for reference point. 

ID• Start of BGPDT information for dependent point. 

4.31.8.4 Subroutine Name: GP4BD 

1. Entry Point: Blockdata 

2. Purpose: Initializes C0Mr-,;/lNs /GP4FIL/ and /GP4PRM/ 

C0Mri'N/GP4FIL/CASECC,GE0MP,EQEXIN,SIL,GPDT,BGPDT, 
CSTM,RGT,YS,USET,SCRl ,SCR2,SCRF 

where 

CASECC 
GE0HP 

Input file number of CASECC 
Input file number of GE0M4 
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EQEXIN 
SIL 
GPDT 
BGPDT 
CSTM 
RGT 
YS 
USET 
SCRl l SCR2 
SCRF 

FUNCTIONAL MODULE GP4 (GEOMETRY PROCESSOR - PHASE 4) 

Input file number of EQEXIN 
Input file number of SIL (not used) 
Input file number of GPDT 
Input file number of BGPDT 
Input file number of CSTM 
Output file number of RG 

Output file number of YS 
Output file number of USET 

Sera tch files 

C0MM0N/GP4PRM/BUF,BUF1 ,BUF2,BUF3 ,BUF4 ;KNKL 1 ,MULTI, 
TW016,MPCSET,N0G0,DUP,MCBYS,MCB, 
IRGD1,IRGD2,MPCAX1,t,PCAX2,MPC,USGSET, 
SPCSET,SPC0LD,GP0INT,KN,MPCADD 

where 

BUF 
BUF1 
BUF2 
BUF3 
BUF4 
KNKL 1 
MULTI 
TW016 
MPCSET 
N0G0 
DUP 
MCBYS 
MCB 
IRGD1 
IRGD2 
MPCAX1 
MPCAX2 
MPC 

USGSET 
SPCSET 
SPC0LD 
GP0INT 
KN 

MPCADD 

f 

Temporary storage array 

Indexes for I/0 buffers in /GP4C0R/ 

Index to /GP4C0R/ for storage of SIL values 
Total number of MPCs (including RIGID elements) 
2'*'*16 
MPC set ID 
Abnormal termination flag 
Flag for dup1icate1y defined grid point component 
Matrix control block for YS 
General purpose matrix control block 
Flag for CRIGD1 elements 
Flag for CRIGD2 elements 

Identification of MPCs generated by a MPCAX card 

Identification numbers to be used by subroutine L0CATE to find MPC 
card images 
Flag for constrained points obtained from GRID card images 
SPC set ID 
SPC set ID for previous subcase 
Grid point ID 
Index to /GP4C0R/ for storage of external grid or scalar nurrbers and 
coded SIL {see Figure 2) 
Identification number to be used by subroutine L0CATE to find MPCADD 
card images 
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4.31.8.5 Subroutine Name: CRIGGP 

1. Entry Point: CRIGGP 

2. Purpose: Generates coefficients of constraint equations for rigid elements CRIGDl 

CRIGD2, and CRIGD3, and calls CRDRD or CRDRD2 (depending on precision) for the rigid 

element CRIGDR. 

3. Calling Sequence: 

CALL CRIGGP 

4.31.8.6 Subroutine Name: CRDRD Single precision 
CRDRD2 Double precision 

1. Entry Point: CRDRD 
CRDRD2 

2. Purpose: Generates coefficients of constraint equations for the rigid element CRIGDR 

3. Calling Sequence: 

CALL CRDRD(MU,INDC0M}, RETURNS(n1,n2) 
CALL CRDRD2(MU,INDC0M), RETURNS(nl,n2) 

where 

Index into /GP4C0R/ to store dependent SILs 

Dependent component of tne dependent grid point 

MU 

INDC0M 

nl 

n2 

Statement nunt>er to return to if the length of the CRIGDR is zero 

Statement number to return to if CRIGOR is not properly defined 

4.31.9 Design Requirements 

See Figures 1, 2, 3, and 4 for storage requirements. 

4.31.10 Diagnostic Messages 

The following messages may be issued ~Y GP4: 

2045, 2047, 2048, 2049, 2050, 2051, 2052, 2053, 2101, 2110, 2132, 2152, 2153, 2403, 2423, 

3001, 3002, 3003, 3056, 3059, 3060, 3061, 3145, 3146, 3147, 3148, 3133, 3134 

4.31-8 (12/31/77) 
/' • .1 



MODULE FUNCTIONAL DESCRIPTIONS 

4.32 FUNCTIONAL MODULE GPSPC (GRID POINT SINGULARITY PROCESSOR) 

4.32. 1 Entry Point: GPSPC 

4.32.2 Purpose 

The GPST data block contains data on possible stiffness matrix singularities. These singu­

larities may have been removed through the application of single or multipoint constraints. The 

GPSPC module checks each singularity against the list of constraints, and if the singularity is 

not thereby removed, writes a warning for the user and on user's option automatically constrains 

the singularity. 

4.32.3 DMAP Calling Sequence 

GPSPC GPL,GPST,USET,SIL / 0GPST,USETC / V,N,N0GPST / V,Y,SINC0N / V,N,SINGLE 
V,N,0MIT / V,N,REACT / V,N,N0SET / V,N,N0L / V,N,N0A .$ 

4.32.4 Input Data Blocks 

GPL - Grid Point List 

GPST - Grid Point Singularity Table 

USET - Displacement Set Definitions Table 

SIL - Scalar Index List 

~: No input data block can be purged. 

4.32.5 Output Data Blocks 

0GPST - Tabular list of grid point singularities not removed by user. This data block will 

be processed by the 0FP (Output File Processor) module. 

USETC - Displacement Set Definition Table with singularities constrained. 

4.32.6 Parameters 

N0GPST 
SINct)N 

SINGLE 
0MIT 
REACT 
N0SET 
N0L 
N0A 

- Output, integer, default• 1. If positive, 0GPST was created. 
- Input-output, integer, default• -1. If SINC0N is negative on input, remaining 

singularities are automatically constrained. On output, same negative value if 
singularities existed, zero otherwise. 

Input-output, integer, no default. See description of GP4 parameters of the 
- same name in Section 4.31. Values are corrected only if singularities were 

constrained. 
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4.32.7 Method 

USET is read into core. The USET data block contains one word for each degree of freedom in 

the structural model. This word identifies the displacement coordinate sets to which the coordi­

nate belongs. Each entry in the GPST data block contains the order of the singularity and the 

scalar index numbers of the degrees of freedom involved. The logic of the algorithm depends on 

the order of the singularity. For each type, the logic is: 

1. If order= 1, the contents of the GPST are: 

a. 0RDER • 1 

b. Number of words following 

c. Nl 

d. N2 ) may not appear 
e. N3 

N1, N2, and N3 are the scalar indices of the degrees of freedom which will remove the singu­

larity if constrained. If the singularity is not removed, the 0GPST data is output. If 

SINC0N is negative the singularity is removed as an SPC. 

2. If order• 2: 

a. 0RDER • 2 

b. Number of words following 

c. Nll 

d. N21 

e. N12 

f. N22 
may not appear 

g. N13 

h. N23 

Each pair of indices identifies two degrees of freedom which cause the singularity. If both 

indices for any pair belong to the um or us set on USET, the singularity is removed. If only 

one of the degrees of freedom in a pair is constrained by a us or um coordinate, the singu­

larity order is now 0RDER • 1. The numbers listed are not unique, and more than one of the 

Nij indices may belong to the us or um sets. Keeping the same sequence, the unconstrained 

scalar indices in each partially constrained pair is listed in the 0GPST in the form for 

0RDER • 1. 
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3. If order= 3: 

a. 0RDER = 3 

b. Number of words following 

c. Nl 

d. N2 

e. N3 

All three indices (N1, N2, and N3) must belong to the us or um sets to remove the singularity. 

If one or two of the coordinates is constrained, the order is two or one, and the remaining 

scalar inJices or index is listed in the 0GPST. 

If any singularities are not constrained by SPC or MPC input, a message is given to this 

effect. Also, the SIL values must be converted to external grid point-component notation for 

user readability. The first time an unremoved singularity is detected, the SIL is read into 

core beneath the USET, and the GPL is placed beneath the SIL. The external grid point 

identification number is determined from the SIL and the GPL. Scalar points are differenti­

ated from grid points. Data is output to the 0GPST in the following order: grid point ID, 

type, singularity order, and components. Subroutine GPSPD is called to create new USETC 

entries after the message is created for each point. When all entries in the GPST have been 

processed, the routine creates USETC if SINC0N is negative on input and singularities were 

removed. If no singularity existed, SINC0N is set to zero before exiting. Only the strongest 

combination (weakest stiffness} is constained automatically. The parameters from GP4 are then 

corrected to reflect the new constraints. If no singularity existed. SINC0N is set to zero 

before exiting. 

4.32.8 Subroutines 

4.32.8. 1 Subroutine Name: GPSPD 

1. Entry Point: GPSPD 

2. Purpose: To constrain the "strongest combination" singularities through the application 

of single point constraints. 

3. Calling Sequence: CALL GPSPD (ISIL,INDEX} 

ISIL - Three-word array of singularities 

INDEX - Pointer to first SIL value of the point 
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C0MM0N/GPSPB/NSING.C0RE(l) 

NSING - Counter of singularities constrained 

C0RE - USET entries 

4. Method: The bits for USB. us. UN. UP. and UG are reset for each USET entry pointed to by 

ISIL(i) + INDEX. Note that this change may override any omits. multipoint constraints, or 

support reactions applied by the user. The next singularity checked by GPSPC will use this 

corrected USET. 

4.32.9 Design Requirements 

Open core is defined at / GPSPB / . 

C0M~N / GPSPB / 

USET 

SIL 

GPL 

0GPSP 
Buffer 

GPSP 
Buffer 
Scratch 
Buffer-

USET,GPL,SIL 

4.32.9.l Allocation of Core Storage 

} 
} 
} 
} 

LUSET (Length of USET) 

LSIL+l (Length of SIL+l) 
Last cell has LUSET stored 

LGPL (Length of GPL) 

GIN0 buffer 

} GIN0 buffer 

} GIN0 buffer 

If nc singularities exist, USET plus two GIN0 buffers must be held in core. If singularities 

exist, usr-. SIL, GPL plus three GIN0 buffers must be held in core. 

4.32. 10 Diagnostic Messages 

The following diagnostic messages may occur: 3007 (if the GPST does not contain legal SIL 

numbers, indicating a progranming error); 3008 (if the core storage requirements given in Section 

4.32.9.l are not met). 
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4.33 FUNCTIONAL MODULE MCEl (MULTIPOINT CONSTRAINT ELIMINATOR - PHASE 1) 

4. 33. 1 Entry Point: MCEl 

4.33.2 Purpose 

MCEl extracts the [Gm1J matrix for rigid elements and matrix [Rg] for multipoint constraints 

from table RG. MCEl partitions [Rg] into [Rm] and [Rn] and then solves the matrix equation 

[Rm][Gm2J = - [Rn] for [Gm2J. MCEl then forms matrix [r.m] as a combination of [Gml] and [r.m2J. 

4.33.3 DMAP Calling Sequence 

MCEl USET,RG/GM $ 

4.33.4 Input Data Blocks 

USET - Displacement set definitions table. 

RG - Multipoint constraint equations and rigid element data table. 

Note: Neither USET nor RG may be purged. 

4.33.5 Output Data Blocks 

GM - Multipoint constraint transformation matrix - m set. 

Note: GM may not be purged. 

4.33.6 Parameters 

None 

4. 33. 7 Method 

The first time MCElA is called from MCEl, MCElA determines if multipoint constraint equations 

were used. If they were not control returns to MCEl. If multipoint constraint equations were 

used, the RG file is ooened. If rigid elements are also present, it is necessary to form a new 

USET file on scratch file, SCR3, which will contain only the deoendent SIL values for multipoint 

constraints in the UM set. This is accomplished by transferring the data currently on USET to 

SCR3. In the process, the UM set for rigid elements is read from RG and whenever the corresponding 

location is found on USET, the value is changed to represent the ur, set when it is written on SCR3. 
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If rigid elements are not used, the USET table can be used as it is. 

The RG table is then positioned to read the dependent set for multipoint constraints. These 

SIL values are read and stored in core. A RG matrix for multipoint constraints is formed and 

written on file SCR2 in standard packed matrix form. The next operation of MCEl is to partition 

[R
9
] into [Rm] and [Rn]. MCElA performs this operation by initializing /PARMEG/ and calling PARTN 

(see Section 3.5.6 for PARTN details). 

The next operation of MCEl is to solve the matrix eauation 

( 1) 

for [Gm]. If [Rm] is diagonal, the ooeration is straightfo""lard. In this case MCE1D is called. 

The terms -rii are stored in core, the [Rn] matrix is read interpretively by INTPK, and the terms 

of [Gm] are formed from the equation 

where the terms in the numerator belong to [Rn] and those in the denominator belong to [Rm]. If 

[Rm] is not diagonal, Equation l is solved by decomposition and fo""lard-backward substitution. In 

this case, MCE1B is called. MCE1B performs an unsynvnetric decomposition of [Rm] by initializing 

/DC0MPX/ and calling DEC0MP. MCElC is then called by MCEl. MCElC performs a fo""lard-backward 

substitution to solve for [r.m] by initializing /GFBSX/ and calling r.FBS. See Section 3.5.15 and 

3.5.19 for further details on OEC0MP and GFBS, respectivelv. 

The second time MCElA is called from MCEl, the r.M data for rigid elements is read into core 

from the RG table and sorted on the coded column-row number. This sorted list is written on 

scratch file SCR2. If multipoint constraint equations were also used, the r.M matrix on SCRl must 

be unpacked, the rows expanded to the full UM set, the corresponding coefficients for rigid 

elements added to it, and finally repacked on filer.~. To accomplish this, the deoendent SIL 

values for rigid elements are read from file RG. Each SIL value is assigned three consecutive 

storage locations. The first location is used to store the SIL value, the second location is 

used to store its position in the list, and the third location will later contain its position 

in the merged UM list. The dependent SIL values for the multiooint const'raint set are read into 

core and stored as above except that the second location is its oosition in the original list 

plus 65536 (10000 in hexadecimal). The two lists are merged by sorting on the SIL number. The 
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third location is filled using this order. The merged list is separated into the two original 

lists again by sorting on the value in the second location. The expanded GM matrix is formed 

using the new row numbers assigned after the merge and stored in the third location of the above 

table. A column of the r.M matrix for multipoint constraints is unpacked and expanded to the full 

UM set. The rigid element coefficients belonging to this column are added and the column is then 

repacked on file GM. 

If multipoint constraints were not used, the coefficients for the rigid elements are read and 

oacked in standard packed matrix form on file r,M, 

4.33.8 Subroutines 

4.33.8. l Subroutine Name: MCElA 

l . Entry Point: MCEl A 

2. Purpose: To perform the functions described in 4.33.7 

3. Calling Sequence: CALL MCElA 

4.33.8.2 Subroutine Name: MCElB 

1. Entry Point: MCE1B 

2. Purpose: To decompose [R] into lower and upoer triangular factors. m -

3. Calling Sequence: CALL MCElB 

4.33.8.3 Subroutine Name: MCElC 

1. Entry Point: MCElC 

2. Purpose: Performs a forward-backward substitution to solve [G ]. 
m 

3. Calling Sequence: CALL MCElC 

4.33.8.4 Subroutine Name: MCElD 

l. Entry Point: MCElD 

2. Purpose: To solve the matrix equation [Rm] [Gm]• [Rn] for [Gm] where [Rm] is diagonal. 

3. Calling Sequence: CALL MCE1D 
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4.33.9 Design Requirements 

4.33.9. l Allocation of Core Storage 

The maximum core storage requirement in the module is one double precision vector in the um 

displacement set plus three GIN0 buffers. 

4.33.9.2 Environment 

Co11111unication of GIN0 file names to each of the phases of MCEl occurs through blank C0MM0N. 

The four phases are designed so that each may be in a separate overlay segment. Open core for 

each of the phases is as follows: 

MCElA: /MCEAl/ 

MCElB: /MCEBl/ 

MCElC: /MCECl/ 

MCElD: /MCEDl/. 

4.33.10 Diagnostic Messages 

The following messages may be issued by MCEl: 

3005, 3016 
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4.34 FUNCTIONAL MODULE MCE2 (MULTIPOINT CONSTRAINT ELIMINATOR - PHASE 2) 

4.34. l Entry Point: MCE2 

4.34.2 Purpose 

MCE2 partitions the stiffness matrix [Kgg] into [Knn], [Kmn] and [Krran] and then performs 

the matrix reduction [Knn] = [Knn] + [Gm]T [Kmn] + [Kmn]T [Gm]+ [Gm]T [Krrm] [Gm] 

Similar partitions and reductions are performed on [Mgg], [Bgg] and [K~g] if these matrices 

are not purged. 

4.34.3 DMAP Calling Sequence 

I ~g~G I {MGG } {BGG } jKDNN l {MNN } {BNN } MCE USET,GM, HKGGX • HRGG , HBGG • K4GG/lKNN {' HRNN 'HBNN ' K4NN $ 
HKGG HKNN 

4.34.4 Input Data Blocks 

USET - Displacement set definitions table. 

GM - Multipoint constraint transformation matrix - m set. 

KDGG - Partition of differential stiffness matrix - g set. 

KGG - Partition of stiffness matrix - g set. 

MGG - Partition of mass matrix - g set. 

BGG - Partition of damping matrix - g set. 

K4GG - Partition of structural damping matrix - g set. 

~~~~X }- Partition of conductivity matrix - g set. 

HRGG - Partition of radiation matrix - g set. 

HBGG - Partition of capacity matrix - g set. 

~: MGG, BGG and K4GG may be purged. 
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4.34.5 Output Data Blocks 

KONN - Partition of differential stiffness matrix - g set. 

KNN - Partition of stiffness matrix - n set. 

MNN - Partition of mass matrix - n set. 

BNN - Partition of damping matrix - n set. 

K4NN - Partition of structural damping matrix - n set. 

HKNN - Partition of conductivity matrix - n set. 

HRNN - Partition of radiation matrix - n set. 

HBNN - Partition of capacity matrix - n set. 

Note: MNN, BNN or K4NN may be purged only if MGG, BGG or K4GG is purged. 

4.34.6 Parameters 

None 

4.34.7 Method 

Using subroutine UPART to generate row and column partitioning vectors and subroutine 

MPART to perform the actual partitioning, [Kgg] is partitioned as follows: 

[

'[ I - J :=,.,.. nn ' Knm 
[Kgg]:::::..,. - - - j - - - . 

Kmn I Knm 

Subroutine ELIM is called to perform the following matrix reduction: 

(,) 

(2) 

For each of the data blocks corresponding to the matrices [M
99

], [a
99

], [K~
9
J which is not 

purged, the above partitioning and matrix reductions are perfonned. 

4.34.8 Subroutines 

Calls are made to the following matrix utility routines: 

UPART see section 3.5.9 for details 

MPART see section 3.5.9 for details 

ELIM see section 3.5.22 for details 
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4.34.9 Design Requirements 

4.34.9. 1 Allocation of Core Storage 

The maximum storage requirement for MCE2 is four times the number of degrees of freedom 

in the un displacement set plus one GIN0 buffer. 

4.34.9.2 Environment 

The module MCE2 consists of one subroutine. MCE2. Calls are made to the matrix utility 

routines as indicated above. Six scratch files are used. 
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4. 35 . FUNCTIONAL MODULE SCE1 (SINGLE-POINT CONSTRAINT ELIMINATOR) 

4.35. 1 Entry Point: SCE1 

4.35.2 Purpose 

To reduce then set matrices to f set matrices by removing the single-point constraints. 

4.35.3 OMAP Calling Sequence 

{USET } lKONN~ {MNN } {BNN } i KOFF} {KFS l {KSS } {MFF } { BFF } SCEl HUSET' KNN 'HRNN' HBNN 'K4NN/ KFF 'HKFSJ' HKSS 'HRFF' HBFF' K4FF / $ 
HKNN HKFF 

4.35.4 Input Data Blocks 

~~~v }- Displacement set definitions table. 

KONN - Partition of differential stiffness matrix - n set. 

KNN - Partition of stiffness matrix - n set 

MNN - Partition of mass matrix - n set. 

BNN - Partition of damping matrix - n set. 

K4NN - Partition of the structural damping matrix - n set. 

HKNN - Partition of conductivity matrix - n set. 

HRNN - Partition of radiation matrix - n set. 

HBNN - Partition of capacity matrix - n set. 

Notes: 1. USET cannot be purged 

2. KNN, MNN, BNN and K4NN can be purged. 

3. At least one degree of freedom must belong to the f ands sets. 

4.35.5 Output Data Blocks 

KOFF - Partition of differential stiffness matrix after single-point constraints have 

been removed - f set. 

KFF - Partition of stiffness matrix after single-point constraints have been removed -

f set. 

KDFS - Partition of differential stiffness matrix after single-point constraints have 

been removed. 
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KFS - Partition of stiffness matrix after single-point constraints have been removed. 

KOSS - Partition of differential stiffness matrix after single-point cons~raints have been 

removed - s set. 

KSS - Partition of stiffness matrix after single-point constraints have been removed -

s set. 

MFF - Partition of mass matrix after single-point constraints have been removed - f set. 

BFF - Partition of damping matrix after single-point constraints have been removed - f set. 

K4FF - Partition of structural damping matrix with single-point constraints removed - f set. 

HKFF - Partition of conductivity matrix after single-point constraints have been removed -

f set. 

HKFS - Partition of conductivity matrix after single-point constraints have been removed. 

HKSS - Partition of conductivity matrix after single-point constraints have been removed -

s set. 

HRFF - Partition of radiation matrix after single-point constraints have been removed -

f set. 

HBFF - Partition of capacity matrix after single-point constraints have been removed -

f set. 
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4.35.6 Parameters 

None 

-4.35.7 Method 

The matrices are partitioned using USET(UN,UF,US) as follows (see section 1.7 for details): 

1. If [Knn] exists: 

( 1 ) 

The [Kff]' [Kfs] and [Kss] partitions are generated and saved. 

2. If [Mnn] exists: 

(2) 

3. If [Bnn] exists: 

(3) 

4 4. If [Knn] exists: 

t I J 4 , 4 
4 Kff I Kfs 

[K ] =-'- - - .! - - - • nn Y' 4 ' 4 
Ksf : Kss 

I 

(4) 

For the [Mnn]• [Bnn] and [K~n] matrices, only the 11 ff 11 partition is generated and saved. 

One call to UPART followed by 4 calls to MPART accomplishes the above tasks. 
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4.35.8 Subroutines 

UPART and MPART are called. See subroutine description in section 3.5.9. 

4.35.9 Design Requirements 

One scratch file is necessary. 
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4. 36 FUNCTIONAL MODULE SMPl (STRUCTURAL MATRIX PARTITIONER - PHASE l) 

4.36.l Entry Point: SMPl 

4.36.2 Purpose 

SMPl partitions [Kff] into [Kaa], and [K
0
a] and ,[K

00
]. The matrix equations [K00 ] [G0 ] = -[K0 

is solved for [G
0
]. [Kff] is then reduced by the matrix equation [Kaa] = [Kaa] + [K0a]T [G0], 

If [Mff] is not purged, it is reduced by the equation [Maa] = [~ J + [G ]T [M ] + [M JT [G J 

+ [G
0

]T [M
00

] [G
0
]. Similarly, [Bff] and [Kjf] are reduced. 

4.36.3 DMAP Calling Sequence 

4.36.4 Input Data Blocks 

~~~~T - Displacement set definitions table. 

KFF - Partition of stiffness matrix - f set. 

MFF - Partition of mass matrix - f set. 

BFF - Partition of damping matrix - f set. 

K4FF - Partition of structural damping matrix - f set. 

HKFF - Partition of conductivity matrix - f set. 

~: MFF, BFF. or K4FF may be purged. 

4.36.5 Output Data Blocks 

aa o oa oa o 

G0 - Structural matrix partitioning transfonnation matrix. 

KAA - Partition of stiffness matrix - a set. 

K00 - Partition of stiffness matrix - o set. 

L00 - Lower triangular factor of K00B - o set. 

MAA - Partition of mass matrix - a set. 

r-e0 - Partition of mass matrix - a set. 

M0A - Partition of mass matrix. 

BAA - Partition of damping matrix - a set. 
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K4AA - Partition of structural damping matrix - a set. 

HG0 - Heat matrix partitioning transformation matrix. 

HKAA - Partition of conductivity matrix - a set. 

HK00 - Partition of conductivity matrix - o set. 

HL00 - Lower triangular factor of HK0~ - o set. 

!!Q!!: 

1. U00 and L00 are not standard form matrices. Their format is compatible only for 

input to subroutine FBS. 

2. MAA. M00. M0A. BAA or K4AA may be purged only if MFF, BFF or K4FF are purged. 

4.36.6 Parameters 

None. 

4.36.7 Method 

Using subroutine UPART to generate row and column partitioning vectors and subroutine MPART 

to perform the actual partitioning, [Kff] is partitioned as follows: 

( l ) 

Subroutine FACT0R is called to decompose [K
00

] into triangular factors. Subroutine S0LVER 

is called to perform a forward-backward substitution solving for [G
0

] in the matrix equation 

and computing [KaaJ from the equation 

For each of the data blocks [MffJ, [Bff]' [Kif] which is not purged, the above 

partitioning operation is performed and the matrix reductions: 
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[K4] [K-4 J + [G ]T [K4 J + [K4 JT [G J + [G JT [K4 J [G J aa = aa o oa oa o o oo o ' 

are performed by subroutine ELIM. 

4.36.8 Subroutines 

Cal~s are made to the following matrix utility routines: 

UPART See subroutine descriptions - Section 3.5.9 for details 

MPART See subroutine descriptions - Section 3.5.9 for details 

FACT0R See subroutine descriptions - Section 3.5.23 for details 

S0LVER See subroutine descriptions - Section 3.5.20 for details 

ELIM See subroutine descriptions - Section 3.5.22 for details 

4.36.9 Design Reguirements 

4.36.9. l Allocation of Core Storage 

( 5) 

(6) 

The maximum storage requirement for SMPl is four times the number of degrees of freedom in 

the ua displacement set plus one GIN0 buffer. 

4.36.9.2 Environment 

The module SMPl consists of one subroutine, SMPl. Calls are made to the matrix utility 

routines indicated above. Six scratch files are used. 

The matrix multiply-add routine is used by ELIM to perform the matrix reductions described 

by equations 3, 4, 5 and 6. For equations 4, 5 and 6, the reduction is done in three phases as 

shown below for the mass matrix. 

[A] = [Moo] [Go]+ [Moa] (7) 

T -
[BJ = [MoaJ [Go]+ [Maa] ( 8) 

[Maa] = [Go]T [A]+ [B] (9) 
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4.37 FUNCTIONAL MODULE RBMGl (RIGID BODY MATRIX GENERATOR - PHASE 1) 

4.37.1 Entry Point: RBMGl 

4.37.2 Purpose 

RBMGl partitions [Kaa] into [K11]. [K1r] and [Krr]. If [Maa] is not purged, it is 

partitioned similarly. 

4.37.3 DMAP Calling Sequence 

RMBGl {~~~~}.{~},MAA;{~~t~,{~~R}.{~~~R}.MLL,MLR,MRR $ 

4.37.4 Input Data Blocks 

USET - Displacement set definitions table. 

HUSET - Temperature set definitions table. 

KAA - Partition of stiffness matrix - a set. 

MAA - Partition of mass matrix - a set. 

HKAA - Partition of conductivity matrix - a set. 

Note: USET may not be purged. 

4.37.5 Output Data Blocks 

KLL - Partition of stiffness matrix - t set. 

KLR - Partition of stiffness matrix. 

KRR - Partition of stiffness matrix - r set. 

MLL - Partition of mass matrix - t set. 

MLR - Partition of mass matrix. 

MRR - Partition of mass matrix - r set. 

HKLL - Partition of conductivity matrix - t set. 

HKLR - Partition of conductivity matrix. 

HKRR - Partition of conductivity matrix - r set. 

~: Output data blocks may be purged only if the corresponding input data block is purged. 
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4.37.6 Parameters 

None 

4.37.7 Method 

Using subroutine UPART to generate row and column partitioning vectors and subroutine 

MPART to perfonn the actual partitioning, [KaaJ is partitioned as follows: 

[ 
KR.R. : KR.r J 

[KaaJ-) - - - 7 - - - - ' 
Kr.e. ' Krr 

Similarly, if [MaaJ is not purged. it is partitioned, 

4,37.8 Subroutines 

RBMGl ca 11 s the fo 11 ow1 ng matrix uti 11 ty routines: 

UPART} see section 3.5.9 for details. 
MPART 

4.37.9 Design Requirements 

4.37.9.1 Allocation of Core Storage 

Storage requirements for RBMGl are minimal since no unpacked vectors are held in core. 

4.37.9.2 Environment 

The module RBMGl consists of one subroutine, RBMGl. Calls are made to the matrix 

utility routines indicated above. One scratch file is used. 
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4.38 FUNCTIONAL MODULE RBMG2 (RIGID BODY MCITRIX GENERATOR - PHASE 2) 

4.38. 1 Entry Point: RBMG2 

4.38.2 Purpose 

RBMG2 decomposes [K11] into its triangular factors [L11J and [U11]. 

4.38.3 DMAP Calling Sequence 

RBMG2 

HKLL 
KAA 
KBLL 
KLL 
KKK 

LBLL l HLLLj 
/ LLL /V,N,P0WER/V,N,OET $ 

LKK 

4.38.4 Input Data Blocks 

~LI - Partition of stiffness matrix - i set. 
KKK 

HKLL - Partition of conductivity matrix - i set. 

Note: · KLL may not be purged. 

4.38.5 Output Data Blocks 

LBLL I 
t~~ - Lower triangular factor of KLL - i set. 
HLLL 

l. LLL and ULL may not be purged. 

2. ULL is not a standard upper triangular matrix. Its format is compatible only 

for input to subroutine FBS. 

4.38.6 Parameters 

P0WER - Output-integer-default• 1. Power of 10 in the detenninant of KLL. 

DET - Output-real-default• 1.0. Magnitude of determinant of KLL, i.e., 

det [K11J = DET*loP0WER. 
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4.38. 7 Method 

RBMG2 calls subroutine FACT0R to perform the deomcposition of [K11] into [L11] and [U11]. 

4.38.8 Subroutines 

RBMG2 calls the matrix utility routine FACT0R (see section 3.5.23 for FACT0R details). 

4.38.9 Design Requirements 

For allocation of core storage, see subroutine SDC0MP (section 3.5. 14). The module RBMG2 

consists of one subroutine, RBMG2. Three scratch files are used. 

4.38. 10 Diagnostic Messages 

Message number 3005 may be issued by RBMGl. 
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4.39 FUNCTIONAL MODULE RBMG3 (RIGID BODY MATRIX GENERATOR - PHASE 3) 

4.39. 1 Entry Point: RBMG3 

4.39.2· Purpose 

RBMG3 solves for the rigid body transfonnation matrix [DJ from the equation 

The rigid body error ratio, , is computed from 

E: = 
I l[KrrJ + [KirJT [OJI I 

II [Krr] 11 

~: The absolute value I I I I is the square root of the sum of the squares (this 

is not a determinant). 

4.39.3 OMAP Calling Sequence 

RBMG3 { LLL } {.HKLR} {HKRR}t{HDM} $ 
.HLLL 'KLR • KRR OM 

4.39.4 Input Data Blocks 

LLL - Lower tri,ngular factor of KLL - i set. 

HLLL - Lower triangular factor of HKLL - i set. 

KLR - Partition of stiffness matrix. 

HKLR - Partition of conductivity matrix. 

KRR - Partition of stiffness matrix - r set. 

HKRR - Partition of conductivity matrix - r set. 

~: Input data blocks may not be purged. 

4.39.5 Output Data Blocks 

~~ }- Rigid body transformation matrix. 

Note: The OM data block corresponds to the matrix [DJ and may not be purged. 
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4.39.6 Parameters 

None. 

4.39.7 Method 

MODULE FUNCTIONAL DESCRIPTIONS 

Subroutine S0LVER is called to perform the operations in Equation 1 and 2. 

4.39.8 Subroutines 

RBMG3 calls the matrix utility routine S0LVER and has no auxiliary subroutines. See section 

3.5.20 for S0LVER details. 

4.39.9 Design Requirements 

For allocation of core storage, see subroutines FBS (section 3.5.17) and MPYAD (section 3.5. 12). 

Two scratch files are used. 
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4.40 FUNCTIONAL MODULE RBMG4 (RIGID BODY MATRIX GENERATOR - PHASE 4) 

4.40. l Entry Point: RBMG4 

4.40.2 Purpose 

RBMG4 computes the rigid body mass matrix [mr] from the matrix equation 

4.40.3 DMAP Calling Seguence 

RBMG4 DM.MLL,MLR.MRR/MR $ 

4.40.4 Input Data Blocks 

OM - Rigid body transfonnation matrix. 

MLL - Partition of mass matrix - R. set. 

MLR - Partition of mass matrix. 

MRR - Partition of mass matrix - r set. 

~: 

1. No input data block may be p~rged. 

2. The DM data block corresponds to the matrix [DJ in Equation 1. 

4.40.5 Output Data Blocks 

MR - Rigid body mass matrix - r set. 

4.40.6 Parameters 

None 

4.40. 7 Method 

Subroutine ELIM is cal led to compute [mr] as in Equation 1 (see section 3.5.22 for ELIM 
details). 
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4.40.8 Subroutines 

RBMG4 consists of one subroutine, RBMG4. 

Matrix utility routine ELIM (section 3.5.22) is called by RBMG4. 

4.40.9 Design Requirement~ 

For allocation of core storage, see subroutine MPYAD (section 3.5. 12). Three scratch files 

are used. 

4.40-2 I 
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4.41 FUNCTIONAL MODULE SSGl {STATIC SOLUTION GENERATOR - PHASE 1) 

4.41.1 Entry Point: SSGl 

4.41.2 Purpose 

To compute the static loads, thennal loads, and enforced defonnation loads selected by the 

user. 

4.41.3 DMAP Calling Sequence 

SSGl { HSLT} {HSIL} {HEST} ~HPGl $ SLT ,BGPDT,CSTM, SIL , EST ,MPT,GPTT,EOT,MGG,CASECC,OIT/1:~l\/V,N,LUSET/V,N,NSKIP 

4.41.4 Input Data Blocks 

HLT - Static Loads Table (heat problems). 

SLT - Static Loads Table. 

BGPDT - Basic Grid Point Definition Table. 

CSTM - Coordinate System Transformation Matrices. 

HSIL - Scalar Index List {heat problems). 

SIL - Scalar Index List. 

HEST - Element Sun111ary Table (heat problems). 

EST - Element Sumnary Table. 

MPT - Material Property Table. 

GPTT - Grid Point Temperature Table. 

EDT - Element Deformation Table. 

MGG - Partition of mass matrix - g set. 

CASECC - Case Control Data Table. 

CIT - Direct Input Tables. 

Notes: 

1. SLT, BGPOT, SIL cannot be purged if external static loads or L0AD cards are selected 

in CASECC. 

2. CSTM cannot be purged if any grid point or load references a coordinate system other 

than basic. 
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3. EST, MPT cannot be purged if thennal or element defonnation loads are selected. 

4. GPTT cannot be purged if thennal loads are applied. 

5. EDT cannot be purged if element deformation loads are selected. 

6. MGG cannot be purged if GRAVITY or RF0RCE loads are applied. 

7. CASECC cannot be purged. 

8. DIT cannot be purged if temperature dependent materials are loaded. 

4.41.5 Output Data Blocks 

HPG) 
PG I - Static load vector matrix giving static loads - g set. 
PGl 

Note: PG can never be purged. 

4.41.6 Parameters 

LUSET - Input-integer-no default. LUSET defines length of PG. 

NSKIP - Input-integer-no default. One static load is built for each CASECC record 
starting with NSKIP + 1 as long as the boundary conditions are constant. 

4.41.7 Overview of the Method Used in SSGl 

The purpose of the first phase of static solution calculation (module SSGl) is the generation 

of the load vectors on the whole structure. The structure may be loaded in three different ways: 

1. Simple applied loads and moments may be given to grid and scalar points. Pressure 

loads may be applied to an area defined by thre~ or four grid points or to a face of an 

isoparametric solid element. Centrifugal force fields may also be defined. 

2. Thermal and enforced defonnation loads are generated by using the structural element 

characteristics. The.loads on the connected grid points are equivalent to fixing the 

displacements and replacing the element by the load it would apply to the points. 

3. Gravity loads are dependent on the mass characteristics of the structure. A gravity 

load is produced by generating a vector of accelerations on all grid points· in the structure 

and pre-multiplying the vector by the structural mass matrix. 
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The details on load vector generation for these three different types of loading are given in 

Sections 4.41.8, 4141.9 and 4.41.10 below. The function of module SSGl is to read the case control 

data and extract the necessary load set data, calculate load vectors for each requested load set, 

and combine these sets to produce the loads requested for all subcases using the same boundary 

condition. 

4.41.7.1 Module Initialization 

Some of the simple load cards will reference elements, rather than grid points. This is 

especially true of the heat transfer loads QBDYl, QBDY2, QVECT, and QV0L. Subroutine SSGSLT 

processes these cards to produce loads at grid points. The SLT file is copied onto a scratch 

file (NEWSLT), with the converted load cards replacing the old load cards. 

Conmon block /L0ADX/, which contains GIN0 file numbers for input data files and position 

pointers, is initialized. 

A list of all external load sets is extracted from the SLT. (This must be less than 101.) 

CASECC is skipped forward NSKIP records (in case several boundary conditions are being solved in 

one run). For each succeeding record which is not an eigenvalue record, not a syrrmetry record, 

not a differential stiffness record, and for which the boundary conditions are those for the 

current loop (SPC and MPC sets), a list is made of each thennal or enforced defonnation load. The 

external loads selected are marked in the above list. If a selected external load is not in the 

above list, the L0AD cards are read in and their component id's searched. A L0AD card may cause 

additional members to be selected. A composite list is created which contains: 

1----------1 

---------

I External load id's 
selected ones marked~ 360 

} Thennal load id's< 360 

} Enforced defonnation load id's< 360 

< 360 

If there is no record which allows construction of a load, SSGl aborts. If a selected 

external load id does not exist either as a L0AD card or simple load set, SSGl aborts. (Sub­

routine SSGlA). 
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4.41.7.2 Individual Load Vector Generation 

Each requested set of loads is used to generate a {p~} load vector. The vectors are generated 

one at a time in core and written on the PG temporary file, a scratch file. Files PG temporary, 

SLT (or NEWSLT), BGPDT, CSTM, and SIL are opened. The vector generation depends on the type of 

load and type of input data. Details are given in Sections 4.41.8, 4.41.9, and 4.41.10 below. 

4.41.7.3 Subcase Load Vector Generation 

Each simple load set, j, produces a {Pi} load vector, and each subcase may be a combination 

of various simple load sets. As each load set vector is formed, it is written on PG temporary. 

When all sets have been generated, the CASECC data block and the L0AD card images are read again. 

A table is formed for each subcase consisting of the required set number and the scale factor for 

each set if given on a L0AD card. The'file containing the load vectors for the sets is read for 

each subcase, c, and added to a {P~} load vector. The {P~} load vectors are packed and written 

as the PG data block in standard NASTRAN fonn. 

4.41.8 Direct Applied Loads 

Direct loads are applied to the structural model by means of F0RCE, F0RCE1, F0RCE2, GRAV, 

M0MENT, M0MENT1, PL0AD, PL0AD2, PL0A03, RF0RCE, and SL0AD Bulk Data Cards and the PRESAX card 

which is used for the axisY11111etric conical shell problem only. 

4.41.8.1 F0RCE and M0MENT Card Processing 

The data described by a F0RCE and M0MENT data card are given as follows: 

NP • Grid point index; 

Nc • Coordinate system number; 

S • Scalar factor, and 
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The BGPOT data for the point are detennined. If the global coordinate number, Ng' for the point 

equals Ne' the vector is 

{P} = S P 
g 

(2) 

where the row index is detennined from SIL. If Ng r Ne' [Tg] and [Tc] are calculated using the 

location coordinates and the two local coordinate systems (subroutines GLBBAS and BASGLB). The 

load jn global coordinates is: 

(3) 

If a F0RCE card is used, the loads are added to the first three positions for the grid point in 

the load vector. If a M0MENT card is used, the loads are added to the last three positions. 

(Subroutine DIRECT). 

4.41.8.2 ·F0RCE1 and t,fJMENTl Card Processing 

The data described by F0RCE1 or ~MENTl card are given as follows: 

NP • Application point number; 

S • Load magnitude; 

N1,N2 • Grid point numbers describing the 
vector direction of the load. 

The basic coordinates of the points N1, N2 and Np are found in the BGPDT. (Subroutines 

PERMUT and FNDPNT). If {Ri} and {R2} are the vectors corresponding to N1 and N2, the load 

direction is : 

{Rz} - {R1} 

{d} = I {Rz} - {Ri} I' (4) 

The coordinate transformation [Tg] for point NP is calculated (Subroutine BASGLB). The load 

vector in global coordinates is: 

(5) 

If a F0RCE1 card was used the values are added to the first three coordinates, starting with the 

SIL number, in the load vector. If a M0MENT1 card was used, the values are added to the last 

three (subroutine TP0NT}. 
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4.41.8.3 F0RCE2 and M0MENT2 Card Processing 

The data on a F0RCE2 or M0MENT2 card are as follows: 

Np = Application point nuni>er; 

S • Load magnitude; 

N1,N2,N3,N4 are such that the direction of the force is 
detennined by Equation 6 below. 

The algorithm is similar to the one for the F0RCE1 and M0MENT1 case except that four basic 

coordinate system vectors, {Ri}, {R 2 }, {R 3}, {R.,}, are formed for the four points and: 

(Subroutine FP~NT). 

({R2} - {R1}) x ({R.,} - {R3}) 

{d} • j({R2 } - {R1}} X ({R.,} - {Rs}}j ' 

4.41.8.4 PL0AD and PL0AD2 Card Processing 

(6) 

The data contents for a PL0AD card are (a PL0AD2 card is transformed into a PL~AD card by 

GP3): 

p • Pressure value~ 

N1 ,N2,N3,N4 • Points describing area over 
which pressure load is acti'ng. 
(N4 is _optional.) 

For each of the four points, Ni' the basic coordinate system vector, {R1}, is fanned. 

If N4 • 0, the load on each point is·: 

The load vector in global coordinates for each point is: 
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If N4 F o, the quadrilateral is subdivided into four triangles as shown. 

For each triangle {P
9

_} is calculated for the three connected points using a pressure value , 
Pr= 1/2 p. The equations are the same as the previous case except that the points are inter-

changed each time the triangle calculation is done. (Subroutine PL0AO.) 

4.41.8.5 SL0AD Card Processing 

The data contents for a SL0AD card are: 

Np • Scalar point id and 

S • Load on point. 

The scalar index is computed by subroutine FNOSIL, and Sis added in. (Subroutine SL~AD.) 

4.41 .8.6 RF~RCE Card Processing 

The data contents for an RF0RCE card are: 

N • p Index of grid point through which 
rotation vector passes; 

Nc • Coordinate system number defining 
the rotation vector; 

A • Factor for vector; 

Rx•R_y•Rz are components of rotation vector in cps. 

The following sequence of operations comprises RF0RCE card processing which is carried out 

in subroutine RF0RCE. 

1. The local to basic coordinate transformation matrix, [Tc]• for the reference coordinate 

system Nc is extracted from the CSTM data block. 
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2. The rotation vector in basic coordinates, and in radians per second, is: 

(9) 

3. Define the basic location vector of the reference point Np as {ra}. If Np= 0, set 

{ra} • {O}. 

4. Extract the basic coordinate system vector {ri} for each point from BGPDT. 

5. Using {r;} and the local coordinate system referenced by the ooint, calculate the 

global-to-basic transformation matrix [T1]. 

6. For the six columns of the mass matrix [Mgg] corresponding to the grid point i, the 6x6 

matrix oartition on the diagonal is extracted. Define this as [Mi]. 

7. Partition the 6x6 matrix into 3x3 matrices 

t f I fj 1 Mt j Mtr 
[M ] ) -•--!---•-- ' 

Ml I Ml 
· rt I r 

and transform the rotational velocity vector to global coord~~ates 

8. Calculate the forces and moments on the grid point by the equations: 

1 T i 
{F} • -{w

9
} x [Mt] [Ti] ({wb} x [{r1} - {ra}]) - {w

9
} x [Mtr] {w

9
} 

{M} • -{wg} x [Mr!J [Ti]T ({~} x [{ri} - {ra}]} - {wg} x [M~] {w
0

} 

9. The load vector partition in global coordinates is: 

4.41.8.7 PRESAX Card Processing 

The data contents for a PRESAX card (which applies only to pressure loading of an 

AXISYt+1ETRIC shell) are: 
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p = Pressure; 

Na = Index value of hannonic Ring A; 

Nb = Index value of hannonic Ring B; 

¢, l = (degrees); 

<I> 2 = (degrees); 

n = HarmJnic number of harffllnic being added. 

The algorithm given in the following steps is performed in subroutine PRESAX. 

l. ¢,1 and ¢,2 are converted to radians. 

2. BGPOT data are extracted for both RINGA and RINGS, giving {r} and {z}. 

3. The calculations for harmonic n are: 

For the cosine case, if n • 0, we calculate: 

If n > 0 

P~n ., P i (;t + ~) (sin (n<1>2) - sin (n¢,1)) cos ljl , 

P~n • -Pt (t" + t") (sin (n<1>2) - sin (nch)) sin tP • 
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For the sine case, if n > 0, 

. - P- -+...J. 1 (r; r.) 
n 3 6 

(22) 

(23) 

4. The above equations are solved for i = a, .i =band i • b, j = a. The loads are added 

to the corresponding grid point location in the PG load vector 

( 24) 

(Subroutine PRESAX). 

4.41.8.8 GRAV Card Processing. 

Each GRAV input card describes a uniform acceleration field with the following oarameters: 

N • Coordinate system IDi 

G • Scale factor; 

{V} • Vector of load in coordinate 
system N. 

The gravi•y vector in basic coordinates is: 

where [T0NJ is the 3x3 orientation matrix of coordinate system N. (Subroutines GRAV, FDCSTM, 

MPYL). This vector {gb} is saved for later processing. Subroutine EXTERN then returns, noting 

·the number of gravity loads listed~ 
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4.41.8.9 PL0AD3 Card Processing 

The data contents from a PL0AD3 card, as converted in GP3, are: 

P
1 

,P2 , •.. ,P6 = Normal pressure value on faces 1 to 6 

N~,N~ 1 ••• ,Nj2 = Internal grid point numbers defining element on which 

pressure acts (N§ to Nj2 may be zero depending on element 

type). 

The pressure load vector on the ;th element grid point is: 

6 2 2 
E p E E NS {Bk} k i k•l m=l n=l 

Where Pk is the normal pressure on the kth face, N~ is the isoparametric shape function, and Bk 

is an area factor times a vector of direction cosines defining the outward normal to the kth 

face at each integration point. The sunmation on m and n are for integration over the area of the 

kth face using the method of Gaussian Quadrature. The load vector transformed to global coordinates 

for the ;th point is: 

where [Ti] is the basic to global transfonnation matrix. 

The computational method using in computing the load vector is as follows: Each element of a vector 

{F} of length three times the number of grid points is set to zero. The following steps are re­

peated at each integration point for each face which has a non-zero applied pressure: 

1. Isoparametric utility routines are called to compute N~ 1s and [JJ-1 (see Section 4.87.16.2). 

2. For each grid point i, and element face k, {Bk} is multiplied by N~Pk and added to {Fi}. 

{Bk} is simply .:,1 times det [J] times a column of [J]-l. The column and sign are dependent 

on the face numbers as follows: 
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Face Sign Column Number of [J]-l 
r.; 

3 

n 2 2 

3 + 1 

4 + 2 

5 1 

I 6 + 3 
0.,1 __ 

,; 

/ 
I 1 \ 
' ., 

T~e {F} vector is then transformed to global coordinates and added to the global static load 

vector {Pg}. 
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4.41 .9 Thermal and Enforced Deformation Loads 

The thermal and enforced deformation loads are calculated using the stiffness properties of 

the structural elements. The EDT data for each load set and the MPT, DIT and SIL data blocks are 

placed in core. The EST data block and the GPTT data for the selected set are read one element at 

a time. The loads produced by that element are placed in the PG load vector. The actual algo­

rithms for generating element loads are given in Section 4.87. 

4.41 .10 Gravity Loads 

Acceleration vectors are computed for each gravity load by two means, one for an axisvmmetric 

shell problem, the other for non-shell problems. 

4.41. 10.l Gravity Loads for an Axisyl'TITletric Shell Problem 

m (number of rings) and n (number of harnDnics) are extracted from the /SYSTEM/ coll'ITX)n block. 

The first m points in the BGPDT define the "zero" harmonic. The second m entries define the "one" 

harmonic etc. The acceleration vectors are calculated by the formulae: 

g • /cg2 + g2 + g2 
X y Z ' 

(26) 

9 • ~g2 + g2 
Xy X y ' (27) 

(28) 

(29) 

(30) 

9x 
cos <Pg • -9xy. (31) 
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The vectors {a} for har1TDnics n = 0 and n = l are defined for load set cosine by: 

and for load set sine by: 

0 
0 

{a5} = g cos e
9 

6 (all rings), 
0 
0 

(all rings) 

1 
1 
0 
0 
0 
0 

1 
1 
0 
0 
0 
0 

(32) 

(33) 

(34) 

These vectors are used as in the normal case. They are merged into {a
9

} which in turn is pre­

multiplied by [MggJ to give the {Pg} vector (subroutine GRAVL3). 

4.41.10.2 Gravity Loads for Non-Shell Problems 

The acceleration vector must be transferred to the global coordinate system at each grid 

point and expanded to a vector acting on the ug coordinates. For each grid point (i) the BGPOT 

data is read, and using the CSTM data, a 3x3 basic to global transformation matrix [Ti] is 

formed. The acceleration at the point i in basic coordinates is: 

(35) 

where {gb} 1s the gravity vector saved in Equation 25. The v~ctor {a!} is placed in the total 

acceleration vector in positions SIL1, SILi+l, and SIL1+2. No values are calculated for scalar 

points or rotation coordinates (Subroutine GRAVLl}. 

When all {ag} vectors have been calculated for the whole structure, they are pre-multiplied 

by the structural mass matrix to produce a load vector: 

(36) 
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(subroutine SSG2B). 

The gravity vectors are appended to the other load vectors, and scalar points are zeroes in 

case interaction occurred. Gravity loads on scalar points are not supported. 

4.41.10.3 Direct-Applied Thennal Loads 

Direct loads are applied to the heat transfer model by means of the QHBDY data cards. These 

cards contain the following data: 

Symbol 

FLAG, 

Qo • 

Af, 

G1 ,G2 ,G3 ,G4 

Description 

Identified type of load 

Flux density 

Area factor 

Internal grid point numbers 

The word "FLAG" indicates the type of load, "Pfi'INT," "LINE," "REV," "AREA3," or "AREA4," and 

the number of grid points defined by G1,G2, etc. The loads are formed into a vector {P} with a 

length equal to the number of points. The values of {P} are: 

{P} "' AQO{V}. 

The values for A and {V} are given in the following table: 

N1JT1ber of grid· 
I 

points at which -
FLAG load vector is A {V} 

applied 

1 1 -Af {1} 

2 2 _ Af(length) 
2 111 l1 

3 2 - ,r(length} t1 + '2J 3 x1 + 2x2 

4 3 
_ (a3ea} Ill 

5 4 
make into overlapping triangles, as 
in FLAG= 4 (divide loads by two) 
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where the values xi' yi' zi are the BGPDT values for point i and: 

2 2 2 112 
(length) = ((x2 - x1) + (y2 - y1) + (z2 - z1) J 

(area)=} Jr12 x r13 J 

xj - x1 

where r1j = Yj - y1 

zj - z1 

j = 2,3 

The load is to be inserted into all three translational degrees of freedom at the gridpoints. 

The scalar indices may be found in the SIL table. 

4.41.11 Processing of Heat Transfer Loads 

In a heat transfer problem, the applied load vector, {Pg}, is a vector of heat flow values 

input to each grid point. These loads may be input by QHBOY, QBOYl, QBDY2, QVECT, QV0L, or SL0AD 

data cards. All other load types are ignored. The process for each card is as follows: 

QHBOY - Heat flux into area defined by grid points. This card is not processed by SSGSLT. 

The load applied to each point fs from subroutine QHBDY as: 

Pi • A1Q0 , 

where the values A1 are the area associated with each point if the points define a surface 

of TYPE• P0INT, LINE, REV, AREA3, and AREA4. These areas are defined in Section 4.87.18. 

QBDYl - Uniform heat flux into an element. SSGSLT processes the referenced HBDY elements 

to calculate the factors A1 for all connected points. The loads produced by subroutine 

QL0ADl are: 

QVECT - Vector heat flux into an element. SSGSLT processes the referenced HBDY elements to 

calculate the following data: 

Ai - Area factors 

a - Absorbtivity 
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{n1} - Nonnal vector No. 1 

{n2} - Second normal vector for elliptic cylinder 

If the element is an elliptic cylinder, 

Subroutine QL~ADL generates the heat flow into each grid point by the following equations: 

P. = 0, C > O. , -
If {n2}; {O} (elliptic cylinder), 

If QL0ADL is called from a transient problem, the values of {C} are checked.· If any 

integers are encountered, the data is written on the IQVECT file. 

QY!b.. - Volume heat input generation. SSGSLT processes the structural elements to calculate 

the volume of each element and divide it among the connected grid points. (The calculation 

is similar to that of the mass matrix.) The loads produced by subroutine QV0l are 

where v1 is the volume associated with point i for each element. 
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4.41.11 Subroutines 

4.41.11.1 Subroutine Name: SSG1A. 

1. Entry Point: SSGlA. 

2. Purpose: To build a list of external loads, thermal loads and enforced deformation loads 

selected by the user in CASECC. 

3. Calling Sequence: CALL SSG1A (N1,ILIST,NEDT,NTEMP,NCENT,CASECC,IHARM) 

N1 - Number of external loads present - integer - output. 

!LIST - List of load ID's with selected load IO's set negative - integer - output. 

NEOT - Number of enforced deformation 1 oads - integer - output. 

NTEMP - Number of thennal loads - integer - output. 

NCENT - Not used (set to zero) - integer - output. 

CASECC - GIN0 nunt>er of Case Control Data Block - integer - input. 

!HARM - Boundary conditions for axisymmetric shell problem. 

1 • sine, 2 • cosine - integer - output. 

C0MM0N//XX,L0ADNN 

L0ADNN - Number of records in CASECC to skip before beginning to build loads - integer -

input. 

C(IM~N/L0ADX/ 

L~ADX - See description of /L(IADX/ conmon block below (section 4.41.11.8). 

4.41.11.2 Subroutine Name: EXTERN. 

1. Entry Point: EXTERN 

2. Purpose: To compute user-selected external loads. 
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3. ~alling Sequence: CALL EXTERN (NLIST,NGRAV,GVECT,ILIST,PG,Nl,IHARM) 

NLIST - Number of load id's in !LIST array - integer - input. 

NGRAV - Number of gravity loads selected - integer - output. 

GVECT - Array of gravity vectors, 3 numbers per vector - rea 1 - outpu_t. 

!LIST - List of all load id's - integer - input. 

PG - Matrix control block for file on which external loads will be written - integer -

input/output. 

Nl - Number of external load id's - integer - input. 

!HARM - Boundary condition for axisyrrmetric shell oroblem 

1 • sine, 2 = cosine. 

C0MM0N//LUSET 

LUSET - Length of PG - integer - input. 

C0MM0N/L0AOX/ - See /L0ADX/ description in section 4.41.11.8. 

4.41 .11 .3 Subroutine Name: TEMPL. 

1. Entry Point: TEMPL 

2. Purpose: To compute thermal loads for each element. 

3. Calling Sequence: CALL TEMPL (NTEMP,ILIST (Nl+l),PG(l)) 

NTEMP - Nuni>er of thermal loads - integer - input. 

ILIST(Nl+l) - Beginning of thermal load list - integer - inout. 

PG - Matrix control block for load file - integer - input/cutout. 

C0MM0N/L0AOX/- See /L0ADX/ description in section 4.41.11.8. 

C0MM0N//LUSET 

LUSET - Length of PG - integer - input. 
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4.41.11.4 Subroutine Name: EDTL. 

1. Entry Point: EDTL 

2. Purpose: To compute enforced deformation loads for each element. 

3. Calling Sequence: CALL EDTL (NEDT,ILIST(Nl+l),PG(l)) 

NEDT - Number of enforced deformation loads - integer - input. 

The remainder of the variables has the same meaning as in TEMPL (section 4.41. 11.3). 

4.41.11.5 Subroutine Name: GRAVLl. 

1. Entry Point: GRAVLl 

2. Purpose: To build acceleration vectors for gravity loads. 

3. Calling Sequence: CALL GRAVLl (NGRAV,GVECT,SCRl,IHARM) 

NGRAV - Number of gravity loads selected - integer - input. 

GVECT - Array of gravity vectors, three words per gravity vector - real - input. 

SCRl - GIN0 file number on which to build the acceleration vectors - integer - input. 

!HARM - Boundary condition for axisymmetric shell problem. 

1 • sine, 2 • cosine - integer - output. 

4.41.11.6 Subroutine Name: GRAVL2. 

l. Entry Point: GRAVL2 

2. Purpose: To add gravity loads onto previously generated load vectors and check scalar 

points. 

3. Calling Sequence: CALL GRAVL'2 (NGRAV ,PGG,PG(l)) 

NGRAV - Number of gravity vectors - integer - input. 

PGG - GIN0 file number of gravity loads - integer - input. 

PG - Matrix control block for all other (non-gravity) loads - integer - input/output. 

C0MM0N/L0ADX/ 

L0AOX - See /L0ADX/ corrm::,n block (section 4.41. 11.8). 
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C0MM0N//LUSET 

LUSET - Length of PG vector - integer - input. 

4.41.11.7 Subroutine Name: C0MBIN. 

1. Entry Point: C0MBIN 

2. Purpose: To conbine subloads into subcase loads. 

3. Calling Sequence: CALL C0MBIN (PG,ILIST,Nl) 

PG - Matrix control block for PG vector - integer - input/output. 

ILIST - List of all load ID 1 s - integer - input. 

Nl - Number of entries in ILIST - integer - input. 

C0MM0N/L0ADX/LC,SLT,BGPDT,0LD,CSTM,SIL,ISIL,EST,MPT,GPT,EDT,IMPT,IGPTT,IEC,L0ADF,MGG, 

N~BLD,DIT, ICM 

SLT,BGPDT,CSTM,SIL,EST,MPT,GPTT,EDT,MGG,DIT - GIN0 file numbers for respective data 

blocks - integer - input. 

LC - Length of open core - integer - input. 

0LD - Current grid point position of the BGPDT - integer - input. 

ISIL - Current SIL position - integer. 

L0ADF - GIN0 file number of load file - integer - input. 

N0BLD - Build-nobuild flag for direct load routines - integer. 

IMPT 

IGPTT -

IEC 

Unused at present. 

ICM - zero if CSTM is open 

C0MM0N LUSET// 

LUSET - Length of PG vector - integer - input. 

C0MM0N/L0A0S/NL0ADS,IARY{1080) 

NL0A0S - Number of loads to build. 

IARY - For each load: Number of subloads 

Subload ID l 
repeated for each subload 

Scale Factor 

Subload ID l 
Scale Factor 
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4.41.11.8 Subroutine Name: Direct. 

1. Entry Point: DIRECT 

2. Purpose: To apply loads due to F0RCE and M0MENT cards. 

3. Calling Sequence: CALL DIRECT 

C0MM0N/L0ADX/ 

LOADX - See description of /L0ADX/ above (section 4.41.11.7). 
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4.41.11 .9 Subroutine Name TP~NT. 

1. ~ntry Point: TP~NT 

2. Purpose: To apply loads due to F0RCE1 and M)MENTl cards. · 

3. Calling Sequence: CALL TP0NT 

C0MM0N/L0ADX/ 

L0ADX - See description of /L0ADX/ above (section 4.41. 11.7) 

4.41.11.10 Subroutine Name: FP0NT. 

1. Entry Po1 nt: FP0NT 

2. ~urpose: To apply loads due to F0RCE2 and M0MENT2 cards. 

3. Calling Sequence: CALL FP0NT 

C0MM0N/L0AOX/ 

LQJADX - See description of /L0AOX/ above (section 4.41.11.7). 

4.41.11.11 Subroutine Name: SL0AO. 

1. Entry Point: SL0AO 

2. Purpose: To apply loads due to SL0AO cards. 

3. Calling Sequence: CALL SL0AO 

C0MM0N/L0AOX/ 

L0AOX - See description of /L0ADX/ above (section 4.41.11.7). 

4.41.11 .12 Subroutine Name: PL0AO. 

1. Entry Point: PL0AO 

2. Purpose: To apply loads due to PLQJAO cards. 

3. Calling Sequence: CALL PL0AD 

CQJMMQJN/L{aADX/ 

L0ADX - See description of /L0ADX/ above (section 4.41.11.7). 
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4.41 .11. 13 Subroutine Name: RF0RCE. 

1. Entry Point: RF0RCE 

2. Purpose: To apply loads due to RF0RCE cards. 

3. Calling Sequence: CALL RF0RCE (LC0RE) 

LC0RE - Current buffer top - integer - input. 

C0MM0N/L0ADX/ 

L0ADX - See description of /L0ADX/ above (section 4.41.11.7). 

4.41.11 .14 Subroutine Name: PRESAX • .. 
1. Entry Point: PRESAX 

2. Purpose: To apply loads due to axisynmetric pressure loads. 

3, Calling Sequence: CALL PRESAX (IHARM) 

IHARM - Axisynmetric boundary condition - integer - input. 

C0~"1faN/LIMOX/ 

L0ADX - See description of /L0ADX/ above (section 4.41.11.7}. 

4.41.11 ,15 Subroutine Name: GRAV. 

1. Entry Point: GRAV 

2. Purpose: To extract gravity vector and convert to basic coordinates. 

3. Calling Sequence: CALL GRAV (NGRAV,GVECT,NEX,ILIST,NL00P) 

NGRAV - Number of gravity loads - integer - outout. 

GVECT - Array of gravity vectors - real - output. 

NEX - Number of external loads - integer - input. 

ILIST - List of external load ID's - integer - input/output. 

NL00P - Current pointer into ILIST. 

C0MM0N/L0AOX/ 

L0ADX - See description of /L0AOX/ above (section 4.41. 11.7). 
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4.41.11 .16 Subroutine Name: PERMUT. 

l. Entry Point: PERMUT 

2. Purpose: To reorder a list of grid point ID's to allow the most efficient extraction 

of these grid points from the BGPOT. 

3. Calling Sequence: CALL PERMUT (P0NT,I0RD,NP,0LD) 

P0NT - List of points - integer - input. 

I0RD - Pointers to P0NT, i.e., I~RD (l) contains subscript of P~NT which should be 

extracted first from the BGPDT - integer - output. 

NP - Number of points - integer - output. 

0LD - Current position of BGPDT - integer - input. 

4.41 .11 .17 Subroutine Name: FNDPNT. 

1. Entry Point: FNDPNT 

2. Purpose: To extract BGPDT data from the BGPOT. 

3. Calling Sequence: CALL FNOPNT (BGPOD,P0NT) 

BGPDD - Four-word BGPDT entry - output. 

P~NT - Grid point id of desired BGPOT entry - integer - input. 

4.41 .11.18 Subroutine Name: CRGSS. 

l. Entry Point: CR0SS 

2. Purpose: To compute the cross product of two vectors. 

3. Calling Sequence: CALL CR~SS (Vl,V2,V3) 

Vl - Three-word vector - real - input. 

V2 - Three-word vector - real - input. 

V3 • Vl x V2 .- real - output. 

4.41.11.19 Subroutine Name: N0RM. 

1. Entry Point: N0RM 
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2. Purpose: To normalize a vector. 

3. Calling Sequence: CALL N0RM (V1, XLV) 

Vl - Three-word vector - real - input/output. 

XLV - Norm of Vl. 

V1 on output• Vl/XL unless XL• 0.0, then V1 • V1. 

4.41.11 .20 Subroutine Name: FNDSIL. 

1. Entry Point: FNDSIL (in subroutine FNDPNT} 

2. Purpose: To find the SIL value of a particular grid point id. 

3. Calling Sequence: CALL FNDSIL (GPID) 

GPIO - Grid point id on input, SIL value on output - integer - inout/outnut. 

C0MM0N/L0ADX/ 

L9AOX - See description of /L9ADX/ above (section 4.41. 11. 7}. 

4.41.11.21 Subroutine Name: BASGLB. 

1. Entry Point: BASGLB 

2. Purpose: To convert a vector from the basic to the global coordinate system. 

3. Calling Sequence: CALL BASGLB (VIN,V0UT,GRDPNT,CSYS) 

VIN - Three-word input vector - real - input. 

V0UT - Three-word output vector - real - output. 

VIN may equal V~UT. 

GROPNT - Location of grid point at which vector is to be aoolied (not used unless 

coordinate system type is spherical or cylindrical) - real - input. 

CSYS - Coordinate system id - integer - input. 

CJMMeN/LJADX/ 

L0ADX - See description of /L0ADX/ above (section 4.41.11.7). 
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4.41 .11 .22 Subroutine Name: GLBBAS. 

1. Entry Point: GLBBAS 

2. Purpose: To convert a vector from global to basic coordinates. 

3. Calling Sequence: CALL GLBBAS (VIN,V0UT,GRDPNT,CSYS) 

Where the variables have the same names as in BASGLB. 

4.41 .11.23 Subroutine Name: MPYL. 

1. Entry Point: MPYL 

2. Purpose: To multiply two in-core matrices together: [AJ · [BJ= [CJ. 

3. Calling Sequence: CALL MPYL (A,B,NC0LA,NR0WA,NC0LB,C) 

A (NC0LA,NR0WA) matrix! 

B (NC0LB,NC0LA) matrix These matrices are stored row-wise. 

C (NC0LB,NR0WA) matrix 

~: A or Bi C 

4.41.11.24 Subroutine Name: MPYLT. 

1. Entry Point: MPYLT 

2. Purpose: To ~ultiply two in-core matrices together [AJT • [BJ= [CJ. 

3. Calling Sequence: CALL MPYLT (A,B,NR0WB,NC0LA,NC0LB,C) 

A (NC0LA,NR0WB) matrix ) 

B (NC0LB,NR0WB) matrix~ These matrices are stored row-wise. 

C (NC0LB,NC0LA) matrix) 

4.41.11.25 Subroutine Name: FDCSTM. 

1. Entry Point: FOCSTM 

2. Purpose: To extract the orientation matrix from the CSTM. 

3. Calling Sequence: CALL FDCSTM (ICSTM) 

ICSTM - Coordinate system id desired. 

4.41-23 (7/4/76) 



MODULE FUNCTIONAL DESCRIPTIONS 

C0MM0N/TRANX/XX(5) .T0(3,3) 

T0 - 3x3 orientation matrix. 

C0MM0N/L0ADX/ 

L0ADX - See description of /L0ADX/ above (section 4.41.11.7). 

4.41.11.2'6 Subroutine Name: FEDT. 

1. Entry Point: FEDT (in subroutine FNDPNT) 

2. Purpose: To extract one enforced deformation from the EDT given one element id. 

3. Calling Sequence: CALL FEDT (EID,DELTA,IDEFM) 

EID - Element id - integer - input. 

DELTA - Deformation of element EID - real - output. 

IDEFM - Set id of current defonnation set. 

4.41.11.27 Subroutine Name: GRAVL3. 

1. Entry Point: GRAVL3 

2. Purpose: To compute an acceleration vector for an axisymnetric shell problem. 

3. Calling Sequence: CALl GRAVL3 (NGRAV,GVECT,AG,IHARM) 

NGRAV - Number of gravity vectors - integer - input. 

GVECT - Gravity vector array - real - input. 

AG - GIN0 file number of acceleration vector - integer - input. 

!HARM - Boundary condition flag 

1 • sine, 2 • cosine 

C0MMflN//LUSET 

LUSET - Length of PG vector. 

C(IMM0N/SYSTEM/IX(26) ,MN 

~ • Packed word giving number of rings/number of harmonics. 
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4.41.11. 28 Sur ~:iuti ne Name: TIRIRG 

1. Entry Point: TTRIRG 

2. Purpose: To calculate an element thermal load vector for a triangular cross-section 

ring in the SSGl module. 

3. Calling Sequence: CALL TTRIRG (Tl,PG) 

TI - Array of four temperatures at the four points of the ring - real - inout. 

PG - Load vector array - real - input. 

C0MM!llN/TRIMEX/ 

TRIMEX - This contains the EST entry for the element. 

4.41. 11.29 Subroutine Name: TIRAPR. 

1. Entry Point: TTRAPR 

2. Purpose: To calculate an element thermal load vector for a trapezoidal cross-section 

ring in the SSGl module. 

3. Calling Sequence: CALL TTRAPR (TI, PG) 

C0MMlllN/TRIMEX/ 

The arguments are the same as in TTRIRG. 

4.41.11 .30 Subroutine Name: TT!llRDR. 

1. Entry Point: TT!llRDR 

2. Purpose: To calculate an element thermal load vector for a toroidal thin shell ring 

in the SSGl module. 

3. Calling Sequence: CALL TT~RDR {TI,PG) 

C!llMM!llN/TRIMEX/ 

The arguments are the same as those in TTRIRG (section 4.41,11.28). 
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4. 41. 11 .31 Subroutine Name: FCURL. 

1. Entry Point: FCURL 

2. Purpose: To form the element thermal load matrices in field coordinates for the 

toroidal thin shell ring in subroutine TT0RDR. 

3. Calling Sequence: CALL FCURL (FMEO,FMEl,FFEO,FFEl,YI,S,LAMl) 

FMEO, FMEl 
FFEO, FFEl The resultant thermal load matrices. 

YI - Array of integral values. 

S, LAMl - Terms used in the evaluation of the thermal load matrices. 

4.41.11.32 Subroutine Name: C0NE. 

1. Entry Point: C0NE 

2. Purpose: To calculate an element thermal load vector for an axisynrnetric shel] in 

the SSGl module. 

3. Calling Sequence: CALL C0NE (TI,PG) 

C0MM0N/TRIMEX/ 

The arguments are the same as in TTRIG (section 4.41.11.28). 

4.41 .11 .33 Subroutine Name: QDMEM. 

1. Entry Point: QOMEM 

2. Purpose: To calculate an element thermal load vector for quadrilateral elements in 

the ~SGl module. 

3. Calling Sequence: CALL QOMEM {TI,PG) 

C0MM0N/TRIMEX/ 

The arguments are the same as in TTRIRG (section 4.41.11.28). 

4.41.11.34 Subroutine Name: TRIMEM. 

1. Entry Point: TRIMEM 
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2. Purpose: To calculate an element thermal load vector for triangular elements in 

the SSGl module. 

3. Calling Sequence: CALL TRIMEM (TYPE,TBAR,PG) 

C0MM0N/TRIMEX/ 

TYPE - Flag indicating normal entry (0) or subelement call from a QDMEM (1) - integer -

input. 

TBAR - Average temperature over the element - real - input. 

PG and /TRrnEX/ are as in TTRIRG (section 4.41.11.28). 

4.41. 11.JS Subroutine Name: BAR. 

1. Entry Point: BAR 

2. Purpose: To calculate an element thermal load vector or deformation load vector for 

the bar element in the SSGl module. 

3. Calling Sequence: CALL BAR (PG, IDEFM, ITEMP, IOEFT} 

C0MM0N/TRIMEX/ 

IDEFM - 0 if element deformation load vector is not to be computed - integer - in~ut. 

ITEMP - O if element thermal load vector is not to be computed - integer - inout. 

IDEFT - Set ID of the element deformation set. This is used only if IDEFM, O -

integer - input. 

PG,/TRIMEX/ are as in Section 4.41.11.28). 

4.41.ll.36 Subroutine Name: FEDTST 

l. Entry Point: FEDTST (in FNDPNT) 

2. Purpose: To put in core the element id's and associated values for a given deformation 

set from the EDT. 

3. Calling sequence: CALL FEDTST (IDEF) 

IDEF - Set id of current deformation 

C0MM0N /FPT/OUM(3),NR0Wl ,LC0RE 

NR0W - Number of words of open core used. 
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LC0RE - End of available open core. 

C0MM0N /SSG1BX/C0RE 

C0RE - First cell of open core available. 

4.41.11.37 Subroutine Name: FEOTED 

1. Entry Point: FEOTED (in FNDPNT) 

2. Purpose: To determine if all elements in a selected defonnation set were used. 

3. Calling Sequence: CALL FEDTED (IOEF) 

IOEF - Set id of current defor"llla ti on set. 

4.41 .11.38 Subroutine Name: HBDY 

l . Entry Point: HBDY. 

2. Purpose: To calculate heat transfer flux loads due to convective film coefficients and 

temperatures of the surrounding fluid (heat transfer analysis only). 

3. Calling sequence: CALL HBDY. 

4.41.11.39 Subroutine Name: QHBOY 

1. Entry Point: QHBOY. 

2. Purpose: To generate heat flux loads in a heat transfer problem. 

3. Calling sequence: CALL QHBDY. 

4.41.11.40 Subroutine Name: QDPLT 

1. Entry Point: QOPLT 

2. Purpose: To generate the element thennal load data for quadrilateral plate elements. 

3. Calling Sequence: CALL QDPLT (TI) 

TI - Array of grid point temperatures 

C0MM0N /TRIMEX/ 

4.41.11.41 Subroutine Name: R0D 

l. Entry Point: R00 
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2. Purp~se: To generate the element thermal load data and enforced deformation load 

data for the R0D, C0NR0D and TUBE elements. 

3. Calling Sequence: CALL R0D 

C0MM0N /TRIMEX/ 

4.41.11 .42 Subroutine Name: S0LID 

1. Entry Point: S0LID 

2. Purpose: To generate the element thermal load data for all solid elements except 

TETRA. 

3. Calling Sequence: CALL S0LID (T ,P,I} 

T = Temperature vector 
P = Load vector 
I • 1, element is WEDGE 

2, element is HEXAl 
3, element is HEXA2 

4. Method: Calls are made to TETRA. 

4.41.11.43 Subroutine Name: TETRA 

1. Entry Point: TETRA 

2. Purpose: Computes element thermal load data for tetrahedra either directly (for 

the TETRA element) or.indirectly via S0LID (for the other solid elements). 

3. Calling Sequence: CALL TETRA (T,P,K) 

T • Temperature vector 
P • Load vector 
K • Option Flag 

• O, divide by 6.0 
; O, divide by 12.0 

4.41.11.44 Subroutine Name: TRBSC 

1. Entry Point: TRBSC 

2. Purpose: To compute the thermal load data for the basic bending triangle element TRBSC. 
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3. Calling Sequence: CALL TRBSC (I,T) 

I = O (basic bending triangle) 
l (sub-computations for SQDPLl) 
2 (sub-computations for STRPLl) 

T = Temperature vector 

4.41.11.45 Subroutine Name: TRIQO 

1. Entry Point: TRIQO 

2. Purpose: To compute the thenna1 load data for the triangular and quadrilateral elements. 

3. Calling Sequence: CALL TRIQO (N,T) 

N • 1 implies TRIAl 
2 implies TRIA2 
3 implies QUA01 
4 implies QUAD2 

T • Temperature vector 

4.41.11.46 Subroutine Name: TRPLT 

1. Entry Point: TRPLT 

2. Purpose: To compute the thermal load data for the triangular bending elements. 

3. Calling Sequence: CALL TRPLT (T) 

T • Temperature vector 

4.41. 11.47 Subroutine Name: SSGKHI 

1, Entry Point: SSGHKI 

2. Purpose: Computes element thermal load and enforced defonnation load data for use by 

TRBSC, TRPLT and QDPLT. 

3. Calling Sequence: CALL SSGHKI (TR,TI,FN) 

TR - Real Ten,;,erature Vector 
TI - Integer Temperature Vector 
FN - Multiplication fraction 
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4.41 .11 .48 Subroutine Name: SSGETD 

1. Entry Point: SSGETD 

2. Purpose: Computes element temperature from a pre-positioned record. 

3. Calling Sequence: CALL SSGETD (E,T,G) 

E - Element identification number for which temperature is desired. 
T - Area into which temperature data is returned. 
T(l) - Average temperature 
T(2) - Temperature at G.P. 
T(3) - Temperature at G.P. 2 

Tn+l - Temperature at n+l 
G - •O, element temperature format data is desired 

;o, number of grid points. 

4.41.11.49 Subroutine Name: SSGSLT 

1. Entry Point: SSGSLT 

2. Purpose: To convert applied loads referencing elements to applied load factors and 

connected grid points. 

3. Calling Sequence: CALL SSGSLT (SLT,NEWSLT,EST), where: 

SLT - Input,file number of Static Loads Table 
NEWSLT - Output, file number of converted SlT. 
EST - Input, file nuri>er of Element Su11111ary Table. 

4. Method: The SLT is read one load set at a time. Nonnal static loads are copied onto 

the NEWSLT file. If element-dependent loads are encountered, they are stored in core. 

The EST data block is read and each element is checked to find a load applied to it. 

Utility subroutine HBDY is used to calculate the coefficients for the HBDY elements. When 

all elements have been processed, the converted data is written on the load set record of 

NEWSLT. The process repeats for each load set. 

4.41.11.50 Subroutine Name: QV0L 

1. Entry Point: QV0L 
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2. Purpose: To calculate the applied heat flow loads due to a uniform internal heat 

generation in an element. 

3. Calling Sequence: CALL QV0L 

4.41.11.51 Subroutine Name: QL0ADL 

1. Entry Point: QL0ADL 

2. Purpose: To compute heat transfer applied loads on the HBDY element data due to QBDYl, 

QBDY2, and QVECT load cards. 

3. Calling Sequence: CALL QL0ADL (TYPE), .. where: 

/QVECT/ITRAN,IQVECT 

TYPE• 1 - QBDYl data 

TYPE• 2 - QBDY2 data 

TYPE• 3 - QVECT data 

!TRAN - Input, indicates transient problem. 

IQVECT - File number of output IQVECT data. 

4.41.11.52 Subroutine Name: QDMMl 

1. Entry Point: QDMMl 

2. Purpose: Computes thermal-load for QDMEMl element. 

3. Calling Sequence: CALL QDMMl (TI,C0RE(1)) 

TI - Element temperature above the reference state 

C9RE(l) - Thennal load vector. 

4.41.11.53 Subroutine Name: PL0AD3 

1. Entry Point: PL0AD3 

2. Purpose: To apply loads due to PL0AD3 cards 

3. Calling Sequence: CALL PL0AD3 

C0MM0N /L0ADX/ 
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4.41.11.54 Subroutine Name: IHEX 

l . Entry Point: !HEX 

2. Purpose: To calculate an element thennal load vector for the IHEXl, IHEX2, and 

IHEX3 elements in the SSGl module. 

3. Calling Sequence: CALL IHEX (TEMPS,PG,TYPE) 

C0MM0N/TRIMEX/ 

TEMPS - Array of grid point temperatures - real-input. 
PG - Load vector array - real-input 

{
l - IHEXl } .. 

TYPE = 2 - IHEX2 - integer-input 
3 - IHEX3 .. 

TRIMEX - EST entry for the element - mixed-input 

4.41.11.55 Subroutine Name: TQUAOS 

1. Entry Point: TQUAOS 

2. Purpose: To calculate an element thennal load vector for a qualrilateral thin shell 

element 

3. Calling Sequence: CALL TQUAOS (TI,PG) 

TI - Array of four temperatures at the four corner points of the quadrilateral­
real-input 

PG - Load vector array-real-input 

C0MM0N/TRIMEX/ contains the EST for the element 

4.41.11.56 Subroutine Name: TTRIAS 

l. Entry Point: TTRIAS 

2. Purpose: To calculate an element thennal load vector for a triangular thin shell 

element. 

3. Calling Sequence: CALL TTRIAS (TI,PG) 

TI - Array of three temperatures at the three corner points of the triangle 
real-input 

PG - Load vector array-real-input 

C0MM0N/TRIMEX/ contains the EST f6r the element 
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4.41 .11 .57 Subroutine Name: TPZTEM 

1. Entry Point: TPZTEM 

2. Purpose: To calculate an element load vector for an axisymmetric trapezoidal 

ring element in the SSG1 module 

3. Calling Sequence: TPZTEM (TI,PG) 

C0MM0N /TRIMEX/ 

The arguments are the same as in TTRIRG 

4.41 .11. 58 Subroutine Name: TRTTEM 

1. Entry Point: TRTTEM 

2. Purpose: To calculate an element load vector for an axisymmetric triangular ring 

element in the SSGl module 

3. Calling Sequence: TRTTEM (TI,PG) 

C0MM0N/TRIMEX/ 

The arguments are the same as in TTRIRG 

4.41.11. 59 Subroutine Name: ELTKL 

1. Entry Point: ELTKL 

2. Purpose: To evaluate integrals for the axiSYtl'flletric triangular and trapezoidal ring 

elements in subroutines TRZTEM and TRTTEM. 

3. Calling Sequence: ELTKL (A,RZ,K) 

A - Array of fifteen locations containing the results 

R,Z - Array of four locations each containing the Rand Z coordinates of all 
points used to describe the area of integration 

K • 0 for triangular ring 
1 for trapezoidal ring 
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4.41.11.60 Subroutine Name: BASGLB 

l. Entry Point: GBTRAN 

2. Purpose: Finds a Global to Basic transfonnation matrix stored by rows. 

3. Calling Sequence: CALL GBTRAN (IC,P,T) 

IC - Coordinate system identification number. 
P - Location of grid point at which vector is to be applied. 
T - Transfonnation matrix stored by rows. 
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4.41 .12 Design Requirements 

Three scratch files are needed. 

Open core is defined as follows: 

1. /SSGAlX/ during EXTERN phase 

C0MM0N/SSGA1X/ 

PG 
1-----------1 

} LUSET 

MGG Buffer }Used if RF0RCE 1-----------1 cards present 
SIL Buffer 
CSTM Buffer 
BGPOT Buffer 
SLT Buffer 
PG Buffer 

2. /SSGB 1 X/ during EDTL • TEMPL phase . 

C0MM0N/SSGB1X/ 

PREMAT Tables 

SIL 

GPTT/EDT 

Scratch Buffer 
GPTT or EDT Buffer 

CSTM Buffer 
EST Buffer 
PG Buffer 

100 LlllAD IO's maximum. 

5 GIN0 buffers 
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4.41.13 Diagnostic Messages 

If the core storage requirements as depicted in the above diagrams are not met, SSG will 

issue fatal error messages 3008 and 2143. 
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4.42 FUNCTIONAL MODULE SSG2 (STATIC SOLUTION GENERATOR - PHASE 2) 

4.42. 1 Entry Point: SSG2 

4.42.2 Purpose 

To reduce the applied load vectors and enforced displacements into equivalent load vectors 

applied to the independent displacement coordinate sets. 

4.42.3 DMAP Calling Sequence 

SSG2 IHUSETI \QR I IP0 I \PS I jPL I $ 
IUSET I ,GM,YS,KFS,G0,DM,PG/ IHQRl'IHP01 'IHPSI '!~~~j/ 

4.42.4 Input Data Blocks 

HUSET - Temperature set definitions table for heat problems. 

USET - Displacement set definitions table. 

GM - Multipoint constraint transformation matrix - m set. 

YS - Constrained displacem·ents - s set. 

KFS - Partition of stiffness matrix after single-point constraints have been removed. 

G0 - Structural matrix partitioning transformation matrix. 

OM - Rigid body transformation matrix. 

PG - Static load vector matrix giving static loads - g set. 

Notes: 1 • USET must be present. 

2. GM must be present ifs set is not null. 

3. VS must be present ifs set is not null. 

4. KFS must be present ifs set is not null. 

s. G0 must be present if o set is not null. 

6. OM must be present if r set is not null. 

7. PG must be present. 

4.42.5 Output Data Blocks 

~~R l - Determinate support forces matrix - r set. 

~:01 - Partition of the load vector matrix giving loads due to static force - o set. 
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HPS - Partition of load vector matrix giving loads ins set. 
PS 

HPF 
HPL - Partition of load vector matrix giving static loads on i set. 
PL 

Notes: ,. 
2. 

3. 

4. 

s. 

4.42.6 Parameters 

None 

4.42.7 Method 

QR must be present if r set ts non-null. 

P~ must be present if o set is non-null. 

PS must be present ifs set is non-null. 

PL must be present if i set is non-null. 

If the problem has no sets, SSG2 will return. 

The fifth word of the USET trailer control block is analyzed to detennine the presence of 

m's, s's, o's, or r's. 

Each of the following steps is omi:ted tf the appropriate set is null. The following 

steps indicate the operations on one load set vector. The actual algorithm uses all vectors 

in each step by perfonning matrix operations. 

1. If m's are present, the PG vectors are partitioned using USET (UG,UN,UM) and sub­

routines CALCV and SSGZA: 

The loads on the unset are calculated as: 

by calling subroutine SSG2B. 

2. If s's are present, the {Pn} load vectors are partitioned using USET (UN,UF,US) and 

subroutines CALCV, and SSGZA: 

{P } =;> j_~{ l 
n 1 P s ~ 

( 1) 

(2) 

(3) 

The {Ps} vectors are output in data block PS. The loads on the uf set are calculated as: 
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The {Ys \ vector norma11y is zero. If more than one load vector is being reduced, 

{vs} is expanded to have N identical columns such that the above matrix equation 

is dimensionally consistent. This is accomplished in subroutine SSG2Bl (see below). 

3. If o's are present, the {Pf} vectors are partitioned using USET (UF,UA,U~) and 

subroutines CALCV and SSGZA: 

{ P
0
f vectors are written on data block P0. 

The equivalent loads on the ua set are calculated as: 

Subroutine SSG2B is called to perfonn this operation. 

4. lf r's are present, the {Pa} ve:tors are partitioned using USET (UA,UL,UR) 

and subroutines r.ALCV and SSG2A: 

Ip l ~ f !.~J · 
a! tr 

{ Ptf vectors are written on data 'block PL. 

The reaction vectors on the support points are: 

(4) 

(S) 

(6) 

(7) 

( 8) 

where [Dml corresponds to the data block OM. {qr} vectors are written on data block QR. 

4.42.8 Subroutines 

SSG2 uses matrix subroutines CALCV and SSG2A for matrix partitioning operations and 

subroutine SSG2B to drive subroutine MPYAD. See section 3 for details. 
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4.42.9 Design Requirements 

/SSG2X/ is open core for CALCV. Four scratch files are used. 

SSG2Bl is an entry point in SSG2B. 
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4.43 FUNCTIONAL MODULE SSG3 (STATIC SOLUTION GENERATOR - PHASE 3) 
• 

4.43. l Entry Point: SSG3 

4.43.2 Purpose: 

To perform the actual static solutions. A displacement solution is produced for each 

applied load and tested for possible matrix decomposition errors. 

4.43.3 DMAP Calling Sequence 
.• 

SSG3 \LLL / \fil } {~td IL00 I IK00 I iP0 I jULV l IU00V 

I LBLL I' I KBLL (' l PBL (' IHL001 'IHK001 'IP0II / IUBLVj • IHU00V 
HLLL HKLLJ \HPLJ HULV 

V,Y,IRES/V,N,NSKIP/V,N,EPSI $ 

4.43.4 Input Data Blocks 

LLL I 
LBLL\ - Lower triangular factor of KLL - 1 set. 
HLLL 

KLL I 
KBLL \ - Partition of stiffness matrix - 1 set. 
HKLL 

- Partition of stiffness matrix - a set. 

jRULV I IRU0V I 
'/RUBLVj, IHRU0V1/V,N,0MIT/ 

HRULV 

KAA 

PL) 
PLI ( 
PBL( 
HPL J 

- Partition of the load vector matrix giving static loads on 1 set. 

~~:0/ - Lower triangular factor of K00 - o set. 

~::0/ - Partition of stiffness matrix - o set. 

;:1 ( - Partition of the load vector matrix giving loads due to static forces - o set. 

~: 1. ULL,LLL and PL must be present. 

2. KLL can be purged if RULV is purged. 

3. U00, L00 P0 can be purged if 0MIT < O. 

4. K00 can be purged if 0MIT < 0 or RU0V is purged. 
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4.43.5 Output Data Blocks • 

ULV 
UBLV - Partition of the displacement vector matrix giving displacements - t set. 
HULV 

U00V - Partition of the displacement vector matrix giving displacements - o set. 

RULV 
RUBLV - Residual vector matrix for the i set. 
HRULV 

~~~~V - Residual vector matrix for the o set. 

HU00V - Partition of the temperature vector matrix giving temperatures - o set. 

HULV - Partition of the temperature vector matrix giving temperatures - i set. 

Notes: 1. ULV must be present. 

2. U00V can be purged if 0MIT < o. 
3. RULV and RU0V can be purged. 

4. [RULV] • [KLL) [ULV] - [PL). 

[RU0V] • [K00] [U00V] - [P0]. 

4.43.6 Parameters 

0MIT - Input-integer-no default. 0MIT controls operations on o-set matrices. 

IRES - Not used-integer-no default. IRES is a user-controlled parameter that he may set 

to +1 on a Bulk Data PARAM card so that residual vectors may be printed. It is 

Included here to define an initial value for IRES. 

NSKIP - Input-integer-default• 0 - Identifies load vector numbers for diagnostic printout. 

EPSI - Output-real-default• 0.0 - Value of total re~idual error,~, of last vector. 

4.43.7 Method 

4.43.7.1 Solution Algorithim 

For normal statics problems PL and P0 vectors are used; for inertia relief problems 

the PLI and P0I vectors are generated in the SSG4 module and used instead of PL and P0. The 

equations to be solved are: 

( l) 
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and if o's are present (0MIT.::. 0) 

( 2) 

where 

(3) 

(4) 

[L££] and [L
00

] are lower traingular matrices. [U££] and [U
00

] are upper triangular matrices. 

Note that [U££] and [U
00

] are obtained from the [L1£] and [L00] files. 

The equations are solved in the following manner: 

[L] [U] {u} • {P}, (5) 

or 

[L] {y} • {P} • (6) 

In turn the solution for the displacement vector is: 

[U] {u} • {y} • (7) 

4.43.7.2 Error Check Algorithm 

If RULV is not purged, an error check is made. s;'nce it is possible for the stiffness 

matrices to be nearly sin~ular or ill-conditioned, the module calculates the following error 

analysis terms for both the {u£} and {u
0

} solutions: 

£ • e 

{oP1} forms data block RULV or RU0V. ce is printed for each solution. 
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4.43.8 Subroutines 

SSG3A - is the only auxiliary subroutine in module SSG3 (see section 3.5.18 for description). 

4.43.9 Design Requirements 

Two scratch files are needed. 
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4.44 FUNCTIONAL MODULE SSG4 {STATIC SOLUTION GENERATOR - PHASE 4). 

4 .44 .1 Entry Point: SSG4 

4.44.2 Purpose 

The purpose of this module is to calculate mass loads in a Static Analysis with Inertia 

Relief problem. The rigid body accelerations are functions of the reactions on the fictitious 

supports. The inertia loads on the structure are proportional to these accelerations. 

4.44.3 DMAP Calling Sequence 

SSG4 PL, QR, P0, t,IR ,t.tLR, OM, MLL ,M00, M0A, G0, USET /PLI, P0I/V ,N ,0MIT. $ 

4.44.4 Input Data Blocks 

PL - Partition of the load vector matrix giving static loads - 1 set. 

QR - Oetenninate support forces matrix - r set. 

P~ - Partition· of the load vector matrix giving loads due to static force. o set. 

MR - Rigid body mass matrix - r set. 

MLR - Partition of mass matrix. 

OM - Rigid body transformation matrix. 

MLL - Partition of mass matrix - 1 set. 

M00 - Partition of mass matrix - o set. 

M0A - Partition of mass matrix. 

G0 - Structural matrix partitioning transformation matrix. 

USET - Displacement set definitions table. 

~: All matrices must be present if their appropriate set is non-null. 

4.44.5 Output Data Blocks 

... 

PLI - Partition of load vector for inertia relief matrix giving loads due to static and 

inertial forces on 1 set. 

4.44-1 (7/4/76) 



·MODULE FUNCTIONAL DESCRIPTIONS 

P0I - Partition of load vector for inertia relief matrix giving loads due to inertial and 

static forces on o set. 

Note: Soth matrices must be present if their a~oropriate set is non-null. 

4.44.6 Parameters 

~MIT - Input-integer-no default. If ~MIT> O, the o set is non-null. 

4.44.7 Method 

1. rhe accelerations of the ur degrees of freedom are: 

... 

[mr] corresponds to data block MR. Subroutines FACT~R and SSG3A are used to solve for {ar}. 

2. The total load vectors on the structure are: 

{1) 

(2) 

[DJ corresponds to data block OM. Subroutine SSG2B is used to drive MPYAD. 

3 • If 0MIT ~ 0: 

(3) 

The product [-~-] {ar} is fonned by merging colunris of [OJ {ar} with {ar} using USET (UA,UL,UR). 

Subroutine SDR1B is used to drive MERGE, and SSG2B for the matrix products. 

4.44.8 Subroutines 

SSG2B - See subroutine description. section 3.5.13 

SSG3A - See subroutine description, section 3.5.18 

SDR1B - See subroutine description, section 3.5.8 

4.44.9 Design Requirements 

Five scratch files are necessary. 
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4.45 FUNCTIONAL MODULE SDRl (STRESS DATA RECOVERY - PHASE 1) 

4.45. 1 Entry Point: SDRl 

4.45.2 Purpose 

The SDRl module utilizes solution vectors to produce displacements, eigenvectors, velocities, 

accelerations, applied loads and reaction loads. The vectors input ~o SDRl are in the fonn of 

packed matrices with each column a solution vector for a different subcase; eigenvalue, frequency/ 

load, or transient output time. The row position of each term in a vector corresponds to a degree 

of freedom in a unique displacement set. The relative position of the tenn must be converted to 

a relative position in the vector which includes all displacement components in the system. The 

dependent components of the displacement vector are recovered and merged to produce a complete 

vector describing all degrees of freedom in the structural or dynamics model. In the Static 

Analysis or Static Analysis with Inertia Relief Rigid Formats, SORl collects solutions for each 

boundary condition onto a single file, convenient for the solution of synmetry problems. 

4.45.3 DMAP Calling Sequence 

~ ~~f: . 
UDVF 

I ~~~f I \ HPGl ~~~io {u00v } {vs { I :0 I {GM } 
SDRl usETo ,lPG i•{uov1F • ue00v • ves · HG0 ·GMO· 

HUSETO UDVIT HU00V HG0D 
PHIDH 
UBLV 
HULV 
HUDVT 

UGV QG 
PHIG BQG 
DELTAUGV DELTAQG 

PS 
PSF 
PST 
PBS 
HPS 
HPS0 

I KFS I KBFS KSS 
• KDFS ,{Kess}, 

HKFS HKSS 

BQG UPVC { !
QR I CPHIP {DELTAPG) QPC 
QPC / UPV 'PGG l• QP /V,N,APPENO/V,N,F0RMAT $ 
HQR PHIPH HPGG J QPH 

UBGV QBG 
HUGV HQP 
HUPV HQG 
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4.45.4 Input Data Blocks 

~~~iD} - Displacement set definition table. 

PG - Static load vector matrix giving static loads - g set. 

PHIA 
ULV 
PHID 
UDVF 
UDVT 
CPHID 
UOVlF 
UDVIT 
PHIDH 
UBLF 

- Partition of the displacement vector matrix giving displacements in the t set 
(d set for transient response). 

U00V l 
UB00V i - Partition of the displacement vector matrix giving displacements in the o set. 

~~Sf - Constrained displacements - s set. 

!i~ I -Structural matrix partitioning transfonnation matrix. 
HG0D 

~D { - Rigid body transfonnation matrix. 

HPS 
HPS0 
PS 
PSF 
PST 

- Partition of load vector matrix giving loads in - s set. 

PBS 

HUSET l. 
HUSETD i 
HULV l • 
HUOUT i 
KFS f KBFS -
KDFS 

KSS l 
KBSS { 

Temperature set definition table. 

Partition of the temperature vector matrix giving temperatures in the t set 
(d set for transient response) 

Partition of stiffness matrix after single-point constraints have been removed. 

Partition of stiffness matrix after single-point constraints have been removed -
s set. 

HQR I QR 
BQG 
QPC 

- Determinant support forces matrix - r set. 

HU00V 

HKFS 

HKSS 

- Partition of the temperature vector matrix giving temperatures in the o set. 

- Partition-of conductivity matrix after single-point constraints have been removed. 

- Partition of conductivity matrix after single-point constraints have been removed -
s set. 
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Notes: 1. The first input block must always be present. 

2. The second input block may or may not be present. 

3. The third input block must always be present. 

4. The fourth input block must be present unless the o set is null or F0RMAT = 
DYNAMICS (see below). 

5. The fifth input block may or may not be present. 

6. The sixth input block must be present unless the o set is null. 

7. The seventh input block must be present unless them set is null. 

8. The eighth· input block may or may not be present. 

9. The ninth input block must be present unless the s set or the third output block 

is not present. 

10. The tenth input block must be present unless the fifth input block is absent or 

the s set is null or the third output block is not present. 

11. The eleventh input block may or may not be present. 

4.45.5 Output Data Blocks 

UGV 
PHIG 
DELTAUGV 
CPHIP 
UPVC 
UPV 
PHIPH 
UBGV 

- Displacement vector matrix giving displacements in the g set. 

DELTAPG l 
PGG - Static load vector appended to include all boundary conditions - g set. 
HGG 

QG 
BQG 
DELTAQG 
QPC 
QP 
QPH 
QBG 
HQG 
HQP 

HUPV 
HUGV 

- Single-point constraint forces and determinate support forces matrix - g set. 

}- Temperature vector matrix giving temperatures in the g set. 

4.45-3 (12/31/77) 



MODULE FUNCTIONAL DESCRIPTIONS 

4.45.6 Parameters 

APPEND - Input-integer-no default. See note 4 above. 

F0RMAT - Input-BCD-no default. Fonnat indicates the problem type. 

STATICS - Statics type problem. 

REIGEN - Real Eigenvalue problem. 

DYNAMICS - Dynamic problem. 

4.45.7 Method 

The following steps are perfonned by the SDRl module in the most general case. Most problems, 

however, do not use all of the constraint options. In these cases certain steps are skipped. The 

task SDRl perfonns also varies from Rigid Fonnat to Rigid Format. 

1. If PG is present, it is copied or appended onto PGG. (Subroutine SDRlA). 

2. If r's are present and the problem type is not DYNAMICS or REIGEN: 

This is accomplished by subroutine SDR1B, the driver for MERGE. See section 3.5.8 for 

details. 

If s's are also present: 

Otherwise, 

which 1s then copied or appended onto QG. (Subroutine SDR1B and SDRlA). 

3. If o's are present, the dependent deqrees of freedom of the 11 omitted11 coordinates 

{u
0

} are computed. For statics problems: 

/ 
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For Dynamic problems: 

This is accomplished by calling SSG2B (see section 3.5. 13). The independent degrees of 

freedom {ua} or {ud} are merged with the dependent coordinates {u
0

} , using subroutine 

SDRlB: 

4. If s's are present, the coordinates fixed by single-point constraints, }usf • 

may have constrained displacements, {Ys}• in a statics problem. These are merged with 

the {uf} vector using subroutine SDR1B: 

(5) 

(6) 

(7) 

The forces of single-point constraint {qs} are calculated using SSG2B from the equation: 

(8) 

Subroutine SDR1B is used to merge {qs} with {qf} to form {qg} , {qf} is {qr} expanded to 

the f-set:. 

{q9} is copied or appended onto data block QG (Subroutine S0R1A). If VS is not present. 

(10) 
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The forces of single-point constraint are computed as in Equation 7 except the {Ys} term 

is omitted. 

If e-points (extra points) are present in a dynamics problem, [Kfs] must be converted to 

[K$sJ by subroutine SDRlC. If the problem is a transient problem, {uf} must be reduced to 

displacement vectors only, since {uf} contains triples - displacement, velocity and 

acceleration in transient problems. This reduction is accomplished in SORlD. 

5. If m's are present, the dependent coordinates, {um}' of the multipoint constraint 

equations are calculated using: 

In dynamics problems [Gm] • [G!J, The two vectors {um} and {un} are merged 

6. {u
9
} (or {up} for dynamics problems) is copied or appended onto UGV. 

4.45.8 Subroutines 

( 11) 

( 12) 

SSG2B and SDR1B are used as utility routines. See section 3.5.13 and 3.5.8 for details. 

4.45.8.1 Subroutine Name: SDRlA 

1. Entry Poin~: S0R1A 

2. Purpose: To copy or append vectors. 

3. Calling Sequence: CALL SORlA (IN,I0UT) 

IN - GIN~ f11 e number of input fi 1 e - integer - input. 

I0UT - GIN~ file number of output file - integer - input. 

C0~N//IAPEND- Append flag. If IAPEND; 1, I0UT will be positioned after the last 

record and IN copied onto I0UT at this point. Othe~ise IN is copied 

onto I0UT. 
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4.45.8.2 Subroutine Name: SDRlC 

l. Entry Point: SDRlC 

2. Purpose: To expand a file (KFS) from the f set to the fe set for dynamics. 

3. Calling Sequence: CALL SDRlC (lPVECT,KFS,KDFS) 

IPVECT - GIN0 file number of the partitioning vector previously generated -

integer - input. 

KFS - GIN0 file number of [Kf
5

] - integer - input. 

KDFS - GIN0 file number of [K~sl- integer - input. 

4. Design Requirement: SDRlC depends on a previous call to SORlB to initialize set 

parameters. 

4.45.8.3 Subroutine Name: SORlD 

1. Entry Point: S0R10 

2. Purpose: To strip velocity and acceler.ation vectors from {uf}. 

3. Calling Sequence: CALL SDRlO (PS,IUF,IUFl,ITRAN) 

PS - GIN0 file number of PS - integer - input. 

IUF - GIN0 file number of {uf} - ·1nteger - input, 

IUF1 • GIN0 file number of {uf} stripped - integer - input. 

ITRAN - Flag which shows whether problem is a transient analysis or not - integer -

input. Its values are: 

l s> not transient 

O 5) transient. 

4.45,9 Design Requirements 

Six scratch files are required, 
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4. 46 FUNCTIONAL MJDULE SDR2 (STRESS DATA RECOVERY - PHASE 2) 

4.46. l Entry Point: SDR2 

4.46.2 Purpose 

The SDR2 module processes the output requests for forces of single-point constraint, loads, 

point displacements, point velocities, point accelerations, element stresses or element strains/ 

curvatures, and element forces, formatting the output data blocks with these final output results 

for: a) direct outputing by the Output File Processor ({IIFP) module, b) input to the S0RT2 processor 

(SDR3) module and then the XV-output modules (XYTRAN and XYPL0T) or c) input to the Stress/Strain 

Coordinate System Transformation (CURV) module for further processing. 

4. 46. 3 DMAP Ca 11 i ng Sequence 

SDR2 j CASECC l 
J CASEXX { 

BGPDT, 

0PPCA 
0PG1 
0PPC1 
{llPPl 
H0PG 

{ 
HEQEXINf 

,CSTM,MPT,DIT, EQEXIN , 
EQDYN 

PGG 
PGVl 
T0L 
LAMA 

. CLAMA 

IQPl 
0QG1 
0QBG1 
0BQG1 
0QPC1 
0QP1 

HQG 
QG 
QBG 
BQG 
QGl 
QPC 
QP 

IPHIPl 
{llUGVl 
0UPV1 
{llUPVCl 
0UBGV1 
0PHIG 
{IICPHIP 
H0UGV1 

HUGV 
UGV 
UGVl 
UPV 
UPVC 
UBGV 
PHIG 
CPHIP 

{ 
HSIL l SIL ,GPTT,EDT, 
SILO 

I 
HEST { I HPGG f .• EST ,XYCDB, PGG / 
ESTL PPF 

IES1 PUGV H{llEFl 0ES1 IEFl PUGVl 
0ESC1 {llEFl PPHIG 
0ESB1 0EFC1 PUBGVl 
0BES1 0EFB1 PCHIP 
H0ES1 0BEF1 PUPVCl 
0ES1A HPUGVl 

C,N,APP / V,N,N0S0RT2 / C,Y,IFLAG $ 
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4.46.4 Input Data Blocks 

CASECC - Case Control Data Table. 

CASEXX - Case Control Data Table for Dynamics problems. 

CSTM - Coordinate System Transformation Matrices. 

MPT - Material Property Table. 

DIT - Direct Input Tables. 

~6~ii~N} - Equivalence between external grid or scalar numbers and internal numbers. 

EQDYN - Equivalence between external points and scalar index values. 

HSIL~ 
SIL - Scalar Index List. 

SILO - Scalar Index List for Dynamics. 

GPTT - ·Grid Point Temperature Table. 

EDT - Element Defonnation Table. 

BGPDT - Basic Grid Point Definition Table. 

HPGG} 
PGG - Static load vector appended to include all boundary conditions. 

PGV1 - Matrix of successive sums of incremental load vectors. 

T0L - Table of output times. 

PPF - Dynamic loads for frequency response. 

LAMA - Real Eigenvalue Table. 

CLAMA - Complex Eigenvalue Table. 

- Single-point constraint forces and detenninant support forces matrix. HQG 
t QG 

QBG - Single-point forces of constraint matrix for Differential Stiffness - g set. 

BQG - Single-point forces of constraint matrix for a Buckling Analysis problem - g set. 

QGl - Matrix of successive sums of incremental vectors of single-point constraint 

forces. 

QPC - Complex single-point forces of constraint - p set. 

QP - Transient single-point forces of constraint - p set. 

UGV - Displacement vector matrix giving displacements in the g set. 

UGVl - Matrix of successive sums of incremental displacement vectors. 

UPV - Transient solution vectors - p set. 

HUGV - Temperature vector matrix giving temperatures in the g set. 
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UPVC - Frequence response solution vectors - p set. 

UBGV Displacement vector matrix for differential stiffness giving displacements in the 
g set. 

PHIG Eigenvector matrix giving eigenvecotrs. 

CPHIP - Complex eigenvectors in the p set. 

~~~T! - Element Sunmary Table. 

ESTL - Element Sunmary Table for Linear Elements. 

XYCDB - XY Case Control Data Block. 

Notes: 

l. If the first input data block is purged, it is a fatal error. This data block 

is called "Case Control" in this Module Functional Description. 

2. The CSTM may be purged if no coordinate systems are referenced, or if stresses 

and/or forces are not requested. 

3. The MPT may be purged if no stress or force requests are present. 

4. The DIT may be purged if no stress or force requests are present, or if no 

temperature dependent materials are referenced. 

5. The second record of EQEXIN or EQDYN must exist if a request exists for any of: 

loads, forces of single-point constraint, displacements, velocities, accelerations, 

or plots. 

6. SIL or SILO may be purged if no stress or force requests exist, or there are 

no extra-points, no plots and no thennal loads. (The second record is used by SDR2). 

7. The GPTT may be purged if no thennal loading exists, or there are no requests 

for stresses for forces. 

8. The EDT may be purged if there are no element requests for forces or stresses, 

or if there are no enforced element defonnations in the problem. 

9. The BGPOT may be purged if the problem is in basic coordinates and no element 

requests for stresses or forces exist. No plots will result hnwever. 

10. LAMA or CLAMA may not be purged if an eigenvalue or frequency response 

problem. 

.. . 
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11. If input data block 11 (QG or QBG, etc.) is purged, forces of single-point constraint 

requests are ignored. 

12. If input data block 12 (UGV or UGVl, etc.) is purged, SDR2 will process only loads 

and forces of single-point constraint requests. 

13. If the EST or ESTL is purged, element stresses and force requests are ignored. 

14. The XYCDB may be purged. 

4.46.5 Output Data Blocks 

H0PG1 
0PPCA 
0PG1 Output load vector requests. 
0PPC1 
0PP1 

IQPl 
0QG1 
0QBG1 
0BQG1 Output forces of single-point constraint requests. 
0QPC1 
lllQOl 
H0QG1 

0UGV1 - } 0UPVC1 
lllUBGVl 

Output displacement vector requests. 

IPHIPl - } 0PHIG 
0CPHIP 

Output eigenvector requests. 

IESl 
0ES1 
0ESC1 
0ESB1 Output element stress requests. 
0BES1 
H0ES1 

lllESlA Output element strain/curvature requests. 

IEFl 
0EF1 
0EFC1 Output element force requests. 
lllEFBl 
lllBEFl 

PUGV 
PUGVl 
PPHIG 
PUBGVl Translation components of the displacement vector rotated to basic coordinates. 
PCPHIP 
PUPVCl 

H0UGV1 l Output temperature·vector requests. 

HPUGVl - l Translation components of the temperature vector rotated to basic coordinates. 

~: Output data blocks purged will result in output requests to those data blocks not 

being processed. 
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4.46. 6 Parameters 

APP - Input-BCD-no default. Specifies the approach code to be placed in the output data 

blocks as per the following table. 

APP Parameter 

STATICS 

REIGEN 

DSO 

0Sl 

FREQ 

TRANSNT 

BKLO 

BKL 1 

CEIGEN 

PLA 

Solution Type 

Statics solution 

Real eigenvalue solution 

Statics phase of differential stiffness 
solution 

Final phase of differential stiffness 
solution 

Frequency response solution 

Transient response solution 

Statics phase of buckling solution 

Final phase of buckling solution 

Complex eigenvalue solution 

Piecewise linear analysis solution 

Approach Code 

2 

3 

4 

5 

6 

7 

B 

9 

10 

N0S0RT2 - Output-integer-default•l. Set to 1 of there are S0RT2 requests or requirements 

and set to -1 otherwise. 

IFLAG - Input-integer-default•-1. Processing flag. If IFLAG<O, element stresses are 

computed. If IFLAG!.O, element strains/curvatures are· computed instead. (Strains/ 

curvatures are computed only for TRIAl, TRIA2, QUADl and QUAD2 elements}. 
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4.46.7 Method 

The SDR2 functional module is constructed in a modular form consisting of five stages. 

A sma11 executive control program (subroutine SDR2) containing the main entry point for the 

module serially ca11s the five stages for execution. 

1. Stage I, perfonned by subroutine SOR2AA, prepares, if necess~t'j', a modified Case 

Control data block, internal to SDR2, to insure that any XV-output requests present 

and not included in the ~FP output requests of Case Control are included in the output 

of SDR2 for later processing by functional modules XYTRAN and XYPL~T. 

2. Stage II, perfonned by subroutine SOR2A, analyzes the overall output requests within 

the subcases of Case Control and sets flags for use by stages III, IV, and V. 

3. Stage III, performed by subroutine SDR2B, is executed only if stage II has determined 

that some element force or stress output requests are present within Case Control. If 

executed, element stress (or strain/curvature) matrices are computed once and stored along 

with certain other element properties appearing in the EST for each element appearing in a 

master set of element requests. (The master set is a set which is the union of a11 elements 

for which output requests are present in any subcase of case Control.) These stored data 

are used in stage V repeatedly as necessary to satisfy the various output request combina­

tions and multiple displacement vectors that may be present. · 

4. Stage IV, performed by subroutine SDR2C, is executed only if in stage II it has been 

determined that some output requests are present for any of: forces of single-point 

constraint, loads, displacement, velocities, accelerations, or deformed structure plots. 

If they are present, these requests (except for structure plots) are fully processed 

within this stage. 

5. Stage V, performed by subroutine SDR2D, is executed only if stage III was executed. 

Stage V perfonns·final element stress (or strain/curvature) and force computations. For each 

subcase of Case Control containing element output requests, the appropriate displacement vector 

is applied to the stress (or strain/curvature) matrices, computed in Stage III, of the elements 

requested for output to arrive at the final stress (or strain/curvature) and/or force outputs. 
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For several of the five stages, the main subroutine listed utilizes additional subroutines 

to accomplish its particular task. The methods employed within each stage are further described 

in the subroutine descriptions in the next section. 

The user may request in the Case Control Deck (by NCHECK = n) a stress and force precision 

check. For each element listed in a stress and force output request the number of significant 

digits in the result will be calculated. This check is based on the element stiffness matrix 

without corrections for element loads (thermal or misfit). For each stress or force compo­

nent, i, the element routines will calculate: 

and 

l
rs .. u .

1 j lJ J 

r(jS .. !·lu,!) 
j lJ J 

where uj are the displacement components and Sij are the stress matrix components. The 

number of significant digits, Nd' in the printed answer is therefore; 

( l ) 

(2) 

(3) 

where Pis approximately the number of bits in the mantissa and 1og10(2P) is 7.22 on IBM, 

8.13 on UNIVAC, and 14.45 on CDC. If any one of the stress components has less precision than 

the value supplied b.Y NCHECK • n, the results are printed by the element routine in a format 

unique to the type. A special case is r1 equal to zero for which full precision is assumed. 
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4.46.8 Subroutines 

The utility routines PRETRS and PREWl.T are called within the SDR2 module for initialization 

purposes so that the structural element subroutines can call the entry point TRANSS of PRETRS 

and MAT of PREMAT to fetch Coordinate System Transfonnation Matrices (CSTM) data and material 

properties {MPT and OIT) data respectively. GMMATS is used by element routines as a general 

matrix multiply routine and INVERS is used for inversion of small in-core (order usually~ 12) 

matrices. lt should be noted that all matrices referenced in the structural element subroutines 

are stored by rows and are single precision. See the subroutine descriptions for these 

routines in section 3. 

The axisymmetric shell element routines STRIRl, STRAPl, ST0RD1, STRIR2, STRAP2, ST0RD2 

utilize the following functions and subroutines whose double precision versions are described 

in the Module Functional Description for SMAl (section 4;27.8). 

S0R2 (Single precision) SMAl (Double precision) 

AI OKI 

BINT DKINT 

F89 DK89 

FFlOO DKlOO 

F6211 DK211 

R0MBER R0MBDK 

AMATRX DMATRX 
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4.46.8.l Subroutine Name: S0R2AA 

1. Entry Point: SDR2AA 

2. Purpose: To perform stage I as defined above, under "Method". 

3. Calling Sequence: CALL S0R2AA 

4. Method: S0R2AA attempts to open the XYCDB data block. If it is purged, a return is 

given to S0R2. Otherwise, the header record and first data record of XYCDB are skipped 

and data applying to all subcases are read from the second data record. If no such data 

exist a dulMly master is created. Otherwise, the master data are reduced to a list of 

unique pairs. If only master data exist, flags are set appropriately. 

For each record in the Case Control data block the following processing occurs. 

a. The record is read into core. If no XYCOB subcase corresponds to the Case 

Control subcase, pointers are set to the master data. Otherwise. the master data 

and appropriate XYCOB subcase data are merged and reduced to unique pairs. 

b. For each request for solution set output in XYCDB, the corresponding request 

in Case Control is examined. If no request is present in Case Control, the XYCOB 

request is reduced to a set 1n Case Control fonnat, and a request for the set is 

turned on 1n Case Control. If the Case Control set is ·ALL•, no further action 

is taken. If the Case Control request is a set, the set is "merged" with the XYCDB 

set. and the request 1s altered to reflect the new set (unless a11 points in the 

XYCOB set were already in the Case Control set). A flag is set if any new requests 

are fonn,:.:d. 

c. When &11 requests for the current Case Control record have been analyzed, the 

record (as modified) is written on a scratch file. 

d. When all Case Control records have been read, the GINI file name for the Case 

Control data block is switched to the scratch file (unless no modifications were 

made to Case Control). 

4.46.8.2 Subroutine Name: SOR2A 

1. Entry Point: SDRZA 
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2. Purpose: To perform stage II as clefinecl above, under "Method". 

3. Calling Sequence: CALL SDR2A 

4. Method: SDR2A analyzes Case Contro 1 to determine the overa 11 outi:;ut requests. Flags 

are set to zero for all request possibilities, ancl, as each record of Case Control is 

analyzed, flags are set to 1 for those requests present. Simultaneously, a master set 

of all structural elements requested for output is created. The master set is then a 

union of all element requests present with duplicates removed. 

4.46.8.3 Subroutine Name: SDR2B 

1. Entry Point: SDR2B 

2. Purpose: To perform stage III as defined above, under "Method". 

3. Calling Sequence: CALL SDR2B 

4. Method: SDR2B performs the "phase I" stress {or strain/curvature) and force recovery 

computations. 

The CSTM is first read into core, if present, and then the material property data are 

read into core via the routine PREMAT. At this point, the EST 1s opened and processed 

with one pass. 

SDR2A determined a master set list of all elements requested by the user to be 

output. This master set list, residing in core, is now used as the EST is processed. , . 

For each record of the EST a particular element type 1s represented. Thus the first 

word of an EST record (giving the element type) is read, and the element dependent 

variables are set. The element sunmary for each element of this type 1s read, and, if 

the element is included in the master set, the phase I stress recovery routine is called 

to compute the element stress (or strain/curvature) matrices which are functions of element 

geometry and material properties only. The results of this computation are output to a 

scratch data block for use by SDR2D (stage V). When the end-of-record is encountered on the 

EST for this element type, the next element type record is processed, until all records of 

the EST have been passed. 
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4.46.8.4 Subroutine Name: SR0Dl 

1. Entry Point: SR0Dl 

2. Purpose: To generate element stress matrices for the R0D element. 

3. Calling Sequence: CALL SR0Dl 

4.46.8.5 Subroutine Name: STUBEl 

1. Entry Point: STUBEl 

2. Purpose: To generate element stress matrices for the TUBE element. 

3. Calling Sequence: CALL STUBEl 

4.46.8.6 Subroutine Name: SPANLl 

1. Entry Point: SPANLl 

2. Purpose: To generate element stress matrices for the SHEAR and TWIST elements. 

3. Calling Sequence: CALL SPANL1 {lARG) 

1
4 implies SHEAR panel element stress matrices will be generated. 

IRAG • 
5 implies TWIST panel element stress matrices w111 be generated. 

4.46.8.7 Subroutine Name: STRBS1 

1. Entry Point: STRBS1 

2. Purpose: To generate element stress (or strain/curvature) matrices for the TRBSC element 

and perform sub-computations for the SQPOLl and STRPLl routines. 

3. Calling Sequence: CALL STRBS1 (IARG) 

0 • TRBSC element 

IARG 1 • Sub-computations for SQDPLl. 

2 • Sub-computations for STRPLl. 

4.46.8.8 Subroutine Name: STRPLl 

1. Entry Point: STRPLl 

2. Purpose: To generate element stress·matrices for the TRPLT element. 
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3. Calling Sequence: CALL STRPLl 

4.46.8.9 Subroutine Name: SQDPLl 

1. Entry Point: SQDPLl 

2. Purpose: To generate element stress matrices for the QDPLT element. 

3. Calling Sequence: CALL SQDPLl 

4.46.8.10 Subroutine Name: STRMEl 

1. Entry Point: STRMEl 

2. Purpose: To generate element stress (or strain/curvature) matrices for the TRMEM element 

and perform sub-computations for the SQDMEl routine. 

3. Calling Sequence: CALL STRMEl (IARG) 

IARG {
O • TRMEM 

1 • Sub-computations for SQDMEl subroutine. 

4.46.8.11 Subroutine Name: SQDMEl 

1. Entry Point: SQDMEl 

2. Purpose: To generate element stress matrices for the QDMEM element. 

3. Calling Sequence: SQDMEl 

4.46.8.12 Subroutine Name: SELASl 

1. Entry Point: SELASl 

2. Purpose: To generate element stress matrices for the elements listed under the 

Cailing Sequence. 

3. Calling Sequence: CALL SELASl (IARG) 

i: : :~: 
IARG 3 • ELAS3 

4 • ELAS4 
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4.46.8.13 Subroutine Name: STRQD1 

1. Entry Point: STRQD1 

2. Purpose: To generate element stress matrices for the elements listed under the 

Calling Sequence. 

3. Calling Sequence: CALL STRQD1 (IARG) 

1 • TRIAl 
2 • TRIA2 

IARG 3 • QUADl 

4 • QUAD2 

4.46.8.14 Subroutine Name: SBARl 

1. Entry Point: SBARl 

2. Purpose: To generate element stress matrices for the BAR element. 

3. Calling Sequence: CALL SBARl 

4.46.8.15 Subroutine Name: SC0NE1 

1. Entry Point: SC0NE1 

2. Purpose: To generate element stress matrices for the C0NE element. 

3. Calling Sequence: CALL SC0NE1 

4.46.8.16 Subroutine Name: STRIRl 

1. Entry Point: STRIRl 

2. Purpose: To generate element stress matrices for the TRIRG element. 

3. Calling Sequence·: CALL STRIRl 

4.46.8.17 Subroutine Name: STRAPl 

1. Entry Point: STRAPl 

2. Purpose: To generate element stress matrices for the TRAPRG element. 

3. Calling Sequence: CALL STRAPl 
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4.46.8. 18 Subroutine Name: ST0RD1 

1. Entry Point: ST0RD1 

2. Purpose: To generate stress matrices for the T0RDRG element. 

3. Calling Sequence: CALL ST0RD1 

4.46.8.19 Subroutine Name: SQDMll 

1. Entry Point: SQOMll 

2. Purpose: To generate stress matrices for the QDMEMl element. 

3. Calling Sequence: CALL SQDMll 

4.46.8.20 Subroutine Name: SDR2C 

l. Entry Point: SDR2C 

2. Purpose: To perform stage IV as defined above, under "method 11
• 

3. Calling Sequence: CALL SDR2C 

4. Method: SDR2C operations are dependent on the Rigid Format be"ing executed. In a 11 

cases the second record of EQEXIN or EQDYN is first read into core. An over-all loop of 3 

passes is then executed to process the following: pas_s 1: displacements, velocities, 

accelerations; pass 2: single-point constraint forces; and pass 3: loads. 

For each pass the Case Control data block is opened for input, and the following 

operations are perfonned depending on Rigid Format: 

a. For eigenval,ue problems, a list of eigenvalues and mode nunDers is read into core 

from LAMA or CLAMA. 

b. For Differential Stiffness or Buckling phase 1 problems, the first record of Case 

Control, which is used in phase O of Buckling or Differential Stiffness, is skipped. 

c. For frequency or transient response problems, a list of frequencies or times is 

read into core from T0L. 

At this point a record in Case Control is read, and it is determined if a synmetry 

sequence of length LSYM is to be input. If it is, the previous LSYM vectors of the UGV 

data block are unpacked and a linear combination is formed in core. Otherwise, UGV is 

., 
/ / 
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opened, if not yet opened, and the next vector present is unpacked into core. 

Data items are now assembled for the identification record, and this identification 

record is output to the output data block. Output line entries for the point-ID's requested 

are then written on the output data block forming a data record. At this time, if the user 

requested magnitude/phase for complex outputs, the magnitude/phase computations are per­

fonned on the real/imaginary pairs. 

When all requests have been processed for this vector, the next Case Control record 

is read. If no more Case Control records exist and there are more vectors present, those 

vectors are processed using the last Case Control record's specifications. 

When all vectors have been processed for the current loop pass, the next pass may 

be made for forces of single-point constraint or loads. 

If defonned structure plots are requested, an output plot data block is formed during 

the first loop pass, described above, containing translation components of the displacement 

vector rotated to basic coordinates. 

4.46.8.21 SubroutiQe Name: SDR2D 

1. Entry Point: SDR2D 

2. Purpose: To perform stage Vas defined above, under "Method". 

3. Calling Sequence: CALL SDR2D 

4. Method: SDR20 performs the phase 2 stress (or strain/curvature) and force recovery com­

putations. In this phase, actual stresses (or strains/curvatures) and forces are computed 

for the user-requested elements. These stresses (or strains/curvatures) and forces are a 

function of the stress (or strain/curvature) matrices computed in Stage III and the displace­

ments at the grid points of the elements. 

The operations of SDR2D are dependent upon the Rigid Fonnat being executed. In all cases, 

the Case Control data block is opened first. For eigenvalue problems, a list of eigenvalues 

and mode numbers is read into core from LAMA and CLAMA. For Differential Stiffness or Buckling 

phase 1 problems, the first record of Case Control, which is used in phase O of Buckling or 

Differential Stiffness, is skipped. For frequency or transient response problems, a list of 

frequencies or times is read into core from PPF or PPT. 
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Core and GIN0 buffers are then allocated as required for a) the Case Control data block, 

b) the Element Deformation Table, c) the Grid Point Temperature Table, d) the element 

stress (or strain/curvature) matrices, and e) the EQEXIN data block. If there is insufficient 

space in core for the element stress (or strain/curvature) matrices, they are maintained on 

the scratch data block generated in stage III. 

The displacement data block (UGV) is now opened, and the displacement vectors present 

are processed serially with Case Control as in Stage IV. Each element requested for 

output has its respective phase 2 element stress and force recovery routine called. The 

element routine outputs form the entries for the output data record of this element 

type. In the case of a complex displacement vector, the element routine is called 

first with a pointer to the real displacement vector and then with a pointer to the 

imaginary displacement vector. The results of these two calls are merged to form the 

complex output stresses and forces. 

Stress and force precision checks are calculated, if requested, by SDRCHK. Only the 

following elements provide this capacity. 

R0D,TUBE,C0NR0D,BAR 

TRMEM, TRIA 1 , TRIA2, TRPLT, TRBSC 

SHEAR,TWIST,QUAD1,QUAD2,QDPLT,QDMEM,QDMEM1 ,QOMEM2 

HEXA1,HEXA2,TETRA,WEDGE,IHEX1,IHEX2,IHEX3 

4.46.8.22 Subroutine Name: SDR2E 

1. Entry Point: S0R2E 

2. Purpose: To pass through the element stress (or strain/curvature) matrices once, executing 

the final element stress (or strain/curvature) and force computations for the requests in the 

current subcase of Case Control. 

3. Calling Sequence: S0R2E ($n) 

n = F0RTRAN statement number defining the return taken in the event of an error in SDR2E. 

4.46.8.23 Subroutine Narae: SR0D2 

1. Entry Point: SR002 

2. Purpose: To perform final stress and force computations for the R0D element. 

3. Calling Sequence: CALL SR002 
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4.46.8.24 Subroutine Name: SPANL2 

1. Entry Point: SPANL2 

2. Purpose: To perfonn final stress and force computations for the SHEAR and TWIST elements. 

3. Calling Sequence: CALL SPANL2 (IARG) 

4 = SHEAR element. 
IARG 

5 = TWIST element. 
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4.46.8.25 Subroutine Name: SELAS2 

1. Entry Point: SELAS2 

2. Purpose: To perfonn final stress and force computations for the ELASl, ELAS2, 

ELAS3, and ELAS4 elements. 

3. Calling Sequence: CALL SELAS2 

4.46.8.26 Subroutine Name: SBSPL2 

1. Entry Point: SBSPL2 

2. Purpose: To perfonn final stress and force computations for the TRBSC, TR~LT, 

and QDPLT elements. 

3. Calling Sequence: CALL SBSPL2 (IARG) 

0 • TRBSC element. 

IARG 3 • TRPLT element. 

4 • QDPLT element. 

4.46.8.27 Subroutine Name: STQME2 

1. Entry Point: STQME2 

2. Purpose: To perform final stress computations for the TRMEM and QDMEM elements. 

3. Ca 11 i ng Sequence: CALL STQME2 (IARG) 

{ 
1 • TRMEM element. 

lARG 
2 • QDMEM element. 

4.46.8.28 Subroutine Name: STRQD2 

1. Entry Point: STRQD2 

2. Purpose: To perfonn final stress (or strain/curvature) and force computations for the 

TRIAl, TRIA2, QUAOl, and QUA02 elements. 
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3. Calling Sequence: CALL STRQD2 (IARG) 

{ 
3 .. TRIAl or TRIA2 element. 

IARG 
4 • QUADl or QUAD2 element. 

4.46.8.29 Subroutine Name: SC0NE2 

1 • Entry Point: SC0NE2 

2. Purpose: To perform final harmonic stress and force computations for the C0NE element. 

3, Ca 11 i ng Sequence: CALL SC0NE2 

4.46.8.30 Subroutine Name: SC0NE3 

1. Entry Point: SC0NE3 

2. Purpose: To compute the final stresses and forces for one of the 14 possible points 

in a C0NE element. 

3. Calling Sequence: CALL SC0NE3 (LARG) 

LARG : Logical argument set .FALSE. initially and then set .TRUE. by SC0NE3 after 

the last point defined for a particular element has had its final stresses 

and forces computed. 

4.46.8.31 Subroutine Name: SBAR2 

1. Entry Point SBAR2 

2. Purpose: To perform final stress and force computations for the BAR element. 

3. Calling Sequence: CALL SBAR2 

4.46.8.32 Subroutine Name: STRIR2 

1. Entry Point: STRIR2 

2. Purpose: To perform final stress and force computations for the TRIRG element. 

3, Calling Sequence: CALL STRIR2 (TGRID} 

TGRIO • 3 word real array giving grid point temperatures at the 3 connection grid points. 
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4,46.8.33 Subroutine Name: STRAP2 

1. Entry Point: STRAP2 

2. Purpose: To perfonn final stress and force computations for the TRAPRG element. 

3. Calling Sequence: CALL STRAP2 (TGRIO) 

TGRIO • 4 word real array giving grid point temperatures at the 4 connection grid points. 

4.46.8.34 Subroutine Name: ST0RD2 

1. Entry Point: ST0R02 

2. Purpose: To perfonn final stress and force computations for the T0RDRG element. 

3. Calling Sequence: CALL ST0RD2 (TGRID) 

TGRID • Two-word real array giving grid point temperatures at the two connection grid points. 

4.46.8.35 Subroutine Name: MAGPHA 

1. Entry Point: MAGPHA 

2. Purpose: To compute the magnitude and phase of a complex number, c. 

3. Calling Sequence: CALL MAGPHA (A,B) 

A - Real part of con input, magnitude of con return. 

B - Imaginary part of con input, phase of con return. 

4.46.8.36 Subroutine Name: SAXIFl 

1. Entry Point: SAXIFl 

2. Purpose: To generate element pressure-velocity matrices for the AXIF elements. 

3. Calling Sequence: CALL SAXI~· (IARG) 

0 • AXIF2 
IARG • 1 • AXIF3 

2 • AXIF4 

4.46.8.37 Subroutine Name: SAXIF2 

1. Entry Point: SAXIF2 

2. Purpose: To generate element velocities or accelerations for the AXIF elements. 
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3. Calling Sequence: CALL SAXIF2 (I0PT, !PART, BRANCH, EIGEN) 

0 = AXIF2 

I0PT = 1 = AXIF3 
2 = AXIF4 

!PART 1 
1 = Real Vector 

= 
2 = Imaginary Vector 

BRANCH = SDR2 Process code word 

EIGEN = 3 words for complex or real eigenvalue or real frequency. 

4.46.8.38 Subroutine Name: SSL0T1 

1. Entry Point: SSL0T1 

2. Purpose: To generate element pressure-velocity matrices for the SL0T elements. 

3. Calling Sequence: CALL SSLl/lTl (Il/lPT) 

I0PT = I o = 
1 1 = 

SL0T3 
SL0T4 

4.46.8.39 Subroutine Name: SSL0T2 

1. Entry Point: SSLl/lT2 

2. Purpose: To compute element velocities or accelerations for the SLl/lT elements. 

3. Calling Sequence: CALL SSLl/lT2 (I0PT, IPART, BRANCH, EIGEN) 

Il/lPT = 

IPART = 

BRANCH C 

EIGEN = 

-= Real Vector 
Imaginary Vector 

SDR2 Process code word 

3 words for eigenvalue or frequency. 

4.46.8.40 Subroutine Name: SS0LD1 

1. Entry Point: SS0LD1 

2. Purpose: To generate stress matrices for the solid elements. 
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3. Calling Sequence: CALL SS0LD1 (I) 

I Element Type 

1 TETRA 
2 WEDGE 
3 HEXAl 
4 HEXA2 

4.46.8.41 Subroutine Name: SS0LD2 

1. Entry Point: SS0LD2 

2. Purpose: To perform final stress and force computations for the solid elements. 

3. Calling Sequence: CALL SS0LD2 (I,T) 

4.46.8.42 

.L 
1 
2 
3 
4 

Element Type 

TETRA 
WEDGE 
HEXAl 
HEXA2 

T - Temperature Vector 

Subroutine Name: SDRETD 

1. Entry Point: SDRETD 

2. Purpose: Reads element temperature from a pre-positioned record. 

3. Calling Sequence: CALL SDRETD (ID,T,G) 

4.46.8.43 

ID - Element identification nurrber for which the data is desired. 

T - Area into which data will be stored 

G - • O, element temperature fonnat data is desired. 
~ 0, nurrber of grid points. 

Subroutine Name: SDHTFl 

1. Entry Point: SDHTFl 

2. Purpose: To extract heat flux data for the following elements - R0D, C0NR0D, TUBE, BAR, 

TRMEM, QDMEM, TRlAl, TRIA2, QUADl, QUAD2, TRIARG, TRAPRG, TETRA, WEDGE, HEXA1, HEXA2, 

and HBOY. 
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3. Calling Sequence: CALL SDHTFl(TYPE,REJECT), where: 

TYPE - Input, integer, element type number. 

REJECT - Output, logical, true if element is not part of 
above set. 

4.46.8.44 Subroutine Name: SOHTFF 

1. Entry Point: SDHTFF 

2. Purpose: To calculate the Phase l matrices which describe heat flow in terms of the 

temperatures of the connected grid points. 

3. Calling Sequence: CALL SDHTFF 

/SDR2XS/EST(100),0ATA(45) - Input element data and output matrices. 

/S0R2X6/ - Contains element parameters rearranged by SDHTFl in a uniform format. 

4.46.8.45 Subroutine Name: SDHTF2 

1 . Entry Point: SOHTF2 

2. Purpose: To calculate the output element "forces" for the heat transfer problem. 

3. Calling Sequence: CALL SOHTF2 

4.46.8.46 Subroutine Name: SQDM12 

1. Entry Point: SQDM12 

2. Purpose: To perfonn final stress computations for the QOMEMl element. 

3. Calling Sequence: CALL SQOM12 

4.46.8.47 Subroutine Name: SIHEXl 

l. Entry Point: SIHEXl 

2. Purpose: To generate element stress matrices for the IHEXl, IHEX2, and IHEX3 elements, 

SIHEX1 must be called once for each stress point in an element. 

3. Calling Sequenc~: CALL SIHEXl (TYPE,STRSPT) 

{ 
1 - IHEXl } 

TYPE = 2 - IHEX2 - integer-input 
3 - IHEX3 

STRSPT = stress point number - integer-input 
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4.46.8.48 Subroutine Name: IHEXSS 

1 . Entry Point: IHEXSS 

2. Purpose: To generate isoparametric shape function data. (Single precision version 

of subroutine IHEXSD, Section 4.27.8.4?), 

3. Calling Sequence: CALL IHEXSS (ITYPE,SHP,DSHP,JINV,DETJ,EID,XI,ETA,ZETA,C0RD) 

See Section 4.27.8.42 for description of arguments. 

4.46.8.49 Subroutine Name: SIHEX2 

1. Entry Point: SIHEX2 

2. Purpose: To perform final stress computations for the IHEXl, IHEX2, and IHEX elements. 

SIHEX2 must be called once for each stress point in an element. 

3. Calling Sequence: CALL SIHEX2 (TYPE,GPT) 

{ 
l - IHEXl } 

TYPE • 2 - IHEX2 - integer-input 
3 - IHEX3 

GPT - Array of grid point temperatures - real-input 

4.46.8.50 Subroutine Name: STPAXl 

1. Entry Point: STPAXl 

2. Purpose: To generate element stress matrices for TRAPAX element. 

3. Calling Sequence: CAL~ STPAXl 

4.46.8.51 Subroutine Name: STRAXl 

1. Entry Point: STRAXl 

2. Purpose: To generate element stress matrices for the TRIAAX element 

3. Calling Sequence: CALL STRAXl 

4. 46. 8. 52 Subroutine Name': STPAX2 

l. Entry Point: STPAX2 

2. Purpose: To perform final stress and force computations for the TRAPAX element 
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3. Calling Sequence: CALL STPAX2 ($,TI) 

$ 1 = sin 
2 = cos 

TI= four word real array giving grid point temperatures at the four connection grid 
points 

4.46.8.53 Subroutine Name: STPAX3 

1. Entry Point: STPAX3 

2. Purpose: To compute the final stresses and forces for one of the fourteen possible 

points in a TRAPAX element 

3. Calling Sequence: CALL STPAX (LARG) 

LARG = Logical argument set .FALSE. initially and then set .TRUE. by STPAX3 after the 
last point defined for a particular element has had its final stresses and 
forces computed 

4.46.8.54 Subroutine Name: STRAX2 

1. Entry Point: STRAX2 

2. Purpose: To perform final stress and force computations for the TRIAX element 

3. Calling Sequence: CALL STRAX2 ($,TI) 

$ 1 = sin 
2 = cos 

TI• Three word real array giving grid point temperatures at the three connection grid 
points 

4.46.8.55 Subroutine Name: STRAX3 

1. Entry Point: STRAX3 

2. Purpose: To compute the final stresses and forces for one of the fourteen possible 

points in a TRIAX element 

3. Calling Sequence: CALL STRAX3 (LARG) 

LARG • Logical argument set .FALSE. initially and then set .TRUE. by STRAX3 after the 
last point defined for a particular element has had its final stresses and 
forces computed 
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4.46.8.56 Subroutine Name: SDRCHK 

1. Entry Point: SDRCHK 

2. Purpose: To calculate the stress/force precision check data, ND;= log10 (2P) + log10(r;) 

3, Calling Sequence: CALL SORCHK (F,C,LVEC,K,PREC,H) 

F - Array of stresses and forces 

C - Corresponding array of stresses and forces calculated using absolute values. On 

output, the number of significant digits. 

LVEC - Length of arrays F and C. 

K - Current count of tenns exceeding limit PREC. 

PREC - Limit on minimum precision before incrementing K. 

H - Value of log10(2P). 

4.46.8.57 Subroutine Name: S02RHD 

1. Entry Point: SD2RHD 

2. Purpose: To provide heading for stress/force precision check output. 

3, Galling Sequence: CALL SD2RHD (IS,SETUP) 

IS - Seven-word array for heading. On input, word 1 • subcase, word 2 • load or mode 

number, word 6 and 7 • the frequency, eigenvalue, or time. On output (SETUP; 0), 

words 3 through 5 are BCD identifying values. 

SETUP - If nonzero, supply words 3 through 5 of IS and print the heading, otherwise just 

print the heading. 

4.46.8.58 Subroutine Name: SMMATS 

1, Entry Point: SMMATS 

2. Purpose: General multiply and add using real single-precision matrices. Also returns 

values based on using t~e absolute values of the input matrices tenns. 

3. Calling Sequence: CALL SM~TS (A,IR0WA,IC0LA,MTA,B,IR0WB,IC0LB,MTB,C,AC) 

AC - Resultant matrix when absolute values of A, 8, and Care used. 

All other arguments are the same as subroutine GMM.~TS and G~TD. 
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4.46.9 Design Requirements 

1. Since the five stages of the SDR2 module must be able to operate under all Rigid Formats, 

a branch design has been used within each stage whereby operations that are variant under 

different Rigid Formats are grouped into substructures within that stage. At these locations, 

a branch is always made to the substructure appropriate to the Rigid Format being exeucted. 

2. The following common blocks appear only within the subroutines of the SDR2 module. 

a. C0MM0N/S0R2Xl/ 

This common block contains seventeen flag words which are set on the basis of requests 
in the Case Control data block by SDR2A. 

b. C0MM0N/SDR2X2/ 

This common block contains twenty-nine points defining the locations of the various 
requests and set definitions within the Case Control data block. 

c. C0MM0N/S0R2X3/ 

This corrmon block contains data constants unique to the structural elerrents. 

d. C~MM0N/S0R2X4/ 

This conunon block contains local variables and flags set by the subroutines of the S0R2 
module for corrmunications between these subroutines. 

e. C0MM(1N/S0R2X5/ 

This conrnon block is used by SDR2B to send EST data to the phase 1 element routines and 
to receive outputs from the phase 1 element routines. 

f. C0MM0N/S0R2X6/ 

This common block consists of a three hundred word scratch area for use by the element 
routines while performing phase 1 computations. 

g. C0MM0N/SDR2X7/ 

This corrmon block is used by S0R2D for sending and receiving data to the elerrent 
routines performing phase 2 computations. 

h. C0MM0N/S0R2X8/ 

This common block consists of a three hundred word scratch area in core for use by the 
elerrent routines while performing phase 2 computations. 

i. C0MM0N/S0R2X9/ 

This corrmon block consists of 7 words for sending stress and force precision check data 
to the element routines. 

4.46. 10 Diagnostic Messages 

SDR2 being one of the last modules to execute in a problem solution, makes every attempt at 

execution in any event. Should an error be detected by SDR2, a message is queued for output and, 
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if possible. SDR2 continues to execute portions of the solution not affected by the error. The 

following NASTRAN messages may be output by SDR2: 2075. 2076. 2077. 2078. 2079. 2080, 2143. 3001. 

3002. 3003, 3008. and 4024. 
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4.47 FUNCTIONAL MODULE DPD (DYNAMICS POOL DISTRIBUTOR) 

4.47. 1 Entry Point: DPD 

4.47.2 Purpose 

DPD is the principal data processing module for dynamics problems. New tables are assembled 

to account for any extra points in the model and the additional displacement sets used in dynamics. 

Bulk data cards which control the solution of a dynamics problem are processed and assembled into 

various data blocks for convenience and efficiency in solution of the dynamics problem. 

4.47.3 DMAP Calling Sequence 

DPD DYNAMICS,GPL,{~ilL~,{~~~T~/GPLD,{~il5Df,1~~~6Df ,TFP00L,t~r~Tf,PSDL,FRL,j~~~[•{~~~Lt, 

~HEQDYNl EED'JEQOYN i/V,N,LUSET/V,N,LUSETD/V,N,N0TFL/V,N,N0DLT/V,N,N0PSDL/V,N,N0FRL/V,N,N0NLFT/ 

V,N,N0TRL/V,N,N0EED/C,N,D/V,N,N0UE $ 

4.47.4 Input Data Blocks 

DYNAMICS - Collection of bulk data cards for dynamics problem. 

GPL 

HSIL t 
SIL { 

- Grid Point List. 

- Scalar Index List. 

USET 

HUSET 

- Displacement set definitions table. 

- Temperature set definitions table. 

~: DYNAMICS may be purged. Other input data blocks may not be purged. 

4.47.5 Output Data Blocks 

GPLD - Grid Point List Dynamics. 

HSILD l - Scalar Index List Dynamics. SILO i 

USETD - Displacement set definition table dynamics. 

HUSETD - Temperature set definition table dynamics. 

TFP00L - Transfer Function Pool. 
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HOLT l . DLT ~ - Dynamic Loads Table. 

PSDL - Power Spectral Density List. 

FRL - Frequency Response List. 

~~~ { - Non-Linear Forcing Table. 

~~RL} - Transient Response List. 

EEO - Eigenvalue Extraction Data. 

~~i~~N} - Equivalence between external and internal nunt>ers - dynamics. 

Note: GPLD,SILD,USETD and EQDYN may not be purged. All other data blocks may be purged. 

4.47.6 Parameters 

LUSET - Input-integer-no default. Degrees of freedom in the g - displacement set. 

LUSETD - Output-integer-no default. Degrees of freedom in the p - displacement set. 

N!aTFL - Output-integer-no default. Number of transfer function sets in the bulk data, 

-1 if no sets are defined. 

N9DLT - Output-integer-no default. +l if dynamics load data are present in the bulk data 

(i.e., OLT 1s created), •l otherwise. 

NIPSDL - Output-integer-no default. +1 if the PSDL is created, -1 otherwise. 

NIFRL - Output-integer-no default. +1 if the FRL is created, -1 otherwise. 

NINLFT - Output-integer-no default. +l if the NLFT is created, -1 otherwise. 

N0TRL - Output-integer-no default. +1 if the TRL is created, -1 otherwise. 

N9EED - Output-integer-no default. +1 if the EEO is created, -1 othen1ise. 

N9UE - Output-integer-no default. Number of extra points in the model. 

-1 if there are no extra points. 

4.47.7 Method 

4.47.7.1 General 

Subroutine DPD is the main control program for the module. It initializes each of the 

DMAP parameters, allocates buffers in open core (/DPDC0R/), and calls each of the principal 

routines of the module as follows. 
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1. DPDl to assemble GPLD, USETD, SILO and EQDYN. 

2. OPD2 to assemble DLT. 

3. OPD3 to assemble FRL and PSDL. 

4. DPD4 to assemble NLFT and TRL. 

5. OPDS to assemble EEO and TFL. 

4.47.7.2 Assembly of GPLO, USETD, SILO and EQDYN 

The second logical record of GPL, which contains pairs of external point identification 

and sequence numbers, is read into core. Three words are used for each entry in the GPL. In 

the third word of each entry the internal index is stored. The list of extra points is 

read from the EP~INT record in DYNAMICS. For each extra point, a three-word entry is 

added to the list now in core. The first word contains the extra point identification, the 

second contains the initial sequence number equal to 1000 times the point IO, and the third 

word is zero. The SEQEP record in DYNAMICS is read. For each referenced point, the sequence 

number is replaced by the new sequence number. The list in core is now sorted on sequence 

number by subroutine S~RT. The sequence number in each entry is replaced by an internal 

index according to the position of the entry following the sort. The GPLD is now written. 

It consists of one logical record of one word entries, each entry containing the external 

point identification. The internal index is implied by the position of the entry in the 

record. 

The SIL is read into core following the table of three-word entries currently in core. 

Bit masks are initialized for the various displacement sets in statics and dynamics. Files 

containing the USETD and SILO data blocks are opened to write. The file containing the USET 

data block is opened to read. Each of the three-word entries in core is processed as follows. 

1. If the entry corresponds to a grid point, six words are read from USET, bits for 

displacement sets in dynamics are turned on according to the statics sets to which the 

point belongs, six words are written on USETD, one word is written on SILO, the second 

word of the three-word entry is replaced with the scalar index value in the p-set, the 

third word is replaced with the scalar index value in the g-set, and the scalar index 

counter for the p-set is incremented by six. 
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2. If the entry corresponds to a scalar point, one word is read from USET, and the 

process proceeds as above except that one word is written on USETD and the scalar 

index counter is incremented by one. 

3. If the entry corresponds to an extra point, one word is written on USETO, the extra 

point counter is incremented, and the process proceeds as with a scalar point. 

When all entries have been processed, USETD is complete and the first logical record 

of SILO is complete. The second logical record of SILO is now written. It comprises two-word 

entries, each pair containing a scalar index value in the g-set and the corresponding 

scalar index value in the p-set. 

The third word of each of the three word entries in core is now replaced with a code 

word which is ten times the scalar index value in the p-set plus the type of point (1 • grid, 

2 • scalar, 3 • extra). The table is sorted on external point identification. EQDYN is written 

as two logical records. The first record contains pairs, each consisting of an external point IO 

and a scalar index value in the p-set. The second record contains pairs, each consisting of an 

external point ID and a code word. 

4.47.7.3 Assembly of the DLT 

The DAREA, DELAY and DPHASE tables are read from DYNAMICS, one table at a time. Grid 

point and component codes are converted to a scalar index value in the p-set by subroutine 

OPOAA. When all entries of a table nave been read, the table is sorted on scalar index value 

and written as a logical record on a scratch file (three scratch files are used, one for each 

of the three types of tables). The table identification is saved in core. 

The RLIAOl, RLJA02, TLIADl and TL0AD2 cards are read from DYNAMICS and stored in core. 

Eleven words are used for each entry. In the.first word of each entry, a code for the card 

~ype is stored. When all cards have been read and stored in core, the data are sorted on 

load set identification. 

OL~AO cards are read from DYNAMICS and stored in core, and the data within each OL~AO card 

are sorted on referenced set identification. The file containing the DLT data block is opened 

to write. The header record is written. It contains the data block name, a list of set 
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identifications defined on DL0AD cards and a list of set identifications defined on RL0AD1. 

RL0A02, TL0AD1 and TL0AD2 cards. The OL0AD data are then written as the first logical record 

of the OLT. The remainder of the OLT comprises one logical record per load set. For each 

entry in the 11-word per entry table in core the following processing occurs. 

1. The scratch file containing the tables referenced in the entry is positioned 

to read the referenced table. 

2. Entries are read from each of the referenced tables. A four-word entry is written 

on the DLT consisting of the sca"lar index value, A, T, and .e. 

3. When all entries from the tables have been read, the DLT record is closed. and 

the process repeats for the next load set. 

4.47.7.4 Assembly of the FRL and the PSDL 

FR£Ql, FREQ2 and FREQ cards are read from DYNAMICS and stored in core. Frequencies on 

FREQ cards are converted to radians. When all the data have been read, a list containing three 

words per entry is accumulated in core. The first word cQntains the frequency set identifica­

tion, the second word contains a pointer to the first word where data belonging to the set 

are stored, and the third word defines the type (0 • FRE01, -1 • FREQ2, N • FREQ, where N is 

the number of words in the frequency set). The list is sorted on set identification. The file 

containing the FRL data block is opened to write. The header record is written. It contains 

the data block name and a list of all frequency set identifications. The remainder of the 

FRL is comprised of one logical record per frequency set. 

For each entry in the three-word per entry list in core the following processing occurs. 

1. If the entry corresponds. to a FREQ1 set. then N+l frequencies are written as a 

logical record on the FRl by the following equation: 

f; • f
0 

+ (i•l) Af, 1 • 1,2, ••• , N + 1, ( 1) 

2. If the entry corresponds to a FREQ2 set. then N+l frequencies are written as one logical 

record on the FRL by the following equation: 
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1 (1-1) . 1 2 f. • f O o , • • ••••• N + 1 , 0 

where 

0 • 

3. If the entry corresponds to·a FREQ set, the frequencies in the set are sorted, and 

any duplicate frequencies are discarded. The sorted list 1s written as one logical 

record on the FRL. 

The RANDPS cards are read into core (if no RANDPS data are present, the PSDL is not 

assembled). The RANDTl and RANDT2 cards are read into core, and a 11st similar to that in 

the frequency processing is fanned. This list is sorted on set identification number. The 

file containing the PSDL is opened to write, and the set identifications are written in the 

header record. The RANDPS data are written as the first logical record of the PSDL. The 

remainder of the PSDL contains one logical record per set. For RANDT2 sets, the data are 

sorted on time lag, and duplicates are discarded prior to writing the record. For RANDTl 

sets, N + 1 time lags, Ti' are written where 

(2) 

( 3) 

i • 1,2, ••• , N + 1 (4) 

4.47.7.5 Assembly of the NLFT and TRL 

The N~LINi (1 • 1,2,3,4) cards are read into core. Each referenced grid point and 

component code 1s converted to a scalar index value 1n the up·set. The data are sorted 

on set identification nuni>er. USETD is read into core. The file containing the NLFT data 

block is opened to write, and the set identifications are written in the header record. The 

remainder of the NLFT contains one logical record per set. Scalar index values within each 

set are converted to scalar index values in the ud and u
1 

sets. The data within each set are 

sorted on the scalar index value to which the forcing function is applied. 

The TIC cards are read, referenced grid points and component codes are converted to 

scalar index values in the up-set, and the data are written on SCRl, one logical record per set. 

A list of the TIC set identifications 1s accu1111lated in core. USETO 1s read into core. The 
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file containing the TRL data block is opened to write. The set identifications are written 

in the header record. The last word of the header contains the degrees of freedom in the ud-set. 

Data are read from SCRl. Scalar index values are converted to scalar index values in the ud-set. 

Each TIC set is written as one logical record on the TRL. When all the TIC data have been 

processed, the TSTEP data are copied from DYNAMICS to the TRL, one logical record per TSTEP set. 

4.47.7.6 Assembly of the EEO and TFL 

Processing of EIGB, EIGC, EIGP and EIGR cards is minimal. For each card type present, 

a corresponding logical record is written on EEO. For each of the cards which specify P~INT, 

the referenced grid point and component code is converted to a scalar index value (ua set 

for EIGB and EIGR cards, ud set for EIGC cards). 

Transfer function data are read from the TF record on DYNAMICS one set at a time. For 

each transfer function set, the point and component codes are converted to scalar index values 

in the up set, which in turn form row and column numbers of the transfer function matrices. 

The data are written on the TFL, one transfer function set per logical record. The set 

identification number is the first word of each logical record. Four word entries follow. 

The first word is 65536*column number plus row numberi the next three words are the tenns of 

the matrices. 

4.47.8 Subroutines 

Auxiliary subroutines OPD1, DP02, DPD3, DP4 are described above. 

4.47.8.l Subroutine Name: DPOAA 

l. Entry Point: DPOAA 

2. Purpose: To convert a grid point and component code to a scalar index value in 

the up set. 

3. Calling Sequence: CALL DPDAA 

4. Method: A flag called INEQ is maintained in /DPDC~M/. If the flag is zero, 

EQDYN is read into core and INEQ is set to one. The grid point and component to be 

converted is stored in BUF{L) and BUF(L+l) where BUF and Lare in /DPDC0M/. A binary 

search is performed in EQDYN. If the point is found, the corresponding scalar index 

value is stored in BUF(L), Otherwise, an error message is queued, and an internal 
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N0G0 flag is turned on. 

4.47.9 Design Reguirements 

4.47.9. 1 Allocation of Core Storage 

In general. core storage requirements in DPD are the EQDYN table plus one set of data 

being processed plus two or three GIN0 buffers. In DPD3 where EQDYN is not required. it is 

assumed that all data required to assemble the FRL or PSOL can be held in core at one time. 

4.47.9.2 Environment 

The Block Data program DPDCBD initializes /DPDC0M/ with GIN0 file names, L0CATE codes for 

the various card types processed by CPD, and miscellaneous data. It must be resident in 

core when CPD 1$ executed. 

CPD is designed to operate in a single overlay segment. Corrmunication in the module 

occurs through /DPDC0M/ and open core /DPDC0R/. If an al~ernate overlay is desired, DPDCDB, 

DPD and DPDAA could fonn a local primary segment and each of DPD1, DPD2, DPD3, DPD4 and DPOS 

could fonn separate secondary segments. In this case, /DPDC0R/ must be inserted after the 

longest of the secondary segments. Four scratch files are used by CPO. 

4.47. 10 Diagnostic Messages 

The following messages may be issued by DPD: 

2064, 2066, 2068, 2069, 2071, 2107, 2135, 2136. 
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4.48 FUNCTIONAL MODULE READ (REAL EIGENVALUE ANALYSIS - DISPLACEMENT) 

4.48. l Entry Point: REIG 

4.48.2 Purpose: 

To solve the equation 

[K] - A [M] {u} = 0 

for eigenvalues A and their associated eigenvectors. 

4.48.3 DMO.P Calling Sequence 

READ jKKKl jKDAAMl jLAMKl }PHIKl lKAA{'l~ {'MR,DM,EEO,USET,CASECC/lLAMA~'lPHIAf' MI,0EIGS/V,N,F0RMAT/V,N,NEIGVS/ 

V,N,NSKIP $ 

4.48.4 Input Data Blocks 

~} - Partition of stiffness matrix - a set. 

KDAAM - Negative of partition of differential stiffness matrix [K~a] - ·a set. 

~} - Partition of mass matrix - a set. 

MR - Rigid body mass matrix - r set. 

OM - Rigid body transformation matrix. 

EED - Eigenvalue Extraction Data. 

USET - Displacement set definitions table. 

CASECC - Case Control Data Table. 

Notes: 

1. KAA must be present. 

2. MR may or may not be present. 

3. OM and USET must be present if MR is present. 

4. EEO must be present. 

s. CASECC must be absent when substructure modal reduce is being performed. In all 
other cases, it must be present. 

6. In Buckling Analysis MAA • -KDAA. 
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4.48.5 Output Data Blocks 

t~~ ~ - Real Eigenvalue Table. 

~~i~ f - Eigenvectors matrix giving the eigenvectors in the a set. 

MI - Modal Mass Matrix. 

0EIGS - Real Eigenvalue Sunmary Table. 

~: LAMA and PHIA may also be input data blocks if the append mode is being used. 

4.48.6 Parameters 

F0RMAT - Input-BCD-no default. If F0RMAT; M0DES, READ will solve a buckling problem 

(i.e .• [AM - K] {u} • 0) using EIGB data cards where Mis the negative of the 

differential stiffness matrix. 

NEIGVS - Output-integer-no default. NEIGVS is the number of eigenvalues found. If none 

were found, NEIGVS • -1. 

NSKIP - Input-integer-default value of one. The method used by READ is taken from the 

NSKIP record of CASECC. This parameter is ignored when CASECC is purged, in which 

case the first available data on file EEO is used. 

4.48.7 Method 

REIG is the main controlling program for the READ module. Its responsibility is. to decide 

which method was asked for (Inverse Power, Detenninant or Givens) and to pass control to the 

appropriate routine. Once eigenvalues have been extracted, REIG directs the sorting and norma'liz­

ing of the vectors for final output. The flow of the module can be seen in the flow charts shown 

in Figure 1. If the output files LAMA and PHIA are present and non-null, READ enters the append 

mode (see READ7). 

4.48.8 Subroutines 

The subroutines used by READ are divided into five classes: 1) subroutines used by REIG, 

2) subroutines used for the Inverse Power Method, 3) subroutines used for the Determinant Method, 

4) subroutines used for the Givens Method, 5) subroutines used for the FEER Method, and 

6) general subroutines. The descriptions for the general subroutines can be found in Section 3. 
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4.48.8. 1 Subroutine Name: READl 

1. Entry Point: READl 

2. Purpose: To compute the eigenvectors for the rigid body modes. 

3. Calling Sequence: CALL READl (OM,MR,SCR1,SCR2,SCR3,PHIAT,USET,NR,LAMAT,SCR4) 

OM,MR,USET are the GIN0 file numbers of their respective data blocks - integer - input. 

SCRl , ••• ,SCR4 are the GIN0 file numbers of 4 scratch files - integer - input. 

PHIAT - GIN0 file number of a temporary storage file for the eigenvectors - integer - input. 

LAMAT - GIN~ file number of a temporary storage file for the eigenvalues - integer - input. 

NR - Number of rigid body modes - integer - output. 

C0MM0N /READlA/Z(l} 

Z(l) - Array of open core for READl 

4. Method: Let r be the number of rigid body modes and let 

I1 • 

etc. 

1 
0 

0 

0 
1 

0 

Set {v1} • {11} and perform the foll'owing three steps for 1 • 1, 2, ••• ,r. 

a. Normalize {v1} by the following equations: 

Si must be greater than zero for a consistent rigid body system. 
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b. Calculate using j = 1,2 •••• ,i: 

c. The next vector is then: 

(Return to step b). 

This procedure is a modification of the Schmidt orthogonalization procedure using 

the {I} vectors as a starting point. Since the [mrJ matrix is non-singular, the {I} 

vectors are independent with respect to the matrix. Each new vector {Ii+l} is made 

orthogonal with respect to the previous vectors by subtracting its scalar matrix 

products (a) with the other vectors. The matrix of -resulting vectors [~roJ should 

form a diagonal, unit matrix [mr
0
J with the equation: 

The remaining displacements of the rigid body eigenvectors are formed from the 

equation 

where [OJ corresponds to the data block OM. 

Each column of [~roJ is merged with [~10J using USET {UA,UL,UR). 

4.48.8.2 Subroutine Name: READ2 

1. Entry Points: READ2, READS 

(6) 

(7) 

(8) 

(9) 

2. Purpose: To compute the modal mass matrix [MIJ, to normalize the extracted eigenvalues, 

and to prepare the output files LAMA and 0EIGS. 

3. Calling Sequence: CALL READ2 (MAA,PHIA,SCR1,N0RM,IA,USET,MI,LAMA,~EIGS,SCR2,EPSI,SCR3) 

CALL READS (IP0UT) 
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MAA,PHIA,USET,MI,LAMA,0EIGS are the GIN0 file numbers of their respective data 

blocks - integer - input. 

SCR1, ••• ,SCR3 are GIN0 file number of 3 scratch files - integer - input. 

N0RM - Normalization method requested. 

MAX - Implies maximum component, 

P0INT - Implies specified component. 

MASS - Implies unit modal mass matrix. 

Input - BCD 

IA - If N0RM • P0INT, IA is the component number which is set to 1.0 -

integer - input. 

EPSI - If EPSI, o.o, the off-diaQonal tenns of the modal mass matrix [MI] are checked 

for the number which exceed EPSI. 

C0MM0N /READ2A/Z(l) 

Z(l) - Array of open core for READ2. 

4.48.8.3 Subroutine Name: READ3 

1. Entry Point: REA03 

2, Purpose: To sort the eigenvalues 1n ascending order and to output the eigenvalues 

and eigenvectors 1n order. Also, to pack the eigenvectors in standarc matrix format. 

3. Calling Sequence: CALL READ3 {N0VECT,NC0L,SCR1,SCR2,PH1,LAMBDA) 

N0VECT - Number of eigenvectors extracted - 1nteger - input. 

NC0L - Length of the vectors - integer - input. 

SCRl - GIN0 file containing the unsorted eigenvalues - integer - input. 

SCR2 - GI~,1 file containing the unsorted eigenvectors - integer - input. 

PHI - GIN0 file for the output sorted vectors - integers - input. 

LAMBDA - GINi file for the output sorted eigenvalues - integer - input. 

C0MM0N /REA02A/Z(l) 

Z(l) - Area of open core available to READ3. 
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4.48.8.4 Subroutine Name: READ4 

1. Entry Point: READ4 

2. Purpose: To test for close and equal roots found by either the Determinant Method or 

the Givens Method and make sure the corresponding vectors are orthogonal. 

3. Calling Sequence: CALL READ4 (LAMAT,MPHIA,SCRl ,EPSI,MAA) 

LAMAT - GIN0 file number of temporary storage file for the eigenvalues found -

integer - input. 

MPHIA - Matrix control block for PHIA ~. integer - input. 

SCRl - GIN~ file number of a scratch file - integer - input. 

EPSI - Close root test criteria - real - input. 

MAA - GIN0 file number of MAA - integer - input. 

C0MM0N /READ2A/Z(l) • See READ2A 

Z(l) - Array of open core for READ4. 

4.48.8.5 Subroutine Name: 0RTCK 

1. Entry Point: ~RTCK 

2. Purpose: 0RTCK will generate the generalized mass matrix for the close roots and 

make the epsilon test to determine if the vectors should be orthogonalized. 

3. Calling Sequence: CALL 0RTCK (X,MAA,BUFFER(l),NUM,NDIM,GM,ACCUM,EPSI) 

X - Unorthogonalized eigenvectors - real - input/output. 

MAA and EPSI are as described in READ4. 

BUFFER - GIN0 buffer. 

NUM - Nulll)er of close roots - integer - input. 

NDIM - Order of the problem - integer - input. 

GM - Generalized mass for the close roots - real array - output. 

ACCUM - Running sum of [MaaJ [~aJ - real - input/output. 
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4.48.8.6 Subroutine Name: INVPWR 

1. Entry Point: INVPWR 

2. Purpose: INVPWR is the main driver for the Inverse Power Method of eigenvalue 

extraction. 

3. Calling Sequence: CALL INVPWR 

C0MM0N /INVPWX/K(7),M(7),LAM(7),PHI(7),SCRFIL(S),EIGSUM,LMIN,LMAX,N0EST,NDPLUS,NDMNIJS, 

EPS,N0RTH0 

K,M - Matrix control blocks for the input stiffness and mass matrices, [K] and [M]. 

LAM,PHI - Matrix control blocks for the output eigenvalue and eigenvector files. 

SCRFIL(S) - GIN0 file numbers for eight scratch files. 

EIGSUM - GIN0 file number for the eigenvalue sunmary file - integer. 

LMIN-LMAX - Desired range for eigenvalues - real. 

N0EST - Number of estimated eigenvalues in the range - integer. 

NOPLUS - Number of desired positive eigenvalues - integer. 

NDMNUS - Number of desired negative eigenvalues - integer. 

EPS - Convergence criteria -· real. 

N0RTH0 - Number of ~oots extracted - integer. 

C0MM0N /INVPX/2(1) 

Z{1) - Area of open core available to INVPWR. 

The general methods and flowcharts used for Inverse Power Method with Shifts can be 

found in s~ction 9.3, and theoretical implications can be found in Section 10.4 of the 

Theoretica, Manual. 

4.48.8.7 Subroutine Name: INVPl 

1. Entry Point: INVP1 

2. Purpose: To set up a call to ADD to form 

[A] • [K] • X
0 

[M] 
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3. Calling Sequence: CALL INVPl 

C0MM0N /INVPWX/K(7) ,M(7) ,A 

C0MM0N /INVPXX/LAM0 

C0MM0N /INVP1X/Z( l) 

K,M - Matrix control blocks for the input matrices. 

A - GIN0 file number for the output matrix. 

LAM0 - Double precision scalar multiplier. 

Z(l) - Area of open core available to ADO. 

4.46.8.8 Subroutine Name: INVP2 

1. Entry Point: INVP2 

2. Purpose: To initialize and call DEC0MP for subroutine INVPWR. 

3. Ca 11 i ng Sequence: CALL INVP2 

C0MM0N /INVPWX/OUM(l4),A(7),L(7),XX(2),U,SCR1,SCR2,SCR3,LL,UU 

C0MM0N /INVPXX/OUMM(12},SWITCH 

C0MM0N /lNVPZX/Z(l} 

A - GIN0 file number of the input matrix - integer - input. 

L,U - GIN0 file number for the lower and upper triangular matrices output from OEC0MP -

integer - input. 

SCRl I } 

SCR2, - Three scratch files used by D~C0MP - integer - input. 
SCR3 

LL,UU - GIN0 file numbers for alternate storage of Land U - integer - input. 

SWITCH - O - Store output matrices in L and U. 1 - Store output matrices in LL and u11 -

integer - input. 
Z(l) - Area of open core available for OEC0MP. 

4.48.8.9 ·subroutine Name: INVP3 

1. Entry Point: INVP3 

· 2. Purpose: To sclve for an eigenvalue.and eigenvector using the Inverse Power Method. 

3. Calling Sequence: CALL INVP3 

C0MM0N /INVPWX/K(7),M(7),LAM(7),PHI(7},SCRFIL(8),EIGSUM,LMIN,LMAX,N0EST,NOPLUS,NOMNUS,EPS 

C0MM0N /INVP3X/Z(l) 
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See INVPWR for a description of /INVPWX/(section 4.48.8.6). 

Z(l) - Open core for INVP3. 

4. Method: The logic flow of INVP3 and the mathematical equations are supplied 

in Section 9.3. Theoretical considerations are presented in the Theoretical 

Manua 1. 

INVP3 was designed with two aspects in mind: first to assure that all roots within 

a given region are found, and second to avoid any possibility of looping uncontrollably. 

To accomplish these ends, considerable testing was inserted around the mathematical 

equations. 

5. Design Requirements: INVP3 needs sufficient storage to hold seven double precision 

a set vectors and four GIN0 buffers in core. 

4.48.8. 10 Subroutine Name: N0RM1 

1. Entry Point: N0RM1 

2. Purpose: To normalize a vector {x} such that its maximum component is one. 

3. Calling Sequence: CALL N0RM1 (X,DIV) 

C0MM0N /INVPWX/XX,N 

N - Length of the double precision vector {x}. 

X - Double precision vector {x}. 

DIV - Double precision value of the divisor used to normalize {x}- output. 

4.48.8.11 Subroutine Name: MTIMSU 

1. Entry Point: MTIMSU 

2. Purpose: To pre-multiply a vector by a matrix i.e.,: 

{x} • [M] {y}. (11) 

3. Calling Sequence: CALL MTIMSU (Y,X,BUF) (BUF is not used) 

C0MM0N /1NVPWX/DUM{7),M(7) 

C0MM0N /INVPXX/DUMM(13),NZER0 
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M - Matrix control block for matrix [M]. 

X,Y - Double precision left and right hand side vectors. 

BUF - GIN0 buffer. 

NZER0 - Number of zero columns of matrix [M]. 

4.48.8. 12 Subroutine Name: XTRNSY 

1. Entry Point: XTRNSY 

2. Purpose: To form the dot product of two vectors 

a • {x}T {y}. 

3. Calling Sequence: CALL XTRNSY (X,Y,A) 

C0MM0N /INVPWX/XX,N 

N - Length of vectors {x} and {y}. 

X,Y - Double precision vectors. 

A - Double precision value of the dot product. 

4.48.8.13 Subroutine Name: SUB 

1. Entry Point: SUB 

2. Purpose: To evaluate the vector equation 

{z} • a{x} - b{y}. 

3. Calling Sequence: CALL SUB {X,Y,A,B) 

C0MM0N /INVPWX/XX,N 

N - Length of the vectors {x} and {y}. 

X,Y - Double precision vectors in the above equation. Y, upon return from SUB, 

contains the difference vector {z}. 

A,B - Double precision scalar multipliers. 

___ ,,,.,,..,w .-, -
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4.48.8.14 Subroutine Name: INVFBS 

1. Entry Point: INVFBS 

2. Purpose: INVFBS will perform the forward-backward substitution necessary to 

solve one iteration of the Inverse Power Method given by 

3, Calling Sequence: CALL INVFBS (X,Y,BUF) 

C0MM0N /INFBSX/L(7),U(7) 

L,U - Matrix control blocks for- the lower and upper triangular matrices generated 

by decomposition of (CK] - A
0 

[M]). 

X - Double precision right hand vector. [M] {un_
1
}. 

Y - Double precision solution vector. {W }. 
n 

BUF - GIN0 buffer. 

4. Method: INVFBS is a stripped down version of GFBS. Both vectors are stored in 

core. 
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4.48.8.15 Subroutine Name: DETM 

1. Entry Point: DETM 

2. Purpose: To supervise the operations of the Detenninant Method.· 

3. Calling SeQuence: CALL DETM 

A 11 detenni nant routines use common b 1 ocks /REGEAN/ and /DETMX/. 

C0MM0N /REGEAN/IM(7),IK(7),IEV(7),SCR1,SCR2,SCR3,SCR4,SCRS,LC0RE,RMAX,RMIN,MZ,NEV,EPSI, 

RMINR,NE,NIT,NEVM,SCR6,SCR7,NF0UND,LAMA,IBUCK,NSYM 

IM(7) - Matrix control block for MAA •.. 

IK(7) - Matrix control block for KAA. 

IEV(7) - Matrix control block for the eigenvectors. 

SCRl, ... , 
SCR7 - GIN~ file number of 7 scratch files - integer - input. 

SCRl - Contains [KAA] - A[MAA]. 

SCR2 - Contains [LLL]. 

SCR3 - Contains [ULL]. 

LC0RE - Amount of open core reserved for starting points, detenninants, scale factors 

and accepted eigenvalues - integer - input. 

RMAX - Maximum eigenvalue of interest - real - input/output. 

RMIN - Minimum eigenvalue of interest - real - input. 

MZ - Number of zero eigenvalues - integer - input. 

NEV - Number of estimated eigenvalues in the range of interest - integer - input. 

EPSI - Convergence criteria - real - input/output, EPSI • 1.ox10·11 currently. 

RMINR - Lower boundary to search region. (RMINR • -.Ol*RMIN) 

For buckling problems a pole of geometrically increasing order is placed at 

RMINR each time the search procedure points below RMIN - real - input. 

NE - Number of changes in the convergence criteria - 1nteger - input, NE is currently 

set at 4. 
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NIT - Number of iterations allowed to converge to an eigenvalue. NIT is 

currently set to 20 - integer - input. 

NEVM - Number of eigenvalues desired - in~eger - input. 

NF0UND - Number of eigenvalues found - integer - output. 

LAMA - GIN0 file number of eigenvalue storage file - integer - input. 

IBUCK - Buckling flag. If IBUCK • 3, the current problem is a Buckling Analysis 

problem - integer - input. 

NSYM - Synmetric determinant flag. If NSYM • 1, synmetric decomposition is used 

to compute the determinant of A - integer - input. 

C(aMM0N/DETMX/P(4),DETX(4),PS1(4),0ET1(4),N2EV,IPSAV,IPS,IDET,IPDETA,PREC,NSTART,NDCMP,IC,NSM0VE, 

ITERM,IS,NO,IADD,SML1,IPDETX(4},IPDET1(4},IFAIL,K,FACT1,IFFND,NFAIL,NP0LE,ISNG 

P - The 3 trial values of the eigenvalue - double precision - input/output. 

DETX - The determinants of the 3 P's above - double precision - input/output. 

PS1 - The 3 current starting points - double precision - input/output. 

DET1 - The determinants of the 3 starting points - double precision - input/output. 

N2EV - The number of starting points - integer - input. 

IPSAV - Pointer to the accepted eigenvalues - integer - input. 

IPS - Pointer to the starting points - integer - input. 

ICET - Pointer to the determinants of the starting points - integer - input. 

IPDETA - Pointer to the scale factors of the determinants - integer - input. 

PREC - Precision of the calculations - integer - input. 

NSTART - Number of passes through the starting points - integer - output. 

NDCMP - Total number of decompositions - integer - output. 

IC - Total number of convergence criteria changes - integer - output. 
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~1SM0VE - Number of starting point moves - integer - output. 

ITERM - Reason for termination - integer - output. 

IS - Start set counter - integer - input/output. 

ND - Number of new starting points to evaluate - integer - input. 

IADD - Pointer to next starting point to evaluate - integer - input/output. 

SMLl - Magnitude of smallest diagonal elemen·t of [ULL] - real - output. 

IPDETX - Scale factors for the determinants in DETX - integer - input/output. 

IPDETl - Scale factors for the determinants in DETl - integer - input/output. 

IFAIL - If this set of starting points produced a failure to iterate to a root, 

IFAIL • l - integer - input/output. 

K - Current iteration counter - integer - input. 

FACTl - Constant• EPSI*SQRT(RMAX) - real - input/output. 

IFFND - If an eigenvalue is accepted on a given pass through the starting points, 

IFFND • 1 - integer - input/output. 

NFAIL - Number of failures to iterate to a root - integer - output. 

NP0LE - Order of the current pole at RMINR - integer - input/output. 

ISNG - Number of singular matrices detected during decomposition - integer - input/output. 

C0MM0N/DETDX/DZ(l) 

DZ(l) - Array of open core for DETM. 

4. Method: The general method used for the Determinant Method is described in 

Section 9. 1. 

5. Design Requirements: DETM needs sufficient open core to hold two double precision a set 

vectors and one GIN0 buffer. Open core at /DETOX/ is used for storage of starting points, 

determinants, powers and accepted eigenvalues. 

4.48.8.16 Subroutine Name: DETMl 

1. Entry Point: DETMl 

2. Purpose: To compute the locations of the ~tarting points. 

3. Calling Sequence: CALL DETMl ($n) 

4.48-1~ (7/4/76) 



MODULE FUNCTIONAL DESCRIPTIONS 

n - The statement number to which DETMl will return if the first three starting points 

yield a singular matrix. 

4.48.8. 17 Subroutine Name: DETM2 

1. Entry Point: DETM2 

2. Purpose: To evaluate the detenninant of NO starting points. 

3. Ca1ling Sequence: CALL OETM2 

4.48.8. 18 Subroutine Name: DETM3 

1. Entry Point: DETM3 

2. Purpose: To iterate for an eigenvalue. 

3. Calling Sequence: CALL DETM3 ($n1,$n2,$n3) 

n1 - Return for a new stirting point. 

n2 - Return for a new pass through the starting points. 

n3 - Return for problem time expired. 

4.48.8.19 Subroutine Name: DETM4 

1. Entry Point: DETM4 

2. Purpose: To move any starting points necessary. 

3. Calling Sequence: CALL OETM4 

4.48.8.20 Subroutine Name: OETMS 

1. Entry Point: OETMS 

2. Purpose: To wrjte out the eigenvalue analysis surrmary for the determinant method. 

3. Calling Sequence: CALL OETMS. 

4.48.8.21 Subroutine Name: DETM6 

1. Entry Point: OETM6 
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2. Purpose: To rescale any number by powers of 10. 

3. Calling Sequence: CALL OETM6 (O,P0WER) 

The arguments are both input and output to the routine and are defined by the 

following equation. 

O is double precision and P0WER is integer. 

4.48.8.22 Subroutine Name: FDVECT 

1. Entry Point: FOVECT 

z. Purpose: To build the load vector to solve for an eigenvector. 

3. Calling Sequence: CALL FDVECT (SMLl,PK) 

SMLl - Smallest diagonal term of [ULLJ - real - input. 

PK - Accepted eigenvalue - double precision - input. 

4.48.8.23 Subroutine Name: EADO 

1. Entry Point: EADO 

2. Purpose: To compute (A] c [KAAj - p(MAAJ. 

3. Calling Sequence: CALL EADD (P,PREC) 

P - Trial value for one eigenvalue - double precision - input. 

PREC - "2" - integer - input. 

4.48.8.24 Subroutine Name: DETOET 

1. Entry Point: DETDET 

2. Purpose: To compute the swept determinant of [A]. 

3. Calling Sequence: CAI.L DETDET (OETA,IP0WR,P,SML1,0LDD,IPR0LD} 
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DETA - Swept determinant of [A] - double prec~sion - output. 

IP0~4R - Scale factor of DETA - integer - output. 

P - Value of p used in computing [A] - double precision - input. 

SMLl - Value of smallest diagonal term of [ULL] - real - output. 

GLOD - Swept determinant of previous value of p - double precision - input. 

IPR0LD - Scale factor of 0LDD - integer - input. 

4.48.8.25 Subroutine Name: ARRM 

1. Entry Point: ARRM 

2. Purpose: To arrange three starting points in order by the magnitude of their 

scaled determinants. 

3. Calling Sequence: CALL ARRM (P,O,NO) 

P - Array of 3 starting points - double precision - input/output. 

D - Array of 3 determinants at P - double precision - input/output. 

NO - Array of 3 scale factors of D - integer - input/output. 

4.48.8.26 Subroutine Name: SUMM 

1. Entry Point: SUMM 

2. Purpose: To add two scaled numbers together. 

3. Calling Sequence: CALL SUMM (SUM,ISUM,T1,IT1,T2,IT2,N) 

The arguments are defined by the fol lowing equation: 

SUM x 10ISUM • Tl x lOITl ! T2 x 10ITZ • 

If N • 1, the plus sign i~ used, otherwise the minus sign is used. 

SUM, Tl, T2 are double precision. 

N, ITl, ISUM, IT2 are integers. 
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4.48.8.27 Subroutine Name: SQRTM 

1. Entry Pcint: SQRTM 

2. Purpose: To compute the square root of a scaled number. 

3. Calling Sequence: CALL SQRTM (A,IA,B,IB) 

The arguments are defined by the following equation: 

A and Bare double precision. 

IA and IB are integers. 

4.48.8.28 Subroutine Name: OETFBS 

1. Entry Point: OETFBS 

Ax 101A = ~Bxlo18 

2. Purpote: To solve for the eigenvector. 

3. Calling Sequence: CALL OETFBS (F,X,BUFFER,FU,NR0W) 

F - Array containing the load vector {F} - double precision - input. 

X - Array containing the eigenvector - double precision - output. 

BUFFER - G!N0 buffer. 

FU - Matrix control block for [ULL] - integer - input. 

NR0W - Order of the problem (length of F and X) - integer - input. 

4.48.8.29 Subroutine Name: VALVEC 

1. Entry Point: VALVEC 

2. Purpose: To extract the eigenvalues and eigenvectors of a synvnetric matrix. 

3. Calling Sequence: CALL VALVEC 

C0MM0N /GIVN/Xl,M0,MO,MR1,Ml,M2,M3,M4,X9{3),RSTRT,X18(82),N,LFREQ,0ROER,Y4,HFREQ,LAMA,NV, 

X8(2),NF0UN0,0EIGS,PHIA,NVER,NEVER,MAX,ITERM 

C0MM0N /XXVLVC/Z(l) 

/GIVN/ is used by all Givens routines. 
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GINf6 file number of the input matrix - integer - input. 

MO, MRl, Ml, M2, M3, M4 - GIN~ file numbers of scratch files - integer - input. 

RSTRT 

N 

LFREQ, HFREQ 

f6RDER 

LAMA, 0EIGS, PHIA 

NV 

NFf6UND 

NVER 

NEVER 

MAX 

ITER 

z 

-
10 1 indicates no restart is being made - integer - input. 

- Order of the problem - integer - output. 

- Frequency range for computation of eigenvectors - real - input. 

- Eigenvalue sort order flag - integer - input. 

- GIN~ file name of the associated data blocks - integer - input. 

- Number of eigenvectors to compute - integer - input. 

- N~'lllber of rigid body modes previously found - integer - input. 

- Number of fails to converge on eigenvectors - integer - output. 

- Number of fails to converge on eigenvalues - integer - output. 

- Maximum number of QR iterations allowed - integer - input. 

- Reason for tennination •integer• input. 

- Open core for VALVEC. 

Xl, X9. Xla. YY 1 XS are dUlllll,Y variables and are not currently used. 

4.48.8.30 Subroutine Name: SMLEIG 

1. Entry Point: SMLEIG 

2. Purpose: To ccmpute the eigenvalues for a 1 by 1 and 2 by 2 matrix and the eigenvector 

for a 1 by 1 matrix. 

3. Calling Sequence: CALL SMLEIG (D,9,VAL) 

D • Array of diagonal values - double precision- output. 

9 • Array of off-diagonal values - double precision·- output. 

VAL • Array of eigenvalues - double precision - output. 

4.48.8.31 Subroutine TRIDI 

1. Entry Point: TRIOI 
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2. Purpose: To tridiagonalize a syrrmetric matrix. 

3. Calling Sequence: CALL TRIDI (D,0,C,A,B,AA) 

D - Diagonal terms of the tridiagonal matrix - double precision - output. 

0 - Off diagonal terms of the triadiagonal matrix - double precision - output. 

C - Scratch array which contains another copy of the diagonal terms at the conclusion 

of TRIDI - double precision - output. 

A - Remainder of core - double precision - scratch. 

B Scratch array which contains the square of the off-diagonal terms - double precision 

- output. 

AA - Remainder of core - single precision - scratch. 

4.48.8.32 Subroutine Name: SIC0X 

1. Entry Point: SIC0X 

2. Purpose: To initialize the arrays in SICAS. See section 4.48.8.33. 

3. Calling Sequence: CALL S1C0X (D,0,C0S) 

D - Array of diagonal values - double precision - input/output. 

0 - Array of off-diagonal values - double precision - input. 

C0S - Array of cosine rotation factors - double precision - input/output. 

4.48.8.33 Subroutine Name: SIC0X (D,0,C0S) 

1. Entry Point: SINCAS 

2. Purpose: To compute the rotation factors for a given row. 

3. Calling Sequence: CALL SINCAS (R0W,FLAG). 

R0W - The number of the current row to rotate - integer - input. 

FLAG - If no rotations are required for this row, FLAG• o. Otherwise, FLAG= 1 - integer 

- input. 
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. 
4.48.8.34 Subroutine Name: R0TAX 

l. Entry Point: R0TAX 

2. Purpose: To initialize the arrays in R0TATE. See section 4.48.8.35. 

3. Calling Sequence: CALL R~TAX (0,SIN,C0S) 

0 - Array of off-diagonal values - double precision - input/output. 

SIN - Array of sine rotation factors - double precision - input. 

C0S - Array of cosine rotation factors· input. 

4.48.8.35 Subroutine Name: R!iTAX 

1. Entry Point: R0TATE 

2. Purpose: To rotate as much of the matrix as 'fits into core. 

3. Calling Sequence: CALL R0TATE (A,R0W,R0Wl,R0W2) 

A - Partition of the matrix held in core· double precision - input. 

R0W The row number of current rotation row - integer - input. 

R0Wl - The row number of the first row of the matrix partition in core - integer - input. 

R0W2 - The row nl.ilTlber of the last row of the matrix partition in core - integer - input. 

4.48.8.36 Subroutine Name: EMPCIR 

1. Entry Point: EMPC0R 

2. Purpose: To empty core of a triangular r•trix partition. 

3. Calling Sequence: CALL EMPC0R (MT1,MT2,PT,PC,FRSR0W,MIDR0W,LASR0W,NX,A,Z} 

MTl - GING file name of the first output file - integer - input. 

MT2 - GINt file name of the second output file - integer - input. 

PT - Precision (1 • single precision, 2 • double precision) of the input matrix• 

int.ager • input. 

PC - Precision (1 • single precision, 2 • double precision) of the output matrix -

integer• input. 

FRSRGW • The row nwnber of the first row in core - integer - input. 

MIDRGW - When the current row is greater than MIDR0W, write the remainder of the matrix 
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onto MT2 - integer - input. 

LASR0W - The row number of the 1ast row in core - integer - input. 

NX - Order of the matrix - integer - input. 

A - Storage containing the triangular matrix - double precision - input. 

Z - GIN0 buffer - input. 

4,48.8.37 Integer Function Name: FILC0R 

1. Entry Point: FILC0R 

2. Purpose: To fill core with a triangular matrix • 
• 

3. Calling Sequence: R0W • FILC0R (MT1,MT2,PC,FRSR0W,MIDR0W,NX,A,NZA,Z) 

MTl - GIN0 file name of the first part of the matrix (up to MI0R0W) - integer - input. 

MT2 - GIN0 file name of the rest of the matrix - integer - input. 

PC Precision (1 ., single precision, 2 • double precision) of the matrix in core -

integer - input, 

FRSR0W - The row number of the first row of the matrix to be read - integer - input. 

MI0R0W - Breakpoint of the matrix - integer - input. 

NX - Order of the matrix - integer• input. 

A - Core storage to hold the matrix• integer - input. 

NZA • Number of single precision words at A - integer - input. 

Z • GIN0 buffer· input. 

R0W - The row number of the last row read into A - integer. output. 

4.48.8.38 Subroutine Name: QRITER 

1. Entry Point: QRITER 

2. Purpose: To obtain the eigenvalues of a tridiagonal matrix by the Ortega - Kaiser QR 

iteration technique. 

3. Calling Sequence: CALL QRITER (VAL,0,L0C,QR) 
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VAL - Diagonal tenns of the tridiagonal matrix on input, reordered eigenvalues on return -

double precision - input/output. 

-0 -· Squares of the off-diagonal tenns of the tridiagonal matrix. These are iteratively 

reduced to zero - double precision - input/output. 

L0C - Array giving the order in which each eigenvalue is found - integer· output. 

QR ··QR; O implies that the eigenvalues already exit at VAL and this is an ordering call 

only - integer - input. 

4.48.8.39 Subroutine Name: WILVEC 

1. Entry Point: WILVEC 
• 

2. Purpose: To compute eigenvectors by the Wilkinson method. 

3. Calling Sequence: CALL WILVEC (0,0,VAL,VL0C,V,F,P,Q,R,VEC,NX,SVEC) 

O - Array of diagonal values - double precision - input. 

0 - Array of off-diagonal values - double precision - input. 

VAL • Array of eigenvalues - double precision - input. 

VL0C - Array of original ordering of eigenvalues - integer - input. 

V,F,P,Q,R - Scratch arrays of length equal te the order of the problem - double precision -

input/output. 

VEC • Array of core to store vectors - double precision.- scratch. 

NX • Not used 

SVEC • Array of·core to store vectors - single precision - scratch. 

4.48.8.40 Subroutine Name: INVERT 

1. Entry Point: INVERT 

2. Purpose: To drive INVTR (see section 4.48.8.41) to compute the inverse of an upper or 

lower triangular matrir.. 
• 

3. Calling Sequence: CALL INVERT (IA,1B,SCR1) 

C~MM0N /INVTRX/Z(l) 
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- GIN0 file name of an upper or lower triangular matrix - integer - input. 

18 - GIN0 file name of the inverse of the matrix on IA - integer - input. 

SCRl - GlN0 file name of a scratch file - integer - input. 

z - Open core for INVERT. 

4.48.8.41 Subroutine Name: INVTR 

1, Entry Point: INVTR 

2. Purpose: To invert a triangular matrix. 

3. Calling Sequence: CALL INVTR (X,OX) 

C0MM0N /INVTRX/FA(7),FB(7),SCRFIL,NX,PREC 

X - Open core for INVTR - single precision - scratch. 

DX - Open core for INVTR (same address as X) - double precision - scratch. 

FA - Matrix control block for the input matrix~ integer - input. 

FB - Matrix control block for the output matrix - integer - input. 

SCRFIL - GINQ file name of a scratch file - integer - input. 

NX - Length in words of X - integer - input. 

PREC - Precision (1 • single precision, 2 • double precision) of the computation -

integer - input. 

4.48.8.42 Subroutine Name: READ6 

1. Entry Point: READ6 

2. Purpose: To merge the rigid body eigenvectors with vectors computed by GIVENS. 

3. Calling Sequence: CALL READS (IRBM,IMGIV,NR,IPHIA) 

C0MM0N /READ6X/Z(1) 

IRBM - GIN0 file name for eigenvectors computed by REAOl - integer - input. 

IMGIV - GIN0 file name for eigenvectors computed by GIVENS - integer - input. 

NR - Number of eigenvectors computed by READl - integer - input. 
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IPHIA - GIN0 file name for merged eigenvectors - integer - input. 

Z - O::~n core for READ6. 

4.48.8.43 Subroutine Name: READ? 

1. Entry Point: REA07 

2. Purpose: To extract eigenvalues and eigenvectors previously found and to place them on 

the internal scratch files. The vectors are renormalized to "MASS". 

3. C~lling Sequence: CALL REA07 (NR,0LAMA,0PHIA,NLAMA,NPHIA) 

where: 

NR is the number of old eigenvectors found on 0PHIA. 

0LAMA,0PHIA,NLAMA,NPHIA are the GIN0 file numbers of the old and new LAMA and PHIA files. 

4. Design Requirements: Open core is at /REAOlA/. 

4.48.8.44 Subroutine Name: FCNTL 

1. Entry Point: FCNTL 

2. Purpose: FCNTL is the main driver for the real Tridiagonal Reduction {FEER) method. 

3. Calling Sequence: CALL FCNTL 

C0MM0N/FEERCX/IFKAA(7),IFKAA(7},IFLELM(7},IFLVEC97),SR1FLE,SR2FLE,SR3FLE,SR4FLE,SRSFLE, 

SR6FLE,SR7FLE,SR8FLE,OMPFLE,N0RD,XLt,BDA,NEIG,M0RD,IBK,CRITF,N0RTH0,IFLRVA,IFLRVC 

IFKAA,IFMAA - Matrix control blocks for the input stiffness and mass matrices. 

IFLELM,IFLVEC - Matrix control blocks for the output eigenvalue and eigenvector files. 

SRl FLE 
SR2FLE 
. 

SRBFLE 

OMPFLE 

N0RD 

XLMBOA 

NEIG 

- GIN0 file numbers for eight scratch files (integer) • 

- GIN0 file number for the eigenvalue sunmary file (integer}. 

- Problem size (set internally using the dimension of the stiffness matrix). 

- User specified shift. 

- Desired nunt>er of eigenvalues specified by the user. 
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M0RD - Reduced order of the problem (set internally). 

IBK - Buckling option indicator (set internally). 

CRITF - The user specified (or default) desired theoretical accuracy of the eigen-

N0RTH0 

values expressed as a percentage. 

- N.umber of orthogonal vectors in present set (includes previously computed 

vectors). 

IFLRVA,IFLRVC - GIN0 file numbers for the previously computed eigenvalues and eigenvectors. 

C~MM0N/FEERXX/LAMB0A, CNDFLG, ITER, TIMED, L 16, I0PTF ,EPX, N0CHNG, IND ,LMBDA, I FSET ,NZER0 ,N0NUL, 

IDIAG,MRANK,ISTART 

LAMBDA 

CNDFLG 

ITER 

TIMED 

L16 

I0PTF 

EPX 

N0CHNG 

IND 

LMBDA 

IFSET 

NZER0 

N0NUL 

IDIAG 

MRANK 

I START 

- Value of the shift actually used (double precision). 

- Termination indicator. 

- Nurrt>er of starting points used. 

- Not currently activated. 

- DIAG 16 output indicator ·set internally. 

- Specified shift option indicator set internally. 

- Orthogonality convergence criteria. 

- Theoretical error parameter. 

- Not activated. 

- Not activated {double precision). 

- Internally computed shift indicator. 

- Number of previously obtained eigenvectors. 

- Number of vector iterations. 

- Not activated. 

- Maximum rank of the problem. 

- FEER start time. 
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C0Mr-1.11N/FEER3X/Z(l) 

Z( l) - Area of open core used by FCNTL. 

C0MM0N/0PINV/MCBLT(7),MC8SMA(7),MCBVEC(7),MCBRM(7) 

MCBLT 

MCBSMA 

MCBVEC 

MCBRM 

- Lower triangular matrix, [L], control block. 

- Conditioned [M] matrix control block. 

- Orthogonal vector file control block. 

- Trial vector, [VJ or ([C]-l)T[V] control block. 

4. Design Requirements: The FEER method requires sufficient core for four GIN0 buffers and 

five vectors. The method can be perfonned in single or double precision. Default values of 

key parameters in C0MM0N/FEERCX/ are provided in the block data subprogram FEERBO. 

5. Subroutine Glossary for the FEER method. 

FCNTL 
FEERl 
FEER2 
FEER3 
FEER4 
FNXTV, FNXTVC 
FQRW,FQRWV 
FRBK,FRBK2 
FRMAX 
FRMLT,FRMLTD 
FRML TX, FRML TA 
FRSW,FRSW2 

6. The user can obtain special detailed infonnation relating to'the generation of the.reduced 

problem size, the elements of the reduced tridiagonal matrix, computed error bounds and other 

numerical tests by requesting DIAG 16 in the NASTRAN Executive Control Deck. 

The meaning of this infonnation is explained below in the order in which it appears in 

the DIAG 16 output. 

0RDER 

MAX RANK 

RED 0RDER 

f/JRTH VCT 

- The order of the unreduced problem (size of the (Kaa] matrix) 

- The maximum number of existing finite e1genso1utions as initially detected 
by FEER 

- The order of the reduced eigenproblem which will be solved to obtain the 
number of accurate solutions requested by the user 

- The number of previously computed accurate eigenvectors on the eigenvector 
file which were generated prior to restart or by the NASTRAN rigid body mode 
generator 

4.48-191 (12/31/77) 



uSER SHI FT 

FUNCTIONAL MODULE READ (REAL EIGENVALUES ANALYSIS - DISPLACEMENT) 

- Used only in frequency problems. The user specified shift after conversion 
from cycles to radians - squared 

INTERNAL SHI FT- Used only in frequency problems. A small positive value automatically com­
puted to remove singularities if the user has specified a zero shift. 
Otherwise, the negative of the user shift 

SINGULARITY CHECK - PASS: the shifted stiffness matrix is non-singular 
****: the number of internal shifts needed to remove stiffness matrix 
singularities 

TRIDIAG0NAL ELEMENTS R0W j, **, ***, **** - Lists the computed tridiagonal elements of the 
reduced eigenmatrix: 

j Matrix row 
** - Diagonal element. 
*** - Off-diagonal element 
**** - First estimate of off-diagonal element in the next row 

0RTH ITER - The number of times a reorthogonalization of a trial vector has been 
performed 

Mll.X PR0J - The maximum projection of the above trial vector on the previously computed 
accurate trial vectors (prior to the current reorthogonalization) 

N0RMll.L FACT - The normalization factor for the reorthogonalized trial vector 

0PEN C0RE N0T USED*** FEER3 - open core not used by Subroutine FEER3, in single-precision 
words 

FEER QRW ELEMENT*, ITER **• ***• RATI0 ****• PR0J *****: 

* 

** 

*** 

**** 

***** 

- The internal eigenvalue number in the order of its extraction by FEER 

- ihe nunt>er of inverse power iterations perfonned to extract the associated 
eigenvector of the reduced system (this is ~ot a physical eigenvector) 

If a multiple root has been detected, the number of times that the previous 
multiple-root, reduced-system eigenvectors have been projected out of the 
current multiple-root eigenvector before repeating the inverse power 
iterations · 

- The absolute ratio of maximum, reduced-system eigenvector elements for suc­
cessive inverse power iterations 

- The maximum projection of a current multiple-root eigenvector on previously 
computed eigenvectors for the same root. 

PHYSICAL EIGENVALUE*,**• THE0R ERR0R *** PERCENT, PASS 0R FAIL: 

* - The internal eigenvalue number in the order of its extraction by FEER 

** - The associated physical eigenvalue (X for buckling problems, w2 for 
frequency problems) 
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*** - Theoretical upper bound on the relative eigenvalue error, in percent 

PASS - The computed error is less than or equal to the allowable specified on the 
EIGB or ElGR bulk data card (default is .001% where n is the order of the 
stiffness matrix) 

FAIL - The computed error is greater than the allowable and this mode is not 
accepted for further processing 

0PEN C0RE N0T USED*** FEER4 - open core not used by Subroutine FEER4, in single precision 
words 

FEER COMPLETE*,**,***,**** 

* 

** 

-· 
**** 

- The remaining CPU time available following decomposition of the shifted 
stiffness matrix, in seconds· (the total time is specified on the TIME 
card in the Executive Control Deck} 

- The remaining CPU time, in seconds after completing Subroutine FEER3 

- The remaining CPU time, in seconds after completing Subroutine FEER4 

- The total operation count for FEER after decomposition of the shifted stiff-
ness matrix. One operation is considered to be a multiplication or division 
followed by an addition 

4.48.8.45 Subroutine FEERl 

1. Entry Point: FEERl 

2. Purpose: To set up the call to SADO to form 

[KJ • [KJ + A[MJ. 

3. Calling Sequence: CALL FEERl 

C0MM0N/FEERCX/FILEK(7),FILEM(7),SCR1 

FILEK,FILEM - Matrix control blocks for the input matrices. 

SCRl - GIN0 file nuri>er for the output matrix. 

C0MM0N/FEERX/LAM3DA 

LAMBDA - Input shift parameter (double precision). 

C0MM0N/FEER1X/Z(l} 

Z(l) - Area of open core used by FEERl. 
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4. Design Requirements: FEERl can perform sinqle or double precision operations. 

4.48.8.46 Subroutine FEER2 

1. Entry Point: FEER2 

2. Purpose: To set up the call to SDC0MP to perform matrix decomposition. Only the output 

lower triangular matrix is used in the FEER method. 

3. Calling Sequence: CALL FEER2 (IRET) 

IRET - Output singularity indicator (integer). 

C0MM0N/FEERCX/IFKAA(7),IFMAA(7),IFLELM(7),IFLVEC(7),SR1FLE,SR2FLE,SR3FLE,SR4FLE,SRSFLE, 

SR6FLE,SR7FLE,SR8FLE,OMPFLE,N0RD,XLMBDA,NEIG,M0RD,IBK,CRITF,N0RTH0,IFLRVA,IFLRVC 

IFKAA 

IFLELM 

IFLVEC 

SR3FLE 
SR4FLE 
SRSFLE 
SR6FLE 

IBK 

- Input control block parameters. 

- GIN0 file number of the input matrix. 

- Matrix control block for the output lower triangular matrix. 

- Scratch f.iles used by S0C0MP. 

- Buckling indicator used to determine if the Cholesky method is to be used 

in SDCIIJMP. 

See FCNTL for·the remaining definitions (Section 4.48.8.44). 

C2)MfilN/FEERXX/DUMM( 12), I FSET 

IFSET - Internal shift indicator used to detennine if the Cholesky method is to be 

used. 

CDM"1'N/~PINV/MCBLT( 7) 

MCBLT(7) - Matrix control block for the output lower triangular matrix. 

CDMMl)N/FEER2X/Z { 1) 

2(1) - Area of open core used by S0Ct')MP. 

4. Design Requirements: FEER2 can perform single or double precision operations. 
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4.48.8.47 Subroutine FEER3 

1. Entry Point: FEER3 

2. Purpose: FEER3 obtains the reduced tridiagonal matrix for the FEER method of eigenvalue 

extraction. 

3. Calling Sequence: CALL FEER3 

C0Mr-'0N/FEERCX/ 

C0MM0N/FEERXX/ 

C0M111JN/0PINV/ 

See FCNTL for a description of /FEERCX/, /FEERXX/ and /0PINV/ (Section 4.48.8.44). 

C0MI\VN/FEER3X/Z(l) 

Z(l) - Area of open core used by FEER3. 

4. Design Requirements: FEER3 can perfonn single or double precision operations. 

4.48.8.48 Subroutine FEER4 

1. Entry Point: FEER4 

2. Purpose:· FEER4 obtains from the reduced tridiagonal matrix, the physical eigenvalues 

and eigenvectors of the reduced problem. 

3. Calling Sequence: CALt FEER4 

C0MMl1lN/FEERCX/ 

C0Mf111N/FEERXX/ 

C0MMeN/0PINV/ 

See FCNTL for a description of /FEERCX/, /FEERXX/ and /0PINV/ (Section 4.48.8.44). 

C0MftllN/FEER4X/Z(1) 

Z(l) - Area of open core used by FEER4. 

4. Design Parameters: FEER4 can ;erfonn single or double precision operations. 

4.48.8.49 Subroutines FNXTV, FNXTVC 

1. Entry Points: FNXTV (single precision) 

FNXTVC (double precision) 
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Purpose: To perfonn the tridiagonal reduction algorithm for FEER3. 

3. Calling Sequence: CALL FNXTV (Vl,V2,V3,V4,VS,ZB,IFN) 

CALL FNXTVC (Vl,V2,V3,V4,VS,ZB,IFN) 

Vl 

V2 

V3,V4,V5 

ZB 

IFN 

C0MM0N / FE ERCX/ 

C0MM0N/ FEERXX/ 

C0MM0N/0PINV/ 

- Space for the previous current trial vector. Initially null. 

- Space for the current trial vector. Initially a pseudo-random start vector. 

- Workjng space for three vectors. 

- Working space for a single GIN0 buffer. 

- Nurrber of trial vectors extracted. Initially zero. 

' See FCNTL for a description of /FEERCX/, /FEERXX/ and /0PINV/ (Section 4.48.8.44}. 

4. Design Requirements: FNXTV and FNXTVC are intended to be used in conjunction with the 

FEER3 subprogram that performs the necessary initialization, restart and tennination processes. 

FEER3 either invokes FNXTV or FNXTVC according to the precision of the required input files. 

All vectors are of dimension consistent with the initial problem size. 

4.48.8.50 Subroutines FQRW, FQRWV 

l. Entry Point: FQRW (single precision) 

FQRWV (double precision) 

2. Purpose: To solve the reduced-system eigenvalue problem and obtain the associated 

theoretical errors and eigenvectors. 

. FQRW ( 3. Call1ng Sequence: CALL FQRWV M,E,ER,A,B,W,P,Q,XM,INT,ZB,SRFLE,MCBC) 

M 

E 

ER 

A 

B 

W,P,Q,XM 

- Size of the reduced problem 

- Working space for vector of reduced-problem eigenvalues. 

- Intennediate theoretical error vector associated with the reduced system. 

- Vector of diagonal elements of the reduced tridiagonal matrix. 

- Vector of off-diagonal elements of the reduced tridiagonal matrix. 

- Working space for four vectors of dimension associated with the reduced 

problem. 
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SRFLE 
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- Vector of pivot flags of dimension associated with the reduced problem 

(logical). 

- Working space for a single GIN0 buffer. 

- Input GIN0 file number of [VJ set (integer). 

- Matrix control bl~ck for output [Y] vector set. 

C0MM0N/FEERXX/LAMBDA 

LAMBDA - Shift parameter (double precision). 

4. Design Requirements: FQRW and FQRWV are intended to be used in conjunction with the FEER4 

subprogram that performs the necessary initialization and termination processes. FEER either 

invokes FQRW or FQRWV according to the precision of the required input files. All vectors 

are of dimension consistent with the reduced problem size plus one. 

4.48.8.51 Subroutines FRBK, FRBK2, FRSW, FRSW2 

1. Entry Points: FRBK 
FRSW (single precision) 

(double precision} FRBK2 
FRSW2 

2. Purpose: To perform the operational inverse algorithms. 

3. Calling Sequence: CALL ... (Vl,V2,V3,VB}. 

Vl 

V2 

V3 

VB 

- Input vector. 

- Working space for one vector. 

- Output vector. 

- Vector of matrix elements used in a matrix multiply. 

The output vector is defined as follows for calls to FRBK or FRBK2: 

The output vector is defined as follows for calls to FRSW or FRSW2: 

C0MM0N/0PINV/MC8LT(7),MC8SMA(7) 

MCBLT 

MCBSMA 

- Matrix control block for ([L][DJ) or [CJ. 

- Matrix control block for [MJ. 
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4. Design Requirements: FRBK and FRBK2 are intended to be used to perform the specialized 

operational inverse algorithms associated with the FEER method of eigenvalue extraction. The 

subroutines use the direct output of the S0C0MP subprogram. 

4.48.8.52 Subroutine FRMAX 

1. Entry Po 1 nt: FRMAX 

2. Purpose: To obtain parameters for FCNTL when the shift parameter is internally computed. 

3. Calling Sequence: CALL FRMAX(IFK,IFM,N,IPR,RSN,RSM). 

IFK 

IFM 

N 

IPR 

RSN 

RSM 

- GIN0 file number for the stiffness matrix, [K]. 

- GIN0 file number for the mass or differential stiffness matrix, [M]. 

- Dimension of the matrices. 

- Precision of the matrices. 
k •• 

lm~~lmin (double precision). ,, 
k .. 

lm~~lmax (double precision). ,, 
4. Design Requirements: FRMAX can operate with either single or double precision input 

matrices. Output is always double precision. 

4.48.8.53 Subroutines FRMLT, FRMLTD, FRMLTA, FRMLTX 

1. Entry Points: FRMLT 
FRMLTA 
FRMLTD 
FRMLTX 

(single precision) 

(double precision) 

2. Purpose: To perfonn standard matrix transpose multiply and non-standard matrix transpose 

multiply using the lower triangular matrix output of SDC0MP. 

4.48.9 Design Requirements 

Design requirements are peculiar to the method chosen. The appropriate subroutines should be 

consulted. Nine scratch files are used. 

4.48.10 Diagnostic Messages 

Messages output from READ are peculiar to the individual subroutine. 
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4.48.11 Mathematical Considerations for the Inverse Power Method 

The algorithm for finding the eigenvalues and eigenvectors of 

([K] - A[M]) (¢] • 0, 

is given as follows. 

1. The iteration algorithm is given by the following equations. 

where en is the absolute value of the maximum component of {Wn}. The sum over i 

extends over all previously extracted eigenvectors. 

2. Form 

3. Compute 

4. Compute 

5. Compute 

6. Compute the approximate eigenvalue 
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7. For the rapid convergence test, compute 

(28) 

8. For normal convergence, compute 

( 29) 

and 

0 • 
n ( 30) 

9. For the shift decision test, compute 

>-1 - >. 
h .n 1,n-1 
1 

• 
,n R 

0 

(31) 

and 

k .. (32) 

10. For the ).2 reliability test, compute 

h2 • ,n (33) 

The above equations, along with the proper 1ogic given in Figure l fonn the basis for the 

Inverse Power Method. 
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ENTER 

Yes 

No Yes 

Givens 
Inverse l Extract roots by Inverse : 

~-P_CM_e_r_ .. , Power method ( INVPWR) ; 

Detenninant 

Extract roots by Detenninant 
method (DETM} 

' i 
; 

,--;;; t~ ei genva1 ue ~u11111ar0;.-_•_0_-< 
j record (READS) j 

> 0 

Sort eigenvalues & vectors 
into ascending order (READ3) 

Nonnalize ve tors, compute 
modal mass, and write 

eigenvalue sunmary (READ2) 

RETURN 

Figure 1.(a) Flowchart for module READ. 
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INVPWR 

ENTER 

Initialize 
parameters 

Pick A0 in center of 
search region 

onn ( [KJ - Ao [MJ) (INVPl) 

Decompose ([K] - A0 [M]) 
( INVP2} 

Evaluate e;genvalues in 
the region (INVP3) 

Output eigenvalue 
sU11111ary 

RETURN 

Yes 

Figure 1.(b) Flowchart for module READ 

4.48-23 



MODULE FUNCTIONAL DESCRIPTIONS 

Use last 
iteraterated vector 

No 

Use previously stored 
vector for starting 

INVP3 

Yes 

ENTER 

Initialize 
parameters 

Orthogonalize 
vector 

Solve for {1Jn} 

(INVFBS) 

Normalize vector 
(N0RM1) 

Orthogonalize 
vector 

Figure l.(c) Flowchart for module READ 
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Compute 
{Fn} = [M] {un} 

a "' n 

Compute 
({µ}T{F})l/2 

n n 

Set rapid 
convergence flag 

Compute 

n • l{6µn}T[M]{6µn}11/2 

Figure l.(d) Flowchart for module READ 
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Figure 1.(e) Flowchart for module READ. 
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Set shift flag 

K • LOG(~) 

LOG(~) 

Save current vector 

Move A close to 
0 

eigenvalue 

RETURN 

Yes 

Continue 
Iterating 

Figure l.(f) Flowchart for module READ 
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4.49 FUNCTIONAL MODULE DSMG1 (DIFFERENTIAL STIFFNESS MATRIX GENERATOR · PHASE 1) 

4.49.1 Entry Point: DSMGl 

4.49.2 Purpose 

To generate the differential stiffness matrix, [K~
9
J, which is used in two Rigid Formats: 

Static Analysis with Differential Stiffness and Buckling Analysis. 

4.49.3 OMAP Calling Sequence 

0SMG1 CASECC,GPTT,SIL,EDT,UGV,CSTM,MPT,ECPT,GPCT,DIT/KDGG/V,N,DSC0SET $ 

4.49.4 Input Data Blocks 

CASECC - Case Control Data Table. 

GPTT - Grid Point Temperature Table. 

SIL - Scalar Index List. 

EDT - Element Deformation Table. 

UGV - Initial Approximation to the Displacement Vector - g set. 

CSTM • Coordinate System Transformation Matrices. 

MPT • Material Properties Table. 

ECPT - Element Connection and Properties Table. 

GPCT - Grid Point Connection Table. 

DIT - Direct Input Tables. 

~: 

1. A fatal error exists if CASECC is purged. 

2. A fatal error exists if there is a temperature load and the GPTT is purged. 

3. A fatal error exists if there is a temperature load and the SIL is purged. 

4. A fatal error exists if an element deformation set is requested by the user in 

case control and EDT is purged. 

5. A fatal error exists if UGV is purged. 

6. CSTM can be purged. However, if some grid point of the model is not in basic 

coordinates and the CSTM is purged,.a fatal error occurs. 
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7. If the MPT is purged and some element references a material property, a fatal 

error occurs. 

s. A fatal error occurs if the ECPT is purged. 

9. A fatal error occurs if the GPCT is purged. 

10. If some material property is temperature dependent, DIT cannot be purged. 

4.49.S Output Data .Blocks 

KDGG - Partition of differential stiffness matrix - g set. 

!i2S!,: KDGG cannot be pre-purged. A fatal error occurs if it is. 

4.49.6 Parameters 

DSC0SET - Output-integer-no default value. The set identification number of a DSFACT bulk 

data card chosen by the user in his Case Control Deck. If no such set was. 

specified by the user, DSC0SET is set to -1. 

4.49.7 Method 

The module driver, DSMGl, is a very short routine.whose only function is to call the two 

principal subroutines of the module, OS1 and DSlA, which accomplish the two phases of the module. 

The first chase of the module is incorcorated in subroutine DSl. This routine creates the scratch 

file ECPTOS (GIN0 file number 301) by appending to each element in the ECPT data block for which 

differential stiffness is defined an element defonnation, an average element loading temperature 

for all elements except the conical shell element and the isocarametric solid elements (a loading 

temcerature at each grid point is apoended for these elements) and the crocer components of the 

displacement vector, UGV. It should be noted that although element defonnations are defined only 

for rods, tubes, beams. and bars. an element defonnation is attached to each element written on the 

ECPTDS scratch data block. The elements admissible to the ECPTDS scratch data block are defined 

by the conrnon block GPTA1. 

The flow of DS1 is given in the following steps: 

1. The length of variable core is determined, buffers are defined at the bottom of open 

core, and zero pointers to, and lengths of, subarravs in open core are initialized. 
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2. The Case Control data block, CASECC, is read to detennine the element deformation set 

number, the loading temperature set number, and the differential stiffness coefficient 

set number. 

3. If there is no temperature load, go to step 4. If there is a temperature load, the 

Grid Point Temperature Table data block, GPTT, is oositioned to the proper thennal record. 

4. If a non-zero element defonnation set number was read from CASECC, the element deforma­

tion set is read into open core. 

5. The first (and only) record of the displacement vector file, UGV, is read into open 

core, and then the ECPTDS and ECPT files are opened and positioned correctly. 

6. The ECPT data block is read record by record, and the ECPTOS scratch data block is 

generated for use by subroutine DS1A. The Procedure for each record is as follows. The 

oivot ooint is read. For each element in the current ECPT record, it is detennined if 

the element type is admissible to the ECPTDS data block. If it is not admissible, the next 

element entry is read; if it is admissible, a test is made to determine if the.element type 

is a TRIAl, OUADl or conical shell element. If it is a TRIAl, nuADl or a conical shell 

element and if this element has zero membrane thickness (which implies the element has bend­

ing prooerties only} and since differential stiffness is not defined for plate elements, then 

the next element entry is read from the current ECPT record. When the first element of the 

ECPT record which belongs to the differential stiffness set is encountered, the pivot point 

is written on the ECPTDS data block. Note th~t if the element is a BAR, the ECPT entry is 

rearranged to conform with the ECPT entry for the BEAM so that the OBAR subroutine may be 

called in subroutine DS1A. The element type is written on the ECPTDS record. Then an 

element deformation number, an average element loading temoerature (grid point temoeratures 

for the conical shell and isooarametric solid elements), and the disolacement vector compon­

ents are appended in core to the ECPT entry for the element. Finally this apoended ECPT 

entry is written on ECPTDS. It should be noted that the 2nd through the (n+l)st words 

(n being the number of grid points of the element} of every ECPT entrv, since they are 

scalar index numbers, are direct pointers into the disolacement vector, UGV. Note further 

that for elements for which differential stiffness is defined (save for the BAR, the BEAM, 

the nuADTS, the TRIATS and the conical shell element) only the three translational components 

of the disolacement vector at each grid point are aooended. For the BAR, BEAM, nuADTS and 
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TRIATS all six displacement comoonents at each grid ooint are apoended. For the special 

case of the conical shell element, only the six disolacement comoonents at each grid point 

associated with the zeroth harmonic are apoended. 

When an end-of-record is sensed for an ECPT record, an indicator is interrogated to 

determine whether or not any of the elements in the record were written on the ECPTDS data 

block. If there weren't any, a -1 is written on ECPTDS with an end-of-record mark; if there 

was at least one element, an end-of-record is written on ECPTDS. In either case, after this 

step has been done, the next ECPT record is processed identically. When an end-of-file is 

sensed on the ECPT, the files for ECPT and ECPTOS are closed, and the routine returns to 

DSMGl. 

The module driver, DSMGl, tests the argument of DS1, If it is equal to zero, this implies 

that no element of the ECPT was a member of the set of elements for which differential stiffness 

is defined, and hence a fatal error exit occurs. If the argument is greater than zero, subroutine 

OS 1 A is ca 11 ed. 

in the second phase of the module, subroutine DSlA processes the scratch file ECPTDS to 

produce the differential stiffness matrix, [K~gJ, The logic of this processing is very similar 

to that used in subroutine SMAlA ( of module SMAl, the stiffness matrix generation routine), 

See the Module Functional Description for SMAt (section 4.27) for details. 
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4.49.8 Subroutines 

All subroutines defined below except DS1 are necessary to accomplish the second phase 

of the module, which is the processing of the ECPTDS scratch file in order to generate [K:9]. 

The auxiliary routines PRETRD, PREMAT. GMMATD and INVERD are used similarly to module SMA1. 

The data (an ECPTDS entry) input to an element differential stiffness matrix generation 

routine (e.g., OR~D) are col!l!lunicated to the routine via /DS1AET/, which fact is not expressly 

stated in the subroutine descriptions given below. 

4.49.8. 1 Subroutine Name: DS1 

1. Entry Point: 0Sl 

2. Purpose: See discussion above. 

3. Calling Sequence: CALL OS1 (IARG) 

IARG - Initially set to zero in subroutine DSl. This variable is set to 1 in DS1 every 

time an element in the ECPT is encountered which is in the set of elements for 

which differential stiffness is defined. If lARG is still zero upon OS1 's 

return to 0SMG1, 0SMG1 will tenninate the job by calling MESAGE and PEXIT. 

4.49.8.2 Subroutine Name: DS1A 

1. Entry Point: DS1A 

2. Purpose: See discussion above. 

3. Calling Sequence: CALL OS1A 

4.49.8.3 Subroutine Name: DS1B 

1. Entry Point: DS1B 

2. Purpose: This routine, called by the module's element matrix generation routines 

such as DR~O, OBEAM, etc., adds a double precision 6 by 6_element differential stiffness 

matrix to the 11submfltrix 11 corresponding to the current pivot point. This same function 

is performed in module SMAl by subroutine SMA1B, in SMA2 by SMA2B and in PLA4 by PLA4B. 
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3. Calling Sequence: CALL DSlB (KE,J) 

KE - Row-stored double precision 6 by 6 matrix to be added to the 11 submatrix 11 corresponding 

to the current pivot point. Double precision; input. 

J - The column index of the [K~g] matrix which corresponds to the first column of the KE 

matrix. Integer. input. 

4.49.8.4 Block Data Subprogram Name: DSlABD 

1. Entry Point: DSlABO 

2. Purpose: This block data program sets 1) GIN(a file numbers. 2) GIN!i' li'PEN, WRITE 

and CL(aSE option parameters. 3) differential stiffness element routine (e.g., OR(aO, OBAR) 

overlay parametersi and 4) an array which defines the number of words to be read for 

each element from the ECPTOS scratch file. The common block /OSlAAA/ is used for the 

second phase of the module. 

4.49.8.5 Subroutine Name: OR0D 

1. Entry Point: DR0D 

2. Purpose: To generate the element differc · .. ,.,, stiffness matrix for a R0D, C0NR0D 

or TUBE element. 

3. Calling Sequence: CALL OR00 

4.49.8.6 Subroutine Name: OBAR 

1. Entry Point: OBAR 

2. Purpose: To generate the element differential s; ffness matrix for a BAR or BEAM 

element. 

3. Calling Sequence: CALL OBAR 

4.49.8.7 -Subroutine Name: OSHEAR 

1. Entry Point: OSHEAR 

2. Purpose: To generate the element differential stiffness matrix for a SHEAR (panel) 

element. 
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3. Calling Sequence: CALL DSHEAR 

4.49.8.8 Subroutine Name: DTRMEM 

l. Entry Point: DTRMEM 

2. Purpose: To generate the element differential stiffness matrix for a TRMEM element. 

3. Calling Sequence: CALL DTRMEM (IARG) 

0 = Called from DSGMl 

IARG = 
1 = Called from DQDMEM 

2 = Called from DTRIA 

3 = Called from DQUAD 

4.49.8.9 Subroutine Name: DQDMEM 

1. Entry Point: DQDMEM 

2. Purpose: To generate the element differential stiffness matrix for a QDMEM element. 

3. Calling Sequence: CALL DQDMEM 

4.49.8. 10 Subroutine Name: DC0NE 

1. Entry Point: DC0NE 

2. Purpose: To generate the element differential stiffness matrix for a conical shell 

element. 

3. Calling Sequence: CALL DC0NE 

4.49.8. 11 Subroutine Name: DTRIA (IARG) 

1. Entry Point: ·oTRIA 

2. Purpose: To generate the element differential stiffness matrix for a TRIAl and TRIA2 

element. 

3. Calling Sequence: CALL DTRIA (IARG) 

{ 
1 • TRIAl element 

IARG • 
2 = TRIA2 element 
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4.49.8. 12 Subroutine Name: DQUAO (IARG) 

1. Entry Point: OQUAD 

2. Purpose: To generate the element differential stiffness matrix for a QUADl and QUA02 

e 1 ement. 

3. Calling Sequence: CALL OQUAD (IARG) 

{ 
l = QUAOl element 

IARG = 
2 = QUAD2 element 

4.49.8. 13 Subroutine Name OTRBSC (IARG, NPIV0T) 

1. Entry Point: DTRBSC 
• 

2. Purpose: Used by subroutines OTRIA and DQUAD to generate differential stiffness matrices 

for elementary triangles. 

3. Calling Sequence: CALL DTRBSC (IARG, NPIV0T) 

{ 
1 = Called from DTRIA 

IARG • 
2 • Called from DQUAD 

NPIV0T • 0,1,2, or 3 •Pointon triangle used as pivot point. (0 = no pivot) 

4.49.8.14 Subroutine Name: OOUADS 

1. Entry Point: DOUAOS 

2. Purpose: To generate the element differential stiffness matrix for the nuAOTS element. 

3. Calling Sequence: CALL OQUADS 

4.49.8. 15 Subroutine Name: DTRIAS 

l. Entry Point: DTRIAS 

2. Puroose: To generate the element differential stiffness matrix for the TRIATS .element. 

3. Calling Seouence: CALL DTRIAS 

4.49.8.16 Subroutine Name: DIHEX 

l. Entry Point: OIHEX 
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2. Purpose: To generate the element differential stiffness matrix for the isooarametric 
solid elements. 

3. Calling Seouence: CALL DIHEX (TYPE) 

{ 
l - IHEXl } 

TYPE = 2 - IHEX2 - integer-inout 
3 - IHEX3 

4.49.8.17 Subroutine Name: IHEXSD 

See section 4.27.A.54. 

4.49.9 Desian Reguirements 

4.49.9.l Open Core Design 
• 

During phase one of the module's operation, the maxim.im core storage requirements are given 

in the following diagram, in which open core, the Z array, is defined at /DS1X/. 

Z(IGPTT) 
COMMON /OS 1 X/ 

r,pn data with internal grid ooint 

numbers reolaced by scalar index 
~umbers from the SIL 

Z( !EDT) 

EDT 

Z(IDISP) 

Single precision disolacement 
vector in unpacked fonn from the 
ur,v data block 

-- - -- -
- - - - -

~ - -

Z(BUFFRl) ~IN0 buffer 

Z(BUFFR'.?) GIN0 buffer 
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During phase two of the module's ooeration, the ooen core design is the same as that for 

module SMAl, except that only 3 GIN0 buffers are needed instead of 5, one for ECPTDS, 

one for GPCT and one for KDr,G. Ooen core for phase two is defined at /DS1AXX/. 

4.49.9.2 Common Storage Requirements 

During ohase one, there are no soecial co111T1on storage requirements. 

During phase two, /DS1AAA/ takes the place of /SMA1I0/, /SMAlBK/ and /SMAlCL/; /DS1AET/ 

corresponds to /SMAlET/; and /DSlADP/ corresponds to /SMA1DP/. See the common storage reouirements 

section of the SMAl Module Functional Description for details on /S~A1I0/, /S~AlBK/, /SMAlCL/, 

/SMAlET/ and /SMAlDP/ (section 4.27.9.3). 

4.49.9.3 Arithmetic Considerations 

All floating point arithmetic ooerations are carried out in double precision. 

real double precision syrrmetric matrix. 

4.49.10 Diaonostic Messages 

[Kd ] is a gg 

During phase one the fatal messages 2029 and 2030 can be called if the GPTT is not in the 

proper.format. If a BAR element is encountered whose couoled bending inertia property, I12 , 

is non-zero, then it is set to zero and the user is warned of this fact with message 2111. 

User messages 2081 and 2083 are fatal messages indicating a null differential stiffness 

matrix and a null disolacement vector respectively. 

For phase two diagnostics, the reader is referred to the diagnostic message section of 

the Module Functional Description for SMAl. 
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4.50 FUi~CTIONAL MODULE SMP2 (STRUCTURAL MATRIX PARTITIONER - PHASE 2) 

4.50. 1 Entry Point: SMP2 

4.50.2 Purpose 

To perfonn the following matrix operations: 

[Kd] • [Kd] + [Kd] [G] + ([~d] [G J)T + [G ]T [Kd] [G ]. aa aa ao o ao o o oo o 

4.50.3 DMAP Calling Sequence 

SMP2 { HUSET} {HGO} lHRFF} lHRAA} USET , GO , HBFF / HBAA / $ 
KOFF KDAA 

4.50.4 Input Data Blocks 

HUS ET} 
USET - Displacement set definitions table. 

~ - Structural matrix partitioning transfonnation matrix. 

HG0 - Heat matrix partitioning transfonnation matrix. 

KOFF - Partition of differential stiffness matrix - f set. 

HRFF - Partition of radiation matrix - f set. 

HBFF - Partition of capacity matrix - f set. 

4.50.5 Output Data Blocks 

HRAA - Partition of radiation matrix - a set. 

KDAA - Partition of differential stiffness matrix - a set. 

HBAA - Partition of capacity matrix - a set. 

4.50.6 Parameters 

None 
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4.50.7 Method 

The matrix [K~f] is partitioned as in Equation 1 using USET (UF, UA, U0) and matrix subroutine 

ELIM (see section 3.5.22 for details) is called to perfonn the operations in Equation 2. 

4.50.8 Subroutines 

SMP2 has no auxiliary subroutine. 

4.50.9 Design Requirements 

See design requirements for subroutine UPART and its entry point MPART which perform the 

symmetric partition of Equation 1; also see design requirements for subroutine ELIM. These are 

in sections 3.5.9 and 3.5.22 respectively. 
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'4.51 FUNCTIONAL MODULE DSMG2 (OIFFE~ENTIAL STIFFNESS MA.TRIX GENERATOR - PHASE 2). 

4.51.1 Entry Point: 0SMG2 

4.51 .2 Purpose 

This module performs the following matrix operations: 

b [K ] + 6[Kd ] [Ku) :: 
aa aa 

( 1 ) 

b 
[Kfs] :: d 

[Kfs] + e[Kfs]' (2) 
.. 

• b 
[Kss] = [Kss] + S[K~s] (3) 

{Pb} = S{P aJ a. (4) 

{Pb} = S{Ps} s (5) 

{Yb} = S{Y s} s (6) 

{uob} • e{u~} • 
0 

(7) 

The value of sis on a DSFACT bulk data card whose set identification number is specified by the 

input parameter DSC0SET. The particular value on that card to be used for Son any pass through 

the OMAP loop in the Static Analysis with Differential Stiffness Rigid Fonnat is controlled by the 

parameter NDSKIP (see below). 

4.51.3 OMAP Calling Sequence 

DSMG2 MPT,KAA,KDAA,KFS,KDFS,KSS,KDSS,PL,PS,YS,U00V/KBLL,KBFS,KBSS.PBL,PBS,YBS,UB00V/ 

V,N,NDSKIP/V,N,REPEATD/V,N,DSC0SET $ 

4.51.4 Input Data Blocks 

MPT - Material Property Table. 

KAA - Partition of stiffness matrix - a set. 

KDAA - Partition of differential stiffness matrix - a set. 
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KFS - Partition of stiffness matrix after single-point constraints have been removed. 

KOFS - Partition of differential stiffness matrix after single-point constraints have 

been removed. 

KSS - Partition of stiffness matrix after single-point constraints have been rerroved -

s set. 

KOSS - Partition of differential stiffness matrix after single-point constraints have 

been removed - s set. 

PL - Partition of the load vector matrix givin9 static loads on i set. 

PS - Partition of the load vector matrix givina loads ins set. . -
YS - Constrained displacement vector - s set. 

U00V - Partition of the displacement vector matrix giving displacements in the o set. 

~: 

1. A fatal error occurs if MPT is purged. 

2. KAA and KDAA cannot be purged. 

3. KFS and KDFS must be both purged or both non-purged. 

4. KSS and KOSS must be both purged or both non-purged. 

5. A fatal error occurs if PL is purged. 

6. PS, YS and U0~V can be purged. 

4.51.5 Output Data Blocks 

KBLL - Partition of the stiffness matrix of the first order approximation to large 

displacements - i set. 

KBFS - Partition of the stiffness matrix of the first order approximation to large 

displacements. 

KBSS • Partition of the stiffness matrix of the first order approximation to large 

displacements - s set. 

PBL - Partition of the load vector of the first order approximation to the large 

displacements - i set. 
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PBS - Partition of the load vector of the first order approximation to the large 

displacements - i set. 

YBS - Partition of the constrained displacement vector of the first order ap~roximation 

to the large displacement vector - s set. 

UB00V - Partition of the displacement vector of the first order approximation to the 

large displacement problem - o set. 

~: 

1. KBLL must not be purged or a fatal error exists. 

2. KBFS can be purged if and only if both KFS and KDFS are purged. 

3. KBSS can be purged if and only if both KSS and KOSS are purged. 

4. PL rrust not be purged or a fatal error exists. 

5. PBS, YBS and UB~0V can be purged if and only if PS, YS and UB~0V respectively 

are purged. 

4.51.6 Parameters 

NDSKIP - Input and output-integer - must be set to zero before the DMAP loop for Static 

Analysis with Differential Stiffness is initiated. This parameter is used as a 

loop counter for the DMAP loop in the Static Analysis with Differential Stiffness 

Rigid Format. It enables this module to skip the proper number of words on the 

proper DSFACT card (see definition of the parameter DSC0SET below} to fetch the 

value of S for the scalar multiplications defined above. 

REPEATD - Output-integer-no default value. This parameter is set to +1 if another pass is 

to be made through the Static Analysis with Differential Stiffness DMAP loop (and 

hence through the DSMG2 module}. It is set to -1 if the lll)dule determines that 

the current pass through the module will be the final one. This latter condition 

is met if (1) no differential stiffness coeffkient set number was _specified by 

the user in his Case Control Deck (if this condition is true, module DSMGl sets 

the parameter OSC0SET (see below} equal to -1 and a value of 1 .O is used for S}; 

or if (2) the current Sis the last one on the user specified DSFACT card. 

DSC0SET - Input-integer-no default value. DSC0SET is the differential stiffness coefficient 
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lt,~flt"<lltti'• ~1·11f"l111rtil\lt' 

set number of a OSFACT bulk data card chosen by the user in his Case Control Deck. 

If no such set was specified by the user, OSC~SET = -1 and this roodule will set 

e = 1.0 and set the REPEATO parameter to -1. If OSFACT > O, DSFACT is used to 

search the MPT for the OSFACT bulk data card chosen by the user. 

REPEATO is set to one and NDSKIP is incremented by one. If OSC~SET • -1, REPEATD is set to 

-1 and the three matrix additions in Equations 1, 2 and 3 are carried out using the matrix sub­

routine SSG2C. It should be noted that if DSCGSET • -1, it is assumed that DMAP equivalences have 

been made between PL and PBL, PS and PBS, VS.and YBS, and U~~V and UB~~V and hence Equations 4 

through 7 are not calculated • 

If DSC0SET, -1, the MPT is searched until a match is found between DSC~SET and a DSFACT 

bulk data card image on the MPT. If a match is found, the parameter NDSKIP is used to find the 

correct value of S for this pass through the DMAP loop. If a match fs not found, a fatal error 

occurs. A match having been found, the foJlowing operations are performed. 

1. REPEATD is set to -1 if it is determined that this Sis the last one on the DSFACT card. 

2. The four scalar multiplications in Equations 4 through 7 are performed using matrix 

subroutine SSG2C. 

3. The three matrix additions in Equations 1 through 3 are perfonned using matrix sub­

routine SSG2C. 

4.51.8 Subroutines 

0SMG2 has no auxiliary subroutines. A description of SSG2C can be found in section 3.5.11. 

4.51.9 Design Requirements 

If DSC~SET • -1, it is assumed that DMAP equivalences have been made between the data blocks 

corresponding to the matrices in Equations 4 through 7. 

Two GIN0 buffers are needed and open core is defined at /0SMG2X/. 
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4.51. 10 Diagnostic Messages 

Fatal error message 2084 may occur. Included with the messaqe is a flag that has the follow­

ing definitions: 

Flag• 3 

= 4 

=5,7,9,11,13 

= 6, 8, 10, 12, 14 

Unable to open MPT 

Unable to locate DSFACT card 

End of record encountered on MPT 

End of file encountered on MPT 

4.51-5 (12/31/77) 

' .-





FUNCTIONAL MODULE PLAl (PIECEWISE LINEAR ANALYSIS - PHASE 1) 

4.52 FUNCTIONAL MODULE PLAl (PIECEWISE LINEAR ANALYSIS - PHASE 1) 

4.52.1 Entry Point: PLAl 

4.52.2 Purpose 

PLAl is a pre-processor for the modules unique to the Piecewise Linear Analysis Rigid Fonnat. 

PLAl extracts the linear elements from the ECPT data block (an element is defined to be linear if 

its modulus of elasticity (Eon a MATl bulk data card) is!!£!_ referenced as a stress-strain 

tabular function defined on a TABLESl bulk data card. PLAl extracts the nonlinear element entries 

from the ECPT data block to form ECPTNL, and s·eparates the linear and nonlinear element entries 

in the EST to form ESTL and ESTNL. The linear elements are used to generate the [K;~J matrix. 

4.52.3 DMAP Calling Sequence 

PLAl CSTM,MPT,ECPT,GPCT,DIT,CASECC,EST/KGGXL,ECPTNL,ESTL,ESTNL/V,N,KGGLPG/V,N,NPLALIM/ 

V,N,ECPTNLPG/V,N,PLSETN0/V,N,N0NLSTR/V,N,PLFACT $ 

4.52.4 Input Data Blocks 

CSTM - Coordinate System Transformation Matrices. 

MPT - Material Properties Table. 

ECPT - Element Connection and Properties Table. 

GPCT - Grid Point Connection Table. 

DIT - Direct Input Tables. 

CASECC 

EST 

- Case Control Data Table. 

- Element Surrmary Table. 

~: 1. The CSTM may be purged. However, if it is, and some grid point is not in 

basic coordinates, then a fatal error exists. 

2. ·If an element references a material property and the MPT is purged, a fatal 

error exists. 

3. If any of the data blocks ECPT, GPCT, DIT, CASECC or EST is purged, a fatal 

error exists. 
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4.52.5 Output Data Blocks 

KGGXL 

ECPTNL 

ESTL 

ESTNL 

- Stiffness matrix of linear elements exclusive of general elements - g set. 

- Element Connection and Properties Table for Nonlinear Elements. 

- Element SulTITlclry Table for Linear Elements. 

- Element Summary Table for Nonlinear Elements. 

!i2!!.= None of the output data blocks may be pre-purged. 

4.52.6 Parameters 

KGGLPG 

NPLALIM 

ECPTNLPG 

PLSETN" 

N"NLSTR 

- Output-integer-no default value. Purge flag for the KGGXL matrix. If all 

elements are nonlinear, the KGGXL matrix is the zero matrix, and the module 

sets KGGLPG • -1. If a linear element is found, KGGLPG will be set to +l. 

- Output-integer-no default value. NPLALIM is the number of load increments 

on the PLFACT card chosen by the user in his Case Control Deck. This 

parameter controls the number of steps in the DMAP loop of the Piecewise 

Linear Analysis (PLA} Rigid Format. 

- Output-integer-no default value. Purge flag for the ECPTNL data block 

as well as a fatal error condition flag with respect to the PLA Rigid Fonnat. 

If the module finds that all elements are linear, ECPTNLPG is set• -1. and, 

upon completion of the module, a JUMP to an error condition message writer 

will occur, and then an EXIT will be executed. If at least one element is 

nonlinear, ECPTNLPG is set to +l, and the flow through DMAP sequence continues. 

- Output-integer-no default value. PLSETN" is the set number on a PLFACT 

card which is chosen by the user in his Case Control Deck. It is used 

in modules PLA3 and PLA4 to find the proper PLFACT card in the MPT data 

block. 

- Output-integer-no default value. N"NLSTR is a flag used to control the 

calling of the PLA3 module, which outputs stresses, in 0FP (Output File 

Processor) fonnat, for nonlinear elements. If either (a) the user does not 

request the output of element stresses, or (b) the user has requested 
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element stress output for a set of elements all of whose members are 

linear, then N0NLSTR is set to -1. If there is a stress output request 

for some nonlinear element, then N0NLSTR is set= +l and PLA3 will be 

called each time through the PLA DAMP loop. 

- Output-complex-no default value. The first load increment factor to be 

used the first time through the PLA DAMP loop. 

The routine is divided into two phases. Phase 1 processes the ECPT data block in a fashion 

similar to module SMAl (see Section 4.27). For each pivot point, every element is examined to 

determine whether it is linear or non linear. This is accomplished by calling subroutine MAT 

(see Section 3.4.36) with the second word, INFLAG, of the corrmon block /MATIN/ equal to 5. If 

the element is linear, the proper element stiffness matrix generator routine such as KR0D, KBAR, 

etc. is called. The element routine will, in turn, call subroutine SMAlB to add its contribution 

to the 6 (or fewer, if the pivot point is a scalar point or there is not enough core storage 

available-see Module Functional Description for SMAl, Section 4.27-) rows of the KGGXL matrix 

currently being generated. If the MAT routine determines that the element is nonlinear, then 

the ECPT entry for that element, along with words needed subsequently in module PLA4, is appended 

(see data block description for ECPTNL in Section 2.3.34.4 for details). The number of words 

appended depends upon element type. This appended ECPT entry is written onto the ECPTNL data 

block. 

Phase 2 of this routine reads the first record of CASECC into core, and the MPT data block 

is searched to find the set number on a PLFACT bulk data card (if the default is not used) re­

quested by the user in CASECC. If the default value is specified by the user as described for 

the PLC0 card of Section 2.3 of the User's Manual, a single value of 1.0 will be generated. 

Parameters PLFACT and PLASETN~ are set. The EST data block is then processed. The logic here 

is similar to Phase 1. For each element, it is determined if the element is linear or nonlinear. 

If the element is linear, its EST entry is copied onto the ESTL data block. If the element is 

non-linear ,!!!g_ stress output is requested, the EST entry along with words needed subsequently 

in module PLA3 are appended. The number of words appended depends upon element type and is not 

the same number of words appended to the ECPT entry to create the ECPTNL. If the element 

nonlinear and stress output is~ requested, the EST entry for the element is written onto the 

ESTL data block. 
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r4.52.8 Subroutines 

PLAl has no auxiliary subroutines as such. However, it uses all the structural element 

routines of module SMAl to generate (K~~ J, which in turn use the common blocks of SMAl as well 

as the 11 insertion 11 routine, SMAlB. See Module Functional Description for SMA1, section 4.27. 

4.52.9 Design Requirements 

For phase 1 of PLAl, the design requirements are the same as those for SMAl. For phase 

2, the first record of CASECC must be held in open core. 

4.52.10 Diagnostic Messages 

For phase 1, see diagnostic messages for module SMAl, section 4.27. 10. For phase 2, a user 

fatal message, 3032, occurs if the PLFACT bulk data card which was chosen by the user in his 

Case Control Deck could not be found in the MPT. 
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14.53 FUNCTIONAL M'.)DULE PLA2 (PIECE\HSE LINEAR ANALYSIS - PHASE 2) 

4.53.1 Entry Point: PLA2 

4.53.2 Purpose 

To add the incremental displacement vector, the incremental load vector, and the incremental 

vector of single-point forces of constraint for the current pass through the Piecewise Linear 

Analysis Rigid Format DMAP loop to the current running sum of these vectors: 

{u
9 

} = {u
9

.} + {au
9

} 
i+l . , i 

{P
9 

} • {P } + {~Pg.} • 
i+l gi 1 

4.53.3 DMAP Calling Sequence 

PLA2 DELTAUGV 1 0ELTAPG 1 DELTAQG/UGVl 1 PGVl 1 QG1/V 1 N1 PLAC0UNT $ 

4.53.4 Input Data Blocks 

OELTAUGV - Incremental displacement vector in Piecewise Linear Analysis - g set. 

DELTAPG - Incremental load vector in Piecewise Linear Analysis - g set. 

DELTAQG - Incremental vector of single-point forces of constraint in Piecewise 

Linear Analysis - g set. 

~: 

1. DELTAUGV and DELTAPG cannot be pre-purged, 

2. DELTAQG may be pre-purged. 

4.53.5 Output Data Blocks 

UGVl - Matrix of successive sums of incremental displacement vectors - g set. 

PGVl - Matrix ·of successive sums of incremental load vectors - g set. 

( l ) 

(2) 

(3) 

QGl - Matrix of successive sums of incremental vectors of single-point forces ot 

constraint - g set. 
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r 
~: 

1. UGVl and PGVl cannot be purged. 

2. QGl may be purged if DELTAQG is purged. 

4.53.6 Parameters 

PLAC~UNT - Input and output-integer - this parameter must be set to l outside the 

Piecewise Linear Analysis Rigid Format OMAP looo. This is done using 

the PARAM module rather than through the Module Properties List (MPL}. 

4.53.7 Method 

If PLAC~UNT • 1, that is, this is the first time PLA2 has been called in the Piecewise 

Linear Analysis Rigid Format OMAP loop, then the DELTAUGV data block is copied onto the UGVl 

data block. If PLAC~UNT > 1, then PLAC~UNT is used as a counter to determine how many records 

(running sum displacement vectors) to skip on the file containing UGVl so that the ll'DSt recently 

computed running sum displacement vector can be read into open core for the vector addition. 

Once this. vector is read into open core, the incremental displacement vector is read and 

interpreted using subroutines INTPK and ZNTPKI, and the vector addition given in Equation 1 is 

carried out element-by-element. 

Equations 2 and 3 are computed using the method described in the above oaraQra~h. 

4.53.8 Subroutines 

PLA2 has no auxiliary subroutines. 

4.53.9 Design Requirements 

Open core is defined at /PLA2X/. 

4.53.10 Diagnostic Messages 

User message 2127 or 2128 is output if either DELTAUGV (DELTAPG} or UGVl (PGVl} is purged. 
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~.54 FUNCTIONAL MODULE PLA3 (PIECEWISE LINEAR ANALYSIS - PHASE 3) 

4.54.1 Entry Point: PLA3 

4 .54 .2 Purpose 

To compute element stresses for nonlinear elements (see definition of linear elements in 

section 4.52.2) for which the user has requested stress output. It also updates the ESTNL data 

block so that the output data block, ESTNLl, contains up-to-date element stress information. 

4.54.3 OMAP Calling Sequence 

PLA3 CSTM,MPT,0IT,OELTAUGV,ESTNL,CASECC/~NLES,ESTNL1/V,N,PLAC0UNT/V,N,PLSETN0 $ 
• 

4.54.4 Input Data Blocks 

CSTM - Coordinate System Transformation Matrices. 

MPT - Material Properties Table. 

CIT - Direct Input Tables. 

DELTAUGV - Current incremental displacement vector. 

ESTNL 

CASECC 

- Element Su11111ary Table for Nonlinear Elements. 

- Case Control Data Table. 

~: 

1. CSTM can be purged. However, if some grid point of the model is not in basic 

coordinates and the CSTM is purged, a fatal error occurs. 

2. A fatal error occurs if either MPT, DIT, DELTAUGV, ESTNL or CASECC is purged. 

4.54.5 Output Data Blocks 

0NLES - Nonlinear element stresses (to be processed by the Output File Processor}. 

ESTNLl - Element Sunmary Table for Nonlinear Elements - Updated. 

!!2!!= Neither output data block may be purged. 

4. 54 • 6 Parameters 

PLAC~UNT - Input-integer-no default value. This is the Piecewise Linear Analysis (PLA) 
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Rigid Format DMAP loop counter. It is used in this routine to find the proper 

loading factors on the PLFACT bulk data card specified by the user (see 

PLSETN0 be 1 ow) • 

PLTSETN~ - Input-integer-no default value. PLSETN0 is the set identification number of 

some PLFACT bulk data card chosen by the user in his Case Control Deck. It is 

used to find this PLFACT card in the MPT data block. 

4.54.7 Method 

The module driver, PLA3, is a short routine whose only function is to call subroutines 

PLA31 and PLA32 which accomplish phase 1 and phase 2 of the task of the module respectively. 

Subroutine PLA31 reads the incremental ~splacement vector into core and appends to each element 

entry of the ESTNL data block the components of the incremental displacement vector corresponding 

to the grid points of each element. This merged information is written on the scratch data 

block ESTNLS, GIN~ file number 301. In PLA32, the ESTNLS data block is read, and the proper 

element routine is called to compute element stresses which are prepared in 0FP (Output File 

Processor) format. Each element routine also updates incremental stress data. The ESTNL data 

for each element with the updated stress information {but without the components of the displace­

ment vector) are written on ESTNLl. 

In PLA31, for TRMEM and QDMEM elements, only the three translational components of the dis­

placement vector at each grid point of the element are appended to the ESTNL entry. Other elements 

for which Piecewise Linear Analysis is defined use all six components at each grid point. 

In PLA32, the difference quotients Y* and y, which are the previous and current (with respect 

to the DMAP loop in the PLA Rigid Format) load increment ratios, are computed as follows. Let 

P1, P2, P3, ••• , be the loading factors on a PLFACT bulk data card. Define P
0 

• o. Define 

(1) 

. * for,.?. 1. Then, define y1 • O, and 

( 2) 
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'tori > 1, and define 

y. .. , (3) 

for i ~ 1. These differenc~ quotients are stored in /PLA32C/ for communication to the module's 

element routines so that they can compute the estimated next strain. The details of the element 

calculation are given in section 4.87. The input parameter PLAC0UNT, being the counter for the 

PLA Rigid Fonnat DMAP loop, controls the computation of y* and y, However, the module's design 

assumes (1) PLAC0UNT is set to one outside the PLA DMAP loop and (2) module PLA2, which incre­

ments PLAC0UNT by one, will be executed prior to every OMAP call to PLA3. Hence, the proper 

choice for the subscript i in Equations 1, 2 and 3 is one less than the value of PLAC0UNT. 

The difference PLAC0UNT-1 is stored in /PLA32C/ as IPASS. 

4.54.8 Subroutine,!_ 

PLA3 uses, for element routine calculations, the utility routines PRETRS~ PRE.MAT, GMMATS and 

element drivers. Cotm1unication of an appended ESTNL element entry to an element routine during 

phase 2 of PLA3 is accomplished via /PLA32E/, which is 100 words in length. This fact is not 

explicitly stated below. 

The element drivers PSTRM, PSQDM, PSTRil, PSTRI2, PSQA01, and PSQAD2, use a) /PLA3ES/, which 

is 300 words in length, as a corrmunication link for the element subroutines which they call; and 

b) /PLA3UV/, which is 25 words in length, as a communication link for displacement vectors between 

the driver and their subroutine~. PLA32 will call·the element drivers listed above (plus PSR0D 

and PSBAR), the other subroutines described below (in sections 4.54.8. 11 through 4.54.8. 18) are 

only used (directly or indirectly} by the element drivers. 

4.54.8.1 Subroutine Name: PLA31 

1. Entry Point: PLA31 

2. Purpose: To perfonn phase 1 of the module's operations as described above.· 

3. Calling Sequence: CALL PLA31 

4.54-3 (12-1-69) 



'MODULE FUNCTIONAL DESCRIPTIONS 

r 
4.54.8.2 Subroutine Name: PLA32 

1. Entry Point: PLA32 

2. Purpose: To perform phase 2 of tr.e modu1e 1s operation as described above. 

3. Calling Sequence: CALL PLA32 

4.54.8.3 Subroutine Name: PSR0D 

• 

1. Entry Point: PSR~D 

2. Purpose: To compute element stresses and to update the ESTNL entry for a R0D, C0NR0D or 

TUBE element. Note that for a TUBE e1ement, the ESTNL entry is rearranged and elementary 

transformations are performed in PLA32.so that the PSR0D routine may compute element stresses 

for a TUBE. 

3. Calling Sequence: CALL PSR~D 

4.54.B.4 Subroutine Name: PSBAR 

1. Entry Point: PSBAR 

2. Purpose: To compute element stresses and to update the ESTNL entry for a BAR element. 

3. Calling Sequence: CALL PSBAR 

4.54.8.5 Subroutine Name: _PSTRM 

1. Entry Point: PSTRM 

2. Purpose: To calculate .ne material properties matrix, arrange the flow of element 

stress calculations and update the ESTNL entry for the TRMEM element. 

3. Calling Sequence: CALL PSTRM 

4.54.8.6 Subroutine Name: PSQDM 

1. Entry Point: PSQDM 

2. Purpose: To calculate the material properties matrix, arrange the flow of element stress 

calculations and update the ESTNL entry for the QDMEM element. 

3. Calling Sequence: CALL PSQDM 
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; 
4.54.8.7 Subroutine Name: PSTRil 

1. Entry Point: PSTRil 

2. Purpose: To calculate the material properties matrix, arrange the flow of element stress 

calculations and update the ESTNL entry for the TRIAl element. 

3. Calling Sequence: CALL PSTRI1 

4.54.8.8 Subroutine Name: PSTRI2 

1. Entry Point: PSTRI2 

2. Purpose: To calculate the material properties matrix, arrange the flow of element stress 

calculations and update the ESTNL entry for the TRIA2 element. 

3. Calling Sequence: CALL PSTRI2 

4.54.8.9 Subroutine Name: PSQADl 

1. Entry Point: PSQADl 

2. Purpose: To calculate the material properties matrix, arrange the flow of element stress 

calculations and update the ESTNL entry for the QUAOl element. 

3. Calling Sequence: CALL PSQAOl 

4.54.8. 10 Subroutine Name: PSQAD2 

1. Entry Point: PSAQ02 

2. Purpose: To calculate the material properties matrix, arrange the flow of element stress 

calculations and update the ESTNL entry for the QUA02 element. 

3. Calling Sequence: CALL PSQAD2 

4.54.8. 11 Subroutine Name: PSTRMl 

1. Entry Point: PSTRM1 

2. Purpose: To·generate element stress matrices for the TRMEM element, and the membrane 

portion of TRIAl and TRIA2 elements, and perform subcomputations for the PSQDMl routine. 

3. Calling Sequence: CALL PSTRMl (NTYPE) 
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{
o • TRMEM, TRIAl, or TRIA2 

NTYPE 
1 • Subcomputations for the PSQDMl subrc ine 

4.54.8.12 Subroutine Name: PSQDMl 

l. Entry Point: PSQOMl 

2. Purpose: To generate element stress matrices for the QDMEM element and the membrane 

portions of QUAOl and QUA02 elements. 

3. Calling Sequence: CALL PSQOMl 

4.54.8.13 Subroutine Name: PSTQl 

1. Entry Point: PSTQl· 

2. Purpose: To generate element stress matrices for the TRIAl, TRIA2, QUADl, and QUAD2 

elements. 

3. Calling Sequence: C~L PSTQl (NTYPE) 

NTYPE 

1 • TRIAl 

2 • TRIA2 

3 • QUAOl 

4 • QUAD2 

4.54.8.14 Subroutine Name: PSTRB1 

1. Entry Point: PSTRB1 

2. Purpose: To generate element stress matrices for subcalculations of basic bending 

triangles for the plate portion of TRIAl, TRIA2. QUAOl and QUA02 elements. 

3. Calling Sequence: CALL PSTRB1 (ltPT) 

{
1 • Subcalculations for PSQPLl 

19PT 
2 • Subcalculations for PSTPL1 

4.54.S.15 Subroutine Name: PSTPLl 

1. Entry Point: PSTPLl 

2. Purpose: To generate t~e element stress matrices for the plate portion of TRIAl and 
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TRIA2 elements. 

3. Calling Sequence: CALL PSTPLl 

4.54,8. 16 Subroutine Name: PSQPLl 

1. Entry Point: PSQPLl 

2. Purpose: To generate element stress matrices for the QUADl and QUAD2 elements. 

3. Calling Sequence: PSQPL1 

4.54.8.17 Subroutine Name: PSTRQ2 

l. Entry Point; PSTRQ2 

2. Purpose: To perform final stress computations for TRMEM and QDMEM elements. 

3. Calling Sequence: CALL PSTRQ2 (NTYPE) 

{
l • TRMEM element 

NTYPE 
2 • QDMEM element 

4.54,8, 18 Subroutine Name: PSTQ2 

1. Entry Point: PSTQ2 

2. Purpose: To perfonn final stress computations for the TRIAl, TRIA2, QUAD1, and QUAD2 

elements. 

3, Calling Sequence: CALL PSTQ2 (NPTS) 

f3 • TRIAl and TRIA2 elements 
NPTS) 

t4 • QUADl and QUAD2 elements 

4.54,9 Design Requirements 

1. The module was designed so that phase 1 and phase 2 can be executed in separate overlay 

segments. 

2. Open core for phase 1 is defined at /PLA31X/ and for phase 2 at /PLA32X/. Open core 

requirements for both phases are minimal, ·In phase 1, the single precision incremental 

displacement vector in unpacked form must be able to be contained in open core. In phase 2. 

the CSTM and MPT data blocks, tables in the CIT referenced on MATS1 bulk data cards, and 
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the first record (and only record since a PLA problem allows only one CASECC record) of 

CASECC must be able to be contained in open core. 

3. In addition to the colT'lllon blocks mentioned above, PLA32 uses /PLA32S/. which is 325 

words in length, as scratch storage for the module 1s element routines, and /S~UT/, which 

is 30 words in length, as a storage buffer for computed element stresses. 

4. One scratch file is used, and all arithmetic operations are perfonned in single 

precision. 

4.54. 10 Diagnostic Messages 

During phase 1, the following diagnostic messages may appear. If the incremental displace­

ment vector is nul 1, user fatal error 3005 wi 11 be given. Two system fatal 11 fai l-safe 11 error 

messages, 2091 and 2092, may be implemented if the ESTNL input data block was incorrectly con­

structed in PLAl or was incorrectly updated during the previous execution of the PLA3 module. 

During phase 2, error messages 3001, 3002 or 3003 may occur if the proper loading factors 

Pj cannot be found on the PLFACT bulk data card image in the MPT. If the ECPTDS scratch file 

is not in the prescribed format, system fatal message 2091 will occur. 

If the minimal core storage requirements in either phase 1 or phase 2 are not met, the 

usual fatal error 3008 will occur. 
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4.55 FUNCTIONAL MODULE PLA4 (PIECEWISE LINEAR ANALYSIS - PHASE 4) 

4.55. 1 Entry Point: PLA4 

4.55.2 Purpose 

To generate the stiffness matrix for 1onlinear elements. [K~!J 1 and to update the 

Element Connection and Properties Table for Nonlinear Elements. ~CPTNL, so that it contains 

up-to-date element stress infonnation. 

4.55.3 OMAP Calling Sequence 

PLA4 CSTM 1MPT,ECPTNL,GPCT,OIT,OELTAUGV/KGGNL,ECPTNLl/V,N,PLAC0UNT/V,N,PLSETN0/ 

V,N,PLFACT $ 

4.5·5.4 Input Data Blocks 

CSTM 

MPT 

ECPTNL 

GPCT 

CIT 

- Coordinate System Transfonnation Matrices. 

- Material Properties Table. 

- Element Connection and Properties Table for Nonlinear Elements. 

- Grid Point Connection Table. 

- Direct Input Tables. 

DELTAUGV - Current incremental displacement vector. 

~: 

1. CSTM may be purged. However, if some grid point of the model 1s not in basic 

coordinates and the CSTM has been purged, a fatal error will occur. 

2. A fatal error occurs if either MPT, ECPTNL, GPCT, DIT or DELTAUGV is purged. 

4.55.5 Output Data B;or<s 

KGGNL - Stiffi.css matrix of nonlinear elements - g set. 

ECPTNLl - Element Connection and Properties Table for Nonlinear Elements - update~. 

~: Neither KGGNL or ECPTNLl may be purged. 
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r-4.55.6 Parameters 

PLAC0UNT - Input-integer-no default value. Loop counter for the Piecewise Linear 

Analysis (PLA} Rigid Format DMAP loop. The module uses this parameter to find 

the correct loading factors on the PLFACT bulk data card chosen by the user. 

PLSETN~ - Input-integer-no default value. Set identification number of a PLFACT 

PLFACT 

4.55.7 Method 

bulk data card chosen by the user in his Case Control Deck. The module uses 

this parameter to search the MPT for this card. 

- Output-complex-no default value. The difference of loading factors to be used 

during the next pass of the PLA Rigid Format OMAP loop. 

The module driver PLA4 is a short routine whose only function is to call subroutines 

PLA41 and PLA42 which accomplish phase 1 and phase 2 of the task of the module respectively. 

Subroutine PLA41 reads the incremental displacement vector into core and appends to each 

element entry of the ECPTNL data block the components of the incremental displacement vector 

corresponding to the grid points of each element. This merged information is written on the 

scratch data block ECPTS, GINe file nuni>er 301. In PLA42• the ECPTS data block is processed 

in a fashion similar to the processing of the ECPT data block in module SMA1 (see the Module 

Functional Description for SMAl, section 4.27). 

In PLA41, for all elements except the BAR element, only the three translational 

components of the displacement vector at each grid point of an element are appended to the 

ECPTNL element entry. For a BAR element, all six components of the displacement vector at 

each grid point are appended. 

The logic of the processing of the scratch data block, ECPTS, in PLA42 is very similar 

to that used in subroutine SMA1A (of SMAl, the stiffness matrix generation module - see 

the Module Functional Description for SMAl, section 4.27). The similarities are not enumerated 

here, but notable differences are the following. 

1. Bef~re PREMAT is called to read into open core the MPT data block and tables from 

the DIT data block referenced on MATSl bulk data cards, the MPT 1s read in subrout1ne 
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PLA42 to compute y* and y as in Equations 1, 2 and 3 in section 4.54, and the real part 

of the output OMAP parameter PLFACT is set to the value of ai+l in Equation 3 in section 

4.54. The imaginary part of PLFACT is set to zero. The reason for PLFACT being complex is 

that it is an input parameter to the OMAP module ADD during the next pass of the PLA 

Rigid Fonnat DMAP loop, and ADD (see section 4.78) requires its parameters to be complex. 

2. When PREMAT is called, the last argument is set negative to signal PREMAT that this 

is a PLA problem and hence that special processing will be required. 

3. Subsequent to the call of an element routine, the element type and the updated ECPT 

entry are written onto the ECPTNLl data block. 

4.55.8 Subroutines 

PLA4 uses PRETRD, PRETRS, PREMAT, INVERS, INVERO, GMMATS, and GMMATD as utility routines. The 

ccnmon block /PLA42E/ is the means of convnunicating a) the element entry of the ECPTS from PLA42 

to an element stiffness matrix generation routine and b) the ECPTS element entry with updated 

stress infonnation from the element routine back to PLA42 upon completion of element matrix 

generation. This fact is not explicitly stated in the descriptions of the element routines 

(e.g., PKR~D) given below. 

The element drivers PKTRM, PKQOM, PKTRI1, PKTRI2, PKQAOl, and PKQAD2 use a) /PLA4ES/, which 

is 300 words in length, and b) /PLA4UV/, which is 25 words in length, as c011111unication links with 

the subroutines that they call. PLA42 will call the drivers listed above which will use (directly 

and indirectly) the subroutines described below in sections 4.55.8.12 through 4.55.8.22. 

4.55.8. 1 Subroutine Name: PLA41 

1. Entry Point: PLA41 

2. Purpose: See discussion above. 

3. Calling Sequence: CALL PLA41 

4.55.8.2 Subroutine Name: PLA42 

1. Entry Point: PLA42 

2. Purpose: See discussion above. 
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r 
3. Calling Sequence: CALL PLA42 

4.55.8.3 Subroutine Name: PLA4B 

1. Entry Point: PLA4B 

2. Purpose: To add a double precision 6 by 6 element stiffness matrix to the 11 submatrix" 

corresponding to the current pivot point. This routine perfonns the same function as, and 

is modeled after, subroutine SMA1B of module SMAl. 

3. Calling Sequence: CALL PLA4B (KE,J) 

KE - Row-stored double precision 6 by 6 matrix to be added to the submatrix in core - input. 

J - The column index of the KGGNL matrix which corresponds to first column of the KE 

matrix - integer - input. 

4.55.8.4 Subroutine Name: PKR00 

1. Entry Point: PKR00 

2. Purpose: To generate the element stiffness matrix for a R0D element and to update 

the ECPTNL element entry for a R00 element. 

3. Calling Sequence: CALL PKR00 

4.55.8.5 Subroutine Name: PKBAR 

1. Entry Point: PKBAR 

2. Purpose: To generate the element stiffness matrix for a BAR element and to update the 

ECPTNL element entry for a BAR element. 

3. Calling Sequence: CALL PKBAR 

4.55.8.6 Subroutine Name: PKTRM 

1. Entry Point: PKTRM 

2. Purpose: To calculate the material properties matrix, update the ECPTNL entry, and 

arrange the flow of element stiffness calculations for the TRMEM element. 

3. Calling Sequence: PKTRM 
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4.55.8.7 Subroutine Name: PKQDM 

1. EEntry Point: PKQDM 

2. Purpose: To calculate the material properties matrix, update the ECPTNL entry, and 

arrange the flow of element stiffness calculations for the QDMEM element. 

3. Calling Sequence: CALL PKQDM 

4.55.8.8 Subroutine Name: PKTRI1 

1. Entry Point: PKTRI1 

2. Purpose: To calculate the material properties matrix, update the ECPTNL entry, and 

arrange the flow of element stiffness calculations for the TRIAl element. 

3. Calling Sequence: CALL PKTRI1 

4.55.8.9 Subroutine Name: PKTRI2 

1. Entry Point: PKTRI2 

2. Purpose: To calculate the material properties matrix, update the ECPTNL entry, and 

arrange the flow of element stiffness calculations for the.TRIA2 element. 

3. Calling Sequence: CALL PKTRI2 

4.55.8. 10 Subroutine Name: PKQAD1 

1. Entry Point: PKQADl 

2. Purpose: To calculate the material properties matrix, update the ECPTNL entry, and 

arrange the flow of element stiffness calculations for the QUAD1 element. 

3. Calling Sequence: CALL PKQAD1 

4.55.8. 11 .Subroutine Name: PKQAD2 

1. Entry Point: PKQAD2 

2. Purpose: To calculate the material properties matrix, update the ECPTNL entry, and 

arrange the flow of element stiffness calculations for the QUAD2 element. 

3. Calling Sequence: CALL PKQAD2 
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~.55.8, 12 Subroutine Name: PKTRMl 

1, Entry Point: PKTRMl 

2. Purpose: To generate element stress matrices for the TRMEM. TRIAl and TRIA2 elements, 

and perfonn subcomputations for the PKQOMl routine. 

3, Calling Sequence: CALL PKTRMl (NTYPE) 

{
O = TRMEM, TRIAl or TRIA2 . 

NTYPE 
1 = Subcomputations for the PKQDMl routine 

4.55.8. 13 Subroutine Name: PKQDMl 

1. Entry Point: PKQOMl 

2. Purpose: To generate element stress matrices for the QOMEM, QUADl and QUAD2 elements. 

3. Calling Sequence: CALL PKQDMl 

4.55.8.14 Subroutine Name: PKTQl 

1. Entry Point: PKTQl 

2. Purpose: To generate element stress matrices for the TRIAl, TRIA2, QUAOl, and QUA02 

elements. 

3. Calling Sequence: CALL PKTQl (NTYPE) 

1 • TRIAl 

2 • TRIA2 
NTYPE 

3 • QUADl 

4 • QUAD2 

4.55.8.15 Subroutine Name: PKTRQ2 

1. Entry Point: PKTRQ2 

2. Purpose: To perform final stress computations for the TRMEM and QOMEM elements. 

3. Calling Sequence: CALL PKTRQ2 (NTYPE) 

{
1 • TRMEM element 

NTYPE 
2 • QOMEM element 
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[~.55.8. 16 Subroutine Name: PKTQ2 

1. Entry Point: PKTQ2 

2. Purpose: To perfonn final stress computations for the TRIA1, TRIA2, QUAOl, and QUA02 

elements. 

3. Calling Sequence: CALL PKTQ2 (NPTS) 

{
3 = TRIAl or TRIA2 elements 

NPTS 
4 • QUAD1 or QUAD2 elements 

4.55.8. 17 Subroutine Name: PKTRMS 

1. Entry Point: PKTRMS 

2. Purpose: To generate the element stiffness matrix for the TRMEM element and sub­

computations for the PKQOMS routine. 

3. Calling Sequence: CALL PKTRMS (NTYPE) 

~O • TRMEM 
NTYPE l 

1 • Sub-computations for PKQDMS 

4.55.8. 18 Subroutine Name: PKQDMS 

1. Entry Point: PKQOMS 

2. Purpose: To generate the element stiffness matrix for the QOMEM element. 

3. Ca11ing Sequence: CALL PKQDMS 

4.55.8. 19 Subroutine Name: PKTRQO 

1. Entry Point: PKTRQD 

2. Purpose: To generate the element stiffness matrix for the TRIA1, TRIA2, QUA01, or 

QUA02 elements. 

3. Calling Sequence: CALL PKTRQO (NTYPE) 
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r 1 = TRIAl 

2 = TRIA2 
NTYPE 

3 = QUADl 

4 • QUAD2 

4.55.S.20 Subroutine Name: PKTRBS 

1. Entry Point: PKTRSS 

2. Purpose: To generate the element stiffness matrix subcalculations for the PKTRPL and 

PKQDPL routines. 

3. Calling Sequence: CALL PKTRBS (I0PT) 

1
1 • Subcomputations for PKQDPL 

I0PT 
2 • Subcomputations for PKTRPL 

4.55.8.21 Subroutine Name: PKTRPL 

1. Entry Point: PKTRPL 

2. Purpose: To generate the element stiffness matrix for the TRIAl and TRIA2 elements. 

3. Calling Sequence: CALL PKTRPL 

4.55.8.22 Subroutine Name: PKQDPL 

1. Entry Point: PKQDPL 

2. Purpose: To generate the element stiffness matrix for the QUADl and QUA02 elements. 

3. Calling Sequence: CALL PKQDPL 

4.55.9 Design Requirements 

The module was designed so that phase land phase 2 can be executed in separate overlay 

segments. 

Open core for phase 1 1s defined at /PLA41X/ and for phase 2 at /PLA42X/. In phase 1 the 

single precision incremental displacement vector in unpacked fonn must be able to be contained in 

core. In phase 2, the open core requirements are the same as those for module SMAl (see section 

4.27.9.1) except that only four GIN~ buffers are required during the principal loop of ·phase 2, 
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,. 
which processes the ECPTS and GPCT in a complementary manner. One GIN0 buffer is defined for 

each of KGGNL, ECPTNLl, ECPTS and GPCT. 

In addition to /PLA42E/, which is 100 words in length, subroutine PLA42 uses the following 

colllllon blocks: a) /PLA420/, which is 300 double precision words in length, and is used as a 

scratch storage for the module's element routines; b) /PLA425/, which is 325 single precision words 

in length, and is used as scratch storage for the module element routines; and c) /PLA42C/, which 

is a corranunication region for phase 2 of the task of the module. /PLA42C/ is defined as follows: 

C0MM0N/PLA42C/NPVT,GAMMA,GAMMAS,IPASS,ICSTM,NCSTM,IGPCT,NGPCT,IP0INT,NP0INT,I6X6K,N6X6K,CSTM,MPT, 

ECPTS,GPCT,DIT,KGGNL,ECPT0,INRW,0UTRW,E0R,NE0R,CLSRW,JMAX,FR0WIC,LR0WIC,NR0WSC,NLINKS,NW0RDS(40), 

I0VRLY(40),LINK(40),N0G0 

GAMMA,GAMMAS 

!PASS 

NPVT,ICSTM,NCSTM,IGPCT, 
NGPCT,IP0INT,NP0INT, 
I6X6K,N6X6K 

CSTM,MPT,ECTPS,GPCT, 
DIT ,KGGNL 

} 

} 

The load increment ratios as defined in Equations 2 and 3 in 

section 4.54. 

- Number of the current pass through the PLA DMAP loop. 

- As defined in section 4.27.9. 

- GIN0 file numbers for their corresponding data blocks. 

ECPT0 - GIN~ file number for the ECTPNLl data block. 

INRW,0UTRW, ••• • } A d f' d i t· 4 27 9 I0VRLY(40) ,LINK(40),N0G0 • s e me n sec 10n • • • 

The variables a) corresponding to GIN0 file numbers, b) GIN0 parameter options (e.g., INRW, 

0UTRW), and c) NLINKS, I0VRLY, and NW0R0S, and N0G0 are set in the block data subprogram PLA4BD. 

One scratch file is used, and a11 operations associated with stiffness matrix calculations 

are perfonned in double precision. 

4.55. 10 Diagnostic Messages 

During phase 1, if the incremental displacement vector is null, user fatal error 2083 will 

occur. 

During phase 2, error messages 3001, 3002, or 3003 may occur if the proper loading factors 

cannot be found on the PLFACT bulk data card image in the MPT. Other diagnostic messages for 

phase 2 are the same as those for module SMA1 (see section 4.27.10). 
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r4.56 FUNCTIONAL MODULE ChSE (SIMPLIFY CASE CONTROL) 

4.56. l Entry Point: CASE 

4. 56. 2 Purpose 

To remove looping considerations from later dynamics modules. 

4.56.3 DMAP Calling Seguence 

CASE CASECC,PSOL/CASEXX/C,N,APPR~ACH/V,N,REPEAT/V,N,L~0P $ 

4.56.4 Input Data Blocks 

CASECC 

PSDL 

- Case Control Data Table. 

- Power Spectral Density List. 

.!!2tt: PSDL is used only if APPRIIJACH • FREQRESP and Random Analysis is selected in C:ASECC. 

4.56.5 Output Data Blocks 

CASEXX - Case Control data table for dynamics problems. 

Note: CASEXX cannot be purged. 

4.56.6 Parameters 

APPR0ACH - Input-BCD-no default. Defines the approach to be used for looping 

criteria. 

BCD Value 

STATICS 

REIGEN 

DSC 

051 

FREQRESP 

TP.ANRESP 

BLKO 

BLKl 

CEIGEN 

~ 

NIIINE 

NIIJNE 

N{IJNE 

NIIJNE 

DIRECT INPUT MATRICES OR TRANSFER FUNCTIONS 

LlllADS 

NIIJNE 

NIIJNE 

DIRECT INPUT MATRICES OR TRANSFER FUNCTIONS 
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~ 
N0Nf 

REPEAT - Input and output-integer-set equal to zero outside of the DMAP loop by the PARAM 

module. -1 if no additional loops;+ loop count if loops. 

L0~P - Output-integer-default• -1. -1 if this is not a looping problem, O if this 

is a looping problem. 

4.56.7 Method 

The method of operation depends upon the input parameter APPRIIIACH. 

4.56.7. 1 Transient Response 

If APPRIIIACH • TRANRESP, CASECC is skipped over REPEAT records. If REPEAT• D, -REPEAT-is set 

to 1. One record of CASECC 1s read and copied onto _CASEXX. An attempt is made to read another 

record. If no more records exist, REPEAT is set to -1. Also, if this is the first entry to CASE 

(i.e., REPEAT• 1), LIIIIIIP.1s -se-t to -1~ If additional records exist, REPEAT and LIIIIIIP are set to 1. 

4.56.7.2 Complex Eigenvalue Analysis 

If APPRIIIACH • CEIGEN, REPEAT records are skipped in CASECC. If REPEAT• O, REPEAT is set to 

1. One record of CASECC is read and copied onto CASEXX. The names of the Direct Input Matrices 

and Transfer Functions sets are saved~ An attempt is made to read another record. If no 

moT"e exist, REPEAT is set to -1. Also if this is the first entry (i.e., REPEAT• 1) LIIIIIIP is set 

to -1. ·11 additional records exist, their Direct Input Matrices and Transfer Functions sets are 

compared to those saved. If they all agree, this record is copied onto CASEXX and the process 

is repeated. If they do not agree, REPEAT is incremented by 1, LIIIIIIP is set to 1, and CASE returns. 

4.56.7.3 Frequency Response 

If APPRIIIACH • FKEQRESP, the method used is the same as Complex Eigenvalue Analysis except a 

test is also made for frequency set selection changes. In addition, if RANDPS cards are selected, 

the 'Selected set 1s read from PSDL and the unique subcase 11 id 1s 11 referenced are stored. Each sub­

case id copied onto CASEXX is compared to this list, and the entry is marked as found. If at the 

completion of CASE unmarked entries exist, the routine terminates with message 3033. 
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r: 4. 56. 8. Subroutines 

No auxiliary subroutines are used by CASE. 

4.56.9 Design Reguirements 

Open core is defined at /CASC0R/. 
C0MM0N/CASC0R/ 

CASECC 

Record 

List 

CASEXX buffer 

PSDL buffer 

CASECC buffer 

4.56.10 Diagnostic Messages 

} Present on1y if RAND0M checks done 

; J GIN~ buffers 

If a case control record cannot be held in core, CASE will issue error message 3008. 

Message 3033 may be issued by CASE as outlined above. 

4.56-3 





FUNCT.~NAL MODULE MTRXIN (MATRIX INPUT) 

4.57 FUNCTIONAL MODULE MTRXIN (MATRIX INPUT) 

4.57. l Entry Point: MTRXIN 

4.57.2 Purpose 

MTRXIN has two purposes: (1) to provide a capability for direct input matrices as may occur 

in control systems in the dynamics Rigid Formats and, (2) to provide the DMAP user a capability 

of converting matrices input on DMIG bulk data cards to NASTRAN matrix format. 

4.57.3 DMAP Calling Sequences 

1. Dynamics Rigid Formats: 

MTRXIN j CASE XX l j BDP00L l j K2DPP l j M2DPP l j B2PP l 
1CASECC~'1MATP00Lf'EQDYN,JFP00L/1~~~~pf'}M2PP ~'1HB2PPf/V,N,LUSETD/V,N,N0MATl/ 

V,N,N0MAT2/V,N,NOMAT3 $ 

2. DMAP Approach: 

MTRXIN, ,MA.TP00L ,EQEXIN, ,/NAMEl ,NAME2 ,NAME3/V ,N ,LUSET /V ,N,N0MAT1 /V ,N ,N0MAT2/V ,N ,N0~T3 $ 

4.57.4 Input Data Blocks 

CASECC - Case Control. 

CASEXX - Case Control data table for dynamics problems. 

MATP00L - Data block containing matrices input on DMIG bulk data cards. 

BDP00L - Hydroelastic boundary matrix tables. 

EQDYN - Equivalence between external nurtDers and internal numbers, dynamics. 

TFP00L - Transfer Function Pool. 

EQEXIN - Equivalence between external numbers and internal numbers. 

!!Q1!!: 

1. If CASECC is purged, the second purpose is assumed by MTRXIN. 

2. EQOYN, EQEXIN, SIL and SILO may not be purged. 
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4.57.5 Output Data Blocks 

K2DPP -

K2PP l 
HK2PP I -
M2DPP -

Direct input differential stiffness matrix - p set. 

Direct input mass matrix - p set. 

Direct input differential mass matrix - p set. 

M2PP - Direct input mass matrix - p set. 

~:~:Pf- Direct input damping matrix - p set. 

~:gt_ The same names that appear on the DMIG cards, i.e., the DMIG matrix called 
NAMEJ f NAMEl will be output on data block NAMEl. 

~: Any output data block may be purged. 

4.57.6 Parameters 

LUSET - Input-integer-no default. Degrees of freedom in the g set. Used with EQEXIN 
and SIL. 

LUSETD - Input-integer-no default. Degrees of freedom in the p set. Used with EQOYN 
and SILO. 

N~MATi - Output-integer-no default. +l if the ;th output data block is generated, 
-1 otherwise. 

4.57.7 DMAP Example 

Assume the bulk data contain two OMIG matrices named Ml and M2 which reference grid and/or 

scalar points only. The following set of DMAP instructions will generate these two matrices in 

NASTRAN matrix fonnat, multiply them together and print the result. 

BEGIN 

GPl GEOM1,GEIIJM2/GPL,EQEXIN,GPOT,CSTM,BGPDT,SIL/V,N,LUSET/C,N,0/C,N,O $ 

SAVE LUSET $ 

MTRXIN, ,MATPllllllL,EQEXIN, · ,/Ml ,M2,/V ,N,LUSET /V ,N,Nll)Ml/V ,N ,NIIJM2/C,N, 0 $ 

SAVE NIIJM1,NIIJM2 $ 

CIIJND 

MPYAD 

MATPRN 

LABEL 

END 

EXIT ,NIIJMl $ 

Ml,M2,/PRIIJDUCT/C,N,O/C,N,1/C,N,1 $ 

PRODUCT,,,,// $ 

EXIT$ 
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The first logical record in the Case Control data block is read into core, and the names of 

the requested OMIG matrices are fetched. If the Case Control data block is purged, FNAME is 

called to d~termine the names of the DMIG matrices from the names of the output data blocks. If 

the Case Control record was read, the transfer function set selection is fetched. If transfer 

matrices are requested, the TFP00L data block is opened, and the file is positioned to the 

requested set. Each transfer function matrix for which a corresponding direct input matrix exists 

is written on a scratch file. If no direct input matrix exists corresponding to a transfer func­

tion matrix, the transfer function matrix is written directly on the appropriate output data block. 

The transfer function matrices are written in NASTRAN matrix format by decoding the row and 

column numbers and calling BLDPK. 

Upon completion of the writing of the transfer function matrices (if any), the second record 

of EQEXIN or EQDYN is read into core. The second word of each entry is converted into a scalar 

index number by dividing by 10. The MATP00L data block is opened. The following processing 

occurs: 

l. The header information for the DMIG matrix is read. If an end-of-file is encountered, 

step (5) is executed. If the matrix is not requested, the remainder of the record is 

skipped and step (1) is repeated. Otherwise, step (2) is executed. 

2. Each term in the matrix is read. The grid identification and component code are 

converted to a scalar index value by performing a binary search in EQEXIN or EQDYN in 

core. The scalar index forms a row position of the matrix. The row and column number 

{packed in one word) and the value for the term are stored in core. If core storage is 

exceeded, the terms ·are written on a scratch file. 

3. When all terms have been read, converted and stored, the matrix is sorted by S0RT • 

. The matrix is now written in NASTRAN format by BLDPK. 

4. If a transfer function is to be added to the DMIG matrix, the ADD routine is called 

to accomplish the matrix addition. 

5. A test is made to determine if all requested matrices have been processed. If not, 

an error message is queued, and PEXIT is called. Otherwise, the IIXldule makes a normal exit. 
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r. 4.57.9 Design Requirements 

4.57.9.1 Allocation of Core Storage 

Storage is required to hold the EQDYN or EQEXIN table (2 words per point in the problem) plus 

five GIN0 buffers. Complete spill logic is provided for processing the DMIG matrices. 

4.57.9.2 Environment 

The module MTRXIN consists of one subroutine. MTRXIN. Calls are made to the utility routine 

S0RT and matrix operation ADO. Open core is defined by /MTRXXX/. Seven scratch files are used. 

4.57.10 Diagnostic Messages 

The following messages may be issued by MTRXIN: 

2065, 2070, 2074 • . 
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4.58 FUNCTIONAL MODULE GKAD (GENERAL K ASSEMBLER DIRECT) 

4.58.1 Entry Point: GKAD 

4.58.2 Purpose 

To assent>le the dynamic stiffness, damping and mass matrices. 

4.58.3 DMAP Calling Sequence 

{HKDD} {HBDD} {HRDD} GMO {HG0D} {HK2DD.} {HM2DD} {HB2DD}I 
KOO • BOD 'MOD ' ' G0D ' K2DD 'M2DD '8200 

4.58.4 Input Data Blocks 

~~~~bD - Displacement set difinitions table dynamics. 

GM - Multipoint constraint transfonnation matrix - m set. 

G0 - Structural matrix partitioning transfonnation matrix. 

KAA - Partition of stiffness matrix - a set. 

BAA - Partition of damping matrix - a set. 

MAA - Partition of mass matrix - a set. 

K4AA - Partition of structural damping matrix - a set. 

K2PP - Direct input stiffness matrix - p set. 

M2PP - Direct input mass matrix - p set. 

BZPP - Direct input damping matrix - p set. 

HG0 - Heat matrix partitioning transfonnation matrix. 

HKAA - Partition of the conductivity matrix - a set. 

HBAA - Partition of the capacity matrix - a set. 

HRAA - Partition of the radiation matrix - a set. 

HK2PP - Direct input conductivity matrix - p set. 

HB2PP - Direct input capacity matrix - p set. 
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USETD cannot be purged. 

GM cannot be purged if MPCF1 ~ O. 

G0 cannot be purged if 0MIT ~ O. 

KAA cannot be purged if KDEKA ~ O. 

BAA cannot be purged if N0BGG ~ 0. 

MAA may be purged. 

K4AA cannot be purged if N0K4GG ~ O. 

K2PP cannot be purged if N0K2PP ~ O. 

M2PP cannot be purged if N0M2PP ~ 0. 

B2PP cannot be purged if N0B2PP.::. O. 

4.58.5 Output Data Blocks 

KDD - Dynamic stiffness matrix - d set. 

BOD - Dynamic damping matrix - d set. 

MOD - Dynamic mass matrix - d set. 

GMO - Multipoint constraint transfonnation matrix - dynamics. 

~~D - Omitted coordinate transfonnation matrix - dynamics. 

K2DD - Direct input stiffness matrix - d set. 

M2DD - Direct input mass matrix - d set. 

B2DD - Direct input damping matrix - d set. 

HKDD - Dynamic conductivity matrix - d set. 

HBDD - Dynamic capacity matrix - d set. 

HRDD - Dynamic radiation matrix - d set. 

HK2DD - Direct input conductivity matrix - d set. 

HM2DD - Direct input radiation matrix - d set. 

HB2DD - Direct input capacity matrix -.d set. 

~: 1. GMO cannot be purged if MPCF.::. O. 

2. 600 cannot be purged if 0MIT ~ O. 

3. K2DD cannot be purged if N0K2PP ~ O. 

4. M2DD cannot be purged if N0M2PP ~ O. 

5. 8200 cannot be purged if N0B2PP ~ O. 
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4.58.6 Parameters 

TYPE - Input-BCD-no default. If TYPE= TRANSIENT the transient equations are used; 

otherwise the frequency response equations are useQ, 

APP - Input-BCD-no default, If APP• F0RCE the P set= d set; otherwise p's are 

reduced to d's by removing m's, s's, and 0
1s. 

F0RM - Input-BCD-no default. If F0RM = M0DAL, KOO and BOD are not computed, MOD is 

not computed unless M0DACC ~ O. 

G - Input-real-default • 0.0. G is. the coefficient of K4DD if TYPE ~ TRANSIENT, G/W3 

is coefficient of KlDO if TYPE• TRANSIENT. 

W3 - Input-real-default• 0.0. If TYPE• TRANSIENT G/W3 is the coefficient of KlDD, 

If W3 • 0.0 KlDD is not used. 

W4 - Input-real-default• 0.0. l.O/W4 is the coefficient of K40D if TYPE• TRANSIENT, 

If W4 • 0.0 K40D 1s not used. 

N0K2PP - Input-integer-no default. N0K2PP ~ O indicates presence of K2PP. 

N0M2PP - Input-integer-no default. N0M2PP !:. O indicates presence of M2PP. 

N0B2PP - Input-integer-no default. N0B2PP ~ O indicates presence of B2PP. 

MPCFl - Input-integer-no default. MPCFl ~ O indicates· presence of GM. 

SI~GLE - Input-integer-no default. SINGLE z: 0 indicates presence of single-point 

cons tra 1 nts. 

0MIT - Input-integer-no default. tMIT ~ O indicates presence of G0, 

N0UE - Input-integer-no default. N0UE ~ O indicates presence of extra points. 

N0K4GG - Input-integer-no default. N0K4GG !:O indicates presence of K4AA. 

N0BGG - Input-integer-no default. N0BGG z O indicates presence of BAA. 

KDEKA - Input-integer-no default. KDEKA z O indicates presence of MAA and KAA. 

M0DACC - Input-integer-default• -1. M0DACC e O requests computation of MOD (meaningful 

only if F0RM • M0DAL) 
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4.58.7 Method 

If extra points are present (M0UE~O) and lllJltipoint constraints or omitted coordinates 

are present (MPCFl~O or ~MIT~O), then 

Q1' -=) GMO, (1) 

and 

GG -) G(aD. (2) 

Subroutine GKAOlA perfonns_ these tasks. 

If direct input matrices are present and m•s, s's or 0
1s are present, the direct input 

matrices are reduced from the p set to the d set. Let [D~p] be a direct input matrix, 

1. If m•s are present, 

(3) 

(Thee coordinates are included with then coordinates). Then compute: 

2. If s's are present, 

~

2 I 2 ~ 2 off ' Pfs 
[Off] -) ... - ~ - - • 

02 I 02 
Sf I S$ 

(5) 

where only [D~f] is saved. Thee coordinates are included with the f coordinates. 
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3. If 0 1s are present, first partition [D~f] 

t
l'\2 I l'\2 J 2 udd ' udo 

[DffJ-) -2-\-2-, 
td : 0

00 

(6) 

then: 

(7) 

Steps 1 through 3 are done for K2PP, M2PP ·and S2PP, using subroutines GKAD1C and GKAOlD. 

If F0RM = M0DAL and M0DACC < O, GKAD is done. If not, the a set matrices are exp~nded to 

the d set by adding zeros at extra points. Let [Daa] be an a set matrix. Then, 

(8) 

The above step is done for KAA, BAA, MAA, and K4AA and is perfonned in subroutine GKAD1B. 

Compute KOO, BOD and MOD. 

1. For Frequency Response or Complex Eigenvalue Analysis (TYPE; TRAN), 

(9) 

(10) 

{ 11) 

/ / 
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2. For Transient Analysis (TYPE= TRAN), 

( 12) 

( 13) 

( 14) 

If W3 or W4 is zero. the corresponding matrices are ignored. 

• 
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4,58.8 Subroutines 

GKAD uses matrix utility routines SSG2B, SSG2C, CALCV, MERGE, UPART, and MPART. Descrip­

tions for these routines can be found in Section 3. 

4.58.8. 1 Subroutine Name: GKAD1A 

1. Entry Point: GKAD1A 

2. Purpose: To expand GM or G0 to d size matrices: 

(15) 

3. Ca11ing Sequence: CALL GKAD1A (USETD,G0,G0D,SCR1,UE,UA,UNE) 

USETD - GIN0 fi1e number of USETD - integer - input. 

G~ - GIN0 file number of G~ - integer - input. 

G~D - GIN0 file number of G~O - integer - input. 

SCRl - GIN0 file number of scratch file - integer - input. 

UE - Pointer to UE bit in USETD word - integer - input. 

UA - Pointer to UA bit in USETD word - integer - input. 

UNE - Pointer to UNE bit 1n USETO word - integer - input. 

4,58.8.2 Subroutine Name: GKAD1B 

1. Entry Point: GKAD1B 

2. Purpose: To expand a set matrices to d set size. 

3, Calling Sequence: CALL GKAD1B (USETD,KAA,MAA,BAA,K4AA,K10D,M1DD,B1DD,K41DD,UA, 

UE,UD,SCR1) 

USETO • GIN0 file number of USETD - integer - input. 

KAA - GIN0 file number of KAA - integer - input. 

MAA - GIN0 file number of MAA - integer - input. 

BAA - GIN0 file number of BAA - integer - input. 

K4AA - GIN0 file number of K4AA - integer - input. 
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KlDD - GINP file number of KlDD - integer - input. 

MlDD - GIN0 file number of MlDD - integer - input. 

BlDD - GIN0 file number of BlDD - integer - input. 

K41DD - GIN0 file number of K41DD - integer~ input. 

SCRl - GIN0 file number of scratch file - integer - input. 

UA - Pointer to UA bit in USETD word - integer - input. 

UE - Pointer to UE bit in USETD word - integer - input. 

UD - Pointer to UD bit in USETD word - integer - input. 

4.58.8.3 Subroutine Name: GKADlC 

1. Entry Point: GKAD1C 

2. Purpose: To initialize GKADlO. 

3. Calling Sequence: CALL GKAOlC (GMD,G~D,SCR1,SCR2,SCR3,SCR4,SCRS,SCR6,USETD) 

GMO,G~D,USETO are GIN0 file numbers of their respective data blocks - integer - input. 

SCR1, ••• ,SCR6 are GIN~ file numbers of six scratch files - integer - input. 

4.58.8.4 Subroutine Name: GKADlO 

1. Entry Point: GKADlD 

2. Purpose: To reduce "2PP" matrices to "20011 matrices. 

3. Calling Sequence: CALL GKAOlD (K2PP,K200) 

K2PP - GINP file number of input matrix - integer - input. 

K2DO - GIN~ file number of reduced matrix - integer - input. 

4.58.9 Design Requirements 

Six scratch files are necessary. Open core for GKADlA and GKAD1B is defined at /GKADAl/. 

Open core for GKAD1C and GKAD10 1s defined at /GKADCl/. 

4.58.10 Diagnostic ~•ssages 

None 
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4.59 FUNCTIONAL MODULE CEAD (COMPLEX EIGENVALUE ANALYSIS - DISPLACEMENT) 

4.59.1 Entry Point: CEAD 

4.59.2 Purpose 

To solve the equation 

([M]p2 + [B]p + [K]){u} = {0} 

for the eigenvalues p and the associated eigenvectors {u} where [M], [BJ and [K] are mass, 

dampina and stiffness matrices respectively. 

4.59.3 DMAP Calling Sequence 

CEAD KDD,BDD,MDD,EED,CASECC/PHID,CLAMA,0CEIGS,PHIDL/V,N,NF0UND $ 

4.59.4 Input Data Blocks 

KDD - Dynamic stiffness matrix - d set. 

BOD - Dynamic damping matrix - d set. 

MOO - Dynamic mass matrix - d set. 

EEO - Eigenvalue Extraction Data. 

CASECC - Case Control Data Table. 

~: 

1. EEO must be present. 

(, ) 

2. CASECC must be absent when a substructure modal reduce is being performed. In all 

other cases it must be present. 

3. At least one of KOO, BOO and MOO must be present. 

4.59.5 Output Data Blocks 

PHIO - Complex eigenvectors in the d set. 

CLAMA - Complex eigenvalue table. 

0CEIGS - Complex eigenvalue summary table. 

PHIDL - Left complex eigenvectors in the d set. 
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Notes: 

1. PHID, CLAMA and 0CEIGS must be present. 

2. PHIDL may be purged if the left-hand vectors are not desired. 

4.59.6 Parameters 

NF0UND - Output-integer-no default. NF0UND indicates the number of eigenvalues found. 

If none were found, NF0UND is set to -1. 

4.59.7 Method 

The Complex Eigenvalue Analysis Module calculates the eigenvalues and eigenvectors for a 

general system which may have complex terms in the mass, damping, and stiffness matrices. The 

eigenvectors are scaled according to the user-requested normalization scheme. Modal masses are 

not calculated since they will, in general, be complex, and their value is rather dubious. The 

form of the problem solved by the Complex Eigenvalue Analysis Module is given in Equation l. 

The eigenvalues p and the eigenvectors {u} are always treated as complex. These data are 

related to the ud displacements if a direct formulation is used or are related to the uh displace­

ments if a modal fonnulation is used. The method to be used and the necessary data are selected· 

by calling for one ID number in the EEO data block. A set of EEO data which defined either the 

Determinant Method, the Inverse Power Method, the Tridiagonal Reduction Method or the Hessenburg 

Method must be used. Subroutine CDETM, CFEER, CINVPR, or HESS1 is called to solve the eigenvalue 

problem (see subroutine descriptions below for method details. The eigenvalues and associated 

vectors are sorted by the magnitude of the imaginary part of the eigenvalue with all positives 

listed ahead of all negatives. (Subroutine CEADlA). 

4.59."8 Subroutines 

The subroutines used by CEAD can be divided into six groups: 1) those used by CEAD; 2) those 

used for the Inverse Power Method; 3) those used by the Determinant Method; 4) those used by the 

Hessenburg Method; 5) those used by the Tridiagonal Reduction (FEER) Method; and 6) general utility 

routines. The descriptions of the utility routines can be found in Section 3. 

/ / . / 

, 
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~ Dete nni nant Hessenber9 Inverse Power FEER General 

CEADl A CDETM ALLMAT CDIFBS CMT!MU CFCNTL CFElMY ADD 

CLVEC CDETM2 CFACTR CDIVID CN0RM CFEER1 CFE2MY CDC0MP 

CDETM3 CFBS0R CINFBS CN0RM1 CFEER2 CF1 FBS PREL0C 

CDTFBS HESS1 CINVPR CSQRTX CFEER3 CF2FBS 

CSQRTN HESS2 CINVPl CSUB CFEER4 CFN0R1 

CSUMM MERGED CINVP2 CXTRNY CFER3D CFN0R2 

CINVP3 0RTH0 CFER3S CF10RT 
CFE1A0 CF20RT 
CFE2A0 

4.59.8. l Subroutine Name: CEAD1A 

1. Entry Point: c!AD1A 

2. Purpose: To sort the eigenvalues and the right and left eigenvectors. 

3. Calling Sequence: CALL CEAD1A (LAMAI,PHII,PHIIL,LAMA0,PHI0,PHI0L,NF0UND,NVECT,CAPP) 

LAMAI - GIN0 file number of unsorted eigenvalues - integer - input. 

PHII - GIN0 file number of unsorted eigenvectors - integer - input. 

PHIIL - GIN0 file number of unsorted left eigenvectors {Inverse Power Method only) -

integer - input. 

LAMA0 - GIN0 file number of data block CLAMA - integer - input. 

PHI0 - GIN0 file number of data block PHID - integer - output. 

PHI0L - GIN0 file number of data block PHIDL - integer - output. 

NF0UND - Number of eigenvalues found - integer - input. 

NVECT - Number of eigenvectors found - integer - input. 

CAPP - Method - BCD - input. 

4.59.8.2 Subroutine Name: CINVPR 

1. Entry Point: CINVPR 

2. Purpose: CINVPR is the main driver for the Complex Inverse Power Method of eigenvalue 

extraction. 

3. Calling Sequence: CALL CINVPR (EED,METH0D,NF0UND) 

C0MM0rl / C JNVPX / K(7) ,M(7) ,B ( 7) ,LAM ( 7), PHI ( 7) ,EIGSUM ,SCRFI L ( 11 ) ,N0REG, EPS ,REG ( 7, 10) ,PH IOLI 

C0MM0N / CINVX / Z(l) 
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K,M,B - Input matrix control blocks for the stiffness, mass, and damping matrices 

(K], [M], and [BJ. 

LAM,PHI - Matrix control blocks for the output eigenvalue and eigenvector files. 

EIGSUM - The output eigenvalue summary file. 

SCRFIL(ll) - Eleven scratch files available to Inverse Power 

N0REG - Number of regions input to CINVPR. 

EPS 

REG(7,10) 

PHIOLI 

Z( l) 

- Convergence criterion. 

- Storage space for up to 10 region parameters. 

- GIN0 file number of unsorted left eigenvector file. 

- Open core for CINVPR. 
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EED - GIN0 file number for this input data block. 

METH0D - ID of an EIGC card for the Inverse Power Method. 

NF0~ND - Number of eigenvalues found. 

4. Method: Complex Inverse Power was, in general. designed identically to Real Inverse 

Power. The notable exceptions are in the iteration equation and the orthogonalization 

with respect to previously extracted eigenvectors. With these points in mind, the 

basic flow can be taken from READ in section 4.48. Theoretical development is given in 

the Theoretical Manual. 

4.59.8.3 Subroutine Name: CINVPl 
• 

1. Entry Point: CINVPl 

2. Purpose: To generate calling sequences to ADD to form 

[AJ • [KJ + i,[BJ + >. 2[MJ, 

3. Calling Sequence: CALL CINVPl 

CJMM0N /CINVPX/ K(7),M(7),B(7),DUM('15),A 

C0MM0N /CINVlX/Z(l) 

C0MM0N /CINVXX/ LAMBDA 

K,M,B - Matrix control blocks for the input matrices. 

A - GIN0 file number for the output matrix. 

Z(l) - Area of open core available to ADD. 

LAMBDA - Complex double precision scalar multiplier. 

4.59.8.4 Subroutine Name: CINVP2 

1. Entry Point: CINVP2 

2. Purpose: To initialize and call CDC0MP for subroutine CINVPR. 

4.59-4 
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3. Calling Sequence: CALL CINVP2 

C0MM0N /CINVPX/ DUM(36),A,XX,L,U,SCR1,SCR2,SCR3,LL,UU 

C0MM0N /CINVXX/DUMM(4)~SWITCH 

C0MM0N /CINV2X/Z(l) 

A - GIN0 file number for the input matrix. 

L,U - GIN0 file numt:ier for the lower and upper triangular factors output 

SCR1,SCR2,SCR3 

LL,UU 

SWITCH 

2(1) 

from COC0MP. 

- Three scratch files used by COC0MP. 

- GIN0 file numbers for alternate storage of Land U. 

O, store factors on Land U. 

1, store factors on LL and UU. 

-204, store factors on LL and UU, and recompute length of open core. 
(Left-hand eigenvector calculations only) 

- Area of open core used by COC0MP. 
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.-4.59.8.5 Subroutine Name: CINVP3 

1. Entry Point: CINVP3 

2. Purpose: To solve for a complex eigenvalue and eigenvector using the Inverse 

Power Method. 

3. Calling Sequence: CALL CINVP3 

C0MM0N /CINVPX/K(7),M(7),B(7),LAM(7),PHI(7),XXX,SCRFIL(1l) 

C0MM0N /CINV3X/Z(l) 

See section 4.59.8.2 above for details on /CINVPX/. 

Z(l) - Area of open core available in CINVP3. 

4. Method: The logic flow and the mathematical equations are essentially identical 

to INVP3, with the following exceptions. The eigenvalues and eigenvectors are found 

corresponding to the matrix equation 

where the iteration equation is given by 

with 

and 

{~1}T [A1[MJ{un} + [MJ {vn} + [BJ {un}J 

{~1}T (2A; [MJ + [BJ) {~1} 
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where 

~; = Previously extracted right-hand vector. 

i; = Previously extracted left-hand vector, 

en • Largest element (in magnitude) of {Wn} , and 

Ai = Previously extracted eigenvalue. 

The above equations replace Equations 19 through 22 in section 4.48. The calculation of the 

remaining equations remains the same except for the use of complex arithmetic. The left 

eigenvector is obtained by decomposing Equation 3 with A
0 

- Ai and using CDIFBS to make the 

appropriate substitution using the factors from CDC0MP. 

5. Design Requirements: CINVPS requires fourteen complex double precision vectors in 

core plus four GIN0 buffers. 

4.59.S.6 Subroutine Name: CN0RM 

1. Entry Point: CN0RM 

2. Purpose: To normalize successive iterated vectors such that the maximum element is 

equal to unity, and to return the nonnal1z1ng divisor. 

3. Calling Sequence: CALL CN0RM (X,OIV) 

X - Input vector to be nonnalized. 

DIV - Divisor which was used to normalize the vector corresponding to the 

argument X. 

4.59.8.7 Subroutine Name: CN0RM1 

1. Entry Point: CN0RM1 

2. Purpose: To nonnalize a complex vector such that the largest magnitude of an element is 

equal to one. 

3. Calling Sequence: CALL CN0RM (X,N} 

X - Vector to be normalized. 

N - Length of the vector (complex terms). 

4.59-7 



MODULE FUNCTIONAL DESCRIPTIONS 

;4,59.8.8 Subroutine Name: CINFBS 

1. Er.try Feint: CINFBS 

2. Purpose: To perform the forward-backward substitution necessary to solve an 

iteration of the Inverse Power Method. 

3. Calling Sequence: CALL CINFBS (X,Y,BUF) 

C~MM0N /CINFBX/L(7),U(7) 

L,U - Matrix control blocks for the factors output from CDC0MP. 

X - Complex double precision input vector. 

Y - Complex double precision solution vector. 

BUF - GIN0 buffer. 

4. Method: CINFBS is a stripped down version of GFBS. Both vectors reside in core, 

and only complex double precision arithmetic is used. 

4.59.8.9 Subroutine Name: CDIFBS 

1. Entry Point: CDIFBS 

2. Purpose: To perform the forward-backward substitution necessary to solve for the 

left eigenvector. 

3. Calling Sequence: CALL CDIFBS (X,BUF) 

C0MM0N /CINVPX/DUM(41),UPRTRI,XXX,L~WTRI 

UPRTRI,L0WTRI - Files containing the upper and lower triangular factors output from CDC~MP. 

X - The output complex double precision left eigenvector. 

BUF- GIN0 buffer used by CDIFBS. 

4. Method: CDIFBS actually solves the system of equations 

(A]T {x} • {y}, ( 10) 

where (A] has been decomposed into (A]• (L] (U]. To solve the transpose problem we have 

that 
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so that 

[U]T [L]T {x} • {y}. 

CDIFBS 1s a modified fonn of GFBS which does the forward pass on [U] and the backward 

pass on [L]. All ar1thmet1c operations are complex double precision. 

4.59.8. 10 Subroutine Name: CMTIMU 

1. Entry Point: CMTIMU 

2. Purpose: To pre-multiply a vector {y} by a matrix to obtain a vector {x}. 

3. Cal11ng Sequence: CALL CMTIMU (Y,X,FILE,BUF) 

C0MM0N /CINVPX/DUM(7) ,M(7) 

FILE - If FILE• O, fonn {x} • [M]{y}. 

FILE; o, fonn {x} • [Al {y}, where [A] is the matrix on FILE. 

X,Y - Complex double precision vectors. 

BUF - GIN0 buffer. 

4.59.8.11 Subroutine Name: CXTRNY 

1. Entry Point: CXTRNY 

2. Purpose: To fonn the inner product of two complex vectors, {x} and {y} 

where {y} denotes a vector a11 of whose components are the complex conjugates of {y.t • . 
3. Calling Sequence: CALL CXTRNY (X,Y,A) 

C0r+10N /CINVPX/XX,N 

N - Length of the vectors. 

X,Y - Complex double precision vectors. 

A - Complex double precision value of the inner product of {x} and {y}. 
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r 
4.59.8.12 Subroutine Name: csua 

1. Entry Point: CSUB 

2. Purpose: To evaluate the vector equation 

{z} • a{x} - b{y}, 

where {x}, {y}, a and b may be complex. 

3. Ca11ing Sequence: CALL csua (X,Y,Z,A,B) 

C~MM0N /CINVPX/XXX,N 

N - Length of the vectors {x} and {y}. 

X,Y,Z - Complex double precision vectors. 

A,B - Complex double precision scalar nultipliers. 

4.59.8.13 Subroutine Name: 9RTH~ 

1. Entry Point: 9RTH9 

( 14) 

2. Purpose: To orthogonalize a vector with respect to all previously extracted vectors. 

3. Calling Sequence: CALL 9RTH9 (U,V,Xl,X2,X3,X4,X5,NZ,BUF1,BUF2,BUF3,BUF4) 

C~MM0N /CINVPX/K(7),M(7),B(7),LAMBDA(7),PHI(7),XXX,SCRFIL{l0) 

C9MM0N /CINVXX/DUM(19),NR09TS 

See section 4.59.8.2 for /CINVPX/ details. 

NR99TS - Number of eigenvectors already extracted. 

U,V - Input-current vectors - Output - orthogonalized vectors. 

X1, ••• ,X5- Storage space for five compl~x double precision vectors. 

NZ - The number of words of core available to 9RTH9. 

Four GIN9 buffers. 

4. Method: 9RTHJ solves the equations 

4.59-10 
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where 

and 
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a, • , {i1}T[,.1[M] {un} + [M] {vn} + [B] {un}] 

{i1}T[2 "1[MJ + [BJJ {~i} 

{i1} • Previous1y found 1eft eigenve~tors. 

{~1} • Prevfous1y found right eigenvectors. 

"i • Previous1y found eigenvalues. 

Note that the demoninator of equation 17 is constant with respect to the current 

iterate un and vn. Thus it is computed once for each vector and saved on the left vector 

scratch fi1e in p1ace of the 1eft vector. 
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r-4.59.8.14 Subroutine Name: CDETM 

1. Entry Point: CDETM 

2. Purpose: To solve the complex eigenvalue problem by the DeterminGnt Method. 

3. Calling Sequence: CALL COETM (METH00,EEO,M,B,K,LAMA,PHID,0CEIGS,NF0UNO,SCR1,SCR2, 

SCR3,SCR4,SCRS,SCR6,SCR7,SCRS) 

METH00 - IO of an EIGC card for the Determinant Method - integer - input. 

EED,0CEIGS, }­
M,B,K 

GIN0 file numbers of their respective data blocks - integer - input. 

LAMA 

PHID 

NF0UND 

- GIN0 file number of temporary eigenvalue storage file - integer - input. 

- GIN0 file number of temporary eigenvector storage file - integer - input. 

SCR1,SCR2, 
••• ,SCRS 

- Number of eigenvalues found - integer - output. 

} - GIN0 file numbers of 8 scratch files - integer - input. 

4. Method: The overall flow and theoretical considerations of the Detenninant Method 

are explained in section 4.88. Two refinements are made in CDETM. The first is the 

handling of multiple search regions, which allows the user to control the distribution of 

starting points in the complex plane. See the EIGC bulk data card description in section 

2 of the User•s Manual for further details. The second is the use of the EIGP card to define 

poles which will be swept from the detenn1nant as if they were previously accepted 

eigenvalues. This allows the user to prevent convergence to known or already extracted 

eigenvalues. 

s. Design Reouirements: CDETM requires two complex double precision d set vectors plus 

one GIN0 buffer in core. 

4.59.8.15 Subroutine Name: CDETM2 

1. Entry Point: CDETM2 

2. Purpose: To arrange 3 starting points in order of the magnitude of the detenninant. 

3. Calling Sequence: CALL COETM2(P,D,IP,PR,PI,OR,DI,IPS) 

P - Three starting point values - input-complex double precision. 

4.59-12 -----
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r 
D - Scaled determinants at P - input-complex double precision. 

IP - Scale factors for D - input - integer. 

PR - Real parts of the reordered starting points - output-double precision. 

PI - Imaginary parts of the reordered starting points - output-double pr~cision. 

DR - Rea 1 parts of the reordered determi na.nts - output-double precision. 

DI - Imaginary parts of the reordered detenninants - output-double precision. 

IPS - Scale factors of the reordered determinants - output - integer. 

4.59.8.16 Subroutine Name: CSUMM 

1. Entry Point: CSUMM 

2. Purpose: To add two scaled complex numbers together. 

3. Calling Sequence: CALL CSUMM (D1,02,ID1,03,04,ID2,05,06,ID3) 

The arguments are defined in the following equation: 

(Dl,02) X lOIDl + (D3,D4) x 10ID2 • (05,06) x 10103 , 

where all Di's are double precision. 

r4.59.8.17 Subroutine Name: CDTFBS 

1. Entry Point: CDTFBS 

2. Purpose: To solve for the eigenvector given the decomposed impedance matrix. 

3, Calling Sequence: CALL CDTFBS (F,EV,BUFFER(1),FU,NR0W) 

F - App.lied complex load vector - input-complex double precision. 

EV - Eigenvector - output- complex double precision. 

BUFFER(l) - GINf buffer. 

FU - Matr~x control block for [UJ - integer - input • 
. 

NR0W Order of problem - integer - input. 

/ 
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4.59.8.18 Subroutine Name: CDETM3 

l. Entry Point: CDETM3 

2. Purpose: To rescale a scaled complex number. 

3. Calling Sequence: CALL COETM3(D1,02,I01} 

Let oi, 02, i6i be the input values of 01, 02, 101. On return from CDETM3 

(01 ,02) x 10101 • (of,ffl x ,om , 

and 

1.0 !. 1(01,02)1 !. 10.0 , 

where all Di's are double precision. 

4.59.8.19 Subroutine Name: COIVID 

1. ,Entry Point: CDIVID 

2. Purpose: To divide a complex vector by a complex number. 

3 .. Calling Sequence: CALL CDIVID (DIV,V,Vl,NV) 

where Vis a complex O.P. vector of length NV to be divided by DIV and the answer put 
1 n Vl. 

4.59.8.20 Subroutine Name: HESSl 

1. Entry Point: HESS1 

{20) 

(21) 

2. Purpose: HESS1 is the overall driver for the upper Hessenburg method of complex eigenvalue 

extraction. CEAD will call HESS1 if sufficient core exists (6N 2 + SN) to use this method where 

N is the order of the reduced problem. Othenirise it will select complex inverse power. If the 

B matrix is not null N • 2'*N. 

3. Calling Sequence: CALL HESS1 (KOD,MOD,CLAMA,PHID,0CEIGS,NF0UND,NVEC0,800,SCR1, 

SCR2,SCR3,SCR4;SCR5,SCR6,SCR7,EED,METH0D} 
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where 

KDO,MDO,CLAMA,PHI0,0CEIGS,BOO,SCR1-7, and EEO are the GIN0 file numbers of their 

respective data blocks. 

NF0UND - integer-output-NF0UND is the number of eigenvalues found. 

NVECD - integer-output-NVECD is the number of eigenvalues output. 

METH00 - integer-input-METH0D is the EIGC Id selected in CASECC by the CMETH0D card. 

4. Method: HESS1 transforms the eigenvalue problem [P2 [MDD] + P[BOD] + [KDD]] {~0} = {O} into 

[k 2 I+ A]{~01 } = {O} according to the following procedures: 

If BOD = 0 

If BOD ; 0 

[A] = [MDD]-l [KOO] 

P = ~ (with positive Im) 

{~D} = {tOl} 

0 

A • 

-I 

[ ~ 0-1 KOO Moo·1 

p .. k2 

{to,} . j-}f 

BOD l 
MOD must be non-singular and a special case exists if MOD is the identity (Form= 8). 

The [A] matrix is put into core and subroutine ALLMAT is called. 

5. Subroutines Called: CFBS0R,MERGED,CFACT0R,ALLMAT, and HESS2 

6, Design Requirements: 

1. Open core must be available at /HESS1X/ 

2. All computations are done single precision. 
,... 

4.59.8.21 Subroutine Name: HESS2 

1. Entry Point: HESS2 

4.59-15 (7/4/76) 
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2. Purpose: To form an NR0W X NR0W identity matrix and a proper partitioning vector to 

insert this identity matrix in a larger matrix. 

3. Calling Sequence: CALL HESS2 (NR0W,IDEN,IVP) 

where: 

NR0W is the order of the identity matrix to be written on IDEN 

IDEN - GIN0 file number of the Identity matrix 

IVP - GIN0 file number of the partitioning vector, {IPV} • 

4.59.8.22 Subroutine Name: MERGED 

l. Entry Point: MERGED 

1.0 } 

. 

l 0 

. 
0 

NR0W 

NR0W 

2. Purpose: To set up and call the matrix utility routine MERGE to perform the following 

merge 
~RP~ 

[

All Al2] 

A21 A22 
--=> [A] 

3. Calling Sequence: 

CALL MERGED (All ,A12,A21,A22,A,RP,CP,Nl,N2) 

where: 

All, A12, A21, A22, A, RP, and CP are the GIN0 file numbers of their respective data 

blocks. If any partition does not exist its GIN0 file number should be O. All input 

data blocks should have matrix trailers. RP or CP.may be 0~ Nl and N2 are the orders 

of RP and CP if either is zero. 

4. Method: MERGED sets up /PARMEG/ and calls MERGE. It also writes trailer on A. 

5. Design Requirements: Open core exists at /MRGEDX/ 
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4.59.8.23 Subroutine Name: CFACTR 

1. Entry Point: CFACTR 

2. Purpose: CFACTR will decompose a complex matrix A into its two factors LLL and ULL. 

3. Calling Sequence: CALL CFACTR (A,LLL,ULL,SCR1 ,SCR2.SCR3,10PT' 

where: 

A, LLL, ULL, SCRl, SCR2, and SCR3 are the GIN0 file nuni)ers of their respective data 

blocks. 

10PT is output according to the following table: 

Decamp Method 

CSSP 

CSDP 

CUSP 

I0PT 

4 

2 

1 

4. Method: The various decomposition methods are chosen based on /SYSTEM/(55) and the tailer 

of A. CFACTR will write a trailer on the factors. 

5. Subroutines Called: CFACTR may call SCDCMP, CSPSDC, or CDC0MP. 

6. Design Requirements: Open core must be at /CFACTX/ 

4.59.8.24 Subroutine Name: CFBS0R 

1. Entry Point: CFBS0R 

2. Purpose: The purpose of CFRS0R is to solve the complex matrix equation [A][X] = [BJ given 

the factors of [A] • [LLL][ULL]. 

3. Calling Sequence: CALL CFBS0R (LLL,ULL,B,X,I0PT} 

where: 

LLL,ULL, Band X are the GIN0 file names of their respective matrices. 

I;PT is an input parameter set by CFACTR (See Section 4.59.8.24}. 

4. Method: The trailers of [LLL], [ULL] and [BJ are used to prepare for FBS. A trailer is 

written on (X]. 

5. Subroutines Called: CXFBS or GFBS may be called based on I0PT. 

6. Design Requirements: Open core at /CFBSRX/. 
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4.59.8.25 Subroutine Name: ALLMAT 

1. Entry Point: ALLMAT 

2. Purpose: The purpose of ALLMAT is to compute the eigenvalues (All) and eigenvectors 

(number requested) of an arbitrary complex matrix by use of the QR algorithm and the Wielandt 

inverse power method for vectors. This is essentially the routine distributed via SHARE as 

SDA 3441. 

3. Calling Sequence: CALL ALLMAT (A,LAMBDA,H,HL,VECT,MULT,INTH,M,NCAL,I0PT1) 

where: 

A is the M X M complex input matrix. On return A contains the complex eigenvectors. 

LAMBDA - is a complex list of eigenvalues. 

H is a complex M X M working array. 

HL is a complex M X M working array 

VECT - is a complex M order array 

MULT is a complex M order array 

INTH and INT are real M order arrays 

M - is the problem order. 

NCAL - is the nuri>er of eigenvectors to compute. 

I~PTl - is not used. 

4. Method: The input matrix A is reduced to an upper Hessenberg_matrix, H, bra sequence 

of elementary triangular and permutation matrices which make up a matrix P such th; ~-1AP • H. 

The QR algorithm is made use of in ALLMAT by applying unitary similarity transformations to 

Hessenberg matrices, H1: H1 • p·1AP. Hs • (hij(s)) • Q~Hsr - Q~QsTsQs • TsQs where 0~ 

is the product of plane rotations, chosen so that Ts is upper triangular. This process makes 

hn,~~~ converge to zero and therefore h~~) converges to an eigenvalue of A. When cor,ergence 

is met (h~~~-l ·negligible) the Hessenberg matrix, Hs, is delfated (i.e., last row and 

column eliminated) and ALLMAT proceeds with its leading principal submatrix (a new H1) 

of.order one less. If h~~~ ,n-2 becomes negligible, the eigenvaluE of the lower right hand 

matrix of order two are calculated and ALLMAT proceeds with the leading principal matrix of 

order two less. It can be shown that convergence is accelerated by judiciously subtracting 

scalar matrices from the Hs matrices. ALLMAT actually replaces Hs by Hs - ksI such that ks 

/ 
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is one of the eigenvalues Ps or qs of the lower right hand 2 x 2 matrix of Hs. The choice 

of Ps or qs is made on the basis of whether !h~~) - Psi or !h~~) - q5 1 is a minimum. The 

shift technique is applied at each iteration. 

Two passes of the Wi e 1 andt inverse power method are used to ca 1 cul ate the eigenvectors, 

yi, of H. Very little work is required for the second pass since the necessary elementary 

triangular and permutation matrices are stored in MULT and INTH (storage areas internal to 

ALLMAT). Finally, the eigenvectors of A, Py;, are calculated. The matrix Presides in INT 

and the lower part of H (INT and Hare internal to ALLMAT). 

References: The theory and a complete description of the algorithms appear in the first 
reference. 

(1) J. H. Wilkinson (1965): The Algebraic Eigenvalue Problem, Oxford. 

(2) A. S. Householder. (1964): The Theory of Matrices in Numerical Analysis, Blaisdell. 

Authors 

R. E. Punderlic, J. Rinzol, Scientific Progranming Department, Central Data Processing 
Facility, Union Carbide Corporation, Nuclear Division, ORGDP, Oak Ridge, Tennessee. 

5. Design requirements: The eigenvalues of A are not necessarily calculated in any absolute 

algebraic order. 

Ten iterations per eigenvalue are allowed and examples exist for which convergence will 

not occur in ALLMAT (e.g., most lower triangular matrices with all equal eigenvalues; a 

matrix with ones on the lower diagonal, one as the Nth component of the first row and zeros 

elsewhere). In the case of non-convergence, ALLMAT will return a value for NCAL less than 

N and it is suggested that the user experiment with arbitrary shifts of the input matrix 

(i.e., add a constant to the diagonal of A) which will sometimes eliminate the difficulty 

(e.g., second example just stated). 

If overflows or detrimental underflows occur, scaling A such that its largest element 

is in modulus.ab~ut one will probably eliminate the difficulty. 

The accuracy obtaining in computing the eigenvalues of A, Ai(A), is usually related to 

the spectral radius, p(A), of the matrix A or more generally to some norm of A times the norm 

of its inverse. Hence the greater p(A)/min!A; I the fewer significant digits the smaller 

eigenvalues may have. Accuracy also decreases as the order of the matrix increases. Close 

eigenvalues are usually calculated with less accuracy than well separated ones. In most 

cases ALLMAT has yielded roots and vectors accurate to about six significant digits. 
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;.59.8.26 Subroutine Name: CFCNTL 

1. Entry Point: CF~ffL 

2. Purpose: CFCNTL is the main driver for the complex version of the Tridiagonal Reduction 

( FEER) method. 

3. Calling Sequence: CALL CFCNTL (EEO,METH00,NF0UND) 

EEO 

METH~D 

NFll)UND 

- GINIIJ file number for file containing EIGC infonnation (Integer, input). 

- Eigenvalue extraction method 'FEER' (Hollerith, input). 

- Accumulated number of acceptable eigensolutions (Integer, output). 

C~MM0N/FEERAA/IK(7),IM(7),IB(7),ILAM(7),IPHI(7),IDMPFL,ISCR(ll),REG(7,10),MCBLT(7),MCBUT(7), 

MCBVEC(7),MCBLMB(7) 

IK,IM,IB 

ILAM,IPHI 

IOMPFL. 

ISCR 

REG 

MCBLT 

MCBUT 

MCBVEC 

- Matrix control blocks for the input stiffness, mass and damping matrices, 

respectively. 

- Matrix control blocks for the output eigenvalue and eigenvector files. 

- GIN0 file number for the eigenvalue sunmary file (integer). 

- GIN0 file nuri>ers for eleven scratch files (integer). 

- Array of infonnation obtained from the EIGC bulk data card and continuation 

cards. 

- Lower triangular matrix, [LJ, control block. 

- Upper triangular matrix, [UJ, control block. 

- Orth~~onal vector file control block. 

MCBLMB - Matrix control block for A
0

[MJ + [BJ. 

C0MM0N/FEERXC/LAMBDA(2),SYftt1ET,MREDUC,N0RD,IOIAG,EPS,N0RTH0,N0RD2,N0RD4,N0RDPl,NSWP,JSKIP, 

N0B,IT,TEN2MT,TENMiT,NSTART,QPR,JREG,N0REG,NZER0,TENMTT,MIN0PN,NUt,URT,NUMRAN 

LAMBDA 

SYMMET 

MREDUC 

N0RD 

IDIAG 

EPS 

- Point of interest (1.e., center of neighborhood) in the complex plane 

(double precision). 

- Indicator for synmetric dynamic matrix (logical). 

- Size of the reduced problem (set internally). 

- Problem size (set internally using the dimension of the stiffness matrix). 

- OIAG 12 output indicator (set internally). 

- The user specified (or default) desired theoretical accuracy of the eigenvalues 

expressed as a percentage {double precision). 

4.59-20 (12/31/77) 



NQJRTHQJ 

NQJRD2 

N0RD4 

N0RDP1 

NSWP 

JSKIP 

N0B 

IT 

TEN2MT 

TENMHT 

NSTART 
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- Number of orthogonal vectors in present set (includes previously computed 

vectors). 

- 2 x N0RD. 

- 4 x N0RD. 

- N0RD + 1. 

- Vector size for sweep algorithm. 

- CFEER4 logic bypass indicator. 

- Indicator for absence of damping matrix [B] (logical). 

- Number of decimal digits of accuracy, t, for the computer. 

- 102-t, where t is defined by IT; reorthogonalization accuracy criterion. 

- 1o·t/2, where t is defined by IT; accuracy criterion for disjoint tridiag-

onal matrix. 

- Number of initial reorthogonalization attempts (for the current point of 

interest). 

QPR - Indicator for very detailed printout (logical). 

JREG - Number (positive integer) of the current neighborhood. 

N0REG - Total number of neighborhoods, or points of interest, in the c~mplex plane, 

NZER0 

TENMTT 

MINQJPN 

NUMll)RT 

NUMRAN 

to be processed. 

- Number of previously obtained eigenvectors. 

- 1o·t/3, where t is defined by IT; rigid body root criterion. 

- Minimum open core not used by the complex FEER process, in single precision 

words. 

- Total number of reorthogonalizations of all the trial vectors employed. 

- Total number of random starting and restart vectors used by the complex FEER 

process for all neighborhoods. 

C0t,MJH/FEERZC/Z( 1) 

Z - Area of open core used by CFCNTL. 

4. Design Requirements: The complex Feer method requires sufficient core for three GIN0 

buffers and five pairs of (complex) vectors of size N0RD (2xN0RD when N0B•FALSE). The rrethod 

can be performed in single or double precision. 
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5, Subroutine Glossary for the complex FEER method. 

CFCNTL 

CFEERl 

CFEER2 

CFEER3 

CFEER4 

CFER3S, CFER3D 

CFEl A0, CFE2A0 

CFE l MY, CFE2MY 

CFl FBS, CF2FBS 

CFN0Rl , CFN0R2 

CF10RT ,CF20RT 

Single and double precision versions. 

4.59.8.27 Subroutine Name: CFEERl 

1. Entry Point: CFEERl 

2. Purpose: To set up the call to SADD to fonn the dynamic matrix 

[DJ • A2[MJ + A [BJ+ [KJ 
0 0 

and also the sub-factor of the dynamic matrix, 

3. Calling Sequence: CALL CFEERl 

C"Mf,VN/ FEERAA/ 

C0Mf>VN/ FEERXC/ 

See CFCNTL for a description of /FEERAA/ and /FEERXC/ (Section 4.59.8.26) 

C"MM0N/FEERZ1/Z(2) 

z - Area of open core used by CFEER1. 

4. Design Requirements: CFEERl can perfonn single or double precision operations. 

4.59.8.28 Subroutine Name: CFEER2 

1. Entry Point: CFEER2 
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2. Purpose: To set up the call to CDC0MP to decompose the dynamic matrix 

[Ii] = [L][U] 

3. Calling Sequence: CALL CFEER2 (IRET) 

IRET - Singularity indicator (output). 

Ct)MM0N/FEERAA/ 

C0MM'JN/ FEE RXC/ 

See CFCNTL for a description of /FEERAA/ and /FEERXC/ (Section 4.59.8.26). 

C0MM0N/FEERZ2/Z{2) 

z - Area of open core used by CFEER2. 

4.59.8.29 Subroutine Name: CFEER3 

1. Entry Point: CFEER3 

2. Purpose: CFEER3 is the basic driver routine which obtains the reduced tridiagonal 

matrix for the complex FEER method of eigenvalue extraction. 

3. Calling Sequence: CALL CFEER3 

C0m,N I FEERAA/ 

C0MM0N/FEERXC/ 

See CFCNTL for a description of /FEERAA/ and /FEERXC/ (Section 4.59.8.26). 

C0MM0N/FEERZ3/Z(2) 

Z - Area of open core used by CFEER3. 

4. Design Requirements: CFEER3 can perfonn single or double precision operations. 

4.59.8.30 Subroutine Name: CFEER4 

1. Entry Point: CFEER4 

2. Purpose: CFEER4 obtains the physical eigenvalues and eigenvectors of the reduced prob­

lem (for the current point of interest) by feeding the reduced tridiagonal matrix to sub­

routine ALLMAT. In addition, CFEER4 sorts the eigenvalues according to increasing distance 

from the center of interest, and detennines which eigensolutions are acceptable and which are 

not (according to the default or user-input accuracy criterion). 
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3. Calling Sequence: CALL CFEER4 

C0Mt<WN/FEERAA/ 

C0MM0N/FEERXC/ 

See CFCNTL for a description of /FEERAA/ and /FEERXC/ (Section 4.59.8.26). 

C0MM0N/FEERZ4/Z(2) 

z - Area of open core used by CFEER4. 

4. Design Requirements: CFEER4 perfonns only single ~recision operations. 

4.59.8.31 Subroutines CFER3S,CFER30 

1. Entry Points: CFER3S (single precision). CFER3D (double precision). 

2. Purpose: To perfonn the tridiagonal reduction algorithm for CFEER3. 

3. Calling Sequence: CALL CFER3S(Vl,Vll,V2,V2L,V3,V3L,V4,V4L,V5,V5L,ZB,ZC) 

CALL CFER30 (same arguments as for CFER3s). 

Vl,VlL l V2,V2L 
V3,V3L 
V4,V4L 
VS,VSL 

ZB,ZC 

C0Mf.'0N/FEERAA/ 

C~MM0N/FEERXC/ 

Working space for five pairs of vectors, where a vector 
- pair consists of a right-hand vector (e.g., Vl) and a 

left-hand vector (e.g., Vll). · 

- Working space for two GIN0 buffers 

See CFCNTL for a description of /FEERAA/ and /FEERXC/ (Section 4.59.8.26). 

4. Design Requirements: CFER3S and CFER30 are driven by the CFEER3 subprogram, which performs 

the necessary initialization and tennination process. CFEER3 invokes either CFER3S or CFER30 

according to the precision of the required input files. All vectors are dimensioned consis­

tent with the initial problem size (NOR02 when NOB•TRUE and NORD4 otherwise). In addition, 

each left-hand vector must inmediately follow its corresponding right-hand vector in core, 

. since.this configuration results in more streamlined coding and associated quicker execution. 

4.59.8.32 Subroutines CFE1A0,CFE2A0 

1. Entry Point: CFE1A0 (single precision), CFE2A0 (double precision). 
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2. Purpose: To perform the eigenmatrix multiplication operation. 

. CFE1A0 ) l Single and double 3, Calling Sequence: CALL CFE2A~ (TP0SE,Vl,V2,V3,ZB J precision versions 

TP0SE - Indicator for transpose operation (logical). 

Vl - Input vector. 

V2 - Output vector. 

V3 - Working space for one vector. 

ZB - Working space for one GIN0 buffer. 

C0MM0N/FEERAA/ 

C0MM0N/ FEERXC/ 

See CFCNTL for a description /FEERAA/ and /FEERXC/ (Section 4.59.8.26) 

4. Design Requirements: All vectors are of dimension consistent with the i~itial problem 

size (see Section 4.59.8.31). 

4.59.8.33 Subroutines CFE1MY,CFE2MY 

1. Entry Points: CFE1MY (single precision), CFE2MY (double precision). 

2. Purpose: To perform the standard matrix-times-vector multiply function. The operation 

is 

{X} • [M]{Y} 

or 

3. Calling Sequence: CALL ~~~J~ (TP0SE,Y,X,FILE,BUF). 
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TP0SE - Indicator for transpose operation (logical). 

y - Input vector 

- Output vector. X 

FILE(7) 

BUF 

- Input matrix control block for the required matrix (integer). 

- Working space for one GIN0 buffer. 

4. Design Requirements: All vectors are of dimension consistent with the initial problem 

size. 

4.59.8.34 Subroutines CF1FBS,CF2F8S 

1. Entry Point: CFlFBS (single precision), CF2FBS (double precision). 

2. Purpose: To perfonn the operational inverse algorithm (forward and backward sweeps). 

The operation js 

{X} + [L][U] {X} 

or 

3. Calling Sequence: CFl FBS CALL CF2FBS (TP0SE,X0UT,I0BUF) 
Single and double 
precision versions 

TP0SE - Indicator for transpose operation (logical). 

X0UT - Input vector, which gets transfonned to the output vector. 

I0BUF - Working space for one GIN0 buffer. 

C0MM0N/ FEERAA/ 

C0MMIIJN/ FEERXC/ 

See CFCNTL for a description of /FEERAA/ and /FEERXC/ (Section 4.59.8.26). 

4. Design Requinnents: CFlFBS and CF2FBS use the direct output of the COC0MP subprogram. 

The vector is dimensioned consistent with half of the initial problem size when the damping 

matrix is present, and consistent with the initial problem size when the damping matrix is 

absent. 

4.59.8.35 Subroutines CFN0Rl,CFN0R2 

1. Entry Point: CFN0Rl (single precision), CFN0R2 (double precision). 
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2. Purpose: To normalize a pair of (right-hand and left-hand) complex vectors to magnitude 

unity. The operation is 

{V} = l {W} 
13 

{V} = .!. {Q} 
13 

where the bar denotes a left-hand vector. 

CFN0Rl ( ) 3. Calling Sequence: CALL CFN0RZ · RIGHT.LEFT.SIZE2.0PTI0N.RI l Single and double 
f precision versions 

RIGHT - Input right-hand complex vector, which gets transfonned to the output 

right-hand vector when 0PTI0N = 0. 

LEFT - Input left-hand complex vector, which gets transformed to the output left-

SIZE2 

0PTI0N 

RI 

C0MM0N/FEERXC/ 

hand vector when 0PTI0N • 0. 

- Length of either vector in computer words (integer). 

- Selects the desired option, as follows: 

(O) Normalize the input vectors, and output the square root of the inner 

product in RI. 

(1) Only output the inner product. in RI. 

(2) Only output the square root of the inner product, in RI. 

- Inner product, or square root of the inner product. or the input factors 

(output; see 0PTI0N). 

See CFCNTL for a description of /FEERCX/ (Section 4.59.8.26). 

4.59.8.36 Subroutines CF10RT,CF20RT 

1. Entry Point: CF10RT (single precision), CF20RT (double precision) 

2. Purpose: To perfonn the reorthogonalizatio~ algorithm. 

. CFl0RT 3. Calling Sequence: CALL CF20RT (SUCESS,MAXITS,TEN2MT,NZER0,I0RTH0,VR,VL,VL,VlL,V2,V2L,ZB) 

SUCESS 

MAXITS 

- Output indicator for successful reorthogonalization (logical). 

- Input maximum allowed number of reorthogonalization iterations (integer). 

4.59-27 (12/31/77) 
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NZER0 

Ir11RTH0 
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- Convergence tolerance (input). 

- Number of orthogonal vector-pairs (right and left hand) from restart and 

prior neighborhoods (input). 

- Number of orthogonal vector-pairs previously computed in the current 

neighborhood (input). 

VR,VL - Input (and transformed for output) right and left hand vectors, respectively, 

which are to be reorthogonalized with respect to all pairs of previously com­

puted orthogonal vectors. 

Vl,VlL 
V2,V2L - Working space for four vectors. 

ZB - Working space for one GIN0 buffer. 

C0MM0N/ FEE RAA/ 

C0MM0N/FEERXC/ 

See CFCNTL for a description of /FEERAA/ and /FEERXC/ (Section 4.59.8.26). 

4. Design Requirements: All vectors are dimensioned consistent with the initial pro~lem 

size (see Section 4.59.8.31). In addition, VlL must inmediately follow Vl in core. 

4.59.8.37 Subroutine Name: CLVEC 

1, Entry Point: CLVEC 

2. Purpose: To generate the left eigenvectors for the Determinant and Hessenburg Methods 

if requested. (Note: The left. eigenvectors are already generated during a normal Inverse 

Power approach.) 

3. Calling Sequence: CALL CLVEC (LAMO,NVECT,PHIOL,IH,IBUF,IBUFl} 

LAMO - GIN0 file number of sorted eigenvalues - integer-input. 

NVECT - Number of left eigenvectors to be calculated - integer-input. 

PHIDL - GIN0 file number of data block PHIOL - integer-input. 

IH - Trailer for data block PHIOL - integer array-input.output. 

IBUF - Open core pointer to GIN0 buffer - integer-input. 

IBUF1 - Open core pointer to GIN0 buffer - integer-input. 

4. Method: For each eigenvalue, x1, a dynamic matrix of the form MXi +BA;+ K is formed 

and decomposed into its upper and lower triangular components U and L. An arbitrary load 
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vector Fis generated and the equation UtLt~i =Fis solved for the left eigenvector ~i' ~i 

is normalized and packed into output file PHIDL. The process is repeated for the first 

NVECT eigenvalues on file LAMD. Inverse Power subroutines CINVPl, CINFP2, CDIFBS and CN0RM1 

are used in performing the above operations. 

4.95.9 Design Requirements 

Open core is defined at /CEADlX/ to process EEO. Open core is defined at /CEADlA/ for use 

by CEADlA. 

4.59.10 Diagnostic Messages 

The following diagnostic messages may be generated: 3001, 3002, 3003, 3005, 3007, 3008, 3025 

and 3045. 

/· 

--·---
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4.60 FUNCTIONAL MODULE VDR (VECTOR DATA RECOVERY) 

4.60. 1 Entry Point: VDR 

4.60.2 Purpose 

VDR formats data blocks for input to the Output File Processor (0FP) and XY plot (XYPL0T) 

modules to provide a capability for output of vectors in the solution set. 

4.60.3 DMAP Calling Sequence 

VDR 

PHID 0PHID 
UDVF CLAMA 0UDVCl 

iCAsEccl iEQDYN i jusETD } uovr PPF I {PNLD} 0uov1 
1CASEXX~'1HEQDYN~'JHUSETD • PHIH • T0L .XYCDB, PNLH / 0PHIH 

UHVT HT0L HPNLD 0UHVC1 
0UHV1 

HUDVT H0UDV1 

j0PNL1 i 
•1H0PNL 1( 

{
TRANRESP{ lDIRECT} C,N, FREQRESP,JC.N, M0DAL /V,N,S0RT2/V,N,0UTPUT/V,N.SDR2/V,N,F~DE $ 
CEIGN J 

4.60.4 Input Data Blocks 

CASECC t CASEXX ~ - Case Control Data Table. 

EQDYN t 
HEQDYN ~ - Equivalence between external and internal number - Dynamics. 

USETD - Displacement set definitions table - Dynamics. 

PHID 
UDVF 
UDVT - Partition of displacement vector. 
PHIH 
UHVT 

CLAMA - Complex eigenvalue1 table. 

PPF - Dynamic loads for frequency response - p set. 

~~iL} - Table of output times. 

XYCDB - X Y Control Data Block 

PNLD } 
PNLH - Non-Linear Load Vector. 
HPNLD 

HUSETD - Temperature set definitions table - Dynamics. 

HUOVT - Partition of temperature vector. 
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~: 

1. CASECC, EQDYN and USETD may not be purged. 

2. PP may be purged only if UDV is purged. 

3. PNL and XYCOB may be purged. 

4.60.5 Output Data Blocks 

0PHID 
0UDVC1 
0UDV1 
0PHIH 
0UHVC1 
0UHV1 

- Output displacement requests - Solution set. 

0PNL 1 t 
H0PNL l ~ - Non-Linear Load Vector. 

H0UDV1 - Output temperature requests - Solution set. 

Note: Output data blocks may be purged. 

4.60.6 Parameters 

The first parameter indicates a Rigid Format and must be one of the three names shown 

above. The second parameter indicates a direct or modal fonnulation and must be one of the 

two names shown above. 

S0RT2 - Output-integer-no default. +1 if any S0RT2 output is requested, -1 otherwise. 

0UTPUT - Output-integer-no default. +1 if any output in the solution set is requested, 

-1 otherwise. 

SDR2 - Output-integer-no default. +1 if any requests for output in the physical set 
I 

are found in CASECC or XYCDB, •1 otherwise. 

FM0DE - Input-integer-no default. If a modal fonnulation, FM0DE • mode number of the 

first mode. FM0DE is not used in a direct fonnulation. 
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4.60.7 Method 

4.60.7.1 General 

VDR is the main control program for the module. VORA is called to analyze the Case 

Control (CASECC) and XYCDB data blocks. If any requests for solution set output are found, 

VDRB is called to assemble the 0UDV1 output data block for processing by the 0FP. If the 

problem is a transient response problem, VORB is called a second time to process any requests 

for non-linear load output. 

4.60.7.2 Analysis of the Case Control and XYCDB Data Blocks 

VORA attempts to open the XYCOB data block. If it is purged, a return is given to VDR. 

Otherwise, the header record and first data record of XYCDB are skipped, and data applying to 

all subcases are read from the second data record. If no such data exist, a durrmy master 

is created. Otherwise, the master data are reduced to a list of unique pairs. If only master 

data exist, flags are set appropriately. 

For each record in the Case Control data block the following processing occurs: 

1. The record is read into core. If no XYCOB subcase corresponds to the Case Control 

subcase, pointers are set to the master data. Otherwise, the master data and appropriate 

XYCOB subcase data are merged and reduced to unique pairs. 

2. For each request for solution set output in XYCOB, the corresponding request in Case 

Control is examined. If no request is present in Case Control, the XYCDB request is 

reduced to a set in Case Control format, and a request for the set is turned on in Case 

Control. If the Case Control set is "ALL", no further action is taken. If the Case 

Control request is a set, the set is merged with the XYCDB set, and the request 

altered to reflect the new set (unless all points in the XYCDB set were already in the 

Case Control set). A flag is set if any new requests are formed. 

3. When all requests for the current Case Control record have been analyzed, the 

record (as modified) is written on a scratch file. 

4. When all Case Control records have been read, the GIN0 file name for the Case Control 

data block is switched to the scratch file {unless no modifications were made to Case 

Control), 
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4.60.7.3 Preparation of Solution Set Output 

The operations of VDRB are dependent on the Rigid Format being executed. VDRB operates 

in all six of the dynamics Rigid Formats. The initial operations in VDRB proceed as follows: 

l. For a direct solution, or a modal solution with extra points, the second record of EQDYN 

is read into core. USETD is read into core. 

2. If the problem is a direct solution, each entry in EQOYN is processed. The scalar 

index value (the 2nd word of each entry) is replaced by the scalar index value in the 

solution set plus a code indicating which components of the point are in the solution 

set. 

3. If the problem is a modal solution with extra points, the scalar index of each extra 

point in EQDYN is replaced with a scalar index in the solution set. The scalar indices of 

all other points are replaced with zero. 

4. If the problem is a complex eigenvalue problem, a list of mode numbers and complex 

eigenvalues is read into core from the CLAMA data block. 

5. If the problem is a transient response problem, a list of times is read into core 

from the T0L data block. 

6. If the problem is a frequency response problem, a list of frequencies is read into 

core from the PP data block. 

7. The header record on the input file is skipped, and various parameters are 

initialized for the overall processing. 

A record on the Case Control data block is read. The output request is examined. If 

the output is defined in tenns of a set, pointers to the set definition are computed. The 

vector is unpacked in core (unless the vector is already in core in the case of velocities and 

accelerations for frequency problems). 

Infonnation is assembled to write the identification record on the output data block 

as follows. 

1. For complex eigenvalu~s. the mode number and eigenvalue are picked up from the list 

in core. 

•' , / 
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2. For frequency response, the frequency is picked up from the list in core. A 

comparison with the 0FREQ selection in Case Control is made. If the current frequency 

is not marked for output, the remainder of the calculations for the current vector are 

skipped. 

3. For a transient problem, the time is picked up. 

The identification record is written. Entries are written in the data record according to 

the request. The modified EQDYN table in core is used to pick up points in the vector to be 

output. Conversion to magnitude and phase is made if requested. 

When all points in the current request have been processed, post processing occurs 

depending on the problem type as follows: 

1. For complex eigenvalues, a pointer is updated to the next mode number and eigenvalue. 

If all eigenvectors have not been processed, the steps above are repeated. Otherwise, 

tenninal processing is initiated. 

2. For frequency response, if the vector just processed was a displacement vector, 

the corresponding velocity vector is determined by differentiating with respect to time. 

{v} • iw {u}. 

Similarly, if the vector just processed was a velocity vector, the corresponding 

acceleration vector is fonned by differentiating with respect to time: 

( 1) 

{a} • iw {v}. (2) 

If all vectors have not been processed, the steps above are repeated. Otherwise, 

terminal processing is initiated. 

3. For transient response, pointers are updated so that the vectors will be processed in 

the order a) displacement, b) velocity, and c) acceleration. If all vectors have not been 

processed, the steps above are repeated. Otherwise, tenninal processing is initiated. 

The terminal processing consists of closing all files, writing a trailer on the 

output file and exiting. 
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4.60.8 Subroutines 

4.60.8.l Subroutine Name: VDR 

1. Entry Point: VOR 

2. Purpose: Main control program for the module. 

3. Calling Sequence: CAl.L VOR 

4.60.8.2 Subroutine Name: VORA 

1. Entry Point: VORA 

2. Purpose: To analyze the output requests in the Case Control and XYCOB data blocks. 

3. Calling Sequence: CALL VORA 

4.60.8.3 Subroutine Name: VORB 

1. Entry Point: VDRB 

2. Purpose: Tc process requests for solution set output and assemble the output 

data block. 

3. Calling Sequence: CALL VDRB (INFIL,JUTFL,IREQ) 

I~FIL - GINe file name of the data block containing vectors to be output in the 

solution set. 

0UTFL - GIN0 file name of the data block where solution set output will be written. 

IREQ - Word position in the Case Control record where solution set output request is 

defined. 

4.60.9 Design Requirements 

4.60.9.1 Allocation of Core Storage 

I 
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The maximum storage requirements for the module are in VDRB. A general picture of core 

storage is as follows: 

ILIST 

ICC+l 

IVEC 

BUF3 

BUF2 

BUFl 

4.60.9.2 Environment 

• 

C0MM0N/VDRC0R/Z(l) 

EQDYN Table 

List of eigenvalues, 
frequencies or times 

Case Control record 

Unpacked Vector 

Buffer for input file 

Buffer for output file 

Buffer for Case 
Control 

t 
I 

} 

} 

2 words per entry, one entry for each 
point in the problem. 

1, 2 or 3 words per entry, one entry for 
each eigenvalue, frequency or time. 

One word for each degree of freedom in the 
solution set. (two words if complex). 

The Block Data program VDRBD initializes /VDRC0M/ with GIN0 file names, data defining 

position of parameters in a Case Control record, data defining rigid fonnats and problem 

types, and miscellaneous data. It must be in core when VDR is executed. 

The module VDR is designed to be executed as one overlay segment. Open core is defined 

by /VDRC0R/. Two scratch files are used. 

j 
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4.61 FUNCTIONAL MODULE FRRD (FREQUENCY RESPONSE - DISPLACEMENT APPROACH) 

4.61. l Entry Point: FRRD 

4.61.2 Purpose 

To solve the matrix equation 

[-wf [M] + iw [BJ+ [K]] [X] = [P(w;)J 

at a given set of frequencies wi and loads P (which may be functions of w;). 

4.61.3 DMAP Calling Sequence 

FRRD CASECC,USETD,DLT,FRL,GMD,G0D,i~~~f.j:~~f·I~~~1· PHIDH,DIT/UHV,PS,PD,PP/V,N,APP/ 

V,N,F0RM/V,N,LUSETD/V,N,MPCF1/V,N,SINGLE/V,N,0MIT/V,N,NONCUP/V,N,FRQSET/C,Y,DEC0M0PT=l $ 

4.61.4 Input Data Blocks 

CASECC - Case Control Data table. 

USETD - Displacement set definitions table dynamics. 

DLT - Dynamic Loads Table. 

FRL - Frequency Response List. 

GMO - Multipoint constraint transfonnation matrix - dynamics. 

G0D - Omitted coordinate transformation matrix - dynamics. 

KDD - Modal stiffness matrix - d set. 

KHH - Modal stiffness matrix - h set. 

BOO - Modal damping matrix - d set. 

BHH - Modal damping matrix - h set. 

MOO - Modal mass matrix - d set. 

MHH - Modal mass matrix - h set. 

PHIDH - Transfonnation matrix from d set to modal coordinates. 

DIT - Direct Input Tables. 

Notes: 1. CASECC cannot be purged. 

2. USETD cannot be purged. 

3. DLT cannot be purged. 

4. FRL cannot be purged. 

5. GMO cannot be purged if MPCFl ~ 0. 

6. G0D cannot be purged if 0MIT ~ 0. 
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7. PHIDH cannot be purged if F0RM = M0DAL. 

8. DIT cannot be purged if a load uses tables. 

4.61.5 Cutout Data Blocks 

• 

UHV - Displacement vectors. 

PS Partition of load vector matrix giving loads ins set. 

PD - Load vectors - d set. 

PP - Load vectors - p set. 

Notes: 1. UHV, PD, and PP cannot be purged .. 

2. PS cannot be purged if SINGLE> 0 . 

4.61 .6 Parameters 

APP - Input-BCD-no default. APP should be set equal to DISP. 

F0RM - Input-BCD-no default. F0RM • M0DAL implies a modal solution should be used. 

LUSETD - Input-integer-no default. LUSETD indicates length of p set. 

MPCFl - Input-integer-no default. MPCFl ! 0 implies multipoint constraints present. 

SINGLE - Input-integer-no default. SINGLE! 0 implies single-point constraints present. 

0MIT - Input-integer-no default. 0MIT ! O implies omitted coordinates present. 

-N0NCUP - Input-integer-no default. N0NCUP • -1 implies noncoupled solution if F0RM = M0DAL. 

FRQSET - Output-integer-no default. FRQSET is the set id of the selected frequency list 

from CASECC. 

4.61.7 Method 

4.61.7.1 Overview of the Method 

The Frequency Response module for the displacement approach assembles a frequency-dependent 

load vector and solves for the steady-state, frequency response, displacement vectors. Various 

load sets are defined as functions of frequency. Combinations of these sets are used with the 

various specified frequencies. Load vectors for each frequency are formed and reduced to loads on 

the proper degree of freedom. The solutions for both direct formulation and coupled modal formula­

tion are identical except that different matrices are used. The solution involves a triangular 

decomposition and back substitution using the tyoe of arithmetic selected by the matrix types for 

each frequency according to the following table. 
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Trailer Complex Terms 

where: 

SYM 

SYM 

SYM 

UNSYM 

UNSYM 

= 
UNSYM = 
RSSP = 
RSOP = 
RUDP = 
CUDP = 
CSSP = 
CSDP = 

No 

Yes 

No 

Yes 

symmetric dynamic matrix 

unsynrnetric dynamic matrix 

real symmetric single precision 

real symmetric double precision 

real unsymmetric double precision 

complex unsyrrmetric double precision 

complex symmetric single precision 

complex syrrmetric double precision 

Decamp Method 

CDC Other 

RSSP RSDP 

CSSP CSDP 

RUDP RUDP 

CUDP CUDP 

The solutions for the uncoupled modal fonnulation are analytic equations. 

4.61.7.2 Logical Phases 

1. The load vectors for each desired frequency are assembled from the DLT data block. The 

DL0AD section of the DLT tells which load sets to use and what scale factors to use in com­

bining the load sets. The data for each load set are given in the RL0AD or TL0AD section 

of the DLT. Th1s 1s done in subroutine FRRDlA. 

2. The total load vectors are partitioned and manipulated to produce load vectors on the 

solution coordinates. This is done in subroutine FRRDlB. 

3. The matrix equation for displacements is now solved for each load cont>ination and each 

frequency. The overall dynamic matrix is formed. The matrix is decomposed, and the dis­

placements are fonned by back substitution using the various loads. If the formulation is 

an uncoupled modal system, the displacements are calculated directly. This is done by sub­

routines FRRDlC and FRRDlD or FRRDlF. 
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4. The solution vectors are then resorted into load-frequency order. This work is done 

by subroutine FRRD1E. 

4.61 .7.3 Algorithms 

1. Assembly of Load Vectors: 

The frequency set id is extracted from CASECC. This frequency set is placed in core 

from the FRL and converted from radians to frequency. These frequencies are output into 

the header of PPF for later output identification. The load id is read from CASECC, found 

in DLT, and a table is constructed giving a simple id and a scale factor for each com­

ponent. The DLT data are read for each simple id, and a list of the required tables is 

extracted. Core is allocated to hold as many load vectors as possible up to the number 

of frequencies. If tables are present, they are initialized and evaluated for all frequencies 

in core. The DLT is read, and two tyoes of loads are constructed: 

l) RL0AD1 

2) RL0AD2 

P(f) • A[C(f) + 1D(f)]e1(0- 2~fT) 

P(f) • AB(f)ei(,(f) + e-Z'ITfT) 

where A. B, C, o. ,. e and Tare user input constants or tables. 

TL0AD loads are computed as follows: 

4.61-3a (12/31/77) 
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Case l. TL0AD1 data card, referencing a TABLEDl, 2 or 3. 

The P(t) is given in tenns defined on the above data cards by 

(la) 

Yr is a piecewise linear table, for the (N-1) intervals (x1,x2) ... (xN-l' xN). Then, 

(lb) 

where 

( l C) 

-iw(Xl+X2•x. 1) 
R; = e ,+ E2(iwX2(xi+l - xi)) (ld) 

E2(ie) is computed by special fonnulas for large and small e, as defined in module IFT. 

E2(-ie) is the conjugate of E2(e). 

Case 2. TL0AD1 with TABLED4. 

Then, 

0 

X3 < t-,j < X4 

Otherwise 

. X4 N a 
(SUM)• e-,w (X4-X3) I n+l En+l(iw(X4-X3)) 

n=O 

a = (X4-X3)n Nrn (n+m)!/X3-Xl\m a 
n X2 m=O n!m! \ X2 ') n+m 
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The function En(ie) is computed as follows: 

If O < e < o. l, compute for n=N 

e2 e~ 
Re EN(ie) = 1 - (N+l){N+2) + {N+l) ... {N+4) 

e a3 

Im EN(Ia) = N+l - {N+l) ... (N+3) + - · · · · 

Stop when last term< 10-9• 

Then, by recursion for n=N-1 ,N-2, ... , 1 

If O. 1< a<=, compute for n=O 

Re E0(ia) • cos a 

Im E0 (ie) •sine 

Then, by recursion for n•l,2,3, .•• ,N 

Re En(ie) • i Im En_1(ie) 

Im En(ie) • f [1 - Re En_1(ie)] 

Case 3. TL0AD2 with 

- + ..•• 

0 < t < T 2-T l 

Otherwise 

B will be restricted to an integer~ O. 
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R = epowerE (z) 
2 B+l 

(3c) 

where power= +iP+(c+i2nF)(T2-T1 )-iwT2 
and z = -[c+i2nF-iw](T2-T1) 

R1 = same as R2 except the sign of P and Fare reversed. 

z z2 

l + B+ l + ( B+ l ){ B+ 2 ) + I z I < • 1 

E8(z) = (until last term< 10-9) (3d) 

n fez_ 8f l) 
z8 \ k=O k! 

/z I ~ .1 

If all frequencies cannot be evaluated at once. additional passes through the DLT are made 

until all are evaluated. If additional subcases exist in CASECC 1 the above steps are 

repeated for each load. 
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2. Manipulation of Load Vectors: 

The vectors produced in the previous sections are related to the p set. They are 

reduced by the following steps using data blocks USETD, GMD and G{aD. 

If MPCF1 ,! 0: -
{Pp}=;){ ::e } ., 

{Pne} • (15"ne} + [G~]T {Pm} • 

If SINGLE ,! 0: 

{Ps} is output on data block PS. 

If ~MIT ~ 0: 

{Pd} is output on PD. 

If F0RM • M0DAL: 

3. Solution Phase: 

{P fe} ::::;>{ :: } , 
{Pd} • {Pd}+ [G~JT {Po}• 

For a direct fonnulation the equation to be solved is: 

For a coupled fonnulation the equations to be solved is: 
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The left hand matrix is generated by t\~O calls to ADD and decomposed. The normal matrix 

decomposition checks are relaxed in these solutions. It is expected that the matrices will 

not pass the triangular decomposition at certain frequencies. The solution will proceed, 

and only a warning will be issued. The loads at the given frequency are collected from the 

load file and fed to GFBS for a forward backward substitution solution. If the decomposi­

tion failed, a zero vector will result. 

For one uncoupled modal formulation the equations to be solved are: 

pi (w) 
= 

With zero damping the uncoupled modal formulation may produce division by small numbers. 

This fact is noted and the solution proceeds. 

4. Order Phase: 

Except for the uncoupled modal approach it may be necessary to reorder the solutions 

from a frequence / load sort to a load/ frequency sort. 

4.61 .8 Subroutines 

Utility subroutines PRETAB,TAB,CALCV,SSG2B,SSG2A,SSG2C,CDC0MP,SCDCMP,CSPSDC,CXFBS,FACT0R, 

SDC0MP, DEC0MP, SSG3A and GFBS are used. See subroutine descriptions, Section 3, for details. 

4.61 .8.1 Subroutine Name: FRRDlA 

1. Entry Point: FRRD1A 

2. Purpose: To assemble the user selected loads. 

3. Calling Sequence: CALL FRRD1A (DLT,FRL,CASECC,DIT,PP,LUSETD,NFREQ,NL0AD,FRQSET,F0L) 

DLT,FRL,CASECC,DIT,PP are GIN0 file numbers of their respective data blocks - integer -

input. 

LUSETD - Length of? set - integer - input. 

NFREQ - Number of frequencies in selected frequency set - integer - output. 

F0L - the GIN!D file number of the output frequency list - may be purged. 

4.61-5 (12/31/77) / .t..-:--- --~ :r 

/ !_ 

(12) 



MODULE FUNCTIONAL DESCRIPTIONS 

NL0AD - r~umber of 1 oads ( records in CASECC) se 1 ected - integer - output. 

FRQSET - Set id of selected frequency set - integer - output. 

4.61.8.2 Subroutine Name: FRRD1B 

1. Entry Point: FRRD1B 

2. Purpose: To reduce loads from the p to the d (or h) set. 

3. Calling Sequence: CALL FRRD1B (PP,USETD,GMD,G0D,MULT1,SINGLE,0MIT,M0DAL,PHIDH, 

PD,PS,PH,SCR1,SCR2,SCR3,SCR4) 

PP,USETD,GMD,GIDD,PHIDH,PD,PS,PH are GIN0 ffle numbers of their respective clata 

blocks - integer - input. 

MULTI - MULTI ;. 0 implies m's are present - integer - input. 

SliJGLE - SINGLE;. 0 implies s's are present - integer - input. 

0MIT - 0MIT ! O implies o's are present - integer - input. 

MIDDAL - MIDDAL • M0DA implies a modal fonnulation - BCD - input. 

SCR 1 • • • • ·- GIN0 fi 1 e numbers of 4 scratch files - integer - input. 
SCR4 

4.61.8.3 Subroutine Name: FRRDlC 

1. Entry Point: FRRDlC 

2. Purpose: To fonn and decompose 11 left 11 hand side of the frequency equation. 

3. Calling Sequence: CALL FRRD1C (FRL,FRQSET,MOD,BDD,KOD,I,ULL,LLL,SCR1,SCR2,SCR3, 

SCR4,IG00D) 

FRL,MDD,BDD,KDD,ULL,LLL,SCRl-4 are GINID file numbers of their respective data blocks -

integer - input. 

FRQSET - Set id of selected frequency set - integer - output. 

I - Current frequency counter - integer - input. 

IG00D - IG00D • 1 implies a singular matrix - integer - output. 

4.61.8.4 Subroutine Name: FRROlD 

1. Entry Point: FRRDlD 

2. Purpose: To solve for displacements given decomposition factors and loads. 
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3. Calling Sequence: CALL FRRD1D (PD,ULL,LLL,SCRl ,SCR2,UDVP,I,NL0AD,IG00D,NFREQ) 

PD,ULL,LLL,UDVP,SCRl ,SCR2 are GIN0 file numbers of their respective data blocks - integer -
input. 

I - Current frequency count - integer - input. 

NL0AD - Number of loads - integer - input. 

IG00D - IG00D = l implies a singular matrix - integer - input. 

NFREQ - Total number of frequencies - integer - input. 

4.61.8.5 Subroutine Name: FRROlE 

1. Entry Point: FRRDlE 

2. Purpose: To reorder displacements if necessary. 

3. Calling Sequence: CALL FRROlE (UOVP,UDV,NL0AD,I) 

UDVP - GIN0 file number of displacements sorted by frequency/load - integer - input. 

UDV - GIN0 file number of displacements sorted by load/frequency - integer - input. 

NL0AD - Number of loads - integer - input. 

I - Number of frequencies solved. 

4.61.8.6 Subroutine Name: FRRDlF 

1. Entry Point: FRRDlF 

2. Purpose: To solve the uncoupled modal equations. 

3. Calling Sequence: CALL FRROlF (MHH,BHH,KHH,FRL,FRQSET,NL0AD,NFREQ,PH,UHV) 

MHH,BHH,KHH,FRL,PH,UHV are GIN0 file numbers of their respective data blocks - integer -
input. 

FRQSET - Selected frequency set id-integer - input. 

NFREQ - Number of frequencies in FRQSET - integer - input. 

NLOAD - Number of loads (subcases in current execution) - integer - input. 

4.61.8.7 Subroutine Name: FACTRU 

1. Entry Point: FACTRU 

2. Purpose: To decompose a matrix by invoking real unsynmetric decomposition [A]~ [LL][UL]. 
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3. Calling Sequence: CALL FACTRU ($n,A,LL,UL,SCR1 ,SCR2,SCR3) 

where A,LL,UL,SCRl ,SCR2,SCR3 are the GIN0 file numbers of their respective data blocks. 

n statement number to return to if A is singular. 

4. Design Requirements: 

a) A must have a trailer 

b) A trailer will be written on LL and UL 

c) Open core must be available at /FCTRUX/ 

4.61.9 Design Requirements 

Eight scratch files are used by FRRD. 

Open core at /FRRDAl/ is used as follows: 

4.61-7a (3/1/74) 
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C0MM~N/FRRDA1/ 
Frequency List NFREQ 

10, 
Scale1 

102 
10 1 scale for all members of a DL13AD card 

Scale2 

Table lD's } NTABL 

} 2* LUSETO As many loads as will fit 

} 2* LUSETD up to all frequencies. 
. 
• . 

F ( f) f NTABL 

Buffer 

Open core at /FRRDB1/ 1 /FRRDCl/ 1 /FRRDD1/ are used by the matrix routines. 

Open core at /FRROF1 / is used as f o 11 ows: 

C0MM0N/FRROF1/ 
Frequency List 

f 
NFREQ 

M; f h set size 

B; 
f 

h set size 

Ki f h set size 

UHV 
2 GI NI' Buffers 

PH 

4.61.10 Diagnostic Messages 

Module FRRD may issue the following diagnostic messages: 

3005, 3008 and 3045. 
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4.62 FUNCTIONAL MODULE SDR3 (STRESS DATA RECOVERY - PHASE 3 - S0RT1 to S0RT2 PROCESSOR) 

4.62.1 Entry Point: SDR3 

4.62.2 Purpose 

To transpose (perform S0RT2) data blocks containing data prepared for output in the form of 

ELEMENT-IO-SETS or P0INT-ID-SETS versus TIME-STEP or FREQUENCY-STEP to data prepared for output 

in the form of TIME-STEP-SETS or FREQUENCY-STEP-SETS versus ELEMENT-ID or P0INT-ID. 

4.62.2.l Example of S0RT1 and S0RT2 Output 

Below is a table of 0FP printed output of SDR3 input (S0RT1) and output (S0RT2) data blocks. 

S0R3 Input Data Block Printed (S0RT1) 

TIME = l .0 D I S P L A C E M E N T S 
POINT-IO Tl T2 T3 Rl R2 R3 , o.o 4.53 0.0 0.0 0.0 0.0 

2 0.0 5 .12 0.0 o.o 0.0 0.0 

TIME = 2.0 D I S P L A C E M E N T S 
POINT-ID Tl T2 T3 Rl R2 R3 

1 o.o 4.83 o.o o.o 0.0 o.o 
2 o.o 5.53 0.0 o.o 0.0 o.o 

TIME = 3.0 D I S P L A C E M E N T S 
POINT-ID Tl T2 T3 Rl R2 R3 

l 0.0 6.84 0.0 0.0 0.0 o.o 
2 0.0 7.96 o.o o.o o.o 0.0 

SDR3 Output Data Block Printed (S0RT2) 

POINT-ID• 1 D I S P L A C E M E N T S 
TIME Tl T2 T3 Rl R2 R3 

1.0 0.0 4.53 0.0 o.o 0.0 o.o 
2.0 0.0 4.83 o.o 0.0 0.0 o.o 
3.0 0.0 6.84 0.0 o.o 0.0 o.o 

POINT-IO• 2 D I S P L A C E M E N T S 
TIME Tl T2 T3 Rl R2 R3 

1.0 0.0 5.12 o.o 0.0 o.o 0.0 
2.0 o.o 5.53 0.0 0.0 0.0 0.0 
3.0 0.0 7.96 0.0 0.0 0.0 0.0 

----- ./- I 
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4.62.3 DMAP Calling Seguence 

S0R3 INl,IN2,IN3,IN4,INS,IN6/~UTl,0UT2,~UT3,0UT4,0UT5,0UT6/ $ 

4.62.4 Input Data Blocks 

One to six data blocks in any order desired. Input data blocks to S0R3 which are purged 

are ignored. 

4.62.5 Output Data Blocks 

One to six data blocks in corresponding order to that of the input data blocks. If S0RT2 

is to be performed, there must be an available output data block for the corresponding inout data 

block (Non-Fatal Error if this condition is not met). 

4.62.6 Parameters 

None 

4.62.7 Method 

4.62.7.l Input and Output Data Block Record Arrangements 

Both the input and output data blocks of SDR3 have the following format: 

/· 
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Header 

ID 

DATA 

ID 

Group l DATA 

. . . 
ID 

DATA 

. . . . . . 
ID 

DATA 

Group M . . . 
ID 

DATA 
( 

4.62-3 
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} Record l 

} Record 2 

} Record 3 

} Record 4 

} Record N -1 
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4.62.7.2 Description of a Group 

1. An input (S0RT1) data block Group and an output (S0RT2) data block Group are given in the 

following figures: 

One Input Group 

Theoretical Inout Group 

(S0RT1) 

ID 
Data Type 1 

DATA 
Entries 1 thru K1 

. . 
• 

ID 
Data Tyce J 

DATA 
Entries 1 thru K_, 

. . . . . 

ID 
Data Tvoe 1 

DATA 
Entries 1 thru K, 

. . . 
IO 

Data Tyce J 

DATA 
Entries 1 thru K, 

4.62-4 

Record pair for 
Data Type l. 

Record pair for 
Data Type J. 

Record pair for 
Data Type 1. 

Record pair for 
Data Type J. 

Base Set for 
Value l. 

Base Set for 
Value I. 
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One Output Group 

Theoretical Output Group 

(S0RT2) 

IO Record 
Data Tvoe l 

DATA Record 
Entries l thru I 

. . 

ID Record 
Data Tvoe l 

DATA Record 
Entries l thru I 

. . . . . 

ID Record 
Data Tvoe J 

DATA Record 
Entries 1 thru I 

. . . 

ID Record 
Data Tvoe J 

DATA Record 
Entries 1 thru I 

4.62-5 

Record pair for 
P0INT or ELEMENT 11 

Record pair for 
P0INT or ELEMENT K1 

Record pair for 
P0INT or ELEMENT lJ 

Record pa i r for 
P0INT or ELEMENT KJ 

/ 

I 

S0RT2 Collection 
of Data Tyr,e l • 

S0RT2 Collection 
of Data Type J. 
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2. In the above figures each Group is independent of any other Group so far as SDR3 need 

be concerned. 

3. A Group is defined as a collection of successive records belonging to the same subcase. 

4. An ID-Record is of a fixed size equal to 146 words. 

5. A DATA-Record contains multiple Entries with each Entry being of a length in words 

specified within the immediately preceding ID-Record. 

6. I = The number of Values (FREQUENCIES or TIMES) present in the Grouo. 

7. A Base Set is a sub-Group of the Group containing data records for one oarticular Value. 

8. J • The number of different Data Types (DISPLACEMENTS, VELOCITIES, etc.} within a Base Set. 

9. Kj .. The number of Entries for Data Type .j. 

10. Respective records of any two Base Sets within an input data block Group are of the 

same size. 

11. Respective Entries within respective DATA Records of all Base Sets of an input data 

block Group begin with the same ELEMENT-ID or P0INT-ID. 

12", Most input data blocks will contain only one Group having but one Data Type. There is 

normally more than one Base Set within any Group. 

13. A pictoral representation of a S0RT1 to S~RT2 process is given on the next page using 

the following data: 

Values• 3 time steps (1.0, 2.0, 3.0} 

{
1 - Displacements (3 Entries/Value - points 5, a and 9) 

Data Types• 2 - Velocities (2 Entries/Value - points 3 and 4) 
3 - Accelerations {2 Entries/Value - points 1 and 4) 

4.62-6 
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Input Data Block 

S0RT1 Group 
S0RT1 to S0RT2 

Process 
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S0RT2 Group 
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4.62.7.3 Physical Data Processing (S0RT1 to S0RT2) 

All emphasis is placed on the Group. and thus in performing S0RT2 a Group pointer always 

points to the first record of the current Group being processed. 

Each Group is processed and completed successively until all Groups have been processed. 

For each Group a loop of J passes is executed. During the jth pass of this loop, the jth Data 

Type (note 4.62.7.2) present of the Base Sets will be collected and transposed. The transpose 

consists of determining how many Entries are present for the current Data Type and then dividing 

the available core into that many Regions. The Entries of each DATA record for the jth Data Type 

are distributed in Entry order, one each, to the Regions. At the time each Entry is distributed 

to a Region, the Entry's first word (P0IMT'-ID or ELEMENT-ID) is replaced by the Value (FREQUENCY 

or TIME) in the ID-Record associated with the DATA-Record from which the Entry has come. At the 

conclusion of each pass of this loop, output to the data block can proceed. For each Region an 

ID-Record is written. This ID-Record is a copy of the input data block ID-Record in the first 

Base Set for the jth Data Type, having had the Value (FREQUENCY or TIME) replaced with the P0INT­

ID or ELEMENT-ID of the respective Region. The filled portion of the Region ·is then output as the 

DATA-Record. 

4.62.7.4 Spill Logic 

If during the Entry distribution the Regions can hold no more Entries, spill to scratch files 

is perfonned. A Layer of records 1s written, one record for each Region, each time spill is 

required. 

Scratch 1 Scratch 2 Scratch N · 

Region 1 Region 2 Region N 

Region N+l . . . . 
Layer . . . 

. . 
• . 

. 
Region K-2 

Region K-1 Region K 

.... . • y • .. 
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At the output stage, if spill to the scratch files has occurred, the Regions in the scratch 

files are output before the in-core Regions. 

4.62.8 Subroutines 

4.62.8.l Subroutine Name: S0R3A 

l. Entry Point: S0R3A 

2. Purpose: To perform all S0RT2 operations when ca11ed by the driver routine SOR3. 

3. Calling Sequence: CALL SOR3A (0FPFIL) 

0FPFIL - An array of six words, one for each input data block, each of which is set 

to zero before the CALL and then reset by S0R3A with a traceback positive 

integer in the event an error for its respective data block occurred. 

4.62.9 Design Requirements 

l. The design requires that the largest DATA-Record fit in core. If a problem is outputting 

so many ELEMENT-ID or P0INT-IO Entries for a particular FREQUENCY or TIME that core is 

insufficient, then more subcases in conjunction with output request sets are recommended. 

2. C0MM0N/SDR3ZZ/Z(l) 

This common block defines open core for the SDR3 module. 

3. SOR3 will open a11 its scratch files (S). 

4.62.10 Diagnostic Messages 

All errors within SDR3 are considered non-fatal-User Warning type errors. Any error 

resulting in tennination of the S0RT2 process results in the setting of an S0R3 traceback number, 

an appropriate message, and a call to the 0FP (Output File Processor) which in turn will output 

the data block in S0RTl format. If 0FP is unable to output the data block it in turn will call 

the TABPRT routine, and the data block will be printed. 

/· 
/ 
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4.63 FUNCTIONAL MODULE XYTRAN (XY - OUTPUT DATA TRANSLATOR) 

4.63. l Entry Point: XYTRAN 

To read the first record of the XYCDB data block (prepared by subroutine IFPlXY of Executive 

module IFPl); to set xy-output parameters from the serial specifications of this record; to inter­

pret the user curve requests; to locate in the XYTRAN input data blocks (2 thru 6) the data sets 

containing the requested curve data; to prepare sunmary and xy-coordinate data for the requested 

curves and output them to the system output printer and punch units; and to prepare xy-coordinate 

data and output them to the XYTRAN output data block for direct plotting by the XYPL0T module of 

those curve requests specified to be plotted. 

4.63.3 DMAP Calling Sequences 

4.63.3. 1 Static Analysis (Rigid Format 1) 

1. Stress data recovery output. 

XYTRAN XYCOB,0PG2,0QG2,0UGV2,0ES2,0EF2/XYPLTT/C,N,TRAN/C,N,PSET/V,N,PFILE/V,N,CARON0 $ 

4,6l.3.2 Transient Response - Direct Fonnulation. (Rigid Format 9) 

1. Vector data recovery output. 

XYTRAN XYC0B,0UDVC2, 1 ,,/XYPLTFA/C,N,FREQ/C,N 1 DSET/V,N 1 PFILE/V,N,CARDN0 $ 

2. Stress data recovery output. 

XYTRAN XYCDB,0PPC2,0QPC2,0UPVC2,0ESC2,0EFC2/XYPLTF/C,N,FREQ/C,N,PSET/V,N,PFILE/V,N,CARDN0 $ 

3. Random response output. 

4.63.3.3 Transient Response - Direct Formulation. (Rigid Fonnat 9) 

1. Vector data recovery output. 

XYTRAN XYC0B,0UDV2,0PNL2,,,/XYPLTTA/C,N,TRAN/C,N,DSET/V,N,PFILE/V,N,CAR~0 $ 

2. Stress data recovery output. 

XYTRAN XYCDB,0PP2,fQP2,0UPV2,0ES2,0EF2/XYPLTI/C,N,TRAN/C,N,"PSET/V,N,PFILE/V,N,CARDN0 $ 

4.63.3.4 Frequency Response - Modal Formulation. (Rigid Fonnat 11) 

1. Vector data recovery output. 

XYTRAN XYC0B,0UHVC2,,. ,/XYPLTFA/C,N, FREQ/C,N,HSET /V ,N ,PFILE/V ,N·, CARDN0 $ 

4.63-1 (7/4/76) _.,,,.­-
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2. Stress data recovery output. 

XYTRAN XYC0B,0PPC2,0QPC2,0UPVC2,0ESC2,0EFC2 / XYPLTF / C,N,FREQ / C,N,PSET I V,N,PFILE I 
V,N,CARON0 $ 

3. Random Response output 

XYTRAN XYC06,PSDF,AUT0,,, / XYPLTR / C,N,RAND / C,N,PSET / V,N,PFILE / V,N,CARDN0 $ 

4.63.3.5 Transient Response - Modal Formulation (Rigid Fonnat 12) 

1, Vector data recovery output. 

XYTRAN XYC0B,0UHV2,0PNL2,,, / XYPLTTA / C,N,TRAN / C,N,HSET / V,N,PFILE / V,N,CARDN0 $ 

4.63.3.6 Aerodynamic - Modal Flutter Analysis (Rigid Fonnat 10) 

1. VG curve output. 

XYTRAN XYCB0,0VG,,,, / XYPLTCE / C,N,VG / C,N,PSET / V1 N1 PFILE / V,N,CARDN0 $ 

4.63.3.7 Heat - Transient Analysis 

1. XYTRAN XYCDB,HIIJPP2,H0QP2,HIIJUPV2,,HIIJEF2/HXYPLTT/C,N,TRAN/C,N,PSET/V,N,PFILE/V,N,CARDNIIJ $ 

4.63.4 Input Data Blocks 

XYCDB - XV Output Control Data Block. 

0UDVC2 - Output displacement vector requests {solution set, S0RT2, complex). 

0PPC2 - Output load vector requests (solution set, Sl1JRT2, complex). 

IIJQPC2 - Output forces of single-point constraint requests (solution set, S11JRT2, complex). 

11JUPVC2 - Output displacement vector requests (p set, S11JRT2, complex). 

IIJESC2 - Output element stress requests (SIIJRT2, complex). 

IIJEFC2 - Output element force requests (Sl1JRT2, complex). 

PSDF - Power Spectral Density Table. 

AUTIIJ - Autocorrelation function table. 

IIJUDV2 - Output displacement vector requests (solution set, SIIJRT2, real). 

IIJPNL2 - Output nonlinear load requests (solution set, S0RT2, real). 

HIIJPP2} 
0PP2 i -
H,,QP2 l 
IIJQP2 i • 

Output load vector requests (p set, SORT, real). 

Output forces of single-point constraint (p set, S0RT2, real). 

IIJUPV2 - Output displacement vector requests (p set, S11JRT2, real). 

0ES2 - Output element stress requests (S11JRT2, real). 

~:~~2 f - Output element force requests (S11JRT2, real). 

IIJUHVC2 - Output displacement vector requests (solution set, Sl1JRT2. complex). 
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0UHV2 - Output displacement vector requests (solution set, S0RT2, complex). 

0VG - Output VG curves (S0RT2 

H0UPV2 - Output temperature vector requests (p set, S0RT2, real). 

0PG2 - Output load vector requests (g set, S0RT2, real). 

0QG2 - Output forces of single-point constraint requests (g set, S0RT2, real). 

0UGV2 - Output displacement vector requests (S0RT2, real). 

4.63.5 Output Data Blocks 

XYPLTFA -

XYPLTF 

XYPLTR 

XYPLTIA -

XYPLTI 

HXYPLTI -

XV-Plot output requests prepared by XYTRAN for direct plotting by XYPL0T. 

4.63.6 Parameters 

CARDN0 - Input and output-integer-default value• o. CARDN0 is incremented by one and 

punched in columns 73-80 of each card punched by XYTRAN. 

PFILE - Input and output-integer-default value• O. PFILE is incremented by one for 

each frame XYTRAN defines for output by XYPL0T. 

FREQ • Input-BCD-2-word-constant distinguishes the problem as frequency response. 

TRAN - Input-BCD 2-word-constant distinguishes the problem as transient response. 

RAND • Input-BCD 2-word-constant distinguishes the problem as random response. 

DSET • Input-BCD 2-word-constant distinguishes the input vector as the d set. 

PSET • Input-BCD 2-word-constant distinguishes the input vector as the p set. 

HSET • Input-BCD 2-word-constant distinguishes the input vector as the h set. 

/ 
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4.63.7 Method 

4.63.7.1 The following diagram illustrates the process of serially reading through the XYCDB 

data block's first record and performing the XYTRAN data processing. 

ENTER 

Read 1 BCD word 

Yes 

Yes 

Yes 

Read the next 
32 words into 
the respective 
title array. 

Read 1 word 
and set 

appropriate 
value. 

Read . data as. 
dictated by 
phase-I. 
Perfonn 
phase-II. 

-----------..iBCD word 1 s not recognized i----­
wri te warning message. 

Figure 1. Flowchart for reading the first record of XYCDB 
' ----
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4.63.7.2 Phase I 

In Phase I the XYCDB data block is further read to: 

1. Determine the type of XV-output curves desired. (Response, Autocorrelation, 

or Power Spectral Density Function); 

2. Determine the type of data (displacements, stresses, etc.,) and subcases 

desired; 

3. Determine which types ot XV-output are requested of XYPUNCH, XYPEAK, XYPRINT. 

XYPAPL0T, and XYPL0T (XV-output requests are described in section 4 of the User's Manual). 

4. Determine the point-component curve relationships for a frame. 

The data for all curves of a given frame (upper and lower, or whole) are then collected 

and stored in core. 

4.63.7.3 Phase II 

The operations of Phase II involve the analysis of the curve data in con.;unction with the 

XY-output specifications stored to this point as a set of values, and the computation and 

setting of dynamic curve limits. When all processing is complete, output to the printer, the 

punch, and the XYTRAN output data block is accomplished. 

4.63.8 Subroutines 

4.63.8.1 Subroutine Name: XYDUMP 

1. Entry Point: XYDUMP 

2. Purpose: To perform phase II as described above. 

3. Calling Sequence: CALL XYOUMP (IARG,ITYPE). 

IARG - 201, GIN0 output data block number. 

ITYPE - 1 for RESP0NSE, 2 for PSOF, 3 for AUT0. 

4.63.8.2 Subroutine Name: XYFIND 

1. Entry Point: XYFINO 

2. Purpose: To position one of the XYTRAN input data blocks .(2 thru 6) to the 

beginning of a data set record for a particular ELEMENT-ID or POINT-ID of a specific 
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data type. 

3. Calling Sequence: CALL XYFIND ($n1,$n2,$n3,MAJIO,IOZ) 

n1 = Return taken in the event an end-of-file is sense~ when an E~F should not be hit. 

n2 = Return taken in the event an end-of-record is sensed when an end-of-record. 

should not be hit. 

n3 • Return taken if the data requested could not be found. 

MAJID = An array of the eleven data type major-IDs. 

IDZ • Pointer into the Z array of open .core to an ELEMENT-ID or POINT-ID. 

4.63.8.3 Subroutine Name: XY0UT 

1. Entry Point: XY0UT 

2. Purpose: To output to the system printer unit an xy-output surnnary or to output 

to the system printer and/or punch unit(s) an xy-output coordinate pair. 

3. Calling Sequence: CALL XY0UT (IARG,BUFF) 

~ 
<O implies print sullll\ary, 

IARG • 
!,O implies print and/or pun,h ,oordinate pair, 

BUFF • Array containing data to be output. 

4.63.8.4 Subroutine Name: XYL;G 

1. Entry Point: XYL0G 

2. Purpose: To analyze the input arguments Vl and V2 and to reset these arguments to 

powers of ten bracketing the original values. An example follows. 

Vl • o.s 
V2 • 5.6 }Input arg11110nts. 

IARG • Undefined 

Vl • 0.1 

~Output arguments. V2 • 10.0 

IARG • 2 . 

,.r .. I 
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3. Calling Sequence: CALL XYL0G(Vl ,V2,IARG) 

Vl = Smaller input real variable. 

V2 = Large input real variable. 

IARG = Number of logrithmic cycles needed to bracket Vl and V2. (Set by XYL0G before 
return) 

4.63.8.5 Subroutine Name: XYTICS 

1. Entry Point: XYTICS 

2. Purpose: To accept user-specified xy-plot edge-tic specifications and compute actual 

edge-tic beginning and ending va 1 ues, their increments to the successive edge-ti cs, and 

their scientific values with powers of ten. 

3. Calling Sequence: CALL XYTICS (I0UT,0UT,IARG1 ,Rl,R2,ISKIP,L0G) 

I0UT 

0UT 

= Integer output array 

• Real output array 
} One and the same array. 

IARGl • Number of edge-tic divisions desired by user. 

Rl • Minimum coordinate value of edge •. 

R2 = Maximum coordinate value of edge. 

!SKIP • Edge-tic skip count indicating which edge-tics are to have a value printed 
along with the tic-mark. 

L0G = Number of logrithmic cycles. If zero, linear scale is to be calculated. 

4.63.8.6 Subroutine Name: XYPRPL 

l. Entry Point: XYPRPL 

2. Purpose: To process the XYPAPL0T request. The XYTRAN output data block is read and 

a proper plot is generated for each XYPAPL0T request. Frame numbers are printed as well 

as titles, and the data are scaled to the size of the page width. Log requests should not 

be used. 

3. Calling Sequence: CALL XYPRPL 

4.63.8.7 Subroutine Name: XYCHAR 

l. Entry Point: XYCHAR 

2. Purpose: To store the points to be plotted into the appropriate line of the output buffer. 
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3. Calling Sequence: CALL XYCHAR(IR0W,IC0L,CURVCH) 

IR0W = Y coordinate of the point to be plotted 

IC0L = X coordinate of the point to be plotted 

CURVCH = Symbol to be used for the point 

4.63.8.8 Subroutine Name: XYGRAF 

1. Entry Point: XYGRAF 

2. Purpose: To print the proper plot for a frame. 

3. Calling Sequence: CALL XYGRAF(GRAPH) 

GRAPH • Frame border data for the plot 

4.63.9 Design Requirements 

1. The XYTRAN design requires that for a particular frame all of the curve data for the 

curves of that frame fit in core. If this condition is not possible, one curve at a time 

will be cancelled, with a warning message output, until the condition is met for the frame 

in question. 

2. The following C0MM0N blocks are used in the subroutines of module XYTRAN. 

a. C0MM0N/XYW0RK/ 

This COITIIIOn block contains variables required in the processing of the user output 

requests. 

b. CJMMl!JN/XYTRZZ/ 

Defines open core for the module 

4.63.10 Diagnostic Messages 

All XYTRAN diagnostic messages are of a USER-WARNING nature. There are no FATAL type 

error diagnostics. XYTRAN is in all cases expected to make a nonnal return. 

/ -: .. , , .· 
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4.64 FUNCTIONAL MODULE RAND0M (RANDOM ANALYSIS MODULE) 

4.64. 1 Entry Point: RAND0M 

4.64.2 Purpose 

To comput~ power spectral density functions and autocorrelation functions from frequency 

response data. 

4.64.3 OMAP Calling Sequence 

RAND0M XYCDB,DIT,PSDL,0UPVC2,0PPC2,0QPC2,0ESC2,0EFC2,CASECC/PSOF,AUT0/V,N,N0RAND $ 

4.64.4 Input Data Blocks 

XYCOB 

DIT 

PSOL 

'1JUPVC2 

0PPC2 

0QPC2 

~ESC2 

'1JEFC2 

CASECC 

Notes: 1. 

2. 

3. 

4. 

- XY Plotter Control Data Block. 

- Direct Input Tables. 

- Power Spectral Density List. 

- Output displacement vector requests (p set, S0RT2, complex}. 

- Output load vector requests (p set·, S0RT2, complex). 

- Output forces of-single-point constraint (p set, S0RT2, complex). 

- Output element stress requests (S0RT2, complex). 

- Output element force requests (S'1JRT2, complex). 

- Case Control Data Table. 

If XYCOB is purged, RAND'1JM returns. 

DIT cannot be purged if PSDL points to tables in DIT. 

If PSDL is purged, RAND0M returns. 

0UPVC2, 0PP2, 0QP2, 0ESC2, 0EFC2 must contain the requested outputs. 

5. CASECC cannot be purged. 

4.64.5 Output Data Blocks 

PSDF - Power Spectral Density Table. 

AUT0 - Autocorrelation function table. 

~: PSDF and AUT0 cannot be purged. 
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4.64.6 Parameters 

N0RAND - Output-integer-no default. N0RAND c -1, if no random analysis is requested, 

O, otherwise. 

4.64. 7 Method 

4.64.7.1 Overview of the Method 

The Random Analysis Module calculates power spectral density functions, autocorrelation 

functions and mean deviations for selected displacements, loads, forces of single-point constraint, 

and element forces and stresses. 

4.64.7.2 Module Initialization 

The following 4 steps of subroutine RAND7 comprise module initialization. 

l. The XYCOB must be present or RANO~M returns. 

2. A set of RANOPS Bulk Data cards from PSOL must be selected in CASECC or RAND0M returns. 

3. The frequency list is extracted from the first non-empty data file. 

4. The selected RANDPS cards are read in and stored. The tables referenced are 

prepared by subroutine PRETAS. The RANDPS {see section 2.4 of the User 1s Manual) card 

defines the functions 

where a is the subcase id of the excited load set; bis the subcase id of the applied 

load set (a!_ b); (x,y) is a complex number such that if a• b, then y must be 0.0; and 

K is the table identification number of a TASRNOl Bulk Data card which defines Fk(f), 

a power spectral density as a tabular function of frequency. 

( 1 ) 

The power spectral density for gust turbulence can also be supplied on a TABRNOG card. Thus 

- 2 
S (f) • w2 ~ 1 + 2(p+l) (kwL/U~ 
ab g U /2 

(1 + (kwL/U) 2JP+ 

2 where w
9

, L, U, p and k are user supplied data and W • 2~f. 

If on any RANDPS card a i b, the equations are called coupled. otherwise they are called un­

coupled. 
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4.ti4.7.3 The Uncoupled Case 

The following eight steps are accomplished in subroutine RANDS. 

l. The XYCDB is read for a list of requested points. This list is stored in core. 
(Subroutine RAND6). 

2. Core is allocated for as many points as possible at one word per frequency. If all 
points will not fit in core, another pass will be made on this file. 

3. Compute Saa(f) at each load change (subroutine TAB). 

4. Read in the data from the S0RT2 data block and compute: 

(3) 

where Uj(f) is the response of the jth point at frequency f. 

5. These are sulTITled over all loads to form the power spectral density function: 

(4) 

where 'a' runs over all subcase ID's on the RANDPS cards. 

6. When all subcases for the points in core have been processed, the mean response qj is 
calculated in subroutine RAND3 for each point j: 

(5) 

where N = number of frequencies. The mean response is output with both the PSOF and 
the autocorrelation function. 

The zero crossing N
0 

is also computed and output with the mean response qj. N
0 

is de· 
fined by 

(6) 

The integral in the denominator is already calculated in this module, and is related to 
the "mean square response" 

thus, the numerator must be integrated. Compute 

'""! CD 2 
r . = f f SJ. ( f) df , 
J 0 

_ ! l N· 1 
rj = ]2 i~l[Sj(fi) + Sj(fi+l)](f;+l 
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(Bb) 

Note that if a and Sare 1.0, the sum for rj would become the formula for qj. Then 

N
0 

= rj/qj is the quantity to be output. 

7. If PSDF for point j is requested, one ID and data record are written on the PSDF data 

block. 

8. !fan autocorrelation function is requ~sted for point j, the Sj(f) are transformed to 

the time domain to give the autocorrelation function: 

(9) 

./· . , 

4.64-3a (12/31/77) 



FUNCTIONAL MODULE RAND0M (RANDOM ANALYSIS MODULE) 

THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 

4.64-3b (12/31/77) 
...... _, .. 



MODULE FUNCTIONAL OESCRIPTIOUS 

where is the index of the frequencies: N is highest frequency; Tm is defined by 

where T
0 

is the starting time lag, Mis the number of time lag intervals, and •max 

is the maximum time lag (o < •
0 

< •m)' all of which are defined on a RANDTl Bulk Data 

card. Note that if, in Equation 9, Tm • O, then 

_2 
Rj (Tm) • qj. 

If more points for this data block remain to be done, the file is rewound and another 

pass is made. If additional file types are requested, steps 1 through 8 outlined above are 

repeated. This completes the uncoupled case processing. 

4.64.7.4 The Coupled Case 

The following 6 steps are accomplished in subroutine RANDS. 

1. A list of unique subcase id's is extracted from the RANDPS cards. 

2. The XYCDB is read for a list of requested points. This list is stored in core 

(subroutine RAND6). 

3. An array of core 1s reserved for each point as follows: 

Let NFREQ • the number of frequencies used and NUNe be the number of unique subcase id's 

mentioned on the RANDPS cards. Each point requires 2 NFREQ*NUN0 words of storage. 

As many points as possible are done at once. The data file is read and the data are 

stored (real/imaginary) for each point until all subcases for all points in core have 

been processed. 

4. For each RANDPS card S1b(fi) is looked up for all f (subroutine TAB). 

For each point in core s](f) is computed: 

(10) 

(11) 

s](f) • Hja(f) sab(f) R'Jb(f), (12) 

where Hja(f) denotes the value of point j for subcase a. The bar over the third 

factor in Equation 12 denotes the complex conjugate. These s](f) are sU11111ed over all 

RANDPS cards to form Sj(f): 

I 
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Note that Sba = sab' the complex conjugate. 

5. The mean response and autocorrelation functions are computed as in Equations 

9, 10, and 11. 

6. If more points for this file remain to be done, the file is rewound and another 

pass is made. 

If additional file types are requested, steps 1 thru 6 are repeated. If not, the 

coupled case processing is complete. 

4.64.8 Subroutines 

4.64.8. 1 Subroutine Name: RAND7 

1. Entry Point: RAND7 

2. Purpose: To initialize for both the coupled and uncoupled cases. 

3. Calling Sequence: CALL RAND7{IFILE,NFILE,PSOL,OIT,IC0UP,NFREQ,NPSOL,NTAU,LTAB, 

CASECC,XYCDB). 

PSOL,DIT,CASECC,XYCDB are GIN0 file numbers for their respective data blocks -

- integer - input. 

IFILE - Array of GIN0 file numbers of data. files to P.AND0M - integer - input. 

NFILE - Number of files in IFILE - integer - input. 

IC0UP - -1 No RAND0M analysis to be done. 

- 0 uncoupled algorithm to be used - integer - output. 

- 1 coupled algorithm to be used. 

NFREQ - Number of frequencies - integer - outpot. 

NPSDL - Number of RANDPS cards selected - integer - output. 

NTAU - Number of ~·son RANOTl cards - integer - output. 

LTAB - Amount of core taken up by table storage - integer - output. 

C~~N/RANDMX/ 

RAND7 stores most of i~s output data in /RANDMX/. See core storage layout of /RANDMX/ 

(section 4.64.9). 
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4.64.8.2 Subroutine Name: RANDS 

1. Entry Point: RANDS 

2. Purpose: To compute uncoupled PSDF and AUT0 numbers. 

3. Calling Sequence: CALL RAND5(NFREQ,NPSDL,NTAU,XYCDB,LTAB,IFILE,PSDF,AUT0,NFILE) 

PSDF,AUT0 - GIN0 file nunt>ers of respective files - integer -input. 

Other variables are as in RAND7 (Section 4.64.8 .• 1). 

4.64.8.3 Subroutine Name: RANDS 

1. Entry Point: RANDS 

2. Purpose: To compute coupled PSDF and AUT0 nunt>ers. 

3. Calling Sequence: CALL RANDS (Same as RANDS). 

4.64.8.4 Subroutine Name: RANDl 

1. Entry Point: RANDl 

2. Purpose: To put one 0FP type ID on PSDF and AUT0. 

3. Calling sequence: CALL RANDl (FILE,MID,TYPE,ID,C0MP,Q). 

FILE - GIN0 file nunt>er of output file - integer - input. 

MID - File type (PSDF • 4001 ,AUT0 • 4002) - integer - input. 

TYPE - Curve type - DISP,VEL0,ACCE,L0AD,SPLF,ELF0, or STRE - BCD, input. 

ID - Point id - integer - input. 

C0MP - Point component - integer - input. 

Q - Mean deviation - real - input. 

4.64.8.5 Subroutine Name: RAND2 

1. Entry Points: RAND2, RAND2A 

2, Purpose: To read a S0RT2 type output file until it finds a point id selected by 

the user in a list. 

3. Calling Sequence: CALL RAND2 (FILE,ILIST,L0AD,IF,LEN,LLIST, DATA) 

CALL RAND2A (DATA) 

FILE - GIN0 file nunt>er of the S0RT2 data file - integer - input. 

ILIST - List of user desired points - input and output. 
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L0AD - Subcase id of first data record in ILIST - integer - output. 

IF - Fonnat of data - real/imaginary or magnitude/phase - integer - output. 

LEN - Length of the data line for this record - integer - output. 

LLIST - Length of the !LIST array. 

DATA - Data array - input. 

4.64.S.6 Subroutine Name: RAN03 

1. Entry Point: RAN03 

2. Purpose: To compute the mean response q. 

3. Calling Sequence: CALL RAND3 (F,S,Q,N) 

F - Array of frequencies - real - input, 

S - Array of power spectral density functions - real - input. 

Q(l) - Mean response - real - output. 

Q{2) - Number of zero crossings - real - output. 

N - Length of the F and S arrays - integer - input. 

4.64.8.7 Subroutine Name: RAN04 

1. Entry Point: RAND4 

2. Purpose: To compute the autocorrelation function R(,). 

3, Calling Sequence: CALL RAN04 {F,S 1TAU 1 R,N) 

F,S,N are as described in RAND3. 

TAU - , point at which Risto computed - real - input. 

R - Autocorrelation function at TAU - real - output, 

4.64.8.8 Subroutine Name: RANOS 

1. Entry Point: RAND6 

2. Purpose: To extract from the XYCDB a·list of user requested poi.nts for RAND0M output. 

3. Calling Sequence: CALL RANDS (XYCDB,BUFFER.NP01NT.IZ,INPUT) 

XYCOB - GIN0 file number of the XYCDB data block - integer - input. 

BUFFER - GIN0 buffer - array - input. 

NP0INT - Number of points requested by the user for this file - integer - output. 
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IZ - Array in which RAND6 stores the list of requests - integer - output. 

INPUT - GIN~ file number of data file for which list of request is desired. 

4.64.9 Design Requirements 

Open Core at /RANDMX/ is arranged as follows: 

C0MM0N/RANDMX/ 

fl 

. . . 
fNFREO 
. 

P.ANDPS 
Card 
Data 

,:1 . 
• . 
'tNTAU 

- --- -- - - -
Table Data 
From PRETAB 

NFREQ frequencies 

5 words per card: 
Subcase ID 
Subcase ID 

X 
y 

Table 

NTAU Taus 

LTAB Table data 

NPSDL cards 

The above data are placed in core by RAND7 and are the same for both the coupled and 

uncoupled cases. The remaining data are core dependent. 

Uncoupled case data: 

Requests from 
RAND6 

NPIUNT of 
them 5 words/ 
point 

These are evaluated each time the 
Subcase id changes. 

1) 

~~ 
• 4) 

Data Block 
Point ID 
Component 
Request Type 
1 • PSDF 

4.64-8 

2 • AUT0 
3 - Both 

5) Destination 
1 • Print 
2 • Punch 
3 • Both 
4 • Plot 
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5ab(fl) 

5ab(fNFREQ) 

10, 
ID, 

Request 

Hja(f) 

Hjb(f) 

. . . 

. . . 

S/f) 

AUTI' 

PSDF 

Input 

NFREQ Sj(f) for each point in the 
request 1ist (spi11 is possible 
here) 

~ NFREQ 

3 GIN0 buffers 

~ These are re-evaluated for each RANOPS card 

f 
f 
f 

Unique subcase IO's from RANDPS cards 
NUNQ of them 
As in uncoupled request list 

2*NFREQ 

NUNQ 
Q., Ii I 5 

Repeated fot each 
point in request 
list (spi 11 
possible here) • 

f NFREQ 

3 GIN0 buffers 
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4.64.10 Diagnostic Messages 

RAND0M is defined as an output processor and thus must not stop due to user inout error. 

Hence all messages are of a warning nature. 

Random may issue message 3048. 
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4.65 FUNCTIONAL MODULE TRD (TRANSIENT ANALYSIS - DISPLACEMENT) 

4.65. l Entry Point: TRD 

4.65.2 Purpose 

To solve the transient problem. 

4.65.3 DMAP Calling Sequence 

V,N,N0NCUP/V,N,NC0L/C,Y,ISTART $ 

4.65.4 Input Data Blocks 

CASECC - Case Control Data Table. 

TRL - Transient Response List. 

NLFT • Non-linear Forcing Table. 

DIT • Direct Input Tables. 

KHH - Modal stiffness matrix - h set. 

KDD - Dynamic stiffness matrix - d set. 

SHH • Modal damping matrix· h set. 

BOD • Dynamic damping matrix - d set. 

l+fH - Modal mass matrix - h set. 

MOD - Dynamic mass matrix - d set. 

PH - Transient Load Matrix. 

PD • Linear dynamic load matrix for transient analysis - d set. 

~: 

1. CASECC cannot be purged. 

2. TRL cannot be purged. 

3. NLFT cannot be purged if nonlinear loads are selected in CASECC. 

4. AT least one of the matrices KHH, SHH, or MHH must exist. 
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4.65.4 Output Data Blocks 

UHVT - Modal transient solution vectors - h set. 

PNLH - Nonlinear loads in modal transient problem - h set. 

UDVT - Displacement, velocity, and acceleration vector matrix in a transient analysis 

problem - d set. 

PNLD - Non-linear loads in a transient problem - d set. 

Notes: 

1. UHVT cannot be purged. 

2. PNLH cannot be purged if nonlinear loads are selected. 

3. UHVT will be read if it is not empty and the continue mode will be entered. 

4. KHH, MHH, BHH, PH, UHVT, and PNLH fields will contain KOO, HOO, etc., .for the 
direct solution. 

4.65.6 Parameters 

F0RM - Input-BCD-no default. If F0RM • M!o'DAL a modal formulation will be used, otherwise 
a direct formulation will occur. 

N0UE - Input-integer-no default. N0UE indicates the number of extra points used in non­
linear load formulation. 

N0NCUP - Input-integer-no default. If N0NCUP • -1 an uncoupled solution will be done. 

NC0L - Input/Out~ut-integer-no default. If NC0L • O, the initial time for the solution 
is o.o. :f NC0L > O, the solution is continued from the specified output time of 
the previously checkpointed run. (See Section 11.3.2 of the Theoretical Manual 
for details.) 

!START - Input-integer-default= -1. If ISTART < O, the first starting method is used. 
If !START.!, O, the second (or alternate) starting method is used. (See Section 
11.3.1 of the Tneoretical Manual for details.) 

4.65.7 Method 

4.65.7.1 Overview of the Method 

The Transient Analysis module integrates, over specified time periods, equations of motion of 

a structure having time dependent loads. A general structure may be used with real stiffness, 

mass and damping matrices. Non-linear effects may be calculated by specifying certain loading 

functions on the free, physical displacements of the system. This analysis is particularly useful 

when shock loads are applied to a structure. It is also more efficient than frequency analysis or 
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complex eigenvalue analysis when the applied loads are well defined and the frequency characteris­

tics are secondary to damping and peak load characteristics. This analysis is also the only 

dynamic general system analysis which allows non-linearities. 

TRO will also continue the solution from some previous run. This can be used to recover from 

time-to-go failures or to extend the analysis. (See Section 11.3.2 of the Theoretical Manual for 

details.) 

4.65.7.2 Logical Phases of Solution 

1. The time increment from the TRL data block is used to identify the times at which the 

solution is obtained. The initial conditions are assembled. 

2. The left hand matrix of the general integration equation, Equation 15 below, and the two 

right hand matrices are assembled. The triangular decomposition of the left hand matrix is 

perfonned. 

3. The solution loop of the program may now proceed until the time increment is changed. 

a. Compute the non-linear load for this time step. Add this load to the load vectors. 

b. Multiply the displacement vectors into the right hand matrices and add the resultant 

vectors to the applied load vector. 

c. Solve for the left hand displacement vector by performing a back substitution into 

the triangular decomposition of the left hand matrix. If this is an output time step, the 

velocity and acceleration are computed using differe_nces of the displacement vectors. 

d. If the time increment changes for the next time step, the program returns to Step 2. 

If the increment is the same steps 3a thru 3d are repeated. 

4. If the equations are in the uncoupled modal fonnulation form (i.e., no transfer functions, 

direct input matrices, or non-linear functions), the solution logic is much faster. For each 

coordinate, the displacement, velocity and acceleration may be computed independently versus 

time. Steps 2 and 3 are omitted. 
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4.65.7.3 Algorithms for Each Logical Phase 

1. Solution of the coupled equations: The matrix 

[O) • (..1... [M] + - 1- [B] + t [K]) , 
At2 Ut 

( l ) 

1s formed and decomposed. The matrix 

(2) 

is fonned and saved. The matrix 

[E] • [:L [M] + ..L [B] - t [KJ] t 

At2 Ut 
(3) 

1s formed and saved. 

The solution loops then proceed until a time step change occurs. 

The initial conditions presented to the integration are {u
0

}, {u
0
}, {u_1 }, {P

0
} and {P _ 1 }. 

where {u
0

} and {u0 } are the starting displacement and velocity vectors, respectively, specified 

by the user. Two alte~native starting methods have been provided, each having its own advan­

tages. (See Section 11.3.1 of the Theoretical Manual for details.) In both the methods, 

{u.1} and {P.1} are calculated by the equations 

(4) 

and 

(5) 

The difference between the two starting methods lies in the different manner in which {P
0

} 

is computed. In the first method (ISTART < 0), the load specified by the user at t • O is 

never used but 1s replaced by 

(6) 
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The starting equation for this method is 

(7) 

where {N0 } is the non-linear load calculated from {u
0

}. 

In the second (or alternative) starting method (ISTART ~ 0), the user input load at r = 0 

is included. Thus 

where {P
0

u} is the user-defined load at r = O. 

The starting equation for this method is 

{u2} through {un} are now computed from the general equation: 

(8) 

(10) 

If non-linear loads are selected, they are evaluated directly at the solution points for 

time step by the following process. N~LINl loads are computed as, 

(11) 

where Tis a user selected table, i is the loaded solution point, j is the deflecting 

point, uj is the previously computed displacement at point j, N~LIN2 loads are computed 

where 1, J, and k are as 1n N0LIN1 loads. 

N~LIN3 loads are computed as, 
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( 13) 

N0LIN4 loads are computed as, 

{ 14) 
0 

The user specifies the set of times at which data 1s to be saved. If the current time is 

an output time, the displacement vector for time t • t 1 is output. 

The velocity vector given by: 

( 1 !) ) 

is output. 

The acceleration vector given by 

( 16) 

is output. 

If the time. step is scheduled to change at t 1+1 from At1 to At2, the displacement for time 

i+l has been calculated. {ui-l}~ {ui}' and {ui+l} are saved along with {P1+1}. The matrices 

are formed and decomposed as in Equations 9,10,and 11 for At • At2• 

The following equation is used for computing {u1+2}, 

(17} 

The vectors .{P~} and {u~} in the above equation are calculated as follows. Define 

(10) 
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. • 1 ) 
{ui+1} = ~tf ({ui+1} - 2 {u;} + {ui-1} (11) 

( 2.)) 

then: 

(,1) 

If the CONTINUE mode is set (NC0L > 0) (see Section 11.3.2 of the Theoretical Manual for 

details). TRDlC/TRDlC2 will extract the displacement (un)• velocity (un) and acceleration 

(Un) from the specified time step of the previous run. u1 (the first displacement of the 

continued run) is given by 

where 

(24) 

(25) 

(26) 

and {P_1} a [M] {Un}+ [B] {~_1} + [K] {u_1} (27) 

2. Solution of Uncoupled Modal Equation: If the method of matrix fonnulation is modal and 

no transfer functions or direct input matrices are used, the equations may be solved in a 

more accurate, more direct manner. The diagonal tenns of MHH, BHH, and KHH are stored in 

core. The following data are necessary to solve the transient behavior or a modal 

coordinate (1). 
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mass of mode (MHH) 

damping coefficient (BHH) 

stiffness (KHH) 

b; a. = 
1 2m, , 

tj = time of the jth time step. 

hj = time increment after the jth time, 

fij • applied load on coordinate i at the jth time. 

The following coefficients are generated for each distinct time increment and stored in 

core. 

There are four cases. (c • 10·5 and the subscript i is implied). 

a. If w
0

2 > B2 + c (underdamped): 

(28) 

{29) 

(30) 

F • e-Bh (cos wh +!sin wh) • (31) 
w 

G • ~ e-Bh sin wh • (32) 

A • ,J._ {e-Bh [(w
2 -B

2 
- Bh) sin wh - (Zwa + hw) cos wh] + ZBw} (33) 

n~ ~ ~ 2 • 
0 0 w O 

B • ~ {e·Bh ((- w
2
-B

2
} sin wh +~cos 1«1] + wh - 213w} , (34) 

w2 w2 w2 
0 0 0 

F' • 
Ill 2 

- ....2.... e -ah sin wh. 
II) 

(35) 

G' .. 
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A' = h~w [e-Sh {($ + hw~) sin wh + wcos wh} - w] • 

B' = h~w [-e·Sh ($sin wh + w cos wh) + w] • 

b. If iw
0
2 - S21 < t (critically damped): 

A • ---1 [.f. - l e·Sh (2 + 2hS + h2 62 )] 
hk a a • 

B • h~S [-2 +Sh+ e·Sh (2 + Sh)] • 

B' • ~k [1 - e·Sh (Sh+ 1)] • 

c. If w
0

2 < S2 - t (over damped): 

F • e-ah (cosh wh + ! sinh wh) • 
Ill 

G • 1 -wh . 
; e stnh wh • 

(37) 

_( 38) 

(39) 

(40) 

( 41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

A • ~ {e-Sh [(1112 
+ 

62 - hS} sinh wh - (2wS + h111) cosh wh] + 2wa} , (49} 
1112 w2 w2 

0 0 O 

B • ~ {e·Sh [
1112 

+ 
82 sinh wh + 21116 cosh wh] + wh - ~} (50) 

w2 w2 w2 
0 0 O 
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w 2 

F' = - ~ e-eh sinh wh 
w 

G' = e-eh (cosh wh - ! sinh wh) • 
w 

B' • h~ [- e-Bh (B sinh wh + w cosh wh) + w] • 

• lei ~ t (undamped): 

F • 1. 

G • h, 

A • h2 /3m1 

B • h2/6m, 

F' • o • 

G' • , . 
A' • h/2m, 

B' • h/2m • 

The equations for each displacement, velocity, and acceleration in tenns of the 

applied loads and previous displacemer.t and velocity are: 

. 
ti,j+l • F1t1.J + G1t1.J + A1f1,J + 8if1,j+l • 
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4.65.8 Subroutines 

Utility routines PRETAB, TAB, SSG2A, CALCV, SSG2B, ADD, SDC0MP, and DEC0MP are used. See 

subroutine descriptions, Section 3 for details. 

4.65.8.1 Subroutine Name: TRDlA Single Precision 
TRD1A2 Double Precision 

1. Entry Point: TRD1A, TRD1A2 

2. Purpose: To assemble the loads at all time steps. 

3. Calling Sequence: CALL TRDlA (CASECC, TRL, IC, NLFTP, NGR0UP, M0DAL) 
CALL TR01A2 (CASECC, TRL, IC, NLFTP, NGR0UP, M0DAL) 

TRL, CASECC - GIN0 file numbers of their respective data blocks - integer - input. 

IC 

NLFTP 

NGR0UP 

M0DAL 

- GIN0 file number of initial condition matrix - integer - input. 

Non-linear load set id selected in CASECC - integer - input - output. 

- Number of time step changes - integer - output. 

- If M0DAL = l, a modal formulation is being used - integer - input. 

4.65.8.2 Subroutine Name: INITL Single Precision 
INITL2 Double Precision 

1. Entry Point: INITL, INITL2 

2. Purpose: To form [Cl and [E] matrices and to form and decompose the [01 matrix. 

3. Calling Sequence: CALL INITL (0FFSET, DELTA) 
CALL INITL2 (0FFSET, DELTA) 

C0MM0N/TRDXX/ See Section 4.65.8.3. 

0FFSET - Length of reserved area of core - integer - input. 

DELTA - Current time increment - real - input. 

4. Method: INITL/INITL2 will choose between synmetric and unsyrmietric decomposition based 

on the trailers of the input matrices [K1, [B]. and [M1, It will also set TSYM in /TRDXX/ 

to inform the remaining routines. 
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4.65.8.3 Subroutine Name: TRDlC Single Precision 
TRD1C2 Double Precision 

1. Entry Point: TRDlC, TRD1C2 

2. Purpose: To solve the coupled equations. 

3. Calling Sequence: CALL TRD1C (IC,PAPPLD,NGR0UP,NLFTP,UDV,I,SCR1 ,DIT,NLFT,N0UE,M00Al,PNL) 
CALL TRD1C2 (IC,PAPPLO,NGR0UP,NLFTP,UOV,I,SCR1 ,DIT,NLFT,N0UE,M0DA1 ,PNL) 

IC,NGR0UP} - Are as described in TR01A - inte9er - input. NLFTP 

~p~~i~L} - Are GIN0 file numbers of their respective data blocks - integer - input. 

SCR1 GIN0 file number of a scratch file. 

PAPPLO GIN0 file number of applied loads - integer - input. 

N0UE Module parameter. 

M0DA1 -1 if F0RM, M0DAL. l if F0RM • M0DAL - integer - input. 

I Current loop count. Runs from l to nuni)er of time step changes - integer -
input. 

C0MM0N/TRDXX/IK(7),IM(7),IB(7) ,C,LLL,ULL,E,SCR1,SCR2,I0PEN,ISYM,T0,N0PD,ISPNL 

IK(7) Matrix control block for K matrix. 

IM(7) 

I8(7) 

C 

LLL,ULL 

E 

SCR1,SCR2 -

I0PEN 

ISYM 

T0 

N0PD 

ISPNL 

Matrix control block for M matrix. 

Matrix control block for B matrix. 

GIN0 file number for C matrix. 

GIN0 file nuni)ers for decomposition products of D matrix. 

GIN0 file number for E matrix. 

GIN0 file nuni)ers for 2 scratch files. 

1 implies C,ULL,LLL, and E are open. 
O implies C,ULL,LLL, and E are closed. 

1 implies unsynmetric decomposition used. 
O implies synmetric decomposition used. 

Initial time (usually 0.0). 

True if PO does not exist. 
False if PD exists. 

0 if PNLD is not to be formed. 
1 if PNLD is to be formed. 

4.65.8.4 Subroutine Name: F0RM1 Single Precision 
F0RM12 Double Precision 

1. Entry Point: F~RMl, F0RM12 

2. Purpose: To compute u,_1}, {PJ}, and {P_ 1} for starting the integration procedure. 
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3. Calling Sequence: CALL F0RM1 (U0,UD0T0,UI,P0,PI,DELTAT,IBUF) 
CALL F0RM12 (U0,UD0T0,UI,P0,PI,DELTAT,IBUF) 

U0 

UD0T0 

UI 

P0 

PI 

DELTAT 

IBUF 

Array of core containing {u
0

} - real - input. 

Array of core containing {u
0

} - real - input. 

Array of core for storage of {u_1} - real - output. 

Array of core for storage of {P~} - real - output. 

Array of core for storage of {P_1} - real - output. 

Current time step size - real - input. 

GIN0 buffer. 

4.65.8.5 Subroutine Name: MATVEC Single Precision 
MATVC2 Double Precission 

1. Entry Point: MATVEC, MATVC2 

2. Purpose: To fonn the product {X} • {X} + [A] {Y} where [A] is a matrix and {Y} is a 

vector. 

3. Calling Sequence: CALL MATVEC {Y,X,FILEA,IBUF) 
CALL MATVC2 (Y,X,FILEA,IBUF) 

Y Array of core containing Y array real - input. 

X Array of core containing X array real - input/output. 

FILEA Matrix control block for A. If FILEA(l) ~ O, MATVEC will return. 

IBUF GIN0 buffer. If IBUF ~ 0, MATVEC/MATVC2 will assume the file is already in core. 

C0MM0N/TRDXX/ (see Section 4.65.8.3), 

4.65.8.6 Subroutine Name: STEP Single Precision 
STEP2 Double Precision 

1. Entry Point: STEP, STEP2 

2. Purpose: To integrate fOY'"Nard l time step. 

3, Calling Sequence: CALL STEP (U2,U1,U0,P,I8UF) 
CALL STEP2 (U2,Ul,U0,P,I8UF) 

U2 

Ul 

U0 

p 

IBUF 

Array which will contain {ui+2} - real - output. 

Array containing {ui+l} - real - input. 

Array containing {ui} - real - input. 

Array containing combined load - real - input. 

GIN0 buffer - input. 

COMMON/TRDXX/ (see Section 4.65.8.3). 
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4.65.8.7 Subroutine Name: INTFBS 

1. Entry Point: INTFBS 

2. Purpose: To perfonn the forward-backward substitution necessary to solve the system 

of equations: [Al {Y} s {X} for {Y} if [A] was unsyn111etric. 

3. Calling Sequence: CALL INTFBS (X.Y,IBUF) 

X 

y 

IBUF 

Load vector (i.e., right hand side) - real - input. 

Solution vector - real - output. 

GIN0 buffer. 

C0MM0N/TRDXX/ (see Section 4.64.8.3). 

C0MM0N/INFBS/FILEL(7),FILEU(7) 

FILEL - Matrix control block of the lower triangular factor from the decomposition of A. 

FILEU - Matrix control block of the upper triangular factor from the decomposition of B. 

4.65.8.8 Subroutine Name: TRDlD Single Precision 
TRD1D2 Double Precision 

1. Entry Point: TRDlO, TRD102 

2. Purpose: To compute the non-linear loads at each time step. 

3. Calling Sequence: CALL TRDlD 
CALL TRD102 

C0MM0N/TRDD1/NLFT,0IT,NLFTP,N0UT,IC0UNT,IL00P,M0DA1,NZ,IC0RE,IU2,IP4,IPNL(7),NM0DES, 
NSTEP,PNL 

The variables 0IT,NLFT,NLFTP,M0DA1 and PNL are defined as in TR01C (see section 4.65.8.4). 

N0UT - Output interval - integer - input. 

IC0UNT - Current time step counter - integer - input. 

IL00P - Current time change counter - integer - input. 

NZ - Length of apen core - integer - input. 

IC0RE - Pointer to first unused cell of open core - integer - input. 

1U2 - Painter to displacement vector - 1 - integer - input. 

IP4 - Pointer to 1aad area -1 - integer - input. 

IPNL - Matrix central block for PNL - integer - input/output. 

NM00ES - Number of modes if modal fonnu1atian is being used - integer - input. 

NSTEP - Number af times steps for this time increment - integer - input. 
4.65-14 (12/29/78} 
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4.65.8.9 Subroutine Name: TRDlE 

1. Entry Point: TRDlE 

2. Purpose: To solve the uncoupled modal equations. 

3. Calling Sequence: CALL TRDlE (MHH,BHH,KHH,PH,UHV,NGR0UP) 

MHH,BHH,KHH, - GIN0 file numbers of their respective data blocks - integer- input. PH,UHV 

NGR0UP - Number of time step changes - integer - input. 

4.65.8. 10 Subroutine Name: F0RM2 Single Precision 
F0RM22 Double Precision 

1. Entry: F0RM2. F0RM22 

2. Purpose: To compute {ui} and {P1} when changing t.ime steps. (See Equations 15 through 

25}. 

3. Calling Sequence: CALL F0RM2 (UDOIP1,UDIP1,UIP,PIP,IBUF) 
CALL F0RM22 (UDDIP1,UDIP1.UIP,PIP.IBUF) 

UDO I Pl 

U0IP1 

UIP 

PIP 

IBUF 

- Array of core containing {u; + 1} - rea 1 - input. 

- Ar:ay of core containing {ui+l} - real - input. 

- Array of core containing {u1} - real - output. 

- Array of core containing {P1} - real - output. 

- GIN0 buffer 

C0MM0N/TROXX/ (see Section 4.65.8.3) 

4.65.8.11 Subroutine Name: FBSINT 

1. Entry Point: FBSINT 

2. Purpose: To perfonn the same functions as INTFBS (Section 4.65.8. 7) if [A1 is sy111netric. 

Subroutine FBS21 is called to process data in mixed precisions. 

3. Calling Sequence: Identical to INTFBS. 
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4.65.9 Design Requirements 

l. Open core at /TRDlX/ is illustrated as follows: 

C0MM0N/TRD1X/ 

Open core for 
DEC0MP or SDC0MP 

and ADD 

Number of Steps 

tit Repeated for each time step change 

Output Interval 
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This table is at the bottom of open core through the module. 

2. Open Core at /TRDCl/ is illustrated as follows: 

C(l~N/TRDCl/ 

u, 

u2 

U3 

Fl 

P2 

P3 

P4 

Type 

Table ID 1s 

Table's for TAB 

Tab Buffer 

C Buffer 

D Buffer 

ULL Buffer 

LLL Buffer 

Solution Buffer 

Load Buffer 

Uti 1 i ty Buffer 

} 

} 
} 

} 

} 

} 

} 

} 

} 

} 

NR0W 

NR0W 

NR0W 

NR0W 

NR0W 

NR(aW 

NR0W 

Swords for each non-linear load card 
selected. 

Table ID's selected on N(allN cards, 

Used only if non-linear loads are 
selected. 

GIN(a Buffers 
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3. Open Core at /TRDEl/ is illustrated as follows: 

C!aMM0N/TRDE1/ 

MHH Each section is of length H 

SHH 

KHH 

F 

G 

A 

B 

F' 

G' 

A' 

B' 

tj 

tj+l 

t' j 

t'j+l 

fj 

fj+l 

PH Buffer 

UHV Buffer 
! 2 GINI buffers 
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4.65. 10 Diagnostic Messages 

TRD may issue the following messages 

3001, 3002, 3003, 3005, 3007, 3008, 3031, 3044, 3045, 3046. 
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4.66 FUNCTIONAL MODULE GKAM (GENERAL K ASSEMBLER MODAL) 

4.66.l Entry Point: GK.AM 

4.66.2 Purpose 

To assemble the modal mass, damping and stiffness matrices. 

4.66.3 DMAP Calling Sequence 

GK.AM USETD,PHIA,MI,LAMA,0IT,M2DD,B2DD,K2DD,CASECC / MHH,BHH,KHH,PHIDH / V,N,N0UE / 

C,Y,LM0DES / C,Y,LFREQ / C,Y,HFREQ / V,N,N0M2PP / V,N,N0B2PP / V,N,N0K2PP / 

V,N,N0NCUP / V,N,FM0DE / C,Y,KDAMP $ 

4.66.4 Input Data Blocks 

USETD - Displacement set definitions table dynamics. 

PHIA - Eigenvectors matrix giving the efgenvectors (displacements) in the a set. 

MI - Modal mass matrix. 

LAMA - Real Eigenvalue Table. 

DIT - Direct Input Table. 

M2DD - Direct input mass matrix - d set. 

B2DD - Direct input damping matrix - d set. 

K2DD - Direct input·stfffness matrix - d set. 

CASECC - Case Control Data Table. 

Notes: 

1. USETD may be purged if N0UE < 0. 

2. PHIA cannot ·be purged. 

3. MI may be purged. 

4. LAMA cannot be purged 

5. DIT cannot be purged if SDAMP; 0 in CASECC. 

6. CASECC cannot be purged 

7. M200 cannot be purged if N0M2PP .!. 0. 

8. B2DD cannot be ourged if N0B2PP ~ O. 

9. K2DD cannot be purged if N0K2PP .!. O. 
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4.66.5 Output Data Blocks 

MHH - Modal mass matrix - h set. 

BHH - Modal damping matrix - h set. 

KHH - Modal stiffness matrix - h set. 

PHIDH - Transfonnation matrix from d set to modal coordinates. 

Note: No output matrix can be purged. 

4.66.6 Parameters 

N0UE - Input-integer-no default. N0UE indicates presence and nunt>er of extra points. 

LM0DES - Input-integer-no default. LM0DES selects the first LM0DES eigenvectors {or all 
if there are less than LM00ES) to use for the modal coordinates. 

LFREQ - Input-real-no default. If LM0DES • O, eigenvectors with eigenvalues between 
LFREQ and HFREQ are used in the modal fonnulation. 

HFREQ - Input-real-no default. See LFREQ. 

N0M2PP - Input-integer-no default. If N0M2PP < O, M2DD wnl not be used. 

N0B2PP - Input-integer-no default. If N0B2PP < 0, 8200 will not be used. 

N0K2PP - Input-integer-no default. If N0K2PP < O, K2DD will not be used. 

N0NCUP - Output-integer-no default. If no direct input matrices exist the problem is 
considered uncoupled and N0NCUP is set to -1. 

FM0DE - Output-integer-default• 1. The mode number of the first selected eigenvector 
is stored in FM0DE. 

KDAMP - Input-integer-default • -1. KDAr'1P chooses the method of computing damping. 

4.66.7 Method 

The general system assembly module for the modal method is used when the real eigenvalues 

for the structure have been detennined. With this method, it is possible to decrease the order 

of the problem without sacrificing accuracy. The module fonns the conversion matrix between modal 

displacements and all free physical displacements of the system. It then fonns the general matrices 

in tenns of displacements of the modes and the extra points. 

CASECC is read, and the selected structural damping table "id" is stored. 

LAMA is read and the selected eigenvalues are stored in core. If an eigenvalue is selected, 

the corresponding column of PHIA is copied onto PHIOHl, a scratch file. 

4.66-2 (12/29/78) 



FUNCTIONAL MODULE GKAM (GENERAL K ASSEMBLER MODAL) 

If extra points are not present (N0UE < 0), PHIDH = PHIDHl. If extra points are present: 

c~dhJ 

This is accomplished in subroutine GKAMlB. 

The "H" matrices are formed: 

where mi • diagonal tenns of MI, and 

if KDAMP • -1 (the default). 

If KDAMP • l (used for Aeroelastic), 

b. • 0 , 

( 1 ) 

(2) 

( 3) 

( 4) 

(5) 

(6) 

(7) 

(8) 

wi is the frequency for the mode from LAMA and g (w1) is the tabular structural damping table 

selected in CASECC. If no selection is made, g (w1) • 0.0. The "H" matrices are formed using sub­

routines GKAMlA, SSG2B, TAB, CALCV, MERGE. 

4.66.8 Subroutines 

4.66.8.l Subroutine Name: GKAMlB. 

1. Entry Point: GKAMlB. 

2. Purpose: To construct [tdh] if extra points are present. 
I 
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3. Calling Sequence: CALL GKAM1B (USETD,SCR1,SCR2,PHIDH,PHIDH1,~DES,C0RE,LHSET,N0UE) 

USETD - GIN0 file number of USETD - integer - input. 

SCRl - GIN0 file number of 1st scratch file - integer - input. 

SCR2 - GIN0 file number of 2nd scratch file - integer - input. 

PHIOH - GIN0 file number of PHIOH - integer - input. 

PHIDHl - GIN0 file number of PHIDHl - integer - input. 

M0DES - Number of modes selected - integer - input. 

C0RE - Array of open core. 

LHSET - Length of h set - integer - output. 

N0UE - Extra point flag N0UE !. 0 indicates presence of extra points - integer - input. 

4.66.8.2 Subroutine Name: GKAMlA. 

1. Entry Point: GKAMlA. 

2. Purpose: To form (Mhh]' (Bhh], or [Khh]. 

3. Calling Sequence: CALL GKAMlA (MI,PHIOH,DIT,SCR1,SCR2,I0PT,IHH,N0I20D,C,RE,M0DES, 

SDITO,LHSET,I2DO,IMSKIP,SCR3) 

MI - GIN0 file number of MI - integer - input. 

PHIOH - GIN0 file number of PHIOH - integer - input. 

DIT - GIN0 file number of DIT - integer - input. 

SCRl - GIN0 file number of scratch 1 - integer - input. 

~CR2 - GIN0 file number of scratch 2 - integer - input. 

SCR3 - GIN0 file number of scratch 3 - integer - input. 

IHH - GIN0 file number of HH file {M, B, or K) being constructed - integer - input. 

I2DD - GIN0 file number of 200 file being used with IHH (K2DD, M200 or B2DD) -

integer - input. 

I0PT - Flag for equation to use 

1 S) MHH 

2 s) BHH 

3 9KHH 
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- integer - input. 

N~I2DD - N0I2DD < 0 implies I2DD purged - integer - input. 

M~DES - Number of modes selected - integer - input. 

SDTID - Id of structural damping table to be used for BHH - integer - input. 

LHSET - Length of H set - integer - input. 

IMSKIP - Number of records to skip in MI before extracting diagonal terms - integer -

input. 

C~RE - Array of IIK)des selected. 

4.66.9 Design Requirements 

Three scratch files are necessary. Open core at /GKAMlX/is used for mode storage. One 

packed eigenvector must be held in core. 

4.66.10 Diagnostic Messages 

Fatal error messages 3007 and 3008 may be issued by GKAM. 
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4.67 FUNCTIONAL MODULE DDRl (DYNAMIC DATA RECOVERY - PART 1) 

4.67. l Entry Point: DDRl 

4.67.2 Purpose: To transfonn modal solutions to physical solutions: 

4.67.3 DMAP Calling Sequence 

DDRl {~~i~} ,PHIDH;i~~~~~} 
UHVT luDVIT 

4.67.4 Input Data Blocks 

PHIH - Complex eigenvectors (h set) 

UHVF - Modal frequency response solution vector (h set) 

UHVT - Modal transient solution vector (h set) 

PHIDH - Transfonnation matrix from d set to modal coordinates. 

4.67.5 Output Data Blocks 

CPHID - Complex eigenvector matrix t~ansfonned from modal to physical coordinates 

UDVIF - Displacement vector matrix in frequency response problems (d set). 

UOVIT - Displacement vector matrix in transient response problems ( d set). 

4.67.6 Parameters 

None 

4.67.7 Method 

Subroutine SSG2B is called to compute {ud} as in Equation 1. 

4.67.8 Subroutines 

ODRl has no auxiliary subroutines. See section 3.5.13 for a descriptions of SSG2B. 

4.67.9 Design Requirements 

One scratch file is needed. 

' . ,-
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4.68 FUNCTIONAL MODULE DDR2 (DYNAMIC DATA RECOVERY - PART 2) 

4.68.l Entry Point: DDR2 

4.68.2 Purpose 

To compute mode acceleration displacements. 

4.68.3 DMAP Calling Sequence 

DDR2 USETD,UOVIT,l~~~f. K2DD,B20D,MDO,FRL,ULL,DM/UDV1,UEVF,PAF/V,N,TYPE/V,N,N0UE/ 

V,N,REACT/V,N,FRQSET $ 

4.68.4 Input Data Blocks 

USETD - Displacement set definitions table dynamics. 

UDVIT - Displacement vectors - d set. 

PDF - Dynamic load matrix for frequency analysis - d set. 

PDT - Dynamic load matrix for transient analysis - d set. 

K2DD - Direct input stiffness matrix - d set. 

B2DD - Direct input damping matrix - d set. 

MOD - Dynamic mass matrix - d set. 

FRL - Frequency Response List. 

ULL - Upper triangular factor of KLL - t set. 

OM - Rigid body transformation matrix. 

~: 

1. USETD must not be purged. 

2. UOVIT must not be purged. 

3. PDF must not be purged. 

4. FRL must not be purged if TYPE• FREQ. 

5. MOD must not be purged. 

6. ULL must not be purged. 

7. OM must not be purged if REACT~ O. 

4.68-1 (7/4/76) 
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4.68.5 Output Data Blocks 

UDVl - Displacements after mode acceleration - d set. 

UEVF - Displacements at the extra points. 

PAF - Equivalent load vector for mode acceleration computations - a set. 

4.68.6 Parameters 

TYPE - Input-BCD-no default. TYPE detennines the type of mode acceleration which will be 

used, TRAN for transient or FREQ for frequency response. 

N~UE - Input-integer-no default. N~UE .!_0 indicates presence of extra points. 

REACT - Input-integer-no default. REACT.!. O indicates presence of supports. 

FRQSET - Input-integer-no default. FRQSET chooses the frequency list if TYPE• FREQ. 

4.68.7 Method 

The equivalent load vector is compu~ed: 

For a transient analysis problem {ud}, {ud}, and {Ud} are given explicitly. For Frequency 

Response Analysis: 

(2) 

(3) 

where w is the forcing frequency and {ud} is the complex response vector. w comes from FRQSET 

in FRL. The vector {P~} is the sum of applied loads and inertia loads due to the motion of the 

system approximated by its lower modes. The static solution using these loads will provide a 

better answer for displacements. 

4.68-2 
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If extra points are present (N0UE ~ 0), then 

{P~J -) {{} ' (4) 

(5) 

{ue} is placed in data block UEVF. Subroutines CALCV and SSG2A perform this calculation. 

If supports are present (REACT.!_ 0), then 

(6) 

(7) 

Solve for {u!}: 

(8) 

This is accomplished in subroutine SSGJA. 

If supports are present, then 

(9) 

otherwise, {u!} • {u:}. Subroutine SDR1B performs this calculation. 
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If extra points are present, then 

Note: If the problem type is transient, {u~} must be merged with {ud} and {ud}. 

4.68.8 Subroutines Called 

CALCV - See section 3.5.5. 

SSG2A - See section 3.5.7. 

SSG2B - See section 3.5. 13. 

SSG3A - See section 3.5. 18. 

SDR1B - See section 3.5.8. 

4.68.8.1 Subroutine Name: OORlA. 

1. Entry Point: 0DR1A. 

2. Purpose: To construct the equivalent load vector {P~}. 

( l O) 

3. Calling Sequence: CALL OOR1A(PDF,K20D,B2DD,MOD,UDV,PAF,FRL,FRQSET,SCR1,SCR2,SCR3,SCR4, 

TYPE,SCRS). 

PDF 

K2DO 

B20D 

MOD 

UDV 

PAF 

FRL 

SCRl-5 

GIN0 file nurd>er of appropriate data block - integer - input. 

FRQSET - Frequency set 11st id - integer - input. FRQSET will be used only if TYPE• FREQ. 

TYPE - Problem type• BCD - input. 
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4.68.8.2 Subroutine Name: DDR1B 

1 . Entry Point: DDRl B. 

2. Purpose: To merge displacements with previously computed velocity and acceleration in 

a transient problem. 

3. Calling Sequence: CALL DDR1B (UDV,UAD,UADV). 

UDV - GIN0 file number of displacement, velocity and acceleration file - inteaer - in~ut. 

UAD - GIN0 file number of equivalent displacements - integer - input. 

UADV - GIN0 file number of new displa~ements, velocity and acceleration - integer - input. 

4.68.9 Design Reguirements 

Open core for DDR2 begins at /DDRlX/. Open core for DDRlA begins /ODRAl/. Open core for 

DDR1B begins /DDRB1/. Six scratch files are needed. 

4.68.10 Diagnostic Messages 

None. 

. I _,, 
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4.69 OUTPUT MODULE XYPL0T (X-Y DATA PLOTTER) 

4.69.1 Entry Point: XYPL0T 

4.69.2 Purpose 

To process information supplied by module XYTRAN through a single data block and output 

to either PLTl (BCD plot tape) or PLT2 (binary plot tape) for labeling and plotting X-Y data 

on an off-line plotter. 

4.69.3 DMAP Calling Sequence 

XYPL0T XYPLTT// $ 

4.69.4 Input Data Blocks 

XYPLTT - Plotting Control Values Table. Note if XYPLTT is purged, XYPL0T returns 

control without action. 

4.69.5 Output Data Blocks 

None. (All output consists of physical tapes produced for off-line plotters and 

possibly user warning messages to the installation output unit for printing). 

4.69.6 Parameters 

None. 

4.69.7 Method 

XYPL0T initially determines open core size and assigns buffers for its input file and 

output file. The remaining core is used to store data points read in for each plot. The 

input file is then opened and spaced forward over the header record containing the data block 

name. Should the system not be able to locate this file, a warning message is output and 

XYPL0T returns control to the calling program without further action. Otherwise XYPL0T reads 

in the first 1.0. record from the input file. A check is made to determine if the word count 

of this record is correct. If not, the following records are checked until either the correct 
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word count is found or the error count reaches a specified limit. If the specified limit is 

reached, XYPL0T assumes the input file is invalid and returns control to the calling program after 

printing a warning message. 

If the I.O. record had the proper word count, XYPL0T checks if new axes are necessary. If 

not, the next data record is read, and the data pairs are plotted on the previous axes. When new 

axes are necessary, a check is made to detennine if they go on the lower half of a plot. If not, 

XYPL0T makes a number of I.O. data validity checks. Whenever possible, where I.D. data are ques­

tionable, default values are assigned and processing continues following a warning message that 

this particular plot may be invalid. 

After the validity checks, XYPL0T tenninates the previous plot and initializes the plotting 

parameters for the NASTRAN plotting software. This is done for each new plot so that it is 

possible to produce alternate plots on two different plotters. Nonnally, however, plots will be 

done for only one plotter on any single entry to XYPL0T. If req~ired, a new plot is initiated, and 

curve and axes titles are prepared from the I.D. data and generated. If not a new plot, only the 

axes titles are done. 

At this time XYPL0T computes the constants which will be used to transfonn the curve data into 

actual plotter counts. These constants are saved and used until new axes are drawn. 

Following this, XYPLJT detennines if any tick marks are to be placed along the X axis and at 

the X maximum and X minimum lines. If there are to be tick marks, the number and spacing (linear 

or logarithmic) is computed for them and plotted. As the X direction tick marks are prepared, a 

check is made to detennine if Y grid lines are requested. If so, a grid line is prepared at each 

tick mark and plotted. Tick mark labels are prepared and plotted at the same time as the tick 

marks and grid ·lines, if any. 

After the tick marks are completed, the X and Y axes are plotted if requested. 

Once the curve titles, tick marks, and labeling have been accomplished, XYPLjT reads in 

the next record from the input data file. Normally all the data pairs for any I.O. record can be 

brought. into core memory with a single read. However, provision is made for additional reads if 

the open core space is not sufficient to contain all the data on the initial read. A check is 

made to detennine if there are an even number of data values (i.e., an X and Y value for each data 
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point). If not, a warning message is printed and the last value ignored. The data are then 

checked against the previously defined X and Y frame minimums and maximums (integer one for the 

X value means skip the point). Any data outside these limits are ignored and not plotted. The 

remaining data points are then converted to plotter counts and plotted in one of three modes. The 

three modes are: point plot with choice of symbol; line plot; combination of the first two. 

After finishing the data, XYPL0T reads in the next I.D. record and continues as before until 

and end-of-file is reached. At this point it closes the input file, terminates the current plot 

and returns control to the calling program. 

4.69.8 Subroutines 

XYPL0T calls the following plotter utility subroutines: AXIS, LINE, PRINT, S0PEN, PLTSET, 

STPL0T, SYMB0L, TIPE, TYPFLT, and TYPINT. The descriptions of these subroutines may be found in 

Section 3.4, 

4.69.9 Design Requirements 

4.69.9.l Allocation of Core Storage 

XYPL0T uses open core for two GIN0 buffers and the remainder as one large buffer for data 

points. It appears as follows: 

l 

Z(MB3) 
Z(MB2) 
Z(MB1) 

C0MM0N /XYPLXX/ Z(2) 

Data (X,Y) pairs to 

be plotted. 

Plot Tape Buffer 

GIN0 Buffer 
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Normally the data pairs buffer will be sufficiently large to hold all the data pairs for 

a single curve at one time. However, this is not necessary and XYPL0T could operate if the data 

pairs buffer were only two words long, although not efficiently. As an output module, XYPL0T 

has been programmed to avoid any system fatal errors. The worst condition that should occur is 

t.hat no plots are produced. In all cases XYPL0T returns to the calling program so that other 

system functions may be continued. 

4.69.9.2 Environment 

The beginning of open core for XYPL0T is defined by /XYPLXX/. XYPL0T uses no scratch 

files. ColllTlon storage requirements consist of /XXPAPJli/ and /PLTOAT/ which are defined in the 

block data deck PL0TBO which must be loaded with XY?L0T. /CHAR94/ and SYMBLS/ are also defined 

in PL0TB0 and are necessary for the subroutines called by XYPL0T. See Section 2.5 for a 

description of these conmon blocks. 

When XYPL0T is called, there must be at least one physical tape set up to receive the 

plotted output, otherwise XYPL0T returns to the calling program without further action. 

4.69.10 Diagnostic Messages 

Diagnostic messages 991 through 997 may be output on the installation printer device as 

a result of XYPL0T operation. Generally they are self-explanatory and usually point out 

particular plots which are questionable rather than giving the user a precise method of 

solving the problem. This is not possible since XYPL0T receives all its infonnation 

through a series of 0th.er modules rather than from the user directly. See Section 6 of the 

User's Manual for details. 
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4.70 OUTPUT MODULE ~FP (OUTPUT FILE PROCESSOR) 

4.70. 1 Entry Point: (aFP 

4.70.2 Purpose 

"FP outputs to the system output file, in user-oriented, self-explanatory fonnats, data 

blocks prepared for output by other functional modules. 

4.70.3 DMAP Calling Sequence 

{aFP DB1,DB2,DB3,DB4,DB5,DB6//V,N,CARDN{a $ 

4.70.4 Input Data Blocks 

One to six input data blocks in the output order desired. Any or all input data blocks 

may be purged. 

4.70.5 Output Data Blocks 

None 

4.70.6 Parameters 

CARON(a - Input and output - integer - default• O. CARON" is incremented by one 

and punched in columns 73-80 for each card punched by raFP. 

4. 70. 7 Method 

4.70.7.1 Overall Logic Flow 

The (aFP logic consists of defining one GIN(a buffer and then entering one overall loop of 

six passes (one pass for each data block). All input data blocks are then handled identically 

one at a time. 

Within each data block, each odd numbered (Identification) record and its respective 

inmediately following even numbered (Data) record are considered as a pair, and is a completely 

separate entity. There is, and need be, no correspondence between these two records and the 

previous two records, or between these two records and the following two records. 

I 
I -
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Thus, within the loop for a given data block, after the file on which the data block resides 

is opened and its header record is skipped, 0FP reads an Identification record, defines various 

pointers and descriptors, and then, if any data are present in the Data record, processes this 

data line by line until the end-of-record is reached. This process continues for all Identifica­

tion-Data record pairs. 

4.70.7.2 Defining Descriptors and Pointers 

Because 0FP was confronted with outputting a vast array of data classes having many data 

format and heading format configurations, it was decided that in order to keep 0FP from be­

coming a mammoth module of format statements, a system of pointers would be used 1n conjunction 

with a11 the different micro-format elements required. 

Information in the Identification record is sufficient to select an initial class pointer. 

This class pointer, with the addition of a subclass pointer, points to an array of six pointers, 

five of which define five micro-line formats (from the master set of micro-line formats), and one 

of which points to a string of micro-data format pointers. These micro-data format pointers then . 
each point to a micro-data format capable of outputting a single variable. 

This design is such as to make possible the definition of macr'O-formats and to allow for 

easy modification and addition of more output data classes. 

4.70.8 Subroutines 

4.70.8.1 Subroutine Name: 0FPPUN 

1. Entry Point: JFPPUN 

2. Purpose: To write output on the system punch unit. 

3. Calling Sequence: CALL 0FPPUN (BUF,NWDS,I0PT,IDO,PNCHED) 

BUF - Array to be output. 

NWDS - Number of words in BUF to output. 

If.tPT 
• Vector output. 

• General output. 

IDD _ ! o
1 

• S~RTl (1st word Integer). 

1 • SGRT2 (1st word Real). 

4.70-2 
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/

·FALSE·= Punch hea~ing cards. 
PNCHED 

,TRUE,• Dor.ct punch heading cards. 

4.70.8.Z Subroutine Name: ~FP1 

1. Entry Poir.t: 0FP1 

2. Purpose: To call PAGE and write five micro-line formats. 

3. Calling Sequcr.ce: CALL 0FP1 

4.70.8.3 Subroutine Name: ~FPlA 

1. Entry Point: ~FP1A 

2. Purpose: An auxiliary routine to 0FP1. Called by ~FP1 only. 

3. Calling Sequence: CALL ~FPlA(LI~E) 

LINE - Integer - Branch to forn,at pointer. 

4.70.8.4 Block Data Subprogram Name: ~FP1BO 

0FP1BO defines common block /0FPB01/. 

4.70.8.5 Block Data Subprogram Name: fJFP5BD 

0FP5BD defines corrmon block /0FPB05/. 

4.70.8.6 Block Data Subprogram Name: 0F1PBD 

0F1PB0 defines COIIITIOn block /0FPB1/. 

4.70.8.7 Block Data Subprogram Name: 0F2PBO 

0F2PBD defines conmon block /0FPB2/. 

4.70.8.8 Block Data Subprogram Name: 0F3PBD 

0F3PBD defines common block /0FPB3/. 
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4.70.8.9 Block Data Subprogram Name: 0F4PBD 

0F4PBD defines common block /!Ol"PB4/. 

4.70.8. 10 Block Data Subprogram Name: 0FSPBD 

0FSPBD defines common block /0FPB5/. 

4.70.8. 11 Block Data Subprogram: 0F6PBD 

0F6PBD defines common block /0FPB6/. 

4.70.8. 12 Block Data Subprogram: 0F7PBD 

0F7PBD defines common block /0FPB7/. 

4.70.8. 13 Block Data Subprogram Name: 0F8PBD 

0F8PBD defines common block /0FPB8/. 

4.70.8. 14 Block Data Subprogram: 0F9PBD 

0F9PBD defines conmen block /0FPB9/. 

4.70.9 Design Requirements 

The common blocks listed above interface between the main subroutines 0FP and 0FP1A. In· 

addition C0MM0N/0FPXXX/ is used to define open-core which contains the following. 

Ll 1 L2 
L3 
L4 
LS 

Five words which indicate the five format numbers defining 
the heading _for the current data being output. 

ID A fifty word buffer for storage of the first fifty words of 
an identification record from the data block to be output. 

BUFF A GIN0 buffer. 

4.70-4 (7/4/76) 
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The pointer system required by the design operates as described below. The arrays B,C,D,E, 

and ESINGL, referenced in the discussion below appear in subroutine 0FP. 

1. The variable I is set equal to the Data type specified in the data block. The variable 

J is set equal to the class of data: 1 • Real - SQJRT1, 2 = Complex - S0RT1, etc. Then the 

base pointer, CP0INT • B(I,J), is found. 

Data type 1 

Data type 2 

Data type N 

B array 

S0RT 1 SQJRT 2 

Real Compl~x Real Complex 

0 130 120 132 

2 134 122 136 

4 138 124 140 

. . . . 

. . . . 

. . . • 

. . . . 
. . . . . 

~ -~ '~ -For Future,.Expansion 

Example: 
For I• 2, J = 4 • 

CP01NT = B(I,J) 
• 136 

2. CP0INT is a index into the C array. Define: DPQJINT • C(CPQJINT). DPQJINT is an index 

into the D array. Also 

Ll • C(CPQJINT + 1). 

L2 • C(CP0INT + 2), 

L3 • C(CP0INT + 3) 1 

L4 • C(CP0INT + 4), 

and LS• C(CPQJINT + 5). 

These are the 5 line fonnat numbers which make up the heading fonnat for the type of data 

currently being processed. 
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3 

136 

137 

138 

139 

140 

141 
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C array 

25 

10 

12 

8 

DP.,INT 

Ll 

L2 

L3 

L4 

LS 

Future Expansion 

3. Word DP.,INT of the D array defines the beginning of a string of pointers into the E array. 

This string is tenninated by the first word containing a zero. Each word of this string thus 

defines a string of words in the E array which contains Hollerith data for construction of 

a format. Should a word 1n the D array be negative, the absolute value is used to point into 

the ESINGL array which contains Hollerith data also. 
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2 

3 

DP~INT-1 

DP0INT 

DP0INT+l 

D array 

6 

5 

0 

2 

6 

9 

-4 

10 

20 

0 

Future Expansion 

4. The E array contains Hollerith data pertaining to the output of a variable; the ESINGL 

array contains Hollerith data pertaining to spacing and carriage control only. 

J--·-
/ ,.,,.~-~-
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1 PEl 

6.6. 

lPEl 

7 .6. 

FlO. 

4 '"" 

E21. 

4,,_.Ai.A 

E22. 

SA.AA 

ETC. 

V 
Future Expansion 

4.70.10 Diagnostic :essa9es 

.. :. 
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llote " implies BCD 
blank 

ESINGL array 

/lSX 

/lHO 

ETC. 

Future Expansion 

If, during some phase of outputting a data block, eFP encounters an error condition, work on 

that data block will cease, a warning message will be printed, and a call to the NASTRAN table­

printer for table printing of this data block will be made. 9FP will then continue processing the 

remaining input data blocks. 

/ . 
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4.71 OUTPUT f,()DULE MATPRN (GENERAL MATRIX PRINTER) 

4.71.1 EntryPoint: MATPRN. 

4.71.2 Purpose 

To print general matrix data blocks. 

4.71.3 DMAP Calling Sequence 

MATPRN KGG,PL,PG,B2PP,UPV// $ 

4.71.4 Input Data Blocks 

KGG - Any matrix data block. 

PL - Any matrix data block. 

PG - Any matrix data block. 

B2PP - Any matrix data block. 

UPV - Any matrix data block. 

Notes: 

1. Any or all input data blocks can be purged. 

2. If any data block is not a matrix, the TABPT routine will be called. 

4.71.5 Output 

The non-zero band of each colulll"I of the input matrix is unpacked and is printed in single 

precision format on the system output fi1e. 

4.71.6 Parameters 

None. 

4.71.7 Method 

Subroutine W\TDUM is called for each non-purged input file. 

4.71.8 Subroutines 

W\TDUM - See subroutine description, section 3.4.28. 
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4.72 OUTPUT MODULE MATGPR (DISPLACEMENT METHOD MATRIX PRINTER) 

4.72.1 Entry Point: MATGPR 

4.72.2 Purpose 

To print displacement method matrices, identifying values with external grid point numbers. 

4.72.3 DMAP Calling Seguence 

MATGPR GPL,USET,SIL,ANVMAT // C,N,C0LSET / C,N,R0WSET / V,N,PRT0PT=ALL $ 

4.72.4 Input Data Blocks 

GPL - Grid Point List (This may also be GPLD if extra points are present.) 

USET - Displacement set definitions table (This may also be USETD if extra points 

are present.) 

SIL - Scalar Index List (This may also be SILO if extra points are present,) 

ANYMAT- Any displacement method matrix. 

~: 

1. Unless C~LSET • R~WSET • 'H', GPL, USET and SIL must be present. 

2. If ANYMAT is purged, MATGPR will return. 

4.72.S Output Data Blocks 

The non-zero terms of ANYMAT are given external identification and printed on the 

system output file. 

4.72.6 Parameters 

C0LSET - Input-BCD-no default. C0LSET indicates the set to which the columns of ANYMAT 

belong. If C0LSET is not one of the following: M,0,R,SG,SB,L,A,F,S,N,G,E,P,NE,FE,O,H then MATGPR 

wil 1 return. 

R~WSET - Input-BCD-default• X. RiWSET indicates the set to which the rows of ANYMAT 

belong• If R0WSET is not a legal set name, R~WSET • C~LSET. 

PRT0PT - Input-BCD-default=ALL. If PRT0PT = null, only the null columns will be printed 

and identified. Otherwise, all columns will be so printed. 
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4. 72. 7 Method 

The BCO parameters C~LSET and R0WSET are converted to bit positions in USET. C~LSET must 

be one of the following symbols: M,0,R,SG,SB,L,A,F,S,N,G,E,P,NE,FE,0,H,PS,SA,K,PA or else MATGPR 

will return. If R0WSET is not a legitimate symbol R0WSET = C0LSET. 

GPL, USET, and SIL are placed in core. Each column and non-zero row element is identified 

according to the following scheme: 

1. USET is searched for the number of members belonging to the g set (p set if USETO is 

used) before the current member of the matrix set. 

2. This number is looked up in SIL to obtain the internal grid point number and type of 

point (scalar, grid, or extra). 

3. The internal grid point number points into GPL for the external IO. 

4.72.8 Subroutines 

MATGPR has no auxiliary subroutines. 

4.72.9 Design Requirements 

1. Open core is defined at /MPRTX/. 

2. Layout of open core is as follows: 

CIIMMIIN/MPRTX/ 

GPL 

USET 

SIL 

Buffer 

} LGPL 

} LUSET 

} LSIL+l 

} GINII buffer 
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4.72. 10 Diagnostic Messages 

MATGPR may issue the fo11owing diagnostic messages: 

3007 and 3008. 
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4.73 OUTPUT MODULE MATPRT (MATRIX PRINTER) 

4.73.1 Entry Point: PRTINT 

4.73.2 Purpose 

To print a matrix data block. 

4.73.3 DMAP Calling Sequence 

MATPRT X//C,N,RC/C,N,Y $ 

4.73.4 Input Data Block 

X - Matrix data block to be printed. If Xis purged, then nothing is done. 

4.73.5 Output Data Blocks 

None. 

4.73.6 Parameters 

RC - Indicates whether Xis stored by rows {RC• 1) or columns (RC• O} - integer - input. 

Y - Indicates whether Xis to be printed (Y < a, do not print Xi Y > a, print X} 

- integer - input - default value• -1. 

4.73.7 Method 

Each column (or row) of the matrix is broken into groups of 6 terms (3 terms if complex) 

per printed line. If all the terms in a group• O, the line is not printed. If the entire 

column {or row) • O, it is not printed. If the entire matrix• O, it is not printed. 

4.73.8 Subroutines 

4.73.8.1 Subroutine Name: INTPRT 

1. Entry Point: INTPRT 

2. Purpose: To print a matrix data block using subroutine MATPRT. 

3. Calling Sequence: CALL INTPRT (A,CR,0,NAME) 

/ 
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A 

CR 
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- Storage for 1 column (row) of the matrix+ 1 GIN~ buffer. 

-{ O if the matrix is stored by columns. 
1 if the matrix is stored by rows. 

{ O if the matrix is not to be printed. 
• 1 if the matrix is to be printed. 

NAME - 8 character name of the matrix (2 words, 4 characters per word). 

3. Method: Subroutine MATPRT is called to print the matrix. Whenever MATPRT returns 

for a matrix name or column/row id to be printed, the name of the matrix (NAME1,NAME2) 

or the column or row id (as indicated by 'CR'}, is printed. 

4.73.8.2 Subroutine Name: MATPRT 

1. Entry Po.i nts: MATPRT, PRTMAT 

2. Purpose: To print a matrix data block. 

3. Calling Sequence: CALL MATPRT ($N1,$N2,A,t,PT,C!aLNUM) 

CALL PRTMAT ($N1,$N2) 

CJt+t~N/XXMPRT/MCB(7) 

where: 

N1 - FjRTRAN statement number defining the return executed whenever a new page 

has been started (the ca11ing program is expected to print the matrix and 

column id. C{'LNUM • current column number). 

N2 - FJRTRAN statement number defining the return executed whenever the column 

id must be printed in the middle of a page (CiLNUM • current column number}. 

A • Storage for 1 column of the matrix+ one GINia buffer. 

fPT - See subroutine description for VECPRT, below, for the explanation of 

this argument. 

C{'LNUM - Current column number being printed (output). 

MCB - Matrix control block. 

/ 

,--·~:-
4.73-2 



OUTPUT MODULE MATPRT (MATRIX PRINTER) 

3. Method: The matrix is unpacked and printed one column at a time. Whenever either of 

the nonstandard returns ($N1,$N2) is executed, the calling program must call PRTMAT to 

continue the printing of the matrix. 

4. Additional Subroutines Called: VECPRT. 

4.73.8,3 Subroutine Name: VECPRT 

1. Entry Points: VECPRT. PRTVEC 

2. Purpose: To print a vector. 

3. Calling Sequence: CALL VECPRT ($N1,$N2,P,N,A,0PT) 

where: 

N1 - F0RTRAN statement number defining the return executed whenever a new page 

has been started (the calling program is expected to print the vector id and 

any other subtitles desired). 

N2 - F~RTRAN statement number defining the return executed whenever the vector 

id is to be printed in the middle of a page. 

P - Vector type and precision. 

N - Number of components in the vector. 

A Location of the vector. 

• O if all the vector components are to be printed, regardless of its 
sparsity, and if it is to be printed starting on a new page if it 
will not fit on the current page. 

• +1 if only the printed lines which would have at least one non-zero 
~PT - component are to be printed, and if the vector is to be printed starting 

on a new page if it will not fit on the current page. 

• -1 if only the printed lines which would have at least one non-zero 
component are to be printed, and if as much of the vector as possible 
is to be printed on the current page. 

3. Method: The vector will be printed as a single precision real or complex vector. The 

components will be printed 6 per line if real, 3 per line if complex. In addition, the 

first and last components of each line will be identified on each side of the line by 

their respective component members. In addition whenever either of the nonstandard 
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returns ($N1,$N2) is executed the calling program must cal1 PRTVEC to continue the printing 

of the vector. 

4. Additional Subroutines Called: F0RMAT. 

4.73.8.4 Subroutine Name: F0RMAT 

1. Entry Point: F~RMAT 

2. Purpose: To print a line of l to 6 real numbers (optionally centered) preceded and 

followed by integer id's of the first and last number printed. 

3. Calling Sequence: CALL Ff/lRMAT (A,N1,N2,N3,L1,L2) 

where: 

A - Array from which the 1 to 6 real nu~ers are to be printed. 

Nl - Index of the 1st number in the array to be printed. 

N2 - Index of the last number in the array to be printed. 

N3, - Increment to be used 1n extracting the 2nd, 3rd, etc., numbers in the 

array to be printed. 

Ll - Integer 1d of the 1st number to be printed. 

L2 - Integer id of the last number to be printed. 

3. Method: If Ll and L2 are both positive, the numbers will be centered on the page. 

If either Ll or L2 is not positive, the nullbers w111 be printed based upon the 

centering of 6 numbers. 

4.73.9 Design Requirements 

Open core is defined at /XXPRTI/. Open core contains one GINf/l buffer followed by one 

unpacked real or complex single precision column of the matrix. 

4.73-4 I, ,-., _; 
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4.74 OUTPUT MODULE SEEMAT (PICTORIAL MATRIX PRINTER) 

4.74.1 Entry Point: SEEMAT 

4.74.2 Purpose 

To show nonzero matrix elements on printer or plotter output positioned pictorially by 

row and column within the outlines of the matrix. 

4.74.3 DMAP Calling Seguence 

SEEMAT ftfl,M2,M3,M4,M5//C,N,{~~~¥T}!V,N,PFILE/V,N,PACK/C,N,PL0TTER/C,N,M0DELN1/C,N, 

M0DELB1/C,N,M0DELN2/C,N,M0DELB2 $ 

Note that parameters PL0TTER, M0DELN1, M0DELB1, M0DELN2 and M0DELB2 are all described in 

paragraph 4 in section 4.74.6. 

4.74.4 

~J 1 M3 
M4 
MS 

4.74.5 

Input Data Blocks 

Matrix Data Blocks, any of which may be purged. 

Output Data Blocks 

None. The fonnatted matrix picture is output on the system output file or on a plot tape 

depending on the value of the first parameter. 

4.74.6 Parameters 

l. PRINT implies use of the system output file. (Any value other than PL0T implies PRINT). 

PL0T implies use of one of the plotters. Either of the plotter tapes PLTl or PLT2 will be 

used, depending on the type of plotter requested. 

2. PFILE is the p·lot number (Used only if first parameter is PL0T). 

Input/output variable integer parameter. Frame or sheet number. The value of this 

parameter will be incremented by one (1) for each frame (sheet) created by SEEMAT. 

The default value for this parameter is O. 

3. PACK is reserved for a future modification that will allow the representation of a nonzero 

block of the matrix with a single character. This parameter may be specified as C,N only. 

(see example in paragraph 4 below) 
·' 

4.74-1 (12-1-69) 
J -·· r~~-

1 . .. 



MODULE FUNCTIONAL DESCRIPTIONS 

4. Plotter Name and Model Identification (Used only if parameter l = PL0T.) 

Each plotter name has associated with it two model identifiers. Each of these model 

identifiers may either be an integer (M0DELNi) value or BCD (M0DELBi) value. If model 

identifier "i" (i = 1, 2) is an integer, insert its value for M0DELNi~ if model identifier 

"i" (i = 1, 2) is BCD, insert its value for M0DELBi. In either case, specify the other 

value for model identifier "i" (M0DELBi and MraOELNi, respectively) as·c,N only. 

Below is a list of model identifiers allowable for each plotter name. A detailed 

explanation of this list ~an· be found in section 4 of the User's Manual. Each plotter has 

associated with it a default model and several optional models. The model underlined is the 

default model. To access this default model, do not specify any of the last four OMAP 

parameters. For example to specify the CALCraMP 765, 205 {see section 4 of the User's Manual) 

the following DMAP statement may be used: 

SEEMAT Ml,M2,M3,M4,M5//C,N,PL(aT/V,N,PFILE/C,N/C,N,CALCraMP $ 

Plotter Name Model Identifiers 

BL { LTE 130} 
sfE,30 

EAI {3500,300} 
3500,45 

SC 4020,0 

765,205 
765,210 
765,105 
765,110 
763,205 
763,210 
763,105 
763,110 
565,205 

CALC(aMP 565,210 
565, 105 
565,110 
565,305 
565,310 
563,205 
563,210 

4.74-2 (12-1-69) l 
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where: 

Plotter Name 

DO 

NASTRAN 

BL is a Benson-Lehner plotter 

EAI is an Electronic Associates plotter 

SC is a Stromberg Carlson plotter 

CALC0MP is a California Computer plotter 

DD is a Data Display plotter 

NASTRAN is the NASTRAN general purpose plotter 

4.74.7 Method 

Model Identifiers 

I ::!:~~~1 
563,305 
563,310 

ao,B 

~ 
0,0 
M, l 

T, l 
D, l 

The matrix is partitioned into blocks which can be printed on a single sheet of output paper 

or plotted on a single frame or sheet of plotter output media. Only blocks containing nonzero 

elements will be printed. Row and column indices are indicated. The user of this module is 

cautioned to make sure that his line count limit is large enough. A default of 20,000 lines is 

provided by NASTRAN. This may be changed via the statement 11 MAXLINES • value 11 in the NASTRAN 

Case Control Deck. The transpose of the matrix is always printed. 

The columns of the matrix are examined for nonzero tenns. Let the matrix be partitioned 

into blocks, where a block consists of NL columns and 100 rows, where NL is the number of data 

lines per page obtained from /SYSTEM/. For each block containing nonzero tenns, a BCD block 

image is stored in open core in packed bit fonnat. Only blocks containing nonzero tenns are 

stored. When NL columns have been passed, the blocks containing nonzero tenns are printed on 
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the system output file or plotted. Note that since NASTRAN matrices are stored by column, the 

transpose of the matrix is what actually appears on the printed or plotted output. Blocks used 

for the first NL columns may now be re-used for subsequent groups of NL columns. This process 

is continued until all columns of the matrix have been processed. As many as five matrices may 

be handled during a single call to SEEMAT. 

4.74.8 Subroutines 

The plotter environment subroutines are utilized by SEEMAT. See section 3.4 for descriptions 

of the plotter utility routines. 

4.74.8.1 Subroutine MAPSET 

1 , Entry Points : MAPSET, MAP 

2. Purpose: Converts physical units to plotter units for module SEEMAT. 

3. Calling Sequence: CALL MAPSET (Xl ,Y1,X2,Y2,KI1,KJ1,KI2,KJ2,L) 

CALL MAP (X,Y,KI,KJ) 

X,Y,Xi,Yi • Physical coordinates 

KI,KJ,Kii ,KJ1 • Plotter coordinates 

L • Output Fonnat Flag, input 
1 • KI,KJ are integer 
2 • KI,KJ are real 

The meaning of i follows: 

i • 1 

i • 2 

point is lower left corner of frame 

point is upper right corner of frame 

i • blank point is an arbitrary point on frame. 
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4.74.9 Design Reguirements 

4.74.9.l Open Core Design 

C0MM0N'SEEMTX/ 
block 1 

block 2 

block 3 • 
. . . 

block i 

. . . 
block n 

unused open core 

' ~ 
, GIN(I buffer 

SGIN(I buffer 
(if needed) 

,_ _____ _ 
// Word 1 

, 
,' Word 2 ,, 

,',' Word 3 , ,, 

I\ 
' \ \ 

Word 6 

\\ 
Word 10 

\ 
\ 

\ 
\ 

\ 
\ 
\ '-------

4.74-4a (8/1/72) 
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I Col 2 (100 bits @ 32 
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Col NL (100 bits @32 bits/word) 

I not used 
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4.74.9.2 Data Requirements and Restrictions 

l. All nonpurged input data blocks must be matrices. Error diagnostics will occur in the 

unpacking routines if an attempt is made to input a table data block to SEEMAT. 

2. If the number of blocks needed overflows the available open core (e.g., a large full 

matrix can do this), a nonfatal diagnostic message will be output on the System Output File 

and processing for that matrix will be tenninated. The user may decrease NL by adding a 

Case Control Card LINE= NL as a means of overcoming this restriction (printer only). Since 

the type of matrix for which one is interested in seeing the topology is usually sparse and 

at least partially banded, this restriction should not prove serious. 

4.74. 10 Diagnostic Messages 

Diagnostic conditions detected by SEEMAT are nonfatal and result in appropriate error 

messages and tennination of the processing of the current input matrix data block. The one 

exception is the condition of no open core for GIN~ buffers, which should not occur in practice • 

.J---:· /..,,,• __ .. 
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4.75 OUTPUT MODULE TABPT (TABLE PRINTER) 

4, 75. 1 Entry Point: TABPT. 

4,7S.2 Purpose 

To print table data blocks. 

4.75.3 DMAP Calling Sequence 

TABPT TABl ,TAB2,TAB3;TAB4,TAB5// $ 

4.75.4 Input Data Blocks 

TABl - Any NASTRAN data block. 

TAB2 - Any NASTRAN data block. 

TAB3 - Any NASTRAN data block. 

TAB4 - Any NASTRAN data block. 

TABS - Any NASTRAN data block. 

~: Any or all input data blocks can be purged. 

4.75.5 Output 

Each word in a data block is identified as real, BCD, or integer and printed on the system 

output file. The trailer data is also printed. 

4.75.6 Parameters 

None. 

4.75.7 Method 

Subroutine TABPRT is called for each non-purged input file. 

4.75.8 Subroutines 

TABPRT - See subroutine description, section 3.4.29. 
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4, 76 OUTPUT MODULE PRTMSG (MESSAGE l~RITER) 

4.76. 1 Entry Point: PRTMSG 

4.76.2 Purpose 

To process a data block of user-oriented messages. 

4.76.3 DMAP Calling Sequence 

PRTMSG MSG// $ 

4.76.4 Input Data Blocks 

MSG - Messages to be printed (if purged, nothing is done). 

4.76.5 Output Data Blocks 

None 

4.76.6 Parameters 

None 

4.76.7 Method 

In addition to messages, the MSG data block may contain titles and subtitles. Before 

the first message is printed, a new page is started. From then on, a message count is main­

tained so as to start another new page when the maximum number of lines per page is exceeded. All 

messages are assumed to be only one line long. However, there is logic included to provide 

for messages of more than one line, forcing a new page at any time, and the alteration of 

titles and subtitles at any time. The description below of subroutine WRTMSG details all the 

included logic capability. 

4.76.8 Subroutines 

PRTMSG uses the utility routines EJECT and FREAD (see sections 3.4.62 and 3.4.15). 

4.76.8.1 Subroutine Name: PRTMSG 
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1. Entry Point: PRTMSG 

2. Purpose: To print the user messages in the MSG data block. 

3. Calling Sequence: CALL PRTMSG 

C~MM0N/0UTPUT/TITLE(32,6) - See 0UTPUT miscellaneous table description in section 2.5. 

Where: 

TITLE • NASTRAN title, subtitle, label, and three extra subtitles. 

4. Method: Open the MSG data block, and skip record O. If the MSG data block does not 

exist, nothing else is attempted. Otherwise, the three extra subtitles are set to all 

blanks, and WRTMSG is called. 

4.76.8.2 Subroutine Name: WRTMSG (General purpose subroutine} 

1. Entry Point: WRTMSG 

2. Purpose: To process a data block of user-oriented messages. 

3. Calling Sequence: CALL WRTMSG (~SG) 

C0MM0N/SYSTEM/ - See SYSTEM table description in section 2.4.1.8. 

Where: 

MSG • GIN!' file name of the MSG data block. 

and in /SYSTEM/ 

MAXLIN • Maximum number of lines permitted per page. 

C0UNT • Number of lines thus far printed on the current page. 

4. Method: 

a. Save the current NASTRAN title, subtitle, and label. Force the first message 

to start on a new page (C0UNT•MAXLIN). 

b. Read one word (N) from MSG. If an end-of-record condition occurs, force the 

first message in the next record to start on a new page (CJUNT•MAXLIN). Then 

repeat this step. 

c. If N < o, the next 32 words are assumed to be a replacement for TITLE (1·32,N). 

Force the next message to start on a new page (C0UNT•MAXLIN). Repeat step b. 

-; ,• -· 
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G. If N > o. a list and format follow. The next N items are assumed to be 

the list items. If N = o. only a fonnat follows. 

e. Read one word (NF) from MSG. If NF< o. NF= number of lines to be generated 

by this message (repeat this step). If NF= o. this message will be printed starting 

on a new page. (C0UNT=MAXLIN, repeat this step). Unless otherwise instructed, this 

subroutine assumes that each message will generate only l line of output. In either 

case. integer function EJECT is called to maintain the page line count. If tnis 

message will not fit on this page, any extra tit1e(s) explicitly specified are orinted 

below the NASTRAN title, subtitle, and label. 

f. If NF> 0, NF= ~,ze of the fonnat (the fonnat must be a continuous string of 

characters, contrary to the usual NASTRAN method of specifying at most 4 characters per 

word). Jhe next NF words are assumed to be the format to be used with the list 

items read in step d, in one the following F~RTRAN statements: 

or 
WRITE {M0,F0R) [if no list is specified], 

WRITE (M0 ,F0R) {LIST{I), I • l ,N) 

Repeat step b. 

g. When the end of the MSG data block is encountered in step b, the NASTRAN title, 

subtitle, and label are restored, and the MSG data block is closed with a rewind. 

5. Design Requirements: 

a. The message data block {MSG) must be opened before calling WRTMSG. 

b. In general, a set of messages is one record of the data block. Each set of 

messages will start on a new page. 

4.76.9 Design Requirements 

Open core is defined at /XXPMSG/, and is used only for one GIN0 buffer which is defined 

at the beginning of open core. 
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4.77 OUTPUT MODULE PRTPARM (PARAMETER AND OMAP MESSAGE PRINTER.) 

4, 77 .1 Entry Point: PRTPRM 

4. 77. 2 Purpose 

To print parameter values and OMAP messages. 

4.77.3 DMAP Calling Sequence 

PRTPARM //C.N,a/C.N,S $ 

4,77.4 Input Data Blocks 

None 

4,77.5 Output Data Blocks 

None 

4.77.6 Parameters 

a - Integer value (no default value) 

s - BCD value (default value • XXXXXXXX) 

4.77.7 Method 

As a parameter printer, use a • o. There are two options: 

1. S • parameter name will cause the printout of the value of that parameter. 

Example: PRTPARM //C,N,0/C,N,LUSET $ 

2. S • XXXXXXXX will cause the printout of the values of !.ll... parameters in the 

current XVPS. Since this is the default value, it need not be specified. 

Example: PRTPARM //C,N,O $ 

As a DMAP message printer, use a ~ o. There are two options: 

1. a> 0 causes the printout of the jth message of category S where j • la! ands is one 

of the values shown below. (The number of messages available in each category is also 

shown), 

Example: PRTPARM //C,N,1/C,N,DMAP $ 
,(· __ .... ' 
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2. a< 0 causes the same action as a> O with the additional action of program 

termination. Thus, PRTPARM may be used as a fatal message printer. 

Example: PRTPARM //C,N,-2/C,N,PLA $ 

4. 77. 8 Remarks 

1. a is always a value. 

2. 

Rigid Format 

Static Analysis 

TABLE OF e CATEGORY VALUES 

Static Analysis with Inertia Relief 

Normal Mode Analysis 

Static Analysis with Differential Stiffness 

Buckling Analysis 

Piecewise Linear Analysis 

Direct Complex Eigenvalue Analysis 

Direct Frequency and Random Response 

Direct Transient Response 

Modal Complex Eigenvalue Analysis 

Modal Frequency and Random Response 

Modal Transient Response 

DMAP 

Value of Beta 

STATICS 

INERTIA 

M!IDES 

DIFFSTIF 

BUCKLING 

PLA 

DIRCEAD 

DIRFRRO 

DIRTRD 

MOLCEAD 

MDLFRRO 

MOI.TRO 

DMAP 

Number of 
Messages 

4 

4 

4 

6 

7 

6 

5 

6 

5 

6 

7 

7 

1 

3. For details on error messages for the ith Rigid Format see section 3.(1 + 1).2 

in the User's Manual. 

4.77.9 Subroutines 

PRTPRM has no auxiliary subroutines. 
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4.77.10 Diagnostic Messages 

Values of a and a inconsistent with the above under "Method" wi11 resu1t in diagnostic 

messages from PRTPARM. 

/--··7 
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4.78 MATRIX MODULE ADD (ADD TWO MATRICES) 

4.78.l Entry Point: DADD 

4.78.2 Purpose 

To compute [CJ = a[A] + e[B]. 

4.78.3 DMAP Calling Sequence 

ADD A,B/C/C,Y,PLPHA=(l.0,2.0)/C,Y,BETA=(3.0,4.0) $ 

4.78.4 Input Data Blocks 

A - Any matrix; B 

B - Any matrix; A 

Note: A and/or B can be purged. 

4.78.5 Output Data Blocks 

C - Matrix. 

The type of C is maximum of the types of A, B, a, a. The shape of C is the shape of A if A 

is present. Otherwise it is that of B. 

Note: C cannot be purged. 

4.78.6 Parameters 

ALPHA - ·Input-complex default value• 1,0. This is the scalar multiplier for A. 

BETA - Input-complex default value• l,O. This is the scalar multiolier for B. 

~: If Im(a) or Im(S} • 0.0, the parameter will be considered real. 

4. 78. 7 Method 

If [A] is not purged, the number of columns, rows, and form of [CJ= number of columns, rows, 

and form of [A]. Otherwise the [BJ descriptors are used. The type of [C] is the maximum 

compatible type of [A], [BJ, ALPHA and BETA. ALPHA and BETA are assumed to be real if their 

imaginary parts are zero. 
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4.78.8 Subroutines 

ADD - See subroutine description, Section 3.5. 10. 

4.78.9 Design Requirements 

Open core is defined at /DAODA/. 

4.78.10 Diagnostic Messages 

None. 

/.· ~· --_.,.,.-"' 
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4.79 MATRlX MODULE MPYAD (MULTIPLY ADD) 

4.79.1 Entry Point: DMPYAD 

4. 79.2 Purpose 

MPYAD performs the multiplication of two matrices and, optionally, addition of a third 

matrix to the product: (D] • [A](B] .:!:,[CJ 

4.79.3 DMAP Calling Seguence 

MPYAD A,B,C/D/C,N,T/C,N,SIGNAB/C,N,SIGNC/C,N,TYPE $ 

4.79.4 Input Data Blocks 

A - Left hand matrix in the matrix product [A][B] 

B - Right hand matrix in the matrix product [A][B] 

C - Matrix to be added to (A](B] 

~: 

1. If no matrix is to added, C must be purged. 

2. A, B, C must be physically aifferent data blocks. 

3. A and B must not be purged. 

4. Either A or B (but not both) may be a NASTRAN diagonal·matrix. In this case, 

C must be purged. 

4.79.5 Output Data Block 

D - Matrix resulting from the MPYAO operation. 

!!.2l!= D may not be purged. 

4.79.6 Parameters 

T - Integer-input-no default. T 
• {1, perform (A] T (BJ 

0, perform (A][B] 

4 •. 79-1 (7/4/76) 
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SIGNAB - Integer-input-no default. { 
+1, perfonn [A][B] 

SIGNAB • -1, perfonn -[A][B] 

SIGNC - Integer-input-no default. SIGNC • { +1, add [C] 
-1, substract [C] 

0,1ogical choice based on input 
matrices 

1,elements of [D] will be output 
in real single precision 

TYPE - Integer-input-default• O. TYPE • 2,elements of [D] will be output in 
real double precision. 

4.79.7 Examples 

, . [D] • 

MPYAD 

2. [DJ • 
MPYAD 

3, [DJ • 

[A][B] + [C] (D double precision) 

A,B,C /DI C,N,O I C,N,l / C,N,2 $ 

[AJT[BJ - [CJ (D single precision) 

A,B,C / D / C,N,1 / C,N,1 / C,N,-1 

-[A][BJ (D double precision) 

I C ,N, 1 

3,elements of [D] will be output in 
complex singie precision. 

4,elements of [DJ will be output in 
complex double precision 

$ 

MPYAD A,B, / D / C,N,O / C,N,-1 / C,N,O / C,N,2 $ 

4.79.8 Method 

DMPYAD reads the trailers for the data blocks A, Band C. /MPYADX/ is initialized. If 

neither [A] nor [B] is diagonal, MPYAD is called, the trailer for Dis written, and the module 

exits. Otherwise, /OMPYX/ is initialized, and OMPY is called to perform the diagonal multiplica­

tion. If the matrix [CJ is present, /ADDX/ is initialized, and ADO is called to perform the 

matrix addition. The trailer for O is written and the module exits. 

4.79.9 Subroutines 

OMPYAD calls the following matrix operations: 

MPYAD (see Section 3.5.12 for details) 

DMPY (see Section 3.5.21 for details) 

ADD (see Section 3.6.10 for details). 
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MATRIX MODULE MPYAD (MULTIPLY ADD) 

4.79.10 Design Requirements 

4.79.10. 1 Allocation of Core Storage 

See descriptions for MPYAD, DMPY and ADD. 

4.79.10.2 Environment 

The module MPYAD consists of one subroutine, DMPYAD. One scratch file is used. Three conrnon 

blocks define open core, one for each of the three overlay segments containing the matrix opera­

tions: 

/MPYAlD/ included at end of segment containing MPYAD. 

/MPYA2D/ included at end of segment containing DMPY. 

/MPYA3D/ included at end of segment containing ADD. 

4.79-3 (3/1/74) 
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MATRIX MODULE S0LVE (SOLVES THE MATRIX EQUATION [A][X] = [BJ) 

4.80 MATRIX MODULE S0LVE (SOLVES THE MATRIX EQUATION [AJ[X] = [BJ) 

4.80.l Entry Point: S0LVE 

4.80.2 Purpose 

To solve the matrix equation, 

[AJ[XJ • !. [BJ 

4.80.3 DMAP Calling Sequence 

S0LVE A,B / X / V,Y,SYM / V,Y,SIGN / V,Y,PREC / V,Y,TYPE $ 

4.80.4 Input Data Blocks 

A - A square real or complex matrix. 

B - A rectangular matrix. 

!!2.!!,: If Bis purged, the identity matrix is assumed. 

4.80.5 Output Data Blocks 

X - A rectangular matrix. 

4.80.6 Parameters 

syM - Input-integer-default• O 

- Output 

SIGN - Input-integer-default• l 

PREC - Input-integer-default• 0 

- Output 

TYPE - Input-integer-default• O 

- Output 

-l - use unsymnetric decomposition 
l - use syn111etric decomposition 
O - logical choice based on input 

matrix [AJ. 

value actually used for SYM 

{ 
l - solve [A][XJ • [BJ 

-1 - solve [A][XJ • -[BJ 

l O - logical choice based on inout matrices 
l - use single precision arithmetic 
2 - use double precision arithmetic 

value actually used for PREC 

0 - logical choice based on input matrices 
l - output type of matrix [XJ is real single 

precision 
2 - output type of matrix [XJ is real double 

precision 

value actually used for TYPE 
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... ;.,. 

MODULE FUNCTIONAL DESCRIPTIONS 

3 - output type of matrix [X] is complex 

single precision 

4 - output type of matrix [X] is complex 

double precision 

Depending upon the SYM flag and the type of [A], either S0C0MP COC0MP, or DEC0MP 

is called to fonn 

[A]• [L][U] • 

FBS or GFBS is called to solve 

[L][Y] •.:!:.[BJ , 

and 

· [iJ][X] • [Y] 

4.80.8 Subroutines 

The above mentioned subroutines are the only ones called by S0LVE and are documented 

in section 3.5. 

4. 80. 9 Design Reg·ui rements 

The appropriate subroutines should be referenced for the design requirements peculiar 

to each routine. 

4.80.10 Diagnostic Messages 

The individual routines should be referred to for diagnostic messages. 

4.80-2 
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MATRIX MODULE DEC0MP (MATRIX DECOMPOSITION) 

4.81 MATRIX MODULE DEC0MP (MATRIX DECOMPOSITION) 

4.81.1 Entry Point: DDC0MP 

4.81.2 Purpose 

To decompose a square matrix [A] into lower [L] and upper [U] triangular factors. 

4.81.3 DMAP Calling Sequence 

DEC0MP A/L,U/V,Y,KSYM/V,Y,CH0LSKY/V,N,MINDIAG/V,N,DET/V,N,P0WER/V,N,SING $ 

4.81.4 Input Data Blocks 

A - A square matrix. 

4.81.5 Output Data Blocks 

L 

u 

4.81.6 Parameters 

- Lower triangular factor of [A]. 

- Non-standard upper triangular factor of [A]. 

KSYM - Input-integer-no default. 1, use syn111etric decomposition. O, use 

CH0LSKY 

MINDIAG 

DET 

P0WER 

SING 

4.81.7 Method 

unsymmetric decomposition. 

- Input-integer-default• o. 1, use Cholesky decomposition. O, do not use 

Cholesky decomposition. 

- Output-real-no default. The minimum diagonal term of [U]. 

- Output-complex single precision-no default. The scaled value of the 

determinant of [A]. 

- Output-integer-no default. Integer P0WER of 10 by which DET should 

be multiplied to obtain the determinant of [A]. 

- Output-integer-no default. SING is set to -1 if [A] is singular. 

Depending upon the type of [A] and the KSYM flag, a calling sequence is set up, and either 
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MODULE FUNCTIONAL DESCRIPTIONS 

CDC0MP, OEC0MP, or SDC0MP is called. 

4.81.8 Subroutines 

The major subroutines used are OEC0MP, CDC0MP and S0C0MP. Descriptions of these sub­

routines can be found in sections 3.5.15, 3.5.16, and 3.5.14 respectively. 

4.81.9 Design Requirements 

The individual subroutine writeups should be consulted for the particular restrictions 

of each routine. 

4.81.10 Diagnostic Messages 

See the appropriate subroutine descriptions. 

/ 

4.81-2 / 
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MATRIX MODULE FBS (FORWARD-BACKWARD SUBSTITUTION) 

4.82 MATRIX MODULE FBS (FORWARD-BACKWARD SUBSTITUTION) 

4.82.l Entry Point: DFBS 

4.82.2 Purpose 

To solve the equation, 

[L][U][X] = !. [B] (1) 

where [L] and [U] are the upper and lower triangular factors obtained via matrix module DEC0MP. 

4.82.3 DMAP Calling Sequence 

FBS L,U,B / X / V,Y,SYM / V,Y,SIGN / V,Y,PREC / V,Y,TYPE $ 

4.82.4 Input Data Blocks 

L,U - Matrices output from module DEC0MP. 

B - Rectangular matrix. 

4.82.5 Output Data Blocks 

X - Rectangular matrix. 

4.82.6 Parameters 

SYM - Input-integer-no default. 

- Output 

SIGN - Input-integer-no default. 

PREC - Input-integer-no default 

- Output 

0 - synunetric/unsynunetric if matrix [U] 
purged/not purged. 

1 - matrix [L][U] is symmetric 
-1 - matrix [L][U] is unsyrrmetric 

value actually used for SYM 

{ 
1 - solve [L][U][X] • [B] 

-1 - solve [L][U][X[ • -[BJ 

IO - logical choice based on input matrices 
1 - use single precision arithmetic 
2 - use double precision arithmetic 

value actually used for PREC 
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0 - logical choice based on input matrices 

1 - output [X] in single precision 

TYPE - Input-integer-no default. 2 - output [X] in double precision 

3 - output [X] in complex single precision 

4 - output [X] in complex double precision 

- Output value actually used for TYPE 

4.82.7 Method 

Depending upon the value of the parameter SYM, either FBS or GFBS is called. 

4.82.8 Subroutines 

The above routines are the only ones called by DFBS. Their descriptions are given in Section 

3.5.17 for FBS and 3.5.19 for GFBS. 

4.82.9 Design Requirements 

The appropriate routines should be referenced for their individual requirements. 

4.82.10 Diagnostic Messages 

The individual subroutines should be referred to for the messages. 

.. ~- . ... -
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MATRIX MODULE PARTN (PARTITION A MATRIX) 

4.83 MATRIX MODULE PARTN (PARTITION A MATRIX) 

4.83. l Entry Point: PARTNl 

4.83.2 Purpose 

To partition [A] into [All], [A12], [A21] and [A22]: 

tAll • A21] 
[A] =-) ----~----- . 

Al2 , A22 

4.83.3 DMAP Calling Sequence 

( l) 

PARTN A,RP,CP/A11,A12,A21,A22/V,Y,SYM/V,Y,TYPE/V,Y,F0RM1/V,Y,F0RM2/V,Y,F~RM3/V,Y,F0RM4 $ 

4.83.4 Input Data Blocks 

A - Matrix to be partitioned. 

RP - Row partitioning vector - single precision column vector. 

CP - Column partitioning vector - single precision column vector. 

~: 

1. If A is purged, PARTN returns. 

2. If RP is purged, A is partitioned as follows: 

tAllJ [AJ ==) ----- . 
A12 

(2) 

3. If CP is purged and SYM > 0, A is partitioned as follows: 

[AJ -? [All j A21]. (3) 

4. If CP is purged and SYM ~ 0, A is partitioned as follows: 

Ell I A2~ 
[AJ -) ---~----- • 

12 1 A2 
(4) 

where RP is used as both the row and column partitioner. 

5. RP and CP cannot both be purged. 

4.83-1 (8/1/72) 
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MODULE FUNCTIONAL DESCRIPTIONS 

4.83.5 Output Data Blocks 

All - Partition of A. 
Al2 - Partition of A. 
A21 - Partition of A. 
A22 - Partition of A. 

Notes: 
1. Any or all output data blocks can be purged. 
2. For the shape of outputs (nuncer of rows and- columns) 

see Section 4.83.7 below. 

4.83.6 Parameters 

SYM - Input-integer-default•-1. 
SYM chooses between a synnetric partition and an 
unsynmetric partition. If SYM ~ o. CP is used as 
RP. If SYM > O. CP and RP are distinct. 

TYPE - partitions. 
; 

Input-integer-default. o. Type of output matrices O .! TYPE.! 4; default is 
logical choice based on matrix A and requested 

Output-integer Type of output matrices produced. 

{

Input-integer-default. o Fonn of All. 0 < F0RM1 ~ 8; default uses logical 
F0RM1 • choice based on matrix A. 

Output-integer Fonn of All produced. 

F0RM2 - Same as F0RM1 but applied to Al2. 

F0RM3 -

F0RM4 -

4.83.7 Method 

Same as F0RM1 but applied to A21. 

Same as F0RM1 but applied to A22. 

Let Nl • number of non-zero tenns in RP. 

Let N2 • number of non-zero tenns in CP. 

Let NR0WA • number of rows in A. 

Let NC0LA • nuncer of columns in A. 

CASE:1 RP purged. 

All is a (NR0WA-N2) x NC0LA matrix. 

A12 is a N2 x NC0LA matrix. 

A21 is not written. 

A22 is not written. 

. -
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MATRIX MODULE PARTN (PARTITION A MATRIX) 

CASE 2: CP purged and SYM > 0. 

All is a NR0WA x (NC0LA - Nl) matrix. 

A12 is not written. 

A21 is a NR0WA x Nl matrix. 

A22 is not written. 

CASE 3: CP purged and SYM !. O. 

All is a (NR0WA - Nl) x (NC0LA - Nl) matrix. 

Al2 is a Nl x (NC0LA - Nl) matrix. 

A21 is a (NR0WA - Nl) x Nl matrix. 

A22 is a Nl x Nl matrix. 

CASE 4: Neither RP nor CP purged. 

All is a (NR~WA - N2) x (NC0LA - Nl) matrix. 

Al2 is a N2 x (NC0LA - Nl) matrix. 

A21 is a (NR0WA - N2) x Nl matrix. 

A22 is a N2 x Nl matrix. 

In general if aij £-[A], then: 

4.83.8 Subroutines 

aij £ [A11J if RP(J) • CP(I) • 0 

aij £ [A12] if CP(I); 0, RP(J) • 0 

aij £ [A21] if CP(I) • 0, RP(J) ; 0. 

aij £ [A22] if CP(I); O, RP(J) ; 0 

4.83.8.1 Subroutine Name: PARTN2 

1. Entry Point: PARTN2 

2. Purpose: Initialization routine for PARTNl and MERGEl. It calls PARTN3 to build 

the bit strings from the partitioning vectors CP and RP and sets default options based 

on SYM. 
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3. Calling Sequence: CALL PARTN2 (CP,RP,C0RE,BUF) 

CP = GIN0 file name of column partitioning vector 

RP = GIN0 file name of row partitioning vector 

C0RE • Location of first word open core 

BUF • Location of GIN0 buffer. 

4.83.8.2 Subroutine Name: PARTN3 

1. Entry Point: PARTN3 

2. Purpose: Bui 1 ds bit strings as directed by PARTN2. 

3. Calling Sequence: CALL PARTN3 (FILE,SIZE,0NES,I2,NZ,HERE,BUF,C0RE) 

FILE • GIN0 file name 
SIZE • Length of partitioning vector 
0NES • Number of non-zero ten11S in vector 

IZ • Pointer to working core 
NZ • Length of working core 

HERE • Logical Flag 
BUF • Location of GIN0 buffer 

C0RE • Location of open core 

4.83.9 Design Requirements 

Open core is defined at /PARTNl/. 

4.83.10 Diagnostic Messages 

Messages 2166, 2167, 2168, 2169, 2170, 2171, 2172, 2173, 2174, 2175, 2176, 3002, and 3008 may 

be issued. 
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MATRIX MODULE MERGE (MERGE MATRICES TOGETHER) 

4.84 MATRIX MODULE MERGE (MERGE MATRICES TOGETHER) 

4.84.1 Entry Point: MERGEl 

4.84.2 Purpose 

To form 

[A]~ f!~~-1-~~J . 
LA12 : A22 

4.84.3 OMAP Calling Sequence 

MERGE All,Al2,A21,A22,RP,CP/A/V,Y,SYM/V,Y,TYPE/V,Y,F0RM $ 

4.84,4 Input Data Blocks 

All - Matrix r Al 2, A21, A22. 

A12 - Matrix r A11, A21, A22. 

A21 - Matrix r All, A12, A22. 

A22 - Matrix r All, A12, A21. 

RP - Row partitioning vector - single precision vector. 

CP - Column partitioning vector - single precision vector. 

~: 

1. Any or all of All, A12, A21, A22 can be purged which implies [AIJ] • [OJ. 

2. RP and CP cannot both be purged. 

3. See method section for meaning when RP or CP is purged. 

4.84.5 Output Data Blocks 

A - Merged matrix from All, A12, A21, A22. 

!:!.2!!!.= A cannot be purged. 
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MODULE FUNCTIONAL DESCRIPTIONS 

4.84.6 Parameters 

SYM - Input-integer-no default. 

I 
Input-integer-default• 0. 

TYPE -
Output-integer 

{

Input-integer-default• 0. 
F0RM -

Output-integer. 

4.84.7 Method 

SYM < 0, CP is used as RP. SYM > 0, CP and 
RP are distinct. 

Type of A, O <TYPE< 4; default is logical 
choice based on types of input partitions and 
system precision flag. 
Type chosen for A. 

Fonn of A, O <FORM< 8; default is logical 
choice based on fonns of input partitions. 
Fonn chosen for A. 

MERGE is the inverse of PARTN in the sense that if All, Al2, A21, A22 were produced by PARTN 

using RP, CP, F0RM, SYM, and TYPE from A, MERGE wi 11 reproduce A. See PARTN ( Sec ti on 4. 83) for 

options on RP, CP and SYM. 

4.84.8 Subroutines 

Subroutines PARTN2 and PARTN3 are used. These routines are described in Section 4.83. 

4.84.9 Design Requirements 

Open core is defined at /MERGEl/ • 

4.84.10 Diagnostic Messages 

Messages 2161, 2162, 2163, 2164, 2170, 2171, 2172, 2173, 2174, 2175, 2176, 3002, and 3008 

may be issued. 

// 
:,, 
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MATRIX MODULE TRNSP (TRANSPOSE A MATRIX) 

4.85 MATRIX MODULE TRNSP (TRANSPOSE A MATRIX). 

4.85.1 Entry Point: OTRANP 

4.85.2 Purpose 

To form [AJT given [A]. 

4.85.3 OMAP Calling Sequence 

TRNSP A/AT $ 

4.85.4 Input Data Blocks 

A - Any matrix data block. 

~: If [A] is purged, TRNSP returns. 

4.85.5 Jutput Data Blocks 

AT - The matrix transpose of [A]. 

~: AT cannot be purged. 

4.85.6 Parameters 

None. 

4.85.7 Method 

Subroutine TRNSP is called. 

4.85.8 Subroutines 

TRNSP - See subroutine description, section 3.5.25. 

4.85.9 Design Requirements 

Open core is defined at /OTRANX/. Eight scratch files are used. 

4.85-1 
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t-1ATRIX MODULE SMPYAD (STRING MULTIPLY ADD) 

4~86 MATRIX MODULE SMPYAD (STRING MULTIPLY ADD) 

4.86. 1 Entry Point: SMPYAD 

4.86.2 Purpose 

To multiply a series of matrices together. 

4.86.3 DMAP Calling Sequence 

SMPYAD A,B,C,D,E,F/G/C,N,N/C,N,SIGNX/C,N,SIGNF/C,N,PG/C,N,TA/C,N,TB/C,N,TC/C,N,TD $ 

4.86.4 Input Data Blocks 

A 
B 
C 
0 
E 

F 

- Up to 5 matrices to be multiplied together, from left to right. 

- Matrix to be added to the above product. 

Notes: 

1. If one of the five multiplication matrices is required in the product (see 
-

parameter 11 N11 below) and is purged, the multiplication will not be done. 

2. If the F matrix is purged, no matrix will be added to the product. 

4.86.5 Output Data Blocks 

G - Resultant matrix (may not be pre-purged). 

4.86.6 Parameters 

N - Number of matrices involved in the product - integer - input. 

SIGNX - Sign of the product matrix (e.g., [A][B][C][O][E]) - integer - input. 

1 for plus, -1 for minus. 

SIGNF - Sign of the matrix to be added to the product matrix - integer - input. 

l for plu~. -1 for minus. 

PG - Output precision of the final result - integer - input. 

1 for sin9le precision, 2 for double precision, O for logical choice based 
on input matrices. 
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TB - Transpose indicators for the [A][B][C] and [D] matrices (1 if tra~sposed 
TA} 
TC matrix to be used in the product; O if untransposed) - integer - input. TD 

Note: All the parameters except "N" have default values. They are these: 

1. SIGNX • 1 (sign of product is plus) 

2. SIGNF • 1 (sign of added matrix 1s plus) 

3. PG • 1 (single precision result) 

4. TA} +~ = O (use untransposed [A], [BJ, [C], and [D] matrices in the product) 
TD 

4.86.7 Method 

The method is the same as for the MPYAD module with one exception and one addition: 

1. None of the matrices may be diagonal. 

2. Except for the final product, all intermediate matrix products are generated 

in double precision. 

The matrices are multiplied together from right-to-left, i.e., the first product calculated 

is the product of matrix n-1 an~ matrix n. 

4.86.8 Subroutines 

MPYAO is called (see section 3.5.12 for details). 

4.86.9 Design Requirements 

1. Two scratch files are required. 

2. Open core is the /MPYAOX/ co111110n block, the same one as used by the MPYAD module, 

(see section 4.79). 

4.86-2 



...... 

FOR MATERIAL PREVIOUSLY COVERED 

IN SECTION 4.87, 

SEE NEW SECTION 8 
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FOR MATERIAL PREVIOUSLY COVERED 

IN SECTION 4.88, 

SEE NEW SECTION 9.1 
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EXECUTIVE PREFACE MODULE IFP4 (INPUT FILE PROCESSOR - PHASE 4) 

4.89 EXECUTIVE PREFACE M0DULE IFP4 (INPUT FILE PROCESSOR - PHASE 4) 

4.89.1 Entry Point: IFP4 

4.89.2 Purpose 

1. To convert ·the data card images related to fluid and hydroelastic analysis into conven­

tional data card images as output from the IFP module. 

2. To calculate data related to the boundaries and the harmonic degrees of freedom of the 

axisynmetric fluid and append this dat.a to the MATP00L data block. 

4.89.3 Calling Sequence 

CALL IFP4. IFP4, an Executive Preface Module, is called only by the Preface driver SEMINT. 

4.89.4 Input Data Blocks 

AXIC - Bulk Data Deck cards related to the hydroelastic problem as output from IFP. 

GE0Ml - Grid Point and Coordinate System Data. 

GE0M2 - Scalar Point and Element Connection Data. 

GE0M4 - Constraint Data. 

MATP00L - Direct Input Matrix Data. 

4.89.5 Output Data Blocks 

Same as the Input Data Blocks. 

4.89.6 Parameters 

Not applicable to IFP4. 

4.89.7 Method 

IFP4 allocates the available core as it proceeds. Each type of data card image on the AXIC 

data block is read and used to form tables or new data card images. The new data and any existing 

data on the Input data blocks are merged and written on one of two scratch files. After the 

scratch file data are complete the data are then copied back on the Input/Output data files. (This 

is not normally allowed. The preface modules, however, have the privile.ge of writing on an input 

file.) 
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Data cards as referenced below refer to card images as found on the AXIC input data block. 

The actual data cards are read and first processed by the IFP. The fluid data card types found 

on the AXIC data block, and used by IFP4, are listed below along with a list of the outout card 

images produced as a result of their presence, and the data blocks effected. 

IFP4 Input IFP4 Output. Data Block 
Card Image Card Image Effected 

AXIF none all below 

BDYLIST data MATP(IJ(IJL 

CFlUID2 CFlUID2 GE0M2 

CFlUID3 CFlUI03 GE0M2 

CFLUID4 CFLUID4 GE0M2 

DMIAX DMIG MATP00L 

FLSYM data {header) MATP00L 

FREEPT SP0INT GE0M2 
MPC GE0M4 

FSLIST CMFREE GE0M2 
SPC GE0M4 

GRIDS GRID GE0Ml 

PRESPT SP0INT GE0M2 
MPC GE0M4 

RINGFl GRID GE0Ml 
SEQGP GE0Ml 

It should be noted that the output card images may be a function of several types of input 

card images as detailed in the following. 

4.89.7.l Data values found on ~~e AXIF card are first stored in core for subsequent use. They 

are: 

1. cs1, the coordinate system number for the fluid system 

2. g, the value of gravity 

3. pd' the default value of fluid density 

4. Bd' the default value of the compression coefficient 

5. N0SYM, an integer O or 1 indicating whether the unsynmetric (*series) terms are used in 

the computations. 

4.89-2 (11/1/70) 
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EXECUTIVE PREFACE MODULE IFP4 (INPLTT FILE PROCESSOR - PHASE 4) 

6. A list of harmonic numbers nj' j = 1 ,2, ... ,J, indicating the harmonics to be formulated. 

If none are supplied by the user, it is implied that the fluid is not to be solved, how­

ever the processing of the boundary points (GRIDS) may be necessary as discussed later. 

The list of harmonic numbers (nj) are converted to an in core list of index numbers (Ij) as 

follows. 

If N0SYM=O, implying only the synmetric series: 

I. = 2n. + 2 
J J 

for j = 1 to J. 

If N0SYM=l, implying the symmetric and unsyrrmetric (*) series: 

I j = 2nj + 2 

for j = 1 to J, plus the additional indices: 

for j = 1 to J. 

n. > 0 
J 

( 1 ) 

(2) 

(3) 

The list of indices as formed above is sorted and held in core for subsequent use. The 

complete list of indice.s may thus be up to 2J in length. Henceforth the number of indices in the 

list is referred to as N. 

4.89.7.2 GE0Ml Data Block Processing 

1. The GE0Ml file is read and the coordinate system as specified by csf is located among the 

C0RD1C, C0RD2C, C0RD1S, or C0RD2S card images. Its type (cylindrical or spherical) is 

saved as a flag for use in later processing. If the coordinate system is not located 

among the above card types a fatal error is indicated to the user and a cylindrical type 

is assumed to pennit further checking of data. 

2. GRIDB card images are read and stored in core, 5 words per image. A GRIDB card image 

defines a normal grid point except that it's location is fixed to a fluid (RINGFL) point. 

3. If any GRIDS card images are present IFP4 at this time fonns a boundary list table in 

core. 
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For each fluid point, IDF., contained in a BDYLIST card image, a seven word entry is 
J 

placed in the boundary list table. The contents of this entry are, using data from the 

BDYLIST card image: 

1. IDF j 

2. 1 

3. 1 Integer l's (temporary flags) 

4. 1 

5. IDFj-l 

6. IDFj+l 

7. Pb 

where j indicates the respective IDF in the BDYLIST list of IDFs. 

If IDFj-l or IDFj+l does not exist a zero {O) is entered. 

If IDFj-l or IDFj+l is designated to be AXIS then a minus one (-1} is entered. 

Should Pb as specified in the BDYLIST card image be missing, the default pd' as specified 

on the AXIF card image, is used for position 7 of the entry. If both are missing, a user 

fatal error results. Missing is denoted by an integer -1. 

After all BDYLIST card images have been processed and the entries added to the boundary 

list table, a sort is performed such that the entries are in sort by the primary IDF 

(found in the first positi0n of each entry). 

5. An initial "pass" of RINGFL card images is now made. The meridinal angles (x2 for a 

cylindrical coordinate system or x3 for a spherical system) must e zero and are checked. 

A binary search is perfonned to find one or more entries whose primary IDF matches the 

IDF of each RINGFL card image. When found the values Xl, X2, and X3 of the respective 

images replace the three integer ones in position 2, 31 and 4 of that entry. If an 

entry is not found, a user fatal error is indicated. 

If after all RINGFL card images have been ~assed, any of the entries in the boundary list 

table (residing in core) still contain the three integer ones in positions 2, 3, and 4, 

a user fatal error message is indicated for those particular BDYLIST identification 

numbers ( IDFjs}. 
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6. At this time a normal GRID card image is created from each GRIDB image and merged along 

with existing GRID card images on GE0Ml. Additional GRID card images will be added to 

GE0Ml in subsequent manipulations. 

For each GRIDB card image now residing in core (note 4.89.7.2-2) a normal GRID card is 

created and consists of the following eight values. 

Field 

2 

3-5 

6 

7 

8 

Symbol 

0 

Description 

ID given on GRIDB image. 

csf from the AXIF image. 

These values are formulated by finding Xl. X2, X3 in 
the boundary list table entry whose primary identifica­
tion number matches the reference identification number 
(IDF) given on the GRIDB card image, and then: 

x1 = Xl 

x2 •~if csf is cylindrical, or X2 if csf is spherical. 

x3 = X3 if csf is cylindrical, or~ if csf is spherical. 

Wh~re ~ is supplied by the GRIDS card image. 

CD from the GRIDS image. 

PS from the GRIDS image. 

Not used. 

The resulting GRID data card images are merged with the existing GRID cards on data blocks 

GE~Ml. If no hannonics exist for the fluid, the module processing is complete. 

7. To generate the nonsynmetric connection tables for the boundary, the boundary list table 

is further altered at this time to result in a table listing the geometry and related 

grid points for each boundary fluid point. 

a. For each fluid point entry now in the boundary list table the values Xl, X2, and X3 

are converted tor and z values which are stored respectively in place of Xl and X2. 

If csf is cylindrical then: 
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r = Xl 

z = X3 (4) 

X2 must be zero. 

If csf is spherical then: 

r = Xl sin("rio x2) 

z • Xl cos(,;0 x2) (5) 

X3 must be zero. 

b. For each set of three fluid point identification numbers (position 1. 5, and 6 of 

each entry), the three pairs of coordinates are extracted. The primary values rj and 

zj are given with each entry. The secondary values rj-l' zj-l, rj+l' zj+l must be 

found by finding the entries which have the same primary identification number as the 

secondary identification numbers (IDFj-l or IOFj+l) in question. If "axis" (-1) is a 

secondary identification number, then: 

raxis • 0 

(6) 

• z, 
J 

If "not available" (0) is a secondary identification number, then: 

(7) 

The values 1, c, ands are calculated and replace the 4th, 5th and 6th word of each 

entry in the boundary point list at this time such that each entry will now contain: 
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Field Symbol 

l IOFj 

2 rj 

3 zj 

4 R. 

5 C 

6 s 

7 Pb 

where: 

R, = 

C = 

s = 

and: t:i.r = 

~ 

Oescri pti on 

Fluid point identification 

Radial location 

Vertical location 

Length and associated angle components of a 
conical section 

Fl ui d density 

Yt:i.r2 + t:i.z2 (8) 

t:i.z (9) 
T 

t:i.r (l O) 
T 

t { rj+l 
1 [ 2 - rj-l + ~ (rj+l - rj) - (rj-l - rj)2]} (11) 

This list, now referred to as the "boundary point geometry table", remains in core. 

The values t, s. and c correspond to the cross section length, and the sine and 

cosine of the angle~ as given in Equation 14, Section 16.1.5 of the Theoretical Manual. 

c. As any number of GRIOB points may be connected to a fluid point, the GRIDB card images 

are now sorted on the referenced fluid point identification (the fifth word of each 

GRIDB entry). For each set of GRIDB points with the same referenced fluid point the 

sort is further made on the angle (~}. 

d. The boundary point geometry table, generated above, is used at this time to form the 

boundary matrix part of the MATP00t data block. For each entry in the table, all 

GRIDB points which reference it are appended to form a new entry of the following 

form. 
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Symbol Description 

Fluid point identification 

Fluid point properties 

GRIDS identification 

Angular position of GRIDS point 

GRIDS identification 

Angular position of GRIDS point 

End of entry flags 

where M equals the number of GRIDB points that reference Idf. Each new boundary fluid 

point entry is then placed in the MATP00L data block. The list of hannonic indices 

nj• the gravity G, the N0SYM flag, the fluid coordinate system csf' and the syrrmetric 

boundary information (from the F~SYM card image) are placed in the first record of 

the boundary list data in the MATPJJL data block. If DMIG data card images resulting 

from DMIAX data cards are present on the MATP00L data block, they are merged to the 

existing DMIG card image data. Matrix names are checked for uniqueness. 

8. The RINGFL data cards define a ring (fluid point) with its axis coincidental with the 

axis of the fluid coordinate system. Its degrees of freedom are the hannonics of the 

pressure around the circle. Special GRID point card images corresponding to the RINGFL 

data cards are generated at this time and added to the GRID card images now on GE0Ml. 

Each RINGFL card image is read and N GRID card images are created containing the following 

data. 
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Field 

2 

3-5 

6 

7 

8 

Value 

5 Idf + 5•10 • O;) 

csf 

Xl ,X2,X3 

-1 

0 

0 

Description 

Point identification 

Fluid coordinate system number 

Location coordinates 

Fluid point flag 

Pennanent single point constraints 

Not used 

where i goes from 1 to N for each RINGFL card image read. 

SEQGP card images are created for each RINGFL card image and merged with SEQGP cards on 

GE0Ml. The contents of the entry are: 

1 

2 

Value 

Idf + 5•105•(Ii) 

Idf 103 + (Ii-1) 

Description 

Grid identification 

Sequence number 

where 1 goes from 1 to N for each RINGFL data card image. 

4.89.7.2 GE0M2 Data Block Processing 

1. The fluid element connections as specified by the CFLUI02, CFLUI03, and CFLUI04 card 

images are now operated upon. Each input card image is used together with the hannonic 

indices to define N 11 structural elements". The data given by the input card image is: 

~ Value Description 

1 Ide Element identification number 

2 thru j+l Idj Where j • 2, 3, or 4 fluid point 
connections 

j+2 p Fluid density 

j+3 B Fluid bulk modulus 

For each input card image, connection card images are created for all harmonics in the 

problem. Their fonnat is: 
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l 

2 thru j+1 

j+2 

j+3 

j+4 

MODULE FUNCTIONAL DESCRIPTIONS 

~ 

3 Id •10 + I. e , 
5 Id.+ 5.10 (I.) J , 

p 

B 

n 

Description 

Converted element identification 

Where j = 2, 3, or 4 connected fluid points 

Fluid density 

Fluid bulk modulus 

Harmonic number 

where i • 1, 2, ••. , N and n is an integer such that, 

< n (13} 

The hannonic element connection card images are merged into the GE~M2 data block as they 

are generated. 

2. FSLIST card images each define a sequential list of fluid (RINGFL) points on a free 

surface. The FREEPT card images input to IFP4 each define a point on the free surface 

where a displacement may be output. The following operations are a result of FSLIST and 

FREEPT card images data. 

For each fluid point (IDFj) defined in a FSLIST card image, a three word entry is placed 

in core containing IDFj' IDFj+l' and p. The subscript j indicates the respective IDF in 

the FSLIST card image list of IDFs. if IDFj or IDFj+l is represented by "AXIS" in the 

FSLIST card image, a minus one (-1) is used. If IDFj is the last point in the list, 

IDFj+l is set to -2. If the fluid density (p) is not present (an integer -1) in the 

FSLIST card image, the default fluid density (pd) from the AXIF image is used. If both p 

and pd are missing a user fatal error results. 

A set of structural mass elements are generated for each of the entries just added to 

core. Each set represents all hannonics in the problem. Connection card images called 

CMFREE elements are created such that each element consists of the following: 
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Field 

2 

3 

4 

5 

Symbol 

Id 

n 

Description 

6 Element Id= 10 k + I; 

5 
IDFk,l + 5•10 I; 

5 
IDFk, 2 + 5•10 Ii 

(p times G) the weight density, where G = 
gravity from AXIF image 

Integer hannonic number such that; 

Ii - 3 Ii - 1 
2 < n < 2 

where Ii represents the ;th entry in the hannonic index list, and k is the index of the 

entry in the FSLIST table of entries. If IDFk,l = -1, IDFk,l is set to IDFk,Z' If 

IDFk, 2 = -1, then IDFk,2 is set to IDFk,l" Both can not be -1 initially. Thus for each 

entry, k = 1 thru K (~he total number of entries), CMFREE images are created for all 

hannonic indices (I1), i = 1 thru N. These CMFREE element entries are merged into the 

GE0M2 data block as were the CFLUI02, CFLUI03, and CFLUID4 card images.· 

4.89.7.4 GE0M4 Data Block Processing 

1. If FREEPT (free surface displacement point) card images are present, and gravity as 

specified in the AXIF card image is nonzero, a multipoint constraint (MPC) is generated 

at this time along with a scalar point (SP0INT) having the same identification number 

(Idp) as specified by each FREEPT card image. As each FREEPT card is read an SP0INT card 

image is placed in core and the following MPC card image is merged into the MPC data of 

GE0M4: 
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Field Symbol Value Description 

SID 102 Set identification number 

2 GID Idp FREEPT identification number 

3 Comp 0 Component 

4 Al -lpGI Density. times gravity 

t31 GID1 Idf+5•105(I;) Fluid point harmonic identification 

R~peats for 3+3i Comp 0 Component 
1•1 to N · 

4+3i Ai+l C; Hannonic coefficient 

5+3N Flag -1 

l 6+3N Flag -1 End of image flag 

7+3N Flag 
_, 

I; is a harmonic index, and n equals an integer such that; 

(14) 

then: Ci • cosine 183 if 11 is even, 

(15) 

if Ii is odd, 

where: ~ is the angle given in the FREEPT card image. 

2. Additional MPC card images are created if PRESPT card images are present. For each 

PRESPT ca.rclima.ge read, an SPIIJINT is added to the in-core list of SPIIJINTs, and the follow­

ing MPC card image is merged onto GEIIJM4. 
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Field 

2 

3 

4 

Symbol 

SID 

GID 

Comp 

Al 

Value Description 

102 Set identification 

Idp PRESPT identification 

0 Component 

-1.0 Coefficient 

2+3i GIDi 5 Idf+S•lO (Ii) Connected fluid harmonic identification 

Repeat for 
i=l to N 3+3i 

4+3i 

5+3N 
6+3N 
7+3N 

Comp 

Ai+l 

Flag 
Flag 
Flag 

0 Component 

Ci Hannonic coefficient 

-1 

-1 End of image flag _, 

Ii is a harmonic index, and n equals an integer such that, 

C; = . mrp if I. is even. 

~ 
cosine 180 , 

Ci = . n,r<t> 
if Ii is odd. sine 180 

ct> is the angle given in the PRESPT card image. 

(16) 

(17) 

3. If any SP0INTs were placed in core as a result of the presence of FREEPT or PRESPT card 

data, they are merged with the existing scalar point data on a scratch file .. 

4. At this time, if any harmonics are specified, an MPCADD card image is generated for each 

unique set identification present in the MPC and MPCADD card images on GE0M4. This 

MPCADD card image will then contain the internal set identification and include the user 

set identification. Thus as the MPC and MPCADD card images are read from GE0M4, a list of 

the set identifications present is created in core. An MPCADD card is then generated for 
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each unique set identification (Id) present. Its fonnat is: 

2 

3* 

3 or 4* 

Value 

2•108 +Id 

Id 

102 

_, 

Description 

Internal set identification 

User set identification 

Generated MPC set identification 

End of image flag 

If any MPCADD card images are present on GE0M4, as a result of the user's specifications, 

their set identification (Id) in field one is modified to an internal set identification 

(2•108 + Id), and if any MPC card images have been internally generated for set 102, the 

102 set identification is added to the list of included set identifications therein. 

If any MPC card images have been created for set 102, the following MPCADD card is gener­

ated in any event so as to assure that the 102 set be included in the solution. The set 

identification used here (2·108), will be referenced in later computations if the user 

has not referencea any MPC constraint set. 

2 

3 

Value 

2 •108 

102 

_, 

Oescri pti on 

Set identification 

Generated MPC set to be included 

End of image f1 ag 

5. Should the user specify gravity G to be zero (0) on the AXIF card, it is assumed that the 

effects of gravity on the free surface are to be removed. To accomplish this, a single 

point constraint (SPC set 102) set is created at this time by IFP4. 

For each fluid point Idf not equal to minus one (-1) or minus two (-2) in the free 

surface list, an SPCl card image is merged onto GE0M4 containing the constraint informa­

tion for all harmonics of this point. Its fonnat is the following: 

*Set identification 102 is inserted only if any MPC card images have been generated for set 
102. If Id• 102 a user fatal error is indicated. 
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2 

2+1 

2+i 

2+N 

3+N 

Value 

l 02 

Description 

Set identification 

Component to be constrained 

Point to be constrained 

Point to be constrained 

Point to be constrained 

End of image flag 

· Ii is the ;th entry in the list of harmonic indices. 

6. Analogous operations to those described in p·aragraph (4) of this section are performed at 

this time for existing SPC, SPCl and SPCADD card images. The data ·is merged onto a 

scratch file and when.complete, the scratch file is merged onto the GE~M4 data block. 

4.89.8 Subroutines 

4.89.8.1 Subroutine Name: IFP4A 

1. Entry Point: IFP4A 

2. Purpose: To write the first line of the user fatal error messages. 

3. Calling Sequence: CALL IFP4A(NUM) 

NUM - Message number minus 4030. 

4.89.8.2 Subroutine Name: IFP4B 

1. Entry Point: IFP4B 

2. Purpose : To copy data from IFP data files up to and including a given record onto a 

scratch file. On option the data on the scratch file may be copied onto the original 

data block. 
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3. Calling Sequence: 

CALL IFP4B(FILE,SCRT,ANY,SPACE,LSPACE,RECID,E0F) 

where: 

FILE - File Number 

SCRT - Scratch File Number 

ANY - Flag • .TRUE. if RECIO is found on FILE, 
= .FALSE. if record is missing 

SPACE - Area of core for working space 

LSPACE - Length of working space 

RECIO - Record Number of FILE where the copy process stops. If -1 is 
used the copy process proceeds to the end of FILE and the data 
on SCRT is copied back onto FILE. 

E0F - Flag= .TRUE. if end of record is encountered on return. 

4.89.8.3 Subroutine Name: IFP4C 

1. Entry Point: IFP4C 

2. Purpose: To open an IFP generated file and a scratch file and to copy the header record 

from the IFP file onto the scratch ftle. 

3. Calling Sequence: 

CALL IFP4C(FILE,SCRT,BUF1,BUF2,E0F) 

where: 

FILE - File nunmer 

5CRT - Scratch file number 

BUFl - Buffer area in core for reading FILE 

BUF2 - Buffer area in core for writing SCRT 

E0F - Flag• .TRUE. if FILE is null 

4.89.8.4 Subroutine Name: IFP4E 

1. Entry Point: IFP4E 

2. Purpose: To check identification numbers of fluid points for possible difficulties with 

1 arge numbers. 
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3. Calling Sequence: CALL IFP4E(ID) 

where: 

ID - Identification number 

4.89.8.5 Subroutine Name: IFP4F 

1. Entry Point: IFP4F 

-2. Purpose: To test if a bit in a trailer record word is on or off. 

3. Calling Sequence: CALL IFP4F(IBIT,FILE,BIT) 

where: 
!BIT - Position of bit in trailer 

FILE - File number 

BIT - Flag= .TRUE. if bit is on 

= .FALSE. if bit is off 

4.89.8.6 Subroutine Name: IFP4G 

1. Entry Point: IFP4G 

2. Purpose: To turn on a bit in a trailer record. 

3. Calling Sequence: CALL IFP4F(IBIT,FILE) 

where: 

!BIT - Position of bit in trailer 

FILE - File number 
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4.90 FUNCTIONAL MODULE BMG (BOUNDARY MATRIX GENERATOR FOR HYOROELASTIC PROBLEMS) 

4.90.1 Entry Point: BMG 

4.90.2 Purpose 

The MATP00L data block may contain data related to fluid boundaries which is generated by the 

IFP4 preface module. The purpose of this module is to combine these data with the geometry data 

(EQEXIN, BGPDT, and CSTM data blocks) to produce matrix tenns which describe fluid-structure con­

nection forces. These matrix tenns are produced in the fonn of internal DMIG data card images. The 

module MTRXIN must always be used in conjunction with module BMG to produce NASTRAN matrices. 

4.90.3 DMAP Calling Sequence 

BMG MATP00L,BGPDT,EQEXIN,CSTM / BDP00L / V,N,N0KBFL / V,N,N0ABFL / V,N,MFACT $ 

4.90.4 Input Data Blocks 

MATP00L - Direct Input Matrices and Hydroelastic Boundary data. 

BGPDT - Basic Grid Point Definition Table. 

EQEXIN - Equivalence between External and Internal Grid Point numbers. 

CSTM - Coordinate System Transformation Matrices. 

4.90.5 Output Data Blocks 

BDP00L - Boundary Matrices ABFL and KBFL in DMIG Fonnat. 

4.90.6 Parameters 

N0KBFL - Existence of KBFL Matrix Data• O, 
No KBFL Data= -1, output parameter. 

N0ABFL - Existence of ABFL Matrix Data• 0, 
No ABFL Data• -1, output parameter. 

MFACT - Complex Factor for Symnetric Structures, output parameter. 

4.90.7 Method 

The fluid boundary data, contained in the MATP00L data block, is grouped by the fluid points 

on the boundary. For each fluid point the geometric parameters of the surface and the positions 

of the associated grid points are listed. The input data read for each fluid point are operated 
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on to produce matrix terms. The output matrix data are written on two files. The ABFL matrix terms 

are written on the BDP00L file. The KBFL data are written on a scratch file. After the processing 

of the input file is complete, the KBFL data is appended to the BDP00L file. 

During the processing the core is allocated for the geometry data blocks. For each fluid 

point, tables are also created which must fit in the remaining core. The following description 

lists the form of the input data and the various steps used in the process. 

4.90.7.1 Form of the Boundary Data Record on the MATP00L Data Block 

Three levels of data are contained within thi~ record. The first level is a list of the over­

all definition parameters of the fluid and the boundary. The second level consists of fluid points 

and their associated data. Attached to each fluid point is a third level consisting of a list of 

the connected structural grid points and their angular position on the fluid circle. The actual 

data in the record are: 

1 . Header data: 

csf 
M 

Sl 
S2 

g 

N0SYM 

le 

Descriptinn 

Fluid coordinate system identification 

Number of synmetric sections 

Synmetry definitions of first and second boundary 

Value of gravity 

Flag for n* series 

Number of hannonic indices below 

List of hannonic indices 
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2. Fluid point data 

Symbol 

r,z,R.,C,S,p 

. 
etc. 

Description 

First fluid point (RINGFL) identification 

Fluid point properties 

Number of connected grid points below 

Grid. point identification 

Angular position of First grid point 

(grid point data) 

Second fluid point 

etc. 

4.90.7.2 Selection o~ uannonics to Match Boundary Conditions 

* The Header Record for the boundary data is read and a list of harmonics (nj and nj) to be 

included in the matrices are precalculated. If N0SYM • YES, the indices for the sine series will 

* be included. A test is made on each value of n and n using the values of Sl and S2 in the header 

data. 

1. If M • 0 or 1 accept all values of n and n*. 

2. If S1 • S2, Calculate: 

K ., 2n 
M 

* a. If K is not an integer reject nor n 

b. If K is an integer: 
accept n if Sl = S 

* accept n if Sl = A 
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3. If Sl i S2, calculate: 

a. If K is not an integer reject nor n* 

b. If K is an integer: 

accept n if Sl • S 

accept n* if Sl • A 

(2) 

* A list of allowable values of n and n is built in core. If the final list is null, only the 

KBFL matrix is generated. The parameter MFACT is the complex number (M,O) if Mis nonzero. The 

value (1,0) is used ff Mis zero. 

4.90.7.3 Fonnation of Geometry Table for Internal Use 

The core is allocated for the BGPDT data block and an extra word for each of its entries. 

The data is read in groups of four words and stored in five word entries, reserving the first word 

for the external identification number. The EQEXIN data contains a paired list of external and 

internal numbers. The EQEXIN is read and the external numbers are placed in the corresponding 

BGPOT entries in core. The resulting BGPDT data are sorted on the external identification numbers. 

The referenced coordinate system number and the basic location vector for any grid point are now 

available by using a single binary search. 

4.90.7.4 CSTM Processing 

The CSTM data· block is now read and stored in core. The fluid coordinate system identifica­

tion number, csf. is found and the 3 by 3 transfonnation matrix, [T
0
fJ, is extracted directly from 

the data. 

4.90.7.5 File Initialization 

The processing of the matrix data may now begin. The files for the ABFL and KBFL output data 

are opened and the matrix header data is written. The boundary data on the MATP00L data block are 

read and one fluid point at a time is processed. 
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4.90.7.6 Calculations of Areas Associated with Boundary Grid Points 

The first set of the parameters Id, r, z, tk, ck' Sk' and pk are read for the fluid point 

where k = 1 if the fluid point has only one entry or k = 1, 2, 3 ... if the fluid point is connected 

with multiple boundaries. The connected grid point numbers (Id;) and angles (~i) are read and placed 

in core. Twenty-six words are allocated for each grid point. 

For each connected grid point the calculated data are: 

( l ) Id; Identification number 

(2) ~i Azimuthal angle (radians) 

(3) ~Oi Angle midway to previous point 

(4) ~li Angle midway to next point 

(5-22) [Vi] 3x3 double precision transformation 

(23-26) {Wi} 3xl vector 

The midway angles are defined in general as: 

(3) 

The angles for the first point are: 

(4) 

, M = O. 

The angles for the last point are: 

(5) 

M = 0 • 

All of the grid point data are sorted on the grid point numbers before the transformations [V.] and , 
{W;} are calculated. 
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The equations for the transformation matrices are: 

(6) 

Where [Ti] is the 3 by 3 global-to-basic transfonnation matrix for grid point i. 

4.90.7.7 Calculation of Matrix Terms 

The matrix terms corresponding to one fluid point are generated for the ABFL and KBFL data 

tables at this stage. The ABFL matrix terms are generated as follows: 

* 1. For each allowable value of nor n a matrix column is generated in the ABFL table. The 

internal numbers. Gj• for the fluid point identification number, Idf• are: 

cosine series 

* G. • Id + 2n+ 1· 106 sine series· 
J f 2 

These numbers label the column of the matrix. 

2. Each row position in the matrix is labeled by a grid point. Id;, and its three components: 

C = 1, 2, 3. The values corresponding to these positions are the values of the vector 

{A;n} where: 

ck cos ct,i 

{A1n} • ~ A~k[v1J ck sin cj)i 

s 

* The vector {A1n} is similar. The coefficients are: 

n • 0 

n* rlk * * * 
Aik • ~n~ [cos(n ct,1;) - cos(n ct,0i)] , n > O 
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where k = l, 2, 3, ... is an index if the fluid point occurs more than once in the 

boundary list tables. 

3. If gravity, g, is nonzero the KBFL matrix terms are calculated. Each grid point, Id;, 

connected to the fluid point is used to produce three columns of the matrix corresponding 

to the three components, Cj = 1, 2, 3. The three rows for each column are the same three 

components, Ci = 1, 2, 3, of the grid point. The equation for the three terms in each 

column is: 

{Ki} j ( 9) 

where: 

Wij is the jth component of {Wi} and: 
(10) 

k is the index used if the points are included in more than one boundary list entry. 

(.90.7.8 Wrapup Operation 

The final operations involve rewinding the scratch file containing the KBFL data and appending 

that data to the B0P00L data block output file. 

4.90.8 Additional Subroutines 

BMGTNS - This routine is a slightly modified version of utility subroutine PRETRD so as to 

have only one entry point. 

4.90.9 Design Requirements 

The major core requirements are that the BGPDT data must fit and that twenty-six words for 

each boundary grid point converted to~ fluid point must fit in core. 
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4.90. 10 Diagnostic Messages 

The following system fatal messages may be issued by BMG: 

***SYSTEM FATAL MESSAGE 2148, C00RDINATE SYSTEM= XXXXX CAN N0T BE FOUND IN CSTM DATA. 

***SYSTEM FATAL MESSAGE 2149, C0NNECTEO FLUID P0INT ID= XXXXX IS MISSING BGPDT DATA. 
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4.91 EXECUTIVE PREFACE MODULE IFP5 (INPUT FILE PROCESSOR - PHASE 5) 

4.91.l EntryPoint: !FPS 

4.91.2 Puroose 

l. To convert the data card images related to acoustic analysis into conventional grid 

points and elements. 

2. To calculate slot-cavity interface matrix terms and generate corresponding scalar 

elements. 

3. To generate plot elements describing the sides of the acoustic elements. 

4.91.3 Calling Seouence 

CALL !FPS. !FPS, an Executive Preface Module, is called only by the Preface driver SEMINT. 

4.91.4 Input Data Blocks 

AXIC - Contains Bulk Data Cards related to the acoustic parameter, points, and boundaries. 

GE0M1- Grid point and coordinate system data 

GE0M2- Element Data, including acoustic elements. 

4.91.5 Output Data Blocks 

GE0Ml - Same format as input, acoustic points are merged in as GRID points. 

GE0M2 - Same format as input, scalar elements and plot elements are added. 

4.91.6 Parameters 

Not applicable to !FPS 

4.91.7 Method 

!FPS converts the data on the AXIC data block into conventional grid points and elements. 

The GE0Ml and GE0M2 data are read and merged with the new data on scratch files. The complete 

data sets are copied back onto the GE0Ml and GE0M2 files. (This is not normally allowed in a 

NASTRAN Module. The preface modules, however, have the privilege of writing on an input file.) 
. 

The data cards listed below are processed by IFPS. The corresponding output card image and 

its data block are given for each card. 
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IFPS Input 
Card Image 

AXSL0T 

CAXI F2 I CAXIF3 
CAXIF4 
CSL0T3 
CSL0T4 
GRIDF } 
GRIDS 
BDYLIST 

MODULE FUNCTIONAL DESCRIPTIONS 

Data Block 
In 

AXIC 

GE0M2 

AXIC 

AXIC 

IFPS Output 
C, ·d Image 

(a 11 below) 
CAXIF2 
CAXIF3 
CAXIF4 
CSL0T3 
CSL"T4 
PL0TEL 
GRID 

CELAS2 

Data Block 
Out 

(all be1 ow) 

GE0M2 

GE0Ml 

GE0M2 

It should be noted that the formats of the CAXIFi data cards are exactly the same as the CFLUIOi 

data cards as generated by IFP4, Section 4.89. The following steps are followed to process the 

data: 

l. The AXSL0T card is read from the AXIC file, its data are: 

pd - default density 

Bd - default bulk modulus 

N - harmonic number 

wd - default slot width 

M - Number of slots 

2. The GRIDS data card images are read and stored in core. The contents of each card are: 

Ids - identification number 

r - radius 

z - axial coordinate 

w - slot width 

Idf - identification of assoicated GRIDF 

3. The GRIDF data card images are read and stored in core. The contents of each card are 

ldf - identification number 

r - radius 

z - axial coordinate 
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4. If the value in field 5 of GRIDS card is nonzero an IDF card is generated with the 

values Idf' r, z as given on the GRIDS card. These cards are added to the GRIDF images 

and the complete list of GRIDF cards is sorted. 

5. Data bleak GE0Ml is copied onto the first scratch file up to the first GRID card. The 

GRIDF and GRIDS cards are merged with the GRID cards in the GRID card format as follows: 

GRID Field Value GRIDF Value GRIDS 

l Idf Ids 
2 0 0 
3 r r 
4 z z 
5 0 w 
6 -1 -1 
7 0 0 

6. The remainder of GE0Ml is copied onto the scratch file. The scratch file is then copied 

back onto GE0Ml, starting from the beginning. 

7. The SLBDY data card images are read from the AXIC data block. For each entry, Id; on a 

logical card, five words are alocated in core and the following is stored. 

where Id; is a point number in the list 

Id, 1 is the previous point number in the list ,_ 

ldi+l is the next point number in the list 

RH0, Mare given on the logical card 

If Id; is the first entry on a logical card, Id;.1 = -1. If Id; is the last entry on a 

logical card, Idi+l = -1. 

8. After all SLBDY cards are processed the above list is sorted on the first entry in each 

group of 5. 

9. Plot elements (PL0TEL} are generated and placed on the first scratch file. The GE0M2 

data block is read and for each (AXIFi) data card a series of PL0TEL cards are generated 

and written on the first scratch file (SCRTl). 
/ 

4.91-3 (8/i/72) 



MJDULE FUNCTIONAL DESCRIPTIONS 

CAXIF2 Data PL!llTEL Data 

Id Id+ 106 

Gl Gl 
G2 G2 
p 
B 
N 

CAXIF3 Data PL~TEL Data 

Id Id+ 2•106 

Gl Gl 
G2 G2 
G3 
p Id+ 3•106 

B G2 
N G3 

Id+ 4•10 6 

G3 
Gl 

CAXIF4 Data PL~TEL Data 

Id Id+ 5•10 6 Id+ 6•10 6 

Gl Gl G2 . 
G2 G2 G3 
G3 
G4 Id+ 7•106 Id+ 8•106 

p G3 G4 
B G4 Gl 
N 

10. A second scratch file (SCRT2) is opened and the GE0M2 data is·copied onto SCRT2 to the 

CELAS2 data card position. The boundary list data is processed and CELAS2 data cards are 

generated and appended to SCRT2. For each five word entry in the Boundary Table search 

the GRIDS data card images for the following data 

r Z W from GRIDS Card IIJDS II 

i-1' i-1' i-1 i-1 

ri+l' zi+l' wi+l from GRIDS card 11 IDS;+l" 

where r • r
1

, z • z
1 

if the corresponding identification number IDS is -1. If a GRIDS 

card can not be found a fatal error exists. The following data fs calculated for each 

entry: 
~. . ,.. 
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/(zi+l 
2 r. )2 .Q,1 = - Z;) + (ri+l -

1 

j (zi-1 
2 ( r. 1 2 

.Q,2 = - z.) + - r.) • 
1 

,_ 
1 

I 1 j (zi+l 
2 2 = 2 - zi-1) + (ri+l - r. l ) • 1-

The coefficients for slot interaction are: 

( If e ~ 1 a fatal error exists) 

and 

where F; = M if N = 0 or N = ~. G; =; otherwise. 

11. For each entry in the Boundary Table, corresponding GRIDF data card with ID= IDF is 

found in core. For the corresponding GRIDF point IDFj calculate the following: 

a = 

sin Nw 
2r 

Nw 
2r 
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CELAS2 elements are now generated for the slot point IDS; and the corresponding axi sym-

metric fluid point IDFj. The format of this data is: 

Id K Gl Cl G2 C2 

Id + 1 e ( 1-a) Kf IDS; "l" blank blank 

Id + 2 e aKf ID_S; .. , .. . IDF. , .. , ti 

Id + 3 e a(l-a)Kf IDFi "1 " blank blank 

The element identification numbers Ide are sequential starting with 10,000,001. With 

each new point on the boundary list, IDF1, the value Ide is incremented by 3. 

13. When all points on the boundary list are processed, the remainder of GE0M2 is copied onto 

SCRT2. If CSL0T3 and/or CSL0T4 elements are encountered, they will produce PL0TEL data 

card images which are written on SCRTl in the following format: 

CSL0T3 Data 

Id 
Gl 
G2 
G3 
p 
B 
M 
N 

CSL@T4 Data 

Id 
Gl 
G2 
G3 
G4 
p 
B 
M 
N 

PL0TEL Data 

Id+ 9•106 

Gl 
G2 

Id+ 10•106 

G2 
G3 

Id+ 11•106 

G3 
Gl 

PLOTEL Data 

Id+ 12•106 

Gl 
G2 

Id+ 13•106 

G2 
G3 

Id + 14•101 

G3 
G4 

Id+ 15•106 

G4 
Gl 
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14. When GE0M2 has been completely copied onto SCRT2. the files are rewound and the data from 

SCRT2 (containing the new CELAS2 elements) and the PL0TEL data from SCRTl are merged and 

copied back onto GE0M2. 

4.91.8 Subroutines 

4.91.8.1 IFPSA 

1. Entry Point: IFPSA 

2. Purpose: Prints formal part of messages for IFPS. 

3. Calling Sequence: CALL IFPSA (NUM) 

NUM = !FPS message number. 

4.91.9 Design Requirements 

· Discussed under Method. 

4.91.10 Diagnostic Messages 

Many user messages relevant to the acoustic cavity modeling data may be issued .. 
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4.92 FUNCTIONAL MODULE PLTTRAN 

4.92. 1 Entry Point: PLTTRA 

4.92.2 Purpose 

To modify the SIL and BGPDT tables for the purpose of plotting special scalar grid points. 

Each grid point with one degree of freedom is given six degrees of freedom in the modified SIL 

data block. These points are identified in the BGPDP data block by the value (-2) in the first 

entry for each point. 

4.92.3 DMAP Calling Sequence 

4.92.4 Input Data Blocks 

Data Block~·- Four entries per grid or scalar point as follows: 

1. Local coordinate system number or -1 if point is a scalar point. 

2-4. X, Y, Z location in basic coordinate system. 

Data Block SIL (or HSIL) - One entry per grid or scalar point. The value of the entry is the - --
location of the first degree of freedom of the point in the vector containing all degrees of 

freedom. 

4.92.5 Output Data Blocks 

Data Block BGPDP - Same fonnat as BGPDT. If a point is detennined to have one degree of 

freedom and is not a scalar point, the value (-2} is placed in the first entry for that point. 

Data Block SIP (or HSIP) - Same format as SIL. All points except time scalar points are - -
given six (6) degrees of freedom. A true scalar point has the value (-1) in the first slot of its 

BGPDT entry. 

4.92.& Parameters 

LUSET - Total number of degrees of freedom. 

LUSEP - New value for LUSET taking into account the change in the number of degrees of 
freedom when the special ~calar points are expanded to six degrees of freedom. 
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4.92.7 Method 

The SIL is read l word at a time; the BGPDT is read 4 words at a time. If the difference 

between the new SIL number and the previous SIL value is 1 and the first entry in the BGPDT is 

zero a fluid scalar grid point exists. In this event the new SIP increment is 6 and the value -2 

is placed in the first word of the BGPDP entry. 

4.92.8 Subroutines 

None. 

4.92.9 Design Requirements 

Open core is defined at /PLTRNl/ and must be sufficient to hold four (4) GIN0 buffers. 

4.92.10 Diagnostic Messages 

Messages 3001, 3002, 3003, 3008, 5011 and 5012 may be issued. 
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4.93 MATRIX MODULE UPARTN (PARTITIONS A MATRIX BASED ON USET) 

4.93.1 Entry Point: DUPART 

4.93.2 Puroose: 

To compute a partitioning vector based on the displacement sets as defined by USET and create 

the symmetric partitions of the input matrix. 

For example this module will perfonn 

4.93.3 DMAP Calling Seguence 

UPARTN USET,KNN / KFF,KSF,KFS,KSS / C,Y,MAJ0R•N / C,Y,SUBO=F / C,Y,SUBl=S $ 

4.93.4 Input Data Blocks 

USET - Displacement set definitions table (This may also be USETD if extra points are 
present). 

KNN - Any square displacement matrix. The associated set of KNN (N) must be given in 
the first parameter. 

Note: 1. USET may not be purged. 

2. If KNN is purged, UPARTN will return. 

4.93.5 Output Data Blocks . 

KFF - Matrix. It will have SUBO rows and columns. 

KSF - Matrix. It wi 11 have SUBl rows and SUBO columns. 

KFS - Matrix. It will have SUBO rows and SUB1 columns. 

KSS - Matrix. It will have SUBl rows and columns. 

Note: Any purged or omitted output data blocks will not be written. 
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4.93.6 Parameters 

MAJ0R - Input - BCD - No default value. This is the set of KNN. 

SUBO Input - BCD - No default value. This is the first subset of MAJ0R. 

SUBl Input - BCD - No default value. This is the second subset of MAJ0R, 

~: 1. MAJOR, SUBO, and SUBl must be selected from the following list: M,0,R,SG,SB,L, 

A,F,S,N,G,E,P,NE,FE,D,PS,SA,K and PA. 

2. The set equation MAJ0R = SUBO + SUBl should be satisfied. 

4.93.7 Method 

The module driver, DUPART, checks the compatibility of the parameter data and directly calls 

UPART and MPART (an entry point in UPART). All work is then accomplished in the UPART routine. 

4.93.8 Subroutines 

UPART - See subroutine description, section 3.5.9. 

4.93.9 Design Requirements 

One scratch file. 

4.93.10 Diagnostic Messages 

UPARTN may issue one of the following diagnostic messages: 

3007 or 3059 
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4.94 MATRIX MODULE UMERGE (MERGES TWO MATRICES BASED ON USET). 

4.94.1 Entry Point: DUMERG 

4.94.2 Purpose: 

To merge two matrices into a third based on the displacement sets. For example, this 

module will perform: 

4.94.3 DMAP Calling Seguence 

UMERGE USET,PHIA,PHI0 / PHIF / C,Y,MAJ0R=F / C,Y,SUBO=A / C,Y,SUB1=0 $ 

4.94.4 Input Data Blocks 

USET - Displacement set definitions table (this may also be USETD if extra points are 

present.} 

PHIA 
PHI0 

Any two matrices except that their rows must be associated with degrees-of-freedom 

- specified by USET and the parameter list. PHIA's degrees-of-freedom are specified 

by SUBO and PHI0's by SUBl. 

Note: Either matrix may not be present and its respective degrees-of-freedom will be filled 

with zeros. 

4.94.5 Output Data Blocks 

PHIF - Matrix. Its tenns will be associated with degrees-of-freedom in the set specified 

by MAJ(llR. 

Note: PHIF must be present. 

4.94.6 Parameters 

MAJ(llR - Input - BCD - No default value. This is the set of PHIF. 

SUBO - Input - BCD - No default value. This is the set of PHIA. 

SUBl - Input - BCD - No default value. This is the set of PHI0. 

4.94-1 (8/1/72) ,·--r·"/" 



MODULE FUNCTIONAL DESCRIPTIONS 

Note: l. MAJ0R,SUB0 and SUB1 must be selected from the following list: M,0,R,SG,SB,L,A,F,S,N, 

G,E,NE,FE,D,PS,SA,K and PA. 

2. The set equation MAJ0R = SUBO + SUB1 should be satisfied. 

4.94.7 Method 

The module driver, DUMERG, checks the compatibility o~ the parameter data and directly calls 

SDR1B. All work is then accomplished in the SDR1B routine. 

4.94.8 Subroutines 

SDR1B - See its subroutine description, section 3.5. 

4.94.9 Design Requirements 

One scratch file. 

4.94.10 Diagnostic Messages 

UMERGE may issue one of the following diagnostic messages: 

3007 or 3059 
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4.95 MATRIX MODULE VEC (CREATES PARTITIONING VECTOR BASED ON USET) 

4.95.1 Entry Point: VEC 

4.95.2 Purpose: 

VEC creates a partitioning vector based on USET that may be used in PARTN and MERGE. 

4.95.3 DMAP Calling Seguence 

VEC USET / V / C,N,SET / C,N,SETO / C,N,SETl $ 

4.95.4 Input Data Blocks 

USET - Displacement set definition table (this may be USETD if extra points are present). 

Note: USET must be present. 

4.95.5 Output Data Blocks 

V - Pa rti ti oni n_g vector. 

Note: V may not be purged. 

4.95.6 Parameters 

SET - Input-BCD-no default. SET indicates the set to which the partitioning vector applies. 

SETO - Input-BCD-no default. SETO indicates the upper partition of SET. 

SETl - Input-BCD-no default. SETl 'indicates the lower partition of SET. 

4.95.7 Method 

The BCD parameters SET, SETO, and SET1 are converted to bit positions in USET. They must be 

one of the following 17 symbols: M,~,R,SG,SB,L,A,F,S,N,G,E,P,NE,FE,D,H or else a fatal error will 

result. 

USET is read into core and the file closed. The output file is then opened and each entry is 

compared with the three converted parameters as follows: 

. 
1. USET is searched for members of SET. If the entry is not a member of SET, it is checked 

that it is not a member of SETO or SET1 before going to the next entry. 

/ 
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2. The entry that belongs to SET is then checked if it is also a member of SETl. If it is, 

the entry is also checked if it is a member of SETO, which is fatal, before replacing the 

entry with 1.0. 

3. If the entry is a member of SET and not a member of SETl, the entry is checked to verify 

that it is a member of SETO before replacing it with a 0.0. 

4. After all entries have been successfully processed, a check is made to insure that a 

vector exists and that the entries are not all zeros or ones (fatal error). 

5. The rewritten entries are then written onto the output data block as a matrix consisting 

of one (1) column. 

4.9·5.8 Subroutines 

VEC has no auxiliary subroutines. 

4.95.9 Design Requirements 

1. Open core is defined at/ VECXXX./ 

2. Layout of open core is as follows: 

Unused 
core j 

/ VECXXX / 

USET 

Open core 

GIN0 
Buffer 
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4.96 MATRIX MODULE ADDS (ADD MATRICES) 

4.96. l Entry Point: DADDS 

4.96.2 Purpose 

To compute [X] = a[A] + a[B] + y[C] + o[O] + e[E]. 

4.96.3 DMAP Calling Seguence 

ADD A,B,C,D,E/X/C,Y,ALPHA=(l.0,2.0)/C,Y,BETA=(3.0,4.0)/C,Y,GAMMA=(5.0,6.0)/ 

C,Y,DELTA=(7.0,8.0)/C,Y,EPSLN;(9.o,o.o) $ 

4.96.4 Input Data Blocks 

A, B, C, D, and E must be distinct matrices. 

Note: Any of the input matrices may be purged. 

4.96.5 Output Data Blocks 

X - Matrix. 

The type of Xis maximum of the types of A, B, C, D, E, a, a, y, o, e. The fonn of Xis 

the fonn of A if A is present. Otherwise it is that of the first non-purged input. 

Note: X cannot be purged. 

4.96.6 Parameters 

ALPHA - Input-complex default value• 1,0. This is the scalar multiplier for A. 

BETA - Input-complex default value• 1,0. This is the scalar multiplier for B. 

GAMMA - Input-complex. default value• 1,0. This is the scalar multiplier for C. 

DELTA - Input-complex default value• 1,0. This is the scalar multiplier for o. 

EPSLN - Input-complex· default value• 1,0. This is the scalar multiplier for E. 

~: If Im(a), Im(S), Im(y), Im(o) or Im(e) = 0.0, the parameter will be considered real. 

4.96.7 Method 

If [A] is not purged, the number of columns, rows, and form of [X] = number of columns, rows, 

and form of [A]. Othel'"Nise the descriptors of the first non-purged input are used. The type of 
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[XJ is the maximum compatible type of [AJ, [BJ, [CJ, [DJ, [E], ALPHA, BETA, GAMMA, DELTA and 

EPSLN. ALPHA, BETA, GAMMA, DELTA and EPSLN are assumed to be real if their imaginary parts are 

zero. 

4.96.8 Subroutines 

SADD - See subroutine description, Section 3.5.26. 

4.96.9 Design Requirements 

Open core is defined at /DADDA/. 

4.96.10 Diagnostic Messages 

None. 
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4.97 FUNCTIONAL MODULE INPUT (INPUT GENERATOR) 

4.97.l Entry Point 

INPUT (See also Section 2.6 of NASTRAN User's Manual) 

4.97.2 Purpose 

Generates part of the bulk data input for a large number of academic test problems. It is 

also intended as an example of a user module with F0RTRAN read statements. 

4.97.3 DMAP Calling Sequence 

INPUT GE0M1,GE0M2,GE0M3,GE0M4, / 01 ,02,03,04,05 / C,N,a / C,N,S / C,N,o $ 

4.97.4 Input Data Blocks 

GE0Mi - Preface files to be merged with data to be generated by the module. 

4.97.5 Output Data Blocks 

0i - Modified output file corresponding to GE0Mi as required by the execution of the module. 

4.97.6 Parameters 

a - Problem type selector - Input, integer, default value• -1 (an illegal value for 
execution). 

S - Problem type option selector - Input, integer, default value~ O. 

o - Problem type option selector - Input, integer, default value= O. 

4.97.7 Method 

Based on the values of the parameters, INPUT reads one or more data cards from the input 

stream using standard_F0RTRAN read statements. Since the data deck has already been proces:cd 

through the ENDDATA card at this point, these data cards always follow the EN0DA1A card. Since 

F0RTRAN I/0 is used, integer data on these cards must be right-justified. Once the data cards are 

read and checked, INPUT generates the table data blocks that would have been generated if the 

equivalent actuJl cards had appeared in the bulk data deck. These generated records are added by 

INPUT to those coming from the corresponding input data file (generated by IFP) and are written 

onto the appropriate output data file. 
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Note that the data records to be created by INPUT must not include any of the data card types 

generated by the preface, IFP. That is, data cannot be appended to records already existing in 

the GE0Mi files. 

The following table defines the equivalence between input (GE~Mi)/output (0i) files and the 

data records generated under user selection by INPUT. The input files are optional and the data 

records generated are dependent on the F0RTRAN input. 

Parameters Files 
Data Records Generated 

a B y Input Output 

1 - Laplace Network 1 - GE0M2 02 CELAS4,CNGRNT* 
2-3 - GE0M2 02 CELAS4,CMASS4,CNGRNT* 
1 - GE0M4 04 SPC 

2 - Rectangular Network 1 0-3 GE0Ml 11)1 GRID 
2-4 0-3 GE0M1 01 GRID,SEQGP 
1-4 0 GE0M2 02 CBAR,CNGRNT* 
1-4 1-3 GE0M2 02 CRIIJD,CNGRNT* 

3 - Rectangular Plate 1 - GEIIJMl 01 GRID 
2-4 - GE0Ml 01 GRID,SEQGF 
1-4 - GE0M2 11)2 CQUADl ·,CNGRNT* 

1 - GE0M4 04 SPC 
2-4 - GE0M4 04 SPC,SEQGP 

4 - Rectangular Plate 1 - GE0Ml 01 GRID 
2-4 - GE0Ml 01 GRID,SEQGP 
1-4 - GEIIJM2 1112 CTRIAl,CNGRNT* 
1 - GE0M4 04 SPC 

2-4 - GE0M4 04 SPC,SEQGP 

5 - N-Cell String - - GE0M2 02 CDAMP4,CELAS4,CMASS4,CNGRNT* 

6 - N-Ce 11 Ba.r - - GE0M1 11)1 GRID 

- - GE0M2 02 CBAR,CNGRNT* 

-· - GE0M4 04 0MIT 

7 - Full Matrix - - GE0M2 02 CELAS4,CNGRNT* 

- - GE0M3 03 SL0AD 

- - - 05 .SPQJINT 

8 - Spoked Wheel - - GEIIJM1 01 GRID 

- - GE(IJM2 02 CBAR,CNGRNT* 

*The CNGRNT feature may be suppressed only if SYSTEM(57) r O (the default value is 0). 
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4.97.8 Subroutines 

IUNI0N - Integer function which computes the union of constraint codes. 

INPABD - Initializes the COITITlOn block /INPUTA/. 

4.97.9 Design Requirements 

Open core is defined at /INPUTX/ and must be sufficient to hold two GIN0 buffers. 

4.97.10 Diagnostic Messages 

Many user messages are generated by INPUT. These are mostly related to improper or incon­

sistent data presented by the user and are usually self-explanatory. The messages generated 

internally within INPUT are 1738 through 1745. In addition, INPUT writes an echo of all data read 

from the input stream and certain informational output related to the processing that occurs while 

generating the user's problem data. 
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4.98 FUNCTIONAL MODULE INPUTTl 

4.98.1 Entry Point 

INPTTl 

4.98.2 Purpose 

FUNCTIONAL MODULE INPUTTl 

Recovers GIN0-written data blocks (tables or matrices) from User Tapes designated for that 

purpose (NASTRAN pennanent GIN0 files INPT, INPl, INP2, ---, and/or INP9). Normally, these tapes 

would be written by the companion module 0UTPUT1 (see Section 4.100) in a previous run. 

4.98.3 DMAP Calling Sequence 

INPUTTl / 01,02,11)3,04,05 / V,N,Pl / V,N,P2 / V,N,P3 $ 

4.98.4 Input Data Blocks 

None. 

4.98.5 Output Data Blocks 

ll)i - Any data block which is to be recovered from the User Tape. Purged outputs {either 

implicit or explicit) are ignored. 

4.98.6 Parameters 

Pl - Tape positioning option (Input, integer, default value= O) 

P2 - User Tape code (Input. integer, default value= O) 

P3 - User Tape Label (Input, alphanumeric, default value= 'XXXXXXXX') 

4.98. 7 Method 

INPTTl examines the first parameter and positions the User Tape designated by the second 

parameter (checking the User Tape Label defined by the third parameter if appropriate). INPTTl 

then copies the next data blocks from the User Tape and writes them on the non-purged output data 

blocks in the OMAP instruction. The User Tape is left positioned wherever it is when the OMAP 

instruction requirements are satisfied. In this way. multiple calls can be made. 
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The configuration of files and records on the User Tape is shown in the sketch below. 

File 
# 0 

File 
# 1 

File 
# 2 

File 
# n 

\ 

End of File -------1..,~ 

Load Point 

12-word id record 

2-word header rec 

7-word trailer rec 

One or more 
logical records 

2-word header rec 

7-word trailer rec 

One or more 
logical records 

• 
• 
• 

2-word neader rec 

7-word trailer rec 

One or more 
logical records 
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4.98.8 Subroutines 

None. 

4.98.9 Desion Reouirements 

Open core is defined at /INP1XX/ and must be sufficient to hold two GIN0 buffers plus one 

word of working core. Since blast 1/0 techniques are used, efficiency is enhanced by any additional 

core up to the longest logical record to be read in any one data block. 

The User Tapes must be physical tapes. 

4.98.10 Diagnostic Messages 

Messages 3008, 4105, 4106, 4107, 4108, 4109, 4110, 4111, 4112, 4113, 4127, 4132, 4133, 4134, 

4135, 4136, 4137, 4138, 4139, 4140, 4141, and 4142 may be issued. 

In addition, when a file table of contents is requested, printout is generated giving the 

file number and the value of the first two words of the header record for each 'file' on the tape. 

4.98-3 (8/1/72) 



FUNCTIONAL MODULE INPUTT2 

4. 99 FUNCTIONAL MODULE ·INPUT'tl 

4.99.l Entry Point: 

INPTT2 

4.99.i Purpose 

Recovers F0RTRAN-written data blocks tables or matrices) from User Tapes. Any legitimate 

F0RTRAN unit number not ~lready utiljzed by NASTRAN may be used for this purpose. On the CDC 

machines, these unit numbers must also be compiled into the system in deck NASTRAN. Normally, 

these files would be written by the companion module l,ll'TPUT2 (see Section 4.101) in a previous run. 

It is intended that files also be easily generated by external F0RTRAN programs, however. 

4.99.3 DMAP Calling Sequence 

INPUTT2 / 01,02,03,04,05 / V,N,Pl / V,N,P2 / V,N,P3 $ 

4.99.4 Input Data Blocks 

None. 

4.99.5 Output Data Blocks 

0i - Any data block which is to be recovered from the User Tape. Purged outputs (either 

implicit or explicit) are ignored. 

4.99.6 Parameters 

Pl - File Positioning Option (Input, integer, default value• 0) 

P2 - User Tape Code (Input, integer, default value• 11. This is the F0RTRAN unit 
number for the file. 

P3 - User Tape Label (Input, Alphanumeric, default value• 'XXXXXXXX'.) 

4.99.7 Method 

INPTT2 examines the first parameter and positions the User Tape designed by the second 

parameter (checking the User Tape Label defined by the third parameter if appropriate). INPTT2 

then copies the next data blocks from the User Tape and writes them (via GIN0) on the non-purged 

output data blocks in the DMAP instruction. 
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The User Tape is left positioned wherever it is when the OMAP instruction requirements are 

satisfied. In this way, multiple calls may be made. 

A description of the file configuration is given below for those F0RTRAM prograrraners who may 

wish to generate User Tapes with their own external programs for input to NASTRAN. 

Fonnat of INPUTT2/0UTPUT2 Fi le 

NASTRAN File Rec F0RTRAN Rec Length 

KEY> 0 1 

l Data l t KEY 2 KEY 

KEY> 0 3 1 

{ Data l t KEY 4 KEY 

KEY< 0 E0R 5 1 

2 KEY> 0 6 1 

{ Data l l KEY 7 KEY 

KEY< 0 E0R 8 

KEY-= 0 E0F 9 1 

2 1 KEY> 0 10 1 

{Data} t KEY 11 · KEY 

KEY< 0 E0R 12 1 

KEY• 0 E0F 13 1 

3 KEY= 0 E@F • E00 14 1 

Rest ri cti ons : 

1. Enough core must be available to hold the longest record segment. 

2. A F0RTRAN unit must be avai1able. On the CDC, this means that the PR0GRAM 

_pee~ (~A$TRA~) .~u~t be. r,"'.;9mpiJe4 and Link O re-done if the va1ue used for 
pa.r&llleter P2 is other ..tha.tL..l.L. 

/ / -· / 
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The logic by which the NASTRAN looical 'records' are interrogated is given in the sketch 

be 1 ow: 

End of Record 
for Record I KI 

4.99.8 Subroutines 

None. 

4.99.9 Design Requirements 

< 0 

Read 
K 

End of File 
Condition 

YES 

> 0 

NO 

Next K viords a re 
part of Logical Rec 

Another file 

follows 

Open core is defined at /INP2XX/ and must be sufficient to hold two GIN0 buffers plus the 

longest F0RTRAN logical record on the User Tape. The 'User Tape' files may be on any F0RTRAN 

readable device. 

4.99.10 Diagnostic Messages 

Messages 2187, 2190, 3008, 4105, 4106, 4107, 4108, 4109, 4110, 4111, 4112, 4113, 4132, 4133, 

4134, 4135, 4136, 4137, 4138, 4139, 4140, 4141, and 4142 may be issued. 
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4.100 FUrlCTIO~l,\L 110DULE 0UTPUT1 

4.100. l Entry Point: 

0UTPT1 

4.100.2 Purpose 

Creates GIN0-Y1ritten User Tapes containing data blocks (tables or matrices) as requested by 

the user via the DMAP instruction. These tapes are written on NASTRAN permanent GIN0 files HIPT, 

1::Pl, INP2, ---, and/or INP9. It is anticipated that these tapes will be read by the companion 

module INPUTTl in a subsequent run. 

4.100.3 DMAP Calling Sequence 

0UTPUT1 Il ,I2,I3,I4,I5 // V,N,Pl / V,N,P2 / V,N,P3 $ 

4.100.4 Input Data Blocks 

Ii - Any data block which the user desires to be written on a User Tape. Purged inputs 

(either implicit or explicit) are ignored. 

4.100.5 Outout Data Blocks 

None. 

4.100 .6 Parameters 

Pl - Tape positioning option (Input, integer, default value= 0) 

P2 - User Tape Code (Input, integer, default value= O) 

P3 - User Tape Label (Input, Alphanumeric, defa_u_lt yalue = _ 'XXXXXXXX') 

4. 100. 7 Method 

0UTPT1 examines the first parameter and positions the User Tape designated by the second 

parameter (checking or writing the User Tape Label defined by the third parameter ii appropriate). 

0UTPT1 then writes onto the User Tape all non-purged input data blocks in the DMAP instruction. 

The User Tape is left positioned wherever it is when the DMAP instruction requirements are satis­

fied. In this way, multiple calls may be made to write as much material as desired on each User 

Tape. 
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The configuration of files and records on the User Taoe is shown in the sketch below. 

File 
# 0 

File 
# l 

File 
# 2 

File 
# n 

{ 

End of File~~ ...... -

Load Point 

12-word id record 

2-word header rec 

7-word trailer rec 

One or more 
logical records 

2-word header rec 

7-word trailer rec 

One or more 
logical records 

• 
• 
• 

2-word header rec 

7-word trailer rec 

One or more 
logical records 
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4. 100.8 Subroutines 

;Jone. 

4.100.9 Desian Requirements 

Open core is defined at /0UT1XX/ and must be sufficient to hold two GIN0 buffers plus one 

word of working core. Since blast I/0 techniques are used, efficiency is enhanced by any additional 

core up to the longest logical record to be read in any one data block. 

The User Tapes must be physical tapes. 

4. 100.10 Diagnostic Messages 

Messages 3008, 4114, 4115, 4116, 4117, 4118, 4119, 4120, 4127, 4128, 4129, 4130, and 4131 

may be issued. 

In addition, when a file table of contents is requested, printout is generated giving the 

file number and the value of the first two words of the header record for each 'file' on the tape. 

/ 
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4.101 FU~CTIONAL MODULE 0UTPUT2 

4.101.1 Entry Point: 

0UTPT2 

4.101.2 Purpose 

FUNCTIONAL MODULE 0UTPUT2 

Creates F0RTRAN-written User Tapes containing data blocks (tables or matrices) as requested 

by the user via the DMAP instruction. Any· legitimate F0RTRAN unit number not already utilized by 

~ASTRAN may be used for this purpose. On the CDC machine, these unit numbers must also be compiled 

into the system in deck NASTRMI. Normally, it is anticipated that these files will be read by the 

compansion module INPUTT2 in a subsequent run. It is expected, however, that users will want to 

generate their own User Tapes with external programs completely unrelated to NASTRAN. Towards 

this end, a scheme has been implemented by which NASTRAN-like logical files and records can be 

simulated by unformatted F0RTP.AN I/0 calls. 

4.101 .3 DMAP Calling Sequence 

0UTPUT2 I1,I2,I3,I4,I5 // V,N,Pl / V,N,P2 / V,N,P3 $ 

4.101 .4 Input Data Blocks 

Ii - Any data block which the user desires to be written on a User Tape file. Purged 

inputs (either implicit or explicit) are ignored. 

4.101 .5 Outout Data Blocks 

tlone. 

4.101 .6 Parameters 

Pl - File positioning option (Input, integer, default value= 0) 

P2 - User Tape Code (Input, integer, default value= 11). This is the FORTRAN unit 
nunt>er for the file. 

P3 - User Tape Label (Input, Alphanumeric, default value • X XXXX.XXX') 
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4.101.7 11ethod 

0UTPT2 examines the first parameter and positions the User Tape designated by the second 

parameter (checking or v1riting the User Tape Label defined by the third parameter if aopropriate). 

0UTPT2 then writes onto the User Tape fi1e all non-purged input data blocks in the DMAP instruc­

tions. The User Tape file is left positioned wherever it is when the DMAP instruction requirements 

are satisfied. In this way, multiple calls may be made to write as much material as desired on 

each User Tape file. 

A description of the file configuration is given below for those F!l)RTRArl programmers vtho may 

\'fish to generate User Tape files with their own internal programs for input to NASTRAN. 

NASTRAN File Rec 

2 

2 

Res tri cti ons : 

Fonnat of INPUTT2/0UTPUT2 File 

{:::rt KEY 

KEY> 0 

{o•tal t KEY 

KEY< 0 E0R 

KEY 

EQIR 

KEY = 0 E0F 

KEY> 0 

{ Data l f KEY 

KEY< 0 E!/JR 

KEY• 0 E0F ·-----=-:~--
KEY • i., E0F = E@D 

F!l)RTRAN Rec 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1. Enough core must be available to hold the longest r.ecord segment. 

Length 

KEY 

l 

KEY 

KEY 

KEY 

1 

1 

1 

2. A F0RTRAi~ unit must be available. On the CDC, F0RTrJ\N Unit 11 is assigned for this 

purpose. 
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The lo9ic by which the NAST~AN logical 'records' are interrogated is given in the sketch 

bel O\v: 

End of Record 
for Record IKI 

4. 101 .8 Subroutines 

Mone. 

4.101.9 Desion Reouirements 

·< 0 

Reau 
K 

End of File 
Condition 

YES 

> 0 

NO 

Next K words are 
oart of Logical Rec 

Another file i--~.......i 

follows 

Ooen core is defined at/0UT2XX/ and must be sufficient to hold two r;rn0 buffers plus the 

longest F0RTRAN logical record on the User Taoe. The 'User Tape' files may be on any device 

accessible to the F0RTRAN I/0 routines. 

4.101.10 Diagnostic Messaqes 

~essages 2187, 2190, 3008, 4114, 4115, 4116, 4118, 4119, 4120, 4128, 4129, 4130, and 4131 

may be issued. 

f ; 
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4.102 OUTPUT MODULE 0UTPUT3 

4.102.l Entry Point: 

0UTPT3 

4.102.2 Purpose 

OUTPUT MODULE 0UTPUT3 

Punches onto DMI cards the contents of matrix data blocks. Single-precision values are 

cutout on double-field cards. If full square matrices are considered, a maximum order of 196 is 

imposed since a maximum of 10000 cards (including the header card) are allowed. 

4.102.3 DMAP Calling Sequence 

0UTPUT3 Il ,I2,I3,l4,IS // V,N,PRINT0PT / V,N,Nl / V,N,N2 / V,N,N3 / V,N,N4 / V,N,NS $ 

4.102.4 Inout Data Blocks 

Ii - Any real matrix data block. Only sufficiently small non-purged data blocks will 

be punched onto DMI cards. 

4~102.s Cutout Data Blocks 

None. 

4.102.6 Parameters 

PRINT0PT - Print echo option (Input, integer, default value= 0) 
If this parameter is negative, an echo of the DMI card images 
generated will be printed on the F0RTRAN unit given by -PRINT0PT. 

Ni - Continuation string - (Input, alphanumeric, default values: Nl ,NO 
default; N2-NS, default value= 'XXX'). Used to fonn a unique 
continuation string for the DMI cards. 

4.102.7 Method 

0UTPT3 reads each matrix, non-zero term by non-zero term (by column), and passes these items 

to the DMI card-punching subroutine PHDMIA. 
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4. 102.S Subroutines 

4.102.8.1 Subroutine ~lame: PHDMIA 

l. Entry Points: PHOM IA, PHDMIB, PHDMI C, PHDMID 

2. Purpose: To collect and punch DMI card images. 

3. Calling Sequence: 

CALL PHDMIA -

CALL PHDMIB 

Initializes matrix. 

Initializes non-null column. 

CALL PHDMIC - Collect each non~zero tenn of column. 

CALL PH DMID - Wraps up co 1 umn. 

C0MM0N / PHDMIX / N(2) ,C,IF0,TIN,T0UT,IR,IC,N0,KPP,NLP,ERN0,IC0L,IR0,XX 

Conrnunication area for PHDMIA. 

4. Method: A single call is made to PHDMIA for each matrix data block to be punched. 

A call is made to PHDMIB for each non-null column, followed by a call to PHDMIC for 

each non-zero term in the co 1 umn, fo 11 owed by a .,,rap-u·p ca 11 to PHOM ID. 

4.102.9 Design 8eguirements 

Open core is defined at /0UT3XX/ and must be sufficient to hold a single GIN0 buffer. 

4.102.10 Diagnostic Messages 

Messages 3008, 4100, 4101, 4102, 4103, and 4104 may be issued. 

/ 

4.102-2 (8/1/72) 



OUTPUT MODULE TABPRT (FORMATTED TABLE PRINTER) 

4. 103 ,OUTPUT MODULE TABPRT (FORMATTED TABLE PRINTER) 

4.103. l Entry Point: 

TABFMT 

4.103.2 Purpose 

To print selected table data blocks with format for ease of reading. 

4.103.3 DMAP Calling Sequence 

TABPRT TDB // V,N,KEY / V,N,0PT1 / V,N,0PT2 $ 

4.103.4 Input Data Blocks 

TDB - Table Data Block having a format which is processable by the routine. 

4.103.5 Output Data Blocks 

None. 

4.103.6 Parameters 

KEY - Keyword (Input, alphanumeric, no default value) 
The value of KEYW0RD identifies the format to be used in printing the table. 

0PT1 - Option (Input, integer, default value• 0) 

0PT2 - Option (Input, integer, default value• O) 

4.103. 7 Method 

TABFMT examines the parameters and sele.cts a format for printing the contents of the input 

data block. The input data block is then read record by record and the contents printed according 

to the selected format. A line of printout may contain part of a logical record, a complete 

logical record, or more than one logical record. Coding or decoding of the data items encountered 

may be done as the programmer wishes. The trailer data are also printed. 

4.\03.8 Subroutines 

TABFBO - Block Data routine to set tables for TABFMT in co11111on block /TABFTX/ . 
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4.103.9 Desion Requirements 

Open core is defined at /TABFTZ/ and must be sufficient to hold one GIN0 buffer plus a 

small number of words of data, the number of which depends on KEY. 

4.103.10 Diagnostic Messages 

Fatal message 3008 may be issued. 

Warning messages 2094, 2095, 2096, 2097, 2098, and 2099 may be issued and will cause 

termination of the module but not of the program. 
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4. 104 FU~CTIONAL MODULE RMG (RADIATION MATRIX GENERATOR) 

4. 104. 1 Entry Point: RMG 

4. 104.2 Purpose 

This module processes the user supplied radiation exchange coefficients to produce temperature 

heat flux transfer matrices. The connections. area. and emissivity for each element are supplied 

in the HBDY section of the EST (Element Sunmary Table) data block. The radiation exchange coeffi­

cient matrix data is supplied by the MATP00L (Matrix Pool Data Block). 

This module is written such that either single or double precision operations may be chosen. 

4. 104.3 DMAP Calling Sequence 

RMG HEST,MATP00L,GPTT,HKGGX / HRGG,HQGE,HKGG / V,Y,TABS / V,Y,SIGMA / V,N,NLR / V,N,LUSET $ 

4. 104·. 4 Input Data B 1 ocks 

HEST Element Sunmary Table 

MATP00L Matrix Pool 

GPTT Grid Point Temperature Table 

HKGGX Element Conductivity Matrix [K~gJ 

4. 104.5 Output Data Blocks 

HRGG Radiation Transfer Matrix 

HQGE Element Heat Flux-Grid Point Temperature Transformation Matrix 

HKGG Total Linear Heat Transfer Matrix 

4. 104.6 Parameters 

TABS Input, value of user temperature origin in absolute scale. 

SIGMA Input, value of Stefan Boltzmann constant a. 

NLR Output, radiation matrices exist if NLR = +1, otherwise NRL = -1. 

LUSET Input, length of g-sized vector. 
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4.104. 7 Method 

The following steps are taken in the order indicated: 

1. The RADLST data are read from the MATP00L data block and stored in core. This is a 

simple list of integers, ER, of length Ne. The RADMTX data is in the form of the lower 

triangle part of a symmetric matrix. The packed triangular matrix is read and stored 

in core (single precision). The complete matrix, F, is formed a column at a time, packed, 

and output on scratch file SCRTl. 

2. The section of the EST (Element Summary Table) containing data for the HBDY element is 

read an element at a time. If the element is part of the ER list, it is processed by 

the HBDY subroutine to produce the following data: 

Total area of element i. 

Emissivity of element surface. 

· One to four integers defining the connected degrees of freedom in the Ug 
vector. 

One to four values defining the fraction of the total area of element i 
associated with each connected point. 

The data is stored in a table corresponding to the ER list of elements. If an element 

in the ER list is not defined in the EST, a fatal error occurs. In subsequent steps, 

the values Ai and Ei will be used as if they existed in separate diagonal matrices. 

3. The calculation of the Re matrix proceeds as follows: 

The equation to be solved in this phase is 

(Re]• a(A] (E] [I - XE], 

where 

(X] • {(A] - (F]([I] - [E])}-
1
[F]. 

The diagonal matrices (A] and [E] are stored in core in the tables Ai' E1, i • 1,2, 

• Ne. The solution steps are: 

( l) 

(2) 

a. Fonn the matrix [Y] • [A] - [F]([I] - [E]) a column at a time by reading the matrix 
[F] a column at a time. For each tenn Fij' 
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Yij = -Fij(l-Ej)' i 1 j, 

or (3) 

Yij = Ai - F;j(l-Ej), i = j. 

(Any null columns of Y .. will cause a fatal error.) 
1J 

b. The DEC0MP and GFBS subroutines are called to calculate the matrix [X] where 

[Y] [X] = [F]. 

(The matrix [Y] may be nonsyrrmetric.) 

(4) 

c. The matrix [Re] may be fonned a column at a time by reading [X] a column at a time 
and calculating 

or (5) 

4. Calculation of output matrices - The requested temperature set for material properties 

is found in conrnon block /SYSTEM/. The GPTT data block is read ~nd the given values 

are stored as a vector, U~, with length of LUSET. The tenns in the diagonal matrix [SJ 

are 

s
99 

• 4(U~ + Ta) 3
, (6) 

where Ta is given by parameter TABS. The terms of s
99 

replace the U~ values in core. 

If no temperature set is requested, the values of U~ are assumed to be zero. 

5. The transformation from grid point temperatures to element temperatures is given by the 

matrix [G9e]. This matrix is formed one column per element. The nonzero values in the 

column are the values G
9
;; the row nunt>ers are {SIL};, where i is the column nu11Der. 

6. The following output matrices are calculated by the matrix routines where 

[Qge] • [Gge] [Re], 

[Rgg]. [Qge] [Gge]T. 

The list of elements, ER, is written on the lender record of the Qge file. The 

third output matrix may be calculated from the equation 
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4. 104.8 Subroutines 

Utility subroutines DEC0MP, GFBS, SSG2B, and TRANPl are used for matrix manipulations. Sub­

routine HBDY is used for processing the HBDY elements. See the descriptions for these routines in 

Section 3. 

4.104.9 Design Requirements 

RMG requires six scratch files. Open core for RMG is defined at /RMGZZZ/. Core limitations 

are as follows: 

1. The triangular fonn of the symmetric input matrix F (on RADMTX cards) must fit in core 
in packed fonn. 

2. Eleven words (or 15 words if double precision is used) per HBOY element in RADLST data 
list must fit in core during the Re matrix generation phase. Working core must a~so be 
available for DEC0MP and GFBS during this phase. 

3. In the output matrix processing phase, all of core is available to perfonn the matrix 
transpose and the MPYAD operations. 

4.104.10 Diagnostic Messages 

Messages 3071 thru 3079 may be generated. 

... . / 
I , 

/, 
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4. 105 FUNCTIONAL MODULE SSGHT (STATIC SOLUTION GENERATOR - HEAT TRANSFER) 

4. 105. 1 Entry Point: SSGHT 

4. 105.2 Purpose 

This module iterates to obtain the solution to the steady state nonlinear heat transfer 

problem. Radiation matrices and temperature dependent conductivities are allowed. The matrix 

operations are done in either single or double precision, depending on the type of matrices; the 

vector results and the input loads are single precision. The correction terms for nonlinear 

conductivities have internal double precision operations. 

4. 105.3 DMAP Calling Sequence 

SSGHT HUSET,HSIL,GPTT,GM,HSET,MPT,DIT,HPF,HPS,HKFF,HKFS,HKSF,HKSS,HRPN,HRSN,HLLL,HULL / 

HUGV,HQG,HRULV / V,N,NLK / V,N,NLR / C,Y,EPSHT / C,Y,TABS / C,Y,MAXIT / C,Y,IRES / 

V,N,MPCFl / V,N,SINGLE $ 

4. 105.4 Input Data Blocks 

HUSET Sets identification table for each degree of freedom 

HSIL · Scalar Index Table 

GPTT 

GM 

HEST 

MPT 

DIT 

HPF,HPS 

HKFF.HKFS 
HKSF,HKSS 

HRFN,HRSN 

HLLL.HULL. 

Element and Grid Point temperature table. The second set of r@coras contains 
the estimated temperature distribution. 

Multipoint constraint transformation matrix 

Element Sunmary Table 

Material Property Table 

Direct INput Tables 

Applied load vector partitions 

Partitions of linear heat transfer matrix 

Radiation matrix partitions 

Decomposition products of matrix KFF 

Note: USER, GPTT, KFF, LLL, and ULL may not be purged. 
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4.105.5 Output Data Blocks 

UGV Vector of temperatures for a 11 points 

QG Forces of constraint vector (heat flow into boundary points) 

RULV Residual load vector (units of heat flow) 

~: UGV may not be purged; QG must be purged if no Us points exist. 

4.105.6 Parameters 

NLK Input, integer. No nonlinear conductivity exists if value is -1. 

NLR Input, integer. No radiation exists if value is -1. 

EPSHT Input, real. Accuracy test parameter, default is .001. 

TABS Input, real. Absolute temperature of user system, default is 0.0. 

MAXIT Input, integer. Iteration limit, default• 4. · 

IRES Input, integer. Controls output of RULV. If value• 1, output occurs. If 
value• -1, no output occurs. Default• -1. 

MPCFl Input, integer. Indicates Um points do not exist if value• -1. Default= 0. 

SINGLE Input, integer. Indicates U
5 

points do not exist if value• -1. Default• O. 

4.105. 7 Method 

The module may be subdivided into three logical sections. ihe first sec~ion reads ~he input 

data, initializes the data, and generates convenience tables for use in the iteration loop. The 

second section is a long iteration looo '"hich '.)enerates nonlinear ioads, solves the solution 

equation, and tests for convergence. The third ~action expands the resulting solution vector 

and calculates forces of constraint. 

4.105.7.1 Initialization Phase 

1. The parameters NLK and :iLR i1re tested to determine the existence of non 1 i near conductivity 

and radiation, respectively. 

2. "'.'he USET data block is read anci tables are constructed to identify the various degr~es 

of freedom. The Ug locations of the um points are piaceci in the i•1P0INT tabie. The ug 

locations of the Un points are placed in the NP0INT table. If the Un point is also a 

~& :oint. its value ,s set ~eoative. 
I 
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3. A table of length Ug is constructed which contains the Un location for each Um point. 

This is done by reading the GM matrix where each column is a Un point and the location 

of each nonzero term in the column corresponds to an equivalent Um point. A warning 

message is printed if a Um point is associated with more than one Un point. 

4. The ninth word of /SYSTEM/ contains the user requested temperature set. The GPTT data 

block is searched to find the requested grid point temperature set (the second set of 
1 records). The temperature values are placed in core in the form of a vector, Un. The 

Um values of temperature are ignored. 

5. The linearized load vector is calculated by the equation 

' l 
{Pf}. {Pf} - [KfsJ {Us}, 

where {U~} is the vector of temperatures corresponding to the Us points. 

6. If nonlinear conduction exists, the EST data block is processed by subroutine SSGHTl 

to produce a table (on scratch file 1) of element properties. The SIL values for each 

element are replaced by their Un locations, the initial material properties are calculated 

using the U~ temperature vector, and the data format is simplified . . 
7. If radiation exists, a diagonal matrix, (SnJ' is placed tn core. The equation for 

each term is 

Sni • 4(U~; + T0 )
3

, 

where T0 • the value of parameter TABS. 

8. A partitioning vector, UN, is buiit in core to define where eacn U point belongs in n 

the Us or Uf vectors. 

4.105.7.2 Iteration Section 

In this part of the subroutine, the solution to the nonlinear equation is extracted by an 

iteration procedure. !he following data is stored in core: 

1. The vector u~. the last solution.· 

2. Material and tabular data selected by the HMAT subroutine. 

3. UN - The partitioning tabl~ of length Un. 

- A diagonal matrix of length U . ·n n 
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5. ~U - The difference vector between subsequent solutions. n 

6. AP - The incremental load due to nonlinear effects. n 

These locations also may be used to store temporary data whenever they are available. The data 

stored on files for use in this process are: 

1. Pi - The linearized load. 

2. RFN - The radiation matrix. 

3. LLL and ULL - The decomposition products of KFF. 

4. KFF - The linear heat transfer matrix. 

Each iteration executes the following steps: 

1. If nonlinear conduction exists, a vector APn is generated by reading the reduced element 

data on scratch file 1 with subroutine SSGHTP. This routine produces a difference load, 

APe, for each element and adds it to APn. The basic equation is: 

APe • [K(U~) - K1J {U~}, 

where [K(U~)J is the element conductivity matrix when the material js evaluated for 

temperature set{~~}, [K1J is the element conductivity matrix evalu~ted at the estimated 

temperature {U~}, and [U~J is the current temperature vector. 

This step is skipped on the first pass, since the results will be zero. The {APn} vector, 

if it exists, is partitioned into the vectors {APf} and iAPs}. 

2. If radiation exists, the following equation is executed: 

{N~} • {APf} + [Rfnl {(U~ + To)}~ - snu!}, 

where T0 1s the value of the parameter TABS. The matrix product is added to the APf 

vector, such that the N~ tenns replace the APf tenns in core. 

3. The linear load vector, P~, is read from its file and used fn the equation: 

{Pf} • {P~} - {N~}. 

The Pf vector result replaces the N~ tenns in cora. It is then copied in matrix format 

onto scratch file 2. 
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4. The loading error vector, oPf• is now calculated by the equation: 

oPf = Pf - [KffJ u~ 

U~ is partitioned at this stage into vectors U~ and u! 

The error ratio for the loads is: 

j{oPf}l 2 

j{P~}l 2 

If the RULV output residual vector is requested (IRES r -1~. the {oPf} vector is 

appended to the RULV file. 

5. Subroutine GFBS is called to solve for a new solution vector using the equation: 

6. The u~+l vector is moved into the APn space in core and, except on the first pass, 

the following parameters are calculated: 

a = {P }T {Ui+l} 
f f 

a • {Pf}T {ou} 

y • {P }T {Ui+l 
f f 

i 
- Uf} 

Ify•0,.>.1 is set to 100.0 and tt is set to 0. Otherwise: 

>-1 • le!rl • 

If a= 0 or >.1 • 1, tt is set to 100.0. Otherwise: 

t • I X I t(Al - l)a 

7. If any of the following tests pass, the loop is terminated. 

a) &t < EPSHT and &p < 10 EPSHT and .>.1 > 1: Convergence is achieved. 

b) i ~ MAXIT: Maximum iteration limit is reached. 

c) .>. ~ 1 and i ~ 4: Diverging solution. 

d) t < 0: Insufficient time. 

e) y • 0: Maximum Convergence. 

Note: i is the loop count and 

t = l TIME+ i!ME FOR NEXT LOOP 
- 0.8 {TIME LlMii) 
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8. If the loop is to continue, the following equations are executed: 

4.105.7.3 Output Data Generation 

In this section, the force-of-constraint vector, {qs}' is calculated and expanded to u
9 

size 

as the output data block {q
9

}. The equation is: 

1 . . 
{qs} = {aPS} - {PS}+ [KsfJ {U}} + [Kss] {U!} 

+ [R ] {(Ui+l + T )~ - S ui+l} 
· sn f O n n • 

The solution vector {U
9
} is fonned by merging the displacement vectors {Ut1} and {Um}, where 

each value of Um is the value of the equivalent Un point. 

4. 105.8 Subroutines 

Utility subroutine GFBS is used; see Section 3 for details. 

4. 105.8.l Subroutine Name: SSGHTP 

1, Entry Point: SSGHTP 

2. Purpose: To partition a vector, U, into two vectors, Ua and Ub, where U exists in 
core and the resulting vectors will occupy the same space upon return. 

3. Calling Sequence: CALL SSGHTP (PV,U,SIZE) 

PY - Partitioning vector. The value of each location gives the location the 
corresponding term is to be moved to. 

U - Vector to be partitioned. 

SIZE - Length of PY and U. 

4.105.8.2 Subroutine Name: SSGHTl 

1. Entry Point: SSGHT1 

2. Purpose: To process the EST (Element Summary Table) for three purposes: 
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a) The data for all elements are arranged into a uniform format and the material 
conductivity properties for the reference temperature are calculated. If the 
material is not temperature dependent, the element calculations are skipped. 

b) The SIL values of the connected grid points are replaced by their equivalent 
indices in the Un vector. 

c) If the element conductivity is temperature dependent, the data is written on 
a given file. 

3. Calling Sequence: CALL SSGHTl (IEST,FILE,NEQUIV) 

!EST - File number of EST file must be opened and positioned at record 1. Input. 

FILE - File number of output data file, must be opened and trailer written. Input. 

NEQUIV - Array of integers of length u
9

, each value is the equivalent Un position. Input. 

4.105.8.3 Subroutine Name: SSGHT2 

1. Entry Point: SSGHT2 

2. Purpose: To calculate heat flow loads due to a difference in temperature for elements 

with temperature dependent conductivity. See Section 8 of· the NASTRAN Theoretical 

Manual for the equations. In general, the conductivity matrix for an element can be 

expressed by the equation 

where [CJ is the transformation matrix between grid point temperatures and temperature 

gradients, [Km(T)J is the conductivity coefficient matrix evaluated at temperature T, 
Vol is the volume of the element. The heat flow load for the element is 

{APe} = Vol[CJT [Km(r!) - Km(r,)J [CJ {T!}, 

where {T!} is the current temperature vector for the connected points, r1 is the initial 
-estimate of temperature, Ti is the average of the temperatures of the connected points, 

and {APe} is the difference heat flow for the particular element. 

3. Calli!Tg Sequence: CALL SSGHT2 (FILE,DELTA,UNI) 

FILE - File nunt>er of element data calculated by subroutine SSGHTl. 

DELTA - Array in core of {AP} vector. 

UNI - Array in core of {Ti} vector. 
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4.105.9 Design Requirements 

Open core is required for this module as shown below. 

Pre-Iterations During Iterations 

Z( IUNI) 
ui 
n vector 

Z(NUNI) 
Z( IHMAT) 

HMAT core block 
(if required) 

Z(NHMAT) 
Z(IUN) 

Un 

partitioning vector Z(NUN) - - - - - - - - ---r---e Z(IEQIV) 
Ung 

equivalence table 
Z(NEQIV) -------- --------

um 
Z( IUM) 

partitioning vector 
Sn diagonal 

Z(NUM) 
Z(IUME) 

u: Table 15Un vector 

Z(NUME) 

. 6Pn vector unused • core . 
unused : core 

Z{C0RE) 
. 

Two GIN0 buffers -

4.105.10 Diagnostic Messages. 

Messages 3081 thru 3087.may be issued. 
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Equivalence table 
will be placed on 
a scratch file dur­
ing iterations 

Z(ISN) 

Z(NSN) 
Z(IDELU) 

Z(NDELU) 
Z( IDELP) 

Z(NDELP) 

Z(ClllRE) 
Z(BUF2) 

Z(BUFl) 
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4. 106 FUNCTIONAL MODULE TRLG (TRANSIENT LOAD GENERATOR) 

4. 106. l Entry Point: TRLG 

4. 106.2 Purpose 

To generate applied loads in a transient analysis. A combination of static and dynamic 

loading cards are used to generate load matrices for use in the transient solution and for output 

data calculations. The fonn of the output matrices is one column per time step. 

4. 106.3 DMAP Calling Sequence 

{CASECC} {HUSETD} {HOLT} {HSLT} f HSIL} {HTRL} {HGDD} TRLG CASEXX • USETD • DLT • SLT ,BGPDT,lSIL ,CSTM, TRL ,DIT,GMD, G0D ,PHIDH • 

hw} ,MGG/ {~~?}, {m0},{ ~~~D},{ ~~OT}, PH,{;~L};v ,N ,N0SET/V ,N,POEPD0 /V ,N,NC0L $ 

4. 106.4 Input Data Blocks 

CASEXX l CASECC - Case control data containing load set request and time step request 

USETD l HUSETD - Set definition table, dynamics 

~5[ Tl - Dynamic Load Table 

SLT } - Static Load Table HSLT 

BGPDT 

SIL l HSIL 

CSTM 

~~L} 
CIT 

GMO 

G0D } 
HGDD 

PHIDH 

EST l HEST 

- Basic Grid Point Definition Table 

- Scalar Index List 

- Coordinate System Table 

- Transient Response List 

- Direct Input Tables 

- Multipoint constraint transfonnation matrix 

Structural partitioning transformation matrix 

- Eigenvector transformation matrix 

- Element Summary Table 
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MGG - Mass matrix - g set 

~: 1. CASECC, USETO, DLT, and TRL must be present. 

2. GMO must be present if m set is not null. 

3. G0D must be present if O set is not null. 

4. MGG must be present if gravity loads are requested. 

4.106.5 Output-Data Blocks 

PPT or HPP0 

PST or HPS0 

POT or HPOO 

- Matrix of output load vectors for all points. 

- Matrix of output load vectors for Us points. 

- Matrix of output load vectors for analysis points. 

PO, HPDT or PH - Matrix of load vectors on analysis points for all time steps. 

HT0L or T0L - Table of output times. 

~: 1. PD may not be purged. 

2. PS0 may be purged only ifs set is null. 

3. PP0 and PD0 may be purged. 

4. 106.6 Parameters 

NGSET - Output-integer-default• -1. If N0SET • -1, d set equals p set. 

POEPDe - Output-integer-default• -1. If POEP00 • -1, output time steps are all time steps. 

NC0L - Input-inte9er-default • o. If NC0L • O, the initial time in the table of output 
times (T0L) is set to o.o. If NC0L > 0, the initial time is set to the specified 
output time of the previously checkpointed run. 

4.106.7 Method 

The TRLG module consists of four major subroutines with a small module driver subroutine. 

The subroutines are described below in the order of their execution. 

4. 106.7. 1 TRLGA 

The purpose of this subroutine is to select the applied load functions and build a matrix 

defining the load factors for each point and each function of time. The steps followed are: 

1. As preliminary processing, the CASEXX data is read; the load set Id and initial condition 

Id are found. The Static Load Table (SLT) is processed by subroutine SSGSLT to convert 

any heat transfer loads on elements to loads on grid points. The output of SSGSLT is 

on file NEWSLT. 
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2. The Dynamic Loads Table (DLT) is processed to determine the requested load sets, their 

scale factors, and their .location in the DLT data. A list is built of the requested 

static load sets. 

3. The load factor vectors from the static load cards are built with the aid of subroutine 

EXTERN (it is also used in Module SSGl). A list is built of the requested simple loads 

which exist in the NEWSLT data, a scratch file is set up for the QVECT data, and a call 

EXTEml is made. The input files which are used are the NE!4SLT, 8~PDT, CST~. SIL, and 

EST data blocks. Gravity loads are computed, but temperature or enforced deformation 

loads are not calculated. The output files are· a set of load vectors in matrix format on 

file PG and the QVECT data. 

4. The USETD data block is read and the extra points {Ue) are identified. A table is built 

to convert SIL to SILO values. The following steps are processed for each requested 

TL0AD record on the DLT data block.· Two files are generated, the AP file contains the 

constant load factors and TMLDTB contains the function-of-time data. 

5. Two d-set size vectors are set to zero for A (load factor) and T {time delay) data, which 

may be different for each point. The static load factor vector requested by the TL0AD 

card is found. ·The position (SIL) of each nonzero term in the PG vector-is converted to 

a Ud {SILO) position and the term is placed in the A array. 

6. The dynamic area factor data (DAREA) and delay data {DELAY) in the DLT for the TL0AD card 

are added to the A and T arrays. The points with zero A values are discarded from both 

lists and the lists are compressed to a table of triple values: the scalar index (position 

in the vector), the A value, and the T value. 

7. The triple table is sorted on the values of T. Blocks of A values with unique T values 

are output as individual columns in the AP matrix. The position of each term is its 

scalar index. For each unique value of T, an entry is written on the TMLDTB file. Its 

contents are: 

1 • Entry nuni>er 
2. TL0AD Id 
3. Type of TL0AD 
4. T 

5-10. TL0AD data (six words) 
11. QVECT pointer 
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If simple loads are being processed, the QVECT pointer is zero. If QVECT loads are 

being processed, this code has been ente~ed from Step 3 and returns to the appropriate 

section of code. 

8. If any QVECT data for the current TL0AD set has been requested, it has been written on 

the QVECT data file, identified by its static load Id. Each entry in the QVECT data 

has the format: 

2N+3 
Etc. 

2N+7 
Etc. 

2N+l0 
Etc. 

1. Load set Id 

2, Number of connected points, N 

3. SIL1 

Al 

SIL2 

E1,E2,E3 

Vll ,V12'Vl3 

V21'V22'V23 2d 

Static scalar index, point l 

Area factor for poi n't l 

Etc. 

Integer table numbers or real values 
defining the source vector 

Norma 1 vector 

Normal vector for elliptic cylinder 

For each entry. the SIL values .are converted to SILO values and the T value for each 

point is found to form a triple table as in Step 6. The last nine words of the QVECT 

data are written on scratch file 3, the QVECT pointer is set and Step 7 is repeated, 

and a return is made to process the next QVECT entry. 

4.106.7.2 TRLGB 

This module transforms the load factor matrix AP, which contains all degrees of freedom. into 

solution sized matrices. The various subroutines used in the SSG2 module are also used here. The 

basic equations are: 

1. If multipoint constraints are used, the AP matrix is partitioned and coni>ined as follows: 
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2. If single point constraints are present, the matrix is partitioned: 

[A ]-+ - - -[ 
Afd j 

nd As 

3. If structural partitioning is used, the [Afd] matrix is partitioned and combined as 

follows: 

.4, If a modal formulation is the solution method, the Ad matrix is transformed by the 

equation: 

4. 106.7.3 TRLGC 

This subroutine generates the functions of time associated with each column of the AP load 

factor matrix. The inputs are the TMLDTB file generated in Step 7 of 4.106.7.2, the time step 

data on data block TRL, the QVECT vector data on scratch file 3, and the DIT (Direct Input Tables) 

data block. The outputs are the [FSJ matrix and the [FTJ matrix, with each column corresponding 

to a time and each row associated with a unique time function, and the T0L output data block a 

list of the output times. The process is described below. 

1. The TMLDTB data, the QVECT data, and the selected time step data (TSTEP card images) 

are read into open core. A list of the referenced tables is built from the TL0AD1 and 

QVECT ·data. The list of tables is used by utility subroutine PRETAB to bring the tabular 

functions of time into core. 

2. A loop is perfonned over all requested time steps. The data on the TSTEP card are: 

Etc. 
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The solution times are calculaterl ;is folfows: 

etc •• where i • O, l, 2 . t Ntn and t_1 = 0.0 if NC~= O and 

t.1 • specified output time of the previously checkpointed run if NC0L > o. 

The output times are calculated in a similar fashion, except that a time increment of 

N01 6ti is used_ and the points where the step size changes are the same. 

3. For each solution time, a load is to be calculated. All functions are evaluated at each 

value of time. For load type• l (TL0AD1 data}, the algorithm is: 

Fji • Tj(ti - Tj}, 

where Tj is the tabular function and Tj is the time lag referenced in the jth entry of 

the TMLDTB data. For load type• 2 (TL0AD2 data}. the algorithm is: 

or Fji • O if ti - Tj < r1 or t 1 - Tj > T2• and x • ti - r1 - Tj 

where T, r1, r2, f, ~. n, and a are given in the jth entry of the TMLOTB data. 

4. If the QVECT reference in the TMLOTB data is nonzero, the load function is modified 

by the factor R(t} as follows: 

a) Calculate {q} • 

where E are either table Id numbers or constant real numbers given in the 

referenced QVECT data. 
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b) If {V
2

} ~ 0 (elliptic cylinder case), 
-----------

R(t) = ~ ({q}T {V1})2 + ({q}{V2})2 

c) If {V
2

} = 0 (none11iptic cylinder case), 

R(t) = 0, if {q}T{V1} ! 0, 

or R(t) • -{q}T{Vl} if {q}T{Vl}< 0. 

The function R(t) · Fji replaces the previously calculated value of Fji . 

5. If the current time step is an output time step (and the set of output times is different 

than the solution times), then the F .. column is output on matrix file F0. The column is J1 .. 

always output on matrix file FT. 

4.107.7.4 TRLGO 

This subroutine generates the output load matrices PPT, PST, POT, PO, and/or, for roc,dal 

formulation, PH. The equations are simple matrix multiples as given below: 

[Ppt] • [AP] [Ft] 

[Pst] .. [As] [Ft] 

[Pdt] • [Ad] [Ft] 

[Pd] • [Ad] [F s] 

·and .[Ph] • [Ah] [Fs] 

The following exceptions exist: 

1. If all time steps are output times, [Fs] is used instead of [Ft]' and [Pd] is assumed 

equa 1 to [P dt]. 

2. If any output file is purged, the corresponding matrix is not calculated. 

3. If the d set equals the p set, [Pdt] is assumed to be the same as [Ppt]. 

4. 106.8 Subroutines 

This module uses the subroutines of modules SSGl and SSG2 quite heavily. See Sections 4.41 

and 4.42 for descriptions of subroutines SSGSLT, EXTERN, SSG2A, and SSG2B. 
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4.106.8. 1 Subroutine Name - TRLGA 

1. Entry Point: TRLGA 

2. Purpose: To select transient load sets and build the area factor matrix AP and the 

time function tables TMLDTB. 

3. Calling Sequence: CALL TRLGA (CASECC,USETD,DLT,SLT,BGPOT,SIL,CSTM,AP,TMLDTB,TRL,ISCRl, 
1SCR2, 1SCR3 ,EST ,-NEWSLT,MGG, 1SCR4) _ . 

With one exception, all inputs are GIN0 file numbers; CASEXX, USETD, DLT, SLT, BGPOT, 

SIL, CSTM, TRL, EST and MGG are standard NAS1RAN data blocks input to the subror~·i,e. The 

others are: 

AP 

TMLDTB 

ITRL 
ISCRl ) 
ISCR2 { 
ISCR3 ( 
ISCR4 J 

Output matrix of constant load factors 

Time function load table 

Transient response set Id (not a GIN0 file). 

Scratch file numbers for internal use 

C0MM0N/SSGA1X/Z(l) - Open core for TRLGA and its subroutines 

C0MM0N/L0ADX/ - EXTERN parameters; see Section 4.41.11.8 

4.106.8.2 Subroutine Name - TRLGB 

l. Entry Point: TRLGB 

2. Purpose: To reduce the columns of the AP matrix to solution size, and produce the AS 

matrix. 

3. Calling Sequence: CALL TRLGB (USETD,AP,GMD,G00,PHIDH,AS,AD,AH,IFLAG1,SCR1,SCR2,SCR3, 
SCR4) 

With one exception, all inputs are GIN0 file nu"bers; USETD, GMO, G0D, and PHIDH are 

standard NASTRAN data block file nunDers. The others are: 

AP 

AS 

AD 

AH 

IFLAGl 

SCRl I SCR2 
SCR3 
SCR4 

Input, matrix of constant load factors 

Output, matrix of factors on s-set points 

Output, matrix of load factors on d-set points 

Output, matri~ of load factors on h-set points (Modal formulation only) 

Output, integer which is set to -1 if"d set equals p set. 

Scratch file numbers for internal use 

4. 106-8 (12/31/77) 



FUNCTIONAL MODULE TRLG (TRANSIENT GENERATOR) 

4. 106.8.3 Subroutine Name - TRLGC 

1. Entry Point: TRLGC 

2. Purpose: To evaluate the functions of time at each solution value of time, and if 

necessary, to output the function values at each output time step. 

3. Calling Sequence: CALL TRLGC (TMLDTB,TRL.DIT.ITRL,FCT,FC0,T0L,IFLAG) 

TMLDTB 

TRL 

DIT 

ITRL 

FCT 

FC0 

T0L 

IFLAG 

Input, GIN0 file nurrber of the table of functions of time; each 
entry contains the contents of a TL0AD data card, a unique time 
lag, and a QVECT reference. The QVECT data is also appended to 
this table. 

GIN0 file number of the Transient Response List data block. 

GIN0 file number of the Direct Input Tables data block. 

Id nurrber of the requested TRL data. 

Output, GIN0 file number of the matrix of time functions evaluated 
at all time steps. one column per value of time. 

Output, GIN0 file number of the.matrix of time functions evaluated 
at output time steps. 

Output, GIN0 file number of the table of output times. 

Output, integer value of -1 if output times equal all times. 

4.106.8.4 Subroutine Name - TRLGD 

1. Entry Point: TRLGD 

2. · Purpose: To corrbine the various load factor matrices and the time function matrices to. 

produce load versus time matrices. 
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3. Calling Sequence: CALL TRLGD (FCT,FC0,AP,AS,AD,AH,PPT,PST,PDT,PD,PH,IFLAG1,SCR1,IFLAG) 

Except for IFLAG and IFLAGl, all inputs are GIN~ file numbers. The inputs are: 

FCT 

FC0 

AP 

AS 

AD 

AH 

IFLAGl 

SCRl 

I.ELAG-

The outputs are: 

Function of time matrix, all time steps. 

Function of time matrix, output time steps. 

Load factor matrix, all points. 

Load factor matrix, s-set points. 

Load factor matrix, d-set points. 

Load factor matrix, h-set points (modal fonnulation only.) 

Integer, if value • -l, AD• AP and AS. 

Scratch file for internal use. 

_lnte.qe.r ,,_ jf. _va 1 ue _•_ - 1..,___f.Cj'I • FC~! 

PPT Load versus time matrix, each column is a complete load vector at 
a specific output time. 

PST Load versus output time matrix, s-set points. 

PDT Load versus output time matrix, d-set points. 

-PD Load versus all times matrix, d-set points. 

PH Load versus all times matrix, h-set points. 
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4.106.9 Design Requirements 

Nine scratch files are needed. Open core is defined as follows: 

1. TRLGA allocates core for subroutines SSGSLT and EXTERN in its initial processing phase, 

see Section 4.41 .12 for these descriptions. In the final processing phase, the core 

is allocated as follows for each dynamic load set: 

AP Vector (LUSET Size) 

Tp Vector (LUSET Size) 

SIL, A, T Compressed List 

. . . (Open . . 
SIL - SILO Table 

Load Id's and Factors 

4 Buffers 

2. TRLGB uses C0MM0N/5SGA2/ as open core only as space for the SSG2A and SSG2B subroutines. 

, ; 

I 
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3. TRLGC open core is /TRLGlC/. The data space is allocated as follows: 

Time Function Data 
(12 words/function) 

QVECT Data 
(9 words/QVECT entry) 

Time Step Data 
(3 words/card) 

Table List 
(1 word/requested CIT table) 

DIT Table Data 
(requested tables) 

Function Values 
(l word/function) 

. 
• (Open) 

3 Buffers 

. 
4. TRLGD does not use open core. Its subroutines allocate their own core. 

4.106.10 Diagnostic Messages 

Messages 3001, 3002, 3003, 3008, 3031 and 3056 may be issued. 
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4. 107 FUNCTIONAL MODULE TRHT (TRANSIENT RESPONSE, HEAT TRANSFER) 

4. 107. 1 Entry Point: TRHT 

4. 107.2 Purpose 

To calculate the transient solution of a heat transfer problem involving conduction capacity 

convection, and radiation. The user inputs are the initial conditions, heat flow input, time 

steps, and integration parameters. The outputs are temperatures, time change of temperatures, and 

nonlinear heat flows. 

4.107.3 DMAP Calling Sequence 

TRHT CASEXX,HUSETD,HNLFT,OIT,GPTT,HKOO,HBOO,HROO,HPOT,HTRL/HUDVT,HPNLO/V,N,NLR / 

V,Y,RADLIN $ 

4. 107.4 Input Data Blocks 

CASECC Case Control Table 

HUSETD Set Definition Table, dynamics 

HNLFT Nonlinear Function Table 

DIT Direct Input Tables 

GPTT Grid Point Temperature Tables - contains initial conditions 

HKDD Linear heat transfer matrix 

HBDD Capacity matrix 

HRDD Radiation matrix 

HPDT Applied heat flow load-versus-time matrix 

HTRL Transient Response List - contains time step data. 

~: Various files may be purged if the appropriate case control request is missing. 

4.107.5 Output Data Blocks 

HUDVT Temperature and velocity vectors arranged in a matrix as two columns per time 
step. A n~ll column for each time step is also output. 

HPNLD Nonlinear load vector matrix, one column per time step. 

~: HUDVT may not be purged. 
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4.107.6 Parameters 

BETA 

TABS 

NLR 

RADLIN 

4.107.7 Method 

Input, 

Input, 

Input, 

Input, 
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rea 1, default= 0.55. Integration stability-accuracy control parameter. 

rea 1, defau1t = 0.0. Absolute temperature of O degrees. 

integer, default= -1. If value= -1, no radiation exists. 

integer, default = -1. If value = +1, radiation effects are linearized. 

The module.is subdivided into three major subroutines. The module itself is simply a driver 

routine which sets up files and calls the subroutines. The algorithms used are described as 

follows. 

4.107.7.1 Initialization 

Subroutine TRHT1A is used to set up the problem. The time step data is extracted from data 

block TRL, placed in the bottom of core, and written on scratch file 5. The data for each logical 

set is an open-ended card in groups of three numbers: Nt - number of steps, ~t - time increment, 

N
0 

- output increment. 

The requested inttial condition vector is built as follows: The USET data block is read 

into core and a table is built where the location of each g-set point is given the value of .its 

location in the d-set vector. If a point is constrained, it is given a value of zero. The GPTT 

data block is opened and the requested initial condition set of temperatures are found. The format 

of the GPTT for this type of problem has a set of records defining the element temperatures followed 

by the same temperature sets in the format of grid point temperatures. The point nurrber is used to 

locate the corresponding position in the ud vector, and a vector is built in core. If the tempera­

ture for all points is defined, the vector is written on scratch file 5. If an estimated temperature 

is defined in case control (TEMP(MAT) • n), the process is repeated for this temperature set and 

the resultant vector is added to scratch file 5. 

4.107.7.2 Matrix Processing 

Subroutine TRHT1B processes the [KJ and [BJ matrices initially and for each time step change. 

If symmetric matrices are input, the syrrrnetric decomposition routine FACT0R is used instead of 

FACTRV. The basic equations used are: 
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l. Add: 

ti~ [BJ + S[K] - [F]. 

2. Decompose: 

[F] - (L] [U]. 

3. Form the matrix: 
1 . 

At [BJ - (1-S) [K] - [A]. 

The outputs are [L], (U], and [A]. 

4. 107.7.3 Integration 

For each group of time steps, the TRHlC subroutine is used to.integrate the equations. The 

basic operations performed in this routine are described as follows: 

l. Core is allocated for four vectors and if nonlinear effects exist, space is allocated 

for three more vectors. The vectors are: 

u1 - The previous solution vector. 

u2 - The present solution vector. 

P1 - The previous load vector. 

P2 - The present load vector. 

Uk - The estimated temperature vector. 

N1 - The previous nonlinear load. 

N2 - The present nonlinear load. 

2. The initial solution vector is read into the u1 space and if radiation exists, the 

estimated temperature vector is read into the Uk space. The output files are opened 

and a loop is performed over all time steps in a triple entry: Nt, ~t. N
0

• The 

following steps describe the loop. 

3. The nonlinear effects are calculated as follows: 

If radiation exists and RADLIN • -1, the following equations are used: 

a) For each term, i, in the vector, 

where T
0 

is the value of parameter TABS. 
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b) Multiply: 

If RADLIM, -1 and radiation exists, 

This vector is a constant load, calculated in the first time step and stored in 

position N2. 

If nonlinear functions are defined in data block TRL, subroutine TRDID is used to 

calculate a load {Ne}. This load is added to the {Nr} vector and stored in position N2. 

On the first time step, the N2 ~ector is also stored in position N1• 

4. The load vectors P1 and N1 are calculated in a special manner on the first step of each 

group. On the first time step of the overall problem: 

On the first step after a time step change from 6t1 to 6t, the load is: 

1 1 
{P1} • [K + ~tl B] {U1} - (~tl) [B] {U.1} - {N2} • 

{Nl} • (1 - !i) {N2} + <!~) {Nl} '' 
1 1 

where {N1} and {U.1} are the previous value of {N1} and {U1} stored on a scratch file. 

5. The load vectors are added and the next displacement vector is calculated as follows: 

Multiply and add: 

Solve for {U2}: 

[L] [U] {U2} • {6P} • 
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6. If output data is requested, the {U1} vector is written on the UDVT file followed by the 

velocity vector {u} and a null acceleration vector. The velocity vector is: 

If nonlinear loads exist, the vector {N2} is output on file NLFT. 

7. The loop is continued until a11 time steps for each ~t set is finished. The pointers to 

data in core are switched such that 

If the loop is finished, the time step data and the vectors {Uk}' {U2}, {U1}, {N2}, and 

{N1} are written on a scratch file. 

4.107.8 Subroutines 

The main subroutines used by the module are TRHTlA, TRHT1B, and TRHTlC. These subroutines 

also call subroutines described elsewhere in the Progranrner's Manual. They are: 

SSG2C 

FACTIIJR 

FACTRU 

MATVEC 

A matrix addition routine described in Section 3.5.11. 

Symmetric decomposition utility subroutine described in Section 3.5.23. 

Uns.Y11111etric decomposition version of FACTIIJR. Uses DECIIJMP, Section 3.5.15. 

Multiplies a matrix times a vector in core and adds results to core. See 
Section ·4.65.8.6. 

TRDID Computes nonlinear loads at each time step. See Section 4.65.8.9. 

INTFBS 

FBSINT 

Unsynrnetric forward-backward solution of a vector in core. Result is stored 
in core. See Section 4.65.8.8. 

Synmetric version of INTFBS. 

4.107.8.1 Subroutine Name: TRHTlA 

1. Entry Point: TRHTlA 

2. Purpose: To initialize the transient heat transfer solution. 
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3. Calling Sequence: CALL TRHTlA (CASEXX,USETD,GPTT,TRL,NGR0UP) 

CASEXX GIN0 file number of case control data block 

USETD GIN0 file number of set descriptor data block. 

GPTT 

TRL 

NGR0UP 

GlN0 file number of grid point temperature table data blocks. 

GIN0 file number of transient response list; contains time step data. 

Number of groups of time step data. 

4.107.8.2 Subroutine Name: TRHTlB 

1. Entry Point: TRHTlB 

2. Purpose: To generate the matrices used in the integration of the heat transfer solution. 

3. Calling Sequence: CALL TRHT1B (I0F,DELTA) 

I0F Not used. 

DELTA 

/(blank)/ 

/TRHTX/ 

New time increment, ~t. 

Beta, TABS, etc. 

IK(7}, 18(7), ICR1, .•. ICR5,ISYM,ICR6,ICR7, where: 

IK Matrix control block for K matrix. 

IB Matrix control block for B matrix. 

ICRi Scratch file nurrmers. 

ISYM Symmetric flag. 

4.107.8.3 Subroutine Name: TRHTlC 

1. Entry Point: TRHTlC 

2. Purpose: To perfonn the integration of a transient heat transfer problem. This routine 

is re-entered for each time step change. 

3. Calling Sequence: CALL TRHT1C (NGR0UP,UDVT,PD,RDD,IL00P) 

NGR0UP 

UOVT 

PD 

ROD 

IL00P 

Number of groups of triple time step data. 

GIN0 file number of output solution vectors. 

GINP file number of input load vector matrix. 

GIN0 file number of radiation matrix. 

Index of current time step group. 
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/TRDlX/ See above (Section 4.107.8.2). 

/TRDCl/ Open core. 

/(blank)/ BETA,TABS,N0RAD,RADLIN 

/TRDDl/ Local variable storage space. 

4. 107.9 Design Requirements 

Open core for subroutine TRHTlC is illustrated as follows: 

Used only for 
nonlinear loads 
as required. 

C0MM0N/TRDC1/ 

u1 Vector 

u2 Vector 

P1 Vector 

P2 Vector 

uk Vector 

N1 Vector 

N2 Vector 

NLL0AD Data 

DIT Data 

8 Buffers 

The requirements for the other subroutines are less critical. 

4.107.10 Diagnostic Messages 

Messages 3001, 3002, 3005, 3008, 3031 and 3045 may be issued. 
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4. 108 FUNCTIONAL MODULE SDRHT - STRESS DATA RECOVERY, HEAT TRANSFER 

4. 108. 1 Entry Point: SDRHT 

4. 108.2 Purpose 

This module combines the heat flow data for the HBDY element and modifies the 0EF1 output 

data block. The sources of data are 1) the convective heat flux due to temperature difference 

across a boundary layer, 2) the radiation heat exchange, and 3) the applied heat flow due to 

external sources. 

4. 108.3 DMAP Calling Sequence 

SDRHT HSIL,HUSET,HUGV,H0EF1,HSLT,HEST,DIT,HQGE,DLT / H0EFIX / V,Y,TABS $ 

4. 108.4 Input Data Blocks 

HSIL 

HUSET 

HUGV 

~EFl 

HSLT 

HEST 

DIT 

~~ 

OLT 

Scalar Index List 

Set definition table for each degree of freedom 

Temperature vector matrix. In transient, also contains velocity vectors. 

Output file of element heat flow data 

Static Loads Table 

Element Surt1T1ary Table 

Direct Input Tables 

Radiation heat flow versus temperature matrix 

Dynamic Loads Table 

4. 108.5 Output Data Blocks 

H0EFIX Same format as 0EF1, except HBDY elements have additional data. 

4. 108.6 Parameters 

TABS Input, real number, absolute temperature value of user system. 
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4.108.7 Method 

4.108.7. 1 Element Data Calculations 

The HBDY element data on the 0EF1 input file contains the elements selected by the user for 

output. The convective heat flow, Fh, into the element is also given. For each element, a 14-word 

entry in a core-held table is built. The contents are: 

1. Id Element Id 

2. Fr Radiation flow 

3. Fh Convection fl ow 

4. Fa Applied flow 

5. TYPE HBDY type 

6. A Element area (length if type• 6) 

7. a Absorbtivity coefficient 

8-10. {Vl} 
Nonnal vectors 

11-13. {V2} 

14. IDO Output identification nunt>er 

Items Id, Fh. and IDO are given by the 0EF1 file. 

On the first solution vector, the EST data block is read, and for each HBDY element included 

in the output list, the items A, a, {V1}, and {V2} are calculated u~ing subroutine HBOY. 

4.108.7.2 Radiation Heat Flow Calculations 

The header record of the QGE file contains a list of HBDY elements used for radiation. The 

subsequent data contains a matrix column for each of the elements. The radiation heat flow, Fri, 

into each element is: 

Fri • {Qgei}T {(u + Tabs) 4}, where 

{Qgei} is the column of QGE corresponding to element i. 

{u} is the solution vector from the UGV file •. 

{(u + Tabs) 4} is the vector of absolute temperatures to the 
fourth power. 
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4.108.7.3 Applied Heat Flow Calculations-Statics 

In statics, the applied loads are calculated in a manner similar to the calculations of module 

SMA1. On the first pass, a table is built for each possible load set request containing: 

Position 

i Master set Id1 
i+l Number of subload Id's -n 

Subload - Id1 

Factor - s1 

Record number in SLT data 

i +3u+l Factor u 

(Repeated for each L0AD card image.) 

k Load set Id 

u • l 

k+3 Load set Id 

s, = 1.0 

Record number 

For each solution subcase, the applied load set Id is found in the above table. The applied 

loads are calculated and added to the Fa position in the element table with the following algorithms: 

The SLT data contains QBDYl, QBDY2, and QVECT data card images. For each requested load set, 

these cards are found and if the element is included in the element able, the load is calculated 

as follows: 

l. QBDYl cards: 
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2. QB0Y2 cards: 
M 

AF = AS(r Qi)/M, 
a i =1 

where Mis the number of points on the element. 

3. QVECT cards (TYPE, 6): 

T . 
C • {V1} {E}, 

or AF a = 0, C ! 0. 

4. QVECT cards (TYPE• 6): 

4.108.7.4 Applied Heat Flow Calculations (Transient) 

The transient applied load tenns are calculated with the same code as the static terms except 

for the following operations. 

The load set table is constructed from the DLT data block. The requested load set number is 

used to find a DL0AD or TL0AD data card image on the DLT header record. A table is built with an 

11-word ~ntry for each requested TL0AD set number. The contents are: 

TL0AD Id 

Factor - S(t) 

Static load set 

TL0AD type 

TL0AD factor, Cf' (from DL0AD card) 

TLtAD time function data (6 words) 

The static load table is used to detennine the static load set record. The TL0AD Id is re­

placed with the static set Id and the static load set Id is replaced with the static load set 

record number. 
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The TL0AD time function data contains: 

Word TL0AD1 TL0AD2 

6 Idt - (Table of F(t)) T1 Begin time 

T2 End time 

f Frequency 

¢, Phase angle 

n Exponent 

a Growth coefficient 

A list is built of the referenced tables and subroutine PRETAB is called to read the DIT 

data block. The referenced tables are stored in core. 

For each solution at a particular value of time, t, the factor, S, on the applied loads is a 

function of time. The equations are: 

. TL0AD1: 

TL0AD2: 

S(t) = CfF(t) (Table evaluated using TAB.) 

S(t) • Cf ~tn e<ltlt cos (2~f~t + ¢,) 

if ~t > O and t < T2, 

.2!. S(t) • 0 if ~t < 0 or t > T2, 

where ~t • t - T1 • 

After the time factors are calculated, the static loads are processed as in the statics case. 

An exception occurs when a QVECT data card references a tabular function of time. If any of the 

values Ei of the flux vector on the QVECT card are integers, their value is replaced by the value 

of the referenced table evaluated at t • time. 

4.108.7.5 Output Fonnat 

After each solution vector has been processed, the following data is output on the 0EFIX 

file for each element: 
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Heat flux data for other element types are simply copied across from the 0EF1 data block to the 

0EFIX data block. 

4.108.8 Subroutines 

Utility subroutine HBDY is used to process the HBDY element data. See the description in 

Section 3. 

4.108.9 Design Requirements 

SDRHT requires no scratch files. Its open core requirements are: 

Sta ti cs Dynamics 

Element Table Element Table 
14 Words/Element 14 Words/Element 

Ug Vector 
(Unpacked) 

Ug Vector 
(Unpacked) 

Static Load Set Table 
5 Words/Simple Load.Id 

Static Load Set Table 

5 x n words/L0AO Dynamic Load Set Table 
' 11 Words/TL0AD Card 

Open 
Direct Input Tables 

3 Buffers 
Open 

3 Buffers 

4.108.10 Diagnostic Messages 

Messages 3063 thru 3069 may be issued. 
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4.109 FUNCTIONAL MODULE GPCYC (GEOMETRY PROCESSOR FOR CYCLIC PROBLEMS) 

4. 109.l Entry Point: GPCYC 

4.109.2 Purpose 

This module processes the user supplied infonnation about degrees of freedom which are to be 

constrained between the segments for cyclic symmetry problems. This is a preprocessor for the 

CYCT2 module. It identifies the constraints between the degrees of freedom in the analysis sets 

for the cosine (synrnetric) and sine (antisynrnetric) models. It is placed outside the loop (i.e., 

solution for values of the cyclic index k) in static analysis. 

4.109.3 DMAP Calling Sequence 

GPCYC GE0M4,EQEXIN,USET / CYCD / V,Y,CTYPE / V,N,N0G0 $ 

4.109.4 Input Data Blocks 

GE0M4 Contains CYJ0IN data cards for cyclic constraints 

EQEXIN 

USET 

Equivalence of external to internal indices 

Displacement set definitions table 

4.109.5 Output Data Block 

CYCD Cyclic component constraint data 

4.109.6 Parameters 

CTYPE Input-BCD-R0T for rotational, DIH, DRL, or DSA for dihedral - no default. 

N0G0 Output-Integer-+l unless an error has occurred, in which case it will be 
-1 - no default. 

4 .109. 7 Method 

The output data block CYCD will be a code, having one entry for each point in the ua set of 

the NASTRAN model. The code is different for rotational (CTYPE • Rxxx) and dihedral (CTYPE • Dxxx) 

problems. The type is put into the data block trailer, along with the length of ua set. 
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For rotational, use l and for dihedral use 2 for coding into the trailer. 

Rotational - The CYCD for the nth degree of freedom in the ua set is the nth word of 

CYCD data block. Its value is 

0 if n is interior 

m if n is on side 1 

-m if n is on side 2 

where mis the number of the connected degree of freedom. The following method can be 

used. SIDE 1 and SIDE 2 lists are specified on CYJ0IN cards on GE0M4. If none ore more 

than one of each, a fatal message occurs. 

a. Put the SIDE l list and the second record of EQEXIN in core. The second EQEXIN record 

has 10 x SIL+ code (code= 1 for a grid and 2 for a scalar point). Read a SIDE 2 entry and 

the corresponding entry from SIDE 1. Put on a scratch file a five word list containing: 

Code 

Internal Index } SIDE l 
Grid Number 

Internal Index } SIDE 2 
Grid Nwmer 

Continue for all SIDE 2 entries. A fatal error occurs (the N0G0 parameter is set to -1) if 

the code does not match for a pair, if the two points are the same, Dr if the lists are of 

different length. Grid numbers will be carried along to give {~o the user) meaningful 

diagnostic messages. 

b. Next put uSET in core. Read each mask, starting from the top, and replace the masks of 

the points in the ua set by -1. -2, -3, •••• -SILa (the nwmer of points found is the length 

of the ua set). Each entry from step "a" will produce 6 (code• 1) or 1 (code"' 2) possible 

pairs of SIL numbers to be joined. Pass through the possible SIL pairs to see if both are in 

the ua set. If neither is in ua set, ignore the pair and continue. If one is in ua set and 

the other is not, output a warning message that no connection will be made (identify grid 

point, component and set of the two points), and continue. If both are in the ua set, than a 

pair to be joined has been found. Output on a scratch file a pair of SILa numbers (i.e., the 

positive value of the index in the ua set, along with the grid point identification number to 

be used for diagnostics: 
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SILa Index l SIDE 1 
Grid Number 

SILa Index l Grid Number 
SIDE 2 

It should be noted that it is legal to have no pairs. A warning message is output if a grid 

point produced no pairs. 

c. Clear an area in core the length of ua set for the CYCD. For each pair in the 

list formed in step (b), check that the CYCD in the locations given by the two SILa numbers 

are zero. If they are, put the value of SILa Side 2 into the location SILa Side 1. Then 

put (-1) times the value of SILa Side 1 into the location SILa Side 2. If non-zero values 

were found, a fatal message identifying the grid point listed more than once is produced. The 

resulting list is the CYCD data block for the rotational case. 

Dihedral - The value of CYCD for the nth degree of freedom in the ua set is 

0 if interior 

1 if on Side 1 and an even c~mponent 

2 if on Side 1 and an odd component 

3 if on Side 2 and an even component 

4 if on Side 2 and an odd component 

The following method can be used. SIDE 1 and SIDE 2 lists are on GE0M4. If at least one 

of each is not found a fatal message occurs. It is legal to have many cards of either 

type. 

a. Put the second record of EQEXIN in core. Output on a scratch file a five word list (for 

every entry on either SIDE 1 or SIDE 2) 

Side 

Coord.Sys.(blank + 0, R, C + l and S + 2) 

Codes 1,2 (grid or scalar} 

Internal Index 

Grid Number 
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b. Next put USET into core, and replace ua set masks with -SILa numbers as for rotational. 

Each entry from step (a) will produce 6 or l (Code= l or 2) possible boundary points. Only 

points in ua set are to be joined. Pass through the entries from steo "a" to see which produce 

SIL values in the ua set. If none (from a grid point) are found, produce a warning message 

identifying the grid point. If points in ua set are found, output a three word record on a 

scratch file containing 

[:::: 
Grid Point 

Index 

CYCD is the output code defined above. The component is "even" if Code= 2 or (Code= l) and 

Coord Sys= 1, Components 1, 3, 5) or (Code= land Coord Sys s 2, Components 1, 2, 6). Other­

wise it is "odd". If Code= land Coord Sys• 0, a fatal message occurs. 

c. Clear an area in core the length of ua set for the CYCO. For each item in the list 

formed in step "b", check that the location SILa has zero value. If it does not, then pro­

duce a fatal message identifying the grid point which has been listed twice. If the location 

was zero, put the CYCO in the location. Continue until done. The result is the CYCD data 

block for the dihedral case. 

4.109.8 Subroutines 

Utility subroutines BISRCH and PREL0C are used. 

4.109.9 Design Requirements 

Two scratch files are required. Open core required at /GPCYCX/ 

4.109.10 Diagnostic Messages 

Message numbers 4024, 4025, 4026, 4027, 4028, 4029, 4030, 4032, 4037 and 4039 may occur. 
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4. 110 FUNCTIONAL MODULE CYCTl (TRANSFORMATION TO CYCLIC COMPONENTS - PHASE I) 

4. 110. 1 Entry Point: CYCTl 

4. 110.2 Purpose 

This module is used to transform loads and displacements between physical and symmetric 

components representations. The module is capable of transforming in either direction. It is 

capable of transforming for either cyclic or dihedral symmetry. In the dihedral case, the 

"physical" representation can be resolved in terms of left and right halves, or in terms of sym­

metric and antisymmetric components for the model's N segments. The module is capable of handling 

multiple loading conditions, and a restricted range of the cyclic parameter K. Both input and 

output vectors are "analysis-size" (ua) vectors. 

4. 110.3 OMAP Calling-Sequence 

CYCTl )PL f JPX f jGCYCFf 
}UXVf/ }ULV~'}GCYCB~ / 

V,N,N0G0 $ 

4.110.4 Input Data Blocks 

V,Y,CTYPE / C,N,F0RE / V,Y,N / V,Y,KMAX / V,Y,NL0AD / 

PL - Load vector matrix giving static loads on t set. 

UXV - Displacement vector matrix giving displacement on synmetric components. 

4.110.5 Output Data Blocks 

PX - Loads on the synmetric components. 

ULV - Displacements on the physical components. 

GCYCF - Transformation Matrix (may not be purged) 

GCYCB - Transformation Matrix for displacements on physical components (may not be purged). 

4.110.6 Parameters 

CTYPE Input-VCD-no default-code specifying transformation type. R0T for rotational, 
DRL for dihedral with right or left, or DSA for dihedral with symmetric and 
antisynvnetric. 

CDIR Input-integer-no default-number of segments. 

N Input-integer-no default-number of segments. 
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KMAX Input-integer-no default-maximum value of cyclic parameter Kif positive. 
If negative, the only value of K is /'f.J,1AX/. 

NLOAD Input-integer-default= l - number of loading conditions. 

N0G0 Output-integer-no default - +l unless an error has occurred, in which case 
i t wi 11 be - l . 

4.110.7 Method 

The computations in this module should not be attempted if (a) the second output data block is 

purged, or (b) the input and first output data blocks are not purged and the input matrix is in­

compatible with the parameters. The number of columns in the input matrix must be the same as the 

number of rows of GCYC, which is: 

where FACT is given by 

~ E 

R0T 

DRL or DSA 

{ 
2•KMAX + l 

FACT • 
N 

F0RE 

N•NL0AD 

2•N•NL0AD· 

BACK 

FACT•NL0AD 

2•FACT•NL0AD 

2•KMAX < N 

2•KMAX = N 

If 2•KMAX > N, or KMAX < 0, or N !. 0, a fatal message should be given. "Fatal" messages will set 

the NOGO parameter, and then return. 

First compute en• cos(2~n/N) and Sn• sin(2~/N) for n • 0, l, ... , (N-1). The method will 

be to use a recursion relationship. First co~oute C
0 

• 1.0, S
0 

• 0.0, c1 = cos(2~/N) and s1 = 

sin(2~/N). Then 

en • cl cn-1 - sl sn-1 

CN-n • CN I n !. N/2 
Sn • sl cn-1 + cl sn-1 

5N-n • -SN 
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If N is even, set CN/2 = -1, SN/2 = 0. Once en and Sn are known for n.::, (N/2), the values 

should be calculated for the rest of the values n.::, (N-1) from 

= -S n 

Once the values are tabulated for O < n < (N-1), Cn and Sn can be found for arbitrary integer index 

si nee 

Cn = C(n mod N) 

Sn = S ( n m.od N) 

The next step is to compute the "compact" transfonnation matrices. This is best shown by 

examining Figure 1. There are two types called F0RE and BACK, which are quite similar. Since it 

will be used to post-multiply another matrix for the transfonnation, it must be assembled by 

columns. The following comments help to define the matrices: 

Type F!t'RE 

1. There is a scalar multiplier of 2/N. 

2. There are N rows. 

3. The first column, called K = O, consists of l/2's. 

4. Additional columns come in pairs. The first pair is called 
K • 1, the next pair K = 2, etc. Each pair consists of a 
cosine column and a sine column. Going down the column the 
index n of en and Sn is incremented by K. 

5. If N is odd, the ·1ast pair is K .. (N-1)/2. If N is even, 
there is an additional column K = N/2, which consists of 
alternating 1/2's and -1/2's. 

6. Compute only the columns K < KMAX. The dotted line in 
Figure 3 corresponds to the-i,oundary for KMAX = 2. 

Type BACK 

1. This is like the transpose of F0RE, except there is no 
scalar multiplier, nor factor of 1/2 in the first and 
last rows. 

2. The parameter KMAX will limit the length of the columns. 
There will always be N columns. 
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The "compact" transformation matrix is only valid for CTYPE = R0T and NL0AD = 1. If CTYPE = DRL 

or DSA or NL0AD > l, the matrix will have to be expanded. If (and only if) CTYPE = DRL, the matrix 

must be expanded as follows. This will involve making two rows and two columns for each element. 

The pattern can be seen below: 

[: :J ... 

a a 

a -a 

C C 

C -c 

b b 

b -b 

d d 

d -d 

The basic pattern for expansion is the same for F0RE or BACK. A scalar multiplier of 1/2 is to be 

included for type F0RE. 

If CTYPE = DSA, double the value of NL0ADS. If NL0A0S > 1, a further expansion is required. 

(Note that if CTYPE • DRL and NL0AD > l, both types of expansion will be applied.) The basic 

pattern can be seen below: 

[: :J + 

a 

0 

0 

C 

0 

0 

0 

a 

0 

0 

C 

0 

0 

0 

a 

0 

0 

C 

b 

0 

0 

d 

0 

0 

0 

b 

0 

0 

d 

0 

0 

0 

b 

0 

0 

d 

The example shown is for NL0AD • 3. For the general case, each row {or column) will be expanded 

into NL0AD rows and colunms. 

The transfonnation matrix is now complete. If the second output data block is not purged, the 

transfonnation matrix should be there. 

If the input and first output data blocks are not purged, then 

[PX] • [PL] [GCYCFJ 

where GCYCF is the transfonnation matrix. 
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4. 110.8 Subroutines 

Subroutine SSG2B is called. 

4.110.9 Design Requirements 

One scratch file is required. The numerical calculations for GCYCF are done in double­

precision. The matrix is produced according to the precision selected by the SYSTEM cell. 

Open core is used at /CYCTlZ/. 

4. 110. 10 Diagnostic Messages 

The following messages may be issued by CYCTl: 

3008, 4063, 4064, 4065, 4066 and 4067. 
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Figure 1. Phase 1 - Transformation Matrices 
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4. 111 FUNCTIONAL MODULE CYCT2 (TRANSFORMATION TO CYCLIC COMPONENTS - PHASE 2) 

4. 111 . l Entry Point: CYCT2 

4.111 .2 Purpose 

This module is used to transfonn cyclic problems to the solution set ("independent") variables, 

and transform the results back to the cyclic components. The module is general purpose, but can 

provide the following specific tasks: 

a. Transfonn a load vector and stiffness .matrix to the solution set for static analysis. 

b. Transform mass and stiffness matrices to the solution set for eigenvalue analysis. 

c. Transfonn displacements back to the cyclic transfonn degrees of freedom for static 
analysis. 

d. Transfonn eigenvectors and eigenvalues back to the cyclic variables for eigenvalue 
analysis. 

Static analysis is expected to be a "looping" rigid fonnat, where the loads to be transfonned in 

task (a) are extracted from a matrix of load vectors; also the resulting displacements are appended 

in task (c), to the appropriate locations. 

4.111.3 DMAP Calling Sequence 

Forward - Statics 

CYCT2 CYCO,KAA,,PX,, / KKK,,PK,, / C,N,F0RE / V,Y,NSEGS•-1 / V,N,KINDEX / 

V,Y,CYCSEQ•-1 / V,Y,NL0AD•l / V,N,N0G0 $ 

Backward - Statics 

CYCT2 CYCD,,,UKV,RUKV, / ,,UXV,RUXV, / C,N,BACK / V,Y,NSEGS / V,N,KINOEX / 
V,Y,CYCSEQ / V,Y,NL0AD / V,N,N0G0 $ 

Forward - Eigenvalues 

CYCT2 CYCD,KAA,MAA,,, / KKK,MKK,,, / C,N,F0RE / V,Y,flSEGS•-1 / V,Y~KINOEX•-1 / 
V,Y,CYCSEQ•-1 / C,N,l / V,N,N0G0 $ 

Backward - Eigenvalues 

CYCT2 CYCO,,,,PHIK,LAMK / ,,,PHIA,LAMA / C,N,BACK / V,Y,NSEGS / V,Y,KINDEX / 

V,Y,CYCSEQ / C,N,l / V,N,N0G0 $ 
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4.111.4 Input Data Blocks 

CYCD Cyclic Component Constraint Data 

KAA Matrix (Stiffness) 

MAA Matrix (Mass) 

PX Load on synrnetric components 

UKV Displacements on solution set 

RUKV Residual vector on solution set 

PHIK Eigenvectors on solution set 

LAMK Eigenvalues for PHIK 

4.111.5 Output Data Blocks 

KKK Trans fonned Matrix {Stiffness) 

MKK Transformed Matrix (Mass) 

PK Transfonned loads on solution set 

UXV Displacements on synrnetric components 

RUXV Residual vector on synmetric components 

PHIA Eigenvectors on analysis set 

LAMA Eigenvalues for PHIA 

4.111.6 Parameters 

CDIR Input-BCD code-no default-F0RE or BACK 

NSEGS Input-integer-no default-nunmer of segments 

KINOEX Input-integer-no default-cyclic index 

CYCSEQ Input-integer-default-alternate• -1 - an integer code for sequence 

NL0AD Input-integer-default• 1 - nunmer of loading conditions 

N0G0 Output-integer-no default - +1 unless an error has occurred, in which case 
it will be -1. 

4.111. 7 Method 

Using information from the CYCD data block, two (sometimes one) sparce transformation matrices 

are formed. These are the same for "F0RE" and "BACK", but will depend upon K, N, and CYCSEQ. The 

type (rotational or dihedral) is specified in the matrix trailer of the CYCD data block. A fatal 
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error (N0G0 parameter= -1) occurs if K > N/2 or K < O or N ~ O. The transformation matrices can be 

constructed column by column usin9 information from the CYCD data block. 

1. Transformation Matrices, Rotational. The general case is O < K < N/2. There are two 

matrices to be produced, called Ge and Gs. The number of rows is equal to the ua size, which 

should be in the trailer record of CYCO. 

There will be two columns produced for every non-negative number of CYCO; one is the cosine 

column and the other is· the sine column. If CYCSEQ = +1, put all cosine columns before the 

sine columns; if CYCSEQ = -1, alternate. Let c = cos(2~K/N) ands= sin(2~K/N). The nonzero 

numbers in Ge and Gs are: 

a. Interior points (CY~Dn = 0) put al in the nth row of Ge if a cosine column and 

a 1 in the nth row of Gs if a sine column. 

b. Points on Side 1 (CYCDn = m > O) put al in the nth row and a c in the mth row of 

Ge and a-sin the mth row of Gs if a cosine column. Put ans in the mth row of Ge and a 

l .in the nth row and a c in the mth row of Gs if a sine column. 

c. Points on Side 2 (CYCOn .. m < O) there are no columns associated with points on Side 2. 

The cases K • O and. 2·K • N require special treatment. There· is no Gs matri ~· and there are 

only cosine columns. Note that if K • 0, c • 1.0, s = 0.0, and if 2·K = N, c = -1, s = O. 

2. Transformation Matrices I Dihedral. The general case is O < K < N/2. There are two 

matrices to be produced, called Gs and GA. The nunt>er of rows is the same as in the rotational 

case. There will be tw~ columns for each interior point (CYCD = 0) called the S column and 

the A column. There is one column for each side point (CYCO > 0), which will be called an S 

column. If CYCSEQ • +1, order so that all S columns come first; if CYCSEQ = -1, intermix the 

Sand A columns. Let c • cos(~K/N) ands• sin(~K/N). The nonzero numbers in G5 and GA are: 

a. Interior points (CYCOn • 0) put a 1 in the nth row of Gs if ans column, and a 

1 in the nth row of GA if an a column. 

b. Edge Points. If CYCDn • 1, put a c in the nth row of Gs and an·s in the nth row of 

GA. If CYCDn • 2, put a-sin the nth row of Gs and a c in the nth row of GA. If CYCDn = 

3, put a 1 in the nth row of G5• If CYCDn = 4, put a 1 in the nth row of GA. 
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Cases K = 0 and 2·K = N require no special treatment. Note that for K = 0, C = 1.0, S = 0.0, 

and for 2·K = N, C = 0.0, S = 1.0. 

3. Transformation of Matrices. There are two inputs and two outputs used for transforming 

matrices. This is done only if CDIR = F0RE, and the matrices are not purged. Let G1 = Ge 

and G2 = Gs (R0T); G1 = Gs and G2 = GA {DIH). Then 

T T 
KKK • 61 Kaa 61 + 62 Kaa 62' 

A similar formula holds for Maa• the other matrix. 

4. Transformation of Loads and Displacements. The trick here is to locate the quantities to 

be transformed, and the location to put the results. The subcases are ~rranged according to 

type (rotational or dihedral), index K, and kind (cosine or sine, or symmetric or antisymmetric). 

Also, there is the complication of multiple loads. The equations can be written as: 

~ F0RE BACK 
. 

UC • Ge ux 
R0T PK • G~ Pc + G! PS 

us • Gs ux 

ucs • Gs uxl 

PKl 
T T • Gs p cs + ~A p sA 

ucA • -GA u x2 
DIH 

USS • Gsux2 

PK2 
T T 

• - 6A P cA + 6s P sS 
Gpuxl USA • 

The vectors will have NL0A0S columns. The subscript K refers to the local indices. The 

locations of the Pc, ••• , PsA in the Px load vector can be determined. The uc' ••. , usA 

displacements are put back into the corresponding columns of the output data block. Thus,· 

when corR • BACK, the data block wi11 be of type append. In the loads, put the x1 vectors all 

before the x2 vectors. 
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5. Transformation of eigenvectors. The calculation is the same here except for the rule as to 

where the vectors come from and go to. The columns are alternately assigned to Pc and Ps. 

For type R0T, BACK, an even number of columns will be produced, which are alternately uc and 

us. Thus, eirenvectors put in terms of cosine and sine segments will appear in the output in 

consecutive subcases. For type R0T, there is an exception to the above rule when 2K = 0 or N, 

in which case Gs does not exist, and there is a one-to-one correspondence between input and 

output. In type dihedral, it will be assumed that PK2 and ux2 terms vanish. The columns must 

be even in number, and are assigned alternately to the cs and sA models. 

6. Transformation of eigenvalues. This i's only done when CDIR = BACK. When there is a 

two-to-one ratio of eigenvectors, the same will be done to eigenvalues. This will occur except 

when CTYPE = R0T and 2K = 0 or N. 

4. 111.8 Subroutines 

Utility subroutine SSG2B is used. 

4.111.8. 1 Subroutine Name: CYCT2A 

1. Entry Point: CYCT2A 

2. Purpose: To evaluate the matrix equation 
T T 

KKK • Gl Kaa Gl + G2 Kaa G2 

3. Calling Sequence: CALL CYCT2A 

(KAA,KXX,Gl ,G2,SCR1,SCR2,SCR3), where KAA, KXX, Gl, G2, SCRl, SCR2, SCR3 are GIN0 file 

names for their appropriate data blocks. 

4. Method: [X] • [KAA] [G1J is fonned first, then [Y] • [G1]T [X] is computed. If 

necessary, the second tennis evaluated in a similar order. 

4.111.8.2 Subroutine Name: CYCT2B 

1. Entry Point: CYCT2B 

2. Purpose: To copy columns from one matrix to another. 

3. Calling Sequence: CALL CYCT2B 

(INPUT,0UTPUT,NC0L,IZ,MCB), where INPUT and 0UTPUT are the GIN0 file names of the INPUT 
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matrix (previously opened) and the 0UTPUT matrix (previously opened) NC0L is the number of 

columns to copy. IZ is open core to use for the copy. MCB is a properly initialized 

matrix control block for the output matrix. C0MM0N/UNPAKX/ITC,II,JJ,INCR,ITC and INCR 

must be properly set for UNPACK. 

4.111.9 Design Requirements 

CYCT2 requires six scratch files. Matrices are built in the precision spe~ified by the 

system precision cell. 

4.111.10 Diagnostic Messages 

Messages 3001, 3002, 3003, 3007, and 3008 may be issued by this module. 
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4. 112 FUNCTIONAL MODULE APO (AERODYNAMIC POOL DISTRIBUTOR) 

4. 112. l Entry Point: APO 

4. 112.2 Purpose 

The principal function of APO is to generate aerodynamic elements. New tables are assembled 

to account for the element coordinates. Bulk data cards which control the solution of aerodynamic 

problems are processed and assembled into various data blocks for convenience and efficiency in 

the solution of the aerodynamic problem. 

4. 112.3 DMAP Calling Sequence 

APO EDT 1 EQOYN 1 ECT 1 BGPDT,SILD 1 USETD,CSTM,GPLD/EQAER0,ECTA,BGPA,SILA, 
USETA,SPLINE,AER0,,ACPT,FLIST,~~!~~.GPLA,SILGA/V,N,NK/V,N,NJ/ 
V,N,LUSETA/V,N 1 80V $. 

4. 112.4 Input Data Blocks 

EDT - Aerodynamic bu 1 k data cards 

EQDYN - Equivalence between external points and scalar index values - dynamics 

ECT Element connection table 

BGPDT - Basic grid point definition table 

SILO - Scalar index list - dynamics. 

USETD - Displacement set definitions table - dynamics 

CSTM - Coordinate system transformation matrices 

GPLD - Grid point list - dynamics 

4. 112.5 Output Data Blocks 

EQAER0 - Equivalence between external points and scalar index values - aerodynamics. 

ECTA - Element connection table - aerodynamics 

BGPA - Basic grid point definition table - aerodynamics 

SILA - Scalar index list - aerodynamics 

USETA - Displacement set definition table - aerodynamics 

SPLINE - Contains SETl, SET2. SPLINE, SPLINEl. SPLINE2 and SPLINE3 cards. External coordinate 
numbers are changed to internal coordinate numbers and referenced CAER0 cards are 
modified and appended to the referencing cards. 

AER~ - Control information for control of aerodynamic matrix generation and flutter analysis. 
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ACPT - Information pertaining to each independent group of aerodynamic elements 

FLIST - Contains AER0, FLFACT and FLUTTER cards copied from EDT 

CSTMA - Coordinate system transformation matrices - aerodynamics 

GPLA - Grid point list - aerodynamics 

SILGA - Scalar index list - Structural grid point and aerodynamic points 

4.112.6 Parameters 

NK - Output - integer - no default. Degrees of freedom in the uk displacement set. 

NJ - Output - integer - no default. 

where Nb = number of aero boxes 

Nsb • number of slender bodies 

Nib• number of interference bodies 

fi • degrees of freedom for each slender body 

9; • degrees of freedom for each interference body 

LUSETA - Output - integer - no default. Degrees of freedom in the PA displacement set. 

B0V - Output - real - no default. Conversion factor from circular frequency to reduced 
frequency ( k) • 

4. 112. 7 Method 

4. 112. 7. 1 Genera 1 

Subroutine APO is the module driver. It allocates twelve buffers and positions files for the 

different methods to write on. Boxes are generated by algorithms determined by aerodynamic theories 

or methods such as Doublet Lattice, Piston, etc. Each method has a method driver subroutine. 

C0MM0N/AP01C/ is used to pass pointers and file names to the various method drivers. Coordinate 

system IO's are assigned starting with one larger than the biggest existing ID. SIL's are assigned 

for SILA at one larger than existing SIL. SIL's are assigned for SILGA at one larger than exist­

ing G-size SIL. External ID of boxes start with external ID of CAER0 card. Internal ID of boxes 

are assigned starting at one larger than G-size. 
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Before any method driver starts, subroutine APDR is used to read the AEFACT cards, all the 

CAER0 cards and all the PAER0 cards into main memory and set up pointers to each. Then, if any 

CAER0 cards exist for a method, its driver is called until all the CAER0 cards have been pro­

cessed. APO then finishes writing its output files. 

4. 112.7.2 Generation of Data Blocks 

EQAER0 is generated from SCRl. SCRl has the external ID plus lO*SILD+TYPE. SCRl is read 

into main memory with space left for a third entry. The third entry is built as an internal index 

(without extra points). This list is sorted and words one and three become Record l of EQAER0. 

Record 2 is words 1 and 2 of the list. 
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ECTA is a copy of ECT with aero box elements added by the method drivers. An ECTA entry 

for an aero box is external ID plus 5 internal aero grid point ID's describing the box. The 

fifth grid point is the center. 

BGPA is a copy of BGPDT with aero grid points added by the method driver. 

SILA is a copy of SILO with aero grid points added (D-set) plus a second record copied from 

SCR2 with the equivalent SIL without extra points. 

USETA is a copy of USETD with the aero grid point masks added (6 per grid point) by the method 

driver. 

SPLINE has input data ·cards modified for easy interpretation ~Y module GI. Subroutine A~O 

converts external grid point ID to internal plus attaches the referenced CAER0 card to the SPLINEl, 

SPLINE2 and SPLINE3 cards. In addition, a record is built with a11 the k-set points with three 

words perk-point. The fonnat is External IO, Internal ID, and starting k column number associated 

with the grid point. 

AER0 has the MKAER01 or MKAER02 cards. 

ACPT has data for module AMG, one record for each macro aeroelastic element. The data is 

arranged for ease of handling by the method drivers of AMG. 

FLIST has the AER0, FLFACT and FLUTTER cards. 

CSTMA is a copy of CSTM with the aero coordinate systems added by the method drivers. 

Coordinate ID starts at one larger than currently on CSTM. 

GPLA is a copy of GPLO plus the aero grid points added by the method drivers. Box corners 

start at ·1,000,000; box centers at CAER0 IO. 

SILGA is the SIL's with G and aero points only (no extra points). 

4. 112.8 Subroutines Called 

4.112.8.l Subroutine Name: APO 

1. Entry Point: APO 

2. Purpose: Module driver for aeroelastic box generation 

3. Calling Sequence: CALL APO 
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4. 112.8.2 Subroutine Name: APDF 

1. Entry Point: APDF 

2. Purpose: To detennine the chordwise and spanwise locations of the aerodynamic boxes. 

3. Calling Sequence: FSJl = APDF(FST,l,NSPAN) 

4. 112.8.3 Subroutine Name: IAPD 

1. Entry Point: IAPD 

2. Purpose: To detennine the internal coordinate numbers of the box coordinates for the 
ECTA table. 

3. Calling Sequence: CIC• IAPD(I,J,NC,NCRDP) 

4.112.8.4 Subroutine Name: EMSG 

1. Entry Point: EMSG 

2. Purpose: To write a standard NASTRAN error message. 

3. Calling Sequence: CALL EMSG(NCHAR,MSN0,ISYS,IWF,ITEXT) 

NCHAR - number of characters of text in array ITEXT: 

MSN0 - message number to be printed. 
1 - User 

ISYS - 2 - System 

IWF 1 - Warning 
• 2 - Fatal 

ITEXT - Array containing NCHAR characters of text 

If NCHAR = 0, EMSG will return after printing the message number. If MSN0 < 0, EMSG will 

call MESAGE with -61 for a fatal tennination. 

4. Method: EMSG computes the number of lines of text to be printed (using /SYSTEM/ for 

NCPW) card calls EJECT for page control. It then prints the message using a machine­

dependent fonnat. 

4.112.8.5 Subroutine Name: APDR 

1. Entry Point: APOR 

2. Purpose: Read a card type into main memory. 

3. Calling Sequence: CALL APDR(FILE,Z,C0RE,IN,0UT,WR,BUF,TYPE) 
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FILE - GIN0 name of file to read 

Z - beginning of open core 

C0RE - length of open core available from IN to end - on output decrenented by WR. 

IN - 0 if card not found; offset from Z where card is, if found - output 

0UT - last location used in Z buffer read; after read= 0UT + WR 

WR - number of words read from file - output 

BUF - offset from Z where L0CATE buffer is 

TYPE - locate codes for card type to read 

4. Method; WR and IN are set to zero. L0CATE is called to find card type. If found, the 

record is read into core at Z(0UT+l); IN is set, WR is set; 0UT is set; and core is 

decrimented. E0F on Read or insufficient core g1ve fatal error messages. 

4. 112.8.6 Subroutine Name: APD0E 

1. Entry Point: APD0E 

2. Purpose: Find an open-ended card 

3. Calling Sequence: CALL AP00E(IO,Z,START,END,F0UND,C0UNT) 

ID - ID of card wanted 

Z - Start of open core 

START - offset from Z where first card is located 

ENO - offset from Z where end of cards is located 

F0UND - offset from Z where start of card is; 0 if card ID not found - output 

C0UNT - number of data items on card not counting the ID 

4. 112.8.7 Subroutine Name: APDCS 

1. Entry Point: APDCS 

2. Purpose: Build panel coordinate system 

3. Calling Sequence: CALL APDCS 

4. Method: All conmunication to APDCS is through common blocks /APDlC/ and /APDlD/ . 

Given points l and 4 of a panel, these points are converted to basic from the CSTM entry 

for the coordinate system they are located in. Points 1 thru 4 are then located in 

the AER0 coordinate system. Then points 2 and 3 are located in basic. From here a 

panel coordinate system is defined and the CSTM entry is written. For Bodies, the 

program returns after finding point 1 in the AER0 system. 
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4. 112.8.8 Subroutine Name: APD12 

1. Entry Point: APD12 

2. Purpose: Process CAER01 and CAER02 cards 

3. Calling Sequence: CALL APD12 

4. Method: A list of CAER01 cards and a list of CAER02 cards is built in core and sorted by 

IGID. The CAER01 cards are then processed in IGID sorted order. Subroutine APDl is 

called for each card. When cards with the same IGID are exhausted, APDl is flagged to 

put out the ACPT record; unless this IGID is the same as a CAER02 card. If it is the 

same, APD2 is called to combine the two types of cards. When all CAER01 cards have been 

processed, APD2 is called to process any remaining CAER02 cards. 

4. 112.8.9 Subroutine Name: APDl 

1. Entry Point: APDl 

2. Purpose: Process CAER01 cards 

3. Calling Sequence: CALL APDl(FST,NS,FCT,NC,LS,LC} 

FST - span any from AEFACT card 

NS - number of spans 
. 

FCT - chord any from AEFACT card 

NC - number of chords 

LS - start of IGID flag 

LC - end of IGID flag 

4. Method: All of the card type processors have the following tasks in common: 

a. Call APDCS to build a CSTM entry, 

b. Write a BGPA, GPLA, USETA, SILA, SCR2 and SCRl entry for all grid points generated, 

c. Write an ECTA entry for all boxes (elements} generated, and 

d. Write an ECPT entry when necessary. 

For CAER01 cards, boxes are created in the chordwise direction then the spanwise direction. 

Box corners are put in the PSA set and box centers have components 3.5 in the UK set. Scratch 

files 303, 304, and 305 are used to hold data for the ACPT table from each CAEROl card until 

all CAER01 cards with the same IGID are processed. Then the ACPT record is written. 
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4. 112.8.10 Subroutine Name: APD2 

1. Entry Point: APD2 

2. Purpose: Process CAER02 cards 

3. Calling Sequence: CALL AP02(I0PT,CA01,CA02,NC0RE,ID) 

I0PT - option flag O (CAER02 only); 1 (CAER02 with CAER01) 

CAOl - start of CAER01 sorted list 

CA02 - start of CAER02 sorted list 

NC0RE - offset to first location of open core available 

ID - if option= l; IGID of CAER01 to attach to. 

4. Method: AP02 performs steps similar to AP01. All CAER02 cards with the same IGID are 

processed together to build an ACPT record. If I0PT is 1, ~nly the CAER02 with IGID's 

equal to ID are processed. If I0PT is 0, all remaining CAER02 cards are processed. 

Slender body centers have canponents in the UK set set depending on body type: 3 and 

5 for Z; 2, 3, 5, 6 for Z-Y; and 2, 6 for Y. 

4.112.8.ll Subroutine Name: AP03 

1. Entry Point: APD3 

2. Purpose: Process CAER03 cards 

3. Ca 11.i ng Sequence: CALL APD3 

4. Method: APD3 performs the same general steps as APDl except that an ACPT record is 

written for each CAER03 card. The control points (not box centers) only have component 3 

in the uk set. 

4.112.8.12 Subroutine Name: APD4 

1. Entry Point: APD4 

2. Purpose: Process CAER04 cards 

3. Calling Sequence: CALL APD4 

4. Method: AP04 performs the same steps as APD3 except control points have components 3 

and 5 in the uk set; and component 6 if the'control point is on a control surface. 
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4. 112.8. 13 Subroutine Name: APDS 

1. Entry Point: APDS 

2. Purpose: Process CAER05 cards 

3. Calling Sequence: CALL APOS 

4. Method: Same as APD4 
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4. 112.9 Design Requirements 

4. 112.9. 1 Allocation of Open Core 

APO usei 5 scratch files. 

Open core is allocated in APO as follows: 

C0MM0N/ZAPO/ Z(l) 

All AEFACT Cards 

CSTM Table 

All CAER0 cards 

All PAER0 cards 

Scratch Area 

12 Buffers 

4.112.9.2 Conmunication Conmen Blocks 

C0MM0N/ZAPO/ Z(l) open core - all offsets are from here 

C0MM0N/APD1C/EIO,PIO,CP,NSPAN,NCH0RO,LSPAN,LCH0RO,IGIO,Xl,Y1,Zl,il2,X4,Y4,Z4,X43,XOP,XlP,ALZO, 
MCSTM,NCST1,NCST2,CIDBY,ACSID,IACS,SILB,NCRD,SCR1,SCR2,SCR3,SCR4,SCR5,ECTA,BGPA, 
GPLA,USETA,SlLA,CSTMA,ACPT,BUFlO,BUFll,BUFl2,NEXT,LEFT,ISILN,NCAM,NAEFl,NAEF2, 
NCA1,NCA2,CA2S1,CA2E,CA3S,CA3E,CA4S,CA4E,NPA1,NPA2,PA2S,PA2E,PA3S,PA3E,PA4S,PA4E, 
CA5S,CA5E,PA5S,PA5E 

As each CAER0 card is processed, the 16 words are put in /APDlC/ starting at EID. 

MCSTM - last coordinate system. ID used 

NCST1-NCST2 - start and end of CSTM data 

CIDBY - last external ID assigned 

ACSIO - aero coordinate system ID 

IACS - pointer to core of CSTM for ACSID 

SILB - start of last SILA assigned 

NCRD - last external grid point ID assigned 

SCR1-ACPT - GIN0 file numbers 

BUF10-BUF12 - three buffers available for use 

NEXT - offset to next core location available 

LEFT - words from NEXT to ENO 
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ISILN - start of last SILGA assigned 

NCAM - number of CAER0l cards 

NAEF1-NAEF2 - start and end of AEFACT cards 

NCA1-PASE - starts and ends of CAER0 and PAER0 cards 

C0MM0N/APD1D/ICPL(l4),DUM(6),RA1(3) 

ICPL - CSTM entry for panel last generated 

OUM - conmunication between APDCS and card processors as needed 

RA1 - location of point 1 in aero coordinate system for last panel or body processed. 

4. 112.9.3 Diagnostic Messages 

Since APO is a data card processor, it can produce many diagnostic messages. All of APO 

messages are fatal. A partial list of messages follows. (Some messages have not been given 

message numbers.) 

2025, 3001, 3002, 3003, 3008, 2318, 2319, and 2322-2328. 
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4.113 FUNCTIONAL MODULE GI (GEOMETRY INTERPOLATOR) 

4.113.1 Entry Point: GI 

4.113.2 Purpose 

To generate the transformation matrix [Gka]T. (GTKA) 

4. 113.3 DMAP Calling Sequence 

GI SPLINE,USET,CSTMA,BGPA,SIL,xxx,GM,G0/GTKA/V,N,NK/V,N,LUSET $ 

4.113.4 Input Data Blocks 

SPLINE - Splining Data Table. 

USET - Displacement set definition table. 

CSTMA - Coordinate System Transfonnation Matrices - aerodynamics. 

BGPA - Basic grid point definition table - aerodynamics. 

SIL - Scalar index list. 

xxx Available for future use. 

GM - Multipoint constraint transfonnation matrix. 

G0 - Structural matrix partitioning transformation matrix. 

!i2!!.!.= 
1. SPLINE, USET, BGPA, SIL and ECTA cannot be purged. 

2. CSTMA may be purged if all points are in the basic system. 

3. GM and G0 may be purged if there are no muitipoint constraints or n~ omitted points. 

4.113.5 Output Data Blocks 

GTKA - Aerodynamic transformation matrix - k set to a ,et. 

!i2!!.!.= GTKA cannot be purged. 

4.113.6 Parameters 

NK Input-integer-no default. Degrees of freedom ink aerodynamic set. 

LUSET - Input-integer-no default. Degrees of freedom in g displacement set. 

4.113.7 Method 

The GI Module runs in four steps. Subroutine GI is the module driver and after initializing 

the conmon block GIC0M, it calls a subroutine to perform each step. The steps are: 

1. For each SPLINE data card, determine the structural (g points) and aerodynamic (k points) 
connected to it. (GIGGKS) 
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2. Fonn [G~g] with SPLINE3 columns - other columns null (GIGTKG). 

3. Fonn [G!aJ - interpolation matrices from all splines into k set by G set matrix. (GIPSST) 

4. Reduce to analysis (a) set degrees of freedom and output [G!aJ. If there are no multi­
or single-point constraints and no omits, part four is not perfonned. (GIGTKA} 

4.113.7.1 GIGGKS 

Subroutine GIGGKS first detennines the internal numbers of the g points and puts each set on 

a scratch file. SETl cards are copied onto the scratch file directly with an end-of-record after 

each set. 
.. 

For SET2 processing, the CSTMA and BGPA are read into core. Then for each SET2 card: 

1. Points 1 and 4 of the associated CAER0 element are found in the CAER0 coordinate system, 
giving two vectors Rf and R:. 

2. Two other vectors R~ and Ri are found from the two vectors above and the data on the 
CAER0 card for locating points 2 and 3. 

. . 
3. Then the vectors defining the corners of the prism defined on the SET2 card is found from 

the following equation: 

(l) 

I 
where R1 through R4 are the CAER0 corner locations in element coordinates and·~ and n are deter-

mined from the SET2 card using the following table: 

; , SPl CHl 

' SPl CM' 

3 SP2 CH2 
4 SP2 CHl 

4. The system of inequalities for points within the prism in the element coordinate system 

is: 

(2) 

where: 
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Y1 - Y2 x2 - x1 0 

Y2 - Y3 X3 - X2 0 

[CE]• 
Y3 - Y4 X4 - X3 0 

(3) 

Y4 - Y1 X1 - X4 0 

0 0 -1 

0 0 

(4) 

-zmax 

In these definitions. x and y are for the corners of the prism. zmax and zmin are from SET2 data 

card, and {RE} is the location [x,y,z] of a point to be checked in the element coordinate system. 

If zmax • 0.0 (implying +oo) or zmin • 0.0 (implying -m), the fifth or sixth (or both) rows of the 

inequality are ignored. The inequality will pass if all equations are satisfied. 

5. The inequalities are transformed to basic coordinates 

(5) 

(6) 

6. Now all grid points in BGPA are checked. Those grid points which satisfy all inequalities 

are in the set; the inequalities are in the basic coordinate system. The test is 

where {xb} is the location vector of a grid point to be checked. 

7. Write each set on a scratch file. 
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After the sets have been written on scratch files the complete SIL and part of the SPLINE 

associated with aerodynamic mid-points (k-points) are read into core. 

The rest of the subroutine is a loop to process each SPLINE data card. Utility subroutine 

PREL0C (L0CATE) is used to find the SPLINE card records. The SPLINEl or SPLINE2 card is read into 

the beginning of core. The associated g points are found from a scratch file containing the sets. 

If the proper SET card cannot be found or if the set is null, an appropriate message is produced. 

The g set is sorted by internal number and left in core. Then the k set is detennined from infor­

mation on the SPLINE card and its associated CAEROi card. Appropriate error messages occur if the 

proper boxes on the CAEROi element cannot be found. The associated external k set numbers can be 

found by evaluating the following equation for all values of I and J between their maximum and 

minimum. 

IDE• CAEROi element number 

where 

NCNIIRD comes from CAER01 card 

Imin • Box 1 - IDE/NCNIIRD+l 

IDk •IDE+ (I-1) + NCN0RD(J-l) 

1 S 1 S NCNIIRD 

Imax • Box 1 - IDE • NCNilRD(Jmin•l) + 1 

(8) 

The external numbers are converted to internal numbers from the SPLINE table; then they are sorted 

and put behind the g set. Using the SIL table, a list of SIL numbers for each g and k is put in 

core behind the first set. Then a record of the following 1s written 1n SCRl, and the process 

repeats for each SPLINE card. 

~ 

1-10 SPLINE card as received except word 2 was changed to type of spline. 

11-26 CAEROi card referenced by above SPLINE card. 

27 NGSET - number of grid points in g set 

28 NKSET - number of grid points ink set 

29 g set points 

. 
29+NGSET k set points 
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NSKET n set SIL 

NGSET g set SIL 

NKSET 

The length of the longest record is put in word 1 of the trailer for SCRl. For SPLINE3 

cards, all the cards are read into core. The external aero ID's are converted to k-set numbers 

and the g-points to SIL numbers. The cards are then written on SCR3 sorted by k-set numbers. 

4.113.7.2 GIGTKG 

Subroutine GIGTKG builds on SCR2 [Grg]. If any SPLINE3 data cards were used, SCR3 is 

read into core. As null k-columns are output, a check is made to see if a SPLINE3 card defines 

this column. If it does, this vector is built in core by inserting the proper rows' terms from 

the SPLINE3 card, and this column is then packed out. 

4. 113.7.3 GIPSST 

Subroutine GIPSST detennines the amount of open core. Core is allocated for three buffers, 

the CSTMA and BGPA. If this plus twice the maximum record size of SCR1 will not fit in core, a 

fatal message occurs. BGPA and CSTM (if it exi~ts) is read into core. The rest of the subroutine 

is a loop on each record on SCRl. 

As each record is read, pointers are set up for g points, k points, g SIL's, k SIL's and the 

coordinate system transformation matrices. A branch on type is then made. For the following 

equation, E means aero element, L means linear spline, G means global and B means basic for matrix 

or vector subscripts. For the surface splines, all g and k points must be located in the spline 

(or element) coordinate system: 

(9) 

only the x and y location are calculated and saved. Then a core check is made, so the SSPLINE 

routine will not give an error. Then SSPLINE is called to give [Grgi]' with no synrnetric options, 

transpose option, slope option. 
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For the linear spline, all g and k points must be located in the spline coordinate system, 

but this may not be the coordinate system for the element. For bodies, the aero coordinate 

system is used for all calculations. The z-axis will always be perpendicular to the defining 

element. The y-axis of the element is the projection of the y-axis of the coordinate system (L) 

referenced on the SPLINE2 data card. 

Definition of terms: 

(10) 

where k may be E, Lor b. Then R0E in Equation (2) is redefined for linear splines 

( 11) 

To get C\J 

( 12) 

( 13) 

(14) 

Equation (2) is the calculation for the linear spline with only the x and y locations being calcu­

lated. Core check is made before LSPLIN is called to give G!91 with no synwnetry, both slopes and 

transposed for panels (see Section 3.4.86). For bodies, the x-location is placed in they-position 

and the x-position set to 0. Only they-slope is calculated. 

For panels, this matrix has two columns for slopes and these must be transformed to element 

coordinates (which the surface spline is in). 

Two scalars are needed: 

(15) 

(16) 
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The two columns are then merged into one column (naturally the rest of the matrix must move up). 

T 
I= 1 to length of column. For bodies, this matrix is ready to merge in to Gkg' 

T T This gives the proper Gkgi to merge into the full Gkg' 

( 17) 

As each spline is processed, appropriate null columns are replaced in Grg (if a column to 

replace is not null an error is given). 

Before inserting into G!g• each degree of freedom must be transfonned to the global coordi­

nates for the g points. The equation to solve is 

( 18) 

where {U}g = six degrees of freedom per grid point and {U}E = six degrees of freedom per grid point 
T · T from Gkgi for each row in Gkgi for surface splines: 

0 
0 

{U}e = ~ where z • tenn in Grgi 
0 
0 

(19) 

T Only the nonzero tenns in Equation (18) are solved for and the tenns are placed in the full Gkg 

from the SIL value. 

For the linear spline, each grid point has three row positions in Grgi' so: 

0 
0 

{U} • ~x where z, ex, 8y are sequential row terms in Grgi 
ey 
0 

(20) 

Equation (18) is solved and the terms are placed in the full Grg from the SIL value. For bodies, 

[TG]T must be modified depending on body type. The process is repeated for each row in Grgi for 
T surface splines or each three rows of Gkgi for linear splines. This is repeated again for 

T each column of Gkgi" 

The final output is on SCR2. 
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4. 113.7.4 GIGTKA 

Subroutine GIGTKA reduces [G!
9
J to [Gra]' much like module SSG2, using the following matrix 

operations: 

At each step where a matrix multiply is indicated, the multiply is skipped if the result is 

known to be zero (i.e., Um or U
0 

are null). 

4. 113.8 Subroutines 

Utility subroutines PREL0C, L0CATE and S0RT are used by GIGGKS. Utility subroutines PRETRS, 

TRANSS, GMMATS, SSPLIN, LSPLIN are used by GIPSST. INVERS and GMMATS are used by SSPLIN and LSPLIN. 

Utility subroutines CALCV, SSG2A and SSG2B are used by GIGTKA. In addition, PARTN is used by CALCV 

and MPYAD by SSG2B. 

4.113.8. 1 Subroutine Name: GI 

1. Entry Point: GI 

2. Purpose: Module Driver 

3. Calling Sequence: CALL GI 

4.113.8.2 Subroutine Name: GIGGKS 

1. Entry Point: GIGGKS 

2. Purpose: See discussion above. 

3. Calling Sequence: CALL GIGGKS 

4.113-B (12/31/77) 



FUNCTIONAL MODULE GI (GEOMETRY INTERPOLATOR) 

4. 113.8.3 Subroutine Name: GIPSST 

1 . Entry Point: GI PSST 

2. Purpose: See discussion above. 

3. Calling Sequence: CALL GIPSST 

4. 113.8.4 Subroutine Name: GIGTKA 

1. Entry Point: GIGTKA 

2. Purpose: See discussion above. 

3. Calling Sequence: CALL GIGTKA 

4. 113.8.5 Subroutine Name: GIGTKG 

1. Entry Point: GIGTKG 

2. Purpose: See discussion above 

3. Calling Sequence: CALL GIGTKG 

4. 113.9 Design Requirements 

· Each step in the module has its own open core conmon block, the use of which is discussed 

under the method section. 

In addition, a communication conmon block GIC~M is used to communicate between steps. GIC0M 

has the following format: 

One word for each of the following GIN0 file numbers: SPLINE, USET, CSTMA, BGPA, SIL, 
ECTA, GM, G0, GTKA, SCRl, SCR2, SCR3, SCR4, SCRS 

NS1 - number of SPLINEl cards (used by GIGGKS only) 

NS2 - number of SPLINE2 cards (used by GIGGKS only) 

KSIZE - number of degrees of freedom ink set - input (moved from blank common) 

GSIZE - number of degrees of freedom in g set - input (moved from blank common) 

GI uses six scratch files. 

4.113. 10 Diagnostic Messages 

Since this modules does some data checking while processing SPLINE cards, the module tries to 

continue where possible to look for errors after a fatal error is found. 

/. , 
/ 
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The error messages for which processing must stop are 3001, 3002, 3003, 3007, 3008 and 3061. 

Error messages for which some error checking will continue are 2258 - 2263. In addition, the 

warning message 2257 can occur. Detailed descriptions for these messages can be found in Section 

6 of the User's Manual. 

- I ' I 
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4. 114 FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR) 

J. 114. 1 Entry Point: AMG 

4.114.2 Purpose 

To generate a list of aerodynamic influence matrices (AJJL) and the transfonnation matrices 

needed to convert these to the interpolated structural system (SKJ, DlJK, D2JK). 

4. 114.3 DMAP Calling Seguence 

AMG AER0,ACPT/AJJL,SKJ,S1JK,D2JK/V,N,NK/V,N,NJ $ 

4. 114.4 Input Data Blocks 

AER0 - Aerodynamic matrix generation data 

ACPT - Aero connection and property data. 

Note: Neither AER0 or ACPT may be purged. 

4.114.5 Output Data Blocks 

AJJL - Aerodynamic influence matrix list 

SKJ - Integration matrix list 

DlJK - Real part of downwash matrix 

02JK - Imaginary part of downwash matrix 

4.114.6 Parameters 

NK - Input - integer - no default, number of degrees of freedom ink-set 

NJ - Input - integer - no default, 

where Nb • number of aero boxes 

Nsb • number of slender bodies 

Nib• number of interference bodies 

fi • degrees of freedom for each slender body 

9; • degrees of freedom for each interference body 
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4. 114.7 Method 

Module AMG is broken into two sections. Section one outputs AJJL and SKJ and Section two 

outputs DlJK and 02JK. Each section has a branch on method to output columns of the matrices. 

Each section has a conmon block to conmunjcate between the module driver and the method dependent 

code. (See description of design requirements.} 
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The flow for Section one is as follows: Four buffers are allocated from the bottom of core 

and ACPT, AER0, AJJL, and SKJ are opened. Record 1 of AER0 is read into /AMGMN/ at ND and the 

header and trailer for AJJL are initialized by passing the ACPT c ,d counting the method groups. 

The rest of Section one involves a loop where pairs of m and k are read into /AMGMN/ and 

then each record in the ACPT is processed. For each record of ACPT processed, one word (the 

method) is read and then a branch on method is taken. Each method is expected to: 

l. Read its record of the ACPT and leave it positioned to read the next record. 

2. Cutout columns of AJJL and SKJ of orooer size .. 

The row number to start at is NR0W+1 for AJJL and ISK for SKJ. 

3. Always increment NR~W, __ ISK_ and _NSK by ~he number of !o~s added. 

Once an end of file is reached in AER0, AER0, AJJL and SKJ are closed and Section two starts. 

The flow in Section two is as follows: Three buffers are allocated and DlJK and D2JK are 

opened (ACPT is left open). The trailers are initialized and the method of ACPT is read. The 

program branches on method and then loops until all records on the ACPT have been processed. When 

an E0F is reached the files are closed ~nd their trailers written. 

4.114.7. 1 Doublet Lattice Method without Bodies 

The flow for Section one of the Doublet Lattice method is as follows: Subroutine DLAMG is 

the driver for this method. It reads in the ACPT record for this method and sets up the pointers 

to the various arrays in conmen DLC0M. Columns of SKJ are output. If there is enough core avail­

able, GENO is called to output one matrix of the AJJL list. When GENO is through, OLAMG bumps 

NR0W and returns. 

Subroutine GENO outputs a row of the AJJL matrix for each box on the CAER01 element. To do 

this, it picks up the proper strip and panel data and calls DPPS once for each· box. A row is 

packed out after each call to DPPS. 

Subroutine OPPS is also in a loop. There is one row element for each box and OPPS prepares 

the variables necessary for the computation of each element and calls SUBP to calculate the 

element. When the row is done OPPS returns to GENO. 

Subroutine SUBP computes the downwash factor elements by calling subroutines SNPOF and INCR0 

to compute the indicated components that make up the element. SNPOF computes the steady downwash 

factors and INCR0 computes the unsteady downwash factors for one receiving-sending poi~t combination. 
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Each combination has four influence quadrants (upper left, upper right, lower left, lower right), 

so these routines must be called four times for each element and then the result summed before 

SUBP returns. Subroutine INCR0 uses subroutines TKER, IDFl, and IDF2 to compute the final result. 

The flow for Section two of the Doublet Lattice method is as follows: Subroutine DLPT2 

prepares all the computations necessary. DLPT2 reads the record of ACPT and then loops through 

each box packing out a column of DlJK and D2JK for each box. 

The row position of each pair of values for a column is 2*(box number-1) + 1. Successive 

rows of SKJ (output in Section one) have the following form: 

2.0 * EEstrip * DELXbox 

SKJ ..... ------------------------- ( l) 

EEstrip * DELX~ox / 2.0 

Successive rows of DlJK have the following form: 

{
0.0] DlJK -----
1.0 

(2) 

Successive rows of 02JK have the following fonn: 

-2.0/REFC 

02J~ (3) 

DELXbox/2.0*REFC 

4.114.7.2 Doublet Lattice Method with Bodies 

The flow for Section one of the Doublet Lattice method with bodies is as follows: Subroutine 

DLAMBG is the driver for this method. It reads the ACPT record and sets up the pointers to the 

various arrays in c011111on DLBOY. The flow then depends on the type of problem submitted. If 

panels exist then GENDSB is called to build part of AJJL on a scratch file. If panels and slender 

bodies are used, AMGR00 is called to build this combination on a scratch file. Then AMGSBA is 

called to output this method's part of AJJL. AMGBFS is called to build SKJ for this method. 

Up to four additional buffers may be needed by this method. 

Figure one shows the subroutines and scratch files used to put AJJL together. 
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DYPZ DZYMAT 

SCR3 SCRl SCRZ 

0 AMGSBA 

0 

NTP, NTZ, NTY, NTZS, and NTYS 
are lengths. 

SCRl - SCRS are scratch files. 

Other names are subroutines. 

Figure 1. Subroutines and Scratch files for AJJL 

Subroutine GENDSB calls DPPSB once for each row on SCRl (NTP times), and DPZY once for each 

NTZ and NTY rows on SCRl and SCR4. Then DZPY once for each row on SCR2 and DYPZ once for each 

row on SCR3. Once this process is done, GENDSB builds the data collected from SCRl, SCRZ, SCR3 

and SCR4 on SCRS. 

Subroutine AMGR0D calls DZYMAT once to build SCRl and once to build SCR2. Then AMGSBA is 

called .to put SCRl, SCRZ and SCRS together plus AMGSBA's part of AJJL onto AJJL. 

Matrix SKJ is built by AMGBFS. It calls BFSMAT, builds some data on SCRl. then 

SKJ is built and packed out. (See the Theoretical Manual for description of SKJ.) 

Figure 2 shows the various calls that may take place during Section one of this method. 

For Section two DLBPT2 is called and the ACPT is read. Then the pointers to the necessary 

arrays are computed and DlJK and D2JK are packed out. DlJK and D2JK look like the Doublet Lattice 

Method without Bodies except DlJK has a -1. instead of a 1.0 for OlJK on y-slender elements, 

and D2JK has a 0.0 for slender elements instead of DELX/2*REFC. 

I 
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DLAMBY 

Figure 2. Section One Calls for the Doublet Lattice Method with Bodies 

4. 114.7.3 Mach Box Method 

The flow for Section one of the Mach Box Method is as follows: Subroutine MBAMG is called to 

read the ACPT and set up pointers to arrays in c01T111on MBAMGX. MBAMG then makes calls to various 

subroutines to get AJJL built. Most of the arrays used by the Mach Box method are generated by 

subroutine MBREG, so, in general. fixed dimensions are used. One additional buffer is used. 

Once the pointers, COITll'lon MB~XN and COIIIIIOn MB0XL are set up, MBAMG calls MBGE~D to set up the 

regions and geometry for the problem in c011111on MB~XA. Then MBAMG calls MBREG to generate the boxes. 

MBREG fills in the box arrays based on the area to cover. Mach number. and number of boxes 

requested. MBCTRl and MBCTR2 can be called to make box arrays if the control surface exists. 

MBPLOT is then called to print a picture of the planfonn regions. 

MBAMG then calls MBMGDE to generate mode-like data on SCR2. The SSPLIN routine is used to 

spline from the Mach box points to the input control points for the wing, control one and control 

two separately. 
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The influence coefficients are computed by MBCAP, then SKJ (Identity) is output, and finally 

MBDPDH is called to compute and output the AJJL contribution. 

Section two is a call to STPPT2 with outputs DlJK (Identity) and 02JK (Null). 

4. 114.7.4 Strip Theory Method 

Section one of the Strip Theory Method is driven by Subroutine STPDA. STPDA reads the ACPT, 

fills in conmon STRIPL, and sets up pointers to COl!lllon STRIPX where the various arrays will be 

stored. After all the input arrays have been set up·an SKJ (Identity) matrix isbuilt. 

STPDA then calls: STPBG to build a BM and GM matrix for each strip; STPPHI to build the PHI 

functions for each strip; and finally STPAIC to combine these matrices and build AJJL. 

Section two is a call to STPPT2 which output DlJK (Identity) and 02JK (Null). 

4.114.7.5 Piston Theory Method 

Section one of the Piston Theory method is driven by subroutine PSTAMG. PSTAMG reads the 

ACPT and sets up the core pointer to the arrays. Then SKJ (Identity) is output and PSTA is 

called to build AJJL. 

Section two is a call to STPPT2 with outputs DlJK (Identity} and D2JK (Null). 

4. 114.8 Subroutines 

Besides the module driver AMG, the subroutines of Section one are divided into groups by 

method: 

For the Doublet Lattice Methods five subroutines are shared: 

SNPOF, INCR0, TKER, IDFl, and I0F2 

The Doublet Lattice Method without Bodies also uses: 

DLAMG, GENO, OPPS, and SUBP 

The Doublet Lattice Method with Bodies also uses: 

DLAMBY, SUSI, AMGBFS, FZY2, FWMW, BFSMAT, AMGR0D, AMGSBA, GENDSB, DPPSB, DPZY, DYPZ, 
DZPY, SUBS, SUBPB, DZY, FLLD, TV~R, OZYMAT, and R~WDZY 

• 
4.114-6 (12/31/77) 

/ 



FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR) 

The Mach Box Method uses: 

MBAMG, MBPRIT, MBGE.~D, MBREG, MBCTRl , .MBCTR2, MBPL0T, MBM0DE, MB CAP, MBBSLJ, GD, ZJ, 
MBDPDH, MBGAE, MBGAW, MBGATE, SUMPHI, and TRAILE 

The Strip Theory Method uses: 

STPDA, STPBG, STPPHI, STPAIC, STPK, STPBSO, and STPBS1 

The Piston Theory Method uses: 

PSTAMG and PSTA 

For Section two the subroutines are DLPT2, STPPT2 and DLBPT2. 

4.114.8. l Subroutine Name: AMG 

1. Entry Point: AMG 

2. Purpose: Module driver for AMG - see desc~iption above. 

3. Calling Sequence: CALL AMG 

4. 114. 8. 2 ·subroutine Name: DLAMG 

1. Entry Point: OLAMG 

2. Purpose: Output AJJL and SJK parts for Doublet Lattice without bodies. 

3. Calling Sequence: CALL DLAMG (ACPT, AJJL, SKJ) 

ACPT - GIN0 file number of ACPT. 

AJJL - GIN0 file number of AJ"JL. 

SKJ - GIN0 file number of SKJ. 

4. Core Requirement: Core needed is four buffers plus record of ACPT plus 2*NJ. 

4.114.8.3 Subroutine Name: GENO 

1. Entry Point: GENO 

2. Purpose: Output all the columns of AJJL associated with a record on ACPT. 

3. Calling Sequence: CALL GENO (NCARAY,NBARAY,YS,ZS,SG,CG,OT,W0RK,MAT0UT) 

NCARAY, NBARAY, YS, ZS, SG, and CG are the locations of these arrays from the ACPT record. 

OT - location to put column of AJJL - complex 

W0RK - start of open core 

MAT0UT - GIN0 file number of AJJL. 
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4.114.8.4 Subroutine Name: DPPS 

1. Entry Point: DPPS 

2. Purpose: Compute the elements in a row of AJJL. 

3. Ca 11 ing Sequence: CALL DPPS (KS, I ,Jl ,J2 ,SGR,CGR, YS ,ZS ,NBARAY ,NCARAY ,OT ,W0RK) 

KS - Strip number in which receiver point I lies 

I - Box number of receiver point 

Jl - 1 

J2 - Number of boxes 

SGR - Sine of dihedral angle of receiver strip (from SG array) 

CGR - Cosine of dihedral angle of receiver strip (from CG array) 

YS, ZS, NBARAY, NCARAY - location of these arrays from ACPT record 

OT - location to start putting elements of column - complex 

W0RK - start of open core 

4. 114.8.5 Subroutine Name: SUBP 

1. Entry Point: SUBP 

2. Purpose: Compute downwash factor element. 

3. Calling Sequence: CALL SUBP(I,L,LS,J,SGR,CGR,YREC,ZREC,SUM,XIC,OELX,EE,XLAM,SG,CG,YS,ZS) 

I - Box number of receiving point 

L - Panel number 1n which sending point J lies 

LS - Strip number in which sending point J lies 

J - Box number of sending point (also row number of output column) 

SGR - Sine (see OPPS) 

CGR - Cosine (see DPPS) 

YREC - YS(KS) - y coordinate from ACPT array 

ZREC - ZS(KS) - z coordinate from ACPT array 

SUM - Output element - complex 

XIC,DELX,EE,XLAM,SG.CG,YS,ZS - locations of these arrays for ACPT record. 

4.114.8.6 Subroutine Name: SNPOF 

1. Entry Point: SNPDF 

2. Purpose: Compute the steady downwash factors for one receiving-sending point combination. 
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3. Calling Sequence: CALL SNPDF (SL,CL,TL,SGS,CGS,SGR,CGR,XO,YO,ZO,ES,DIJ,BETA,CV) 

SL - Sine of sweep angle of sending box 

CL - Cosine of sweep angle of sending box 

TL - Tangent of sweep angle of sending box (from ACPT) 

SGS - Sine of dihedral angle of sending point 

CGS - Cosine of dihedral angle of sending point 

SGR - Sine of dihedral angle of receiving point 

CGR - Cosine of dihedral angle of receiving point 

XO - X coordinate of receiving point, X coordinate of "center" of sending point 

YO - Y coordinate of receiving point, Y coordinate of "center" of sending point 

ZO - Z coordinate of receiving point, Z coordinate of "center" of sending point 

ES - Sending point strip half width 

DIJ - Steady contribution to downwash - output 

BETA - Square root of 1.0-t-f 
CV - Chord of sending point 

4.114.8.7 Subroutine Name: INCR0 

1. Entry Point: INCR0 

2. Purpose: Computes the unsteady downwash factor for one receiving-sending point combination 

3. Calling Sequence: CALL INCR0(AX,AY,AZ,AX1,AY1,AZ1,AX2,AY2,AZ2,SGR,CGR,SGS,CGS,KR,RL,BETA, 

SDELX,DELY,DELR,DELI) 

AX - XO 

AY - YO 

AZ - zo 
AX1 - XO+ES*TL 

AYl - YO+ES*CGS 

AZ1 - ZO-ES*SGS 

AX2 - XO-ES*TL See definitions for SNPOF (Section 4.114.8.6}. 

AY2 - YO-ES*CGS 

AZ2 - ZO-ES*SGS 

SGR 

CGR 

SGS 

CGS 
___ ..... -
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KR Reduced frequency 

RL - REFC 

BETA - Square root of 1.0-M2 

SDELX - Box chord of sending point 

DELY - 2.0* sending point strip half width 

DELR - Output - real part of downwash factor 

DELI - Output - imaginary part of downwash factor 

4. Method: INCR0 calls TKER for three points for each receiving-sending box combination (the 

center, the inboard point, and the outboard point). Then INCR0 calls IDFl and IDF2 to 

perfonn the integration of the kernels. 

4. 114.8.8 Subroutine Name: TKER 

1. Entry Point:· TKER 

2. Purpose: Compute incremental oscillating kernel 

3. Calling Sequence: CALL TKER(X,Y,Z,KR,BR,SGR,CGR,SGS,CGS,Tl,T2,M) 

X - AX, AXl, or AX2 for center, inboard, outboard 

y - AY, AYl, or AY2 for center, inboard, outboard see INCR0 (see Section 4.114.8 •.. 

Z - AZ, AZl, or AZ2 for center, inboard, outboard 

KR - Reduced frequency 

BR - REFC/2.0 

SGR, CGR, SGS, CGS - See SNPDF (section 4.114.8.6) 

Tl - Output - cosine (yr - ys)y - dihedral angle (receiving (r) or sending (s)) 

T2 - Output - [(Z cos Yr - Y sin Yr} x (Z cos Ys - Y sin ys)]/(BR/M) 2 

M. - Mach number 

4. Method: Kernel components are returned in conmon OLM. 

4.114.8.9 Subroutine Name: IDF1 

1. Entry Point: IDF1 

2. Purpose: Integration of the planar parts of the kernels 

3., Calling Sequence: CALL IDF1(EE,E2,ETA01,ZET01,ARE,AIM,BRE,BIM,CRE,CIM,R1SQX,XIIJR,XIIJI} 

EE - Sending strip half width 

E2 - EE2 
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ETAOl - AY cosy + AZ sin y (AY and AX, see INCR0)(y see TKER) (Sections 4. 114.7, 4.114.8) 
r r 

ZETOl - AZ cos Yr - AY sin Yr 

ARE, AIM, BRE, BIM, CRE, CIM - coefficients of the parabola for planar part 

RlSQX - AY2 
+ AZ2 

XIIJR - output - real part of planar integral. contribution 

XIIJI - output - imaginary part of planar integral contribution 

4. 114.8.10 Subroutine Name: IDF2 

1. Entry Point: IDF2 

2. Purpose: Integration of the nonplanar parts of kernels 

3. Calling Sequence: CALL 1DF2(EE,E2,ETA01,ZET01,A2R,A2I,B2R,82l,C2R,C2I,RlSQX,DIIJR,DIIJI) 

EE, E2, ETAOl, ZETOl - same as IDFl (Section 4.114.8.9) 

A2R, A2I, S2R, B2I, C2R, C2I - coefficients of the parabola for the nonplanar part 

RlSQX - See IDFl (Section 4.114.8.9} 

DIIJR - output - real part of nonplanar integral contribution 

DIIJI - output - imaginary part of nonplanar integral contribution 

4.114.8.11 Subroutine Name: DLPT2 

1. Entry Point: DLPT2 

2. Purpose: To output the Doublet Lattice without Bodies parts for matrices DlJK and D2JK. 

3. Calling Sequence: CALL DLPT2(ACPT,01JK,D2JK) 

ACPT - GIN0 number 

DlJK - GIN0 number 

D2JK ~ GIN0 number 

·4.114.8.12 Subroutine Name: DLAMBY 

1. Entry Point: DLAMBY 

2. Purpose: Output AJJL and SKJ parts for Doublet Lattice with Bodies 

3. Calling Sequence: CALL DLAMBY(ACPT,AJJL,SKJ) 

ACPT, AJJL, and SKJ are GIN0 file numbers 

4. Core Requirements: Four buffers plus record of ACPT plus 4*NJ. 
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4.114.8.13 Subroutine Name: GENDSB 

1. Entry Point: GENDSB 

2. Purpose: Generate part of the AJJL influence coefficient matrix 

3. Calling Sequence: CALL GENDSB(NCARAY,NBARAY,SG,CG,NFL,NBEAl,NBEA2,IFLA1,IFLA2,DT,OPY) 

NCARAY to IFLA2 - the locations of these arrays from ACPT record 

OT - storage for 2*NJ words 

DPY - storage for 2*NJ words 

4. Core Requirements: Up to 4 buffers may be used {2 for Y bodies, 1 for Z bodies, and 1 

for panels). 

4. 114.8. 14 Subroutine Name: DPPSB 

1. Entry Point: DPPSB 

2. Purpose: Compute the element in a panel on panel row of AJJL. 

3. Calling Sequence: CALL OPPSB(KS,!,J1,J2,SGR,CGR,YS,ZS,NBARAY,NCARAY,DT,W0RK) 

Same as DPPS 

4.114.8.15 Subroutine Name: DPZY 

1. Entry Point: DPZY 

2. Purpose: Compute the elements in an interference element on a panel in AJJL 

3. Calling Sequence: CALL DPZY(KB,IZ,I,Jl,J2,IFIRST,ILAST,YB,ZB,AVR,ARB,TH1A,TH2A,NT121, 
NT122,NBARAY,NCARAY 1 NZYKB,DPZ 1 DPY) 

KB - Body number in which receiving point I lies 

IZ - Body element number of body KB in which I lies 

I - Receiving point 

Jl - Starting element number 

J2 - Ending element number 

IFIRST- e1 starting element 

ILAST - e1 ending element 

YB to NCARAY - locations of arrays in ACPT record 

NZYKB - Z-Y flag 

DPZ - Storage for row of AJJL 

OPY - Storage for row of AJJL 
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4.114.8. 16 Subroutine Name: DZPY 

1. Entry Point: DZPY 

2. Purpose: Compute the elements in a column of AJJL for Z interference elements 

3. Calling Sequence: CALL DZPY(KB,KS,LS,I,Jl,J2,NYFLAG,SGR,CGR,FMACH,ARB,NBEA1 ,OT) 

KB - See DPZY (Section 4.114.8.15) 

KS - index of receiving point Y-Z coordinates 

LS - strip number 

I ,Jl ,J2 - See OPZY (Section 4.114.8.15) 

NYFLAG- Type to build 

SGR,CGR - See DPPS (Section 4.114.8.4 

FMACH - Mach number 

ARB,NBEAl - location of arrays in ACPT record 

OT - Storage for row of AJJL 

4. 114.8.17 Subroutine Name: OYPZ 

1. Entry Point: OYPZ 

2. Purpose: Compute the elements in a column of AJJL for Y-interference elements 

3. Calling Sequence: CALL DYPZ{KB,KS,LS,I,Jl,J2,NYFLAG,SGR,CGR,FMACH,ARB,NBEA1,LBO,LSO,JBO,OT) 

KB to NBEAl - See DZPY (Section 4.114.8.16) 

LBO - first body with Y orientation 

LSO - Z-Y coordinate index for first element of LBO 

JBO - Sending point index for first Y oriented body element 

OT - Storage for row of AJJL 

4.114.8.18 Subroutine Name: SUBPB 

1. Entry Point: SUBPB 

2. Purpose: Compute downwash factor elements on panels 

3. Calling Sequence: CALL SUBPB(I,L,LS,J,SGR,CGR,YREC,ZREC,SUM,XIC,DELX,EE,XLAM,SG,CG,YS,ZS, 
NAS,NASB,AVR,ZB,YB,ARB,XLE,XTE,X,NB) 

I to SUM - See SUBP (Section 4.114.8.5) 

XIC to X - location of arrays from ACPT record 

NB - number of bodies 
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4. 114.8. 19 Subroutine Name: SUBS 

1. Entry Point: SUBB 

2. Purpose: Compute downwash factor elements on bodies 

3. Calling Sequence: CALL SUBB(KB,KS,1,J,JB,LB,LS,NDY,NYFL,PI,EPS,SGR,CGR,AR,BETA,SUM,RIA, 
DELX,YB,ZB,YS,ZS,X) 

KB index of receiving body 

KS - strip number of receiving point 

I - receiving point index 

J - sending point index 

JB - sending point index 

LB - body number of sending point 

NOY - Z-Y flag 

NYFL - type to bu i 1 d 

PI - 1T 

EPS - .00001 

SGR - CGR - See OPPS (Section 4.114.8.4) 

AR - aspect ratio of body 

BETA - See SNPDF (Section 4.114.8.6) 

SUM - Output 

RIA-X - locations of arrays in ACPT record 

4.114.8.20 Subroutine Name: SUBI 

1. Entry Point: SUBI 

2. Purpose: Compute the image point coordinates inside associated bodies on MU-Zand MU-Y. 

3. Calling Sequence: CALL SUBI(OA,OZB,OYB,DAR,DETA,OZETA,OCGAM,OSGAM,OEE,DXI,TL,DETAI, 
DZETAI,DLGAMI,OSGAMI,DEEI,DTLAMI,DMUY,DMUZ,INFL,IOTFL) 

See Reference 1 (Section 4.114.11) for argument list. 

4. 114.8.21 Subroutine Name: OZY 

1. Entry Point: DZY 

2. Purpose: Calculated effect of slender body element on a panel element 

3. Calling Sequence: CALL DZY(X,Y,Z,SGR,CGR,SI1,XI2,ETA,ZETA,AR,AO,KR,REFC,BETA,FMACH,LNS, 
IDZDY,DZDYR,DZDYI) 

See Reference 1 (Section 4.114.11) for argument list. 
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4.114.8.22 Subroutine Name: TV0R 

1. Entry Point: TV0R 

2. Purpose: Calculate normalwash at a point due to a trapezoidal unsteady index ring 

3. ·calling Sequence: CALL TV0R(SLl,CLJ,TL1,SL2,C~2,TL2,SGS,CGS,SGR,CGR,XOl,X02,YO,ZO,E, 
BETA,REFC,FMACH,KR,BRE,8IM) 

See Reference 1 (Section 4.114.11) for argument list. 

4.114.8.23 Subroutine Name: FLLD 

1. Entry Point: FLLD 

2. Purpose: Calculate the velocity normal to a surface due to a finite length line doubled. 

3. Calling Sequence: CALL FLLD(X01,X02,YO,ZO,SGR,CGR,SGS,CGS,KR,REFC,FMACH,E,L,KD1R,KD1I, 
KD2R,KD2I) 

See Reference 1 (Section 4.114. 11) for argument list. 

4. 114.8.24 Subroutine Name: AMGR0D 

1. Entry Point: AMGR0D 

2. Purpose: Calculate. nonnalwash at panels and interference elements due to slender elements 

3. Calling Sequence: CALL AMGR~D(D,BETA) 

D - storage for a row of AJJL 

BETA - square root of 1.-M2 

4.114.8.25 Subroutine Name: DZYMAT 

1. Entry Point: DZYMAT 

2. Purpose: Calculate a slender element column of AJJL 

3. Calling Sequence: CALL DZYMAT(O,NFB,NLB,NTZYS,IOZOY,NTAPE,X,BETA,IPRT,NS,NC,YS,ZS,SG,CG, 
YB,ZB,NBEAl) 

D - storage for a row of AJJL 

NFB - number of first body 

NLB - number of last body 

NTZYS - number of slender elements 

IDZOY - z.y flag 

NTAPE - GIN0 file for output 

X - location of array from ACPT record 
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BETA - see AMGR0D 

IPRT - print flag 

NS to NBEAl - locations of array from ACPT record 

4.114.8.26 Subroutine Name: R0WDZY 

1. Entry Point; R0WOZY 

2. Purpose: To set up call to DZY 

3. Calling Sequence: CALL R0WDZY(NFB,NLB,R0W,NTZYS,O,OX,OY,DZ,BETA,IDZOY,NTAPE,SG,CG,IPRT, 
YB,ZB,ARB,NSBEA,XIS1,XIS2,A~) 

NFB,NLB,NTZYS,O,BETA,IIOZDl,NTAPE,IPRT - same as OZYMAT 

R0W - row position of answer 

OX,OY,DZ - X, Y, Z of receiving point 

SG,CG,YB,ZB,ARB,NSBEA,XIS1,XIS2,A~ - locations of arrays from ACPT record 

4. 114.8.27 Subroutine Name: AMGSBA 

1. Entry Point: AMGSBA 

2. Purpose: Add slender body terms and pack out final AJJL for bodies 

3. Calling Sequence: CALL AMGSBA(AJJL,A0,AR,NSBE,A) 

AJJL - GIN0 file number 

A~,AR - locations of arrays from ACPT record 

NSBE - number of slender body elements 

A - storage for a row of AJJL 

4.114.8.28 Subroutine Name: AMGBFS 

1. Entry Point: AMGBFS 

2. Purpose: Build the SKJ matrix for bodies 

3. Calling Sequence: CALL AMGBFS(SKJ,EE,DELX,NCARAY,NBARAY,XIS2,XIS1,A.f),A.0P,NSBE) 

SKJ - GIN~ file number 

EE to A~P - locations of arrays from ACPT record 

NSBE - number of slender body elements 

4.114-16 (12/31/77) 



FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR) 

4. 114.8.29 Subroutine Name: BFSMAT 

1. Entry Point: BFSMAT 

2. Purpose: Fenn force matrices for slender elements 

3. Calling Sequence: CALL BFSMAT(NO,NE,NB,NP,NTP,LENGTH,NTO,SCRl ,JF,JL,NAS,FMACH,YB,ZB,YS, 
ZS,X,DELX,EE,XIC,SG,CG,AR,RIA,NBEAl,NBEA2,NASB,NSARAY, 
NCARAY,BFS,AVR,REFC,A0,XIS1 ,XIS2,KR,NSBEA,NT~) 

See Reference 1 (Section 4. 114.11) for argument list. 

4. 114.8.30 Subroutine Name: FWMW 

1. Entry Point: FWMW 

2. Purpose: Add in images, synmetry, plane and ground effects 

3. Calling Sequence: CALL FWMW(NO,NE,SGS,CGS,IRB,A0,ARB,XBLE,XBTE,YB,ZB,XS,YS,ZS,NAS,NAS3, 
KR,BETA2,REFC,AVR,FWZ,FWY) 

See Reference l (Section 4. 114.11) for argument list. 

4. 114.8.31 Subroutine Name: FZY2 

1. Entry Point: FZY2 

·2. Purpose: Calculate the force numbers for FWMW 

3. Calling Sequence: CALL FZY2(XIJ,X1,X2,ETA,ZETA,YB,ZB,A,BETA2,REFC,KR,FZZR,FZZI,FZYR, 
FZYI,FYZR,FYZI,FYYR,FYYI) 

See Reference 1 (Section 4.114.11) for argument list. 

4. 114.8.32 Subroutine Name: DLBPT2 

1. Entry Point: DLBPT2 

2. Purpose: Output the Doublet Lattice with Bodies parts of DlJK, D2JK 

3. Calling Sequence: CALL DLBPT2(ACPT,D1JK,D2JK) 

ACPT, DlJK, D2JK - GIN0 file numbers 

4.114.8.33 Subroutine Name: MBAMG 

1. Entry Point: MBAMG 

2. Purpose: Driver for Mach Box Method 

3. Calling Sequence: CALL MBAMG(ACPT,AJJL,SKJ) 

ACPT, AJJL, SKJ - GIN0 file numbers 
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4. 114.8.34 Subroutine Name: MBPRIT 

1. Entry Point: MBPRIT 

2. Purpose: Print geometry data 

3. Calling Sequence: CALL MBPRIT(AW,AC,AT) 

AW - area of wing 

AC - area of control one 

AT - area of control two 

4. 114.8.35 Subroutine Name: MBGE0D 

1. Entry Point: MBGE0D 

2. Purpose: Compute the geometry of the planfonn 

3. Calling Sequence: MBGE0D 

4.114.8.36 Subroutine Name: MBREG 

1. Entry Point: MBREG 

2. Purpose: Compute the limits of the region and the per~entage of box in each 

3. Calling Seq~ence: CALL MBREG(IREG,NW1,N~,NC21,NC2N,NC1,NCN,N01,NON,XK,YK,XK1,YK1,XK2, 
YK2,XWTE,YWTE,KTE,KTE1,KTE2,PAREA) 

!REF - flag for MBREG success - 2 • fail 

NWl - PAREA - location of arrays which MBREG 1s to build 

4. 114.8.37 Subroutine Name: MBCTRl 

1. Entry Point: MBCTRl 

2. Purpose: Compute the region calculations for control one 

3. Calling Sequence: CALL MBCTRl(ICl,IRl,NCN,NCl,NWN,NWl,PAREA) 

!Cl - starting box number for control one 

IRl - ending box number for control one 

NCN to PAREA - locations of arrays which MBCTRl is to build 

4.114.8.38 Subroutine Name: MBCTR2 

1. Entry Point: MBCTR2 

2. Purpose: Compute the region calculations for control two 
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3. Calling Sequence: CALL MBCTR2(IL2,IR2,NC2N,NC21 ,NWN,NWl ,PAREA) 

IL2 - starting box for control two 

IR2 - ending box for control two 

NC2N to PAREA - location of arrays which MBCTR2 is to build 

4.114.8.39 Subroutine Name: MBPL0T 

1. Entry Point: MBPL0T 

2. Purpose: Print a representation of the planfonn 

3. Calling Sequence: CALL MBPL0T(NWl,NDl,NWN,NC21,NC2N,NCl,NCN,NDN) 

NWl - NON - locations of arrays which define planfonn boxes 

4. 114.8.40 Subroutine Name: MBM0DE 

1. Entry Point: MDM0DE 

2. Purpose: Build the mode-like data from surface interpolation 

3. Ca 11 i ng Sequence: CALL MBM0DE(ACPT ;SCR2, IC0R,NC0R,Z,NI ,ND ,XO, YD, IS ,CR) 

ACPT, SCR2 - GIN0 file numbers 

IC0R - first available location in MBAMGX 

NC0R - last available location in MBAMGX 

z - start of open core 

NI - number of independent points 

ND - number of dependent points 

XO - X location of dependent points 

YD - y location of dependent points 

IS - singularity flag 

CR - non-dimensionalizing number 

4.114.8.41 Subroutine Name: MBCAP 

1. Entry Point: MBCAP 

2. Purpose: Compute the velocity potential influence coefficients 

3. Calling Sequence: CALL MBCAP(NPNI,CAPPNI) 

NPNI - number of coefficients computed 

CAPPNI - location to store coefficients 
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4. 114.8.42 Subroutine Name: MBBSLJ 

l. Entry Point: MBBSLJ 

2. Purpose: Compute even-ordered Bessel Functions 

3. Calling Sequence: CALL MBBSLJ(ARG,N,BSL) 

ARG - input argument 

N - order 

BSL - storage for answers (length N) 

4. 114.8.43 Subroutine Name: ZJ 

1. Entry Point: ZJ 

2. Zero order Bessel Function 

3. Calling Sequence: X=ZJ(AR6) 

ARG - input argument 

4.114.8.44 Subroutine Name: 60 

1. Entry Point: 60 

2. Purpose: Evaluate an Expression C~(n, nu) - ~(n, n1)J 

3. Calling Sequence: ANS•60(R,ETAR,ETAL,EKM) 

R • 'l' 

ETAR • n. u 

ETAL = n1 

EKM • n 

4.114.8.45 Subroutine Name: MBOPOH 

1. Entry Point: MBOPOH 

2. Purpose: Driver for computing and outputing the terms of AJJL for Mach Box Method 

3. Calling Sequence: CALL MBDPOH(AJJL,F,OF,Fl,0Fl,F2,0F2,XWTE,YWTE,PAREA,CAPPNI 1 DPNITE, 
OSS,Q,Ql ,Q2,NDN,ND1 ,NWl ,NWN.,KTE,KTEl ,KTE2~NTE~NNCB, 
NNS8D,IW17,IBUF 1A) 

AJJL - GIN0 file number 

F - NTE - locations of array for Mach box 

NNCB - number or chordwise boxes 
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NNSBD - number of spanwise boxes 

IW17 - GIN0 file number 

IBUF - pointer to a buffer 

A - storage for a row of AJJL 

4.114.8.46 Subroutine Name: MBGAE 

1. Entry Point: MBGAE 

2. Purpose: Final calculation and output for AJJL 

3. Calling Sequence: CALL MBGAE(AJJL,IN17,A,F,DF,Fl,DF1 ,F2,DF2,Q,Ql,Q2,M00D) 

AJJL,IN17 - GIN0 file numbers 

F to Q2 - locations of Mach box arrays 

M00D - row number of AJJL 

4.114.8.47 Subroutine Name: MBGATE 

1. Entry Point: MBGATE 

2. Purpose: Compute sum on trailing edge 

3. Calling Sequence: CALL MBGATE(NT0TE,DPHITE,N,YWTE,Q,Ql,Q2,KTE,KTE1,KTE2) 

NT0TE - number of trailing edge terms 

DPHITE - KTE2 - locations of Mach Box arrays 

4. 114.8.48 Subroutine Name: MBGAW 

1. Entry Point: MBGAW 

2. Purpose: Compute sum on wing 

3. Calling Sequence: CALL MBGAW(B0XL,DPHI,WS,PAW,PAF1,PAF2,Q, Ql,Q2,M,KC,KC1,KC2) 

B0XL - box length 

DPHI - Q2 - location of Mach Box arrays 

M - KC2 - indexes to arrays 

4. 114.8.49 Complex Function Name: SUMPHI 

1. Entry Point: SUMPHI 

2. Purpose: Compute sum of (N*~H) on the wing 

3. Calling Sequence: SUM=SUMPHI(IXR,IYR,NDl,NDN,CAPPNI,DSS,N,M,ASYM) 

IXR,IYR,N,M,ASYM - index and flags 

NDl,NDN,CAPPNI,DSS - location of arrays 
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4. 114.8.50 Complex Function Name: TRAIL£ 

1. Entry Point: TRAILE 

2. Purpose: Compute sum of (N*~H) on tip 

3. Calling Sequence: SUM=TRAILE(X,J,N,P,M,B0XL) 

J,M,N - pointers 

X - values 

P - location of array 

S0XL - box length 

4. 114.8.51 Subroutine Name: STPDA 

1. Entry Point: STPDA 

2. Purpose: Driver for Section one of Strip Theory 

3. Calling Sequence: CALL STPDA(ACPT,AJJL,SKJ) 

ACPT,AJJL,SKJ - GIN0 file numbers 

4. 114.8.52 Subroutine Name: STPBG 

l. Entry Point: STPBG 

2. Purpose: Builds two intennediate matrices for.Strip Theory calculations (BM and GM) 

3. Calling Sequence: CALL STPBG(BM,GM,NS,BL0C,O,CA,NSIZE) 

BM - storage for BM matrix 

GM - storage for GM matrix 

NS - number of strips 

BL0C - array of semi-chord lengths for strips 

D - array of h"inge rine lengths 

CA - array of control surface chords 

NSIZE - array of strip types 

4.114.8.53 Subroutine Name: STPPHI 

1. Entry Point: STPPHI 

2. Purpose: Calculate the t functions 

3. Calling Sequence: CALL STPPHI(CA,BL0C,PM,NS) 

CA,BL0C,NS - See STPBG 

OM - Storage fort functions 
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4. 114.8.54 Subroutine Name: STPAIC 

1. Entry Point: STPAIC 

2. Purpose: Calculate and output AJJL for Strip Theory 

3. Calling Sequence: CALL STPAIC(BL0C,DY,NSIZE,GAP,BM,GM,PM,NS,CLA,AJJL) 

BL0C,NSIZE,NS,BM,GM - See STPBG 

GAP - array of control surface gap 

PM - See STPPHI 

DY - array of Strip widths 

CLA - array of lift curve slopes 

AJJL - GIN0 file numbers 

4. 114.8.55 Subroutine Name: STPK 

1. Entry Point: STPK 

2. Purpose: Calculate the K-matrix for Strip Theory 

3. Calling Sequence: CALL STPK(EK,N,NST0P,N0PEN,NSTED,TSR,PM,CR,CI,IM,J1) 

EK - modified reduced frequency 

N - strip ~~mber 

NST0P - strip type 

N0PEN - control surface flag 

NSTED - reduced frequency flag 

TSR - .S*GAP/BL0C 

PM - ~ 

CR - Theodorsen Function 

CI - 0. 

IM - k-size 

Jl - J-s1ze 

4.114.8.56 Subroutine Name: STPBSO 

1. Entry Point: STPBSO 

2. Purpose: J and Y Bessell functions of order zero 

3. Calling Sequence: CALL STPBSO(X,NC0DE,BJO,BYO) 

X - input argument 
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4.114.8.57 Subroutine Name: STPBSl 

1. Entry Point: STPBSl 

2. Purpose: J and Y Bessel Function of first order 

3. Calling Sequence: CALL STPBSl(X,NC0DE,BJl,BYl) 

X - input argument 

NC00E - flag 

BJl - J Bessel 

BY1 - Y Bessel 

4.114.8.58 Subroutine Name: STPPT2 

1. Entry Point: STPPT2 

2. Purpose: Output OlJK and 02JK for Strip Theory, Mach Box and Piston Theory 

3. Calling Sequence: CA~L $TPPT2{ACPT!D1JK,02JK) 

ACPT,01JK,02JK - GIN0 file numbers 

4.114.8.59 Subroutine Name: PSTAMG 

1. Entry Point: PSTAMG 

2. Purpose: Driver for Section one of Piston Theory 

3. Calling Sequence: CALL PSTAMG(ACPT,AJJL,SKJ) 

ACPT,AJJL,SKJ - GIN0 file numbers 

4.114.8.60 Subroutine Name: PSTA 

1. Entry Point: PSTA 

2. Purpose: Calculate and output AJJL for Piston Theory 

3. Calling Sequenc~: CALL PSTA(DELTY,BI,CA,ALPH,THI,AJJL) 

OELTY - array of strip width 

BI - array of semi-chord lengths for strips 

CA - array of chord lengths of each strip 
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ALPH - Alpha array (angle of attack) 

THI - Theta array (thickness ratio) 

AJJL - GIN0 file number 

4. 114.9 Design Requirements 

For Section one, four buffers are allocated at the bottom of core. For Section two, three 

buffers are allocated at the bottom of core. Each method may have its own open core corrrnon block 

but they must not overlap these buffers. 

4.114.9.l Conmen Blocks 

AMGMN - Doublet Lattice without Bodies Communication 

Words 

1-7 MCB - Trailer for AJJL 

8 NR0W - Last row number output for any method on AJJL 

ND - Y-syrrmetry flag 

NE - Z-syrrmetry flag 

REFC - Reference card 

( 1 record of AER0 Data Block 

9 

10 

11 

12 

13 

FMACH - Mach number (M) } 
Pairs from 2 record of AER0 Data Block 

RFK - Reduced frequency 

14-20 TSKJ - Trailer for SKJ 

21 !SK - Row number to start building on SKJ 

22 NSK - Last row number output for any method on SKJ 

AMGP2 - Section Two Conmunication 

Words 

1-7 TWlJK - trailer for OlJK 

8-14 TW2JK - trailer for 02JK 

DLC0M - Doublet Lattice without Bodies Conmunication 

Words 

1 NP - number of panels 

2 NSTRIP- number of strips 
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DLC0M (Cont'd.) 

Words 

3 NTP - number of boxes 

4 F - fraction of box chord 

5 NJJ - NJ (Input parameter) 

6 NEXT - first location of open core available after allocation 

7 LENGTH- number of boxes along longest panel (from NCARAY) 

8 

9 

10 

11 

12 

13 

14 

15 

INC 

INB 

IYS 

!ZS 

IEE 

ISG 

ICG 

IXIC 

- pointer to NCARAY array 

- pointer to NBARAY array 

- pointer to YS array 

- pointer to ZS array 

- Pointer to EE array 

- pointer to SG array 

- pointer to CG array 

- pointer to XIC array 

16 IDELX - pointer to DELX array 

17 IXLAM - pointer to XLAM array 

18 IDT - complex pointer to storage for column of AJJL 

OLM - Both Doublet Lattice methods 

KlO - Planar part of steady contribution to the kernel 

2 K20 - Nonplanar part of steady contribution to the kernel 

3 KlRTl -

4 KlIT1 -

5 K2RT2P-

6 K2IT2P-

7 

8 

KlOTl - K10*Tl 

K20T2P- K20*T2 

Unsteady parts of modified kernel 

} Tl and T2 are defined under TKER 
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DLAXX - Open Core for Doublet Lattice without Bodies 

Words 6 
to 

End of Record on ACPT 

DLP2X - Open core for Section two 

KOS - Both Doub1et Lattice Methods 

Co1umn of AJJL 

2*NJ 

Free 

4 Buffers 

Record of ACPT 

Free 

3 Buffers 

SKJ 
AJJL 
AER0 
ACPT 

02JK 
DlJK 
ACPT 

IHD - 0 = tota1 kernel, = incremental part on1y 

2 KOlR - real part of k1 
3 KDlI - imaginary part of k1 
4 K02R - real part of k2 
5 KD2I - ima9inary part of k2 
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DLBDY - Doublet Lattice with Bodies Co11111unication 

~ 

1-12 Words 2-13 of ACPT record 

13-51 pointers into DLBXX for arrays on ACPT 

52 EC0RE - end of core in DLBXX 

53 NEXT - next available location in DLBXX 

54-58 SCR1-SCR5 - GIN0 file numbers for scratch files 

59 NTBE - number of columns to add to AJJL 

DLBXX - Open core for Doublet Lattice with Bodies 

Word 13 
to 

End of Record on ACPT 

-------------------------------------
2 columns of AJJL 

4*NJ 

Free 
Used for Scratch Storage 

-------------------------------------

8 Buffers 

SCR4 SCR3 
SCR2 
scR1 
scRS 
SKJ 
AJJL 

~ 

MB0XA - Mach Box Wing Definitions 

~ 

1-12 X - X locations of wing 

13-24 y - Y locations of wing 

25-34 TANG - Tangents of wing sweep angles 

35-44 ANG - Sweep angles of wing 

45·_54 C0TANG- Cotangents of wing sweep angles 

(Doublet Lattice Arrays) 
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MB0XC - Mach Box Co1TUT1unications 

Words 

1-9 Words 2-10 of ACPT record 

10-30 Intercommunication between Mach Box subroutines 

MBAMGX - Open core for Mach Box Method 

Words 1 
to 

9051 

--------------------------- .. -------
Scratch storage for MBDPDH 

-------~----------------------------
Free 

------------------------------------

5 Buffers 

SCR2 
SKJ 
AJJL 
AER0 
AcPt 

STRIPC - Strip Theory Conmunications 

Words 

NS - number of strips 

2 BREF - reference chord/ 2. 0 

3 CLAM - cosine of sweep angle 

4 FM - Mach number 

5 NCIRC - Theodorsen function selection 

6 NNCIRC • NCIRC+l 

7 EKR - reduced frequency 

8 Not Used 

9-12 BB(u) - b1 s for approximate function 

13-16 BE:rA(u) - B1 s for approximate function 

Mach Box Arrays 

17-48 EKM(u,u) complex - storage for STPK output (k matrix) 
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STRIPX - Strip Theory Open Core 

Strip Theory Arrays 
from ACPT 

FREE 

4 Buffers 

PST0NC - Piston Theory CoRlllunication 

Words 

l-9 Words 2-10 of ACPT record 

PST0NX - Piston Theory Open Core 

SKJ 
AJJL 
AER0 
ACPT 

Piston Theory Arrays 
from ACPT 

FREE 

4 Buffers 

4. 114.10 Diagnostic Messages 

SKJ 
AJJL 
AER0 
AcPT 

System fatal messages 3001, 3002, 3003, 3007, 3008 and (10) 3061. User fatal messages 2264 

and 2265. 

/ . 
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4. 115 FUNCTIONAL MODULE AMP (AERODYNAMIC MATRIX PROCESSOR) 

4.115.1 Entry Point: 

AMP 

4. 115.2 Purpose 

The purpose of this module is to produce 11modal 11 aerodynamic matrices. This requires the 

combination of matrices from four sources. 

1. The aerodynamic matrices for aerodynamic cells, produced by the Aerodynamic Matrix 

Generator (AMG) module. 

2. The interpolation from the structure to the aerodynamic cells, produced by the Geometry 

Interpolator (GI) module. 

3. The modes of the structure, produced by the Real Eigenvalue Analysis (READ) module, and 

selected by GKAM. 

4. The matrix of downwashes due to 11extra 11 points, which ·may be supplied by the user via 

module INPUTT2. These extra points in NASTRAN are used ,for control systems and other 

special effects. 

4.115.3 DMAP Calling Sequence 

AMP AJJL,SKJ,DlJK,D2JK,GTKA,PHIDH,DlJE,D2JE,USETD,AER0/QHHL,QKHL,QHJL/V,N,N0UE/V,N,XQHHL/ 
V,N,GUSTAER0 $ 

4.115.4 Input Data Blocks 

AJJL 

SKJ 

D1JK 

02JK 

GTKA 

PHIOH 

DlJE 

02JE 

USETD 

Aerodynamic influence matrix list 

Integration matrix 

Real part of downwash matrix 

Complex part of downwash matrix 

Aerodynamic transfonnation matrix k-set to a-set 

Transfonnation between modal and physical coordinates 

Downwash factors due to extra points; real 

Downwash factors due to extra points; complex 

Displacement sets definition - dynamics 
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AER0 Aerodynamic matrix generation data 

Notes: 

1. AJJL, SKJ, DlJK, D2JK, GTKA, PHIDH, USETD, and AER0 may not be purged. 

2. D1JE and D2JE are used only if N0UE > o. Even in this case they may be purged. 

4.115.5 Output Data Blocks 

QHHL -- Aerodynamic matrix list - h-set 

QKHL -- Aerodynamic transfonnation matrix between hand k sets 

QHJL -- Aerodynamic transfonnation matrix between j and k sets 

Notes: 

1. QHHL, QKHL, and QHJL are matrix lists - one submatrix for each (m,k) pair. 

2. If QHHL, QKHL, and QHJL are present before the module begins (APPEND on restart) and 

XQHHL s -1, the old data needed is read from these data blocks. 

4.115.6 Parameters 

N0UE -- Integer, input, no default. The number of extra points. 

XQHHL - Integer, input/output, no default, If +1, the data found on appended data blocks 

must be discarded. If -1, it can be used. AMP sets XQHHL to -1 on·exit. 

GUSTAER0 - Integer, input, default• O. If, and only if, GUSTAER0 < O, AMP will compute QHJL. 

4.115.7 Method 

There are several important features which must be kept in mind. 

1. In general, the input and output matrices may depend upon the aerodynamic parameters k 

(reduced frequency) and m (Mach number). A set of matrices (called a list) are processed 

in one pass through the module. 

2. Special code will be introduced for restart. This is required for Doublet Lattice solu­

tions where matrix solution time may be long. This will allow the addition (or deletion) 

of (m,k) pairs without redecomposing the downwash matrix. 

3. An output, Qkh' relating aerodynamic pressures to modal coordinates may be required for 

use in a data reduction module. This output will not be used in Phase 1; hence it will 

be purged from the calling sequence. The matrix of generalized forces, Qhh' may be 

purged, if only data reduction is desired. 
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The flow chart is shown in Figure 1. The basic loop is to write out matrices for the list of 

(m,k) pairs found on the AER0 data block. The source of these matrices is normally the input. 

In the case of a restart which involves only changes in the (m,k) pairs, special code is provided 

to avoid recalculation; and the matrices are found on the output data block which is declared 

APPEND. This occurs when XQHHL = -1. 

4.115.7.1 Subroutine AMPA 

Put the output m,k list in core. This list is found in the second record of the AER0 data 

block. The index I will be used to index down this list of pairs. IMAX is the number of pairs. 

Check to see if the output data blocks QKHL, QHHL, and QHJL exist and are valid. If they do, 

then this is a restart. These must be copied onto scratch files. Their (m,k) lists are put in 

core. Build a scenario file which lists the {m,k) pair, the AJJL column associated with this (m,k) 

pair, and the corresponding QHHL column. 

4.115.7.2 Subroutine AMPB 

Calculate the Djh matrices. The superscript (1} is for the real part and (2} is for the 

imaginary part. 

[,aiJ • Partition of [,dhJ 

[GkiJ • [G!aJTC,aiJ 

[Gk;] may be needed again later to calculate Qih' 

[Dn)J. • [oj~)i[Gki] 

coj~>J. coj~>JTCG1c1J 

[D(l}J • Merge [D(l)D(l}J 
jh ji je 

[D( 2}J • Merge [D{2}o{2)J 
jh ji je 

If the input data blocks are purged, 03!•2) is zero. Start a loop with I• O. Check the time 

left. 
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4. 115.7.3 Subroutine AMPC 

Calculate (or find) Cjh if it is needed. It will be needE~ if either (a) Qkh is to be output, 

or (b) Qhh is to be output and is not found on the scratch file. The Qkh and Qhh are not to be 

output only when their output data blocks are purged. If Qkh can be found on a scratch file, get 

it from there; otherwise, it must be calculated. First, check to see if Djh(k) has been calculated 

for the present k. If not, find it ty 

( 6) 

and save for possible later use. Next, solve for Qjh" The algebra included here will be theory 

dependent. The header record of AJJL will specify aerodynamic groups (see Section 4.115.7.5). 

Retrieve the submatrix [Ajj] from AJJL. If there is more than one group, Djh must be unpacked 

into row groups. For each group, solve for [Qjh], then pack the groups. For Doublet Lattice 

method, and the Double Lattice method with slender bodies, 

(7) 

For other methods, 

(7a) 

4.115.7.4 Subroutine AMPD 

Calculate (or find) [Qhh] and [Qkh] if they are needed. They will be needed unless the output 

data blocks are purged. If [QhhJ can be Jund on a scratch file, get it there, otherwise, it must 

be calculated. If 1t must be calculated [Qjh] will be available. To compute [Qhh] 

Where Skj is a matrix list for (m,k), 

[Qkh] is copied onto QKHL. 

where [Qeh] is zero. Note that this requires only an update of [Q1h]'s trailer. 

4.115-4 (12/31/77) 
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Check the time. If [Qjh] and [Qhh] were calculated (rather than found), then the time per 

calculation can be found. If the time per calculation is known and it is not enough (with a 10% 

margin), no more loops should be attempted. 

MORE 

Find m,k LIST 

Copy to SCRATCH 
NO Put (m,k) Lists in Core 

PUT (m,k) Lists on OUTPUTS 

CALCULATE Djh 

I=O (m,k LIST INDEX) 

NOTE TIME 

FIND Qkh if needed 

(MAY REQUIRE LOOP ON GROUPS) 

Enough tim 

I=I+l 

DONE 

EXIT 

Not enough time 
(10% margin) 

Figure 1. AMP Module Flow. 

If GUSTAER0 ~ 0, this 

loop is repeated for QHJL 

Repeat the loop (subroutines AMPC and AMPD) for additional values of I until the job is done. 
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If GUSTAER0 ~ 0, the following equations are evaluated: 

Partition PHIDH (Real) 

-h~ ~h~ 

l [ PHIDH l 1' 

r::H l a 
) t e 

i 

( 11) 

Multiply (TRANSP0SE) (Real) 

~k~ ~h~ ~h~ 

i 
[ GIAA r H PHIAH] 

i 
[ G~ ] a • ~ k 

! l 
( 12) 

Start loop on reduced (m,k) pairs (use all). 

Multiply (TRANSP~SE) (Sis complex) 

• --~ I[ S(k) ] 
(13) 

Partition into Groups - (1) • Doublet Lattice, (2) • non-Doublet Lattice 

+-h~ 

1' [ l j S(l) 
~ ------
j2 S(2) 

~ 

( 14) 

Solve each group Rjh: 

a. Doublet Lattice group 

( 15) 

b. Non-Doublet Lat~ice group 

( 16) 
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Merg~ Resu 1 ts 

( 17) 

Append Rhj 

( 18) 

Repeat the last five steps for (m,k) pairs. 

/ 
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4. 115.7.5 Matrix List Data Blocks 

The matrix list data block is a special data block used for NASTRAN aeroelastic calculations. 

It is used to store a series of matrices. The matrices in the list will depend upon two para­

meters. The format is similar to that of a matrix. If there are NMK matrices, each with NR0W 

rows and NC0L columns, then it will be stored like a matrix with NR0W rows, and NMK times NC0L 

columns. The matrix for the first parameter pair is stored in the first NC0L columns. The 

matrix for other parameter pairs is then added on at the end, one at a time. 

A special header record is written which contains the following information: 

1-2 

3 

4 

5-(4+2NMK) 

+ 

The name 

NC0L, for the individual matrices 

NMK 

M(I), K(I), I•l, NMK 

Other information 

If a single matrix exists, it can be read as a normal NASTRAN matrix. It is possible that the 

matrix list was not completed by the generating module. The number of columns (found in the 

trailer) divided by NC0L should be an integer. This should be equal to NMK. If it is less than 

NMK, it is the actual number of matrices on the list. For the AJJL, there is additional informa­

tion in the header. 

Word 

(6+2NMK) 

(7+2NMK) -
(6+2NMK+3NGP} 

NGP, number of uncoupled aerodynamic groups 

KT(N}, NJ(N), N•l, NK(N) to NGPT, the theory 
identifier and the number of Uj degrees of 
freedom associated with this group. l NJ• NC0L. 

The matrix AJJL might look like (1 is the identifier for Doublet Lattice theory): 
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NC0L = 7 

NMK • 3 

NGP = 2 

KT(l) = 1 

KT(2) • 1 

NJ(l)-= 5 

NJ(2) • 2 

The output QKHL might look like (for 3 modes): 

The output QHHL nrfght Took lfke: 

4.115-7 (12/31/77) 

The shaded areas 
may be nonzero. 

NC"L • 4 (number of modes 
+ extra points) 

NMK • 3 (the M(l), K(I) are 
found from the AER~ 
data block) 

./ 
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4.115.8 Subroutines 

Numerous utility subroutines are used by the functional phases as shown below. 

AMPA AMPB AMPC AMPD AMPE AMPF 

CYCT2B CALCV CYCT2B CYCT2B CYCT2B CYCT2B 

SSG2B SSG2C SSG2B SSG2B SSG2B 

MERGED CFACTR SKPREC SSG2A CFACTR 

PARTN CFBS0R SKPREC CFBS0R 

FILSWI FILSWI 

TRANPl SKPREC 

4.115.8.1 Subroutine Name: AMPA 

1. Entry Point: AMPA 

2. Purpose: To provide a scenario for later phases and to prepare for use of the appended 

output files. 

3. Calling Sequence: CALL AMPA (AER0. QJHL. QHHL. AJJL. QHHL~. QJHL0. INDEX, IMAX. IANY) 

AER0. QJHL. QHHL. and AJJL are the GIN0 file numbers of their respective data blocks. 

QHHL0 and QJHL0 are the GIN0 file numbers of two scratch files to hold valid submatrices from 
QHHL and QJHL on restart. 

INDEX is the GIN0 file number of the scenario data block. Its contents are as follows: 

Record No. ~ Contents 

0 1 Header 

1 1 M column number 

2 K column number 

3 AJJL column number 

4 QHHL0· column number (0 implies recompute) 

IMAX 
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IMAX is the total number of (m,k) pairs on output. 

IANY is the flag for necessity to compute at least l QJH or QHH (0 implies compute -- 1 
implies all retrieved modes). 

4. Conmon Blocks 

/AMPC0M/NC0LJ,NSUB,XM,XK,AJJC0L,QHHC0L,NGP,NGPD(2,30),MCBQHH(7),MCBQKH(7),NC0LH, 
I0JH,MCBRJH(7) 

NC0LJ - Number of columns in a submatrix of AJJL 

NSUB - Number of submatrices in AJJL 

XM - Current M value 

XK - Current K value 

AJJC0L - Current column number of AJJL 

QHHC0L - Current column number in QHHL0 (a zero value implies compute a new QHH) 

NPG - Number of groups 

NGPD - Two words for each group - Theory ID (1 • D.L.) - Number of columns of AJJ 
belonging to this group 

MCBQHH - Matrix control block for QHHL 

MCBQKH - Matrix control block for QJHL 

NC0LH - Number of H points 

IDJH - Flag for change ink value in (m,k) pair 

MCBRJH - Matrix control block for QJHL 

4.115.8.2 Subroutine Name: AMPB 

1. Entry Point: AMPB 

2. Purpose: To compute GKI and the DJHl and DJH2. 

3. Calling Sequence: CALL AMPB (PHIDH,GTKA,01JK,02JK,D1JE,02JE,USETO,DJH1,DJH2,GKI,SCR1, 

SCR2,SCR3) 

All inputs are GIN0 file numbers. 

4.115-9 (12/31/77) 
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4. 115.8.3 Subroutine Name: AMPB1 

1. Entry Point: AMPB1 

2. Purpose: To build a partitioning vector which will add a given number of columns to 

another matrix. 

3. Calling Sequence: CALL AMPB1 (IPVECT,NC0Ll ,NC~L2) 

4. 115-9a (12/31/77) 
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IPVECT - the GIN0 file number on which the partitioning matrix will be built. 

NC0Ll - the number of columns in first matrix. 

NC0L2 - the number of columns in second matrix (to add onto the first matrix). 

4. 115.8.4 Subroutine Name: AMPB2 

1. Entry Point: AMPB2 

2. Purpose: This routine is a general driver for PARTN. 

3. Calling Sequence: CALL AMPB2 (A,All ,Al2,A21 ,A22,RP,CP,N1 ,N2) 

A, A11, A12, A21, A22, RP, and CP are the GIN0 file numbers of the matrices supplied to PARTN. 

[ 

[AJ • {cP} [::: 
RP J 

A121 

A22_j 

If any partition is not desired, set its file name to zero. 

Nl and N2 are the number of rows of RP and CP respectively. These are used only if RP or 

CP • 0. A, RP and CP must have matrix trailers. Trailers will be written on all existing 

outputs. 

4.115.8.5 Subroutine Name: AMPC 

1. Entry Point: AMPC 

2. Purpose: To compute (or retrieve) QJH and to form QJHL (if not purged). 

3. Calling Sequence: CALL AMPC (DJHl,DJH2,DJH,AJJL,QJHL,QJH~,QJHUA,SCRl ,SCR2,SCR3,SCR4, 

SCR5,SCR6) 

OJH1,0JH2,0JH,AJJL and QJHL are the GIN0 file numbers (GFN) of their respective data blocks 

QJH~ is the GFN of a data block containing old QJH's from restart 

QJHUA is the GFN of a data block containing the current QJH 

SCRl - SCR6 are the GIN~ file numbers of six scratch files 

4.115.8.6 Subroutine Name: AMPCl 

1. Entry Point: AMPCl 
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2. Purpose: To copy columns of one open matrix to another matrix. 

3. Calling Sequence: CALL AMPCl (INPUT,0UTPUT,NC0L,IZ,MCB) 

INPUT = GIN0 file number of the input matrix 

0UTPUT • GIN0 file number of the output matrix 

NC0L • the number of columns to copy 

IZ • open core 

MCB • matrix control block for 0UTPUT. 

/UNPAKX/ and /PACKX/ control AMPCl. 

4. Design Requirements: Both matrices must be opened and properly positioned. No trailers 

are written. Both matrices are left open. 

4.115.8.7 Subroutine Name: AMPC2 

1. Entry Point: AMPC2 

2. Purpose: To copy each column of the INPUT file onto the bottom of each column of the 

0UTPUT file. 

3. Calling Sequence: CALL AMPC2 (INPUT,0UTPUT,SCR1) 

INPUT, ~UTPUT, and SCRl are the GIN0 file numbe!"S of their respective data blocks. 

4. Method: On the first entry, INPUT and 0UTPUT are switched. On subsequent entries 

0UTPUT and SCRl are switched and read together, one column at a time to produce 0UTPUT. 

4.115.8. 8 Subroutine Name: AMPD 

1. Entry Point: AMPD 

2. Purpose: To compute or retrieve QHH and to write QHHL. 

3. Calling Sequence: CALL AMPO (QJHUA,QH~,S1CJ,GKI,QHHL,SCR1,SCR3,SCR4) 

All inputs are the GIN0 file numbers of their respective data blocks. 
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4. 115.8.9 Subroutine Name: AMPE 

1. Entry Point: AMPE 

2. Purpose: To compute GKH 

3. Calling Sequence: CALL AMPE(PHIDH,GTKA,GKH,SCR1,SCR2,USETA) 

All inputs are the GIN0 file numbers of their respective data blocks. 

4. Method: AMPE calls CALCV and SSG2A to partition PHIDH. It then calls SSG2B to compute GKH. 

4. 115.8. 10 Subroutine Name: AMPF 

1. Entry Point: AMPF 

2. Purpose: To solve for QHJL 

3. Calling Sequence: CALL AMPF(SKJ,GKH,AJJL,QHJL,PLAN,IMAX,SCRl,SCR2,SCR3,SCR4,SCR5,SCR6, 
SCR7,SCR8,SCR9,SCR10) 

SKH, GKH, AJJL, QHJL, PLAN, SCRl-SCRlO are GIN0 file numbers of their respective data blocks. 

IMAX is the number of m,k pairs. 

4.115.9 Design Requirements 

1. AMP requires 14 scratch files. These files are used as follows: 
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NAME DATA BLOCK COMPUTED BY USED BY 

SCRl Old QHHL (QHH.0) AMPA A,D 

SCR2 Old QKHL (QJH0) AMPA A,C 

SCR3 Index of work to do (INDEX) AMPA A,DRIVER 

SCR4 DJHl AMPS S,C 

SCRS DJH2 AMPB B,C 

SCR6 GKI AMPS B,D 

SCR7 DJH AMPB C,C 

SCR8 QJHUA AMPC C,D 

SCR9 Scratch File B,C,D 

SCRlO Scratch File B,C,D 

SCRll Scratch File B,C,O 

SCR12 Scratch File c.o 
SCR13 Scratch File C 

SCR14 Scratch File C 

2. Open Core: 

ROUTINE OPEN CORE FUNCTION 

AMP AMPB2X Buffer 

AMPA AMPAlX See layout 

AMPB AMPB2X CALCV 

AMPBl AMPBlX Buffer 

AMPB2 AMPB2X PARTN 

AMPC AMPClX Buffer, CYCT2B, AMPCl 

AMPC2 AMPClX Buffer 

AMPD AMPOlX Buffer, CYCT2B 

AMPE AMPEX Buffer, CYCT2B 

AMPF AMPFX Buffer, CYCT2B, AMPCl 
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Open core ·AMPAlX is laid out as follows: 

Contents Length Pointer 

NCIIJLJ l 

NSUB 1 
IAJJL 

m-k pairs 
) . 

from AJJL 2'*NSUB 
Header 

m-k pairs ! 2'*IMAX from AERlll 

lAERlll 

NC0LH , 
-

NlllH , 
lQHH 

m-k pairs 
from old ) 2'*NQHH 
QHH 

2 Buffers 

4,115.10 Diagnostic Messages 

The following messages may occur: 3045, 3001, 3002, 3003, 3008, 3008 

3007 occurs when a theory is used which AMP does not understand; 3045 occurs when insufficient time 

remains to compute another m-k pair. 

,I 
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The loop between AMPC and AMPD would require much overlaying. Thus, AMP currently is a 

single overlay chain. 

4.115.10 Diaanostic Messages 

The following messages may occur: 3045, 3001, 3002, 3003, 3008, 3007 

3007 occurs when a theory is used which AMP does not understand; 3045 occurs when insufficient time 

remains to compute another m-k pair. 
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4. 116 FUNCTIONAL MODULE FAl (FLUTTER ANALYSIS - PHASE 1) 

4.116.1 Entry Point: FAl 

4.116.2 Purpose 

To prepare the modal matrices MXHH, BXHH and KXHH for the K method of eigenvalue analysis or 

to do the ei genva 1 ue analysis for the KE or PK method .. 

4.116.3 DMAP Calling Sequence 

FAl KHH,BHH,MHH,QHHL,CASECC,FLIST/FSAVE,KXHH,BXHH,MXHH/V,N,FL00P/ 
V,N,TSTART/C,N,N~CEAD $ 

4. 116.4 Input Data Blocks 

KHH - Modal stiffness matrix - h-set 

SHH - Modal damping matrix - h-set 

MHH - Modal mass matrix - h-set 

QHHL - Aerodynamic matrix list - h-set 

CASECC - Case control data block 

FLIST - Flutter control table 

Note: BHH may be purged for the Kand PK methods. BHH must be purged for the KE method. 

4.116.5 Output Data Blocks 

FSAVE - Flutter storage save table or answer table 

KXHH - Total modal stiffness matrix - h-set or eigenvector matrix 

BXHH - Total modal damping matrix - h-set or eigenvalue table 

MXHH - Total modal mass matrix - h-set 

Note: If BHH is purged, BXHH may be purged for the K method. For the KE and PK methods, BXHH may 
not be purged. 

4. 116.6 Parameters 

FL00P - Input/Output - integer. Zero upon initial entry; Loop count at exit except for the 
last loop when FL00P • -1. 

TSTART - Output - integer. CPU clock time at entry to module. 

N0CEAD - Output - integer - flag whether to perform CEAD or not. 1 = yes, -1 = no. 
.. -
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4.116. 7 Method 

Module FAl is broken into two parts. Part one is the initial entry into the module, where 

the flutter data cards are read and records 0, 1, 2 and 3 of FSAVE are built. Part two builds 

the output matrices for eigenvalue extraction depending upon the flutter method selected. 

The flow for part one is as follows: Case Control is read into core and the Set IO for the 

selected flutter data card is found. The table FLIST is opened and the AER0 data card is read 

and saved, all the FLFACT data cards are read into core, and the proper FLUTTER data card is found 

and saved. 

Then the flutter analysis method selected is detennined and the matrix interpolation method is 

detennined. Record O of FSAVE is then written. 

The selected FLFACT lists for Mach number (m), reduced frequency {k) and density ratios (p) 

ae found, and record 1 of FSAVE is written by varying p then k then m. The total number of 

triplets is the number of loops to perform. For the PK method, the triplets are p, m and v, where 

vis a velocity. 

Then for each list matrix on QHHL, an{m,k) pair is written on FSAVE and its trailer is initial­

ized. CASECC is written onto FSAVE and the loop on method is started. 

4.116. 7. 1 K Method 

For part two, FL00P is incremented by one, TSTART is set by a call to KL0CK and a branch on 

method is taken. After the matrices are built, FL00P is set to -1 if this is the last loop. 

The following matrices are built each time through the loop: 

where k 

b 

(M~h] • (k2/b2)(Mhh] + (pref p/2)[Qhh(m,k)] 

'[K~h] • [KhhJ 

(B~h] • k/b[Bhh] 

- reduced frequency (varies with loop) 

- reference length (from AER0 card) 

Pref - referencing density (from AER0 card) 

p - density (varies with loop) 

[Qhh(m,k)] - interpolated aerodynamic matrix at (m,k) (varies with loop) 
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Note: For this method BHH may be purged. 

Most of the work for the K method is done while building [Qhh(m,k)] (see Figure 1) 

FAl calls FAlK to build [Qhh(m,k)] and then calls SSG2C to perform the add. FAlK will call MINTRP 

when it is necessary to build a new interpolated matrix. 

4.116.7.2 KE Method 

All the loops are done within FAl, the eigenvalue problem is solved and the answers are sent 

directly to FA2. 

For each m,k pair subroutine FA1K is called to build QHH(m,k), then FA1KE is called to solve 

the eigenvalue equation: 

(4) 

Mhh and Khh are put in core on the first loop. Then on each loop subroutine INC~RE is used to 

return the eigenvector given the sum of Mhh + Qhh and -Khh' Subroutine ALLMAT is called to give 

the eigenvalues. The eigenvalues are written on BXHH for every loop. On the last loop the eigen­

values are copied fr0111.BXHH to FSAVE. 

4,116.7.3 PK Method 

All the loops are done within FA1, the eigenvalue problem is solved, and the answers are 

sent directly to FA2. 

For each new mach number FAlPKI is called to build [A]-l and [Q] in core. 

For each m,k pair FA1PKE is called to solve the eigenvalue problem. 

where: 

[[M]p 2 + [B]p + [K]] ~ • 0 

[M] • -[MhhJ 

[B] • -[Bhh] + Pref p/2 b v [QI] 

[K] • -[Khh] + Pref p/2 v2 [QR] 
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[~] = [Q][C] (6) 

where: 

(
lkest - kj 131+ lkest + kj 13) 1 ~ J' = < number of frequencies at a mach 

- number 
(7) 

. The A matrix is then fonned and the eigenvalue equation is solved by subroutine FAlPKA. 

[A - pI] 'I' • 0 (8) 

where: 

The eigenvalues are accepted only if 

where: 

b/v times 1magi nary part of p • k est 

k~st starts at zero and is equal to b/v IMp for first root not 

accepted. 

This requires an iterative procedure until the number of roots desired is reached. The roots 

saved are put on FSAVE for each MR pair and if eigenvectors are requested they are printed by 

FAlPK. At the end of the loop the eigenvalues are put on BXHH and the eigenvectors on KXHH. 
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surface 

1st 

Pickup all 
(m,k) indep. 
Pickup a 11 
(m,k) dep. 

k - method 

linear 

yes 

Pickup (m,k) 
·· with same m's 

for indep. and 
d,ep. pairs 

Rewrite each 
rr.atrix on 

QHHL into a 
column 

Rewrite each 
matrix on QHHL 

i.-------11-f-----l with some m's 

CALL MINTRP 
Save output 

on FSAVE 

into a column 

Figure 1. Flow Chart fork - method 

4.116.8.1 Subroutine Name: FAl 

1. Entry Point: FAl 

2. Purpose: Module driver (see method Section 4.116.7) 

3. Calling Sequence: CALL FAl 

4.116.8.2 Subroutine Name: FAlK 

1. Entry Point: FAlK . 
2. Purpose: Build QHH(m,k} (see method Section 4.116.7} 

3. Calling Sequence: CALL FA1K(SMETH,K,RH0,0UTFIL) 

4.116-5 {12/31/77} 

Pickup proper 
column from 
FSAVE and 

build 
QHH(m,k) matrix 

CALL SSG2C 

(builds BXHH) 

CALL SSG2C 

(builds MXHH) 

' Copy KHH 
to KXHH 

Return 
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where: 

SMETH - 1 = surface spline interpolation~ 2 = linear spline interpolation (input-integer) 

k - Reduced frequency for this loop (real-output) 

RH0 - density (o) for this loop (real-output) 

0UTFIL- GIN0 file number for QHH(m,k) (integer-input) 

4.116.8.3 Subroutine Name: MINTRP 

1. Entry Point: MINTRP 

2. Purpose: Produce an interpolated matrix. 

3. Calling Sequence: CALL MINTRP (NI,XI,ND,XD,TYPE,SYMMl ,SYMKl ,OZ,INFILE,0UTFIL, SCR,SCRl, 

G,NC0RE,N0G0,IPRES) 

where: 

NI - Number of independent (m,k) pairs. 

XI - Pairs of m and k (m(I), k(I) I• 1, NI). 

ND - Number of dependent (m,k) pairs. 

XO - Pairs of m and k (m(I), k(I) I• 1, ND) 

TYPE - Type of interpolation and type of output; positive means interpolation for 
(m,k), negative means interpolation fork only. 

SYMKl 

SYMMl 

DZ 

INFILE 

JUTFIL 

±1 • complex interpolation fork only 

±2 • real part of interpolated matrix 

±3 • imaginary part of interpolated matrix 

t4 • complex interpolation matrix plus slopes 

±5 • real part of interpolated matrix plus slopes 

±6 • imaginary part of interpolated matrix plus slopes 

- Symmetry flag about k; 0 • no synmetry, l • synme~ry, -1 • antisynmetry. 

- Synmetry flag about m; 0 • no synmetry, 1 • symmetry, -1 • antisymmetry. 

- Attachment flexibility. 

- GIN0 file which contains complex matrix to be interpolated. 

- GIN0 file for the resulting matrix. 

SCR, SCRl - Scratch files for MINTRP. 

G - First location of open core for MINTRP. 

NC0RE - Amount of open core from G. 

N0G0 - 1 is singular matrix, 0 otherwise. 

IPRES - Precision of multiply operation. 
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4.116.8.4 Subroutine Name: FAlKE 

1. Entry Point: FAlKE 

2. Purpose: Solve the eigenvalue problem for the KE method. 

3. Calling Sequence: CALL FA1KE(0UT,K,B,RH0,RREF,FL00P,NL00P) 

where: 

0UT _- GIN0 file number f_or QHH(M,K) 

K - Reduced frequency for this loop 

B - Reference lengths 

RH0 - Density for this loop 

RREF - Reference density 

FL00P - Loop count 

NL00P - Total number of loops to do 

4. 116.8.5 Subroutine Name: FA1PKI 

1. Entry Point: FAlPKI 

2. Purpose: Build an interpolated inverse matrix and Q matrix in core 

3. Calling Sequence: CALL FA1PKI(FSAVE, QHHL) 

where: FSAVE and QHl:I.L....~r, G~N0 -file __ n~mb~ri 

4. Method 

- ---·-For all values-of K(nk) a-t niach ni builcf"a~matrix of order NK+l and INVERT 

l 

0 

for i • NK + 1 or j • NK + 1 

for i • j • NK + 1 

and build Q from QHHL - divide imaginary .points by K. 

4.116.8.6 Subroutine Name: FAlPKE 

1. Entry Point: FAlPKE 
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2. Purpose: Solve the iterative eigenvalue problem for the PK method. 

3. Calling Sequence: CALL FA1PKE(KHH,BHH,MHH,BXHH,FSAVE,NL00P,B,RREF,NEIW,EPS) 

where: KHH,BHH,MHH,BXHH and FSAVE are GIN0 file numbers 

NL00P - Number of loops to do 

B - Reference length 

RREF - Reference density 

NEIW - Number of roots wanted 

EPS - Epsilon for acceptance testing 

4. Method 

MHH, BHH, and KHH are placed in core for each new mach number. The inverse of MHH is 

taken and then the loop for solutions starts with kaO. The partitions of the A matrix are built 

and FAlPKA is called to build A and solve. Only the roots with positive imaginary parts are used 

in epsilon tests. The roots are tested and saved. When the number of roots wanted is blocked 

a record of FSAVE is written and a new loop starts. Eigenvectors are printed for each root when 

the velocity of their loop is flagged negative by the user. FAlPKV is called to print this eigen­

vector. 

4.116.8.7 Subroutine Name: FAlPKA 

1. Entry Point: FAlPKA 

2. Purpose: Solve for eigenvalues 

3. Cal 11 ng Sequence: CALL FAl PKA(A,Ml K,Ml 8 ,Efr.NcrliRE~N) 

where: 

A - Space for A matrix · 

MlK - Address where M-1K is.stored 

MlB - Address where M·1a is stored 

EIV - Space for answers 

NCJRE - Amount of core available at EIV 

N - Size of problem to be solved 
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4. Method 

A is built in core and NSBG is called to decompose A, then ATEIG is called to get the 

eigenvalues. Diag. 39 will print the time taken by HSBG and ATEIG. 

4.116.8.8 Subroutine Name: FAlPKV 

1 • Entry Point: FA 1 PKV 

2. Purpose: Print eigenvector for PK method 

3. Calling Sequence: CALL FAlPKV(A,MlK,MlB,N,EIV,CZ,BREF,PI,VEL,BUF) 

where: A, MlK, MlB, N, EIV are the same as FA1PKA 

CZ - Scratch storage 

BREF - Reference lengths 

PI - 'II' 

VEL - Velocity for the loop 

BUF - GIN0 buffer 

4. Method 

A matrix is built from the eigenvalue in question and EGNVCT is called to give the 

eigenvector. 

[AZ]• [EIG [-MlB] - [MlK]] EIG,[U 

The vectors are saved on SCRl. 

4.116.8.9 Subroutine Name: RS~RT 

1. Entry Point: RS0RT 

2. Purpose: Sort real arrays in core 

3. Calling Sequence: CALL RS0RT(N,I,Z,J) 

where: 

N - Number of words in a group 

I - Word in group to sort on 
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Z - Anywhere groups are stored 

J - Length of Z 

Note: If I .LT. 0 sort b.v absolute value of Ith word. 

4.116.9 Design Requirements 

1. FAl has an open core common block FAlXX. 

2. One scratch file is used. 

3. The Kand KE methods use open core at FAlKXX. 

4. The PK method uses open core at FAlPKX and a conmunication common block FAlPKC to 

pass pointers into FAlPKX. 

5. FAl uses six scratch files. 

4.116.10 Diagnostic Messages 

System fatal messages 3001, 3002, 3003, 3007, 3008, and 3061 can be produced as well as 

user fatal messages 2266 - 2271. Singular matrix from INVERS may also be produced. 
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4.117 FUNCTIONAL MODULE FA2 (FLUTTER ANALYSIS - PHASE. 2) 

4.117.1 EntryPoint: FA2 

4. 117.2 Purpose 

To collect data for reduction and presentation for each loop through the configuration 

parameters. 

4. 117.3 DMAP Calling Seguence 

FA2 PHIH,CLAMA,FSAVE / PHIHL,CLAMAL,CASEYY,0VG / V,N,TSTART / C,Y,VREF=l .0 / C,Y,PRINT=YES $ 

4. 117.4 Input Data Blocks 

PHIH - Complex eigenvectors - h set, modal formulations. 

CLAMA - Complex eigenvalue output table. 

FSAVE - Flutter storage save table. 

Note: No input data block may be purged. 

4. 117.5 Output Data Blocks 

PHIHL - Appended complex mode shapes - h set. 

CLAMAL - Appended complex eigenvalue output table. 

CASEYY - Appended case control data table. 

0VG - Output aeroelastic curve requests (V-g or V-f). 

Notes: 

1. No output data block may be purged. 

2. All output data blocks are read (DMAP attribute APPEND) on subsequent calls (FL00P from 

FSAVE, 1 if the method is K). 

4.117.6 Parameters 

TSTART - Integer-input/output-no default value. On input TSTART is the CPU time at the 

start of the DMAP flutter loop. On output TSTART will be -1 if there is in­

sufficient time for another DMAP loop. 

VREF - Rea 1-user input; ·no default. Vout will be scaled by VREF: 

PRINT - BCD-user input-default• YES. If PRINT• N0, no flutter su1T111ary will be printed • 

• 
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4. 117. 7 Method 

The primary purpose of module FA2 is to gather data for reduction and presentation. The 

header record of FSAVE will contain the METH0D. The actions of FA2 are method dependent. 

4.117.7.1 K-Method 

This module is near the end of a DMAP loop. Its output files PHIHL, CLAMAL, CASEYY and 0VG are 

appended for each entry. On the first pass, special code must be executed to initiate the files. 

The complex eigenvalues A have been found by module CEAD. These should have been sorted by 

Im(A) increasing. Only use the first "NVALUE" modes. The quantities that need to be computed are: 

{
2.0) Re(A)/Im(A) 

g • 
0 

if Im(A) ; 0 

if Im(A) • 0 

The values of the parameter FL00P, m, k, bref and NVALUE are found in the file FSAVE. A printer 

output is prepared. 

The PHIHL, CASEYY and CLAMAL data blocks are created by appending the PHIH, CASEYY and CLAMA 

data blocks. 

The CASEYY data block is for modules SDR2 and PL0T. It must keep in step with the append vectors. 

m, k, p and FL00P will be added to the LABEL. 

The 0VG data block is appended each time through the L00P. This will be used to create V-g 

or V-f plots. m, k, p and FL00P will be added to the LABEL. 

4.117.7.2 PK-Method 

The values for A, I, and Gare supplied by FAl on FSAVE for all eigenvalues and all MACH 

number RHt pairs. FA2 collects all k values together and outputs each collection of N such eigen­

values on a curve for V-g plotting. CASEYY, PHIHL and CLAMAL are not written. 

4.117.7.3 KE-Method 

Existing FSAVE records contain records of length 2 x N where 2 • Real, Imag • V, N = number 

of modes. 
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The records are sorted by (see Figure 1) 

The output should be sorted by 

m = mach number 

k = reduced frequency 

p = density. 

m = mach number 

p = density 

n = mode number. 

The records will be used for 0VG, and for fonnatted print. 

A special "sorting" algorithm will be used to order the roots. For the first k value 

in each loop, the roots are accepted in the order of ALLMAT. Define 

the ith eigenvalue for the 
Pin• nth reduced frequency k. 

In the above, i • 1, 2, 3, (number of modes) 

n = 1 , 2, 3, • . • ( number of k va 1 ues) 

Define the extrapolated value based upon previous n's to be 

e 
pi ,2 = pi, 1 

n ? 3 

where Pi,O will be chosen equal to Pi,l' Then, select for P1 ,n the root found in the nth loop 

closest to P1~n • Delete that root and let P2,n be the one of the remaining roots closest to 

P
2
e . Continue until all roots are exhausted. The measure of "closeness" of the complex num-,n 

bers is the square of the magnitude of the difference. If P1 and P2 are two roots, 

Pl • Re P1 + i Im P1 

then the square is, 

All eigenvalues are put on the FSAVE data block to be passed to FA2 module. CASEYY, PHIHL and 

CLAMAL are not written. 
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In Summary 

K - method 

( FA2 in 1 oop) 

K - method 

(no loop) 

PK - method 

(no loop) 

MODULE FUNCTIONAL DESCRIPTIONS 

Flutter Su11111ary 
(skip if PRINT~ YES) 

Output in order received 

Point= (m,k,p) triplet 
# of entries=# of modes 

Sorting required 

Point= (m,p,mode) triplet 
# of entries=# of k's 

Transpose required 

Point• (m,p,mode) triplet 
# of entries•# of V's 

Note: All must have 0VG Figure l. 

4. 117.8 Subroutines 

Utility routine CYCT28 is called. 

4.117.9 Design Requirements 

Open core for FA2 is at /FA2X/ • 

FA2 uses no scratch files. 

4.117.10 Diagnostic Messages 

Complex 
Eigenvectors 

Always 

Come in loop and 
PHIH, CLAMA slots 

(No change) 

None 

~ 

The following messages ma} ,ccur: 3001, 3002, 3003, 3007, 3008 and 3045. Only 3045 is 

a user message. It indicates that the OMAP loop was not completed by exhausting the configu­

ration parameters but rather by a time-to-go failure. 
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4.118 EXECUTIVE DMAP MODULE PARAML (PARAMETERS FROM A LIST) 

4. 118.1 Entry Point: PARAML 

4.118.2 Purpose 

To select parameters from a user input matrix or table. 

4.118.3 DMAP Ca11ing Sequence 

PARAML INPUT// C,N,op / V,N,RECN0 / V,N,W0RDN / V,N,REAL1 / V,N,INTEG / 

V,N,REAL2 / V,N,BCD $ 

4.118.4 Input Data Blocks 

INPUT - Any matrix or table 

4.118.5 Output Data Blocks 

None. 

4.118.6 Parameters 

op - Input, BCD, no default. op must take on one of the values "DMI", "DTI", "NULL", or 
"PRESENCE". 

RECN0 - Input.integer, default• 1 

W0RDN - Input, integer, default• 1 

REALl - Output, real, default• 1 

INTEG - Output, integer, default• 0 

REAL2 - Output, real, default• 1.0 

BCD - Output, BCD, default• blanks 

~: 

1. REAL. INTEG, REAL2 and BCD wi 11 be set by the module only if they are "V" type 
parameters. 

2. PARAML does its own SAVE 

4.118.7 Method 

PARAML interrogates INPUT and sets its parameters according to the value of op. 
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op= PRESENCE 
INTEG will be -1 if INPUT is purged. 

op= NULL 

INTEG will be -1 if INPUT is a null matrix. 

op= DMI 

The value in column= RECN0 and row= W0RDN will be placed in REALl. If the matrix is 

complex REAL2 will contain the imaginary part of the tenn. 

op= DTI 

The values in record= RECN0 and word= W0RDN will be placed in REAL, REAL2, INTEG and 

BCD. In general, only one interpretation will make sense. 

PARAML uses subroutine FNDPAR (see Section 4.119.8.l} to locate the parameters in the 

0SCAR entry. 

4.118.8 Subroutines 

PARAML calls FNDPAR (see Section 4.119.8.1). 

4.118.9 Design Requirements 

Conman blocks /XVPS/, /SEM/, /0SCENT/, and /SEMI must be available to PARAML. Open core 

is defined at /PARMLX/. 

4.118.10 Diagnostic Messages 

Messages 3002, 3003 and 3007 may be issued for this module. 
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4.119 EXECUTIVE DMAP MODULE PARAMR (FLOATING POINT PARAMETER PROCESSOR) 

4. 119. 1 Entry Point: QPARMR 

4.119.2 Purpose 

To perfonn specified arithmetic and tests on DMAP parameters. 

4.119.3 DMAP Calling Sequence 

PARAMR // C,N,op / V,N,0UTR / V,N,INRl / V,N,INR2 / V,N,0UTC / V,N,INCl / 

V,N,INC2 / V,N,FLAG $ 

where the following operations (op) are available: 

.lL OUTPUT VALUE 

ADD "UTR = INRl + INR2 

SUB 0UTR = INRl - INR2 

MPV 0UTR = INRl * INR2 

DIV 0UTR = INR1/INR2 

N0P no change 

SQRT 0UTR = v1NiIT 

SIN 0UTR = SIN(INRl) 

C(IIS 0UTR = C(IIS (INRl} 

ABS 0UTR = IINRll 

EXP 0UTR = exp ( INRl) 

TAN 0UTR • TAN (INRl) 

N~RM 0UTR • I l~UTC II 
P0WER 0UTR • INRl - INR2 

ADDC 0UTC .. INC1 + INC2 

SUBC 0UTC • INC1 - INC2 

MPYC 0UTC • INC1 * INC2 

DIVC 0UTC • INCl / INC2 

CSQRT 0UTC • v'iNCi' 

C0MPLEX 0UTC = INR1 + i INR2 
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C0NJ 0UTC = INCl 

REAL INRl = Re (0UTC) 
INR2 = Im (0UTC) 

EQ FLAG = -1 if INRl = INR2 

GT FLAG = -1 if INR1 > INR2 

LT FLAG s: -1 if INRl < INR2 

LE FLAG = -1 if INR1 < INRZ 

GE FLAG = 
_, if INR1 > INR2 

NE FLAG = 
_, 

if INRl 'f INR2 

L0G 0UTR = Log,o ( I~R1) 

LN 0UTR • Ln { INRl) 

FIX FLAG • FIX (0UTR) 

FL0AT 0UTR • FL0AT ( FLAG) 

Notes: 

1. Output parameters must .be a 11 V" type parameter if it is computed by op. 
2. For op• DIV or op• DIVC the answer is zero if the denominator is zero. 
3. PARAMR does its own SAVE. 
4. For op•SIN or op•C0S or op•TAN, the input must be in radians. 

4.119.4 Input Data Blocks 

None. 

4.119.5 Output Data Blocks 

None. 

4.119.6 Parameters 

op - Input, BCD, no default. op must be chosen from the above table. 

0UTR - Output/Input-real-default• 0.0. 

INR1 - Output/Input-real-default• O.O. 

INR2 - Output/Input-real-default• 0.0. 

0UTC Input/output-complex-default• (O.O,O.O) 

INC1 - Input-complex-default• (O.O, 0.0) 

n,,::2 - Input-complex-default • (O.O, 0.0) 

.• - Output/Input-Integer-default • 0 
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4.119.7 Method 

QPARMR searches on op code table for op and branches to the appropriate computation routine. 

QPARMR then calls subroutine FNDPAR to locate to output parameter in /0SCENT/ and then in /XVPS/. 

A direct store into /XVPS/ is made for the output parameter(s). 

4.119.8 Subroutines 

4.119.8. 1 Subroutine Name: FNDPAR 

1. Entry Point: FNDPAR 

2. Purpose: To search the 0SCAR for a specified parameter and to return its index into 

the /XVPS/. 

3. Calling Sequence: CALL FNDPAR (IP,IL) 

/0SCENT/ 0SCAR(1) 

where: 

IP = The parameter nurTDer desired. If IP> 0, a fatal error will occur if the IP's 
parameter is not a variable. If IP< 0 and the IIP!th parameter is not a variable 
IL = -1 ~ 

IL = -1 (see IP) 
or the index of the IPth parameter in the /XVPS/. 

4.119.9 Design Requirements 

Common blocks /XVPS/, /0SCENT/, /SEM/, and /SYSTEM/ must be available to this module. 

4.119.10 Diagnostic Messages 

Messages 3007, 3123 and 3124 may be issued for this module. 
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4.120 FUNCTIONAL MODULE 0PTPR1 (Fully Stressed Design Phase I) 

4.120.l Entry Point: 0PTPR1 

4.120.2 Purpose: 

To create a list of elements and properties which may be fully stressed along with the 

pointers and property limits. 

4.120.3 DMAP Calling Sequence: 

0PTPR1 MPT,EPT,ECT,DIT,EST / 0PTP1 / V,N,PRINT / V,N,TSTART / V,N, C0UNT $ 

4.120.4 Input Data Blocks: 

MPT - Material Property Table - material, P0PT and PLIMIT data. 

EPT - Element Property Table - property data. 

ECT - Element Connection Table - property !D's for elements. 

DIT - Direct Input Table - temperature dependent materials. 

EST - Element Summary Table - element temperature. 

Notes: The MPT may be purged or no P0PT card may exist in which 0PTPR1 returns. 
All other input data blocks must exist. 

4.120.5 Output Data Blocks: 

0PTP1 - Property Optimization Table. 

Note: If 0PTP1 is purged, 0PTPR1 immediately returns. 

4.120.6 Parameters: 

PRINT - Iteration print control parameter, output, integer• 1. 

TSTART - Ending time of 0PTPR1. output, integer. 

C0UNT - Iteration counter, output integer. Set to zero or if no elements 
may be optimized it is set to -1. 

4.120.7 Method 

4. 120.7.1 Overview of the Method 

This module creates a data block that may be updated by 0PTPR2 with each iteration. Only 

elements and their associated properties that meet the optimization cri!·eria will be output. 
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The optimization criteria (assuming the P0PT bulk data card exists) is as follows: 

1. The element must have a property card. 

2. The material stress limit must exist for either the primary or secondary property 

that may be optimized. For example, the cross-sectional area of a rod needs 

tension and/or compression stress limits. 

3. Sufficient open core exists for the data. 

4. At least one element may be optimized. 

5. The element is listed in internal tables. See Section 4.120.9.4 for a list of the 

elements. 

4.120.7.2 Program Method 

Subroutine 0PTPR1 controls all file open/close operations, subroutine calls, and exit 

conditions. The following steps are fo11owed: 

l. It is determined if the output file exists and if the P0PT card is present on file MPT. 

If not, C0UNT • -1, PRINT• 1 and TSTART is set before exiting. 

2. If PLIMIT (property change limit) cards exist on file MPT, they are processed by 0PTPRX 

onto scratch file 1. 

3. The start of open core is loaded with material data. Then 0PTP1A is called to load 

the remaining open core with as many elements that meet the optimization criteria. 

This is done from file EST, one e1ement type at a time. Five words per element are 

reserved as fo11ows: 

Word 1 - integer - element identification number 

Word 2-4 - real - temperature dependent stress limits for tension, 
compres Ji on and shear 

Word 5 - integer - pointer to variable to optimize and the appropriate 
stress limit. 

4. The remaining open core is filled with the corresponding property. Property ID's 

not used (or previously loaded) are not output. The fifth word of the element section 

is placed in the second word of this property section and the first property section 

word is set to the property IO. The fifth word of each element then points to the 

location of its property. This is done one element at a time. 

4.120-2 (3/1/74) 



FUNCTIONAL MODULE 0PTPR1 

5. File EPT is used in 0PTP1C to complete the ,-operty section data as follows: 

Word 1 - integer - property ID. 

Word 2 - integer - file EST property pointer and corresponding 
stress limit. 

Word 3 - real 

Word 4 - real 

Word 5 - real 

- original property value. 

- last value of property (same as word 3). 

- change factor (set to -1 .0). 

Word 6 - integer - property limit pointer (set to zero). 

6. Word 6 of the property section is set in 0PTP1D as the property limits are read into 

the remaining open core. If no limit exists for the property, word 6 remains zero. 

7. File 0PTP1 is created direction from the data in core. Count is set to O and parameter 

TSTART is set before exiting. 

4.120.8 Subroutines 

4.120.8.1 Subroutine Name: 0PTPX 

1. Entry Point: 0PTPX 

2, Purpose: To analyze the PLIMIT. bulk data cards. 

3. Calling Sequence: CALL 0PTPX 

C0MM0N // 

( See Section 4.120.9.3 C0MM0N / 0PTPW1 / 

C0MM0N / XX0PT1 / 

C0MM0N /NAMES/ See Section 2.5.1.8 

C0MM0N /SYSTEM/ See Section 2.4.1.8 

C0MM0N / GPTAl / See Section 2.5.2.1 

4. Method: A preliminary pass to detennine which element types are specified on the 

PLIMIT card or if ALL is specif~ed. Illegal types are rejected and an error flag 

is set. 

If any legal types exist, the file is re-read for the types specified and the 

predetennined number of entries. References to ALL are included in the resulting 

table. The table is sorted and checked for duplicate entries (which are error 

flagged}. Unless the error flag is set, the scratch file is written as follows: 
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Word Symbol 

1 IDE 

2 N 

3 to 4N+2 PIDl 

PID2 

PMIN 

PMAX 

MODULE FUNCTIONAL DESCRIPTIONS 

Type Description 

Integer Internal pointer to element 
type 

Integer Number of four word entries 
follow 

Integer Property ID - lower range 
repeated 

Integer Property ID - upper range for all 
s peci fi ed 

Real Minimum property ratio change ranges 

Real Maximum property ratio change 

5. Additional Subroutines: 0PTPXl, EJECT, R_EAD, BCKREC, FREAD, S0RT, WRITE, E0F, 
MESAGE. 

4.120.8.2 Subroutine Name: 0PTPXl 

1. Entry Point: 0PTPX1 

one record 
per 

element 
type 

2. Purpose: To decode the PLIMIT bulk data card and store four word entries in core. 

3. Calling Sequence: 

CALL 0PTPX1 (*,ST0R,N0G0,NEN,L0C1) 

C0MM0N // 

C0MM0N / XXOPT1 / 

C0MM0N /SYSTEM/ 

where 

} See Section 4.12.9.l 

See Section 2.4.1.8 

* - nonstandard return if insufficient core. 

ST0R - input - PLIMIT bulk data card words to decode, output - decoded values. 

N0G0 - output - error counter. 

NEN - input, output - number of words stored in core for this element type. 

L0C1 - start of this element type 1n core. 

4. Additional Subroutines: EJECT, S0RT, BISHEL, MESAGE 
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4.120.8.3 Subroutine Name: 0PTP1A 

1. Entry Point: 0PTP1A 

FUNCTIONAL MODULE 0PTPR1 

2. Purpose: To place in core elements that may be optimized and initialize pointers. 

3. Calling Sequence: 

CALL 0PTP1A (ELT,EL0P,ELE) 

C0MM0N // 

C0MM0N / 0PTPW1 / 

C0MM0N / GPTAl / 

C0MM0N /SYSTEM/ 

C0MM0N /MATIN/ 

C0MM0N / MAT0UT / 

C0MM0N /NAMES/ 

where 

See Section 4.120.9.3 

See Section 2.5.2.1 

See Section 2.4.1.8 

See Section 3.4.36 

See Section 2.5.1.8 

ELT - output - element type optimization pointer table - zero means element cannot 
be optimized. Non-zero is a pointer to EL0P array. 

EL0P - output - two dimensional array defining the start of each element type (and 
of the corresponding property) in core. 

ELE - output - element section of core. 

4. Additional Subroutines: EJECT, READ, MAT, FREAD, MESAGE. 

4.120.8.4 Subroutine Name: lllPTP1B 

1. Entry Point: 0PTP1B 

2. Purpose: To allocate core for each unique property ID segregated by element type. 
The first two words of the property are set as well as pointers to it. 

3. Calling Sequence: 

CALL 0PTP1B (ELT,EL0P,ELE,PR) 

C0MMIIIN // 

ClllMMlllN / XXlllPTl / 

ClllMMlllN / lllPTPWl / 

ClllMM0N / GPTAl / 

ClllMMlllN /SYSTEM/ 

ClllMMlllN /NAMES/ 

See Section 4.120.9.3 

See Section 2.5.2.1 

See Section 2.4.1.8 

See Section 2.5.1.8 
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where 

ELT - input - element type optimization pointer table. 

EL0P - input, output - array defining the start of each element type and of 
the corresponding property in core. Only the property section is changed 
in 0PTP1B. · 

ELE - input, output - element section of core. 

PR - output - property section of core. 

4. Method: For each element type that has element entries in core, a sequential match of 

the element ID on the ECT file is made. The property ID from the ECT and the EST/Stress 

Limit variable are placed in the property section of core. The element section of core 

is set to point to the location (relative to the element type's property starting loca­

tion) of its property. 

5. Additional Subroutines: BISHEL, 8ISL0C, L0CATE, READ, FREAD, EJECT, MESAGE. 

4.120.8.5 Subroutine Name: 0PTP1C 

1. Entry Point: 0PTP1C 

2. Purpose: To initialize the property section using file EPT. 

3. Calling Sequence: 

CALL 0PTP1C (ELT, EL0P, PR) 

C0MM0N // 

C0MM0N / 0PTPW1 / 

C0MM0N / XX0PT1 / 

C0MM0N /SYSTEM/ 

C0MM0N / GPTA1 / 

C0MM0N / NAMES / 

where 

See Section 4.120.9.3 

See Section 2.4.1.8 

See Section 2.5.2.1 

See Section 2.5.1.8 

ELT - input - element type optimization pointer table. 

EL0P - input - element type and property core location pointers. 

PR - input, output - property section of core. 
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4. Method: File EPT and the property section of core are assumed to be sequential. 

This may not be the case for two different properties on one Bulk Data Deck card. 

5. Additional Subroutines: L0CATE, READ, FREAD, EJECT, MESAGE. 

4. 120.8.6 Subroutine Name: 0PTP1D 

1. Entry Point: 0PTP10 

2. Purpose: To store the maximum and minimum property change limit values in core. 

If a property has a property 

to the property limit. 

3. Calling Sequence: 

CALL 0PTP1D (EL0P,PR,PL) 

C0MM0N // } C0MM0N / 0PTPW1 / 

C0MM0N /SYSTEM/ 

C0MM0N /NAMES/ 

limit, the sixth word of the property is set to point 

See Section 4.120.9.3 

See Section 2.4.1.8 

See Section 2.5.1.8 

4. Method: The scratch file containing interpreted property limits is read to determine 

the element type. If elements of this type exist the four word entries are then read. 

A sequential search of the properties ID 1s in core is made to see if the property ID 

falls withiri the 11 thru range 11 of the limit (the first two words). If it does, the 

sixth word of the property is set to point to the property list. Only unique property 

limits are loaded into core. 

5. Additional Subroutines: READ, FREAD, EJECT, MESAGE. 
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4.120.9 Design Requirements 

4.120.9.1 Overlay Design 

The module may in the future have the following overlay. However, it does not help to 

overlay if module 0PTPR2 has less core available, (0PTPR2 does not have the material data section 

of core). Normal NASTRAN utilities are not shown. 

0PTPX 
0PTPX1 

/0PTPW1/ 
/GPTAl/ 

EJECT 
DELSET 
PREL0C 
PREMAT 

KL0CK 
B1SL0C 
BISHEL 
0PTPR1 
!t'PTPlA 

/XX0PT1/ 

4.120-8 (3/1/74) 

0PTP1B 0PTP1C 0PTP10 I 



FUNCTIONAL MODULE 0PTPR1 

4.120.9.2 Open Core Design (Corm1on Block XX0PT1) 

X( 1) 

Y(1) 

Y(PC0R1) 

Y(PC0R2) 

Y(EC0R1) 

Y(PRC0R1) 

Y(KC0R1) 

P~PT{6) - Data from the P0PT bulk data card 

Material Data 

ELT(NTYPES) - element type pointers in /GPTA1/ 
sequence. Contains zeros for elements to skip 
and an increasing integer sequence for types to 
optimize (NP0W types are non-zero). 

EL0P(2,NP0W+l) - Element type and element 
property starting locations in ELE and PR 
arrays. EL0P(l,I) for elements and EL0P(2,I) 
for properties where I is the ELT value. The 
difference between succeeding entries is the 
number of words used for the element type. 

ELE(NELW) - Element section of core where NELW 
is the number of words. Each entry is as 
follows: 

ELE(l) - Element ID 
ELE(2) - oT 
ELE(3) - oc stress limits from material 

card 
ELE(4) • o

5 
ELE(S) - Property card pointer relation 

to EL0P(2,I) 

PR(NPRW) - Property section of core where 
NPRW is the nuni>er of words. Each entry is as 
follows: 

PR(l) - Property ID 
PR(2) - EST word and element stress limit 

to optimize 
PR(3) - Original property 
PR(4) - Last property value - initially 

PR(3) • PR(4) 
PR(S) - Property change ratio 
PR(6) - Property change limit pointer 

relative to PL(l) 

PL(NKLW) - Property change limits where NKLW 
is the number of words. Each entry is as. 
follows: 

PL( l) • • t ( NEW ) - m1n1mum proper y ORIGINAL 

PL(2) - maximum property ( NEW ) 
ORIGINAL 
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4.120.9.3 Block Data Interface 

Values following descr~ption are the original values. 

1. C0MM0N // PRINT,TSTART,C0UNT, 'SKP(2) ',YC0R,B1P1,NP0W,NELW,NWDSE,NPRW,NWDSP,NKLW 

PRINT - Parameter to print, positive, or not print negative (1). 

TSTART - Parameter ending time of this module. 

C0UNT - Parameter to execute 0PTPR2, zero, or not to execute 0PTPR2, negative (0). 

YC0R - Open core available relative to C0MM0N / XX0PT1 / X(l) 

Bl Pl - Location of a GIN0 buffer with 1 extra word. 

NP0W - Number of element types that may be optimized (13). 

NELW - Total number of words in element section of core (O). 

NWDSE - Number of words for each element entry (5). 

NPRW - Total number of words for each property entry (O). 

NWDSP - Number of words for each property entry (6). 

NKLW - Total number of words in property change ratio section of core (0). 

2. C0MM0N / 0PTPW1 / ZC0R,Z{100) 

ZC0R - length of array Z(lOO) 

Z - fixed length array that each module may use as scratch space. 

3. C0MM0N / XX0PT1 / X(6),Y(l) 

X - Data from P0PT bulk data card. 

Y - Open core. 
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4.120.9.4 Element Optimization Table 

Element 
Type 

R0D 

TUBE 

SHEAR 

TRIAl 

TRBSC 

TRPLT 

TRMEM 

QDPLT 

QDMEM 

TRIA2 

QUAD2 I 
! 

QUAD1 

BAR 

where: 

Primary Property 

Entry Stress Related 
Limits Change 

A 0 t• 0 c J 

o.o. 
I O' t ,cr C 

t I cr s 

t, 0 t•0 c•0 s I, t 2 
I 0 t •0 c •0 s t2 

I 1°t•0 c•0 s t2 
' I 

t, / crt ,a c ,crs 

t, j O' t ,O' C ,O'S t2 

t, I IJ t ,a C ,O'S 

t : 0 t•0 c•crs 
I 

t I O t ,a c •0 s 
I 

t, 
I I,t2 I O' t ,O' C ,IJ S 

A I 
O' t ,O' C J 'I1, 

I I2, I12 

A= axial area 
0.0. • outside diameter 

t • thickness 
t 1 • membrane thickness 
t 2 • shear thickness 
I• bending inertia 

aM • maximum/minimum stress 

4.120.10 Diagnostic Messages 

Stress 

aA 

crA 

TM 

O'p,TM 

O'p,TM 

crp,TM 

crp,TM 

O'p,TM 

/Jp,TM 

/Jp,TM 

op,TM 

O'p,TM 

oM 

Secondary property 

Entry Stress Related 
Limits Change 

J cr s A 

I 0 t a c ,as t,, t2 

I IJ t IJ C ,cr S t,, t2 

J O't ,O' C A, I1 ' 
I2, I12 

op= principle stresses 
TM• maximum shear 
crA • axial stress 
T • shear stress 

ct= tension stress 
crc • compression stress 
a • shear stress s 

Stress 

T 

O'p,TM 

i 
I 

"p'TM 

I 
aM 

materi a 1 
1 imi ts 

Messages are written on the output file directly and' each subroutine returns to 0PTPR1 which 

causes a fatal error if needed. Messages that may occur are 2288 thru 2301. Queued messages 

are 3001, 3002, 3003, 3007 and 3061. 
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4.121 FUNCTIONAL MODULE DSCHK (DIFFERENTIAL STIFFNESS CHECK) 

4. 121 . l Entry Point: DSCHK 

4.121 .2 Purpose 

Module DSCHK performs convergence checks and makes strategy decisions for use in the 

iterative Differential Stiffness calculations. 

4.121.3 DMAP Calling Sequence 

DSCHK PGl,PGil,UBGV // C,Y,EPSI0 / V,N,DSEPSI / C,Y,NT / V,N,T0 I V,N,TI / V,N,D0NE / 

V,N,SHIFT / V,N,C0UNT / C,N,BETAD $ 

4.121 .4 Input Data Blocks 

PGl - Matrix of load vectors from previous iterations - g set. 

PGil - Matrix of load vectors from current iterations - g set. 

UBGV - Matrix of solution vectors from current iteration - g set. 

Note: No input data blocks may be purged. 

4.121.5 Output Data Blocks 

None. 

4.121.6 Parameters 

EPSI0 - Input by user - real - DMAP default• l.OE-5. EPSI0 (t
0

) defines the acceptable 

ratio of energy error to total energy. 

DSEPSI - Input/Output - real - no default. On entering DSCHK, DSEPSI is the last ratio 

of energy error to total energy. On leaving DSCHK, DSEPSI is the current value 

of this quantity. 

NT - Input by user - integer - DMAP default• 10. Total number of iterations allowed. 

T0 - Input - integer~ no default. T0 is the number of CPU seconds which had elapsed 

when the last outer· (recomputation of [K~
9
]) DMAP loop was initiated. 
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Tl - Input - integer - no default. TI is the number of CPU seconds which had elapsed 

when the last inner (load iterations) DMAP loop was initiated. 

D0NE - Output - integer - no default. D0NE controls the final iterations. If 00NE = -1, 

the DMAP will proceed to data recovery. If D0NE = +N, N is the estimated number 

of other iterations which will be required to converge. 

SHIFT - Input/Output - integer - no default. If SHIFT is -1 on input, this indicates the 

first entry from the outer loop. On output, SHIFT= +1 if inner loop iterations 

are to continue; -1 if a return to the outer is to be scheduled. 

C0UNT - Input/Output - integer - no default. C0UNT is the number of iterations used to 

date. C0UNT should be set to zero initially. DSCHK will increment C0UNT by one 

for each entry. 

BETAD - Input by user - integer - DMAP default= 4. BETAD (S) is the shift decision factor. 

Small values of BETAD promote shiftiRq; large values discouragP. shifting. 

4.121.7 Method 

Module OSCHK (Differential Stiffness Check) perfonns the following calculations. 

The error ratio t 1 is: 

l<ui+l}T{p!+l - P~}j 
l<u1+1/ {P!} I 

(If t; .!:. t
0

, a user supplied parameter, convergence has been achieved and exit model is 

initiated.) 

The speed of convergence is the value X, where 

If X < 1.0-and i > ·1, -exit mode 2 is- initiated. 
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The estimated number of iterations to convergence is: 

( 3) 

If Nf > (Nt - Ni) the "shift" flag is set, where Ntis the user-specified limit and N; is the 

number of times this module has been executed. If (Nt - Ni)~ 0, the module will exit in mode 3. 

The time remaining, Tr, is compared with the time to execute the inner loop, T;, and the time 

to execute the outer loop, T
0

• 

If T; •Nf > T
0 

+ST;, the "shift" flag is set. (S is a user-defined parameter, the default 

is 4.) If the module estimates it cannot finish the problem with either strategy, it will exit 

with mode 4. 

The module will exit in mode 4 if: 

Tr> T
0 

+ ST; and the shift flag is "on" 

or 

Tr< TiNf and the shift flag is 11off 11
• 

This flow is diagrallllled in Figure l. 

4.121 .8 Subroutines 

Utility subroutine SSG2B is used. See subroutine descriptions, Section 3. 

4.121.9 Design Requirements 

DSCHK requires three scratch files. Open core for DSCHK is defined at /DSCHKX/. 

4.121.10 Diagnostic Messages 

Each entry into DSCHK generates message 7019. 

Reasons for termination (mentioned in 7019) are as follows: 

Reason Nunt>er 

0 
l 
2 
3 
4 

Meaning 

Continue iteration 
Converged to user supplied EPSI~ 
Iterations are diverging 
Insufficient time for convergence 
User supplied iteration limit 
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Set Exit Flag 
(converged) 

Go to C 
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Yes 

ENTER 

e:. = 
1 

No 

A • 

Ni • current step number 

Nt • limit on steps 

T1 • inner loop time 

T
0 

• outer loop time 

B • shift factor 

No 

Figure 1. Flow Diagram for Module OSCHK 
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Set Exit Flag 
(diverging) 

Go to C 

Yes 

Yes 

Go to B 

FUNCTIONAL MODULE DSCHK (DIFFERENTIAL STIFFNESS CHECK) 

No 

No 

Set Shi ft Flag 

Yes 

Set Exit Flag 
(iteration limit) No 

First • Yes 

..-------i~Write test flags and set 
parameters. Return 

N1+1-N; 

£1 _,._ £1-1 

First = No 

Figure 1. Flow Diagram for Module DSCHK (continued). 
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4. 122 FUNCTIONAL MODULE TABPCH (TABLE PUNCH) 

4.122.l Entry Point: TABPCH 

4.122.2 Purpose 

To punch NASTRAN tables onto DTI cards for user post processing. 

4.122.3 DMAP Calling Sequence 

TABPCH TABl ,TAB2,TAB3,TAB4,TAB5 // V,N,Al / V,N,A2 / V,N,A3 / V,N,A4 / V,N,AS $ 

4. 122.4 Input Data Blocks 

TABl - TABS Any NASTRAN tables. 

Note: Any or all tables may be purged. 

4.122.5 Output Data Blocks 

None -- Output is punched onto DTI cards. 

4.122.6 Parameters 

Al - AS -- Input,BCD, defaults are 'AA', 'AB', 'AC', 'AD' and 'AE'. These parameters 

are used to fonn the first two characters (columns 74 and 75) of the continuation field for each 

table respectively. 

4.122.7 Method 

TABPCH reads a record at a time into open core. Each word is identified as to real, integer 

or BCD using the same process as used by TABPT. These values are punched into OTI cards. Integer 

and BCD values will be punched onto single field cards. A real nunDer will be punched into a double 

field card. The fonnats are 18, 2A4, and E16.9 respectively. 

4.122.8 Subroutines 

None. 
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4.122.9 Design Requirements 

1. Open core must be at /TABPHX/. 

2. Up to 99,999 cards may be punched per table. 

3. Twice any entire record in the table must fit into open core. 

4. Tables with l word BCD values (ELSETS) will not be punched correctly. 

4.122.10 Diagnostic Messages 

Messages 3008 and 4015 may occur from this module. 
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4.123 FUNCTIONAL MODULE EMA (ELEMENT MATRIX ASSEMBLER) 

4.123.l Entry Point: EMA 

4.123.2 Purpose 

To superimpose matrices corresponding to elements into a structural matrix corresponding 

to all degrees of freedom at all grid points. 

4.123.3 DMAP Calling Sequence 

EMA GPECT,XEMD,XMAT / XGG,GPST / C,N,N0K4 / C,N,WTMASS $ 

4.123.4 Input Data Blocks 

GPECT - Grid Point Element Connection Table 

XEMD - X-matrix Element Matrix Dictionaries (X = K, M, B, or KD) 

XMAT - Element matrices 

4.123.5 Output Data Blocks 

XGG - Structural Matrix (X = K, M, B, KO, or K2) 

GPST - Grid Point Singu1arity Tab1e 

4.123.6 Parameters 

N0K4 - Input-integer-no default. Flag which specifies whether damping factor is 
to be used in assembling matrix (-1 ignores factor). 

WTMASS - Input-floating point-defau1t • 1.0. Constant by which all element matrix 
tenns are multip1ied. 

4.123.7 Method 

EMA is divided into two phases. The first phase merges the connection (GPECT) and matrix 

dictionary table (XEMD) data blocks. The result is a 11st, in grid point order, of all para­

meters and element matrix pointers necessary to assemble the final matrix. The second phase 

performs the assembly of the structural matrix itself by uti1izing the list built during the first 

phase and a new direct access capability in GIN0 to read the element matrices. 
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The first phase proceeds as fo11ows: 

1. At the top of open core a table of four words per entry one entry per element type 

(as determined from /GPTAl/) is al1ocated and set to zero. 

2. Element matrix dictionaries are read from XEMD until either core is filled or the data 

block is exhausted. Pointers to the first and last dictionary for each element type 

are noted in table described above. 

3. The GPECT (or partially completed GPECTX) is read one entry at a time. Four conditions 

are possible: 

a. The dictionary for the element has already been attached on a previous pass. 
In this case the entry is copied directly to the new GPECTX. 

b. The d.ictionary associated with the element has not yet been read into core. 
In this case the uncomp1eted entry is copied to GPECTX (it will be comp1eted 
on a subsequent pass). 

c. The dic~ionary associated with the element· does not exist. For example, mass 
matrices are not defined for every element. In this case the entry is dropped. 

d. The dictionary assoc!ated with the element is in core. In this case, the 
dictionary is attached and the completed entry is written on GPECTX. 

4. When the last entry on GPECT has been read and the XEMD data block has been read in 

its entirety, phase two is initiated. Otherwise, the files for GPECT and GPECTX are 

switched and control returns to step (2) above. 

Allocation of open core for the first phase is as follows: 
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BUF3 

BUF2 

BUFl 

FUNCTIONAL MODULE EMA (ELEMENT MATRIX ASSEMBLER} 

pointer to ,st dictionary 
pointer to last dictionary 
No. of words in dictionary entry 
No. of L0CS in dictionary entry 

. . . 
internal element ID 
matrix form 
column size of element matrix 
component code word 
damping constant 
Lfl)C . . 
Lfl)Cm 

. 
GIN0 buffer for XEMD 

GIN0 buffer for GPECTX 

GIN0 buffer for GPECT 

4 worus/e11try 

element matrix 
dictionary 

l entry per 
element type 

Entries on GPECTX are in the same order as GPECT, i.e., one logical record for each grid or 

scalar point and within each logical record one entry for each element attached to the grid or 

scalar point. The contents of each entry in GPECTX is as follows: 

Word No. 

0 
1 
2 
3 
4 
5 
6 
7 

n 

Description 

No. of words in entry (not including this word) 
internal element ID 
fonn 
column size 
component code 
damping constant 
L0C of element matrix for current pivot 
SILi 

. 
SILm 
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During the second phase of EMA, XGG is assembled. GPECTX is passed (read) once. Open core 

is used to hold dictionary data, associated parameters and non-zero tenns of XGG. Each pass 

during this phase involves assembling as many columns of XGG as may be accommodated by the size 

of open core. 

The allocation of open core for this phase is as follows: 

1 

IR0WP 

IGPX SIL for pivot point 
degrees of freedom for pivot - pointer to column positions 
pointer to row positions 
pointer to XGG terms 

~ 
i 
I 

} 

} 

! 
} 

. . . } 
ILIST 

! 
BUFl GIN0 buffer used alternately 

between GPECTX. XMAT and XGG 
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one column of an 
element matrix 

row positions for above 
column 

5-word header 
for pivot point 

element matrix dictionaries 
from GPECTX 

nurrbers of columns to 
be asserrbled 

nurrbers of row positions 
of all possible non-zero 
terms in XGG for above picot 

non-zero terms of XGG 
for above pivot 

5-word header 
for next pivot 

element matrix pointers 
2 words/entry 
1 entry for each element 
matrix dictionary in core 

( 1) 

(2) 

( 3) 

(4) 



Notes 

( 1) 

(2) 

(3) 

(4) 

FUNCTIONAL MODULE EMA (ELEMENT MATRIX ASSEMBLER) 

The size of this area is the maximum column size for any element matrix as 
determined during the first phase. 

The number of columns to be assembled corresponds to the number of non-zero 
bit positions in the union of all component code words for elements connected 
to the pivot. 

The number of row positions is determined by forming a unique list of row 
positions for all elements connected to the pivot. 

The size of the array of non-zero terms for XGG is the product of the number 
of columns and number of rows as determined by notes (2) and (3) above. 

The assembly phase proceeds as follows: 

1. A record from GPECTX is read into open core. The record consists of a 5-word 

header and _an ar.bitrary number of entries (there may be no entries if no elements 

connected to the pivot). 

2. The list of entries for the pivot is scanned and the union of all component code 

words is formed. Additionally. a 2-word entry for each element entry (one word 

is the L0C and the other a pointer to the element entry) is formed and stored in 

a list in lower core. 

3. From the union component word, a list of non-zero column nunbers is formed. 

4. The list of entries is now scanned a second time and a list of unique non-zero 

row nunDers if formed. 

5. Storage for the non-zero terms of XGG is now allocated. 

6. If there is sufficient core for another pivot point, control is returned to 

step (1) above. Otherwise, the actual assenbly begins. 

7. The list of element pointers and L0Cs is sorted by L0C in order to optimize 

the reading of element matrices from the direct access storage file. 

8. The processing is now directed by passing the sorted list of element pointers. 

For each 2-word entry: 

a. The component code word for the element is decoded and a list of row 
numbers for the element matrix column is formed. 
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b. This list if compared with that of the pivot to form correspondances 
between the two. 

c. An element matrix column is read. 

d. Multiplication by damping constant or weight mass factor (or both) is performed 
on each element matrix term. 

e. The element matrix terms are added into their respective positions in XGG. 

9. When all 2-word entries have been processed, the columns of XGG are packed onto 

the output data block. 

10. A test is made to determine if the GPST is to be generated. If so, then for each 

pivot in core, parameter infonnation plus the XGG terms associated with the pivot 

are written on a scratch file. 

11. When all columns of XGG are complete, EMA is complete unless the GPST is to be 

generated. In the latter case, the scratch file generated during the assenbly 

phase is read and DETCK is called to anal~ze the singularities and write the 

entries on the GPST data block. 

4.123.8 Subroutines 

4.123.8.1 Subroutine Name: OETCKX 

1. Entry Point: DETCKX 

2. Purpose: To generate the GPST by examining the 3x3 "translational" and 3x3 

"rotational" diagonal submatrices of XGG. 

3. Calling Sequence: 

CALL DETCKX (JARG,IFGPST,NPVT) 

where: 

• 0 if the pivot point has connected elements 

JARG • -1 if the pivot point is a scalar point with no connected elements 

• l if the pivot point is a grid point with no connected elements 

IFGPST • GIN0 reference name for the GPST data block 

NPVT • SIL number for the pivot point 
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4. Method: 

Let the pivot point be a grid point with scalar index pin the following discussion. 

Let [Q] be the "translational" or "rotational" 3x3 synmetric submatrix along the diagonal 

of the stiffness matrix, [K~g]• i.e., the rows and columns of the "translational" [Q] 

matrix would correspond to scalar index numbers p, p+l, and p+2; and the rows and columns 

of the "rotational" [Q] matrix would correspond to scalar index numbers p+3, p+4, and 

p+S. 

The following steps comprise the algorithm for determining the presence or absence 

of grid point singularities. The dis.cussion assumes [Q] is the "translational" 3x3 

matrix but the same algorithm holds for the "rotational" [Q]. 

a. The matrix [Q] is scaled by the magnitude of the largest term, Qmax= 

b. 

[BJ = f-- . 
max 

If the largest term is non-positive, the singularity is of order 3, and the 

scalar index numbers p, p+l and p+2 are written on the GPST. 

The vector magnitudes of 3xl columns ( rows) are calculated: 

~B~1 
2 2 

b1 • + B12 + 813 

~B:1 
2 2 

b2 • + B22 + Bu 

~ B~1 
2 2 

b3 • +632+833 . 

c. For each b; • 0, the singularity order counter I0RDER is increased by one. 

d. If two bi are zero, the order of the singularity is two, and the scalar index 

numbers j and k corresponding to these two rows of [BJ are written on the GPST. 

e. If one b; is zero, and 1 is the row such that b; • 0, define j and k as the 

other rows of [BJ and calculate: 
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( 6) 

If f < T0l*, the order of the singularity is 2 and the GPST contains the paired 

scalar index values for i, j, kin the order (1) (i,j) if Bkk > 0 or (2) (i,k) if 

Bjj > 0. If W ~ T0L, the order of the singularity is one and only the SIL value 

for i is written on the GPST. 

f. If all bi > 0, we calculate 

D = det [BJ 

If D > .05 x T0L x (b1b2b3), there are no singularities, and DETCK returns if 

[Q] is the "rotational" matrix, or, if [Q] is the "translational" matrix, the 

"rotational" [Q] is input to the algorithm. 

( 7) 

g. If D > .05 x T·0L x (b1b2b3), one or more singularities exist. The following terms 

are calculated: 

[B" m1 • det 
Bu 

[811 
m2 • det 

Bu 

[811 
m, • det 

Bu 

2 2 
R1 • (822 + Bi,) 

R2 • 
2 2 

(811 + 813) 

2 2 
R, • (811 + Bu) 

B,l 
Bu 

B"l 
833 

Bu]. 
B22 

2 2 
(Bu + Bu) 

2 2 
(Bu + Bu) 

2 2 
(821 + B22) 

( 8) 

(9) 

(10) 

( 11) 

( 12) 

( 13) 

*The tolerance may be supplied by the user on the NASTRAN card by specifying the desired 

real value for SYSTEM(70) or STST. The default is .01. 
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h. Determine i, j, k such that: 

m. m. mk , > , > 

~ Rj l\° 
m. 

i. Ifr< T0L the singularity is of order 2. Redefine i, j, k such that , 
Bii < Bjj < Bkk. The SIL values for the paired indexes (j,k), (i,k) and (i,j) 

are written on GPST only if the corresponding Bis greater than zero. For 

instance if Bkk is zero, the SIL pair (i ,j) is not written on the GPST. 

m. 
j. If 1r' ~ T0L, (see step h) the singularity is of order 1. The SIL values are , 

written on the GPST in the order 

4. 123. 9 Design Regui rements 

m. 
i since "Jt > T0L , 

m. 
j if TC> T0L , 
k if f- > T0L 

k 

The first phase of EMA (GPECTX generation) is open ended. The second (assembly) phase 

requires that at least one complete pivot point be allocated (see core picture in 4.123.7). 

A fatal message No. 3008 is generated if this is not the case. 

The design of EMA is open ended with respect to the number of degrees of freedom for a 

grid point. However, the algorithm used for determination of grid point singularities 

(subroutine OETCK) is valid only for grid points with 6 degrees of freedom. Consequently, 

this subroutine is called only for grid points with 6 degrees of freedom. 

4.123.10 Diagnostic Messages 

3001, 3002, 3003, 3008, and 3102,L0GIC ERR0R EMA-nnnn 

( 14) 

(15) 

(16) 

(17) 

In the latter message, nnnn refers to a F0RTRAN statement number in the code. Essentially 

this message refers to a "fail safe" check by EMA and most likely indicates either a program 

logic or obscure data error. A printout of the information which follows the message will be 

useful to the maintenance progranming staff, 
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4. 124 FUNCTIONAL MODULE EMG (ELEMENT GENERATOR) 

4.124.l Entry Point: EMG 

4. 124.2 Purpose 

This module will compute and output stiffness, mass, and/or damping matrices for individual 

elements. The module also produces auxiliary description and location data; i.e., dictionary 

information, with respect to the above element stiffness, mass, and/or damping matrices. It 

should be noted this module does not assemble these element matrices with regard to some element 

linkage specification. The assembly process is performed by module EMA. 

4. 124.3 DMAP Calling Sequence 

EMG IHKELMI IHKDICTI IHBELMI IBDICT I 
EST,CSTM,MPT,DIT,GE0M2,/IKELM l'IKDICT I ,MELM,MDICT,IBELM l'IHBDICTI/V,N,N0K/V,N,N0M/ 

V,N,N0B/V,N,N0K4GG/V,N,N0KDGG/V,N,CONMASS/ $ 

4. 124.4 Input Data Blocks 

EST - Element Summary Table. 

CSTM - Coordinate System Transformation Table. 

MPT - Material Properties Table. 

DIT - Direct Input Table. 

GE0M2 - Geometry Table 2. 

Note: 1. The CSTM may be purged. The MPT may be purged only if elements which do not reference 
any material data are used. The DIT may be purged only if the material properties are 
not temperature dependent. 

4.124.5 Output Data Blocks 

KELM - Element stiffness matrix partitions. 

KDICT - Dictionary table for element stiffness matrix partitions. 

HELM - Element mass matrix partitions. 

MDICT - Dictionary table for element mass matrix partitions. 

BELM - Element damping matrix partitions. 

BDICT - Dictionary table for element damping matrix partitions. 

HKELM - Element conductivity matrix partitions. 

HKDICT - Dictionary table for element conductivity matrix partitions. 

HBELM - Element capacity matrix partitions. 

HBOICT - Dictionary table for element capacity matrix partitions. 
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4.124.6 

N0K 

N0M 

N0B 

MODULE FUNCTIONAL DESCRIPTIONS 

If either of a matrix-dictionary data block pair is purqed, that particular data block 
pair will not be formed. 

Parameters 

- Input - integer - no default. < 0 implies do not form stiffness matrix and 
dictionary data blocks. > implies form stiffness matrix and dictionary data 
blocks. 

- Same as N0K, but for mass matrices. 

- Same as N0K, but for damping matrices. 

N0K4GG - 0UTPUT - defaults -1. zl implies nonzero damoing constant detected. (=-1 otherwise) 

N0KDGG - currently not used. 

C0NMASS - Integer - input - no default. ~ 0 implies do not form consistent mass matrices. 
> O implies form consistent mass matrices. 

4.124. 7 Method 

Subroutine EMG is a small driver which calls serially the following main routines: 

1. EMGTAB prepares material property, coordinate system transformation, direct input, 
and any other pertinent data tables in core. 

2. EMGCNG prepares a small table in core which reflects the existence of any element 
congruenc i es. . · · 

3. EMGC0R allocates core and buffers as required, considering the outputs the module 
is to form on this execution. 

4. EMGPR0 passes the EST, processing all elements and fonning the tables of element 
matrices and dictionaries requested by the input parameters and problem make up. 

5. EMGFIN wraps up all operations, closes data blocks, and writes trailers. 

Each of these five routines are discussed in more detail below. 

4,124.8 Subroutines 

The utility routines PRETRD, PRETRS, and PREMAT are called by EMGTAB for initialization pur­

poses, so that the structural element subroutines may call the entry points TRANSD, TRANSS, MAT, 

and HMAT to obtain coordinate system transformation matrices (CSTM) data,and material properties 

data, respectively. GMMATO, GMMATS, INVERD, INVERS, SAXB, DAXB, SA00TB, and DAD0TB are for basic 

in-core matrix and vector computations. The descriptions for these routines may be found in 

Section 3.2 of the Progra11111er's Manual. 

4.124-2 (7/4/76) 
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For purposes of conmunication between subroutines of the EMG module, the following common 

blocks are significant. 

/EMGPRM/ 

Variables in Order 

ICIIIRE - First word of open core. 

JCIIIRE - Next available location in open core. 

NC0RE - Current last available location in 
open core. 

ICSTM - First location in open core used for 
CSTM data. 

NCSTM - Last location of CSTM data. 

IMAT - First location of MPT data. 

NMAT - Last location of MPT data. 

IHMAT - Same as IMAT in "heat" formulation. 

NHMAT - Same as NMAT in "heat" formulation. 

IOIT - First location of OIT data. 

NDIT - Last location of DIT data. 

IC0NG - First location of congruency table. 

NCIIING - Last location of congruency table. 

LCIIING - Length of congruency table. 

ANYC0N - .TRUE. if congruency table exists • 
• FALSE. if congruency table does not 
exist. 

ICMAT - .TRUE. if stiffness matrices will be 
computed, and output .FALSE. otherwise. 

MMAT - Same as ICMAT for mass matrices. 

BMAT - same as ICMAT for damping matrices. 

PRECIS - 1 for module computations in single 
precision; 2 for module computations 
in double precision. 

ERR0R - .TRUE. when a fatal error has been 
flagged; .FALSE. otherwise. 

HEAT - • TRUE. when "heat" fon11.1lation is 
indicated; .FALSE. otherwise. 
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/EMGEST/ 

/EMGDIC/ 

/EMGZZZ/ 

/EMGFIL/ 

4.124.8. 1 Subroutine Name: EMGTAB 

1. Entry Point: EMGTAB 

ESTBUF(lOO) - Element entries, as read from the 
EST data block, are passed to element 
matrix computation routes via this buffer. 

ELTYPE - Current element type being operated upon. 

LDICT - Net length of element dictionary required 
for element type ELTYPE. 

NLIIJCS - Maximum number of element connection 
partitions to be formed. 

ELIO - Current element identification as obtained 
from an EST element entry. 

ESTID - The serial element entry position in the 
EST. A pseudo identification is placed 
in the first word of every dictionary 
entry output. 

z - Open core for the module begins at point 
this block resides in core. 

EST 

CSTM 

MPT 

DIT 

GEIIJM2 -

l<MAT 

MMAT 

BHAT 

KDICT -

MDICT -

BDICT -

GINIIJ file numbers for 
the files as listed. 

2. Purpose: To establish in open core the coordinate system transformation data (if any) 

and material property data. 

3. Calling Sequence: CALL EMGTAB. 

4.124-4 (3/1/74) /· 

-·· 



FUNCTIONAL MODULE EMG (ELEMENT MATRIX GENERATOR) 

4. Method: One GIN0 buffer is allocated; the CSTM is then opened. If present, the CSTM 

data (Record 1) is read into open core. A call is made to PRETRS and PRETRD, which 

merely sends to these routines, for future calls to TRANSS and TRANSD, the address 

in open core of the CSTM data. Material property data is then entered into open 

core via a call to PREMAT, or if a "HEAT" fonnulation, a call to HMAT. 

4.124.8.2 Subroutine Name: EMGCNG 

1. Entry Point: EMGCNG 

2. Purpose: To build in open core a table of element identifications of those elements 

specified as being congruent to each other via CNGRNT bulk data cards. 

3. Calling Sequence: CALL EMGCNG. 

4. Method: CNGRNT bulk data cards, if present, are found in data block GE"M2. If none 

are found, the routine returns. If CNGRNT cards are found, they are read, a table is 

constructed and sorted on the element ID. 'This table has the following design. 

EXAMPLE 

CORE 
LOCATION 

I.E. 

Z (77) 

Z (79) 

Z (81) 

Z (83) 

Z (85) 

Z (87) 

Z (89) 

TABLE 
COLUMN 

1 

10,-1 

I03•2 

ID2•3 

ID7•4 

!06•5 

ID4•6 

I05•7 

TABLE 
COLUMN 

2 

89 

0 

89 

79 

79 

79 

0 

/EMGPRM/ Example values 

IC0NG • 77 

NC!aNG • 90 

LC"NG • 14 

ANYC"N • .TRUE. 

I.e., the above table resulted from the existence of two CNGRNT cards, the first of 
which contained ID3, ID4, 106, 107, and the second of which contained 105, 101, and 102• 
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Note the va1ues in column 2 of the table are the open-core indices to the first IO 

which appeared in a congruency group. The zero in column 2 wi11 later be replaced 

by a negated open-core index pointing to dictionary information. 

4.124.8.3 Subroutine Name: EMGC0R 

1. Entry Point: EMGC0R, 

2. Purpose: To determine the type of matrix data blocks to be formed and after determina­

tion of these data blocks, to allocate sufficient GIN0 buffers in the bottom of open 

core (highest addresses) for the operations which will be performed. 

3. Calling Sequence: CALL EMGC0R _ 

4. Method: DMAP parameters are noted, data blocks are opened (if possible), and flags 

are set to indicate operations to be performed. 

4.124.8.4 Subroutine Name: EMGPR0 

1. Entry Point: EMGPR0, 

2. Purpose: To pass the EST data block once, and while making this pass, call the 

appropriate element matrix computation routines required to prepare data needed 

for the data blocks flagged to be formed. 

3. Calling Sequence: CALL EMGPR0. 

4. Method: The EST contains one record for each element type the user has included in the 

problem being solved. Thus, for each record, the element type is determined, various 

parameters for the element type set, and a loop initiated to process all of the elements 

contained within the one type. 

After each element's data entry is read from the EST record into /EMGEST/, a binary 

search is made (if any element congruencies exist) in the congruency table in open 

core for the element ID of the entry. If the ID is found, a further check is made 

in the table to determine if the 11 primary11 ID of the congruency group has a negative 

pointer to dictionary information. If the pointer is negative, its value is the 

location of the dictionary information, which is output directly to the dictionary's 

data blocks being formed. No call is made to the element computation routine. 
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Should no dictionary information exist, or for that matter, no indication of a 

congruency, the appropriate element computation routine is then called. (A descrip­

tion of the placement of dictionary information in open core with respect to elements 

predisposed as being congruent may be found in the subroutine description of EMG0UT; 

see Section 4.122.8.6). 

The element computation routine will then, based on the matrix flags set, compute 

and output to EMG0UT the element matrices and dictionaries. 

Any dictionary information in open core is essentially purged between element types 

by the resetting of the dictionary data addresses associated with the primary ID's 

in the congruency table to zeros. 

4.124.8.5 Subroutine Name: EMGFIN 

1. Entry Point: . EMGFIN. 

2. Purpose: EMGFIN merely closes any open data block and outputs appropriate trailers 

for these data blocks. 

3. Calling Sequence: CALL EMGFIN. 

4.124.8.6 Subroutine Name: EMG0UT 

1. Entry Point: EMG0UT. 

2. Purpose: To receive element matrix data from element computation routines, and then 

output this data to appropriate matrix data blocks in table form. Dictionaries are 

also output, and when required by existence of an element congruency, saved in open 

core. 

3. Calling Sequence: CALL EMG0UT (BUF,BUF,LSIZE,E0E,DICT,FILTYP,INPREC) 

BUF - One or more, or all of the row-stored vertical partitions of the full element 
matrix. (If diagonal, then only diagonal terms of the partitions are present.) 
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LSIZE 

E0E 

DICT 

MODULE FUNCTIONAL DESCRIPTIONS 

- The actual number of tenns being sent. (Not the number of computer words.) 
Note if, for example, EMG0UT was being called with one partition of a 
diagonal 9x9 element matrix for which the element in question has three 
connection points, then LSIZE ~uld be 3. 

X 
I 
I 
I 

X I 

X 
I 
I 

:x 
t 
t X 

X 
,x 
: X 
: X 
I 
I 

One partition of this same matrix, if square, would imply an LSIZE • 27. 

- If not all data has been sent on completion of this call for one element matrix, 
E.,E should be sat• "· If tiiis call supplies an. or the remaining one or m,re 
partitions, E~E should be set• l. 

~ . ~ . , . ~- !' ; ... . . 

- An array of length LDICT found in /EMGPRM/ plus one location for each connected 
grid. (These extra locations will be s,t by EMGilUT, with GIN0 direct access 
indexing infonnation for later location of the matrix partitions.) For addi­
tional infonnation on the contents of this array, see Section 6.8 concerning 
the prograll'llling and addition of a NASTRAN element matrix computation routine. 

FILTYP - Equals 1, if matrix data are stiffness type. 
Equals 2, if matrix data are mass type. 
Equals 3, if matrix data are damping type. 
Equals 4, if undefined future. 
Equals 5, if undefined future. 
Equals 6, if undefined future. 

INPREC - Equals 1, if matrix data are single precision. 
Equals 2, if matrix data are double precision. 
Note: EMG0UT will accept data in single or double precision, but will output 
~ this data (making any necessary conversion) in the precision that the 

output data blocks are to be formed. However, INPREC must be set to 
1 or 2 to match the data. 

4. Method: EMG0UT maintains counts of the number of partitions received for each type of 

data block being formed. The calling routine may, if it desires, output matrix parti­

tions alternately to all the data block types being formed before sending the final 

partitions or partitions of each data block type. This is with respect to any one 

element ID. 

After checking the amount of data sent to EMG0UT, the element matrix data are then 

written on the appropriate matrix file, a partition at a time. (Each vertical partition 

becomes a record in the matrix partitions data block.) Simultaneously, the GIN0 
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pointers for each record written are obtained via the GIN0 entry point SAVP0S and 

stored in the dictionary sent on this call to EMG0UT. 

After all partitions available are output to the element matrix partitions data block, 

a return is made if E0E = 0. If E0E is 1, then a check is made to determine if a 

correct and reasonable number of partitions have been sent and output. The dictionary 

entry for the element is then output to the dictionary data block type specified by 

FILTYP. If a congruent table exists, a binary search is made for the existence in the 

congruency table of the element ID of this dictionary. If the ID is not found, a return 

is made. If found, the primary ID of ~he congruency group is next located. When the 

primary element ID is found, it will have either a negative address or a zero associated 

with it. 

If the address is zero, it implies no dictionary tables for the element exist. In 

this case, a table of length equal to the maximum number of element matrix data block 

types is added to open core. Its negated address is stored with the primary ID of the 

conqruenc.v group. This small table is set to zero when first formed. Thus, when an 

element dictionary entry is added to core, its core address is placed in this small 

table in position FILTYP. (Note, if at any time a dictionary or small table can not 

be placed in core due to insufficient core, the congruency is ignored and an infor­

mation message output to the print file.) Return is then made. 

4.124.9 Design Requirements 

4.124.9.1 Basic Overlay for All Machines 

TEMG 

EMGTAB EMGCNG EMGCJ)R EMGP~ EMGFIN 

l Ell I EL2 I EL3 I EL4 I ELS Etc. 

Element Routines 

Open core is placed under the longest of the element routines. (The above overlay 

diagram is not of complete detail.) 
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OPEN CORE 

CSTM Data 

MPT Data 

MPT Data 

DIT Data 

Congruency 
Data 

• Congruency 
Dictionary 
Data 

GIN0 Buffer n 

. 

. 

. 

GINfi' Buffer 3 

GINi Buff er 2 

GINfi' Buffer 1 

MODULE FUNCTIONAL DESCRIPTIONS 

Z(IC~} 

Z(NCST.I) 
Z(IMAT) 

Z(NMAT) 
Z(I..,AT) 

Z(Nl+1AT) 
Z( IDIT) 

Z(NOIT) 

Z(IC0NG) 

Z(NC!i'NG) 

Z(JC{llRE) 

Z(NC0RE) 

This area is available to 
any subroutine on an as 
needed basis. 

( 

Buffers are allocated and ) 
reassigned as needed for 
each set of problem 
requirements. n will vary. 
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4. 124.9.2 Precision of Computation and Element Routines 

The matrix output routine EMG0UT accepts matrix partitions in single or double precision 

and outputs these in the precision, as specified by the module precision flag. As the module 

is making only one pass of the EST, a "ping pong" loader problem does not exist when each 

element type computation routine is in its own overlay limb. However, a "ping pong" loader 

problem will appear if the element routine is in various pieces for computation of stiffness, 

mass, and damping matrices. Thus, it is necessary to place stiffness, mass, and damping 

computation routines for a given element type in the same limb. 

4.124.10 Diagnostic Messages 

Messages 3103 thru 311~~ 3301 and 3302 may be issued. 
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4. 126 FUNCTIONAL MODULE M0DACC (VECTOR SELECTION MODULE) 

4.126.1 Entry Point: M0DACC 

4. 126.2 Purpose 

To select vectors for further data reduction (such as Mode Acceleration or Stress Data Output). 

4.126.3 DMAP Calling SeQuence 

R. F. 11 

M0DACC 

R.F. 12 

CASEXX,PPF,UHVF,PPF,PDF,PSF / T0L1,UHV1F,PP3,PDF3,PSF3 / V,N,0P=FREQ $ 

M0DACC 

R. F. 10 

M0DACC 

CASEXX,PPT,UHVT,PPT,PDT,PST / F0Ll,UHVT1 ,PP3,PDT3,PST3 / V,N,0P•TRJN $ 

CASEYY,CLAMAL,PHIHL,CASECC,, / CLAMALl ,CPHIHl,CASEZZ,, / C,N,CEIGN $ 

4. 126.4 Input Data Blocks 

CASEXX - Case control - dynamics 

CASEYY - Case control - aerodynamics 

PPF ) 

PPT }- Source of list to be compared to 0FREQ (or ~TIME) set 

CLAMAL) 

UHVF ~ 

UHVT ( - Vectors to be reduced 

PHIHL J 
PPF 

PPT 

PDF 

POT 

PSF 

PST 

!· Load file 1 to be reduced 

!· Load file 2 to be reduced 

l· Load file 3 to be reduced 

CASECC - Case control data table 

~: 

1. CASEXX or CASEYY may not be purged. 

2. Output list (Input #2) may not be purged. 
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3. Vectors to be reduced may not be purged. 

4. Any or all load files to be reduced may be purged. 

5. CASECC may not be purged. 

4.126.5 Output Data Blocks 

F0L1 ! 
T0Ll (- Output label 

CLAMAl J 

files. 

UHVTl ) 

UHVlF }- Reduced vectors. 

CPHIHl) 

PP3 

POF3 

PDT3 

PSF3 

PST3 

- Reduced loads~ P size. 

l- Reduced loads - D size. 

l· Reduced loads - S size. 

CASEZZ - Case Control Data Block adjusted for reduction. 

~: 

1. Output file 1 may not be purged. 

2. Output file 2 may not be purged. 

3. Output files 3, 4 and 5 may be purged if their respective inputs are purged. 

4. If 0P • CEIGN. output file 3 may not be purged. 

4.126.6 Parameter~ 

DP - BCD-input-no default. 

tP specifies the type of processing to be perfonned; TRAN implies transient, CEIGN implies 

complex eigenvalues, FREQ implies frequency response. 

4.126.7 Method 

MfDACC determines the type of processing to be performed; TRAN, CEIGN or FREQ. It then 

builds a list of real numbers from INPUT number 2 (IN2). If TYPE• TRAN or FREQ, the list is 

from the header record of IN2; 1f TYPE• CEIGN. the list is the imaginary part of the complex 
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eigenvalue. It then marks selected members of the list for output based on the set selected by 

0FREQ, and the logic used by SDR2. (One output will exist for every member of the 0FREQ set, it 

will be the nearest value to 0FREQ value.) 

The reduced output list (if 0FREQ = ALL, the entire list) is written on the first output 

(T0Ll). If TYPE= CEIGN this is a reduced CLAMAL and OUTPUT #3 is a corresponding CASEYY if 

enough records are present. The selected columns of the vector input is copied to the vector 

outout file, 3 per selection if TYPE= TRAN, 1 per selection if TYPE; TRAN. The load inputs 

are appropriately copied to the load outputs if present. Load output 1 has the reduced output 

list added to its header record. 

4. 126.8 Subroutines 

Utility Subroutine CYCT2B is called. 

4. 126.8.1 M0DAC1 

1. Entry Point: M0DAC1 

2. Purpose: To reduce the number of entries in the output list to the set selected in CASECC. 

3. Calling Sequence: CALL M0DAC1 (CASECC,T0L,T0Ll,CASEZZ) where CASECC, T0L, T0Ll and 

CASEZZ are GIN0 file numbers for Input Case Control, Input Output List, Output Output List and 

Output Case Control. 

/M0DAC3/ NF0,NFN,NZ,I0 

NF0 - Length of old output list 

NFN - Length of new output list 

NZ - Length of open core 

ID - 1 Frequency Response 

2 Complex Eigenvalue 

3 Transient 

4.126.8.2 M0DAC2 

1. Entry Point: M0DAC2 

2. Purpose: To copy selected columns 

3. Calling Sequence: CALL M0DAC2 (NV,INP1,I0UT) 
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NV Number of columns to skip after copy. If NV< O put output list in I0UT header. 

INP1, I0UT - GIN0 file numbers of the INPUT and OUTPUT matrices. 

/M0DAC3/ See 4.126.6.1 

4.126.9 Design Requirements 

No scratch files are used. 

Open Core /M0DACX/ is as follows 

New Times New Times 

Keep/ . 
not flags 

Matrix 
Column 

BUF1 
BUF2 

4. 126.10 Diagnostic Messages 

} NFN 

} NF0 

} NR0W 

} 2*SYSBUF 

Fatal Error Messages 3001, 3002, 3003 and 3008 may occur. 
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4.127 EXECUTIVE MODULE ASDMAP (ASSEMBLE SUBSTRUCTURE DMAP) 

4.127.1 Entry Point: ASDMAP 

4.127.2 Purpose 

The ASDMAP module is used to process the NASTRAN Substructure Control Deck. These data are 

included in the user data deck following the Executive Control Deck and preceding the Case Control 

Deck. The functions of the module are to read and interpret the user conmands, set up the control 

block for the S0F files, generate case-control type data for each conmand, and assemble a DMAP 

alter file which reflects the user input. The NASTRAN User's Manual describes the actual format 

and contents of the substructure conmands in Section 2.7. The DMAP ALTER data to be modified 

and inserted are described in Section 5.5. 

4.127.3 Calling Sequence 

CALL ASDMAP 

ASOMAP, a preface module is called only by subroutine SEMIN'T and only when word 69 of 

/SYSTEM/ is non-zero (see XCSA, Section 4.2). 

4. 127.4 Input Data 

The input to the module consists of the Substructure Control Deck and the following files on 

the NPTP (Problem Tape) unit: 

XALTER - User DMAP ALTER data (may not exist) 

XCSA - Execution control file 

4.127.5 Output Data Blocks 

XALTER - Merged user and generated DMAP ALTER data on problem tape file. 

CASECC - Decoded substructure conmands are placed on this file to be followed by the normal 

case control data generated by IFPl. Module SGEN is used to split this data for 

normal processing. 

4.127 .6 Method 

The step by step operations performed by ASDMAP are: 

l. The page header "NASTRAN SUBSTRUCTURE DECK ECHO" is p 1 aced in the /!DUTPUT / b 1 ock, and 

other initial output operations are performed. 
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2. The length of open core is established and three GIN0 buffers are reserved. 

3. Input cards are read until a SUBSTRUCTURE card is encountered. A fatal message is 

written for any illegal cards and N0G0 is set to 1. If a TITLE card is encountered before 

a SUBSTRUCTURE card N0G0 is set to 3. Otherwise, the substructure phase is placed in 

variable PHASE and _t_h~ -~1-~er fla_g AL,:E~ is_ s~t to .TFl.°~E. _ The Dr'IAP f~r __ ~he SUBSTRUCT~RE 

conmand wi 11 be_ gene_ratect l ~-t~r .. 

4. The APP flag (SYSTEM(21)) and the ISUBS flag (SYSTEM(69)) are analyzed. If APP 1 2 (DISP) 

or ISUBS/10 11, no substructure alters will be generated. In this case, ALTER is set to 

.FALSE. and step 5 is bypassed. 

5. If ALTER= .TRUE., the NPTP (problem tape) is opened and analyzed. The S0L value (rigid 

format number) is obtained from file XCSA. If file XALTER exists, the NPTP is positioned 

there and the first two words (DMAP alter numbers) of record 1 are read into array ALTS; the 

flag ALTFL is set to .TRUE. If file XALTER does not exist, the NPTP is positioned to the 

beginning of fi 1 e XCSA, and AL TFL is set to • FALSE. A record is kept of the NPTP file 

positions of the XALTER and XCSA files. 

6. If PHASE• 1 or 2, CASECC is opened and the work "CASESS" is written onto it as record O. 

7. Various parameters are initialized. In particular, the variable 0BITS, whose bits 

correspond to the various matrix options (i.e., stiffness, mass, etc.}, is assigned a 

default value depending on the rigid fonnat number. ALTER is set to .FALSE. if APP• HEAT. 

8. If ALTER• .TRUE., the scratch file SCRT (GIN0 301) is opened and the word "XALTER" is 

written onto it as record 0. The user-defined alters and automatically generated alters will 

be merged and temporarily stored on SCRT. 

9. The next input card is read. If it is not an S0F or PASSW0RD card, control is passed to 

the corrmand card processing algorithm (see step 10). If it is an S0F card, the S0F name and 

length are placed in the appropriate entries in the /S0FC0M/ block. If it is a PASSW0RD, the 

two-word password is also placed in the /S0FC0M/ block. 

10. Processing.then begins on the last conmand card read {initially the SUBSTRUCTURE command 

card). In the first step of this process a subroutine, ASCMii, is called, "ii" depending 

upon the corrmand. ASCMii assembles the appropriate raw OMAP and working data into the /ASOBO/ 

block. The various ASCMii subroutines and the conmands associated with each are as follows: 
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ASCMOl - SUBSTRUCTURE 

ASCM02 - RUN, wrap-up DMAP (ENDS) 

ASCM03 - C0MBINE 

ASCM04 - REDUCE 

ASCMOS - S0LVE (statics and modal) 

ASCM06 - REC0VER, MREC0VER 

ASCM07 - BREC0VER 

ASCMOS - S0LVE (dynamics) 

ASCM09 - MREDUCE 

ASCM10 - DESTR0Y, EDIT, EQUIV, S0FPRINT, DELETE, RENAME 

ASCM11 - S0FIN, S0F0UT, REST0RE, DUMP, CHECK, COMPRESS, APPEND 

ASCM12 - PL0T 

ASCM13 - CREDUCE 

The raw DMAP is then copied into array DMAP. 

11. Input cards are·read until the next corrmand card is encountered. Each intennediate 

card is tested against keywords found in the /ASDBD/ block to see if it is a subcommand 

associated with the co11111and being processed. The data for each subcommand is stored as 

three words in array EXTRA. Subcorrmands ~UTPUT, RANGE, and RUN require special processing. 

Any illegal cards result in a fatal message being printed and N0G0 being set to 1. 

12. If an 0PTI0NS card is encountered, the specified matrices cause corresponding bits in 

the variable NEWBT to be turned on. These options are then saved and will be utilized for 

any subsequent command processed. 

13. If the conmand to be processed next is a REC0VER command, and PHASE• 3, it is inter­

nally converted to a BREC0VER corrmand. 

14. Array VAR is then filled with various data needed for further processing of the current 

con111and. In general, its contents are as follows: 

(1) Rigid format alter information obtained from the /ASOBO/ block. 

(2) A copy of array EXTRA. 

(3) Other option and rigid-format-dependent data. 

The data is stored as three words per entry as follows: 

(1) Keyword 

(2) and (3) Associated data 
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15. If ALTER= .TRUE., subroutine ASPR0 is called to make appropriate alterations to the 

raw OMAP based on the contents of array VAR and the working data produced by the ASCMii 

routine. 

16. The modified OMAP is merged with XALTER data (if any) and written onto file SCRT. If 

overlapping of the OMAP alters occurs, a fatal error occurs. 

17. If PHASE': l_or_2_t !h_e co111nand namekeyword(one word), the.length of a~ray VAR(one word), 

and array VAR is written as one logical record onto file CASESS (CASECC). The next corrmand 

is then processed. 

18. It is seen to that a PHASE 2 REC0VER command always follows a PHASE 2 S0LVE command, 

whether or not the user has specified it in the Substructure Control Deck. 

19. After all corrmands have been processed, a check is made of the S0F and PASSW0RD data. 

The S0F lengths are then called and an ENOSUBS card is written onto the system output. 

20. If ·A~TER • .TRUE., the wrap-up DMAP is processed and written onto the end of the 

alter file. 

21. The rest of the NPTP (problem tape) is copied onto SCRT. According to user specifica­

tion. the complete set of OMAP alters is then printed (DIAG 23) and/or punched (DIAG 24). 

Finally, SCRT is written onto NPTP so that NPTP now contains the complete set of alters. 

4.127.7 ASCMii Subroutines 

4.127.7.1 Entry P1:>int: ASCMii 1 ii• 11 ••• 1 13 

4.127.7.2 Purpose 

Subroutines ASCMOl through ASCM13 generate the working data for the ASDMAP and ASPR0 

routines. 

4.127.7.3 C•lling SequencJ 

CALL ASCMii (CNAME,PHASE,seL,N0G0) 

C0MM0N/AS0BD/IRDM,NRDM,IXTRA,NXTRA, 

* I0CT,N0CT,IPTBS,NPTBS,IPH,NPH,IDAT(n) 

CNAME - Conmand name keyword - BCD - input. 

PHASE - Substructure phase number - integer - input. 

S0L - Ri~id fonnat number - integer - input. 
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N0G0 - Error flag - integer - output 

IRDM - Pointer to first word of RDMAP table 

NRDM - Length of RDMAP table in words 

IXTRA - Pointer to first word of XTRA table 

NXTRA - Length of XTRA table in words 

I0CT - Pointer to first word of 0CT table 

N0CT - Length of 0CT table in words 

IPTBS - Pointer to first word of PTBS table 

NPTBS - Length of PTBS table in words 

IPH - Pointer to first word of PH table 

NPH - Length of PH table in words 

IDAT - Array containing tables of working data 

4. 127.7.4 Method 

Five variable length tables, some of which may be of zero length, are constructed from 

internal data and assembled back-to-back into array IDAT. Along with pointers (into IDAT) and 

the table lengths, IDAT is passed through the /ASDBD/ block to be used by the ASDMAP and ASPR0 

routines. 

4.127.7.5 Description of Data Tables 

The five data tables are described as follows. 

~ table (18 words per entry) - contains the raw DMAP card images corresponding to the 

current command. These images are later edited, depending on user input, and placed on the XALTER 

file. 

!IB& table (1 word per entry) - contains keywords for allowable subcorrmand input for the 

current conmand. 

@CT table {3 words per entry} - contains data specifying the removal of certain raw DMAP 

card images, depending upon rigid fonnat number and selected matrix options. Each table entry 

contains: 

Word 1: The raw DMAP card number. 

Word 2: Delete code. If an on bit in this word matches an on bit in the matrix option 

word, 0BITS, or the rigid format bit, the entire card is removed from the raw 

OMAP. 
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Bit 1 = Stiffness (K) matrix 

Bit 2 = Mass (M) matrix 

Bit 3 = Load (P) matrix 

Bit 4 = Load append (PA) matrix 

Bit 5 = Damping (B) matrix 

Bit 6 = Structural damping (K4) matrix 

Bit 17 = Rigid Format 1 

Bit 18 = Rigid Format 2 

Bit 19 = Rigid Fonnat 3 

Bit 20 = Rigid Fonnat 8 

Bit 21 = Rigid Format 9 

Word 3: Keep code. The ra~_DMAP card image is rejected unless an on bit in this word 

matches an on bit in 0BITS. If this word is zero, it is ignored. Note: the 

delete code overrides the keep code. 

PTBS table (7 words per entry) - contains data controlling the variable data blocks and 

parameters to be placed in the DMAP card images! The contents for each entry are: 

Word l: The raw DMAP card number. 

Word 2: The column number, in the card image, of the first character in the variable 

string. 

Word 3: The column number of the first character to be inserted in the DMAP. 

Word 4: The number of characters to be inserted (0 to 8). 

Word 5: The "key" word of the variable to be inserted in the card image. The variables, 

given in the VAR array, are generated from user input and ASDMAP code. If a 

BCD word is used, the VAR array is searched for a match. If an integer, j, is 

used, the variable is an ALTER Nl, N2 where Nl and N2 are given in the jth 

entry of the VAR array. 

Word 6: Option flag. The data block is removed if the bit corresponding t~ the current 

Rigid Fonnat is on. Otherwise, it is kept only if 0BlTS has at least one 

corresponding on bit, or if bits 1-6 are all off. 
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Word 7: Data block control. Certain DMAP language restrictions require this input. 

If the word is positive, the data block is input and must have been defined 

previously. (The list of active data blocks is searched and, if not found, 

the data block is removed.) If the word is negative, the data block is output 

and may not have been previously output. (It is added to the active data block 

list if it has not been previously output.) 

PH table (2 words per entry) - contains pairs of numbers indicating Rigid Format DMAP 

alterations. 

4.127.8 Subroutine Name ASPR0 (Assembler Processor) 

4.127.8.1 Entry Point: ASPR0 

4.127.8.2 Purpose 

Subroutine ASPR0 perfonns the basic assembly of the DMAP data for each set of substructure 

command inputs. Starting with the "raw 11 DMAP data, this routine fills in the variable data block 

and parameter entries and deletes selected OMAP statements based on user input. 

4.127.8.3 Calling Sequence 

CALL ASPR0 (DMAP,VAR,NVAR,0BITS,S0L) 

The arguments, which depend on each corrmand type, are: 

DMAP - DMAP card images (18 x ·-riRr1) -· BCD - input/output 

VAR - Description of variables and user options - input 

Each entry contains: 

1. Key word (BCD) 

2. } BCD or integer data 
3. 

NVAR - Number of input variables - integer - input 

0BITS - Matrix option flag word. Each bit corresponds ~o- a mitr,~type which may ·be 

"on" or 11off11 
- integer - input 

Bit 1 • K (Stiffness) 

Bit 2 • M (Mass) 

Bit 3 • P (Loads) 
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Bit 4 = PA (Appended Loads) 

Bit 5 = B (Damping} 

Bit 6 = K4 (Structural Damping) 

S0L - Rigid Format number 

4.127.8.4 Method 

The basic computation steps are given below. For details of the working data, see 

Section 4.127.7.5. 

1. The 0CT data is copied from the /ASOBD/ block into array 0CT. The given set of 0CT table 

entries are processed, one at a time, in order to remove extraneous DMAP cards based upon the 

Rigid Format number or the user-selected matrix options. If a data card is to be removed, 

the value, -1, is placed in the first word of the DMAP card image. 

2. The PTBS data is copied from the /ASDBD/ block into array PTBS. The variable positions 

in the DMAP card images are then processed via the PTBS table. 

a. A search is made in the VAR table to find a match between the key PTBS word and 

the variable name. (ALTER cards are set by matching the VAR entry number and the key 

number.) If a variable is not found, the RMV (remove) flag is set. 

b. If the variable is found, its value (word 2 or words 2 and 3 of the VAR entry) is 

placed in the DMAP card image using subroutine PUSH. 

c. If the option flag is on, the whole data block name is removed if it is not a 

selected matrix option or if the bit corresponding to the Rigid Format number is on. 

d. If the variable affects an input or output data block which may conflict with the 

output of a previous module, it must be removed. A list is maintained of all output 

data blocks for the purpose of checking the validity of a data block. If a conflict 

exists, the data block is removed from the DHAP card image and replaced by blanks. 

3. When a data block or variable field is "removed," blanks are inserted. If all variable 

positions are removed from one logical DHAP co11111and, the DHAP card and its continuation 

cards are removed. The flag, -1, is placed in the first word of the DMAP card (or cards) 

image for this purpose. 
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4. After all DMAP entries have been processed, the DMAP card images flagged for removal 

are deleted from the array and the remaining card images are moved to compress the DMAP 

array. The number of remaining cards is placed in the /ASDBD/ block word NROM. 
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4.127.9 Subroutine Name C0MB0 

4.127.9. 1 Entry Point: C0MB0 

The C0M8INE co11111and in the Substructure Control deck may contain a large amount of user data. 

This subroutine is used to process this data, set up the array of variables (VAR), determine the 

input substructure numbers, and then identify the resulting substructure. 

4.127.9.3 Calling Sequence: 

CALL C0MB0 (CDATA,NX,EXTRA,NNAM,NAME,NN,VAR,IER) 

CDATA - Decoded image of C0MBINE corrmand card as processed by subroutine XRCARD -

integer - input 

NX - Number of entries in EXTRA array - integer - input 

EXTRA - Array containing three words per data card following the co1T111and card - input. 

The three words are: 

l. Key name of EXTRA (T0LE, C0NN, etc.) 

2. BCD word which follows key name or -1 if integer was input 

3. Second BCD word or integer 

NNAME - Number of substructure names in NAME table - integer - input/output 

NAME - Table containing 2 BCD words per active substructure referenced in substructure 

deck - integer - input/output 

NN - Number of substructures to be combined - integer - output 

VAR - Array defining all variables to be used in combine operation - output 

IER - Error flag - If IER ~ O, a fatal error has occurred - integer - output 

4.127.9.4 Method: 

The primary steps in the execution are: 

1. Set defaults on the 0PTI0N and S0RT requests 

2. Decode the COATA array. An example user input card is: 

C0MBINE (AUT0,XY) SUB1,SUB2,SUB3 

XRCARO will produce the following array in COATA: 

4.127-8 (7/4/76) 



EXECUTIVE MODULE ASDMAP (ASSEMBLE SUBSTRUCTURE DMAP) 

Contents 

7 = Number of following BCD entries 

2, 3 C0MB, INE 

4, 5 Blank 

6, 7 

8, 9 

10, 11 

12, 13 

14, 15 

AUT0 

XY 

SUB1 

SUB2 

SUB3 

(= 1 0PT') 

(= I SORT') 

(= 1NAMS I) 

(= I NAMS I) 

(= I NAMS I) 

3. The number corresponding to each of the substructure names is searched for in the 

NAME table. If it is found, that entry number is the substructure number. If it is not 

found, the name is added to the table and the entry number is stored. 

4. The EXTRA table is moved to the VAR array. 

5. The substructure numbers are placed in the VAR array (identified by 'N1', 'N2', etc.) 

6. The name of the resulting substructure is added to the NAME array. The error flag 

is set if it already exists. Its number is placed in the VAR array after the key word 'NCNO'. 
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4. 127.10 Subroutine Name REDU 

4.127.10.l Entry Point: REDU 

4.127.10.2 Purpose: 

This routine processes the user input for the REDUCE, MREDUCE, and CREDUCE substructure 

commands. The input variables are processed and placed in the VAR array. 

4.127.10.3 Calling Sequence: 

CALL REDU (CDATA,NX,EXTRA,NNAM,NAMES,NVAR,VAR,IPRE,IER) 

CDATA - Image of REDUCE input card as decoded by subroutine XRCARD - BCD array - input 

NX - Number of EXTRA entries - integer - input 

EXTRA - Array of three words per extra input card - BCD - input 

NNAM - Number of active substructure names - integer.- input 

NAMES - Array of 2 BCD words for each active substructure name - input 

NVAR - Number of entries in VAR array - integer - output 

VAR - Array of variables containing three words per entry - output 

IPRE - Flag denoting word precision for matrix operations (1 • single, 2 = double) -

integer - input 

IER - Flags for errors encountered {If IER • 0, no errors) - integer - output 

4.127.10.4 Method: 

The name of the input substructure, 1 NAMA 1
, is found on the COATA card image. The name of 

the resulting reduced structure, 'NAMB', is defined by the EXTRA input 1 NAME'. The NAMES table is 

built and maintained to contain only the names encountered on each substructure command of the cur­

rent set. For each execution, a new table is created. This NAMES table is searched to find the 

number corresponding to an existing name. 

the location corresponds to the number. 

-· 

If not found, the name is added to the NAMES table, and 

If 'NAMB' already exists, the error flag is set. 
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4. 127. 11 Subroutine PUSH 

4. 127. 11. 1 Entry Point: PUSH 

4. 127. 11.2 Purpose: 

Subroutine PUSH is used to insert a BCD string or an integer into a larger BCD string, re­

placing the existing characters. The first character and the number of characters is a variable. 

4. 127.11.3 Ca11ing Seguence: 

CALL PUSH (IN,BCDA,ICH,NCH,FLAG) 

IN - Characters to be inserted in JCDA - BCD array or integer - input 

BCDA - String of BCD data (A4) to be modified - BCD array - input/output 

ICH Index of first character in BCD to be modified. The ICH character of BCDA is 

replaced by the first IN character - integer - input 

NCH - Number of characters to be inserted - integer - input 

FLAG - Denotes type of IN data (0 • BCD, l • integer) - integer - input 

4. 127. 11.4 Method: 

l. If FLAG= l, the integer IN is converted to BCD characters, left adjusted. 

2. The first and last words of the BCDA array to be modified are found. Each word is 

treated as two parts. The right side of the first BCDA word will be replaced by the left 

side of the first IN word. The left side of the second BCDA word will be replaced by the 

right side of the first IN word, etc. The last word is a special case, whereby only the 

characters on the left side of the BCDA word are replaced by the remaining IN characters. 

4.127.12 Subroutine PULL 

4. 127.12.l Entry Point: PULL 

4. 127.12.2 Purpose: 

Subroutine PULL is used to extract a BCD string from the middle of a larger BCD string. 

The location of the first character and the number of characters to be extracted are variables. 

4.127.12.3 Calling Sequence: 

CALL PULL (BCDA,0UT,ICH,NCH,FLAG) 
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The variables in PULL are the same as in subroutine PUSH (4.127. 12) except that BCDA is only 

input and 0UT is the BCD string of output characters. (FLAG is not used.) 

4. 127.12.4 Method: 

The method is similar to subroutine PUSH except that no integer conversion is performed and 

the operation is reversed. 

2. 127. 13 Design Requirements 

1. Uses one scratch file (301) 

2. Open core at ASDZZZ will contain the list of active data blocks (2 BCD words per data 

block). Three buffers are located at the bottom. 
,, 

3. Interfaces with /SYSTEM/ 

Word Description 

1 Buffer size 

2 Print file number 

3 N0G0 flag 

4 Input file 

21 Approach code 

39 Number of bits per character 

40 Nuni>er of bi ts per word 

41 Number of characters per word 

55 Matrix precision flag 

69 Control flag for ALTER output 

4.127.14 Diagnostic Messages 

ASDMAP produces Messages 6001-6011,6015, 6016, 6232, 6301-6304, and 6510. The N0G0 flag is 

set for any fatal error, but the execution continues. Only if the preface has been misprograrrmed 

to cause a bad file setup, will the module exit. 
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4.128 FUNCTIONAL MODULE C0MB1 (SUBSTRUCTURE COMBINATION, STEP l) 

4.128.1 Entry Point: C0MB1 

4.128.2 Puroose 

To combine an arbitrary set of basic or pseudostructures to form a new pseudostructure. User 

flexibility is enhanced by allowing for either manual or automatic linking of substructures, or a 

combination of both. Maximum versatility is assured by the ability to link individual component 

degrees of freedom between substructures enabling adequate representation of even the most complex 

of structural connectivities. 

4.128.3 DMAP Calling Sequence 

C0MB1 CASECC,GE0M4//C,N,STEP/V,N,DRY $ 

4.128.4 Input Data 

4.128.4.1 GIN0 Data Blocks 

CASECC - Case Control for substructuring 

GE0M4 - Substructuring bulk data images 

4.128.4.2 S0F Items 

EQSS - Substructure equivalence tables 

BGSS - Grid point table 

L0DS - Load set data 

CSTM - Coordinate system transformation matrices 

PLTS - Plot set data 

These items refer to the pseudostructures being combined. 

4.128.5 Output Data 

4.128.5.1 GIN0 Data Blocks 

None 

4.128.5.2 S0F Items 

EQSS, BGSS, CSTM, L00S, PLTS - These are described above (See 4.128.4.2) 

H0RG - H transformation matrix relating the degrees of freedom of the pseudostructure to the 

combined structure. 
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These items pertain to the newly created combined structure. 

4.128.6 Parameters 

STEP - Input, integer. Step number of substructure conmand. 

DRY - Output, integer. Controls execution status of operation. 

4.128.7 Method 

This section discusses the logical flow of the C0MB1 module so that a clear overview of the 

substructure combination process may be obtained. Each step represents a separate routine, the 

details of which will be found in Sec. 4.128.8. 

The communication of data among the routines has been facilitated by specially defined. 

auxiliary files. The generation of the general file structures is included herein. 

The following processing sequence will be maintained when combining substructures: 

1. New grid point definitionsspecified on GNEW bulk data cards are added to the substructure 

data fi 1 es. 

2. C0NCT bulk data cards are processed. Connections given by this data will augment and, if 

conflicting, will ~verride automatic connections. 

3. If the automatic option is elected. matching grid points are found and connection defini­

tions are generated internally. 

4. The C0NCT1 data is processed. This data has overall priority and specifications here will 

supercede any connection resulting from 2, 3 or 4 above. In particular. degrees of freedom 

connected by C0NCT1 data may n.21 be disconnected through the use of a RELES card. 

5. The RELES data ~s applied to the combined set of connections defined in 2 and 4 above. 

Two terms which pervade the logic of this module and are intrinsic to an understanding of the 

handling of connection data will now be defined: 

1. Ip~ Internal Point - Number 

The internal point number is the key to accessing data for a given substructure from the 

S0F. Every basic substructure or pseudostructure on the S0F has a set of internal point 

numbers which are essentially used to identify degrees of freedom within that structure. In 

the case of basic substructures the Ip will refer to a grid point, whereas, in the case of a 
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pseudostructure. an Ip may correspond to some subset of the component degrees of freedom of a 

physical grid point. (The latter implies that several Ip may represent one grid point.) 

2. Connection Entry 

A connection entry is a set of words that defines precisely the connectivity relations 

between particular Ip numbers for connected substructures. The fonn of this variable length 

record is: 

where 

C Is .the component degree of freedom code defining those components that are to be 

connected. 

CC Is the connection code where connected substructures have been ordered as they appear 

on the C0MBINE instruction of the Case Control Deck. The command C0MB1NE (0PTI0NS) 

A. B, ... , G defines a seven bit word from the following correspondence: 

A-1 

o- 8 

s- 2 

E - 16 

G - 64 

C - 4 

F - 32 

Then, each set of connected substructures is uniquely identified by the bit pattern created by 

adding the codes for the component substructures, i.e., 

A+ B - 3 

B + E-18 

0000011 

0010010 etc. 

Ip; The internal point number of the ;th substructure of a set of points to be connected 

through degrees of freedom given in C. The order of appearance of the Ip; in the 

connection entry follows the same order as the substructures were given on the 

C0MBINE instruction. 

Figure 1 illustrates the flow of the module. The small figures in the corner of a 

block refer to the step in the following outline. Below the block is the reference to the 

section detailing its computational flow. 

The steps in the C0MB1 module are: 

1. Initialization of both GIN0 and S0F files and I0 buffers. 
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START 

INPUT FILES OUTPUT FILES 

CALL C0MB1 
( 4. 128. 8. l ) 

CALL CMCASE 
CASECC -------- - -- 2 

( 4. 1 28. 8. 2) 

S0F -----------
CALL CMT"C 

3 ----------• SCT0C (4.128.8.3) 

No 

Yes 

CALL BDATOl 
GE0M4 ---------- 4 ------------• SCRl 

(4.128.8.4) 

GE"M4 --------- CALL BDAT02 
5 -------------- SCRl SCRl ----------- (4. 128.8.5) 

CALL BDATOS 
GE0M4 ---------- 6 ----------• SCBDAT (4.128.8.6) 

GE"M
4 
--------- CALL BDAT06 

7 ---------• SCBDAT SCBDAT--:---------- (4. 128.8. 7) 

GE0M4 ----------- CALL BDAT03 
8 ---------~SCBDAT (4.128.8.8) 

Figure la. Lo~ical flow of Module C0MB1. 
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INPUT FILES 

S0F ----------- CALL CMSFIL ------
OUTPUT FILES 

--• SCSFIL 
9 

SCBDAT- --------- .__.......__(4_._,12_8_·8_·_9_) __, ---------, SCCSTM 

GE0M4---------- CALL BDAT04 
10 ----------+ SCBDAT 

SCBDAT---------- ......__._(_4_.1.,...28_._8._l_O)__, 

No 

SCSFIL ---------
CALL CMC0NT 

11 
( 4. 128. 8. 11) 

CALL CMCKCD 
SCSFIL --------- 12 

(4.128.8.12) 

--------- SCC0NN 

scc0NN -------- CALL CMAUT0 
13 ---------.. SCC0NN SCSFIL--------- (4.128.8.13) 

No 

SCC0NN --------- CALL CMRELS 
14 -------• SCC0NN SCBDAT--------- (4.128.8.14) 

Figure lb. Logical flow of Module C~MBl (Cont'd) 

4.128-5 (7/4/76) 



MODULE FUNCTIONAL DESCRIPTIOMS 

INPUT FILES 

SCC0NN ---- ------

No 

SCMC11JN -------
SCC0NN --------

SCSFIL --------
SCC0NN ---------

Sl1lF, ......... 
....... 

SCT!i'C-- ',, ...... .... ............. ', --
SCC0NN ----------__ , 

--- .,, SCSFIL-,,- ./ .,,,' 
; , 

SCCSTM' 
,, 

S0F ... ..... .... ..... ..... 
SCSFIL----.. ....... ............ 

OUTPUT FILES 

CALL CMMC11JN 
15 ---------.. SCMC0N 

( 4 . 128 . 8 . 1 5 ) 

Yes 

CALL CMC11JMB 
16 

(4.128.8. 16) 

CALL CMDISC 
17 

( 4 . 1 28 . 8 . 1 7 ) 

CALL CMSl1lF0 
18 

( 4 . 128 • 8 . 18) 

CALL CMHGEN 
19 

( 4. 128. 8. 19 ) 

----------• SCC0NN 

---------. SCC0NN 

----------~ Sl1lF 

----------~Sf/JF 
SCCSTM _ ..... - ---:;, -- .....__._ ___ ....-______ __, 

,, 
SCCIIJNN ,, 

..... 

END 

FiQure le. LoQical flo,.'I of Module C0MB1 (ConcludP.ci) 

4.128-6 (7/4/76) 



FUNCTIONAL MODULE C0MB1 (SUBSTRUCTURE COMBINATION, STEP 1) 

2. Obtains a11 relevent user-supplied Case Control data specifying the current combine 

operation. 

3. Generates a table of contents of all pseudostructure names that will be combined and 

their component substructure names. (Placed on file SCT0C.) 

4. Processes C~NCTl Bulk Data defining connections between three or more basic substruc­

tures in terms of local grid point identification numbers. (Placed on file SCRl.) 

5. Processes C0NCT Bulk Data defining pairwise connections between basic substructures 

in terms of local grid point identification numbers. (Placed on file SCRl .) 

6. Processes GTRAN Bulk Data defining transformations to a selected grid point in a given 

basic substructure. (Placed in the first logical record of file SCBDAT.) 

7. Processes GNEW Bulk Data defining new grid points at any stage of substructuring. 

(Placed in the second logical record of file SCBDAT.) 

8. Processes TRANS Bulk Data defining coordinate transformations to be applied to given 

pseudostructures and !D's of TRANS sets referenced by GTRAN data. (Placed in the third 

logical record of SCBDAT.) 

9. Generates a copy of the S0F data items EQSS and BGSS for the particular pseudo­

structures being combined. The coordinates are transformed to the overall system, as are 

the component degrees of freedom. Also, in the case of combining pseudostructures that 

are themselves a result of an earlier combination, codes are added to locate grid points 

that may be represented by multiple Ip numbers. (Processed data is written on file SCSFIL.) 

10. Processes the RELES Bulk Data which prevents specified degrees of freedom from being 

connected. Data is written out in terms of Ip numbers rather than gridpoint ID's. 

(Placed in the fourth logical record of file SCBDAT.) 

11. Processes the connection entries defined in steps~ and 5 above translating the grid­

point identification numbers as given by the user into the Ip numbers used by this module. 

(Processed data is written on file SCC0NN.) 

12. If any combination has been specified by either C0NCTI or C0NCT Bulk Data, the 

geometric consistency of the requested connection is checked and grid points not within 

the specified tolerance range are f1agged as errors. 
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13. Generates connection entries when the automatic combine option has been specified. 

These connection entries are found in terms of Ip numbers. (Processed data is merged 

with data already on file SCC0NN.) 

14. Enforces any RELES data that may be given and updates the connection entries. 

(Places updates back on file SCC0NN.) 

15. Determines whether multiple connection, i.e., two or more connection entries defining 

connections involvin9 the same Ip number, exist due to use of the automatic option or 

through redundant specifications during a manual combine. (List of multiple connections 

is written on file SCMC0N.) 

16. If multiple connections exist from step 15, they are processed and combined in order 

to eliminate the reduncancy of Ip numbers. (Final list of connection entries is written 

on file SCC0NN.) 

17. Determines the disconnected degrees of freedom generating "Disconnection Entries" 

and merges these with the connection entries. This combined set is then the final defini­

tion of the degrees of freedom in the combined structure. (Fina1 list is written on file 

SCC0NN.) 

18. The data for the resultant structure is processed and a new S0F entry created. All 

S0F items are then generated and written. 

19. The [HJ transformation matrices relating the de~rees of freedom of each component 

pseudostruct~~e to the resultant structure are assembled and written on the S0F. 

4.128-8 {7/4/76) 



FUNCTIONAL MODULE C0MB1 (SUBSTRUCTURE COMBINATION, STEP 1) 

4. 128.8 Subroutines 

4.128.8.1 Subroutine Name: C0MB1 

l . Entry Point: C0MB1 

2. Purpose: C0MB1 module driver and initializer of GIN0 and S0F files and I0 buffers. 

3. Calling Sequence: CALL C0MB1 

4.128.8.2 Subroutine Name: CMCASE 

1. Entry Point: CMCASE 

2. Purpose: To read the user-supplied case control data and assemble the parameters used to 

control the C0MBINE operation. 

3. Calling Sequence: CALL CMCASE 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

See Sec. 4.128.9 for description of labeled co111T1on blocks 

4. Method: There are eleven acceptable case control mnemonics for the C0MB1 module, the 

processing of eacn is described: 

a. 0PTS - If the specified option is AUT0, the logical flag IAUT0 is set to .TRUE., 

otherwise, it is .FALSE. 

b. S0RT - Preferential sort direction for AUT0 option, for S0RT = X, Y or z. IS0RT is set 

to 1, 2 or 3 respectively, the default option is X. 

c. NAMC - The names of the structures being combined are stored in the array C0MB0 (See 

note below). 

d. NAMS - The name of the resultant combined structure is put in the two word array CNAM. 

e. T0LE - The value of the geometric tolerance on connections is placed in the variable 

T0LER. 

f. C0NN - The connection set ID is stored in the variable C0NSET; also C0NECT is set to 

.TRUE. 
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g. C0MP - The component names will be searched against the NAMC and input will be stored 

in C0MB0 (See note below). 

h. TRAN - A specified TRANS set IO. The logical variable TRAN is set to .TRUE. 

i. SRCH - Control on the substructure to be searched during any AUT0 connect. The array 

RESTCT(KK,L) is set to l if KK is to be searched against L, otherwise, 0. 

j. SYMT - A synmetric reflection of a structure about a given axis or set of axes. Given 

by the variable SYMT defining a bit pattern of the reflection to be made, i.e., 001, about 

X; 101 about X and Z; etc. 

k. 0UTP - A user control on selected output during the C0MBINE process. A logical bitwise 
11 0R 11 function is perfonned between all 0UTP values in case control. 

Note: The array C0MB0 (7,5) contains controls for each pseudostructure (to a maximum of seven). 

The first two words in each row are the pseudostructure names (NAMC). For each of these names 

that is also a specified component (C0MP), the third and fourth words are the TRAN and SYMT 

values, if given. The fifth word in each row is set in subroutine CMT0C (See Sec. 4.128.8.3) 

to the number of component substructures contained in the pseudostructure (NAMC). 

4.128.8.3 Subroutine Name: CMT0C 

1. Entry Point: CMT0C 

2. Purpose: To generate a table of contents of the pseudostructures being combined and their 

respective component substructures. 

3. Calling Sequence: CALL CMT0C 

C0MM0N/CMB00l/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

See Sec 4.128.9 for description of labeled con111on blocks. 

4. Method: Each of the pseudostructures that have been specified on the C0MBINE card may have 

many component basic substructures all of which may be referenced in the bulk data deck. Each 

of these names is accessed on the S0F.and a table of contents of component names is generated 

and written on scratch file SCT0C. The organization of this file is: 
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Word Description 

l ' 2 Pseudostructure name 

3 Number of components 

4, 5 Name - component l 

6, 7 Name - component 2 

.... 

E0R 

A record of this format is written for each pseudostructure and then an end-of-file is written. 

4.128.8.4 Subroutine Name: BDATOl 

1. Entry Point: BDATOl 

2. Purpose: To process the C0NCT1 bulk data and define connection entries from this data in 

terms of grid point identification numbers. 

3. Calling Sequence: CALL BDATOl 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

See Sec. 4.128.9 for description of labeled common blocks. 

4. Method: The C0NCT1 bulk data is accessed from the GE0M4 input data block and processed in 

the following manner: 

a. Each set of C0NCT1 data that references the connection set identification number given 

in case control is translated into a group of connection entries thusly; 

(1) The component basic substructure names that appear in the data are found in the 

table of contents by the subroutine FINDER {See Sec. 4.128.8.21). The pseudostructure 

ID number and component ID number are returned. 

(2) The degree of freedom code is transformed by subroutine ENC0DE to the bit pattern 

used by substructuring {See Sec. 4.128.8.19). 

(3) Using the pseudostructure ID numbers, the connection code (defined in Sec. 
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4.128.7) is computed and multiplied by -1 so that in the later processing of RELES data 

these entries will be uneffected. 

(4) The grid point ID numbers are keyed to the basic substructure to which they 

belong by: 

CODED GRID ID = COMPONENT NO.* 106 + GRID ID 

b. The connection entries are generated and written on scratch file SCRl, one per logical 

record. The flag TDAT(l) is set to .TRUE. signifying the existance of C0NCT1 data in the 

current analysis. 

4.128.8.5 Subroutine Name: BDAT02 

1. Entry Point: 8DAT02 

2. Purpose: To process the C0NCT bulk data and define connection entries in terms of grid 

point identification numbers. 

3. Calling Sequence: CALL BOAT02 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

See Sec. 4.128.9 for description of labeled conman blocks. 

4. Method: With only one exception, the processing of this data is identical with that of the 

C0NCT1 data (See Sec. 4.128.8.4). For this data, the connection code is NOT multiplied by -1 

1n order that RELES may be applied to them. 

4.128.8.6 Subroutine Name: BDATOS 

1. Entry Point: BDATOS 

2. Purpose: To process the GNEW bulk data. 

3. Calling Sequence: CALL 8DAT05 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

See Sec. 4.128.9 for definition of labeled conman blocks. 
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4. Method: The GNEW data is processed as follows: 

a. The component basic substructure names are treated as for BDATOl (See Sec. 4. 128.8.4). 

b. The degree of freedom number is transformed to a bit pattern. 

c. The grid point ID numbers are keyed to their component basic substructure number. 

d. The above data is processed for each GNEW card referencing the input connection set 

identification number and written on a temporary scratch file. When all the data has been 

processed, it is sorted on the pseudostructure number and written into one logical record in 

the first file of SCBDAT. (Note that for GNEW, GTRAN, TRANS, and RELES bulk data, if there 

is no data of the given type, an end-of~file mark is written on SCBDAT. Therefore, SCBDAT 

will always contain four files.) An end-of-file mark is then written. 

4. 128.8.7 Subroutine Name: BDAT06 

1. Entry Point: S0AT06 

2. Purpose: To process the GTRAN bulk data. 

3. Calling Sequence: CALL BDAT06 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMS003/ 

C0MM0N/CMB004/ 

See Sec. 4.128.9 for definition of labeled conman blocks. 

4. Method: GTRAN data is processed thusly: 

a. The basic substructure name is processed as for BDATOl (See Sec. 4. 128.8.4). 

b. The reference TRANS set ID is unchanged. 

c. The grid point IO number is coded to the component substructure number. 

d. The GTRAN TRANS set ID is unchanged but a list of ID numbers is placed in C0MM0N to be 

passed to the TRANS bulk data routine. 

e. The above steps are carried out for each GTRAN card that references any of the TRANS set 

ID's given in case control. The data is sorted on the pseudostructure number and written 

in one logical record in the second file of SCBDAT and an end-of-file mark is written. 
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4.128.8.8 Subroutine Name: B0AT03 

l. Entry Point: B0AT03 

2. Purpose: To process TRANS bulk data cards and generate geometric transformation matrices. 

3. Calling Sequence: CALL BDAT03 

C0MM0N/CMB00l/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

C0MM0N/CMBZZZ/ 

See Sec. 4.128.9 for definition of labeled conman blocks. 

Open core conman block containing TRANS set IO numbers for GTRAN input. 

4. Method: 

4.128.8.9 

1. 

a. For each TRANS IO specified in case control or referenced by a GTRAN data card, the 

thru points defining the coordinate system are read from the GE0M4 input data block. 

b. The transfonnation matrix, T, is computed, and along with the coordinates of the new 

origin are written into the third file of SCBDAT in the same form as the NASTRAN data block 

CSTM. The form of this block is: 

Record Word Item 

0 Header Record 

1 1 TRANS system ID number 

2 1.0 Repeated 
for each 

3-5 x
0

,y
0

,z
0 

(Coordinates of origin) coordinate 
system 

6-14 r,,,1,2,T13•T21•T22•T23•T31•T32•T33 

2 End-of-file 

Subroutine Name: CMSFIL 

Entry Point: CMSFIL 

2. Purpose: To generate an updated file, SCSFIL, containing the S0F items EQSS and BGSS for 

the pseudostructures being combined in the current operation after all required geometric and 

local coordinate system transformations have been applied. Also, to generate new local coordi­

nate system transformation matrices and the [H] matrix used to relate the final combined 

degrees of freedom to the degrees of freedom in each pseudostructure. 
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3. Calling Sequence: CALL CMSFIL 

C0MM0N/CMB00l/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

See Sec. 4.128.9 for the definition of labeled corrrnon blocks. 

4. Method: The logical flow of subroutine CMSFIL is given in Figure 2. Steps that are 

lettered in the flowchart are further explained below: 

a. Two arrays, each of length equal to the number of internal points in the rth pseudo­

structure, will be used to store, respectively, the new CID's after they are renumbered 

internally, and the pointer to the [HJ matrix for the given internal point of that 

pseudostructure. 

b. A call to subroutine GTMAT1 (Sec. 4.128.8.28) locates the requested TRANS geometric 

transformation matrix, [TT]JxJ• computes the synmetric reflection matrix, [SYM]sx6• and 

returns the final transfonnation matrix defined by: 

[TT6]5 6 • [CIIJ.J-____ J [SYM] 
x : [TT] 

The values of the geometric coordinates {x,y,z} are transformed by 

{ ;} = [TT]3x3 { ;} + { ;~} 
2 NEW 2 OLD Zo 

where the coordinates {x0 ,y
0

,z0} specify the origin of the old pseudostructure in the 

basic coordinate system of the new pseudostructure. 

c. The transfonnation matrix to be applied to the component degrees of freedom depends 

on the possible combinations of transfonnations specified by the user. These include the 

geometric transformations specified by TRANS, [TT], pseudostructure local transformations 

given by [T6]. and the possibility of substructure local grid point coordinate systems 

(CSTM), [Tc]· The following table defines the overall application of these transforma­

tions and their effect on local coordinate system identification: 
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START 

Read GTRAN data from SCBDAT 

Read TRANS data from SCBDAT 

Read the BGSS for the rth 
pseudostructure from the S0F 

Read the CSTM for the rth 
pseudostructure from the S0F 

Allocate open core arrays to 
a store the new CID number and 

the pointer to the [HJ matrix 

CALL GTMATl to get the geometric 
b transformation matrix including 

symnetric reflections [TT6J 

Apply transformation to 
coordinates in the BGSS 

Read the EQSS for the Jth component 
substructure of pseudostructure I 

Figure 2a. Logical flow of Subroutine CMSFIL. 
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CALL GTMAT2 to find the local 
coordinate transfonnation (CSTM) 
for the Kth internal point [TC6] 

CALL GTMAT3 to find any GTRAN 
pseudostructure local transformation 

for the Kth internal point [TG6] 

Compute final transformation 
c for de~rees of freedom 

[TMAT) = LTG6)T [TT6) [TC6) 

Transform the degrees of 
d freedom for the Ktn internal 

point and update the EQSS 

Write the updated degrees of 
freedom on scratch file (SCM0N) 

Write the CID values in the BGSS to account 
e for possible new local coordinate 

systems into the array allocated 

Write the pointers to the [H] 
matrix in the appropriate array 

Write the [H] matrix 
f on scratch file (SCR3} 

Fi~ure 2b. Loqical flow of Subroutine CS11FIL (Cont'd) 
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If NC0MP; 1 
g CALL EQSC0D 

Write updated EQSS of file 
h SCSFIL (one logical record) 

No 

RETURN 

Translate CID numbers 
>-Y_e_s __ ....,. i for CSTM matrix into 

internal numbering system 

Write set of final 
CSTM's on file SCCSTM 

for this pseudostructure 

Compute updated SIL, C table of the EQSS 
j and write on SCSFIL (one logical record) 

k Write updated BGSS on SCSFIL 

Write pointers to [H] 
~-------! 1 matrix on SCSFIL and 

write an end-of-file 

I - Counter for pseudostructure 
J - Counter for component substructures of a given pseudostructure 
K - Counter for internal point numbers (Ip) 

TRAN(I} - A TRANS set IO for I 
SYMT(I} - The synwnetric reflection for I 

NPSUB - The number of pseudostructures being combined 
NC~MP - The number of component substructures in a given pseudostructure 

NIP - The number of internal points 

FiQure 2c. Loqical flow of Subroutine C:1SFIL (Concluded) 
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No GTRAN TRAN = 0 TG t- TI TG = TI 

[TMAT] [TI] [TI] [TG]T[TI] [I] 
No Grid Point 
Local System 

[TG] [T] CID= 0 
[Tc]NEW None None 

Add new CID Add new CID 

Grid Point [TMAT] [I] [TT][Tc] [TG]T[TT][Tc] [Tc] 
Local System 

CID t- 0 SET [TG] [TG] [Tc]NEW [TIJ[TcJoLo 
CID = O Add new CID Add new CID 

Note that all transfonnations in the above table are of the form 

This is the computation made with appropriate matrices some of which may be identity. 

d. The old component degrees of freedom, {cSOLD}, are transfonned by 

Since {o} are boolean vectors, after the product is computed, the {cSNEW} are detennined by 

0NEW • l if 

• 0 if 

The new degrees of freedom and lp number are then written on scratch file SCMC0N. 

e. The set identifier for a local coordinate system is written into the array provided 

for in (a). If the number entered refers to a TRANS ID it is entered as a negative 

number for later processing. 

f. The final transformation computed corresponds to the initial [HJ matrix for a given 

internal point. These matrices are written to scratch file SCR3 and a pointer to them 

stored in the array provided in (a). 

g. If a pseudostructure containl more than one component substructure the possibility that 

a grid point is represented by several Ip numbers exists. Subroutine EQSC~D (See Sec. 

4.128.8.20) is called, in such cases, to process such grid points. 
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h. The EQSS for each component substructure is updated by writing the transformed degrees 

of freedom over the untransformed input values and is then written on SCSF!L in one logical 

record. 

i. After all component substructures of the Ith component substructure are processed, the 

CID values are renumbered internally to include all newly generated local systems and are 

written on file SCCSTM. Also, the actual values.of CID in the BGSS are updated. 

j. The IP and transformed degree of freedom codes written on scratch file SCMC0N in (d) 

above are sorted on Ip number and the new (SIL,C) group of the EQSS is computed and written 

on SCSFIL, in one logical record for each pseudostructure. 

k. The BGSS item which has been updated according to the geometric and syrmietric trans­

formations is written on SCSFIL, in one logical record, for each component substructure. 

i. The array containing pointers to the [HJ matrix, HPTR, is written on SCSFIL, in one 

logical record, and an end-of-file mark is written. 

The data structure for SCSFIL is then: 

Pseudostructure 
1 

Pseudostructure 
2 

. etc. 

4.12a.a.lO Subroutine Name: B0AT04 

1. Entry Point: B0AT04 

2. Purpose: To process the RELES bulk data input. 

3. Calling Sequence: CALL BDAT04 

. 
(SIL.,C) 

BGSS 
HPTR 

E0F 

EQ~S1 . . 
(SIL,C) 

BGSS 
HPTR 

EIF . . . 
etc • 
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C0MM0N/CMB001/ 

C0MM0N/CMB002/ See Sec. 4.128.9 for the definition of labeled common blocks. 

C0MM0N/CMB003/ 

4. Method: For each group of RELES data that references the connection set identification 

number specified in case control, the following processing is done: 

a. The component basic substructure names are processed as before (See Sec. 4. 128.8.4). 

b. The grid point ID number and degree of freedom code are read and processed as follows: 

(1) The degree of freedom ~ode is transfonned to the bit pattern via subroutine 

ENC0DE (See Sec. 4.128.8.24). 

(2) A call is made to FNOGRO (See Sec. 4.128.8.23) for tne given grid point ID to 

determine the set of Ip numbers representing it. 

c. The releases specified are applied to the degree of freedom codes returned from FNDGRD 

and all Ip,CRELES pairs are written in one logical record in the fourth file of bulk data 

file SCBOAT. 

4. 128.8.ll Subroutine Name: CMC0NT 

l. Entry Point: CMC0NT 

2. Purpose: To take the set of connection entries that were generated in subroutine BOATOl 

and BDAT02 (See Secs. 4.128.8.4 and 5) in terms of grid point IO numbers and generate a 

corresponding set of connection entries in tenns of Ip numbers. 

3. Calling Sequence: CALL CMC0NT 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

See Sec. 4.128.9 for the definition of labeled colTlllon blocks. 

4. Method: The logical flow of subroutine CMC0NT is presented in Figure 3. Lettered 

steps in the flowchart are explained in greater detail below: 

a. The connection entries in tenns of grid point IO numbers are found on scratch file 

SCRl. A second scratch file, SCR2, is used to store the updated connection entries. These 

two files will be 1 ping-ponged,' first one is the input file and one the output file, then 

the roles of the files are reversed until all the data is process. 
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~~~~ a IFILE = SCRl 
0FILE = SCR2 I = 1 

J = J + l Read the EQSS for the Jth component sub-
b structure of pseudostructure I into open core 

No 

Read the connection entry in tenns 
of grid point ID's from IFILE 

Generate 
a set of 

d connection 
entries 

No Yes 

Write connection '----------------.i e entries on 0FILE 

No Yes 

Note: f SCC0NN • 0FILE Yes 

I counts the number 
of pseudostructures 

J counts the number of 
component substructures 
in pseudostructure I 

RETURN 

Figure 3. Logical flow of Subroutine CMC0NT. 
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b. The EQSS for each component substructure of a given pseudostructure is read into open 

core from SCSFIL and a list of pointers to the first address in each EQSS is kept. 

c. Subroutine GRIDIP (See Sec. 4.128.8.22) is called with each grid point identification 

number taken from the connection entry to detennine whether the grid point is represented 

by several IP numbers. 

d. If a grid point is represented by several IP numbers, a set of connection entries is 

generated replacing the grid ID by each IP and defining the component codes in tenns of the 

Ip. As a clarifying example, consider the connection entry 

111111/3/101/203 

and suppose that grid point 101 of pseudostructure 1 is represented by the following IP 

numbers 

Ip f 

137 110000 
152 001110 
179 000001 

Then, the first time through the loop with I= 1, the following new connection entries 

would be generated: 

110000/3/137/203 
001110/3/152/203 
000001/3/179/203 

e. If the connection entry contains a grid point from the 1th pseudostructure, the grid 

ID is replaced by the IP number and the connection entry written on 0FILE. In the case of 

multiple IP numbers, the resulting set of connection entries is written. If the connection 

entry does not contain a grid from the rth pseudostructure, the entry is simply written 

onto 0FILE as it is. 

f. When processing is complete, the last 0FILE is renamed SCC0NN and contains the complete 

collection of connection entries that ~ave been manually specified. 

4.128.8.12 Subroutine Name: CMCKCD 

1. Entry Point: CMCKCD 

2. Purpose: To check that the manually-specified connections are within the allowable geo­

metric tolerance. 
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3. Calling Sequence: CALL CMCKCD 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

4. Method: 

See Sec. 4.128.9 for the definition of labeled corranon blocks. . 

a. The BGSS file of each pseudostructure is read into open core from file SCSFIL. 

b. The manually-specified connection entries from file SCC0NN are read and the coordinates 

for each IP number contained in the entry are checked against the coordinates for all other 

I numbers in the entry. All pairwise connections must be within T0LER (user input) units 
p 

of one another or an invalid connection has been made. Such connections are flagged as 

errors. 

c. If the complete set of connection entries is allowable, the analysis continues, 

otherwise, 

d. If errors have been found, the connection entries that are incorrect are listed for the 

user and the module execution is tenninated after all checks have been made. 

4.128.8.13 Subroutine Name: CMAUT0 

1. Entry Point: CMAUT0 

2. Purpose: To generate connection entries automatically between pseudostructures. 

3. Calling Sequence: CALL CMAUT0 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

See Sec. 4.128.9 for definition of labeled conman blocks. 

4. Method: The logical flow of subroutine CMAUT0 is shown in Figure 4. The algorithm 

used to find the connections is then shown in detail in Figure 5. Lettered steos in 

these flowcharts are described in detail below. 

a. CID is replaced by Ip in order to recover the Ip after the sort has taken place. (CID 

entries on SCSFIL are unaffected). 

b. The sort direction is chosen by the user in case control, the default option is the 

X direction. 
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I = I + 1 
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START 

Read (SIL,C) table (last group 
of EQSS) for pseudostructure I 

from SCSFIL into open core. 

J = J + 1 

No 

No 

RETURN 

Read BGSS for rth pseudostructure into 
i--~~ a open core from SCSFIL and replace 

the CID entry with the Ip number. 

Sort the BGSS in the spec­
b ified coordinate direction 

No 

Yes 

Find connections between 
d pseudostructures I and J (See 

;IE~---~--1 Fig. 4.12B-4b for details) 

Note: 

I and J 

NPSUB 
count pseudostructures 
is the number of 
pseudostructures being 
combined 

Figure 4. Logical flow of Subroutine CMAUT0. 
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K = K + 4 
KK = SVKK 

BACK= .FALSE. 

Generate 1 connection entry 

Yes 

No 
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e 

BACK= .FALSE. 
K = 0 

KK = 0 
SVKK = 0 

f Retrieve coordinates in 
pseudostructure K, A(K) 

Yes 

Retrieve coordinates in 
pseudostructure J, B(KK) 

SVKK = KK 
BACK - .TRUE. 

No 

KK = KK + 4 

Figure 5. Location and Generation of Automatic Connection ir. Subroutine C~1AUT0. 
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c. RESTCT(I,J) is a boolean array defining the combinations of substructures to be searched 

for automatic connections in order to increase the speed of this routine. The array is 

defined in subroutine CMCASE (See Sec. 4.128.8.2) from SEARCH case control provided by the 

user. 

d. To minimize the searching, the BGSS items for each pair of pseudostructures are 

searched in parallel, i.e., since each BGSS is sorted, the search is designed to be carried 

out only over the coordinates which are within close range of one another. 

e. The definitions of these variables are: 

K - Pointer into the current set of coordinates for pseudostructure I. 

KK - Pointer into the current set of coordinates for pseudostructure J. 

SVKK - A variable which saves the starting value of KK during a search for a match 

with coordinate K. A search never returns lower than SVKK for the next K + 

sets of coordinates. 

BACK - Is a logical flag used to define when to reset SVKK. 

f. The notation A(K) and B(KK) refers to the set of coordinates found in the Kth and 

KKth locations of the BGSS of the 1th and Jth pseudostructures, respectively. 

g. The subscript S refers only to the preferred coordinate search direction. T0LER is 

the allowable dimensional discrepancy specified by the user. 

h. All ,the remaining coordinate directions are tested. 

i. The connection entries are generated such that: 

(1) The component degrees of freedom for a set of matching points A and Bare: 

implying connection will be made only at the intersection of degrees of freedom of the 

two points. (Note: The symbol A. represents the logical "and" function.) 

(2) The connection code is 

CC = 2I-l + 2J-l 

(3) The two corresponding IP numbers are taken directly from the core-held BGSS items. 
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(4) The connection entries are written on file SCC0NN following the manual connection 

data, if applicable, one logical record per entry. 

4.128.8.14 Subroutine Nam'e: CMRELS . 
1. Entry Point: CMRELS 

2. Purpose: To apply user-specified RELES data to a given set of manually or automatically 

generated connection entries. 

3. Calling Sequence: CALL CMRELS 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

See Sec. 4.128.9 for description of labeled conmen blocks. 

4. Method: 

a. The RELES data that has been processed by routine BDAT0 in terms of IP numbers is read 

from SCBDAT into open core for each pseudostructure; 

Pseudostructure l C 

Pseudostructure 2 C 

etc. etc. 

A pointer to the first entry of the list for a given pseudostructure is kept along with the 

length of that list. 

b. The list for each pseudostructure is sorted on Ip number. 

c. Th& connection entries, in terms of IP numbers from file SCC0NN, are read into open 

core following the data in step a. 

d. The connection code is decoded. If the entry was generated by C0NCT1 bulk data, .!!2. 

processing is done. Otherwise, the two connected Ip numbers are located in their 

corresponding (IP, C) lists and the component degree of freedom code is updated by 
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e. After processing has been completed for all connection ent;ies, the updated set is 

written back on file SCC0NN. 

4. 128.8.15 Subroutine Name: CMMC0N 

1. Entry Point: CMMC0N 

2. Purpose: To detennine whether multiply linked connections have been generated during an 

automatic combine operation or specified by the user in a manual operation. 

3. Calling Sequence: CALL CMMC0N(NCE) 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

See Sec. 4. 128.9 for description of labeled common blocks. 

NCE - The number of connection entries on file SCC0NN - integer - output. 

4. Method: The complete set of connection en.tries is read into open core from file SCC0NN. 

The first wora of each entry is overwritten with the connection entry ID number (CEID). This 

array is then sorted successively on the IP number for each of the pseudostructures and a check 

is made of consecutive Ip numbers for that pseudostructure. A list is kept in open core of the 

values of IP and the corresponding CEID each time a multiply listed IP number occurs. If there 

are no multiple connections, the logical flag MC0N is set to .FALSE. and a return is made. If 

such connections do exist, they are sorted on CEID and the list of these connection entry ID 

numbers is written on file SCMC0N in one logical record. 

4.128.8. 16 Subroutine Name: CMC0MB 

1. Entry Point: CMC0MB 

2. Purpose: To merge all multiply linked connections into the smallest set of final connec­

tion entries. 

3. Calling Sequence: CA~L CMC0MB(NPS,NENT,ND0F,IC) 

C0MM0N/CMB00l/ 

C0MM0N/CMB002/ 
See Sec. 4.128.9 for the definition of labeled conmon blocks. 

NPS - Number of columns allocated for array IC; corresponds to the number of pseudo­

structures being combined plus one - integer - input. 

NENT - The number of connection entries to be processed - integer - input. 
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ND0F - The number of degrees of freedom allowed at each grid point - integer I input. 

IC - A dynamically dimensioned array, IC(NENT,NPS,ND0F), residing in open core, where 

the connection entries will be processed. 

4. Method: 

a. The connection entry ID numbers (CEID) defining the entries which represent multiple 

connections are read from file SCMC0N. 

b. The CEID is a pointer into file SCC0NN to rapidly locate the connection entry. The 

appropriate entry is found and processed by the following steps: 

(1) The array IC~j is dynamically allocated with; 

i = 

j = 

k = 

1, ... ,NC 

1 , ••• ,N5 

1, ... ,6 

Ne= Number of connection entries to be processed 

N5 = Number of_ pseudostructures being combined 

Corresponds to the degree of freedom under consideration 

(2) IC is then augmented with an additional column containing the connection code for 

the entry, i.e., 

This will be used to expedite the recoupling of degrees of freedom when combining 

connection entries. 

(3) The connection entry component degree of freedom code is translated into the bit 

pattern and appropriate values of the IC array are set as in the following example: 

Given the connection entries 

100111/3/108/217/0 

110001/6/0/223/337 
Assume Ns • 3 

The IC array would become, for the first degree of freedom, 

[ 1 • ] [108 217 0 i 3] IC;j ! CC; • O 
223 337 l 6 

and, for the second degree of freedom, 

[rc~j ! cc1] • [108 217 0 3] , etc. 
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(4) When the leading I number of a given connection entry is already in the matrix, 
p 

the rows will be merged forming a new multiple connection, e.g., 

Given 100111/7/110/227/333/ 0 

110001/14/ 0 /227/333/418 
with NS= 4 

[ 
l : J _ [110 227 333 0 : 7] 

IC" I cc. - \ 
lJ I l Q 227 333 418: 14 

Since 227, leading IP of the second connection entry appears already, the two rows are 

immediately merged yielding, 

1 I 
[ICij: CC;] = [110 227 333 418 ! 15] 

The connection code for the merged row is defined as the logical bitwise "0R" of 

the connection codes of the rows being merged. This process is carried out for each 
k ICij. 

Note that if the rows being merged contain different Ip numbers from the same 

pseudostructure, then an error condition exists, i.e., a connection is being attempted 

within one pseudostructure. 

(5) Having combined all appropriate entries for each individual degree of freedom in 

the above step, the connection entry arrays IC are written onto scratch fi1e SCR2 

for each degree of freedom kin the following order: 

k k k/ IC; 1/ ••.• /ICi /CC; 
Ns 

(6) The reprocessing of combined connection entries proceeds as follows: 

(a) The list of entries are read from SCR2 file into open core and sorted on the 

connection code, CC;· 

(b) If two entries n and m have the same connection code, 

test for 

, j • 1 , •.. ,NS 

If this test is passed, then the entries are merged and the degrees of freedom 
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are combined replacing the identical sets with the one new set such that: 

(c) When all individual entries have been exhausted for the current connection 

code, the new combined entries are written onto the SCC0NN file. This process is 

then repeated for each new connection code until all multiple connectivity data 

has been processed. These entries are written onto the SCC0NN file following 

those entries which were found not to be multiply-defined connectivities. 

4.128.8.17 Subroutine Name: CMOISC 

1. Entry Point: CMOISC 

2. Purpose: Given the set of connection entries defining the degrees of freedom by which the 

pseudostructures are connected, the routine CMDISC generates a description of all those 

degrees of freedom not connected and merges these two lists to define the Ip numbers of the 

resultant structure. 

3. Calling Sequence: CALL CMDISC 

C0MM!11N/CMB001/ 

CIIIMMIIIN/CMB002/ 

CIIIMMIIIN/CMB003/ 

CIIIMMIIIN/CMB004/ 

See Sec. 4.128.9 for description of labeled conmen blocks. 

4. Method: 

a. For each component substructure identified in the CIIIMBINE instruction bring into core 

the last record from SCSFIL containing the (SIL,C) pairs ordered by IP number for each 

component. The SIL values are zeroed and the locations will be used to accumulate the 

degrees of freedom which have been connected (CCIIINNECT). Open core contains: 

CC0NNECT CIIILD 

[°PA) 0 101010 
SUB A 1 . . . . . . 

(IPA) 0 111000 
N 
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SUB B [ 

0 

0 

b. The connection entries are read from scratch file SCC0NN and for each IP encountered 

its CC0NNECT is updated by: 

CC0NNECT = CC0NNECT V CC0NNECTI0N ENTRY 

When the list of connection entries has been exhausted in this manner all totally or 

partially disconnected points can be isolated. (A logical "or" is denoted by v.) 

c. Complete the definitionof connection properties for all degrees of freedom in the com­

bined structure by isolating the unconnected degrees of freedom. The table generated in 

steps 1 and 2 is processed as follows: 

If cC0NNECT = 0, then the given IP and its degrees of freedom (c0L0) are totally dis­

connected and a "0ISC0NNECTI0N" entry is generated: 

where c015 = c0LD and CC', corresponding to the individual pseudostructure considered, is 

defined by: 

CC' = CCSUBSTRUCTURE** 2 

If c0LO; cC0NNECT and Cc0NNECT ~ 0, then the point is partially disconnected and set as: 

Cors = c0LD - CC0NNECT 

(Note: if c015 v cC0NNECT ; c0LD then cC0NNECTc;= c0LD and an error has occurred.) 

Then c015/CC'/lp is generated. 

If c0LD = cC0NNECT then all degrees of freedom for the given point have been accounted 

for and no new connect/disconnect entries are defined. 

The disconnection entries are written onto scratch file SCDISC as they are being 

generated. 
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d. All connection and disconnection entries are read into core from files SCC0NN and 

SCDISC and sorted on the connection code. This combined set of entries defines the status 

of all degrees of freedom in the combined structure. The entire set is then written on the 

connection scratch file SCC0NN. 

Note: The order sequence defined by CC codes arranges the assembled structure 

degrees of freedom as follows: 

cc STRUCTURAL CONNECTION 

2 AA 

3 AB 
4 BB 
5 AC 
6 BC 
7 ABC 

8 cc 
9 AD 

10 BO 
11 ABO 
12 co 
13 ACO 
14 BCD 
15 ABCD 

16 DD 

etc. 

Note that this ordering approaches optimal banding of the resulting stiffness matrix. 

4. 128.8.18 Subroutine Name: CMS0F0 

l. Entry Point: CMS0F0 

2. Purpose: To generate the S0F items for the newly created combined pseudostructures. 

3. Calling Sequence: CALL CMS0F0 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

See Sec. 4.128.9 for description of labeled common blocks. 
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• 4. Method: The logical flow of subroutine CMS0F0 is given in Figure 6. Steps that are 

lettered in the flowchart are described below in detail. 

a. A call is made to subroutine SETLVL to enter the new pseudostructure into the S0F 

structure and the file SCT0C is brought in. With the information now available, the first 

group of the EQSS is written onto the S0F, 

b. A new entry of the BGSS, i.e., (CID,X,Y,Z), along with the new Ip number in the com­

bined structure is written on scratch file SCRl in one logical record. 

c. A search is made of the table generated from the connection entries to determine 

whether a given grid ID number is represented by several IP numbers. If this is the case, 

additional entries to the EQSS are generated and written on SCRl. Each component substruc­

ture's EQSS is a single logical record. 

d. Each EQSS resident on file SCRl is read back into open core and then written onto the 

S0F. 

e. The complete set of connection entries on file SCC0NN is read in and the (SIL,C) item 

is computed for the new pseudostructure and written onto the S0F. 

f. The modified BGSS for the new pseudostructure is read from scratch file SCRl. The 

entries are then sorted on IPNEW and the BGSS is written onto the S0F in its proper fonn. 

g. The file SCCSTM generated in subroutine CMSFIL (Sec. 4. 128.8.9) is read in and the set 

of local coordinate system transfonnations for the new pseudostructure is written onto the 

S0F. 

h. The L00S items from each of the component substructures are merged and written onto the 

S0F. 

i. The geometric transformation matrices for each structure are merged and the PLTS item 

of the S0F is written for the new pseudostructure. 

4.128.8.19 Subroutine Name: CMHGEN 

1. Entry Point: CMHGEN 

2. Purpose: To generate the [HJ transformation matrix relating the degrees of freedom of each 

component pseudostructure to those of the final combined structure and to write these matrices 

on the S0F. 
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( START '\ 
Generate first group 

_J I , I a of EQSS for new = 
I 

combined structure 

w 

Read connection entries and copy 
Sort table on 1POLD : component degrees of freedom (C), 

IPOLD' and IPNEW into open core 

' 
Read BGSS for 1th pseudo- Generate new BGSS for the 

- b combined structure and structure from SCSFIL -
write on scratch file SCRl 

II=I+lj 
I J .. 1 I ' -

Search for each IPOLD in the 
Read EQSS for Jth component table generated from the connection ~ Substructure of pseudostructure I 

IJ•J+1l 

--

entries to find IPNEW 

Generate new EQSS entries 
in terms of IPNEW and 

write on scratch file SCRl 

Process possible 
C multiple Ip numbers 

No J • 
NCIIJMP? 

Yes 

No I • Yes 
NPSUB? 

( RETURN'~ 

. 

Write new EQSS d onto the S0F 

e Write (SIL,C) 
item onto the SIIJF 

f Write the BGSS 
onto the SIIJF 

Process and write g CSTM item onto S0F 

Process and write h LIIJDS item onto SIIJF 

i Process and write 
PLTS item onto SIIJF 

I - counts the pseudostructures (NPSUB) 
J - counts the component substructure 

of pseudostructure I (NC0MP) 

Fis . ~ 6. Logical flow of Subroutine CMS0F0. 

4.128-36 (7/4/76) ---



FUNCTIONAL MODULE C0MB1 (SUBSTRUCTURE COMBINATION, STEP 1) 

3. Ca 11 i ng Sequence: CALL CMHGEN 

C0MM0N/CMB00l/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

C0MM0N/CMB004/ 

See Sec. 4. 128.9 for description of labeled common blocks. 

4. Method: 

a. Read the master (SIL,C) group for the new combined structure into open core from the 

S0F (this was generated by routine CMDISC). 

The following steps are repeated for each component substructure being combined. 

b. Read the (SIL,C) list from the substructure file SCSFIL into open core following the 

data from step 'a' above. 

c. The [HJ matrix for the Ip under consideration is located on file SCCSTM using the 

pointers found on file SCSFIL. 

d. The connection entries on SCC0NN are then searched, For each IP in the combined sub­

structure, the IpOLD from the component substructure and its component degree of freedom 

code are accessed. The [T'] matrix is processed as follows: 

For each component j of CJpOLD that equals zero, delete the jth row of [T'J. 

For each component k of CCONNECTION ENTRY that equals zero, delete the kth column of 

[T']. 

This results in a reduced matrix with 

NA - The number of active D0F rows in A, and 

Ne - The number of connected D0F columns on the connection entry, i.e., 

[T' I ]N X N 
A C 

e. The transformation matrix [HJ is then built using the algorithm 

where 

and 

H • T' I k,.e. i+R., j+R. 

k = SILipOLD + ;, .e. = SILCONNECT + j 

i = 0, ... ,NA - 1, j = 0, ... ,NC - 1 
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• 
The matrix is written onto temporary scratch file SCRl in packed format and, after the 

assembly is completed, onto the S0F via MTRX0. 

4.128.8.20 Subroutine Name: EQSC0D 

1. Entry Point: EQSC0D 

2. Purpose: During the combination of two or more substructures, of which at least one is a 

.Pseudostructure, the EQSS for the pseudostructure may contain a particular grid point 

identification number more than once. This routine adds a code, described below, to the 

component degree of freedom entry in the EQSS to facilitate the rapid location of all Ip 

numbers for a given grid ID. 

3. Calling Sequence: CALL EQSC0D (L0C,N,Z) 

L0C - The starting address in open core of the EQSS being searched - integer - input. 

N - The number of words in the EQSS - integer - input. 

Z - Open core array containing the EQSS·group of the S0F 

4. Method: With the EQSS residing in open core, the first grid ID is accessed. The 

remaining portion of the EQSS is checked sequentially for the appearance of the same grid ID. 

(Note: the EQSS is sorted on grid point ID.) If the next point is not the same, it becomes 

the object of a continued search. When a set of Ip numbers has been found for a given grid 

ID, a code is added to the component degree of freedom entry in the following manner: 

CQmponent Code ---

BITS O - 25 
BITS 26 - 28 

BITS 29 - 31 

Degrees of freedom 
Number of Ip's representing given grid 
The sequence number of the particular Ip 
in relation to the total number 

Illustrative example: Suppose that grid ID 27 with component code 111111 is represented 

by four Ip numbers, 102,103,104;105, as follows: 

Grid Ip Components 

27 102 110000 
27 103 000100 
27 104 001001 
27 105 000010 

After processing by this routine the component codes become; 
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BIT POSITION 

31 - 29 28 - 26 ................ 5 - 0 

001 100 110000 
010 100 000100 
011 100 001001 
100 100 000010 

4. 128.8.21 Subroutine Name: FINDER 

1. Entry Point: FINDER 

2. Purpose: To read the table of contents .file for the combine operation (SCT0C), and for 

any basic substructure name returns the ID number of the pseudostructure containing it, and 

its position in the list of component substructures of the given pseudostructure. 

3. Calling Sequence: CALL FINDER (NAM,SUBN0,C0MN0) 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

See Sec. 4.128.9 for description of labeled colTlllon blocks. 

NAM - Two word name of basic substructure, BCD - input. 

SUBN0 - The pseudostructure ID number, this corresponds to the order in which the pseudo­

structure names were entered in the substructure convnand C0MBINE - integer - output. 

C0MN0 - The position of the given substructure name within the list of component substruc­

tures of the pseudostructure referred to by SUBN0 - integer - output. 

4.128.8.22 Subroutine Name: GRIDIP 

1. Entry Point: GRIDIP 

2. Purpose: This subroutine finds a set of Ip numbers and their associated degree of freedom 

codes for any given grid point identification number contained in any of the pseudostructures 

being combined. 

3. Calling Sequence: CALL GRIDIP (GRID,SEQSS,LEN,IPSET,CSET,N0,Z,LL0C) 

GRID - Grid point identification number relative to a basic substructure - integer -

input. 

SEQSS - The starting address of the EQSS in open core - integer - input. 
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LEN - Number of words in the EQSS - integer - input. 

IPSET - The set of Ip numbers representing GRID - integer - output. 

CSET - Component degrees of freedom for the members of IPSET - integer - output. 

N0 - The number of Ip's representing GRID - integer - output.· 

Z - Open core array containing EQSS group of the S0F. 

LL0C - The address of the first appearance of GRID. 

4. Method: A binary search of the EQSS is made to locate the grid point ID. The component 

degree of freedom code is checked for the additional code that may have been added to account 

for multiple Ip numbers (See Sec. 4.128.8.20) •. The complete set of Ip numbers and component 

degrees of freedom are collected and returned. 

4.128.8.23 Subroutine Name: FNDGRD 

l. Entry Point: FNDGRD 

2. Purpose: Given a grid point identification nu~ber, the pseudostructure number, and the 

component substructure number, this routine locates the set of Ip numbers and their associated 

degree of freedom codes that represent the given grid point. 

3. Calling Sequence: CALL FNOGRD (ISUB,IC0MP,IGRI0,IP,C,N) 

C0MM0N/CMB001/ 

C0M,.N/CMB002/ 
See Sec. 4.128.9 for the definition of labeled conmon blocks. 

ISUB - The pseudostructure number containing the grid point - integer - input. 

IC0MP - The component substructure number within ISUB - integer - input. 

IGRID - The grid point identification number - integer - input. 

IP - The set of Ip numbers that represent IGRID in the pseudostructure - integer - output. 

C - The set of component degrees of freedom at each Ip - integer - output. 

N - The nu'inber of Ip's representing IGRID - integer - output. 

4. Method: Using the values of ISUB and IC0MP as pointers into the file SCSFIL, the EQSS of 

the appropriate component substructure is accessed and subroutine GRIDIP (See Sec. 4.128.8.22) 

is called to find the Ip and C sets for IGRID. 

4.128.8.24 Subroutine Name: ENC0DE 

1. Entry Point: ENC0DE 
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2. Purpose: To convert the degree of freedom codes as given in the usual bulk data fonn 

(i.e., a string of the integers 1 - 6 with, at most, one of each digit) to the bit pattern 

used in substructure analysis. 

3. Calling Sequence: CALL ENC0DE (II) 

II - The string to be encoded - integer - input; the encoded result - integer - output. 

4. Method: The input string is divided by successive powers of ten to isolate the individual 

digits. The encoded result is then obtained by sunming the appropriate powers of two that 

represent each degree of freedom present. 

4.128.8.25 Subroutine Name: BITPAT 

1. Entry Point: BITPAT 

2. Purpose: To transform the degree of freedom code word into the binary bit pattern used by 

substructure analysis. 

3. Calling Sequence: CALL BITPAT (IC00E,IBITS) 

IC0DE - The degree of freedom code - integer - input. 

IBITS - An array of six words representing IC0DE as a binary string - integer - output. 

4. Method: The value IC00E is decoded and if the ;th bit (i s 1, •.. ,6) is on, IBITSi is set 

to one. 

4. 128.8.26 Subroutine Name: EQS0UT 

1. Entry Point: EQS0UT 

2. Purpose: To generate and printout the connectivity map of a C0M8INE operation defining 

all structural connectivities that have been performed. 

3. Calling Sequence: CALL EQS0UT 

C0MM0N/CMB003/ See Sec. 4.128.9 for description of labeled coll'lllon blocks. 

4. Method: The EQSS item of the S0F is accessed for the newly created pseudostructures. The 

names of the component substructures are copied into the first NWRD of open core and then the 

EQSS groups are copied. An additional word is added to the values contained in the EQSS. This 

packed word contains two codes: the number PSN of the contributing pseudostructure associated 
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with the particular grid ID and the component basic substructure number CN within the newly 

created pseudostructure. The table is stored in core in the configuration: 

(PSN/CN) G C 

This list is sorted on the internal point number (Ip). Next, the complete set of entries 

for any given IP number (there may be many of the same Ip in a given pseudostructure) is 

isolated and passed to subroutine EQ0UT1 (See Sec. 4.128.8.27) to perform the actual printing. 

4.128.8.27 Subroutine Name: EQ0UT1 

l. Entry Point: EQ0UT1 

2. Purpose: This is a utility routine to do the actual reporting of the connectivity table 

with information passed by subroutine EQS0UT (See Sec. 4.128.8.26). 

3. Calling Sequence: CALL EQ0UT1 (IA,LEN1,NS,LEN2) 

IA - Array containing the set of values passed by EQS0UT containing (PSN/CN GIP~) 

for all points with identical Ip numbers - integer - input. 

LENl - The length of IA - integer - input. 

NS - Array containing the names of all component substructures of the given pseudo­

structure - integer - input. 

LEN2 - The length of NS - integer - input. 

4. Method: The portion of the EQSS passed to this routine is sorted on the first word; i.e., 

it is sorted on contributing pseudostructure number and component basic substructure number 

within the newly created pseudostructure. The connectivities are then extracted and printed 

out. 

4.128.8.28 Subroutine Name: GTMATl 

1. Entry Points: GTMATl 

GlMAT2 

GTMAT3 
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2. Purpose: To find transfonnation matrices to be applied to grid points including TRANS 

geometric transformations, CSTM local coordinate system transformations, and GTRAN pseudo­

structure local coordinate systems. 

3. Calling Sequence: 

CALL GTMATl (L0Cl,LEN1,TRN,SYM,TT,T) 

L0C1 - Address in open core where the TRANS transfonnation matrices reside, integer -

input. 

LENl - Length of TRANS data, integer - input. 

TRN - TRANS set identification number, integer - input. 

SYM - The code for symmetric reflections, integer - input. 

TT - The transformation matrix, dimension 3 x 3, for TRN, real - output. 

T - The transformation matrix, dimension 6 x 6, for TRN and SYM, real - output. 

CALL GTMP.T2 (L0C2,LEN2,ECPT,TC,TC6) 

L0C2 - Address in open core where the CSTM coordinate system transformation matrices 

reside, integer - input. 

LEN2 - Length of CSTM data, integer - input. 

ECPT - An array, dimension 4, where, 

ECPT(l) • CID (CSTM identification number) 

ECPT(2) - ECPT(4) are the coordinates of the point being transfonned 

mixed - input. 

TC - The transformation matrix, dimension 3 x 3, for CID, real - output. 

TC6 - The transformation matrix, dimension 6 x 6, for CID, real - output. 

CALL GTMAT3 (TRAN,TG,TG6,IKIND) . 
TRAN - The TRANS set ID pointed to by the GTRAN data, integer - input. 

TG - The transfonnation matrix, dimension 3 x 3, for GTRAN, real - output. 

TG6 - The transformation matrix, dimension 6 x 6, for GTRAN, real - output. 

!KIND - Code word describing the matrices that have been located for a given point, 

integer - output. 
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C0MM0N/CMBZZZ/Z(l) - Open core common block containing transformation matrices. 

4. Method: GTMATl searches through the TRANS coor 'nate transformation matrices, [TT], 

locating the appropriate ID with subroutine PRETRS. The matrix for synmetric reflection, [SYM], 

is then constructed from the input SYM code and the final transformation is computed by: 

[ [TT] I J [T]6x6 =[TT] [SYM]6x6 

!KIND is initialized to zero. 

GTMAT2 searches for any CSTM for a given point by using PRETRS routines. If a CSTM does 

exist, IKIND is updated by: 

!KIND = IKIND V 1 

where "V" indicates the union operator. 

GTMAT3 processes GTRAN transfonnations in the following manner: 

If TRAN, o, a call is made to PRETRS to locate the appropriate TRANS transformation 

matrix, and 

if TRAN• TRN, then IKIND • IKIND V 10 

if TRAN, TRN, then IKIND • IKIND V 2 

If TRAN• O, the transfonnation is the identity, and 

IKINO • IKINO V 6 

the code IKIND is then a five-bit code having the following interpretation: 

Bit O O - No TRANS or SYMT 

1 - TRANS or SYMT 

Bit 1 0 - No CSTM 

1 - CSTM 

B~t 2 0 - No GTRAN 

1 - GTRAI'\ 

Bit 3 0 - TRAN• 0 

1 - TRAN ~ 0 

Bit 4 0 - TRAN• TRN 

1 - TRAN, TRN 
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4.128.8.29 Subroutine Name: CMCKDF 

1. Entry Point: CMCKDF 

2. Purpose: To ensure that the degrees of freedom at several grid points being connected are 

compatible. 

3. Calling Sequence: CALL CMCKDF 

C0MM0N/CMB001/ 

C0MM0N/CMB002/ 

C0MM0N/CMB003/ 

See Sec. 4.128.9 for description of labeled common blocks. 

4. Method: The complete set of coordinate system transfonnation matrices (CSTM) are read into 

open core. These are followed by the BGSS items for each of the component substructures read 

from file SCSFIL. The set of connection entries residing on SCC0NN are read, one at a time, 

and for each Ip number in the entry, the ID number of the CSTM for that point is found. A 

comparison is then made of all CSTM's relating to the points in the connection entry. If any 

of these transformations differs from the others an error has been made and the degrees of 

freedom at the connection are incompatible. User Fatal Message 6528 is then issued. 

4.128.8.30 Subroutine Name: CMTRCE 

l. Entry Point: CMTRCE 

2. Purpose: To convert a set of internal point numbers to grid point ID's and component sub­

structures for diagnostic purposes. 

3. Calling Sequence: CALL CMTRCE (IERTAB,IW0S,IT0MNY) 

IERTAB - Array containing IP numbers - input - integer. 

IWOS - Length of IERTAB array - input - integer . . 
IT0MNY - Flag set to 1 if IERTAB does not contain all IP's found - input - integer. 

4. Method: This routine reads each EQSS into open core and searches for the IP contained in 

IERTAB. It then translates the IP to the Grid Point ID in the component substructure and 

issues a user fatal message in tabular fonn. 
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4. 128.9 Labeled Common Blocks 

4.128.9.l Common Block CMBOOl 

C0MM0N/CMBOOl/SCRl,SCR2,SCR3,SCBDAT,SCSFIL,SCC0NN,SCMC0N,SCT0C,SCCSTM,GE0M4,CASECC 

Name 

SCRl 

SCR2 

SCR3 

SCBDAT 

SCSFIL 

SCC!l)NN 

SCMC0N 

SCT!l)C 

SCCSTM 

GE0M4 

CASECC 

GIN0 File No. 

301 

302 

303 

304 

305 

306 

307 

308 

309 

102 

101 

~ 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Contents 

Temporary scratch 

Temporary scratch 

Temporary scratch 

Contains processed input data 

Processed S0F for substructure being combined 

File containing connection entries 

Contains list of multiple connected points 

Holds the substructure table of contents for C0MBINE 

operation 

Contains local coordinate system transformation 

matrices and [H] matrices 

Bulk data NASTRAN input data block 

NASTRAN case control data block 

4.128.9.2 Common Block CMB002 

C0MM0N/CMB002/BUF1,BUF2,BUF3,8UF4,8UFS,SClllRE,LC0RE,INPUT,0UTT 

!!!m!. Ile! Contents 

BUF1 I Address of GIN!ll 10 buffers 

BUF2 I Address of GIN0 Illl buffers 

BUF3 I Address of GIN0 Illl buffers 

BUF4 I Address of GINlll Illl buffers 

BUFS I Address of GINlll 10 buf~ers 

SC0RE I Starting address of open core 

LClllRE I Length of open core 
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Card input Fortran unit number 

Printer output Fortran unit number 

4.128.9.3 Common Block CMB003 

C0MM0N/CMB003/C0MB0(7,5),C0NSET,IAUT0,T0LER,NPSUB,C0NECT,TRAN,MC0N,RESTCT(7,7) 

Name 

C0MB0 

C0NSET 

IAUT0 

T0LER 

NPSUB 

C0NECT 

TRAN 

MC0N 

RESTCT 

~ 

MIXED 

I 

L 

R 

I 

L 

L 

L 

I 

Contents 

Case control and names of component substructures 

Manual connection set ID number 

.TRUE. if automatic connection option is specified 

Allowable geometric tolerance for connections 

Number of substructures being combined 

.TRUE. if a connection set has been specified 

.TRUE. if any TRANS coordinate transformations have been specified 

.TRUE. if multiple connections have been specified 

Array containing selective search controls for automatic connect option 

4.128.9.4 Conrnon Block CMB004 

C0MM0N/CMB004/TDAT(6),NIPNEW,CNAM(2) 

Name ~ Contents 

TDAT(l) L . TRUE. if C0NCT1 bulk data has been input 

TDAT(2) L .TRUE. if C0NCT bulk data has been input 

TDAT(3) L .TRUE. if TRANS bulk data has been input 

TDAT(4) L .TRUE. if RELES bulk data has been input 

TOAT(S) L .TRUE. if GNEW bulk data has been input 

TOAT(6) L .TRUE. if GTRAN bulk data has been input 

NIPNEW I Number of Ip in new combined structure 

CNAM(2) BCD Name to be given to newly created structure 
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4.128.10 Design Requirements 

Open core resides in corrmon block CMBZZZ. 

4. 128. 11 Diaanostics 

Diagnostic messages 6501-6523. 6528. and 6530-6532 are issued by C0MB1 and its subroutines. 
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4.129 FU~lCTI~·:JAL t,0!)1.JLE c0:m2 (SUFlSTRUCTUP.E Cm1BIMATIO'.I, STEP 2) 

4.129.1 Entry Point: C0MB2 

4.129.2 Purpose 

This module performs the transformation and addition of the matrices for the substructure com­

bine operation. Either stiffness, mass, or load matrices may be operated on. 

4.129.3 DMAP Calling Sequence 

C0MB2 MATl ,MAT2,MAT3,MAT4,MAT5,MAT6,MAT7/MATC/V,N,DRY/C,N,TYPE/C,N,NA1/C,N,NA2/C,N,NA4/ 

C,N,NA5/C,N,NA6/C,N,NA7 $ 

4.129.4 Input Data 

4.129.4.1 GIN0 Data Blocks 

MATl - MAT7 Substructure matrices for stiffness, mass, or loads. 

Note: Any i npu.t matrix may be purged. See note for parameters NA 1 - NA7. 

4. 129.4.2 S0F Items 

H0RG - Transformation matrices 

KMTX - Stiffness matrices {g-set) 

MMTX - Mass matrices (g-set) 

PVEC - Load matrices (g-set) 

Note: H0RG must exist for each substructure being combined. 

4. 129.5 Output Data 

4. 129.5.1 GIN0 Data Blocks 

MATC Matrix for combined substructure 

~: MATC may not be purged. 

4.129.5.2 S0F Items 

None 

4.129.6 Parameters 

DRY - Input and output, integer. On input, if DRY< 0, no operations are performed. On 

output, if a serious error occurred, DRY= -2. 
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TYPE - Input, BCD. TYPE = K; process stiffness matrices; M, mass; P, loads. 

NAl - NA7 - Input, BCD. Names of substructures whose matrices are on MATl - MAT7. Must be 

blanks for matrices which are not being combined. If NAi is non-blank and MATi is 

purged, MATi must be on the S0F. 

4. 129. 7 Method 

C0MB2 begins by fetching the matrix control blocks (or trailers) for each substructure indi-

' cated by a non-blank NAi parameter. If the GIN0 file corresponding to one of these parameters is 

purged, C0MB2 fetches the MCB from the S0F. Next, the MCB's of the H0RG transformation matrices are 

read from the S0F. Fatal errors may occur if: (1) an indicated matrix cannot be found on its GIN0 

input data block or on the S0F, (2) an H0RG item cannot be found, (3) matrix dimensions are not 

compatible. After all MCB's have been checked, C0MB2 branches on matrix type. 

For mass and stiffness matrices, the following method of combination is used: 

[Kc]• ![Hi]T [Ki] [H1] 

or [Mc]= ![Hi]T [Mi] [H;] 

where Ki and Mi are the structural matrices for each of the substructures and [Kc] and [Mc] are the 

matrices of the combination (MATC). 

For each matrix contributing to the final combination matrix, the following sequence of 

operations is performed: 

1. Move the H0RG item from the S0F to SCR2. 

2. If the input matrix is on the S0F, move it to SCRl. 

3. Post-multiply.the matrix by H0RG. Store the result on SCR3. 

4. Pre-multiply the result of step 3 by the transpose of H0RG, and add to the result of the 

previous step 4. Store the result on either MATC or SCR4. MATC and SCR4 are used alternatively 

so that after the last multiply and add, the result is on MATC. 

For load matrices, the following method of combination is used: 

where P1, P2, etc., are the load vector matrices for the contributing substructures. The load 

vectors are not combined but are created as separate columns in the matrix preparatory for the com­

bination at solution time. 
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For each matrix contributing to the final combination load matrix the following steps are 

performed: 

1. Move the H0RG item from the S0F to SCR2. 

2. If the input matrix is on the S0F, move it to SCRl. 

3. Pre-multiply the matrix by the transpose of H0RG and store the result on MATC, SCR3, or 

SCR4. 

4. Construct a partitioning vector to merge the result of step 3 with the result of the pre­

vious step 5. 

5. Merge result of step 3 with the result of the previous step 5 and store on MATC, SCR3, or 

SCR4. 

The files MATC, SCR3, and SCR4 used in steps 3 and 5 are alternated so that the final result will be 

on MATC when all matrices have been merged together. 

4. 129.8 Subroutines 

C0MB2 uses matrix subroutines MPYAD and MERGE. 

4.129.9 Diagnostic Messages 

C0MB2 may issue "fatal" messages 6301, 6302, 6303, 6304, and 3008. However, it will not 

tenninate execution. Instead, it will set the DRY parameter equal to -2 and return. 
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4.130 FUNCTIONAL MODULE EXI0 (EXTERNAL INPUT/0UTPUT FOR THE S0F) 

4.130.l Entry Point: EXI0 

4.130.2 Purpose 

EXI0 copies selected items between the S0F and an external user file. 

4.130.3 DMAP Calling Sequence 

EXI0 //V,N,DRY/C,N,MACH/C,N,DEVICE/C,N,UNIT/C,N,F0RM/C,N,M0DE/C,N,P0SN/C,N,TYPE/C,N,NA1/ 
C,N,NA2/C,N,NA3/C,N,NA4/C,N,NAS $ 

4. 130.4 Input Data 

4. 130.4.l GIN0 Data Blocks 

None 

4. 130.4.2 S0F Items 

Any S0F item may be indicated by the DMAP parameters. 

4. 130.5 Output Data 

4.130.5. 1 GIN0 Data Blocks 

None 

4. 130.5.2 S0F Items 

Any S0F item may be indicated by the DMAP parameters. 

4. 130.6 Parameters 

DRY - Input and output, integer, no default. If a serious error occurs, DRY is assigned 

the value of -2. Otherwise, it is not changed. 

MACH - Input, integer, no default. For external coded tapes (parameter F0RM = 'EXTERNAL'), 

MACH specifies the computer (360, 1108, or 6600) where the tape was created or where 

the tape-is to be read. 

DEVICE - Input, BCD, no default. The device type on which the external fil~ is located. 

Allowable values are 'TAPE' or 'DISK'. 

UNIT - Input, BCD, no default. Name of the unit where the external file is located. For 

internal uncoded files (parameter F0RM = 'INTERNAL'), allowable values are 'INPT', 

'INPl', 'INP2', ••. ,'INP9'. For external coded ttpes (F0RM = 'EXTERNAL'), allowable 
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values are 'F0RT1', 'F0RT2' , ... ,'F0RT32', which refer to F0RTRAN unit numbers. Any 

F0RTRAN unit which does not conflict with the NASTRAN units may be used. 

F0RM - Input, BCD, no default. 'INTERNAL' for an internal file which will be read and 

written with GIN0. 'EXTERNAL' for an external tape which will be read or written 

with F0RTRAN fonnatted I/0, 

M0DE - Input, BCD, no default. M0DE specifies the operation to be perfonned by the EXI0 

module: 

'S0FIN' - Copies items from the external file to the S0F. 

'S0F0UT' - Copies items from the S0F to the external file. 

P0SN - Input, BCD, no default. File positioning parameter for the external file. Allow­

able values are 'REWIND', 'NOREWIND', and'E0F'. 'E0F' positions the file to the 

point i11111ediately preceding the first end-of-file indicator on the external file. 

TYPE - Input, BCD, default• 'ALL'. TYPE specifies which items of the selected substructures 

are to be copied. The allowable options are: 

1 • ' ALL ' - A 11 i terns 

2. 'TABLES' - EQSS,BGSS,CSTM,L00S,PLTS,S0LN 

3. 'MATRICES' - KMTX,MMTX,PVEC,P0VE,UPRT,H0RG,UVEC,QVEC 

4. 'PHASE3' - S0LN,UVEC,QVEC 

5. Actual item name 

NAl - Input, BCD, default• 'WH0LES0F'. The name of a substructure whose items are to be 

copied. If NAl • 'WH0LES0F', all substructures on the S0F are copied out. Or, all 

substructures from the current position of the external file (specified by P0SN) to 

the end-of-file are copied in. 

~ l Input, BCD, default• 'XXXXXXXX'. Names of substructures whose items are to be copied. 
NAS j 

4.130.7 Method 

The EXI0 module consists of two major sections. Subroutine EXI01 perfonns all operations for 

external files which are read and written with GIN0. Subroutine EXI02 is the driver subroutine for 

all operations with ex:ernal tapes which are read and written with F0RTRAN. 

The methods of EXI0l and EXI02 are described in the next section. 
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4.130.8 Subroutines 

4. 130.8. 1 Subroutine Name: EXI0 

1. Entry Point: EXI0 

2. Purpose: EXI0 module driver 

3. Calling Sequence: CALL EXI0 

4. Method: EXI0 tests the F0RM parameter and calls either EXI01 or EXI02. 

4. 130.8.2 Subroutine Name: EXI01 

1. Entry Point: EXI01 

2. Purpose: To copy substructure items between the S0F and an external file using the GIN0 

subroutines. 

3. Calling Sequence: CALL EXI01 

4. Method: EXI01 tests the M0DE parameter and branches to the sections of code used to pro­

cess the requested operation. 

S0F0UT. The external file is opened and a nine-word ID record is written. This record 

contains an ID flag, the S0F password, the current date, and the time of day. 

The TYPE parameter is used to construct an array of names of items which are to be copied 

out for each substructure. 

For each substructure and each item which is copied out, a 10-word header record is 

written. This record contains a header flag, the substructure name, the item name, the date, 

and the time of day. Each group of the item is written as one GIN0 logical record. When the 

entire item has been copied, a one-word end-of-item record is written. 

S@FIN. The TYPE parameter is used to construct an array of names of items which are to 

be copied in for each substructure. The total number of items to be copied is computed and 

stored in variable NC0PY. The external file is opened at the requested position and the first 

record is read. If the first record is not an IO or header record as described for S0F0UT, 

error number 6343 occurs. The first record is stored in array HDREC. All ID or header 

records read subsequently are compared to HDREC to insure that the external file is scanned 

only once. The external file is scanned from the current position uniil all requested items 

have been copied to the S0F or until the entire file has been scanned. Note that if an 
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end-of-file is encountered before all copy requests have been satisfied, the external file is 

rewound. 

For each header record found, the following processing takes place: 

a. The header record is compared to the first record read. If identical, a list of 

requested items which were not found is printed and EXI01 returns. 

b. The substructure and item names found in the header record are compared to those which 

are to be copied. If this item is not desired, the next header record is found and read 

and control passes to step 'a'. 

c. The header record is compared to the header records of all items which have been 

copied so far. (Header records are stored in open core.) If a duplicate is found, the 

most recent version is used. Otherwise, this header record is added to those saved in 

open core. 

d.· The data is copied from the external file to the S(aF. Each logical record is 

written as one group until the end-of-item record is encountered. 

e. The number of items copied is incremented and compared to NC0PY. If equal, EXI01 

returns. Otherwise the next header record is read and control passes to step 'a'. 

4.130.8.3 Subroutine Name: EXI02 

l. Entry Point: EXI02 

2. Purpose: To cop, substructure items between the S0F and an external file using F0RTRAN 

fonnatted I0. The external file may be read or may have been written on a different type of 

computer. 

3. Calling Sequence: CALL EXI02 

C0MM0N/EXI02F/FMT(1) 

C0MMIIIN/EXI02P/NF,FP(5,l) 

FMT - Array of variable fonnats initialized in block data subroutine EXI0BD. 

NF - Number of formats in FMT. 

FP - Array of pointers to the variable fonnats in FMT, 5 words per format: 
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FP(l ,i) = pointer to first word of ;th fonnat 

FP(2,9) = length of ;th fonnat in words 

FP(3,i) = position to blocking factor 

FP(4,i) = 1108 blocking factor 

FP(S,i) = 360/6600 blocking factor - The blocking factor adjusts the length 

of each format in FMT. 

4. Method: EXI02 tests the MACH parameter and the machine type word in /SYSTEM/ and 

initializes the blocking factors in FMT. If MACH equals 1108 or the 22nd word of /SYSTEM/ 

equals 3, the blocking factor is chosen so that each F0RTRAN record is 132 characters long. 

Otherwise, the blocking factor adjusts the length of each F0RTRAN record to 1280 characters. 

For S0F0UT operations, subroutine EX02 is called to generate the external file. If MACH 

equals 1108 and the computer on which NASTRAN is running is not an 1108, subroutine EX02EB is 

called subsequently to convert the external file into a form which can be read or the 1108. 

For S0FIN operations, subroutine EXI2 is then called to copy the data to the S0F. 

4.130.8.4 Subroutine Name: EX02 

1. Entry Point: EX02 

2. Purpose: To copy items from the S0F to an external file with F0RTRAN formatted 10. 

3. Calling Sequence: CALL EX02 

4. Method: EX02 constructs the array of names of items which are to be copied. For each 

item, EX02 branches to a section of code where the item is read from the S0F and the proper 

format specifications are chosen. Subroutine EXF0RT is called to perform the output. 

The external file is organized as blocks of F0RTRAN logical records each written with the 

same format specifications. Each block is preceded by a header record which contains the 

following information: 

a. Substructure name 

b. Item name 

c. Format number 
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d. Number of words of data in the following block 

e. Double precision matrix flag 

l - single precision 

2 - double precision 

f. End-of-group flag 

O - more data for this group follows 

- this block terminates group 

2 - this block terminates item 

The first two blocks written contain the DIT and the first two words of the MDI for all sub­

structures on the S0F. 

4.130.8.5 Subroutine Name: EXI2 

1. Entry Point: EXI2 

2. Purpose: To copy items from the external file to the S0F using F0RTRAN formatted I0. 

3. Calling Sequence: CALL EXI2 

4. Method: The DIT and MDI blocks are copied into open core. All items on the external file 

are copied to the S0F. Any user requests for particular substructures or items are ignored. 

The header record of each block is used to interpret the data which is contained in the block. 

The description of subroutine EX02 describes the header record and the file organization. 
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4. 130.8.6 Subroutine Name: EXF0RT 

l. Entry Point: EXF0RT 

2. Purpose: To perform F0RTRAN fonnatted I0 for module EXI0. 

3. Calling Sequence: CALL EXF0RT (IRW,UNIT,FMT,BUF,NWDS,DPMAT,DBUF) 

IRW - Read/write flag. Integer - input. 

- read 

2 - write 

UNIT - F0RTRAN unit number. Integer - input. 

FMT - Array containing the format specification. BCD - input. 

BUF - Array where data read will be stored or from which data will be written. Input 

and output. 

NWDS - Number of words to be transmitted. 

DPMAT - Double precision matrix flag. Integer - input. 

1 - Data is not a double precision matrix 

2 - Data is a double precision matrix 

DBUF - The same array as BUF. Double precision, input and output. 

4. Method: If a physical end-of-file is found in the read mode, BUF(3) is set to -1. 

4.130.8. 7 Subroutine Name: EXLVL 

1. Entry Point: EXLVL 

2. Purpose: To add a substructure name found on the external file to the s,F and set the 

MDI pointers for it. 

3. Calling Sequence: CALL EXLVL (N0S,MD,NAME) 

/ 
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N0S - Number of substructures in array MD. Integer - input. 

MD - Array of dimension MD(4,N0S) containing the substructure name and the first two 

words of the MDI from the originating S0F. 

NAME - Name of substructure to be added to the resident S0F. Two word BCD array. 

4. Method: EXLVL looks for a match between NAME and the first two words of each entry of the 

MD array. If no match is found, the substructure is' added to the S0F as a basic substructure 

and EXLVL returns. 

If a match is found, the substructure is added to the S0F and an attempt is made to find 

its old higher level substructure on the S0F, If present, the MDI pointer is set to indicate 

it. EXLVL also attempts to find and set pointers for all combined substructures and lower 

level substructures. Pointers for primary and secondary substructures are ignored. 

4. 130.9 Design Requirements 

On CDC computers, integar function F0RFIL is used to obtain the F0RTRAN unit number of GIN0 

file 301 which is used for this purpose. 

4.130.10 Diagnostic Messages 

EXI0 may issue the following messages: 

3001,3002,3003\3008 

6101 , 6102, 6103 

0333 through 63ti~ 
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4.131 FUNCTIONAL MODULE RC0VR (RECOVER PHASE 2 SUBSTRUCTURE RESULTS) 

4. 131. l Entry Point: RC0VR 

4.131.2 Purpose 

RC0VR recovers Phase 2 solution data for lower level and basic substructures. This 

module computes the S0LN item on the S0F in Phase 2 for use in Phase 3 processing. It calcu­

lates the displacement vectors for any of the substructures comprising the final solution struc­

ture (FSS). If an SPCF0RCE output request exists, it also calculates the reaction forces 

using those displacement vectors. All recovered data is saved on the S0F. In addition, if. 

output requests are present, 0FP print data blocks are created. 

4.131.3 DMAP Calling Sequence 

RIGID FORMATS l AND 2 (STATIC ANALYSIS) 

RC0VR CASESS,GE~M4,KGG,MGG,PG,UGV,,,,,/0UGVl,0PGl ,0QGl,Ul,U2,U3,U4,U5/DRY/IL00r/STEP/FSS/ 
RF~~/0/LUI/UlNM/U2NM/U3NM/U4NM/U5NM/S,N,N0S~RT2/V,Y,UTHRESH/V,Y,PTHRESH/V,Y, 
QTHRESH $ 

RIGID FORMAT 3 (MODAL ANALYSIS) 

RC0VR CASESS,LAMA,KGG,MGG,,PHIG,,,,,/0PHIG,,0QG1,Ul,U2,U3,U4,U5/DRY/IL00P/STEP/FSS/ 
RFN0/NEIGV/LUI/UlNM/U2NM/U3NM/U4NM/U5NM/S,N,N0S0RT2/V,Y,UTHRESH/V,Y,PTHRESH/V,Y, 
QTHRESH $ 

RI GU)° FORMAT 8 ( FREQUENCY ANALYSIS) 

RC0VR CASESS,GE0M4,KGG,MGG,PPF,UPVC,DIT,DLT,BGG,K4GG,PPF/0UGV1,0PG1,0QGl ,Ul ,U2,U3, 
U4,U5/DRY/IL~0P/STEP/FSS/RFN0/0/LUI/U1NM/U2NM/U3NM/U4UN/U5NM/S,N,N0S0RT2/V,Y, 
UTHRESH/V,Y,PTHRESH/V,Y,QTHRESH $ 

RIGID FORMAT 9 (TRANSIENT ANALYSIS) 

RC0VR CASESS,G~M4,KGG,MGG,PPT,UPV,OIT,OLT,BGG,K4GG,T0L/0UGV1,0PGl,0QGl,Ul,U2,U3,U4,U5/ 
ORY/I~~P/STEP/FSS/RFND/0/LUI/UlNM/U2NM/U3NM/U4UN/U5NM/S,N,N0S0RT2/V,Y,UTHRESH/ 
V,Y,PTHRESH/V,Y, QTHRESH $ 

MRECOVER (ANY RIGID FORMAT) 

RC0VR ,,,,,,,,,,/~PHIG,,~QGl,Ul,U2,U3,U4,U5/0RY/ILf>DP/STEP/FSS/3/NEIGV/LUI/UlNM/U2NM/ 
U3NM/U4NM/U5NM/S,N,NDSDRT2/V,Y,UTHRESH/V,Y,PTHRESH/V,Y,QTHRESH $ 
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4. 131 .4 Input Data 

4.131.4.1 GIN0 Data Blocks 

CASESS - Substructuring Case Control 

GE0M4 - Substructuring load combination data 

LAMA - Real eigenvalue table 

KGG - Stiffness matrix (g-set) for FSS 

MGG - Mass matrix (g-set) for FSS 

PG - Static load matrix (g-set} for FSS 

PPF - Frequency Response Dynamic Loads (g-set) for FSS 

PPT - Transient Dynamic Loads (g-set) for FSS 

UGV - Static displacement matrix {g-set) for FSS 

PHIG - Eigenvector matrix (g-set) for FSS 

UPVC - Frequency Response Solution Vector (g-set) for FSS 

UPV - Transient Solution vector {g-set) for FSS 

DIT - Direct input tables 

DLT - Dynamic loads table 

BGG - Viscous damping matrix (g-set) for FSS 

K4GG - Structure damping matrix (g-set} for FSS 

T0L - Transient output list 

Notes: 

1. CASESS may not be purged. 

2. All remaining data blocks may be purged 1f the request PRINT or SAVE operation is not 

for FSS. 

3. GE0M4 may be purged if there are no external static loads requested or a S0LN item 

already exists for FSS. 

4. KGG,MGG,BGG and K4GG may be purged if they are not required to compute reaction 

forces and displacement vectors or if they have already been saved on the S0F. 
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5. PG or PPT may be purged. 

6. UGV, PHIG, UPVC or UPV must be present unless they already have been saved on the S0F. 

7. PPF or T0L must be present for a transient or-frequency response problem unless a 

S0LN item already exists for FSS. 

4. 131.4.2 S0F Items 

EQSS - Substructure equivalence table 

L0DS - Load set identification list 

H0RG - Transformation matrices 

KMTX - Stiffness matrix (g-set) 

MMTX - Mass matrix (g-set) 

PVEC - Load matrix (g-set) 

P0VE - Load matrix for points omitted in reductions 

UPRT - Partitioning vectors from reductions 

UVEC - Displacement or eigenvector matrices (g-set) 

QVEC - Reaction force matrix (g-set) 

S0LN - Solution description data 

LMTX - Decomposition product from reductions 

PHIS - Modal reduction eigenvectors (g-set) 

LAMS - Modal reduction eigenvalues 

Bt1TX - Viscous damping matrix (g-set) 

K4MX - Structural damping matrix (g-set) 

4. 131.5 Output Data 

4. 131.5.l GIN0 Data Blocks 

0UGV1 - Output displacement requests 

0PHIG - Output eigenvector requests 

0PG1 - Output load vector requests 

0QG1 - Output reaction force requests 
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Ul - US Substructure displacement matrices. Used in subsequent execution of this module 

for both input and output. 

~: 

1. If an output data block is purged, any output requests for it will be ignored. 

2. Any or a11 U1 - US data b1ocks may be purged. 

4. 131.5.2 S0F Items 

S0LN - Solution description data 

UVEC - Displacement or eigenvector data {g-set) 

QVEC - Reaction force matrix (g-set) 

4.131.6 Parameters 

DRY - Integer - input. Dry run parameter. 

DRY< O Input checked and S0LN generated 

DRY• O Complete module execution except S0LN will not be generated 

DRY> O Complete module execution 

IL00P - Integer - input and output. Position of the substructure name to be pro-

cessed for the current REC0VER corrmand. IL00P • -1 when all substructures 

have been processed. 

STEP ~ Integer - input. CASESS record number of the current REC0VER command. 

FSS - BCD - input. Name of the final solution str,ucture currently being processed. 

RFN0 - Integer - input. Rigid Fonnat number. (1,2,3,8 or 9) 

NEIGV - Integer - input. Number of eigenvalues. (Default• -1) 

LUI - Integer - input and output. Sequence number (1 - 5) of the last Ul - US 

data block which has been written by a previous call to this module. 

(Default • 0) 

UlNM - USNM - BCD - Input and output. BCD name of the substructure whose displacement or 

eigenvector matrix resides on data blocks Ul - US. Should be blanks for any 

data block which is purged. (Default• blank} 
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N0S0RT - Integer - output. True if S0RT1 output is desired or false if S0RT2 output is 

desired. 

UTHRESH - Real - input. Displacement printout threshold vaJ~e..__8.ny result ~hose absolute 

va 1 ue is 1 es s than UTHRESH wi 11 be printed as a zero. 

PTHRESH - Real - input. Load vector printout threshold value. 

(Default= 0.0) 

(Default= 0.0) 

QTHRESH - Real - input. Reaction force printout threshold valud. (Default= 0.0) 

4.131. 7 Method 

The RC0VR module is itself modular in design. It consists of four major subroutines 

which are called in turn by a small module driver subroutine. 

RC0V0 reads the CASESS record for the current REC0VER command and processes any user out­

put requests. 

RC0VA computes the S0LN item for the final solution structure (FSS) when the parameter 

DRY~ 0. It also copies KGG, MGG, BGG, K4GG and UGV or PHIG or UPVC or UPV to the S0F if 

this has not already been done. 

RC0VB performs the back-substitution to recover the displacements of lower level and basic 

substructures from those of the final solution structure. If the displacements of an inter­

mediate level substructure have already been recovered, it may not be necessary to back-track 

all the way to the FSS in order to recover the requested displacements. Note that the 

displacements of only one substructure (indicated by the values of the IL00P and STEP parameters) 

can be recovered in any one call to the RC0VR module. 

RC0VC computes matrices of reaction forces and writes output data blocks for use by the 

0FP. RC0VC is executed only if the_REC0VER option is not 'SAVE'. User output requests are 

made in the Case Control Deck or the Substructure Control Deck. For displacement output, 

0UGV1 or 0PHIG is generated directly from the displacement matrix. Loads output is generated 

directly only if the recovery is for the FSS and PG is not purged. Otherwise, it must be com­

puted using the S0LN item of the FSS and.the PVEC item of the requested substructure. Reaction 

force matrices (the QVEC item) are computed only if there is an SPCF0RCE output request. Note 

that 0QG1 contains reactions at all g-set points, not just the points which are single point 
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constraints. Output set specifications in Case Control or Substructure Control are honored by 

RC0VC. However, ff output is being generated for a non~basfc substructure, only those externaJ 

grid-point ID's which remain in a substructure after reduction and combination are printed. 

The printout set list is applied to basic substructures according to the BASIC command. Elements 

of a set which are not found on a basic substructure are ignored. 

RC0VE computes the energies on the modal coordinates of a modal reduced substructure. It 

will also compute the energies on the modes excluded from the modal reduce. RC0VE is executed 

only ifan energy request was made for a non-statics solution. 

The detailed methods of these subroutines are described in the next section. 

4. 131.8 Subroutines 

For purposes of communications between subroutines of the RC0VR module, the following 

corrmon blocks are significant. 

Block Variables in Order 

/RC0VER/ IC0RE - start of available open core 

LC!r'RE - length of available open core 

BUF1 - GIN0 buffer 

BUF2 - GIN0 buffer 

BUF3 - GIN0 buffer 

BUF4 - GIN0 buf.fer 

S0F1 - S0F buffer 

S0F2 - S0F buffer 

S0F3 - S0F buffer 

/RC0VCM/ MRECVR - True if a MRECOVER or false if a RECOVER conmand 

UA - GIN0 file for displacements 

PA - GIN0 f11e for loads 

QA - GIN0 file for reactions 

IOPT. - -1 if error occured 
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O if SAVE command 

l if output sort is subcase modes, time or frequency steps 

2 if output sort is by basic substructure 

. .RS$J.gJ - Requested substructure on PRINT or SAVE subconmand 

ENERGY - energy output request 

UIMPR~ - nonzero if improved displacements requested 

RANGE(2) - energy range requests 

IREQ - start of output request block in open core relative to blank 

conmen 

LREQ - length of output request block 

LBASIC - number of words for each basic in output request block. 

4.131.8. l Subroutine Name: RC0VR 

1. Entry Point: RC0VR 

2. Purpose: RC0VR module driver 

3. Calling Sequence: CALL RC0VR 

4.131.8.2 Subroutine Name: RC0V0 

1. Entry Point: RC0V0 

2. Purpose: To process user output requests from the Substructure Control deck. 

3. Calling Sequence: CALL RC0V0 

4. Method: 

The CASESS data block is opened and the record for the current REC0VER conrnand 

is located. If no PRINT or SAVE conmand is present, an automatic SAVE conmand is 

generated so the solution data is not lost. A list of all basic substructures composing 

the requested substructure is obtained from the EQSS item. If any output requests 

exist on CASESS, they are read and checked for correctness. This data is then stored 

on a table at the bottom of open core for later use by subroutine RC0VC. The fonnat 

of this table is as follows 
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BUF(IREQ) UFLAG 

PFLAG nonzero if any requests present 

4.131.8.3 Subroutine Name: RC0VA 

1. Entry Point: RC{aVA 

2. Purpose: 

QFLAG 

# of points 

# of basics 

BASIC NAME (2) 

DISP set 

f'UlJAD set 

SPCF set 

SUBCASES set 

M0DES set 

RANGE (2) 

VEL0 set 

ACCE set 

STE~S set 

BASIC or M0DAL subs 

repeated for each 
basic substructure 

To compute the S0LN item for the final solution substructure. 

3. Calling Sequence: CALL RC0VA 

4. Method: 

RC0VA first copies KGG, MGG, BGG, K4GG and UGV or PHIG or UPVC or UPV to the S0F 

if they don't already exist. For a MREC0VER execution the PHIS item on the S0F is 

copied directly to UVEC. If a S0LN item for substructure FSS exists, RC0VA returns. 

Otherwise one of the following subroutines is used to generate the S0LN item 
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RC0VSS - static solution (RFN0 1 or 2) 

RC0VMS - modal solution (RFNO 3) 

RC0VDS - dynamic solution (~FNO 8 or 9) 

4. 131 .8.4 Subroutine Name RC0VSS 

1. Entry Point: RC0VSS 

2. Purpose: 

To compute the S0LN item for a statics solution (rigid format 1 or 2). 

3. Calling Sequence: CALL RC0VSS 

4. Method: 

The S0LN item is initially created on SCRl, writing one GIN0 logical record for each 

S0F group. This facilitates the generation of S0LN groups for SYMC0M and SUBC0M sub­

cases. 

Group O is ~reated by reading the number of basic substructures and their names 

from EQSS, the number of load vectors for each substructure from L0DS, and by counting 

the number of Case Control subcases on CASESS. It is written as record O of SCR1. 

GE0M4 is opened and positioned to the L0ADC bulk data cards using PREL0C and 

L0CATE. For each regular subcase, one group of S0LN is created as follows: 

a. The L0DS item is read into open core if it is not already there. 

b. The L0ADC cards are searched for the load set ID of this subcase. 

c. For each basic substructure load set referenced by the L0ADC card, the load 

vector number is found from the EQSS and L00S data. This number and its corres­

ponding scale factor from the L0ADC card are stored in open core. 

d. When the entire L0ADC card has been processed, one group of the S0LN is com­

plete. It is sorted on the load vector numbers and written on SCRl. 

For each SYMC0M or SUBC0M subcase, one group of the S0LN is created as follows: 

a. The SYMSEQ or SUBSEQ sequence is read into open core. 
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b. Previous S0LN groups which are not SUBC0M or SYMC0M subcases are read into 

open core, one for each member of the sequence. If there is insufficient core, 

the L0DS data is overwritten. 

c. The scale factors of these groups are multiplied by the SYMSEQ or SUBSEQ 

factors. 

d. The new S0LN group is then sorted by load vector number and written on SCRl 

following the last group written. 

After S0LN is complete on SCRl, it is copied to the S0F and RC0VSS returns. 

4. 131.8.5 Subroutine Name RC0VMS 

l. Entry Point: RC0VMS 

2. Purpose: 

To compute the S0LN item for a modal solution. (rigid fonnat 3) 

3. Calling Sequence: CALL RC0VMS 

4. Method: 

For a REC0VER C0111Tland, group O is written directly to the S0F. If NEIGV is not 

positive, RC0VMS then returns. Otherwise, record 2 of LAMA is copied to the S0LN 

item and RC0VMS returns. 

For a MREC0VER command, the contents of the LAMS item are copied to the S0LN item 

and RC0VMS returns. 

4.131.8.6 Subroutine Name RC0VDS 

1. Entry Point: RC0VDS 

2. Purpose: 

To compute the S~LN item for a dynamics solution (rigid fonnats 8 or 9). 

3. Calling Sequence: CALL RC0VDS 
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4. Method: 

Group O is partially created by reading the basic substructures and their names 

from the EQSS, the number of load vectors for _each substructure from the L0DS item, 

and the number of solution steps is computed from the UPVC or UPV trailer. It is 

then stored in the top of open core. 

The DL0AD, TL0ADi and RL0ADi bulk data is then processed to assemble a list of 

possible static loads. 

a. The selected DL0AD set ID is obtained from the CASESS data block. 

b. The DLT data block is opened and the DL0AD, RL0ADi and TL0ADi load ID's are 

saved in core. The DL0AD card ID's are then checked against the case control 

DL0AD request. If no match is found, it is assumed the DL0AD ID points directly to 

RL0ADi or TL0ADi data. If a DL0AD card is located, the requested combination 

data is read from the DLT data block and stored in core. 

c. The RL0ADi (Rigid Fonnat 8) or TL0ADi (Rigid Fonnat 9) data is then processed. 

Each card that has been requested by the DL0AD set or the DL0AD combination data 

- is read from the DLT and saved in core. 

The L0ADC data is processed to identify any static loads that actually exist. 

GEOM4 is opened and the LOADC bulk data cards are located. The set number for each 

card is read and compared against the requested load requests on each RL0ADi or TL0ADi 

card. If a match is found, the L0ADC combination data is stored in core. 

The substructure, load set ID pair for each L0ADC entry saved is then converted 

to an internal load number. This is done with the data in the L0DS item. A list of 

these internal load ID 1 s is then created and sorted_ and any duplicates are removed. 

Group O of the S0LN item is then written using the Group O data obtained at first 

and the set of internal scalar load ID's just created. 

Group 1 of the S0LN item is written by copying the appropriate number of step 

values from PPF (frequencies for rigid format 8) or T0L (times for rigid format 9). 
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Each time or frequency step is now processed with the following logic. Note that if 

no solution loads were requested the processing is not required. Initially, subroutine 

PRETAB is called to read thE dynamics table data into core. The required table ID's 

are obtained from the RL0ADi and TL0ADi data. For each step: 

a. A column vector (number of scalar loads long) is zeroed in core. This will 

hold the load factors for each load ID for this step. 

b. Each T~0ADi or RL0ADi card which points to a static load is processed. It's 

scale factor for the current step is then calculated using the appropriate method 

for each card type. This factor is then multiplied by the LOADC scale factor and 

the results are added into the proper load slot in the in core load factor vector. 

c. The in core load factor vector is then written as the next group on the S0LN 

item. 

1n-end-of-item is then written on the S0LN item and RC0VDS returns. 

4.131.8.7 Subroutine Name: RC0VB 

1. Entry Point: RC0VB 

2. Purpose: 

Back-substitution to recover displacements. 

3. Calling Sequence: CALL RC0VB 

4. Method: 

The method used by RCOVB is clearly illustrated by a flowchart in Figure 1. From 

this it can be seen that if the requested substructure is the final solution structure 

(FSS), no recovery is necessary. 

If a lower level substructure is to be processed, each subsequent higher level is 

checked for the existence of solution displacement vectors on the S0F. Either a pre­

viously calculated intermediate level or the actual FSS displacements will be used 

to recover the displacements of the requested substructure. 
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The solution vectors are transformed backward through each stage of the substruc­

ture process until the requested output substructure displacements are obtained. At 

each stage, the solutions are copied to the S0F file and saved as a NASTRAN file Ul, 

U2, or U3, etc., for processing of subsequent requests to follow. The S0LN item 

for the recovered substructure is also created at each stage by editing the S0LN item 

of the FSS. 

At each stage of substructure recovery processing a set of displacement vectors, 

Ug, are known. The displacements of the next lower level substructure of substructures, 

UA, are obtained by a simple transformation. The actual equation depends on the type 

of substructure, the current rigid format and user requests as shown below. 

Static analysis: 

combined substructure -

( 1 ) 

reduced substructure -

(2) 

where 

(3) 
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No 

Yes 

No 

Copy UVEC(SSNM) to Ui 

mDULE FUNCTIONAL DESCRIPTIONS 

SSNMl = NAME(IL00P) on record STEP of CASESS 

IL00P = IL00P + 1 -Or 
IL00P = -1 for last NAME 

No 

SSNM = SSNMl 
JLVL • 1 

NMSTAK(JLVL) • SSNM 
JLVL • JLVL + 1 

SSNM • Name of next level 

UA = UGV 

Yes 

Figure la. Logical flow of Subroutine RC0VB. 
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No 

Create S0LN item 
for SSNM. 

Calculate improved lower level 
displacements, UA. ST0RE UA on 

Ul-US. Subroutine RC0VUI 

Copy UA to S0F 

SSNM • NMSTAK (JLVL-1} 
JLVL • JLVL-1 

Definitions: 

No 

RETURN 

Calculate displacements 
on omitted points · 
Subroutine RC0VU0 

Multiply & add to obtain 
lower level displacements 

UA. Store UA on Ul-US. 

SSNMl, RSS - Name of substructure which user specified to recover 
FSS - Final solution substructure 
UGV, Ui - Module input and output data blocks 
NMSTAK - Array of names of substructures which must be 

UIMPR0 
SSNM 

successively recovered to recover SSNMl 
- User-requested improved displacement flag 
- Name of substructure currently being recovered 

Figure lb. Logical flow of Subr.outine RC0VB (cont'd). 
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Modal analysis or dynamic analysis. 

combined substructure -

reduced substructure - (no improved displacements requested) 

reduced substructure - (improved displacements requested) 

{UA} • [GAB] {UB} 

{PX} • -[M] {AA} - [B]{VA} 

(4) 

( 5) 

(6) 

(7) 

where {AA} and {VA} are either computed from {UA} or calculated 

with Equation (6). 

(8) 

(9) 

where: 

( 10) 

{ul} • [-!-] {UB} for MREDUCE ( 11 ) 

The vectors· P~ are obtained by combining the vectors on the P0VE item for sub­

structure A on the S0F. The P0VE vectors are multiplied by the solution load factors 

and added to produce the solution loads. 

Another way of explaining the task of substructure data recovery is to visualize 

the organization of the structure as an analogy to a management organization chart. 

An example is shown in Figure 2. 
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(Final Solution Structure) 

N 

D (Basic Substructure) 

Figure 2. Example of substructure organization. 

Substructures A. B, C, and Dare basic Phase 1 substructures. They are combined 

and reduced repeatedly to produce the solution structure, P, which has a solution UP. 

The task of data recovery is similar to a downward flow of infonnation to selected 

units. If UA is requested, calculate: 

u8 may then be obtained from UE. 

If Uc is requested and UM is known, calculate: 

If u0 is requested and u0 is known, calculate: 

This method is the most economical when the nurrber of columns in the solution matrix, 

Up• is less than the size of the KP matrices. A future enhancement would be to imple­

ment an alternate method of recovery to improve the efficiency of dynamic matrix re­

covery where a large number of columns are in UP. This method would recover the 

displacements of a lower level substructure directly by first forming the proper 

transformation matrix consisting of the products of any intennediate transformation 

matrices. 
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4.131.8.8 Subroutine RC0VLS 

1. Entry Point: RC0VLS 

2. Purpose: 

To create the S0LN item of a lower level substructure by editing the S0LN item 

of the solution substructure FSS. 

3. Calling Sequence: CALL RC0VLS (LASTSS) 

LASTSS - Substructure currently being recovered for which the S0LN item is to be 

calculated - BCD - input. 

4. Method: 

The method used to edit the S0LN item of the solution substructure depends on the 

current rigid fonnat. 

Static analysis -

a. A list of the component substructures of LASTSS is obtained from it's EQSS 

item. 

b. Group O of the new S0LN item is obtained by editing out the unneeded compo­
nent names from group O of the S0LN item for FSS. 

c. Each additional group is created by editing out the load vectors which do not 

belong to the components of LASTSS. 

Modal analysis -

a. The new S0LN item is a direct copy of the S0LN item for the solution sub­

structure FSS. 

Dynamic analysis -

a. A list of the component substruc;ures of LASTSS is obtained from it's EQSS 

item. 

b. Group O of the new S0LN item is obtained by editing out the unneeded components 

and the load vector ID's which no longer apply from group O of the S0LN item for FSS. 
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c. Group l is copied from the S0LN item of FSS to LASTSS. 

d. The remaining groups are created by editing out the scale factors for the 

loads which no longer apply. 

4. 131.8.9 Subroutine RC0VU0 

l. Entry Point: RC0VU0 

2. Purpose: 

To calculate the displacements on any omitted points when recovering a reduced 

substructure. 

3. Calling Sequence: CALL RC0VU0 (P1D,UA0,LASTSS) 

PIO - Optional inertia and damping load matrix, O set, to be added to the 

static omitted point loads - integer - input, output. 

UA0 - GIN0 file to contain the resultant displacements. UA0 will be set to 

zero if no displacements can be generated - integer - input. 

LASTSS - Name of the substructure to generate the displacements for - bed - input. 

4. Method: 

The following setups are used to generate the displacements on the omitted points. 

a. Any static loads on the omitted points, P0, are generated from the S0LN and 

P0VE items by subroutine RC0VSL. 

b. If the optional inertial and damping force load, P~. are provided on file PIO, 

they are added to any static loads on the omitted points. 

otherwise: 

c. If no static loads exist and PIO is not provided, UA0 is set to zero and 

RC0VU0 returns. 
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d. The existance of the LMTX item for substructure LASTSS is checked. If the 

item exists. it is copied from the S0F and processing skips to step g. 

[L00J • LMTX item 

e. The KMTX item for subroutine LASTSS is copied from the S0F and partitioned to 

the O set: 

[ 

I ] Koo: 0 
[KMTX] .-> ----~---

0 : 0 
I 

The partitioning vector is obtained from item UPRT on the S0F. 

f. The stiffness matrix for the omitted points is decomposed. 

g. The O size displacements are obtained through a forward backward substitution. 

h, The O size displacements are expanded to A size 

{U.} <>- f i-} 
and returned on file UA0. For transient analysis a null velocity and acceleration 

vector is merged in with each displacement vector so the matrix is compatible with 

the recovered displacements. 

4.131.8.10 Subroutine RC0VUI 

1. Entry Point: RC0VUI 

2. Purpose: 

To compute the improved lower level displacements on a reduced substructure. 

3. Calling Sequence: CALL RC0VUI (UB,LASTSS) 

UB - GIN0 file where displacements of the h1gher level substructure are 

stored - integer - input. 

~·' 
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LASTSS - Substructure for which improved displacements are to be recovered - bed -

input. 

4. Method: 

The following steps are used to generate the improved displacements for sub-

structure LASTSS. 

a. The partial displacements are generated. 

b. The velocities and acceleration vectors, {ij} and{~}. are generated using these 

partial displacements by subroutine RC0VVA. 

c. The inertial and damping loads are then calculated 

{pV} = -[M] {A} - [B]{V} 

d. The inertial and damping loads are partitioned ton set. 

(PVI .,. { ~n 
e. The displacements on the omitted points, u0, are computed from the static, 

inertial and damping loads by subroutine RC0VU0. 

f. If modal reduction was used, the item GIMS = G is used in the following process 

Partition: 

Multiply and Add: 

Note {oU0} = o for the REDUCE case. 

g. The final displacements are then calculated 
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4. 131.8.11 Subroutine RC0VC 

1. Entry Point: RC0VC 

2. Purpose: 

Compute reaction forces and generate output data blocks for later processing by 0FP. 

3. Calling Sequence: CALL RC0VC 
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4. Method: 

The Case Control subcases on CASESS are scanned and flags are set for displace­

ments, velocities, accelerations or eigenvectors, applied loads, and reaction force 

output requests although these requests will not override those given in the sub­

structure control deck. If the loads or reactions have been requested and the current 

run is a statics analysis, the applied loads are generated as follows. If the re­

quested substructure is the final solution structure (FSS), the loads may be found on 

PG, if it is not purged. Otherwise, they are computed from the S0LN and PVEC item 

using subroutine RC0VSL. 

If the current run is a frequency response run, the ~elocity and acceleration vec­

tors are computed by Subroutine RC0VVA for possible output. 

Next, the flag for computing and printing reactions is checked. Note that reactions 

may be requested by the user using the SPCF0RCE Case Control card. However, reactions 

are printed at all requested points regardless of whether they are single point con-

straints. If requested, the reactions are computed by subroutine RC0VQV. 

Output Processing: A prototype of the 0FP ID record is created. Note that the right­

most words of the subtitle are replaced with 'SUBSTRUCTURE namexxxx'. The list of 

the SIL numbers is read into open core from EQSS. (An open core diagram may be found 

on the comment cards of this subroutine.) The header records are written on the out­

put data blocks. 

All of the following may be executed repeatedly, once for each basic substructure, 

if the value of the variable I0PT, set by the S0RT command, is equal to 2. This 

causes all output for each basic substructure to be grouped together. Otherwise, the 

following is executed once only for all basic substructures. This causes all output 

for each subcase to be grouped together. 

The EQSS data for the basic substructure(s) currently being processed is read into 

open core if it will fit. If it does not fit, spill logic will be invoked. For each 

subcase, mode or step the following steps are performed: 
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a. The output requests, titles, and set infonnation is read from ~ASESS. 

b. Each type of output vector is processed turn, in the following steps. 

c. The vector to be printed is u~packed into open core. 

d. Each basic substructure to be printed for this subcase is processed in turn 

in the following steps .. 

e. The 0FP ID record is completed and written on the output data block. 

f. Each external grid-point ID found in the EQSS data for the current basic 

substructure which is a member of the output set is used to generate one line of 

output. Each line of output corresponds to six degrees of freedom. Nonexistent 

degrees of freedom will have zero values in the printout. 

When all basic substructures, subcases, and output types have been processed, RC0VC 

returns. 

4.131.8.12 Subroutine RC0VSL 

1. Entry Point: RC0VSL 

2. Purpose: 

To build a static load matrix for use in the Phase II and Phase III recovery pro­

cesses. 

3. Calling Sequence: CALL RC0VSL 

(NAME,ITEM,IVEC,SCR1,SCR2,SCR3,0VEC,Z,IZ,LC0RE,FIRST} 

NAME - Name of substructure being recovered - BCD array -
ITEM - S0F item containing input load vectors - BCD - input 

input 

IVEC - GIN0 file containing input load vectors - BCD - input 
SCRl - Scratch file - integer - input 

SCR2 - Scratch file - integer - input 

SCR3 - Scratch file - integer - input 

0VEC - GIN0 file containing resultant load vectors - integer - input 

Z,IZ - Open core array - real, integer - input 

LC0RE - Length of open core array - integer - input 
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FIRST - Logical - input 

.FALSE. - Build factor matrix from S0LN data . 

. TRUE. - Bypass building of factor matrix and use matrix on SCRl instead. 

4. Method: 

If necessary, the load matrix is copied from the specified S0F item onto scratch 

file SCR2 using subroutine MTRXI. If FIRST= .FALSE., the load scale factor data 

from the S0LN item is assembled into the load factor matrix and packed onto SCRl. If 

FIRST= .TRUE., the matrix of scale factors is assumed to already exist on SCRl. The 

load combination matrix is then computed via MPYAD. 

{P} = [FACT] {PVEC or P0VE} 

4. 131.8. 13 Subroutine RC0VVA 

1. Entry Point: RC0VVA 

2. Purpose: 

To compute the velocities and acceleration vectors for a given set of displacement 

vectors. 

3. Calling Seguence: CALL RC0VVA 

(IN,INTYP,0UTT,0UTU,0UTV,0UTA,SSNM,RZ,DZ,CZ) 

IN • file containing the input displacement vectors - integer - input. 

INTYP - describes operation to be perfonned - integer - input. 

0 - IN contains U only and V and A are to be calculated 

+l - IN contains U, V and A which are to split apart 

-1 - 0UTU,.0UTV and 0UTA are to be merged onto 0UTI. 

0UTT - output file for U,V and A - integer - input. 

0UTU • output file for U only - integer - input. 

0UTV - output file for V only - integer - input. 

0UTA - outout file for A only - integer - input. 

SSNM - substructure for which velocities and accelerations are to be computed -

bed - input. 

RZ·,·oz,cz - start of open core array - real, double and complex - output. 
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4. Method: 

The method used to generate the velocity and accelerations depends on the value of 

INTYP and the current rigid fonnat. 

INTYP = 0 

The equations used to calculate the velocities and accelerations are shown below. The 

results are written to either 0UTT or 0UTU, 0UTV, and 0UTA as requested. 

Real Normal Modes: 

{V} = 0 
~--

{A} = -['2,rf J {U} 

where fare the frequencies. 

Complex Nonnal Modes: 

{V} = L p J {U} 

{A} • [' P J {V} 

where ['p J is the diagonal matrix of complex poles or eigenvalues. 

Frequency Response: 

{V} = L2irifj {U} 

{A} .. L2irifj {V} 

where fare the frequencies. 

Transient response: 

Since V and A are already calculated in the solution, INTYP .. 1 is assumed. 

INTYP • 1 

The IN vectors are unpacked and split to the three output files 0UTU, 0UTV,and 0UTA~ 

Any of the three outputs may be purged. 

INTYP • -1 

The vectors on files 0UTU, 0UTV, and 0UTA are unpacked and merged to file 0UTT. All 
three inputs must exist. 
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4. 131.8. 14 Subroutine RC0VQV 

1. Entry Point: RC0VQV 

2. Purpose: 

To compute the reaction forces for the requested substructure. 

3. Calling Sequence: CALL RC0VQV 

4. Method: 

The equations used to calculate the reaction forces are shown below. 

Static analysis: 

{Q} = [K]{U} - {P} 

Real normal modes: 

{Q} = [K]{U} + [M]{A} 

Complex normal modes: 

{Q} E [K]{U} + (B]{V} + (M]{A} 

Dynamic analysis: 

{Q} = (K]{U} + [B]{V} + [M]{A} - {P} 

If either the mass or damping matrices do not exist, that term of the equation is 

ignored. The velocity and acceleration vectors are calculated using subroutine RC0VVA. 

4. 131.8.15 Subroutine RC0VE 

1. Entry Point: RC0VE 

2. Purpose: 

To print the energies on the included and excluded modes of a modal reduced 

substructure. 

3. Calling Sequence: CALL RC0VE 

4. Method: 

Energy Calculations 

The following steps are followed to calculate the 11t1dal energies on the requested 

substructure. 

4.131-27 (ll/29/78) 



MODULE FUNCTIONAL DESCRIPTIOHS 

a. If the current solution is a static analysis, RC0VE returns because no modal 

energy calculations can be made. 

b. The name of the higher level substructure, HIGHER, to the requested substruc­

ture, RSS, is obtained. 

c. If HIGHER was not the results of a MREDUCE or a CREDUCE, RC0VE returns. 

d. The EQSS of HIGHER is read to locate the SIL number of the first modal def. 

Also the number of any inertial dof are counted. 

e. If HIGHER was the result of a MREDUCE and the solution rigid format was 3 or 

8, the energies on the excluded modes of RSS are calculated with subroutine RC0VEM. 

f. The modal energies on the modal coordinate~ of HIGHER are calculated with 

. sµ1,routine RC0VIM. 

Output Processing 

The following steps are performed to output the modal ene~gies. 

a. The LAMS item for substructure RSS is read and the frequency, mode number and 

mode type, fncluded or excluded, fs kept for each mode. 

b. The CASESS data block is read to locate the requested ENERGY set information. 

c. For each column of the solution matrix the following operations are perfonned 

to generate the energy output. 

i. The frequency or time step value for the current column is obtained from 

the S0LN item for substructure RSS. If output for this step is requested 

via the ENERGY and RANGE conmands,processing continues. Otherwise we skip 

to the next step. 

ii. The computed kinetic and potential energies for both the included and ex­

cluded modes for this step are unpacked. 
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iii. For each modal coordinate a line of output is generated. 

iv. A final line of output is generated which gives the total energies for this 

step. 

4.131 .8.16 Subroutine RC0VEM 

1. Entry Point: RC0VEM 

2. Purpose: 

To compute the energies on the modes of a modal reduced substructure which were 

excluded from the reduce. 

3. Calling Sequence: CALL RC0VEM (N0EXCL,NR0WE) 

N0EXCL - Set to true if no excluded mode energies can be calculated - logical -

output. 

NROWE - The number of excluded modes - integer - output. 

4. Method: 

From the last group on LAMS, a partitioning vector is generated to separate the 

included and excluded modes. The PHIS matrix for the requested substructure is then 

copied from the S0F and partitioned. 

[cp] -> [cp l cpk] n I 

The modal load matrix is then calculated from the excluded modes, static loads and 

reaction forces. 

The modal mass and frequency for each excluded mode are then read from LAMS and stored 

in core. 

The excluded mode energies are calculated by looping through the modal load matrix 

and the S0LN item. The modal energies for each solution step and each excluded mode i. 

are calculated as follows 
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os ( i) = 
k 

P t t . l l M w2 I (2 .rsk + .rdk) .rdk I o en ,a = ! k k o o o 

Ki neti c 
s2 

= 7 
k 

x Potential 

where the following data describes each excluded mode 

Mk = Modal mass 

Wk • 2rr • Modal frequency 

and the following data describes the solution steps 

Real eigenvalues and frequency response: 

s2 = - (2irf) 2 

Complex eigenvalues: 

S • pole 

The modal energies are only calculated for those modes excluded because of the 

RANGE or NMAX parameters. Modal energies for modes excluded because of nonpartition 

are set to zero. 

4.131.8.17 Subroutine RC~VIM 

1. Entry Point: RC0VIM 

2. Purpose: 

To compute the energies on the modal coordinates of a modal reduced substructure. 
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3. Calling Sequence: CALL RC0VIM (HIGHER) 

4. Method: 

The displacement matrix for substructure HIGHER is copied from the S0F and the 

accelerations are computed by subroutine RC0VVA. 

The kinetic energies are computed by first computing the inertia forces 

{FI} = [M] {V} 

The individual kinetic energy terms are computed by a scalar multiplication 

{T} = ffy} {a} 

and the total kinetic energies are the sum of each column. 

The potential energies are computed by first computing the static forces 

{F5} = [K] • {u} 

The individual energy terms are computed by a scalar multiplication 

{V} • {F
5

} • {a} 

and the total potential energies are the sum of each column. 

The total energy terms are appended to the end of each column in the output 

matrices. 

4.131.9 Design Requirements 

RC0VR uses the following matrix utility routines: 

MPYAD 

S0C0MP 

FBS 

SADD 

MERGE 

PARTN 
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4.132 FUNCTIONAL MODULE RC0VR3 (REC0VER SUBSTRUCTURE RESULTS FOR PHASE 3) 

4. 132.1 Entry Point: RC0VR3 

4.132.2 Purpose 

To retrieve data for a basic substructure which has been stored on the S0F during Phase 2 and 

write it on standard NASTRAN data blocks for further processing. RC0VR3 also combines loads and 

enforced displacements which were specified in Phase 1 to fonn the vectors corresponding to the 

actual Phase 2 solution. 

4. 132.3 DMAP Calling Sequence . . I PPF l RC0VR3 PG,PS,P0,YS/UAS,QAS,PGS,PSS,P0S,YSS, LAMA /C,N,RFN0/C,N,NAME $ 
T0L · 

4.132.4 Input Data 

4.132.4.1 GIN0 Data Blocks 

PG - Static load matrix, g-set 

PS - Static load matrix, s-set 

P0 - Static load matrix, o-set 

YS - Enforced displacement matrix, s-set 

Note: Any data block may be purged. 

4.132.4.2 S0F Items 

UVEC - Displacement matrix, g-set of Phase 2 (equivalent to a set of Phase 3) 

QVEC - Reaction force matrix, g-set of Phase 2 {equivalent to a set of Phase 3) 

S0LN - Solution data 

~: Any item may not exist. 

4.132.5 Output Data 

4.132.5.l GIN0 Data Blocks 

UAS - Displacement matrix for substructure solution - a-set 

QAS - Reaction force matrix for substructure solution - a-set 

PGS - Static load matrix for substructure solution - g-set 

PSS - Static load matr,ix for substructure solution - s-set 

P0S - Static load matrix for substructure solution - o-set 
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YSS - Enforced displacement matrix for substructure solution - s-set 

LAMA - Real eigenvalue table for substructure solution 

PPF - Frequency list for frequency response ana1ysis 

T0L - Time step list for transient response analysis 

Notes: 

l. UAS may be purged only if UVEC does not exist. 

2. QAS may be purged only if QVEC does not exist. 

3. PGS, PSS, P0S, or YSS may be purged only if PG, PS, P0, or VS, respectively, is 

purged. 

4. LAMA may be purged if S0LN does not exist, or if RFN0; 3. 

PPF may be purged if S0LN does not exist, or if RFN0; ·8. 

T0L may be purged if S0LN does not exist, or if RFN0; 9. 

4.132.5.2 S0F Items 

None 

4.132.6 Parameters 

RFN0 - Integer - input. Rigid Format number. 

NAME - BCD - input. Name of the basic substructure to be processed. 

4.132.7 Method 

RC0VR3 begins by checking the correspondence of input data blocks and items to the output data 

blocks. If any input data block or item exists and its corresponding output data block does not, a 

fatal error occurs. 

The displacements are copied from the UVEC item to UAS and the reaction forces are copied from 

QVEC to QAS. Both copy operations use S0F subroutine MTRXI. When they are complete, RC0VR3 branches 

on solution type. 

Rigid Format 1, 2 - Statics, Inertial Relief 

A compatibility check is made on the group O data of the S0LN item. If necessary, a null 

reaction force matrix is written to prevent a fata1 error in the UMERGE module. For each input 
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load matrix, RC0VSL is called to combine the load vectors together based on the scale factors 

found in the S0LN item. 

Rigid Format 3 - Nonnal Modes 

Record l of LAMA (the 0FP IO record) is generated in open core from data in S0LN group O and 

/0UTPUT/. After it has been written out, S0LN group l is copied to LAMA record 2. 

Rigid Fonnat 8 - Direct Freguence Response 

The two-word file header and the frequencies from S0LN group 1 are written to PPF record 0. 

Rigid Fonnat 9 - Direct Transient Response 

The time steps from S0LN group l are written to T0L record 1. 

4.132.9 Design Requirements 

Open core is in corrmon /RC0V3X/. 

4.132.10 Diagnostic Messages 

RC0VR3 may issue the following messages: 

3002,3008,3037 

6321,6322,6323,6324 
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4.133 FUNCTIONAL MODULE REDUCE (REDUCTION OF SUBSTRUCTURE DEGREES OF FREEDOM) 

4.133.l Entry Point: REDUCE 

4.133.2 Purpose 

Given a substructure, A, and a specified boundary set, NB, defined in tenns of component sub-

structures of A, this module performs two basic functions ·to generate the new reduced structure, 8: 

1. Computes PVX - a Boolean vector whose elements are l if the degree of freedom is -retained 

from A to B; and O if the degree of freedom is to be reduced out. PVX then becomes the 

reduction partitioning vector used in a series of DMAP alters to define structure B. Also, 

the USX (a USET vector) is generated for use in matrix operation modules. And, 

2. Generates table data for the new structure, B, to be written on the updated Substructure 

Operating File (S0F). 

4.133.3 DMAP Calling Sequence 

REDUCE. CASECC,GE0M4/PVX,USX,INX/C,N,STEP/V,N,DRY $ 

4.133.4 Input Data 

4.i33.4.l GIN0 Data Blocks 

CASECC - The Case Control data block from which the reduce instructions are obtained. These 

instructions include: 
REDUCE A 

BOUNDARY• BSET 

NAME• B 

OUTPUT• n 

GE0M4 - NASTRAN data block of displacement set definitions and substructuring bulk data. 

Extracted from this block is the BDYC data corresponding to the boundary set given 

in CASECC and the BOYS and BDYS1 data specified on BDYC. 

4.133.4.2 S0F Items 

EQSS - Substructure equivalence tables 

BGSS - Basic gridpoint definition table 

ESTM - Coordinate system transformation matrices 

L0DS - Load set data 

PLTS - Plot set data 

4.133-1 (7/4/76) 

For original substructure 



MODULE FUNCTIONAL DESCRIPTIONS 

4.133.5 Output Data 

4.133.5.1 GIN0 Data Blocks 

PVX - The partitioning vector for substructure reduction 

USX - USET equivalent vector (Ua and U0 only) corresponding to PVX 

INX - Identity matrix to be merged with the reduction transformation to define 

[G ] • f-1--1 
AB LGoj 

4.133.5.2 S0F Items 

EQSS - Substructure equivalence tables 

BQSS - Basic grid point definition table 

CSTM - Coordinate system transformation matrices 

L0DS - Load set data 

PLTS - Plot set data 

4.133.6 Parameters 

For reduced substructure 

STEP - Identifies the Case Control step from which the REDUCE module is executed. Used to 

pick up the required data from CASECC. 

DRY - A flag which is set during module execution if error conditions prevent a requested 

G0 operation. 

4.133.7 Method: The following logical sequence is performed by the REDUCE MODULE: 

a. Initialize GIN0 and S0F files and I0 buffers. 

b. Process the Case Control data block. 

The allowable case control mnemonics for the REDUCE operation are NAMA, the name of the 

pseudostructure being reduced; NAMB, the name given to the resultant pseudostructure; 

B0UN, the boundary set identification number; and 0UTP, the selective output control flag. 

These values are extracted from the CASECC input data block. 

c. The names of all the component substructures contained in the pseudostructure being 

reduced are read from the S0F and placed in the first NWDS of open core. 
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d. Read the boundary set data into open core. 

The BDYC bulk data is accessed from file GE0M4 and the set ID corresponding to B0UN is 

located and read into open core. Note that each name for which a boundary set is specified 

must be a Phase I basic substructure. The table residing in open core is 

NAME1 SID1 
NAME2 SID2 

This list is then sorted on SID (set IO of boundary set for NAME). 

e. Process the BOYS and BDYSl bulk data. 

For each SID specified in step 'd', the appropriate input in terms of either BOYS or BOYSl 

bulk data is located on file GE0M4. Any BDYSl data is reprocessed to the same form as 

BOYS data and written into open core as: 

(SID) Gb Cb 

Gb Cb . . . 
BOYS (SID) Gb Cb 

Gb Cb . 

BDYSl 

[(SID) 

In the above table the component code as specified on the bulk data card has been trans­

lated to the bit pattern used in substructure analysis. The SID numbers are not written 

in the table but a set of pointers into this table is kept. 

f. Process the EQSS tor each component substructure. 

The EQSS is read into core for the given substructure, i.e., 
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SUB; 
GRID Ip C Cs 

and a boundary set is found for the substructure, if no such set exists, the entire sub­

structure will be reduced out. 

Subroutine EQSC0D (See Sec. 4.133.8.1) is called to account for the possibility that grid 

points may be represented by several Ip numbers. The boundary set specified is located 

on file SCRl and read two words at a time. The grid ID is located in the EQSS by calling 

subroutine GRIDIP (See Sec. 4.133.8.2). For each grid point in the boundary set the 

retained component degrees of freedom are 'checked against the original degrees of freedom 

to insure they are an appropriate subset. The values Ip and Ce are written on scratch 

file SCR2. c8 represents the retained degrees of freedom and is defined by the logical 

"AND" function: 

g. Process master SIL list. 

Read the master SIL list (last record of EQSS) into core, augment with the array CNEW 

which will define degrees of freedom in the reduced structure and set up table: 

SILOLD COLD CNEW 

0 
0 
0 

For each component substructure on SCR2, read Ip and Ce and compute CNEW by a logical 

"OR" 

When this has been accomplished the table in core will be, for example, 

SILOLD 

1 
4 

10 
13 
17 . 

COLD 

110101 
111111 
000111 
000111 
111111 . . . 

CNEW 

000101 
111111 

0 
0 

101101 . . 
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The partitioning vector, PVX, is then defined. For this step it is necessary to cast the 

degree of freedom codes, C, in a different fonn called the "00F numbers." This simply 

defines the bits in the D0F code that are ''0N" starting with the least significant bit. 

For example, 

If D0F code = l 01101 

then D0F numbers = l ,3,4,6 

If D0F code = 100011 

then D0F numbers = 1,2,6 etc. 

Now we build PVX; using the table above~ 

Starting with the first SILOLD in the table, allocate SILOLDi+l - SILOLD; rows to PVX. 

Find the "D0F numbers" for COLD and CNEW' Order these fo.r COLD' e.g., 

COLO 101101 

D0F Numbers • l ,3,4,6 

CNEW = 000101 

D0F Numbers = 1,3 

Find the D0F numbers in COLO that are retained in CNEW and their order, i.e., for the 

example above, CNEW D0F numbers= 1 and 3, correspond to the first two components of COLD' 

Therefore, rows of PVX numbered SILOLD + l - 1 and SILOLD + 2 - 1 are set to 1 and the 

remaining two rows, SILOLD + 3 - 1 and SILOLD + 4 - 1, are set to O. This is repeated 

for each SILOLD' and the PVX data block is written in packed format. 

Now the USX vector is built. Using the PVX vector, compute USX (the USET equivalent 

vector} setting only the flags for Ua and u
0

, and write the USX data block. 

h. Build new EQSS file. 

Replace SIL in current list with IPNEW (new internal point numbers of retained degree of 

freedom subsets}. If CNEW = 0 do not define an IP for that point, e.g., 
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1PNEW CNEW 

1 000101 
2 111111 
0 0 
0 0 
3 101101 

Then, read the old EQSS file, find IPNEW in position IPOLD and replace the old IP and C 

if CNEW; 0. Write the new EQSS file for the reduced pseudostructure. 

Compute the new master SIL list: 

SIL CNEW 
1 000101 
3 111111 
9 101101 

and write it on the S0F only if CNEW i 0. 

i. Generate new BGSS, CSTM and L0DS items for the S0F. 

j. Generate INX. 

INX is an identity matrix equal in size to the number of retained degrees of freedom after 

reduction. Write the INX data block in packed fonnat. 

4.133.8 Design Requirements 

Open core resides in conmon block /REDZZZ/. 

4.133.9 Diagnostic Messages 

Diagnostic messages 6536-6538 and 6601-6618 are issued from module REDUCE. Errors in input 

are treated as fatal when no further processing is possible. Some errors which may be due to 

ambiguities in data are diagnosed, but processing continues. 
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4.134 FUNCTIONAL MODULE SGEN (SUBSTRUCTURE TABLE GENERATOR) 

4.134.1 Entry Point: SGEN 

4.134.2 Purpose 

This module will produce data blocks defining a ps~udostructure as required for the S0LVE 

operation. Bulk data cards with substructure name identification are converted to their non­

substructure equivalents. Tables defining the pseudostructure as a set of N scalar points, where 

N is the number of degrees of freedom in the g set, are generated. This allows the execution of 

general purpose functional modules to obtain the solution. 

4. 134.3 OMAP Calling Sequence 

SGEN CASECC ,GE0M3 ,GE0M4 ,DYNAMICS/ C/\SESS ,CASE! ,liPl.., EQEXIN ,GPDT ,BGPDT ,SIL.,f.lE3S .GE4S. 

DYNS/S,N,DRY/*NAMES0LS*/S,N,LUSET/S,N,N0GPDT $ · 

4.134.4 Input Data 

4.134.4.1 GIN0 Data Blocks 

CASECC - Substructure case control table 

GE0M3 - Load data 

GE0M4 - Constraint data and substructure load combination data 

DYNAMICS - Dynamics data 

Notes: 

1. CASECC may not be purged. 

2. GE0M3 may be purged. 

3. GE0M4 may be purged only if no MPC, SPC or L0AD set selections have been made in 

the Case Control Deck. 

4. DYNAMICS may be purged only if no dynamics-related set selections have been made 

in the Case Control Deck. 

4.134.4.2 S0F Items 

EQSS - Substructure grid point equivalence table 

L0DS - Load sets identification table 

PVEC - Load vectors, g set 
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Notes: 

1. EQSS must exist. 

2. L00S and PVEC must exist if any L0ADC cards are referenced in Case Control. 

4.134.5 Output Data 

4.134.5.1 GIN0 Data Blocks 

CASESS - Substructure Case Control Table 

CASEI - Case Control Data Table 

GPL - Grid Point List for S0LVE operation 

EQEXIN - Grid point equivalence table for S0LVE operation 

GPOT - Grid Point Definition Table for S0LVE operation 

BGPDT - Basic Grid Point Definition Table for S0LVE operation 

SIL - Scalar Index List for S0LVE operation 

GE3S - GE0M3 data block for S0LVE operation 

GE4S - GE0M4 data block for S0LVE operation 

DYNS - DYNAMICS data block for S0LVE operation 

Notes: 

1. CASESS, CASEI, GPL, EQEXIN, GPDT, BGPOT, and SIL may not be purged. 

2. GE3S may be purged if no loads are defined. 

3. GE4S may be purged only if GE0M4 is also purged. 

4. OYNS may be purged only if DYNAMICS is also purged. 

4.134.5.2 S0F Items 

None 

4.134.6 Parameters 

ORY - Input, integer. Dry run parameter. If DRY< 0, the PVEC item is allowed to 

pseudo-exist only. 

NAMES0LS - Input, BCD. Name of the substructure to be solved. 

LUSET - Output, integer. Number of degrees of freedom, g set. 

N0GPOT - Output, integer. Number of degrees of freedom, g set. 
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4. 134.7 Method 

This module will process constraints, loads and dynamics data specified by substructure 

name in Phase 2, build pseudostructure geometry tables, ·and separate the substructure command 

data and the usual case control data. 

An equivalence table between substructure grid points and internal scalar indices is built 

in open core as follows: 

a. Read the entire EQSS item for the substructure from the S0F into core. A table is 

built containing basic substructure names and pointers to the data in core. 

b. The IP value for each entry in the EQSS is replaced by its SIL value. (The position 

of the SIL value in the SIL group equals the IP value.) The table now resides in cGre for 

the following processes. 

1. GE0M4 Processing: MPCS, $PCS, SPCS1, and SPCSO bulk data cards are converted to 

reflect the internal scalar points and the conversions are stored on a scratch file. 

The specifications for these conversions are shown below. 

MPCS - MPC Conversion 

In: s10,ss,,G,,c,.F,,Ss2,G2,C2,F2···· 

Out: SI0,SIL1,o,F1,SIL2,o,F2, ..• 

where SS; is a basic substructure name 

G; is an external grid IO 

C; is a degree of freedom component 

Fi is a factor 

SIL1 is a scalar index 

SPCS - SPC Conversion (done by subroutine SGENA) 

In: s10.ss,G1,c1,G2,c2, .•. 

Out: SID,SIL1,0,0,SID,SIL2,o,O, ••. 

where C; is a degree of freedom component code (e.g., 126) 

4. 134-3 (12/29/78) 



MODULE FUNCTIONAL DESCRIPTIONS 

SPCSl - SPCl Conversion (done by subroutine SGENB) 

In: SID,ss,c,G1,G2,G3, ... 

Out: SIO,O,SIL1 ,-l ,SIO,O,SIL2,-l , ... 

SPCSD - SPCD Conversion (done by subroutine SGENA) 

In: SIO,Ss,G,,c,.v,,Gz,Cz,Yz 

Out: SID.SIL, ,o,v, ,SIO,SILz,O,Yz 

where Yi is the enforced displacement 

2. DYNAMICS Processing: DAREAS, DELAYS, DPHASES, and TICS bulk data cards are 

converted to reflect the internal scalar points and the conversions are stored on 

a second scratch file. The specifications for these conversions are shown below. 

DAREAS - DAREA Conversion (done by subroutine SGENA) 

In: SID,SS,G1,c,,A1,G2,C2,A2,··· 

Out: SID,SIL1,0,A1,SID,SIL2,0,A2···· 

where A; is an area 

DELAYS - DELAY Conversion (done by subroutine SGENA) 

In: SID,SS,G1,c1,T1,G2,c2,T2, ••. 

Out: SID,SIL1,0,T1,SID,SIL2,0,T2···· 

where T; is a time delay value 

DPHASES - DPHASE Conversion (done by subroutine SGENA) 

In: SID,SS,G1,C1,81,G2,C2,82···· 

Out: SID,SIL1,0,81,SID,SIL2,0,82···· 

where .e1 is a phase angle 

TICS - TIC Conversion (done by subroutine SGENA) 

In: SID,SS,G1,c,.u1,v,,G2,C2,U2,V2,··· 

Out: SIO,SIL1,0,U1,V1,SID,SIL2,0,U2,V2···· 

where Ui is an initial displacement value 

v1 is an initial velocity value 
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3. Merging Process: Subroutine SGENM is called to merge the converted GE0M4 data 

with the already existing GE0M4 data. A fatal error occurs if a data type exists 

in both its substructure and regular NASTRAN ~ormat (e.g. MPCS and MPC). The same 

process is then repeated for the DYNAMICS data. 

4. GE0M3 Processing: L0AD and SL0AD cards on GE0M3 are the only card types on this 

data block which are used. Non-zero terms of load vectors selected by the user are 

extracted from the PVEC item, converted to SL0AD card data, merged with SL0AD cards 

from GE0M3, and written on GE3S The sequence of operations is as follows: 

a. The L0DS item is read into open core. 

b. L0ADC cards are read from GE0M4, converted, and written on a scratch file 

as shown below: 

In: SID,Ao,SS1,ID1 ,Al ,SS2,ID2,A2···· 

Out: SIO,A0,J1 ,A1 ,J2,A2•··· 

where SID is the set ID of the L0ADC card which may be referenced on a L0AD case 

control card; A; are scale factors; ss1 are basic substructure names; ID; are load 

set ID's corresponding to those in the L00S item; and Ji are the column numbers of 

the indicated load vectors in the PVEC item. 

c. L0AD cards are copied from GEOM3 to GE3S, GE0M3 is then positioned to the SL0AO 

record, if any SL0AD cards exist. 

d. The PVEC item is copied to a scratch file where it can be read with UNPACK. 

e. Each logical L0ADC card is read from the scratch file and a linear combination 

of vectors from the PVEC item is computed in open core. 

f. Each non-zero tenn of the combined vector is written as an SL0AD card on GE3S. 

g. SL0AD cards from GE0M3 are merged with those created in steps 'e' and 'f' and 

written on GE3S such that all set ID's are in sort. 
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3. Case Control Processing: The CASECC data block is copied to CASESS. The standard 

case control records (subcase definitions) only are copied to CASEI. 

4. Geometry Table Processing: Data blocks GPL, EQEXIN, GPDT, BGPOT, and SIL are written 

to define a pseudostructure consisting of N scalar points where 

Exten1al ID= Internal ID= SIL= I, I= 1 ,2,3, .•• N. 

The coordinate system ID's are -1 and the X, Y, Z values are zero in the GPDT and 

BGPDT data blocks. 

4. 134.8 Subroutines 

4.134.8.l Subroutine Name: SPLTlO 

1. Entry Point: SPLTlO 

2. Purpose: To decode degree of freedom codes stored as digits. 

3. Calling Sequence: CALL SPLTlO (C0DE,C0MPS,NC0MP) 

C0DE - Component code stored as digits (e.g., 345). Integer, input. 

C0MPS - Array of length 9 where the value of each digit is stored. Integer, output. 

NC0MP - The number of values stored in C0MPS. 

4. Method: Modulo arithmetic is used to successively strip the low-order digit from C0DE 

and store it in C0MPS. Zero digits are not stored. When all digits have been processed, 

C0MPS is sorted and duplicates are removed. 

4.134.8.2 Subroutine Name: SGENA 

1. Entry Point: SGENA 

2. Purpose: To convert bulk data cards with substructure name identification to scalar 

non-substructure equivalents. 

3. Calling Sequence: CALL SGENA (TYPE,BUF,MCB,IFILE,IC0DE,IEXTRA,0FILE,0C00E,0EXTRA) 

TYPE - BCD card name. 

BUF - GIN0 buffer for input file. 

MCB - Matrix control block for input file. 
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IFILE - Input file name. 

IC0DE - Locate code for input card type. 

!EXTRA - Number of extra words (after grid) to be read. 

0FILE - Output file name. 

0C0DE - Locate code for output card type. 

OEXTRA - Number of extra words (after grid) to be written. 

4.134.8.3 Subroutine Name: SGENB 

l. Entry Point: SGENB 

2. Purpose: To convert bulk data cards with substructure name identification to scalar 

non-substructure equivalents. Differs from SGENA in how it fonnats output cards 

(SPCl type format). 

3. Calling Sequence: CALL SGENB (TYPE,BUF,MCB,IFILE,IC0DE,IEXTRA,0FILE,0C0DE,0EXTRA) 

Parameters as defined in Section ~.134.8.2 

4.134.8.4 Subroutine Name: SGENM 

1. Entry Point: SGENM 

2. Purpose: To merge converted substructuring data with existing NASTRAN data. 

3. Calling Sequence: CALL SGENM (NTYPE,IFILE,SFILE,0FILE,IC0DE,0C0DE,CTYPES,CTYPE0) 

NTYPE - Number of different substructuring cards. 

IFILE - Input fi1e name. 

SFILE - Scratch file name. 

0FILE - Output file name. 

IC0DE - Locate codes for input card types. 

0C0DE - Locate codes for output card types. 

CTYPES - BCD names of substructuring cards. 

CTYPE0 - BCD names of corresponding NASTRAN cards. 
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4.134.9 Design Requirements 

SGEN creates data blocks which are representative of a math model consisting wholly of 

scalar points. If any bulk data cards such as ASET, MPC, 0MIT, SPC, or SUP0RT are used, they 

must reference the SIL values (or degree of freedom numbers) output by SGEN. If these values 

are not known, the user may use the S0FPRINT conmand to print the EQSS item of the substructure 

for which a solution is desired. This will print the equivalence table between external grid 

point ID's, internal point numbers, and SIL values. 

4. 134. 10 Diagnostic Messages 

SGEN may issue the following messages: 

3001 ,3002,3003,3008,3037 

6022. 

6101,6102,6103,6106,6107, 

6328,6329,6330,6331,6332 
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4. 135 FUNCTIONAL MODULE S0FI (S0F INTO GIN0 MATRIX COPIER) 

4.135.l Entry Point: S0FI 

4.135.2 Purpose 

This module copies selected matrix items from the S0F into NASTRAN matrix data blocks. 

4.135.3 DMAP Calling Sequence 

S0FI /A,B,C,D,E/V,N,DRY/C,N,NAME/C,N,IA/C,N,IB/C,N,IC/C,N,ID/C,N,IE $ 

4. 135.4 Output Data Blocks 

A,B,C,D,E - NASTRAN data block corresponding to parameters IA, IB, etc. 

4.135.5 Parameters 

DRY - Input and output - integer (Default• -1). If ORY= -1 on input, only the 

. existence of the S0F file is checked. If ORY> -1 on input, the copying of 

data takes place. If a serious error occurs, the parameter is set to -2. 

NAME - Input - BCD (No default). Name of substructure. 

IA,IB, etc. - Input - BCD (Default• blank). Item names of data blocks A, B, etc. Allowable 

values ~re: KMTX, MMTX, PVEC, P0VE, UPRT, H0RG, UVEC, QVEC. 

4.135.6 Method 

Subroutine S0FI is the main control for the module. The existence of each S0F item is first 

checked. If a serious error occurs, DRY is set to -2, a warning message describing the error is 

issued, and all further operations continue if possible. If DRY> -1, the S0F data is copied into 

NASTRAN data blocks bya call to the S0F utility subroutine MTRXI. 
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4. 136 FUNCTIONAL MODULE S0F0 (S0F OUT FROM GIN0 MATRIX COPIER) 

4.136.l Entry Point: S0F0 

4.136.2 Purpose 

This module is used to transfer NASTRAN data blocks to the S0F file for purposes of saving the 

data for subsequent runs or subsequent execution steps. 

4.136.3 DMAP Calling Sequence 

50F0 A,B,C,D,E//V,N,DRY/C,N,NAME/C,N,IA/C,N,IB/C,N,IC/C,N,ID/C,N,IE $ 

4.136.4 Input Data Blocks 

A,B,C,D,E - NASTRAN data blocks to be written on the S0F. Note: Any or all data blocks 

may be purged. 

4.136.5 Parameters 

DRY - Input and output - integer (Default= -1). If DRY =.-1 on input, no matrices 

are copied to the S0F. If DRY> -1 on input, the matrices are copied to the S0F. 

If a serious error occurs, the parameter is set to -2. 

NAME - Input - BCD (No default). Name of substructure. 

IA,IB, etc. - Input - BCD. Names of the S0F items to be generated corresponding to data 

4.136.6 Method 

blocks A, B, etc. Allowable item names are: KMTX, MMTX, PVEC, P0VE, UPRT, H0RG, 

UVEC, QVEC. 

Subroutine S0F0 is the main control for the module. The existence of each item's data on the 

S0F is checked. An item that already exists on the S0F will not be written over. In order to 

rewrite it, the old item should be deleted before the new one is written. The NASTRAN data blocks 

a re transferred to the S0F by a ca 11 to the S0F utility subroutine MTRX0. If a serious error 

occurs, DRY is set to -2, a warning message describing the error is issued, and all further 

operations continue if possible. 
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4.137 FUNCTIONAL MODULE S0FUT (S0F UTILITY MODULE) 

4.137.1 Entry Point: S0FUT 

4. 137.2 Purpose 

This module performs the tasks of altering the S0F file for the purpose of editing, purging 
. 

and equivalencing the data items of selected substructures. It also prints item and the S0F 

table of contents. 

4.137.3 DMAP Calling Sequence 

S0FUT //V,N,DRY/C,N,NAMEl/C,N,0PER/C,N,0PT/C,N,NAME2/C,N,PREFX/C,N,IA/C,N,IB/C,N,IC/ 

C,N,ID/C,N,IE $ 

4.137.4 Parameters 

DRY - Output - integer. If a serious error occurs, the parameter is set to -2. 

NAME - Input - BCD (No default). Name of substructure to be operated on or equivalenced. 

0PER - Input~ BCD (No default). Operation flag, values allowed are: EDIT, OESTR0Y, 

EQUIV, S0FPRINT, DELETE, or RENAME. 

0PT - Input - integer (Default.• 0). Option code. 

EDIT Value is the sum of the following integers reflecting the type of 

data to be removed. 

l = Stiffness Matrices (item KMTX) 

2 = Mass Matrices (item MMTX) 

4 • Load Data (items L0DS, PVEC) 

8 • Solution Data (items UVEC, QVEC, S0LN) 

16 = Transfonnation Data (items H0RG, UPRT, P0VE) 

32 • All data for structure (all items of structure) 

S@FPRINT Indicates print option for S0F table of contents, S0F data items, 

or both. 

> O Print data items only 

• 0 rrint table of contents only 

< O Print both 
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NAME2 - Input - BCD (Default= blank). Name of equivalent structure (new structure) in 

EQUIV operation. New name of substructure NAME in RENAME operation. 

PREFX - Input - single BCD character (Default= blank). The names of all substructures 

contributing to substructure NAME1 are equivalenced to a new set having the 

PREFX value appended to the names. 

IA,IB,IC, - Input - BCD (Default= blank). Names of the items to be printed for the 

ID.IE S0FPRINT operation, or deleted in the DELETE operation. 

4.137.5 Method 

Subroutine S0FUT is the main control for the module. It initially calls to the S0F utility 

subroutines which perform the requested operations: 

EDIT Operation: In the EDIT operation, only selected items of the selected substructure are 

removed from the S0F file. The 0PT parameter determines the S0F items to be removed for substruc­

ture NAME. 

DESTR0Y Operation: The DESTR0Y operation is similar to the EDIT operation except that all 

items are removed from the S0F for the structure and all subsequent level structures. The 11next 

level" substructure is removed and its "next level" is also removed, etc. See documentation for 

subroutine DSTR0Y, Section 3.6.8. 

EQUIV Operation: The EQUIV operation causes a new set of substructures from an existing 

substructure updating the MDI and copying the EQSS, L00S, and PLTS items with modifications. The 

operations are: 

1. A list of substructure names contributing to substructure NAMEl is built. This is done by 

finding all substructures whose next level is NAME1. The process repeats for these substruc­

tures, finding substructures which have their next level in the list of names. 

2. A parallel list of 11new11 names is built, having new names defined by adding a prefix to 

the old names. If a new name already exists in the MDI list and DRY~ 0 an error exists. If 

ORY• O the new names!!!!!!, exist. 

3. A new set of MDI pointer tables is built for the 11 new 11 contributing substructures. The 

pointer data is exactly the same as for their equivalent substructure for the following 

items: EQSS, BGSS, CSTM, L0DS, PLTS, UPRT, H0RG, KMTX, MMTX, PVEC, P0VE (The UVEC and QVEC 

and S0LN data is flagged as undefined). .... 
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The items for substructure NAME2, on the other hand, are all flagged as undefined 

except the following items: EQSS, BGSS, CSTM, L0DS, PLTS, KMTX, MMTX, PVEC. The omitted 

item flags will be entered into the MDI tables as the 11 new 11 NAME2 substructure is used in 

subsequent combinations or reductions. 

S0FPRINT Operation: To print the S0F table of conterits, each block of the DIT and MDI are 

fetched and their contents are fonnatted and printed. The amount of unused space on the S0F is 

also printed. To print a data item, each word of the data is examined to determine its type 

(integer, real, or BCD) and an approximate variable format is created. The data is printed 10 

words per line. 

DELETE Operation: Subroutine DELETE is used to remove the selected items. 

RENAME Operation: The block of the DIT containing substructure NAME is fetched and NAME is 

replaced by NAME2. The DIT is then marked as updated. 
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4.138 FUNCTIONAL MODULE SUBPH1 (SUBSTRUCTURE, PHASE 1) 

4.138. 1 Entry Point: SUBPH1 

4. 138.2 Purpose 

To convert data blocks to substructure items. 

4. 138.3 DMAP Calling Sequence 

SUBPHl CASECC,EQEXIN,USET,BGPDT,CSTM,GPSETS,ELSETS//V,N,DRY/C,N,NAME/C,N,PSET $ 

4.138.4 Input Data 

4. 138.4. 1 GIN0 Data Blocks 

CASECC.- Case Control Data Block 

EQEXIN - Equivalence tables between external grid numbers and internal point numbers 

USET - Displacement set definition table 

BGPOT - Basic grid point definition table 

CSTM - Coordinate system transfonnation matrices 

GPSETS - Grid point sets related to the element plot sets 

ELSETS - Element plot set connection tables 

Notes: 

1. CASECC, EQEXIN, USET, and BGPDT may not be purged. 

2. CSTM may be purged if no coordinate systems have been defined. 

3. GPSETS and ELSETS may be purged if no plots are desired in Phase 2. 

4. 138.4.2 S0F Items 

None 

4. 138.5 Output Data 

4. 138.5. 1 GIN0 Data Blocks 

None 

4. 138.5.2 S0F Items 

EQSS - Substructure equivalence table 

BGSS - Substructure basic grid point table 

CSTM - Coordinate system transfonnation matrices 
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PLTS - Plot data for substructures 

L0DS - Load set data 

4. 138.6 Parameters 

DRY Output, integer. If a serious error occurs, DRY= 2. 

NAME - Input, BCD. Name of Phase l substructure. 

PSET - Input, integer. Plot set ID for Phase 2 plots. 

4. 138. 7 Method 

Five basic items on the substructure S0F file are created by the module. The five tasks are 

described separately below: 

l. EQSS Generation: The EQSS data item will contain three groups. The first group is 

the header, containing the substructure name given by the parameter. The second group 

contains a table of one entry per grid point retained in the structure, sequenced by 

grid point identification numbers. Each entry contains: (1) the external grid point 

number Gi, (2) the internal point number, Ip, (i.e., the index to the sequenced array of 

grid points; if no resequencing has occurred, the values will be 1, 2, 3, •.• ,N), and 

(3) the component code word C with each component degree of freedom corresponding to a 

bit position; if the component is retained, the bit is 11 on 11
• 

The calculation steps are: 

a. The USET data block is read into core. Each word corresponds to a degree of 

freedom in the Ug vector. The words are coded to indicate the displacement sets 

to which the degree of freedom belongs. 

b. Record 2 of the EQEXIN data block is read and decoded into two words (Gi and 

SIL;) at a time. SIL; is the pointer to USET entry corresponding to the first 

degree of freedom of the point. The USET entries corresponding to the grid point 

are tested. Each degree of freedom belonging to the Ua set turns a bit "on" in 

the C; word. G; and C; are written on the scratch file if Ci; 0. 

c. An area of core is set to zero and the scratch file is opened to read the data 

generated above. Two words, Gi and Ci, are read. Record 1 of the EQEXIN is read 

two words at a time (Gj and lg) until a match is obtained on the G values. (lg 

corresponds to the original grid point index.) The c1 value is stored in core in 

4.138-2 (7/4/76) 



FUNCTIONAL MODULE SUBPH1 (SUBSTRUCTURE PHASE 1) 

position 2 * Ig· The process continues until all points on the scratch file 

have been read. 

d. The running count of the nonzero Ci tenns, Ip, is stored in the odd position. 

An example of the data stored in core is: 

lg (Implied) Ip C 

l l 0111 

2 0 0 

3 0 0 

4 2 11011 

5 3 0111 

6 0 0 

7 4 0001 

etc. 

The locations correspond to the original lg numbers; the values Ip and Care the 

desired output quantities except that the desired sort sequence is by grid numbers. 

e. After the header group of the EQSS item is written, the EQEXIN (Record 1) is 

read again, two words (Gi and I9) at a time. If Ip(I9); 0, G;, Ip, and Care 

written on the EQSS item. 

f. The SIL group of the EQSS item is created by counting the number of bits 

turned on in the previous C values, i.e., 

where Ne; is the number of bits turned on in word Ci. Only points with C; Oare 

output. In the example above, the SIL table will contain the values 1, 4, B, 11, 

12, etc. 

2. BGSS Generation: The BGSS data item is created by copying the entries in the BGPDT 

data block corresponding to the new points. Each entry is read and the corresponding 

position in core is checked to detennine if a nonzero C value exists. If not, the entry 

is skipped. If C; 0, the four words CID, X, Y, and Z are copied to the BGSS, and the 

process continues to the next grid point. 
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3. CSTM Generation: The CSTM data on the S0F file is identical to the format in the 

NASTRAN data block. 

4. L0DS Generation: The L0DS data item contains the load set identifiers for static 

loads. The CASECC data block contains these set ID values. Each subcase in the CASECC 

data block corresponds to one load vector. The substructure load set ID is defined as 

follows: 

a. Word 4 (Static Load Set) is selected first. 

b. If Word 4 is zero, Word 8 (Thermal Load Set) is used. 

c. If both Word 4 and Word 8 are zero. Word 6 (Element Deformations) is used. 

d. If Words 4, 6, an~ 8 are all zero, zero is stored in L0DS for that subcase. 

e. A user message is issued describing the substructure load set ID for each 

subcase with loads. 

f. If no loads have been defined for any subcase, the L0DS item is not generated. 

5. PLTS Generation: The PLTS item is a copy of all or part of data blocks BGPDT. EQEXIN, 

GPSET. and ELSETS. The BGPDT data block is copied in its entirety to the PLTS item. 

Record l of EQEXIN is then copied. The data for the plot set indicated by the PSET 

parameter is copied to the PLTS item from GPSETS and ELSETS. 

4.138.8 Subroutines 

None 

4.138.9 Diagnostic Messages 

SUBPHl may issue the following messages: 

6012-6014, 6050, 6325-6327, and 6361 
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4. 139 FUNCTIONAL MODULE PLTMRG (SUBSTRUCTURE PLOT SET DATA MERGE) 

4.139.l Entry Point: PLTMRG 

4.139.2. Purpose 

To generate data blocks necessary to produce undefo~ed substructure plots. 

4. 139.3 DMAP Calling Sequence 

PLTMRG CASESS,PCDB/PLTP,GPS,ELS,BGP,CASEP,EQEX/C,N,SSNM/V,N,NGP/V,N,LSIL/V,N,NPSET $ 

4. 139.4 Input Data 

4.139.4. 1 GIN0 Data Blocks 

CASESS - Case Control for substructures 

PCDB - Plot Control Data Block 

Note: No input data block may be purged. 

4.139.4.2 S0F Item 

EQSS - Substructure equivalence tables 

PLTS - Plot data 

~: 

1. The EQSS and PLTS items of the substructure to be plotted must exist. 

2. The PLTS items of the basic substructures which comprise the substructure to be 

plotted should all exist. Otherwise, portions of the substructure may not be plotted. 

4.139.5 Output Data 

4.139.5.1 GIN0 Data Blocks 

PLTP - Plot parameters and plot control table 

GPS - Grid point sets related to the element plot sets 

ELS - Element plot set connection tables 

BGP - Basic grid point coordinates 

CASEP - Case Control data for plots 

EQEX - Equivalence between external grid or scalar numbers and internal numbers for plots. 

!!2.!!.: No output data block may be purged. 
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4.139.5.2 S0F Items 

None 

4. 139.6 Parameters 

SSNM - BCD, input, no default. Name of the substructure to be plotted. 

NGP - Integer, output, no default. Total number of structural grid points. 

LSIL - Integer, output, no default. Last scalar index value. 

NPSET - Integer, output, no default. Number of plot sets. Set to -1 if an error occurs. 

4.139.7 Method 

PLTMRG consists of a single subroutine which computes each output data block in turn. 

~. CASESS is examined record by record until the CASECC header record is found. This 

record and all subsequent records are copied to CASEP. 

BGP. The basic substructure transfonnation data is read from the PLTS item of the substruc­

ture to be plotted (SSNM). For each component basic substructure (CBSS), the basic grid point data 

is read from its PLTS item, transformed to the basic coordinate system of SSNM and written on BGP. 

During this processing, the parameter NGP is computed. 

EQEX. For each CBSS, the external/internal equivalence data if read into open core from its 

PLTS item. The internal ID numbers are incremented by the number of grid points on the CBSS's read 

previously (during this step). Each point 1s flagged with its substructure number. The combined 

equivalence data for CBSS's is then sorted on external IO's and written on SCRl. The external and 

internal IO's are written as the first logical record of EQEX. 

To compute record 2 of EQEX, the EQSS item of SSNM is first read into open core. The data on 

SCRl is then processed one point at a time. The external IO is used to locate the SIL number in 

the EQSS data. If it cannot be found, the SIL number is set to -1. The external ID and SIL number 

are then written on EQEX. 

LSIL is set to the highest SIL number 1n EQSS. 

PLTP. Only one plot set is allowed and it must have been defined in Phase 1. Therefore, 

PCDB is simply copied to PLTP. NPSET is set equal to one. 

GPS. Record 1 of GPS is written. It consists of the single plot set ID of 1. The number of 

grid points in the element sets is read from the GPSETS data of the PLTS items of each CBSS, summed, 

and written as the first word of the second record of GPS. 
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For each CBSS, the GPSETS data is read from its PLTS item into open core. The pointers in this 

data are incremented by the total number of grid points in the element sets of the CBSS's read pre­

viously (during this step). The result is written on GPS. 

ELS. For each CBSS, the ELSETS data is read from its PLTS item, one element at a time. Each 

grid point connection index is incremented by the number of structural grid points on the CBSS's 

read previously (during this step). The result is written on ELS. 

4. 139.8 Diagnostic Messages 

PLTMRG does not generate any fatal messages. If an error which would prevent the generation 

of plot occurs, NPSET is set to -1. 

The following warning messages may be issued by PLTMRG: 

3001,3002,3003,3008 

6101 ,6102,6103,6106,6107 
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4. 140 UTILITY MODULE TIMETEST 

4. 140. l Entry Point 

TIMTST 

4. 140.2 Purpose 

TIMTST provides timing data for various NASTRAN unit operations which may be used to make 

comparisons between computers or to evaluate compilers. 

4.140.3 DMAP Calling Sequence 

TIMETEST / , / C,Y,N=n I C,Y,M=m / C,N,t I C,Y,01 / C,Y,02 $ 

4.140.4 Input Data Blocks 

None. 

4.140.S Output Data Blocks 

Not presently used. 

4.140.6 Parameters 

n* - External Loop Index 

m* - Internal Loop Index 

t - Data Item Type (l=RSP, 2=RDP, 3=CSP, 4=CDP) 

01 - Type of timing data required 

02 - Code indicating which 1/0 unit operations are to be tested. 
(01 • 1 only) 

*Total unit operations= n*m 

4.140. 7 Method 

TIMTS~ -~x~~in~s--~~-~~~-u~ -~t ,,_ -~f_t_!l.!_P~P_ s_!~~_!ITl_!!_nt _and_ c_a_~l~ th_e _corresp~_nding TIMTSx 

routine to process the user request for timing data, where xis the value of 01 (values 1 thru 8 

are allowed). 
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4.140.8 Subroutines 

4.140.8.1 Subrouti · e Name: TIMTSl 

1. Entry Point: TIMTSl 

2. Purpose: To provide timing data for GIN0 and ~he PACK routines. 

3. Calling Sequence: 

CALL TIMTS1 

C0MM0N / / N, M, TYPE, 0PT1, 0PT2 
Communication area for TIMTST 

C0MM0N / TIMlXX / A(l) 
Open core area 

4. Method: TIMTS1 tests 0PT2 and performs I/0 tasks according to the following 

table: 

0PT2 • 1 - Perfonn standard GIN0 WRITE Operations 
.. 

2 - Perfonn standard GIN0 READ Operations 

4 - Perfonn standard GIN0 READ Backwards Operations 

8 - Perfonn standard BLDPK Operations 

16 - Perfonn standard INTPK Operations 

32 - Perform standard PACK Operations 

64 - Perfonn standard UNPACK Operations 

128 - Perfonn standard PUTSTR Ooerations 

256 - Perfonn standard GETSTR Operations 

The ooerations oerfonned by this routine are performed n*m times in the tyoe as defined 

b.v the TYPE oarameter. Task timing is obtained through the utility subroutine SECDND, 

and the results are output on the System Cutout File. 

Notes: 

a. Combinations of the above ooerations may be requested by adding the values 

together. 

b. Certain operations cannot be requested without requesting a previous operation, 

i.e., GIN0 READ operations (0PT2•2) cannot be performed without the corresoonding 

GIN0 operations (0PT2•1). 
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4. 140.8.2 Subroutine Name: TIMTS2 

l. Entry Point: TIMTS2 

2. Purpose: To provide timing data for typical loops within the NASTRAN program logic. 

3. Calling Sequence: 

CALL TIMTS2 

C0MM0N / / N, M, TYPE, 0PT1, 0PT2 

Communication area for TIMTST 

C0MM0N / TIM2XX / A(l) 

Open Core area. 

4. Method: TIMTS2 performs typical looping operations n*ITI times in the type defined by 

the TYPE parameter. Standard loops are coded in F0RTRAN and in a manner to simulate 

tight, medium, and loosely defined loops. Task timing is obtained through the utility 

subroutine SEC0ND, and the results are output on the System Output File. 

4.140.8.3 Subroutine Name: TIMTS3 

l. Entry Point: TIMTS3 

2. Purpose: TIMTS3 is identical in function to TIMTS2 with the exception that all 

arithmetic operations are perfonned in the Assembler Language of the operation 

computer. 

4.140.8.4 Subroutine Names: TIMTS4 and TIMTS5 

l. Entry Point: TIMTS4 - TIMTS5 

2. Purpose: Both TIMTS4 and TIMTS5 are dunrny decks complete with open core and are 

supplied to pennit user definition of standard operations for which timing would be 

required. 

4.140.8.5 Subroutine Name: TIMTS6 

1. Entry Point: TIMTS6 

2. Purpose: Identical to TIMTS2 except compiled with the F0RTRAN G level compiler on 

the IBM 360. 
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4. 140.8.6 Subroutine Name: TIMTS7 

1. Entry Point: TIMTS7 

2. Purpose: Identical to TIMTS2 except compiled with the F~RTRAN H, ~PT=O compiler on 

the IBM 360. 

4.140.8.7 Subroutine Name: TIMTS8 

1. Entry Point: TIMTS8 

2. Purpose: Identical to TIMTS2 except compiled with the F0RTRAN H, 0PT=l compiler on 

the IBM 360. 

4.140.9 Design Requirements 

Each functional subroutine has defined within it an open core·area for it to use during 

its function. The only communication between routines is accomplished through blank corrrnon. 

4.140.10 Diagnostic Messages 

Apart from the desired timing infonnation the following error messages may be generated: 

2195, 2196, and 2197. 
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4. 141 FUNCTIONAL MODULE DDRMM (DYNAMIC DATA RECOVERY - MATRIX METHOD) 

4.141.1 Entry Point: DDRMM 

4.141.2 Purpose 

1. To arrive at the user output requests for transient or frequency point displacements. 

point velocities. point accelerations. forces of single-point constraint. element stresses. 

and element forces. 

2. To format the above output requests into data blocks for direct output by the Output 

File Processor (0FP) module. 

4.141.3 DMAP Calling Sequences 

Transient Response (S0RT2 inputs and outputs) 

DDRMM,CASEXX,UHVT,TOL,IPHIP2,IQP2,IES2,IEF2,EST,MPT,DIT/ZUPV2,ZQP2,ZES2,ZEF2,$ 

Frequency Response (S0RT1 inputs and outputs) 

DDRMM,CASEXX,UHVF,PPF,IPHIPl,IQPl 1 IES1,IEF1 1 /ZUPVC1 1 ZQPCl 1 ZESCl ,ZEFCl,$ 

Frequency Response (S0RT2 inputs and outputs) 

DDRMM,CASEXX 1 UHVF,PPF 1 IPHIP2 1 IQP2,IES2,IEF2,/ZUPVC2,ZQPC2 1 ZESC2,ZEFC2 1$ 

4.141.4 Input Data Blocks 

CASEXX - Case Control data table for dynamics problems. 

UHVF - Modal frequency response solution vectors - h set. 

UHVT - Modal transient response solution vectors - h set. 

PPF - Header record supplies frequency list. 

T0L - Table of transient time step list. 

IPHIPl - Modal displacements (p set, S0RT1). 

IPHIP2 - Modal displacements (p set, S0RT2). 

IQPl - Modal forces of single-point constraint (p set, S0RT1). 

IQP2 - Modal forces of single-point constraint (p set, S0RT2). 

IES1 - Modal element stresses (S0RT1). 
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IES2 - Modal element stresses (S0RT2). 

IEFl - Modal element forces (S0RT1). 

IEF2 - Modal element forces (S0RT2). 

EST - Element surrmary table. 

MPT - Material properties table 

DIT - Direct input tables. 

4.141.5 Output Data Blocks 

ZUPV2 - Output transient response displacement vector requests (p set, S0RT2). 

ZUPVCl - Output frequency response displacement vector requests (p set, S0RT1, complex). 

ZUPVC2 - Output frequency response displacement vector requests (p set, S0RT2, complex). 

ZQP2 - Output transient response forces of single-point constraint requests (p set, S0RT2). 

ZQPC1 - Output frequency response forces of single-point constraint requests (p set, S0RT1, 
complex). 

ZQPC2 - Output frequency response forces of single-point constraint requests (p· set, S0RT2, 
complex). 

ZES2 - Output transient response element stress requests (S0RT2). 

ZESC1 - Output frequency response element stress requests (S0RT1, complex). 

ZESC2 - Output frequency response element stress requests (S0RT2, complex). 

ZEF2 - Output transient response element force requests (S0RT2). 

ZEFC1 - Output frequency response element force requests (S0RT1, complex). 

ZEFC2 - Output frequency response element force requests (S0RT2, complex). 

4.141.6 Parameters 

None. 

4.141. 7 Method 

A matrix of modal solution data is fonned from each of the modal SOR solution data blocks 

input to the module. These data matrices and the matrix of solution vectors are multiplied via 

the MPYAD subroutine to form an output matrix. 

If the modal solutions input to the module are S0RT1, the equation is: 

[Output Matrix1J • [Data Matrix1] x [Solution Matrix] 
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If the irodal solutions input to the irodule are S0RT2, the equation is: 

[Output Matrix2J = [Solution Matrix]7 x [Data Matrix2J 

The output matrix fonned for each modal input data block is converted to output data block 

fonnat for processing by module 0FP. 

Further details follow in the subroutine descriptions. 

In the above equations the solution matrix contains one solution vector (column) of size h 

(= number of eigenvalues used) for each time or frequency step. Thus, 

[Solution Matrix] is of size Rows x Columns 

where Rows = number of eigenvalues, 

and Columns• number of time or frequency steps. 

In the above, the data matrix, if the modal data input is S0RT1, contains one column vector 

for each eigenvalue used. Each column contains all modal output component results for all 

elements or points requested. If the modal data input is S0RT2, the data matrix will be the 

transpose of that for S0RT1 input data, this being due to the data processing requirements. Thus, 

[Data Matrix1] is of size Rows x Columns 

where Rows • r components of all points or elements requested. 

Columns• number of eigenvalues. 

[Data Matrix2J • [Data Matrix1JT 

The output matrix will then, if the modal data input is S0RT1, contain columns (one for each 

time or frequency step) containing transient response or frequency response solution components 

in the same order as those found in the data matrix. Thus, 

[Output Matrix1] is of size Rows x Columns 

where Rows • I components of all points or elements requested. 

Columns• number of time or frequency steps being output. 

[Output Matrix2J • [Output Matrix1JT 

If the modal solutions input to the module are S0RT2, the equation is: 

[Output Matrix2] • [Solution Matrix]T x [Data Matrix2] 
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4. 141.8 Subroutines 

4.141.8. 1 Subroutine Name: DDRMM 

1. Entry Point: OORMM 

2. Purpose: Main driving routine of the OORMM module. Allocates open core, GIN0 buffers, 

reads case control into open core, reads list of frequency or time steps into open core. 

3. Calling Sequence: CALL OORMM 

4. Method: If frequency response problem, this routine will partition out solution vectors 

from the solution matrix based upon the output frequency set (0FREQ) specified in case 

control. 

If transient response problem, this routine will partition into three scratch data 

blocks the solution matrix with respect to displacements, velocities, and accelerations. 

A loop is executed once for each modal input solution data block to arrive at its 

respective transient response, or frequency response solution data block. In this loop 

the appropriate data blocks are opened, the major identification code of the input data 

is detennined, the fonn of the input (S0RT1 or S0RT2) is detennined, and data initializa­

tion is made. The S0RT1 or S0RT2 processor (DDRMMl or. DDRMM2, respectively) is then 

called to fonn and write 1n 0FP-1nput-fonnat the solution data block. On return from 

the S0RT1 or S0RT2 processor, the data blocks involved are closed and the loop is made 

again for the next modal input solution. 

After the loop has been satisfied for all modal input data blocks possible, the 

module returns control to the executive monitor. 

4.141.8.2 Subroutine Name: DDRMMl 

1. Entry Point: DDRMMl 

2. Purpose: Perfonns S0RT1 type processing. 

3. Calling Sequence: CALL DDRfotlll($n1,Sn2,sn3) 

n1 - FfRTRAN statement number defining return taken 1n the event of a purged data block. 

n2 - F0RTRAN statement number defining return taken in the event an unexpected end-of­
f1le 1s encountered during a read operation. 

n3 - F0RTRAN statement number defining return taken in the event an unexpected end-of-

4.141-4 (7/4/76) 



FUNCTIONAL MODULE DDRMM (DYNAMIC DATA RECOVERY - MATRIX METHOD) 

record is encountered during a read operation . 

. /DDRMCl/ - Common block used to conmunicate local storage between DDRMM and DDRMMl. 

4. Method: A data matrix (SCRATCHS) is fonned from the input modal solution data block 

being processed on a given call to this routine. Simultaneously an identification mapping 

file is fonned on another data block (SCRATCH4).-

The 0FP-input-fonnat modal data are read and interpreted. For each eigenvalue, the 

corresponding data are collected and a matrix column output to SCRATCH4. 

Component data of first ID 

Component data of next ID 

Component data of last ID 

Matrix column of data is of same 
size for each eigenvalue present, 
as written to the data-matrix 
(SCRATCHS) 

During the output of the component data for the first column of the data matrix, 

representing the first eigenvalue for which there is modal input data, the grid point 

or element-identifications are written to SCRATCH4 This is perfonned only for the 

first output eigenvalue as the data are in the same order for all eigenvalues present. 

Once the data matrix is complete on SCRATCHS, it is multiplied by the frequency 

solution vectors via the NASTRAN matrix utility subroutine MPYAD. The product matrix 

on data block SCRATCH6 will have columns of the same size as that of the data matrix 

(SCRATCHS),and the number of columns will be equal to the number of time or frequency 

step solution vectors present. 

SCRATCH6 is read and an 0FP-input-type data block is written. The component data 

of the transient or frequency step solution vectors on SCRATCH6 are reunited with 

identification data of the mapping file data block (SCRATCH4) and written to the 0FP-

1nput-type data block. Each column as processed to the output data block has its 

appropriate time or frequency step value placed in the output data block too. 

In the event of displacements in a transient response problem, three passes of this 

routine are made, on one call, with respect to displacements, velocities, and accelera­

tions. This is due to the ability of the NASTRAN user to request different output 

identifications for each of displacements, velocities, and accelerations. 
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4.141.8.3 Subroutine Name: DDRMM2 

1. Entry Point: DDRMM2 

2. Purpose: Performs S0RT2 type processing. 

3. Calling Sequence: CALL ODRMM2(($n1,$n2,$n3) 

n1 - F0RTRAN statement number defining return taken in the event of a purged data block. 

n2 - F0RTRAN statement number defining return taken in the event an unexpected end-of­
file is encountered during a read operation. 

n3 - F0RTRAN statement number defining return taken in the event an unexpected end-of­
record is encountered during a read operation. 

/DDRMCl/ - Conmen block used to conmunicate local storage between DDRMM and DDRMM2. 

4. Method: A data matrix (SCRATCHS) is fonned from the input modal solution data block 

being processed on a given call to this routine. Simultaneously an identification map­

ping file is formed on another data block (SCRATCH4). 

The 0FP-input-fonnat modal data are read and interpreted. For each "Major-ID record" 

present representing one point-ID or element-ID, the following "Data record" contains 

component data of the point-IO or element-ID for all eigenvalues used. Each component 

set of data representing all eigenvalues used, becomes a column of the data matrix 

(SCRATCHS}, 

As each "Major-IO record" and "Data record" pair is read and processed, its point-ID 

or element-IO is placed in the mapping data block (SCRATCH4). 

Once the data matrix is complete on SCRATCHS, it is used along with the transient or 

frequency solution vectors to solve for a product matrix via the NASTRAN matrix utility 

subroutine MPYAO. The product matrix is placed on data block SCRATCH6 by MPYAD and has 

a number of columns equal to the number of columns in the data matrix (SCRATCHS). The 

number of rows equals the output number of time or frequency steps. 

SCRATCH6 is read and an tFP-input-type data block is written. All component data 
-with respect to all time or frequency steps are grouped along with point-IO or element-IO 

data from the mapping data on SCRATCH4 to fonn the tFP type "ID-record" - "Data record" 

pairs of the output data block. 
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4. 141.8.4 Subroutine Name: DDRMMA 

l. Entry Point: DDRMMA 

2. Purpose: To unpack data from the solution product matrix (SCRATCH6) 

3. Calling Sequence: CALL DDRMMA(SETUP) 

SETUP - A logical variable. To initialize unpacking of a data block, one call is 

made with SETUP= .TRUE .• Thereafter, for each 0FP-type line entry called 

for, SETUP is set equal to .FALSE .. 

/DDRMCl/ - Conunon block used for communication of storage within the DDRMM module. 

4. Method: N/A 

4. 141.8.5 Subroutine Name: DDRMMP 

l. Entry Point: OORMMP 

2. Purpose: Builds a list in open core of sorted points for which XY plot requests have 

been made for file type IXYTYP and for subcase O and !CASE. 

3. Calling Sequence: CALL DDRMMP($N1 ,2,NCORE,IXYTYP,ICASE,BUFF,ANYXY) 

Nl - F0RTRAN statement number defining return to be taken if insufficient core 

z 
NC0RE 

LUSED 

IXYTYP 

ICASE 

BUFF 

ANYXY 

is available 

- Address of open core - integer 

- Number of words of open core available - integer 

- Length of open core used by DDRMMP - integer 

- The type of XV plot being requested - integer 

- Subcase for which list is being built - integer 

- Buffer for opening XYCOB 

- Flag for XYPL0T output - logical 

/DDRMCl/ - Conmon block used for co11111unication of errors between DDRMMP and DDRMM2. 

4. Method: N/A 
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4.141.9 Design Requirements 

Module design and logic requires that in the case of S0RT2 processing, the component data 

of any one point-ID or element-ID for all output time or frequency steps must fit in core. That 

is to say that the largest output ~FP- 11 ID-record 11 must fit in core. (Example - if a point has six 

components of data plus two components for specifications· of ID and type, and there were 50 time 

steps, the "FP- 11 ID-record 11 would be (6+2)•50 • 600 words.) 

Conmon blocks /CLSTRS/ and /GPTA1/ as found in block data subprogram GPTABD are required by 

DDRMM. These give various element dependent data. 

Execution requires that with respect to transient response problems, module SDR2 put out 

modal displacements (eigenvectors) for all points so that DDRMM can produce the various output 

selections of displacements, velocities, and accelerations which the user may request in case 

control. SDR2, while producing modal solutions, will recognize that a transient response problem 

is being solved for overall. 

4.141.10 Diagnostic Messages 

Messages 301 thru 303, 391 thru 393, 447 and 448 may be issued by this subroutine. 
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4~142 FUNCTIONAL MODULE 0PTPR2 (FULLY STRESSED DESIGN - PHASE 2) 

4.142.l Entry Point: 0PTPR2 

4.142.2 Purpose 

To create new property data for elements on 0PTP1 and 0ES1 data blocks. Convergence and 

print control parameters are set. 

4.142.3 DMAP Calling Sequence 

0PTPR2 0PTP1 ,0ES1 ,EST/ 0PTP2,EST1 / V,N,PRINT / V,N,TSTART / V,N,C0UNT $ 

4.142.4 Input Data Blocks 

0PTP1 - ~roperty optimization table 

0ES1 - Output element stress requests (S0RT1, real) 

EST - Element surrrnary table 

~: The 0PTP1 may be purged in which case 0PTPR2 returns. 
All other data blocks must exist. 

4.142.5 Output Data Blocks 

0PTP2 - Property optimization table (updated) 

ESTl - Element surrrnary table (updated) 

4.142.6 Parameters 

PRINT - Print control parameter, input and output, integer. 

TSTART - Initial iteration start time, input, integer. 

C0UNT - Iteration counter, input and output, integer. 

4.142.7 Method 

4.142.7.1 .overview of the Method 

This module compares the properties for the last iteration and the calculated properties 

for the current iteration. Upon convergence the module may be requested to punch the new property 

data cards. 
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Convergence of stresses is defined by 

EPS > ( 1 ) 

where EPS = value supplied on the P0PT data card. 

cr = stresses to optimize. I · 
. . . See Section 4.120.9.4 

cri = the appropriate stress l1m1t from 
the materi a 1 card. · 

Convergence of properties is calculated as follows: 

(2) 

ALPH • MAX(Al,ALPH) ( 3) 

where ALPH is initially -1.0. Note that Al will always be positive or zero. This done for all 

subcases present on 0ES1. Prior to calculating the new property, ALPH is set to .0001 if it is 

zero. This allows for stress redistribution in subsequent iterations. 

The new property is calculated by 

• ( ALPH ) PNEW PLST ALPR + (1-A[PH)GAMA ( 4) 

where PLST • design property on last iteration 

GAMA• iteration factor from PJPT bulk data card. 

If maximum and/or minimum property limit(s) exist for the property, PNEW/P0RIG must fall between 

these limit(s), in which case ALPH is recalculated to the appropriate limit, and PNEW is re­

calculated (the original property is P0RIG). 

Convergence of properties occurs if PNEW is not different from PLST for at least one 

property. 

4.142.7.2 Program Method 

A maximum number of iterations, MAX, is defined on the P0PT bulk data card. The parameter 

C0UNT is increased by one with each entry to 0PTPR2. If C0UNT is greater than MAX, the module 
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exits. This allows MAX recalculations of the properties and one additional check iteration in the 

case where convergence was not achieved. 

Parameters C0UNT and TSTART are used to detennine if sufficient time exists for one more 

loop. If not, C0UNT is set to -1 and an exit is taken. If sufficient time exists for only one 

additional iteration, C0UNT = MAX and processing continues. 

The main routine, 0PTPR2, loads file 0PTP1 into core. Subroutine 0PT2A is then called to 

read the stress data, detennines if stress convergence is achieved, and calculates the property 

change ratio, ALPH, for each property. Subroutine 0PT2B is called to calculate the new properties 

and verify that the new property is different than the last property for at least one element 

property. 

If another iteration will occur, file ESTl is created in 0PT2C and 0PTP2 is created in sub­

routine 0PT2D. 

The parameter PRINT is set so the first and last iteration will always be printed by 0FP and 

by 0PTPR2. Intermediate iterations are also printed as specified by the bulk data card P0PT. 

4.142.8 Subroutines 

4.142.8.1 Subroutine Name: 0PT2A 

1. Entry Point: 0PT2A 

2. Purpose: To read the 0ES1 data block, calculate ALPH and detennine if stress 

convergence occurred. 

3. Calling Sequence: CALL 0PT2A (PT,EL,IEL,PR,IPR) 

COMMON// 

COMMON/ OPTPW2 / See Section 4.142.9.3 

COMMON/ XXOPT2 / 

COMMON/ NAMES/ See Section 2.5.1.8 

COMMON/ SYSTEM/ See Section 2.4.1.8 

where 
PT • input integ~r- element type optimization pointer table. 

EL • input real - element section of core. 

IEL • input integer - the same array as EL. 
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PR = input real - property section of core. 

IPR= input integer - the same array as PR. 

4. Method: For each element type on 0ES1, it is detennined if any elements reside in 

core of this type. If not, the records are skipped. If there are any, a sequential 

search is made for each element ID in core. When and if it is found, ALPH is 

calculated and convergence checked. 

5. Additional Subroutines: READ, FREAO, EJECT, MESAGE 

4. 142.8.2 Subroutine Name: 0PT2B 

1. Entry Point: 0PT2B 

2. Purpose: To create the new property values and determine if property convergence 

occurred. 

3. Calling Sequence: 

CfDMM0N // 

C0MM(DN / XX0PT2 / 

C0MM0N /SYSTEM/ 

where 

CALL OPT2B (IPR,PR,PL) 

} See Section 4.142.9.3 

See Section 2.4.1.8 

IPR• input and output integer - property section of core 

PR • input and outrut real - the same array as IPR 

PL • input real - property change ratio section of core 

4. Method: The ALPH word of the PR array controls this routine. If negative, no 

properties are changed. If zero, .0001 is substituted with an appropriate warning 

message (on 11 print 11 iterations) and the properties are recalculated. If positive, 

the properties are recalculated as in Equation 4 and a property change flaQ is set. 

If no properties were changed, property convergence has occurred. Parameter COUNT 

is set to zero and C0NV • 0.0 as a flag to 0PTPR2. 

5. Additional Subroutines: EJECT 
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4.142.8.3 Subroutine Name: 0PT2C 

1. Entry Point: 0PT2C 

2. Purpose: To create ESTl data block. For "print" iterations, to print the new 

property cards. Upon convergence to punch the new property cards is requested. 

3 •. Calling Sequence: CALL 0PT2C (PT,IEL,IPR,PR) 

C0MM0N // 

C0MM0N / 0PTPW2 / 

C0MM0N / XX0PT2 / 

C0MM0N /NAMES/ 

C0MM0N /SYSTEM/ 

C0MM0N / GPTAl / 

where 

See Section 4.142.9.3 

See Section 2.5.1.8 

See Section 2.4.1.8 

See Section 2.5.2. 1 

PT • input integer - element type optimization pointer table, 

IEL • input integer - element section of core. 

IPR• input integer - property section of core. 

PR • input real - the same array as IPR. 

4. Method: The EST data block element type is compared to elements to be optimized. 

If the element type is not to be optimized, it is copied across to EST1. If the 

element type has entries in the PR array, each element not in the IEL array is 

copied across to ESTl and elements in !EL are updated before copying to ESTl data. 

block. 

The printed and punched properties use a 11variab 1 e format II and are thus bui 1 t as 

needed. Real nuni>ers are converted to 2A4 by subroutine RE2AL and 3 to 6 place 

accuracy with roundoff. Single field bulk data cards are created. 

5. Additional Subroutines: EJECT, MESAGE, READ, WRITE, E0F, 0RF, RSHIFT, LSHIFT, RE2AL 

4.142-5 (7/4/76) 



MODULE FUNCTIONAL DESCRIPTIONS 

4.142.8.4 Subroutine Name: 0PT2D 

1. Entry Point: 0PT2D 

2. Purpose: Create 0PTP2 data block. 

3. Calling Sequence: CALL 0PT2D (IPR,PR) 

C0MM0N // 

C0MM0N / 0PTPW1 / 

C0MM0N /SYSTEM/ 

C0MM0N /NAMES/ 

where 

} See Section 4.142.9.3 

See Section 2.4.1.8 

See Section 2.5.1.8 

IPR= input integer - property section of core. 

PR = input real - the same array as IPR. 

4. Additional Subroutines: READ, FREAD, WRITE, E0F. 

4.142.9 Design Requirements 

4.142.9.1 Overlay Design 

The module in the future may have the following overlay. Nonnal NASTRAN utility sub­

routines are not shown. 

EJECT 
KUCK 

TMT0G0 
0PTPR2 

/0PTPW2/ 

faPT2A 0PT2B l)PT2C 0PT2D RE2AL 

/XX0PT2/ 
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4.142.9.2 Open Core Design (Conmen Block XX0PT2) 

See Section 4.120.9.2 for the contents of each array. 

PARM(l) 

IPRNT 

Y(l) 

Y(PTPTY) 

V(PTELY) 

Y(PTPRY) 

Y(PTPLY) 

4.142.9.3 Block Data Interface 

P0PT(6) - Data.from P0PT bulk data Card 

Internal print control parameter, integer 

ELT(NTYPES) - Element type pointers 

PT(2,NP0W+l) - Element type and element 
property starting locations (NP0W = 13) 

EL(NELW) - Element section of core where 
NELW is a multiple of 5. 

PR(NPRW) - Property section of core where 
NPRW is a multiple of 6. 

PL(NKLW) - Property change limits where 
NKLW is a multiple of 2. 

Value following description is default value. 

1. C0MM0N // PRINT,TSTART 1 C0UNT,NCARD, 1 SKP 1 ,YC0R,Bl ,NEL0P,NWDSE,NWDSP, 
0PTP1 ,0ES1,EST1,0PTP2,EST2,NELW,NPRW,NKLW,C0NV 

PRINT - Parameter, print {positive) or not to print (negative), integer. 

TSTART - Parameter, starting time of first iteration loop, integer. 

C0UNT - Parameter, iteration counter. Set negative on last iteration, integer. 

NCARD - Parameter, nuni>er of cards punched, integer. 

YC0R - Open core available relative to Y(l), integer. 

Bl - Location of a GIN0 buffer relative to PARM(l), integer. 

NEL0P - Nuni>er of element types that may be optimized, integer. 

NWDSE - Nurrber of words for each element entry, integer (5}. 

NWDSP - Nunt>er of words for each property entry, integer (6}. 

0PTPl - GIN0 file name of 0PTP1, integer. 

0ES1 - GIN0 file name of 0ES1, integer. 

ESTl - GIN0 file name of EST, integer. 

0PTP2 - GIN0 file name of 0PTP2, integer. 
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EST2 - GIN0 file name of ESTl, integer. 

NELW - Total number of words in element section of core, integer (0). 

NPRW - Total number of words in property section of core, integer (0). 

NKLW - Total number of words in property change limit section of core, 
integer (0). 

C0NV - Convergence parameter, real (0.0). 

2. C0MM0N / 0PTPW2 / ZC0R,Z(200) 

ZC0R - length of array z, integer (200). 

Z - fixed length array that each subroutine may use as scratch space. 

3. C0MM0N / XX0PT2 / PARM(6),IPRNT,Y(1) 

PARM - parameters from the P0PT bulk data card 

IPRNT - internal print flag 

Y - open core 

4.142.10 Diagnostic Messages 

Some messages are written on the output file immediately (numbers 2289, 2295 to 2297, 

2302 thru 2304). Others are queued (3001 thru 3003, 3008 and 3061). 
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4. 143 FUNCTIONAL MODULE DIAG0NAL (MATRIX DIAGONAL EXTRACTOR) 

4.143.1 Entry Point: DIAG0N 

4.143.2 Purpose: 

To remove the real part of the diagonal from a matrix, raise each term to a specified power, 

and output a column vector or square symnetric matrix. 

4.143.3 DMAP Calling Sequence 

0IAG0NAL A/BI C,Y,0PT I V,Y,P0WER $ 

4.143.4 Input Data Blocks 

A - can be any square or diagonal matrix. 

4.143.5 Output Data Blocks 

B - contains the real diagonal elements of A. It is either a column vector 
(rectangular) or square (syrrmetric) matrix, depending on the output option 
chosen. 

4.143.6 Parameters 

0PT - Input-bed, default= 1 C0LUMN 1
• Output option. 

= 1 C0LUMN 1 produces column vector output labeled as a general rectangular matrix. 
= 1 SQUARE 1 produces square output matrix labeled syrrmetric. 

P0WER - input-real-single precision, default• 1. Exponent to which the real part of 
each diagonal element is raised. 

4.143.7 Method 

The input matrix trailer is read and checked for validity. A purged input causes a return 

with no action. The power parameter is examined and special cases of O., 0.5, 1.0, and 2.0 are 

noted. The input data block is then read element by element and the real part of each diagonal 

term is processed. The processed values are written one at a time into either a column vector 

or as the diagonal of a square matrix; the choice depending on the input parameter. 

4.143.8 Subroutines 

None. 
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4.143.9 Design Requirements 

Open core is defined at /DIAGXX/ and must be sufficient to hold two GIN0 buffers. 

4.143.10 Diagnostic Messages 

The following diagnostic messages may occur: 3008, 3016, and 3300. 
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4. 144 FUNCTIONAL MODULE SCALAR (MATRIX ELEMENT EXTRACTOR) 

4.144.1 Entry Point: SCALAR 

4.144.2 Purpose 

To extract a specified element from a matrix for use as a parameter. 

4. 144.3 DMAP Calling Sequence 

SCALAR A// V,Y,NROW / V,Y,NC0L / V,Y,VALUE $ 

4.144.4 Input Data Blocks 

A - Any type of matrix 

4.144.5 Output Data Blocks 

None. 

4.144.6 Parameters 

NR0W - Input-integer-default= l. Row nunter of elements to be extracted from [A]. 

NC0L - Input-integer-defaul_t • 1. Column identification of element. 

VALUE - Output-complex-single precision, default• (0.,0.). Contents of element 
(NR0W, NC~L) in matrix [A]. 

4.144.7 Method 

The input row and column parameters are checked for validity and the input matrix trailer 

is read. If the input is purged, the module returns with a value of (0.,0.). The cases that can 

be satisfied without I/0 are checked next (e.g., request for off-diagonal term of a diagonal 

matrix). The data block is then opened and unwanted columns are skipped. The desired column is 

read element by element until the specified element is located. 

4.144.8 Subroutines 

None. 
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4. 144.9 Design Requirements 

Open core is defined at /SCALXX/ and must be sufficient to hold one GIN0 buffer. 

4.144.10 Diagnostic Messages 

The following diagnostic messages may occur: 3007 
(invalid row or column number): 3008. 
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4. 145 FUNCTIONAL MODULE CURV 

4. 145. 1 Entry Point: CURV 

4. 145.2 Purpose 

The CURV module transfonns the element stresses (or strains/curvatures) output by the SDR2 

module to a material coordinate system and, on option, interpolates the stresses (or strains/ 

curvatures) at the grid points to which the elements are connected. 

4. 145.3 DMAP Calling Sequence 

CURV l9JES1 / f 0ES1M l j 0ES1G l !STRESS/ 
l0ES lAf. MPT. CSTM, EST ,SIL ,GPL/ / 0ES 1AM I 'l 0ES lAG f /C. y' I STRAIN j /C, y ,NINTPTS $ 

4. 145.4 Input Data Blocks 

0ES1 - Output element stress requests. 

0ES1A - Output erement strain/curvature requests. 

MPT - Material Property Table. 

CSTM - Coordinate System Transfonnation Matrices. 

EST - Element Surrmary Table. 

SIL - Scalar Index List. 

GPL - Grid Point List. 

Note: If the 0ES1 (or 0ES1A) input data block is purged, the CURV module returns without 

performing any stress (or strain/curvature) computations. None of the other input data 

blocks may be purged. 

4.145.5 Output Data Blocks 

0ES1M - Output element stress requests (in material coordinate system). 

0ES1AM - Output element strain/curvature requests (in material coordinate system). 

0ES1G - Out~ut element stress requests (at grid points). 

0ES1AG - Output element strain/curvature requests (at grid points). 

!!2!!!= 
1. f)ES1M (or 0ES1AM) may not be purged. 

2. 0ES1G (or 0ES1AG) may be purged if there are no requests for element stresses (or 

. I ) t . d . ' t ( P j STRESS l O S b l ) strains curvatures a gr, po,n s arameter /STRAINj > • ee e ow. 
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4.145.6 Parameters 

lsrREssl 
!STRAIN\- In~ut-integer-default = -1. Processing flag. 

NINTPTS -

4. 145. 7 Method 

. l0ES1M I l0ES1G } 
< o - generate neither l0ESlAMI nor 10ES1AG · 

\0ES1M l \ 0ES1 G l 
o - generate both l0ESlAM ! and I 0ES1AG I 

> O - generate only !0ES1M l 
l0ES1AM \ ' 

Input - integer - default= 0. Number of interpolation points. 

! < o - use all independent points in the interpolation. 

l > O - Number of closest independent points to be used ,n the interpolation. 

The CURV module computes stresses or strains/curvatures according as 0ES1 or 0ES1A data 

block is input. Each subcase is processed independently of all other subcases, one at a time, 

until the 0ES1 (or 0ES1A) data block is exhausted. The processing occurs in three phases. 

Phase l is executed once, while Phases 2 and 3 are executed once for each subcase. Note, however, 

that Phase 3 processing occurs only if the 0ES1G (or 0ES1AG) data block is to be generated, that 

is, only if the processing flag parameter (STRESS or STRAIN) is O. The processing in the three 

phases is described below. A flow chart of the CURV module is shown in Figure 1. 

4. 145.7. 1 Phase 1 - Initialization and Data Collection 

1. The MPT data block is read and the material identification number (MID) and the material 

coordinate system identification number 0-1CSI0) for each MATl and MAT2 material are 

extracted. Entries having MCSID = 0 are ignored. A paired list of r1I0-?1CSID values 

1 s bui 1 t and sorted on the r11 Os. 

2. The SIL data block and the first record of the GPL data block are read into core if the 

0ES1G (or 0ES1AG) data block is to be fonned. 

3. The EST data block is read and element types of interest are examined. Elements refer­

encing materials having MCSID • 0 are ignored. Using the EST data and the SIL and GPL 

data read earlier, an abbreviated subset of the EST data block, called ESTX, is then 

built containing all elements of potential interest. Thii data is written onto SCRATCHl. 
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Elements not selected for output in Case Control for a particular subcase, while they 

will be placed on ESTX, will not be used for that subcase. A master list of element 

types that exist on ESTX is also built separately. 

The ESTX data block consists of one record for each element type. Within each record, 

there is a three-word header entry followed by a_ group of 14 (for TRIAi elements) or 18 

(for QUADi elements) words. This latter group is repeated for each element of the 

specified type. The format of the data on ESiX is as follows for each record (or 

element type): 

l~ord 

l 

2 
Header entry 

3 

4 

5 

6 

7 

Group of 14 (for TRIAi) 8 
or 18 (for QUADi) words 

9 repeats for each element 
of specified type 

10-12 

13-15 

16-18 

19-21 

.Symbol 

ELTYPE 

M 

NPTS 

EID 

MCSID 

Gl 

G2 

G3 

G4 / 
(for QUADi only) 

x, ,y, .z, 
x2,y2,Z2 

X3,Y3,Z3 

X4,Y4,Z4 
(for QUADi only) 

Item 

Element type code 

Coded word equal to 4*NPTS+2 
where NPTS is given by the next 
word 

3 for TRIAi elements, 
4 for QUADi elements 

Element ID 

Material coordinate system ID 

External grid IDs of connected 
points (see note below) 

Basic coordinates of connected 
grid points 

Note: Words 6 through 9 are filled with zeroes if the 0ES1G (or 0ES1AG) data block is 
not to be formed. 

4. A sorted list of MCSIDs that are actually referenced by the elements being considered 

is built. The MCSIDs in this list are paired with count flags (initially set to O) for 

use later when subcases are being handled. 
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5. The CSTM data block is examined and the coordinate system transfonnation matrices of those 

MCSIDs that are in the list above are read into core. 

6. The second word of the first record of the first input data block is examined to detennine 

if it is the 0ES1 or 0ES1A data block. Stress or strain/curvature computations are per­

fonned subsequently according as 0ES1 or 0ES1A dQta block is input. 

4.145.7.2 Phase 2 - Transfonnation to Material Coordinate System 

The following steps are repeated for each subcase. 

l. The 0ES1 (or 0ES1A) and ESTX data blocks {the latter data block is on SCRATCHl) are 

simultaneously read, element by element. For those entries that appear on both data 

blocks, the transformation matrix [U], designed to transfonn the stress (or strain/curva­

ture) values from the element coordinate system to the material coordinate system, is 

generated via subroutine TRANEM. 

2. The element stress (or strain/curvature) values are transfonned to the material coordinate 

system by the transfonnation {T}mat • [Ul{T}ele and the invariant quantities (see Equa­

tions 28, 29, 30 and 31 of Section 8.4.6) are recomputed. It should be noted here that 

the transformation matrix [U] is designed to transform "tensor" components such as stresses. 

If strai_ns are to be_ ~:.ansf~rme~~- _t~e thir~ co~~~nen_t must f_frst be multiplied by f. The 

"engineering" shear strain is later recovered by multiplying the last component by 2. 

3. The resultant stress (or strain/curvature) data are written onto 0ES1M (or 0ES1AM) for 

subsequent processing by the 0FP module. 

4. If the 0ES1G (or 0ES1AG) data block is to be formed, data required in Phase 3 are generated 

and written on scratch files. These consist of an ID record written on SCRATCH3 and a 

modified version of the ESTX data block, called ESTXX, written on SCRATCH2. The ESTXX 

data block consists of a single record for the entire subcase under consideration. Within 

this record, groups of data are written for each element in ESTX. The fonnat of the data 

for each element is as follows: 
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Symbol 

MCSID Material coordinate system ID 

2-7 

8-10 

11 

12 

13 

14 

15 

16-18 

19-21 

22-24 

VALUES 

VEC 

NPTS 

Gl 

G2 

G3 

G4 
(for QUADi only) 

x1,y1,z1 

x2,Y2,z2 

X3,Y3,Z3 

25-27 X4,Y4,Z4 
(for QUADi only) 

4.145.7.3 Phase 3 - Projection and Interpolation 

Stress (or strain/curvature) values 

Basic coordinates of element center 

3 for TRIAi elements, 
4 for QUADi elements 

External grid IDs of connected 
points 

Basic coordinates of connected 
grid points 

This phase is executed only if the 0ES1G (or 0ES1AG) data block is to be generated. It 

involves the following steps which are repeated for each subcase. 

1. The ID record is read from SCRATCH3 which is then rewound. 

2. The MCSIDs in the list created in Phase 1 are considered one by one. There is a pass 

on !l! of the remaining steps of this phase for each MCSID in this list. 

3. The ESTXX data created in Phase 2 are read from SCRATCH2, element by element. Only 

those elements whose MCSIDs match the MCSID of this pass are considered. 

4. The stress (or strain/curvature) data read from SCRATCH2 for the applicable elements 

are saved on SCRATCH3. 

5. Tables of coordinates of the·independent points (element centers) and the dependent 

points (connected grid points) of the applicable elements are built. The latter table 

is sorted on the external grid IDs of the connected points. 
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6. Using the CSTI'1 data created in Phase 1, the basic coordinates (rbasic) of the independen·t 

and dependent points are transfonned to the material coordinate system of this pass as 

follows: 

T 
{r}mat • [Tl {rbasic • vbasic} 

where [Tl is the transfonnation matrix and {v}basic is the translation offset vector 

obtained from the CSTM data. (See Sections 3.4.37 and 2.3.3.4 for details.) 

7. The coordinates in the material coordinate system computed above are converted to the 

mapping coordinates as described below. 

Let (x,y,z) be the coordinates in the material coordinate system and let (p1, Pz• p3) 

be the mapping coordinates. 

Then, for rectangular mapping coordinates, 

Pz • y, 

P3 • z. 

For cylindrical coordinate systems, 

P1 • r • .J'x2 + y2 ' 

Pz • e • tan· 1 ( f) , 
and 

as shown in the following sketch. z 

X 
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For spherical coordinate systems. let t = J;!. + i. Then. 

P1 = r = /x2 + i + z2 = /t2 + z2 

P2 = e = tan-l (f) 
and P3 = <p = tan-1 (~) 
as shown in the following sketch. 

z 

..-~------+---/---- y 

' I / 
1'' I // 

- - - -'~I/ 

8. The appropriate projection is selected based on the independent points. To do this, the 

mapping coordinate which has the smallest range of values needs to be determined. First, 

define a characteristic length, I• average r, for cylindrical and spherical coordinate 

systems. 

or 

Then, the desired projection is given by the coordinate which gives 

min {xmax - xmin' Ymax - Ymin' zmax - zmin} for rectangular coordinate systems. . 
min {rmax - rmin 1 Iemax - Iemi n' zmax - zmin} for cylindrical coordinate systems. 

min {rmax - rmin' Iemax - Iemi n • I,ma·x - I,mi n} for spherical coordinate systems. 

The resulting mapping surfaces (for regular mesh spacing) are illustrated in Figures 31 

4 and 5. 
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9. The independent variables for the interpolation are now selected by discarding the 

selected projection coordinates and scaling both the remaining two mapping coordinates 

to have the range -1 to +1. The dependent variables are then arbitrarily reduced and 

scaled by the same selection and scaling as was used for the independent variables. 

The net result of this step is two sets of pair lists, 

and 

i xi. Yi, = l to Ni 

Y i = Xi, i, 

(Ni = number of independent points) 

(Nd = number of dependent grid points), 

which will be used in the next step. 

10. }he interpolation matrix for the dependent points is computed by subroutine CURVIT via 

the utility routine SSPLIN. If the NINTPTS parameter is positive, its value is used to 

determine the number of closest independent points for each dependent point; only these 

points are used in the SSPLIN interpolation. If NINTPTS ~ 0, !ll independent points are 

used in the SSPLIN interpolation to obtain ali dependent points. In both cases, the 

point~ used are the ones shown on the mapping surface sketches in Figures 3, 4 and 5. 

11. The stress (or strain/curvature) values at the dependent grid points are computed using 

the interpolation matrix obtained above. The invariants associated with the stress 

(or strain/r.urvature) quantities are computed using Equations 28, 29, 30 and 31 of Section 

8.4.6. 

12. The resultant stress (or strain/curvature) data are written onto 0ES1G (or 0ES1AG) for 

subsequent processing by the 0FP module. This data is generated in external grid point 

sort. 

4.145.8 Subroutines 

Utility routines BISL0C, GIN0, G0PEN, GMHATS, 0PEN, PREL0C, PRETRS, S0RT, SSPLIN and WRTTRL 

are used. See Section 3 for the descriptions of these subroutines. A high level h'ierar·chy dia­

gram for the module is shown in Figure 6. 

4.145.8.1 Subroutine Name: CURVl 

1. Entry Point: CURVl 
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2. Purpose: To perform the preliminary operations for the module and to set up files and 

tables for CURV2 and CURV3 subroutines. 

3. Calling Sequence: CALL CURVl 

4.145.8.2 Subroutine Name: CURV2 

1. Entry Point: CURV2 

2. Purpose: To fonn the 0ES1M (or 0ES1AM) data block and to set up files and tables for 

CURV3 if 0ES1G (or 0ES1AG) is to be formed. 

3. Calling Sequence: CALL CURV2 

4.145.8.3 Subroutine Name: CURV3 

1. Entry Point: CURV3 

2. Purpose: To fonn the 0ES1G (or 0ES1AG) data block. 

3. Calling Sequence: CALL CURV3 

4.145.8.4 Subroutine Name: CURVIT 

1. Entry Point: CURVIT 

2. Purpose: To perform local interpolation. 

3. Calling Sequence: CALL CURVIT (INDEP, NI, DEP, ND, IFILE, Z, IZ, LZ, MCL0SE, T0LER, 

MCSID, XSCALE, YSCALE) 

INDEP - x, y coordinates of independent points (element centers) - real - input. 

NI - NU11Der of independent points - integer - input. 

DEP - x, y, coordinates of dependent grid points - real - input. 

ND - NuRDer of dependent grid points - integer - input. 

IFILE - GIN9 file nuRDer of scratch file - integer - input. 

Z - Pointer. to open core, length LZ - real. - input. 

IZ - Pointer to open core, length.LZ - integer - input. 

LZ - Length of open core - integer - input. 

MCL0SE - NuRDer of closest independent points to use - integer - input. 

T0LER - Tolerance for including independent points in the interpolation - real - input. 
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MCSID - Material coordinate system identification number - integer - input. 

XSCALE - Scale factor for x values - real - input. 

YSCALE - Scale factor for y values - real - input. 

4. 185.8.5 Subroutine Name: CURVPS 

1. Entry Point: CURVPS 

2. Purpose: To compute principal stresses (or strains/curvatures). 

3. Calling Sequence: CALL CURVPS (SIGS, PRIN) 

SIGS - Stresses (or strains/curvatures) - real - input. 

PRIN - Principal stresses (or strains/curvatures) - real - output. 

4.185.8.6 Subroutine Name: TRANEM 

1. Entry Point: TRANEM 

2. Purpose: To compute a transformation matrix [U] for the TRIAi and QUADi elements which 

converts the stress (or strain/curvature) vectors from the element coordinate system 

to a material coordinate system projected on the·surface of the element. 

GLUMal 
coordinates 

{
ax1 • [U] ay 

T element 
coordinates 

3. Calling Sequence: CALL TRANEM (MCSID, NG, R. IC0MP, U, RC) 

MCSID - Material coordinate system identification number - integer - input. 

NG - 3 for TRIAi and 4 for QUAD1 - integer - input. 

R - Basic coordinates of connection points, length• 3*NG - real - input. 

IC0MP - 1 if material x-axis is used, 2 if material y-axis is used - integer - output. 

U - Transformation matrix, row stored, length• 9 - real - output. 

RC - Basic coordinates of element center. length• 3 - real - output. 

Requirement: The calling routine must call PRETRS. 
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4. Method: 

a. Compute the element normal: 

~ ~ ~ 

TRIAi - n = v13 x v23 

= (v3 - v1) x (v3 - v2) 

QUADi - n = vl3 x V24 (definition) 

= (v3 - v1) x (v4 - v2) 

b. Compute the center of the element: 

c. Call TRANS to compute the unit vectors of the material coordinate system at the 

center of the element. 

d. Select the reference axis: 

·If the element normal is not normal to the material coordinate x-axis projection. 

use the x•axis and set IC0MP•l. Otherwise, use the material coordinate y-axis and 

set IC0MP•2. The criterion is arbitrarily chosen to be n·~ > 0.4 for use of the 

y-axis rather than the x-axis. 

e. Compute the sine and cosine of the angle 8 between the selected material coordinate 

system axis and the element coordinate system x-axis. 

f. Generate the transformation matrix U: 

u11 • cos 28 

u12 • sin 2 8 

u13 • -sin 0 cos 0 

u21 • sin 28 

u22 • cos 2 8 

u23 • sin 8 cos 8 

u31 • sin 28 

u32 = -sin 28 

u33 • cos 28 
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START 

Perfonn Phase 1 operations 
(Subroutine CURVl) 

Perform Phase 2 operations and 
generate 0ES1M (or 0ES1AM) 
data block (Subroutine CURV2) 

Yes 

Perform Phase 3 operations and 
generate 0ES1G (or 0ES1AG) 
data block (Subroutine CURV3) 

No 

STOP 

Figure 1. CURV module flow chart 
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~ Grid point locations (dependent points) 

[!] Element center locations (independent points) 

\._....Material coordinate system 

Figure 2. Element geometry 
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z 

X 

z 

X 

z 

X 

y 

Independent mapping 
surface points 

y 

Independent mappin~ 
surface points 

Independent mapping 
surface points 

Figure 3. Rectangular mapping surfaces (uniformly 
spaced meshes are shown for convenience) 
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r = constant 

e = constant 

z • constant 

X 

X 

X 

z 

Independent mapping 
surface points 

Independent mapping 
~~~~~ surface points 

..-=::::T-f'-~----~ y 

z 

Independent mapping 
surface points 

Figure 4. Cylindrical mapping surfaces (uniformly 
spaced meshes are shown for convenience) 
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z 

X z 

X 
z 

X 

Independent mapping 
surface points 

y 

Independent mapping 
surface points 

y 

Independent mapping 
surface points 

Figure 5. Spherical mapping surfaces (unifonnly 
spaced meshes are shown for convenience) 
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CURV 

CURV2 CURV3 

TRANEM CURVPS 

Fi~ure 6. Hierarchy diagram for the CURV module. 
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4.146 FUNCTIONAL MODULE GPFDR (GRID POINT FORCE DATA RECOVERY) 

4.146.l Entry Point: GPFDR 

4. 146.2 Purpose 

1. To prepare an element-strain-energy table for a·user-selected set of elements. These 

selected elements are listed by type with their strain energy, and per cent of total strain energy 

with respect to all elements. The strain energy computed is equal to 

The total energy is arrived at by surrming the element strain energies of all elements for which 

stiffness matrices exist. 

2. To prepare a grid-point-force-balance-table for a user-selected set of points. This 

table lists the forces acting at each selected point due to element constraints, single-point 

constraints, and applied loads. Also listed is the sum total of these forces which represents 

the balance in an opposite direction due to multipoint constraints, general elements, round-off 

errors, and other nonlisted sources. 

4.146.3 DMAP Calling Sequence 

GPFDR CASECC,UGV,KMAT,KDICT,ECT,EQEXIN,GPECT,PG,QG/~NRGYl ,DGPFBl/C,N,STATICS $ 

4.146.4 Input Data Blocks 

CASECC Case Control data table 

UGV Displacement vector matrix giving displacements in the g set 

KMAT Data table containing element stiffness matrices 

KDICT Data table·relating the element stiffness matrices in table KMAT to the problem being 
solved 

ECT Element Connection Table 

EQEXIN Table of equivalences between external and internal point ID's, and also external 
point ID's and scalar indices 

GPECT Table of grid points and their associated element connections 
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PG Static load vector matrix giving loads in the g set 

QG Single point constraint vector matrix giving single point constraints in the g set 

4.146.5 Output Data Blocks 

0NRGY1 Table of selected element energies for output by the 0FP module 

~GPFB1 Table of selected grid-point-force-balances for output by the 0FP module 

4.146.6 Parameters 

STATICS BCD parameter indicating a statics solution 

4. 146. 7 Method 

First, elements for strain energy output, and/or connecting grid points requested for grid­

point-force-balance outputs, have their element force vectors, and/or strain energies computed and 

stored via GIN0 write conments. The element forces computed are {Fe}• - [Ke]{ue}. The strain 

energy computed is 

The element strain energies are output by element types after the sum total of all element energies 

is at hand. 

Second, if requested, the grid-point-force-balance outputs are prepared in a series of three 

steps. The first step, after obtaining element forces for elements connected to grid points 

scheduled to ~e output in the balance sU11111Bry, involves the passing of the GPECT data block and 

collection of the appropriate element forces acting at those points to be output. 

The second step involves the selection of applied loads from PG and single-point constraint 

forces from QG for those points scheduled to be output. 

The final step involves the output of the element forces, applied loads, single-point constraint 

forces, and sum totals in external point ID order. Further discussion of the method is found in the 

subroutine description for subroutine GPFDR below. 
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4. 146.8 Subroutines 

4. 146.8.1 Subroutine Name: GPFDR 

1. Entry Point: GPFDR 

2. Purpose: Main driving routine and processor of the,GPFDR module. 

3. Calling Sequence: CALL GPFDR. 

4. Method: A check of the module parameter is made for acceptability. Six GIN0 buffers 

are allocated and a core sufficiency check is made. Subroutine DELSET is called to 

initialize data in common /GPTA1/ for any "dunmy elements" present. CASECC and UGV are 

opened and positioned to the first non-header record. The order of the problem size g 

is obtained from the trailer of UGV. Header records are written to the two output data 

blocks and their existence is noted. 

After the above initialization, a large lo~p is executed once for each subcase record 

found in data block CASECC. This loop consists of the following: 

a. Read a record of CASECC. 

b. Determine the type of requests for grid-point-force-balance and element strain energy. 

If requests are for a subset of points or elements, the set desired is found in the 

CASECC record table and pointers initialized. 

c. Depending on whether this is a REPCASE, symmetry sequence or normal subcase, a record 

position pointer is modified for UGV, PG and QG to indicate which vector, or which 

sequence of vectors to use. This positioning is necessary in the case of a REPCASE 

which uses the vector ~f the previous subcase or synmetry sequence which uses the 

previous N subcases of vectors. It is also noted that some subcases may have 

requests for grid-point-force-balance and/or element-strain-energies while others 

may not. 

d. The full vector or sequence of vectors is added to core for displacements. The 

logic to do this is also used as an internal subroutine callable later to obtain a 

PG vector or QG vector. 

e. Data blocks CASECC and UGV are closed at this point to free GIN0 buffers for use by 

other data blocks. 
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f. On the first subcase pass the second record of the EQEXIN data block is brought into 

core. It contains two-word entries giving, 

1 - external point ID 

2 - lO*SIL + INDEX 

where INDEX• 1 if 6 degrees of freedom 

• 2 if 1 degree of freedom. 

As these two-word entries are in sort on external ID, they are sorted on SIL's to 

insure that they are not only in sort on SIL's but by consequence are in sort by 

internal ID (i.e., the position of an entry gives its internal ID). For convenience 

later, the INDEX associated with each SIL is removed from same and attached to each 

external ID. 

g. Data blocks KMAT and KDICT are opened and the precision of the element stiffness 

matrices in KMAT is noted. All calculations of this module are in single precision, 

although KMAT may supply double-precision inputs. 

h. Data block ECT is opened and at this point a pass is made of KDICT. Stiffness data 

exists only for elements found listed in KDICT which may be a subset of those found 

in ECT. Each record of KDICT represents one element type. As elements are identi­

fied in KDICT by the so-called element-internal-ID or "ESTID" and the ESTID is based 

on each element found in ECT of all types, the ECT has to be read and carefully main­

tained in sync as the ESTID
5 

found in KDICT while numerically increasing need not be 

contiguous. 

i. As each new element type is read from KDICT, element type parameters are set and the 

corresponding element type is found in ECT. If element strain energies are requested 

for any elements at all, then all element force vectors must be computed regardless 

of whether grid-point-force-balance for any point is requested. But only those force 

vectors computed for grid points which are requested to have a force-balance-output 

will be saved by the GIN~ direct access method. In this case they are written ex­

panded to represent degrees of freedom 1 thru 6 to scratch data block 1. A corres­

ponding dictionary entry is prepared for each element having one or more of its grid 

point force vectors preserved in direct access on scratch data block 1. This entry 
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is of the following fonn: 

~ Description 

1 ESTID from KDICT 

2 External element ID from ECT 

~ } GIN0 - L0CS as 
: when writing a 

LPDICT 

returned by SAVP~s-subroutine 
six-word point force vector. 

LPDICT • 2 + number of grid points for the element type. Force vectors of only those 

element points in the output grid-point-balance are preserved and thus zeros may 

appear in the element-force-vector dictionary entries written to ~cratch data block 2.. 

Each element type for which an element grid-point-force vector is preserved results 

in a record being started on scratch data block 2 of the corresponding dictionaries, 

and this record is prefaced with a three-word entry, giving 

1, the element type number 

2, the value LPDIC 

3, the number of grid points. 

j. Element strain energies destined for output are written to scratch data block 3 as 

two-word entries, giving 

1. the element ID 

2, the strain energy. 

Each element type which has an entry written to scratch data block 3 results in the 

initializa~ion of a record containing a two-word entry, giving 

1, the element type name first 4H 

2, the element type name second 4H. 

k. After an end of file is encountered on KDICT, data blocks KMAT, KDICT, ECT, SCRATCHl, 

SCRATCH2, and SCRATCH3 are all closed. 

1. If element energies were computed, a running total has been computed and at this 

time an 0FP type pair of records is written to ONRGY1 for each element type having 

any strain energy output. 
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Record 1 is a 146-word 0FP identification type record (see data block descriptions 

for ONRGY1, Section 2.3.79.1). 

Record 2 contains 3-word data entries. To fonn these, the two-word element-ID and 

strain energy entries are read from SCRATCH3. Their per cent of total strain energy 

is computed, and a three-word entry is written to ONRGYl. 

m. For purposes of creating the grid-point-force~ba1ance sU11T11ary for points requested, 

the GPECT is passed to collect the force vectors associated with each point to be 

output. 

First, all dictionary information relating to the element-grid-point-force vectors 

is distributed into core. Two tables are formed in core. The first contains three 

words for each element type possible (many of which are not in any given problem). 

This table is set to zero. As each record found on SCRATCH2 is read, its three-word 

header entry is read, giving 

1. Element type 

2. Length of entries to follow 

3. Number of grid points. 

The entries are then blast-read into the second table at the next available position. 

The number of entries read is computed and for the element type indicated the three 

words in the first table are set to 

1. INDEX into open core to the data of the second table 

2. Total length of data 

3. Number of entries (number of elements) represented. 

n. At this point it should be noted that the purpose of the following and previous logic 

is to avoid completely what would be a potentially large sort were the element-point­

force vectors merely placed into a large pool for output. 

The GPECT permits a very nice method of collecting all element force contributions, 

however, the points in the GPECT are not necessarily in external point ID order and 

for purposes of outputting the grid point force balance in external order, and for 

the ease of merging in the applied-load and forces of single-point-constraint, it 

1s now necessary to build a grid-point-force-balance-output-map, hereafter referred 
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to as the GPFBOM (pronounced G-P-F-BOMB). This file of data is placed on SCRATCH2 

and contains one GIN0 direct access record for each grid point to be output. In 

these records then are repeating four-word entries. giving 

1. External element ID 

2. Element type name first 4H 

3. Element type name second 4H 

4. GIN0-1ocate code to the 6 x 1 force vector on SCRATCHl. 

For each record of the above four-word entries written to SCRATCH2. a corresponding 

three-word entry is sequentially written to SCRATCH3. giving 

1. the external grid point ID 

2. the GIN0-locate code to the SCRATCH2 record of four-word entries 

3. the number of entries in the record. 

Thus. the GPECT is passed. The SIL is converted to external point ID. it is checked 

for output request in the case control table, and set 11st if necessary. Then. the 

elements listed are collected by finding the pointer of their type to the force­

vector dictionary data, and by picking out the appropriate entry using BISRCH and 

the ESTIO. A four-word entry is fonned and added to the GPFBOM. 

o. When the GPECT has been completely passed, all open data blocks are closed. 

p. At this point applied loads and forces of single-point constraint of requested out­

put points are found and written to SCRATCH4. Only nonzero entries are written. 

These entries contain the entire ten words to eventually be output in the grid point 

force balance. 

1 - External point ID*lO + device code 

2 - 0 

3 - {4HAPP-} or 
4 - 4HLOAO 

5 - Tl 

6 - T2 

{
4HF-OF} 

4H-SPC 

Load or SPCF contribution 
7 - T3 

8 - Rl 
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} Load or SPCF contribution 

In the case of scalar points, only Tl is set. T2 thru R3 will be O. When all 

applied-load and force-of-single-point-constraint entries are on SCRATCH4, they are 

read back into core, sorted on external ID and written back to SCRATCH4 for later 

merge with the element force contributions. 

q. To reduce the number of sequential passes of the element-grid-point-force vectors 

on SCRATCHl, open core is used in its entirety except for the EQEXIN table and buffer 

area to collect in external sort, the grid-point-force-balance outputs. 

SCRATCH3 containing three-word entries pointing to the GPFBOM data is blast-read 

into core. Each three-word entry represents one grid point. Thus, first these three­

word entries are sorted on external ID. The amount of core available in the final 

assembly is divided by 12 to determine the number of line entries which may be held. 

This number is used to pass the three-word entries now in core and to partition these 

into groups. 

Once the three-word entries are partitioned in groups, the third word of each three­

word entry (now containing the number of four-word GPFBOM entries) is converted to 

an output entry order within the group. Once this has been performed each group of 

three-word entries can be sorted on their GIN,-locate codes (word 2 of each entry). 

Each group is then written back out to SCRATCH3. 

r. Core is allocated into two tables at this point, TABLE land TABLE 2. TABLE 1 

contains two-word entries, TABLE 2 contains ten-word entries. The number of entries 

in TABLE land TABLE 2 is the same and greater than or equal to the number of line 

entries represented by any group of GPFBOM output points to be processed at one time. 

s. SCRATCH3 is read again for each record and the following takes place. A three-word 

entry is read, the GPFBOM (SCRATCH2) is positioned using the GIN0-locate code, the 

four-word entries are read and their data placed in core at the appropriate place of 

TABLE 2 as dictated by word 3 of the SCRATCH3 entry. The GIN0-locate code of each . 
four-word entry is placed in TABLE l along with a pointer to the ten-word entry of 

TABLE 2. This then is accomplished for all three-word entries of one record on 

SCRATCH2. The GINJ-locate codes of each four-word GPFBOM entry were placed in TABLE 
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so that they may now be sorted on GIN0 locate code. This now results in only one 

pass of the force vectors on SCRATCHl being necessary for all the data being formed 

in core. This is now accomplished and the 6 x 1 vectors are added to the ten-word 

entries. 

t. The ten-word entries now complete and in external grid point order are output, and 

in the process entries from SCRATCH4 giving applied-load and forces-of-single-point 

constraint are merged in. These outputs are made to 0GPF1 along with a sum total 

entry at the conclusion of each point-ID. 

u. Return is made at this point to (r}. When no more groups remain, this subcase is 

complete and the next is started. 

4.146.9 Design Requirements 

GPFDR being essentially an output data block preparation module~ not affecting a problem's 

later calculations, attempts to produce only that which it is able to, and in the event of a user 

or system type error, to exit with warning and/or information-type messages in a normal manner. 

Open core must be able to hold the second record of EQEXIN, one case control record, one g­

size vector. 

Additional core, where all grid points wi11 be output in the grid-point-force balance, will 

not significantly improve running time. but will reduce I/0 in the ratio of increased core. 

4.146.10 Diagnostic Messages 

Diagnostic messages 2342 through 2354 may be issued by GPFDR. 
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4. 147 FUNCTIONAL MODULE SWITCH 

4. 147. 1 Entry Point: SWITCH 

4.147.2 Purpose 

To interchange two data block names. 

4.147.3 DMAP Calling Sequence 

SWITCH DB1,DB2 // PARAM $ 

4.147.4 Input Data Block 

DB1 
- Any NASTRAN data block 

DB2 

4.147.5 Output Data Block 

None 

4.147.6 Parameters 

PARAM - Input, integer, no default value. 

4.147.7 Method 

If the value of PARAM is not less than zero, a return is made, otherwise the module operates 

directly on the FIAT interchanging the data block names only. All characteristics other than the 

name remain with the data. 

4,147.8 Subroutine 

4.147.8.1 Subroutine Name: SWITCH 

1. Entry Point: SWITCH 

2. Purpose: To interchange two input data block names in the FIAT. 

3. Calling Sequence: CALL SWITCH 

4. Method: See Section 4.147.7. 
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4. 147.9 Design Requirements 

Module SWITCH requires the common blocks: 

/XFIAT/ 

/XFIST/ 

/XPFIST/ 

4.147.10 Error Messages 

SWITCH may generate system fatal message 1. 
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4. 148 FUNCTIONAL MODULE C0PY 

4. 148.l Entry Point: C0PY 

4.148.2 Purpose 

To generate a physical copy of a NASTRAN data block. 

4. 148.3 DMAP Calling Sequence 

C0PY DBl / DB2 / PARAM $ 

4.148.4 Input Data Blocks 

DBl - Any NASTRAN data block 

4.148.5 Output Data Blocks 

DB2 - Any NASTRAN data block 

4.148.6 Parameters 

PARAM - Input, integer, no default value 

4.148.7 Method 

If the value of PARAM is~ 0 a return is made with no action. If PARAM < 0, the input data 

block is read into open core one logical record at a time and then written into the output data 

block. Spill logic has been employed to allow functioning in small open core. This logic blast­

reads as many words as will fit in core, then dumps them to the output data block and resumes 

reading. The input data block trailer is read and copied for the output data block. 

4.148.8 Subroutine 

4.148.8.l Subroutine Name: C0PY 

1. Entry Point: C0PY 

2. Purpose: To generate a physical copy of a NASTRAN data block. 

3. Calling Sequence: CALL C0PY 

4. Method: See Section 4.148.7. 
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4. 148.9 Design Requirements 

1. Open core resides in /C0PYZZ/. 

2. Open core must be larger than two GIN0 buffers. 

4.148.10 Diagnostic Messages 

C0PY may produce system fatal messages l and 8. 
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4. 149 FUNCTIONAL MODULE FRLG (FREQUENCY RESPONSE LOAD GENERATION) 

4.149.1 EntryPoint: FRLG 

4. 149.2 Purpose 

To generate frequency dependent loads from RL0AD1 and RL0AD2 cards or via a transfonn equation 

from TL0AD1 and TL0AD2 cards. 

4. 149.3 DMAP Calling Sequence 

FRLG CASEXX,USETD,DLT,FRL,GMD,G0D,DIT,PHIDH/PPF1 ,PSF1,PDF1,F0L,PHF/V,N,F0RM=M0DAL/ 
V,N,FREQY/V,N,APP $ 

4. 149.4 Input Data Blocks 

CASEXX - Case Control Data Table - dynamics 

USETD - Displacement set difinition table - dynamics· 

DLT - Dynamic Loads Table 

FRL - Frequency Response List 

GMO - Multipoint constraint transfonnation matrix - dynamics 

G0D - Omitted coordinate transfonnation matrix - dynamics 

DIT - Direct Input Tables 

PHIDH - Transformation matrix from d-set to modal coordinates 

Notes: 1. CASEXX, USETO, DLT and FRL cannot be purged. 

2. GMO and G0D cannot be purged if multipoint constraints or omitted coordinates 

are used. 

3. PHIOH cannot be purged if F0RM=M0DAL. 

4. OIT cannot be purged if a load uses tables. 

4,149,5 Output Data Blocks 

PPF1 - Load vectors p set 

PSF1 - Load vectors s set 

POF1 - Load vectors d set 

PHF - Load vectors h set 

F0L - Frequency response output list 
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Notes: 1. PPF, PDF and PHF cannot be purged. 

2. PSF cannot be purged if single point constraints exist. 

4.149.6 Parameters 

F0RM - Input - BCD - no default. F0RM=M0DAL implies a modal solution is being requested. 

FREQY - Output - Integer - default= -1. If the problem is a transient problem, FREQY is 

set +1, otherwise it is set -1. 

· APP - Input - BCD - default= FREQ. Formulation for loading conditions. If APP• FREQ, 

RL0AD1 or RL0AD2 cards are used. If APP• TRAN. TL0AD1 or TL0AD2 loads are computed 

and transformed to the frequency domain. 

4.149. 7 · Method 

The method of assembly and reduction of the load vectors is described in Section 4.61.7.3 of 

the Programner•s Manual. 

4. 149.8 Subroutines 

Utility routines PRETAB, TAB, CALCV, SSG2B and SSG2A are used.· In addition, subroutines 

FRRDlA and FRRDlB are called. These are documented in Section 4.61 of the Programner's Manual. 

4. 149,9 Design Requirements 

Four scratch files are used. Open core is described in Section 4.61.9 of the Progra11111er's 

Manual. 

.~ .-- ~- .,,... .. .--·. 

4.149.2 (12/31/77) 

1...------------------------------



FUNCTIONAL MODULE LAMX (EDIT LAMA DATA BLOCK) 

4. 150 FUNCTIONAL MODULE LAMX (EDIT LAMA DATA BLOCK) 

4. 150.l Entry Point: LAMX 

4. 150.2 Purpose 

Edit or create a real eigenvalue table (LAMA). 

4. 150.3 DMAP Calling Sequence 

LAMX EDIT,LAMA/LAMB/C,Y,NLAM=O $ 

4. 150.4 Input Data Blocks 

EDIT - A matrix created with DMI 

LAMA - Real ei-genva l ue table 

Note: Both EDIT and LAMA may be purged. 

4. 150.5 Output Data Blocks 

LAMB - Created or edited real eigenvalue table. 

Note: LAMX may be purged only if EDIT and LAMA are purged. 

4. 150.6 Parameters 

NLAM - Input-Integer-No default. Maximum number of modes in the output data block. If 
NLAM = 0, number of records in LAMB is equal to records in LAMA. If NLAM < 0, LAMB will 
be a matrix. 

4. 150.7 Method 

Records of the LAMA data block are to be copied, edited or created on the output LAMB data 

block.· The editing infonnation is contained on the EDIT matrix. LAMA is described in Section 

2.3.87.1 of the Programmer's Manual. Record one is copied to the output data block (or created) 

while records 2 to the end are edited (or created). 

The EDIT matrix contains three rows for each mode. 11A11 is the first row, "B 11 is the second 

row and "C" is the third row. Note, "B" and 11C11 will be set to zero if insufficient rows are 

supplied. If A=B=C=0.0, then no change to the input mode is desired. 
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If LAMA exists, then the process is editing (or copying). If EDIT does not exist, the NLAM 

records will be copied to LAMB from LAMA. If EDIT exists then LAMA is edited. If C is negative 

the record is skipped. If C ~ 0 then: 

Word 5 - f =A+ (l.O+B)f
0 

Word 4 - w = 2~f 

Word 3 - A= w2 

where f
0 

is the old word 5 

Word l - New sequence number of record;changes only if modes are deleted. 

Word 6 - m = old value if C = 0 
= C if C > 0 

Word 7 - k = Am 

If LAMA is purged, then LAMB is created from EDIT: 

Word 1 - column number of EDIT - mode number 

Word 2 - Word 1 

Word 3 - (2~A) 2 

Word 4 - 2~A 

Word 5 - A 

Word 6 - C 

Word 7 - C(2~A) 2 

- extraction order 

- A 

- w 

- f 

- generalized mass 

- generalized stiffness 

If the parameter NLAM is equal to zero 1 then the number of eigenvalue records is 

found from: (1) the number of eigenvalues in LAMA minus the number deleted; or (2) the number of 

columns of.EDIT in LAMA is purged. If NLAM is positive. then the number will not exceed NLAM. 

lf NLAM is less than zero, a matrix will be built on LAMB. Columns will be built with 

eigenvalue, Omega, frequency, generalized mass and generalized stiffness until the generalized 

mass is zero. The number of rows should then match the number of eigenvectors requested. 

! 
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4. 150.8 Subroutines 

LAMX is the only subroutine. 

4. 150.8.1 Subroutine Name: LAMX 

1. Entry Point: LAMX 

2. Purpose: Edit or create a real eigenvector table. 

3. Calling Sequence: CALL LAMX 

4. 150.9 Design Requirements 

Open core is at LAMXXX. Up to three buffers may be used. No error messages are used. 
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4.151 FUNCTIONAL MODULE FRRD2 (Frequency Response - with Aeroelastic) 

4. 151. 1 Entry Point: FRRD2 

4. 151.2 Purpose 

To solve the matrix equation 

[-w2 [M] + iw[[B] - Q*B0V[Q1]] + ['[K] - Q[QRlJ] [U] = [P] 

at a given set of frequencies, wi and loads, P. 

4.151.3 DMAP Calling Sequence 

FRRD2 KHH, BHH, MHH, QHHL,PHF,F0L/UHVF/V,N,B0V/C,Y,Q/C,Y,MACH $ 

4.151.4 Input Data Blocks 

KHH - modal stiffness matrix - h-set 

BHH - modal damping matrix - h-set 

MHH - modal mass matrix - h-set 

QHHL - aerodynamic matrix list - h-set 

PHF - load vectors - h-set 

F0L - frequency response output list 

Note: PHF and F0L cannot be purged. 

4.151.5 Output Data Blocks 

UHVF - Displacement vector - h-set 

Note: UHVF cannot be purged. 

4.151.6 Parameters 

B0V - Input-Real-No default. 

Q - Input-Real-No default. 

MACH - Input-Real-No default. 

Reference frequency over velocity. 

Dynamic presence scale factor. 

Mach number 

Note: None.of the parameters are used if QHHL is purged. 
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4. 151.7 Method 

Before looping over all the frequencies, an interpolated matrix list [QHIL] is built by 

subroutine FRD2I. This matrix is used to build the [QR] and [Q 1J matrices inside the frequency 

loop. 

A loop is then made over each frequency. During this loop all the loads associated with 

this frequency are used. FRD2A is called to build [QR] and [QI], FRD2B is called to add the 

input h-matrix together (multiplied by their proper constants), FRD2C is called to perfonn the 

solve, and FRD2D is called to add the solution to a scratch file during the loop. The loop then 

repeats for each frequency input. If the number of frequencies is one or the number of loads is 

one, then the processing is complete. If this is not the case, then· FRD2E is called to build 

UHVF in load frequency order. 

If space pennits, the NASTRAN core file is used for MHH, BHH, KHH, QHIL and PHF. 

4.151.8 Subroutines 

Utility subroutines MINTRP, SADD, INC0RE, CFBS0R and CFACTR may be used. 

4.151.8.1 Subroutine Name: FRRD2 

l. Entry Point: FRRD2 

2. Purpose: Module driver for FRR02. 

3. Calling Sequence: CALL FRRD2 

4. Method: See discussion above. Open core is at /FRRD2X/ . 

4.151.8.2 Subroutine Name: FRD2A 

1. Entry Point:· FRD2A 

2. Purpose: Find the proper columns Df ~HIL and split into two real matrices. 

3. Calling Sequence: CALL FRD2A(NQHL,QHR,QNI,IN,NFREQ) 

NQHL - GIN0 file number for QHIL matrix 

QHR - GIN0 file number for real matrix output 

QHI - GIN0 file number for imaginary matrix output 

IH. - column six of output matrix 

NFREQ - frequency number wanted. 
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4. Method: NQHL is skipped up to the proper frequency and than a column is unpacked into 

core. This column is split into two IH x IH matrices with the real part on QHR and the 

imaginary part on QHI. Open core is at /FRD2AX/ . 

4.151.8.3 Subroutine Name: FRD2B 

l. Entry Point: FRD2B 

2. Purpose: Add five matrices 

3. Calling Sequence: CALL FRD2B(A,ALP,B,BET,C.GAM,D,DEL,E,EPS,0UT) 

A, B, c. D, and E are GIN0 file numbers for the matrix to add 

0UT is the GIN0 file number for the result 

ALP, BET, GAM, DEL and EPS are the constants to multiply the matrix by - Complex 

4. Method: /SADDX/ is set up and SACO is called. The result is always complex. Open 

core at /FRD2BX/ • 

4. 151.8.4 Subroutine Name: FRD2C 

1. Entry Point: FRD2C 

2. Purpose: Solve [A][X] • [B] 

3. Calling Sequence: CALL FRD2C(A,B,X,SCR1,SCR2,SCR3,SCR4,SCR5,NL0AD,NFREQ) 

A,B,X,SCRl,SCR2,SCR3,SCR4 and SCR5 are GIN0 file numbers 

NL0AD - number of loads 

NFR~Q - frequency number wanted 

4. Method: FRD2C has two methods of solving the problem. If enough core is available, an 

incore solve is used (subroutine INC0RE); if the problem is ·to big, then CFACTR and 

CFBS0R are used. Open core is at /FRD2CX/ . The B matrix is PHF so the proper columns 

of it must be found for the loads at the frequency wanted. 

4.151.8.5 Subroutine Name: FRD20 

1. Entry Point: FRD20 

2. Purpose: Build columns on to the end of an output matrix. 

3. Calling Sequence: CALL FRD2D(IN,0UT,IP) 

IN - input matrix GIN0 number 

0UT - output matrix GIN0 number 
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IP - call count - 0 = first add 

4. Method: CYCT2S is used to copy column from IN to end of 0UT. Open core at /FRD2DX/ 

4.151.8.6 Subroutine Name: FRD2E 

1. Entry Point: FRD2E 

2. Purpose: Reorder displacements 

3. Calling Sequence: CALL FRD2E(IN,0UT,NL0AD,NFREQ) 

IN - GIN0 file number of displacement sorted by Frequency/Load 

0UT - GIN0 file number cf displacement sorted by Load/Frequency 

NL0AD - number of loads 

NFREQ - number of frequencies solved. 

4.151.8.7 Subroutine Name: FRD2I 

1. Entry Point: FRD2I 

2. Purpose: Build an aero interpolated matrix load or frequency 

3. Calling Sequence: CALL FRD2I(FL,NFREQ,NC0RE,QHHL,QHIL,SCR1,SCR2,SCR3,NR0W) 

QHHL,QHIL,SCR1,SCR2,SCR3 are GIN0 file numbers 

FL - list of frequencies 

NFREQ - number of frequencies in FL 

NC0RE - length of open core starting at FL(l) 

NR0W - h size - output 

4. Method: Subroutine MINTRP is used to make the interpolated matrix. The frequencies are 

changed to reduced frequencies by multiplying each frequency by 2nB0V. These are used 

as the independent list for MINTRP. The independent list is made from QHHL by picking 

columns which are closest to MACH. The imaginary parts of these columns are divided 

by the independent reduced frequency (from QHHL header). The linear spline option of 

MINTRP 1s then used to build QHIL. 

4.151.9 Design Requirements 

Up to 9 scratch files may be used. Each subroutine has its own open core. C0MM0N/FRR0ST/ 

is used to ·keep up to 150 frequencies for use during the loop. 
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4. 151 .10 Diagnostic Messages 

FRRD2 may issue 3002, 3003, 3008 and 2271. 

4.151-5 (12/31/77} 



FUNCTIONAL MODULE ADR (Aerodynamic Data Recovery) 

4. 152 FUNCTIONAL MODULE ADR (Aerodynamic Data Recovery) 

4.152.l Entry Point: ADR 

4. 152.2 Purpose 

ADR builds a matrix of aerodynamic forces per frequency for each aerodynamic point. The data 

is output for a user selected set. 

4. 152.3 DMAP Calling Sequence 

Flutter -

ADR CPHIH1,CASEZZ,QKHL,CLAMAL1,SPLINE,SILA,USETA/PKF/V,N,B0V/C,Y,MACH/C,N,FLUTTER $ 

Dynamics -

ADR UHVT1,CASECC,QKHL,T0Ll,SPLINE,SILA,USETA/PKF/V,N,B~V/C,Y,MACH/V,N,APP $ 

4. 152.4 Input Data Blocks 

CPHIHl, UHVTl - Complex modal displacements matrix - h-set 

CASEZZ, CASECC- Case Control Data Table 

QKHL - Matrix which is a list of matrices for various Mach-reduced reference pairs 

CLAMALl - Eigenvalue table in 0FP fonnat 
-

T0Ll - List of frequencies 

SPLINE - Locate table with k-point triplets 

SILA - Scalar Index List with aero points 

USETA - Table of set mask for 0.0.F. 

Note: None of the data blocks may be purged if an AER0F request exists. 

4.152.5 Output Data Blocks 

PKF - Matrix of forces k-set per frequency 

Note: PKF cannot be purged. 
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4. 152.6 Parameters 

B0V - Conversion factor from circular frequency to reduced frequency (k) - real - input -
no default. 

MACH - Mach number to select QKHL matrix - real - input - default= 0.0. 

APP - Solution - BCD - input - no default. 

4.152-la (12/31/77) 



FUNCTIONAL MODULE ADR (AERODYNAMIC DATA RECOVERY) 

THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY. 

4.152-lb (12/31/77) 



MODULE FUNCTIONAL DESCRIPTIONS 

4. 152.7 Method 

Subroutine AOR checks for the existence of an AER0F requests; if one does not exist, ADR 

returns. If a request exists, AOR checks to see if eigenvalues or frequencies were input. If 

frequencies were input, they are read into memory from Table T0Ll. If eigenvalues were input, the 

frequencies are found from the eigenvalue table CLAMALl and put in memory and subroutine ADRI is then 

called to build an interpolated matrix based on these frequencies. 

Subroutine ADRI converts the frequencies to k's by multiplying by B0V*2~. which makes the 

dependent list to send to MINTRP. The independent list for MINTRP is built from the header record 

of QKHL, using the k's and the matrix associated with the Mach number closest to MACH. The 

imaginary parts of QKHL are divided by the independent frequencies and the resulting matrix and 

frequency lists are sent to MINTRP. MINTRP builds a set of interpolated matrices on SCRl and ADRI 

returns. 

ADR now builds each column PKF by multiplying each modal displacement vector by its approximate 

interpolated matrix (imaginary terms multiplied back by frequency). ADR then calls ADRPRT to print 

the output for the requested set. 

ADRPRT has the frequency list in core, and adds the SPLINE triplets (external ID, SILGA points, 

row position in PKF). The SILGA pointers are converted to SILA ponters and the SILA associated 

with aero points is read into core. Then the USETA mask for aero points is read into core, and a 

consistent set of pointers between them is set up. CASECC and PKF are open, then ADRPRT loops over 

CASECC records (Loads), over frequencies, and over the points in the requested set. 

A CASECC record is read into memory and the set requested found, then a column of PKF is unpacked 

into memory. Tnen, for each point requested, its SILA is found. Its SILA points to the USETA 

and the six ~.O.F. associated with it sre searched to see which components belong to the k-set. 

Ask-set components are found, the PKF row position is found and the point is output with the 

forces under their proper component. 

4.152.8 Subroutines 

4.152.8. 1 Subroutine Name: ADR 

1. Entry Point: ADR 

2. Purpose: Module driver for ADR module. 

-· 
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3. Calling Sequence: CALL ADR 

4. Method: See method description above. 

4. 152.8.2 Subroutine Name: ACRI 

1. Entry Point: ACRI 

2. Purpose: Build interpolated matrix for ADR 

3. Calling Sequence: CALL ADRl(FL,NFREQ,NC0RE,QKHL,0UT,SCR2,SCR3,SCR4,NR0W,NC0L,N0G0) 

FL - independent frequency list - real - input 

NFREQ - number of frequencies - integer - input 

NC0RE - total core available in AORX - integer - input 

QKHL - GIN0 file of input 

0UT - GIN0 file for output matrix 

SCR2-4- three GIN0 scratch files 

NR0W - rows of resulting interpolated submatrix - integer - output 

NC0L - columns of resulting interpolated submatrix - integer - output 

N0G0 - set nonzero if ADRI fails - integer - output 

4. Method: See method description above. 

4. 152.8.3 Subroutine Name: ADRPRT 

1. Entry Point: ADRPRT 

2. Purpose: Print aero force output request 

3. Calling Sequence: CALL ADRPRT(CASECC,PKF,SPLINE,SILA,USETA,FL,NFREQ,NC0RE,NL0AD) 

CASECC,PKF,SPLINE,SILA,USETA are GIN0 file names of input files - integers - input 

FL - frequency list - real - input 

NFREQ - number.of frequencies - integer - input 

NC0RE - total core in conmon ADRX 

NL0AD - number of loads (records on CASECC) 

4. Method: See method descriptions above. 
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4. 152.9 Design Requirements 

4. 152.9. 1 Allocation of Open Core 

ColTlllon /ADRX/ is used by all three subroutines with the frequency list being kept on top. 

ADR 

Freq. List 

Co 1 umn of QKH interpolated 

Column of Displacements 

Column of PKF 

FREE 

Buffer 

Buffer 

Buffer 

4.152.9.2 Error Messages 

ADRI 

Freq. List *2 

Ind. Freq. List *2 

MINTRP 

SPACE 

ADRPRT 

Freq. List 

SPLINE triplets 

SILA 

USETA 

CASECC 

Column of PKF 

FREE 

Buffer 

Buffer 

3003, 3007, 3008 and 2271 are messagescausing ADR to stop processing, but are not NASTRAN 

fatal errors. If B0V • 0.0 for flutter analysis, ADR will stop processing. 
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4. 153 FUNCTIONAL MODULE GUST (Compute Aerodynamic Loads due to Gusts) 

4.153. 1 Entry Point: GUST 

4.153.2 Purpose 

The purpose of this module is to compute loads for aerodynamic analysis, which are associated 

with aerodynamic flow. Often the shape (time dependence) of the gust is unknown, except for certain 

statistical information, e.g., power spectral density and RMS value. In these cases the GUST module 

must create frequency dependent loads. Sometimes the gust shape is specified as a function of 

time, which will be analyzed by Fourier transform techniques. Then the-frequency dependent loads 

are calculated by Fourier transform. 

The value of the load is calculated from the downwash distribution. The calculation involves 

the aerodynamic formulation. For all methods (except strip theory) the downwash is a part of the 

aerodynamic theory used in the AMG-AMP modules. The downwash is associated with the j-set, which 

corresponds to the rj~matrix. The loads are computed from the downwash using aerodynamic matrices. 

The downwash to be provided comes from a simple model of the atmosphere. The velocity is 

vertical (in the z-direction of the aerodynamic coordinate system). and appears (to an observer) 

in the airplane coordinates to sweep back toward the +x direction. This implies that the downwash 

vector has two properties: 

a. It is proportional to the cosine of the dihedral angle for any panel. 

b. There is a time delay of amount !L!:!, for the arrival at any point. (Xis a streamwise 
coordinate.) 

We must allow for the possibility of multiple loading conditions. In the case control deck, 

these will be specified in separate subcases. The GUST module must (as the load generator FRLG) 

process adjacent subcases with the same OMIG, constraint, etc., selections. (Note that the aero­

elastic dynamic rigid format has no looping.) 

The gust loads may appear in conjunction with other loads. One function of the GUST module is 

to add the loads where appropriate. 
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4. 153.3 DMAP Calling Sequence 

GUST CASECC,DLT,FRL,DIT,QHJL,,,ACPT,CSTMA,PHFl/PHF/V,N,N0GUST/V,N,B0V/C,Y,MACH/C,Y,Q $ 

4. 153.4 Input Data Blocks 

CASECC - Case Control Data Table 

DLT - Dynamic Loads Table 

FRL - Frequency Response List 

DIT - Direct Input Tables (and GUST cards) 

QHJL - Aerodynamic Interpolation Matrix 

ACPT - Information pertaining to each independent group of aerodynamic elements 

CSTMA - Coordinate System Transformation Matrices - Aerodynamics 

PHFl - Loads on the modal degrees of freedom due to non-gust effects 

Notes: (1) If DIT is purged, GUST will return (setting N0GUST • -1) 

(2) CSTMA may be purged. 

4.153.5 Output Data Blocks 

PHF - Total loads on modal degrees of freedom 

4.153.6 Parameters 

N0GUST - Integer, output, no default. If no gust loads exist, N0GUST•-1, otherwise N0GUST•l. 

B0V - Real, input, default• 0.0 

MACH - Real, input, default• 0.0 

Q - Real, input, default• 0.0 

4.153.7 Method 

The task is divided into two basic steps: 

(a) Compute (using code related to the theory) the downwash-lag matrix. Combine this with 

the results of AMP to prepare the loads due to a delta function. 

(b) Compute the frequency dependent loads (from RL0AD or TL0AD data) for each subcase. Mul­

tiply each column of step (a) by the frequency dependent load. Add to the input PHFl 

and write on the output. 
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The formal algebra is as follows: 

1. Compute a load function matrix PP(w) for the RL0AD/TL0AD cards selected on the GUST cards. 

Prepare a list of WG, XO, and V for each subcase. This is done by GUSTl, which rewrites 

CASECC and calls FRODlA to obtain PP(w) and F0L (a list of frequencies (w = 2~f)). 

2. Compute the downwash matrix 

( 1 ) 

This is computed by GUST2. There is one row for each aerodynamic element j, and one 

column for each frequency wi. 

3. QHJL is interpolated to thew; 's of the F0L, using the reduced frequencies k; = 80V w;. 

In the case of multiple Mach values, only the ones nearest MACH are selected. The result 

Qjh(w) is stored with all of the elements of the matrix for a given wi packed into a 

single column. The number of rows is j x h. This is accomplished via a call to AORI, 

which in turn calls MINTRP for the interpolation. 

4. PDEL(w) is computed as 

(2) 

Note that the interpolated Qjh(w) must have its imaginary parts multiplied by ki. 

[PHF2(w)] • [PDEL(w)]*Q*WG*[PP(w)], (3) 

where WG is a function of subcase. This is computed by GUST3. Finally, 

[PHF] • [PHF2] + [PHFl] (4) 

via a call to SSG2C. 
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4. 153.8 Subroutines 

Utility subroutines ZER0C, MINTRP, SSG2C, ADD, MPYAD, DMPFIL, PREL0C/L0CATE and GMMATC are 

called by GUST. In addition GUST calls FRRDlA and ADRI. 

4. 153.8. 1 Subroutine Name: GUSTl 

1. Entry Point: GUSTl 

2. Purpose: To compute F0L, GUSTL and PPW 

3. Calling Sequence: CALL GUSTl(CASECC,DIT,DLT,FRL,PPW,F0L,GUSTL,NFREQ,NL0AD,X0,V,N0GUST, 
CASNEW) 

CASECC, OIT, DLT, FRL, PPW, F0L, GUSTL and CASNEW are the GIN0 file number of their 
respective data blocks 

NFREQ - number of frequencies - output 

NL0AD - number of NL0ADs {subcases in CASECC) - output 

X0, V - taken from the GUST cards 

N0GUST - set to -1 if no GUST loads are selected 

4. Method: GUSTl puts all GUST cards in memory (5 words per card). It then rewrites CASECC 

onto CASENEW replacing the DL0AD ID with the load selected on the selected GUST card. 

GUSTL is generated in order with CASECC with an image of the selected GUST card {SID, 

DL0AD IO,WG, X0, V). If no GUST card is selected, WG is set to 0. GUSTl then calls 

FRROlA to generate PPW and F0L. 

4. 153.8.2 Subroutine Name: GUST2 

1. Entry Point: GUST2 

2. Purpose: Compute the downwash matrix WJ(w) for GUST 

3. Calling Sequence: CALL GUST2(F0L,WJ,ACPT,X0,V,CSTMA,QHJL) 

FSL - GINS number for Frequency List Table 

WJ - GIN0 number for output matrix 

ACPT - GIN0 number for ACPT table 

X0 - Reference point from GUST card 

V - Velocity of airplane from GUST card 

CSTMA - GIN0 number for CSTMA table 

QHJL - GIN0 number for QHJL matrix list 
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4. Method: The input frequencies from F0L are read into m~mory and multiplied by 2~ to qet 

omega's (w). Two areas of core (Length J) are then set aside to hold AM (Scalar multi­

plier) and XM (J-point locations). These areas are filled in by reading the ACPT table 

and branching on the method of the records. AM is defined as follows: 

{

CG (from ACPT for all panels) 
AM= 1 for all Z slender elements 

0 for all other elements 

XM is defined as follows: 

\ XIC+.S*DELX for Doublet Lattice without body panels (From ACPT) 
XM _ X from ACPT for Doublet Lattice with bodies 

-) .5*(XIS1+XIS2) for Z slender elements 
~o for all else 

The matrix to build is defined as: 
-i(wn(XM-X0))/V 

WJ = AM*e mn 

m = J points - Rows 

n = omega's - columns 

The following defines a complex matrix: 

Real part• cos(wn(XM-X0)/V))*AM 

Imag part= -sin(wn(XM-X0)/V))*AM 

The matrix is built with two 0~ loops: the outer D0 loop over n (omega) and the inner 

00 loop over m (J points). ZBLPKI is called as each term is built. 

4.153.8.3 Subroutine Name: GUST3 

1. Entry Point: GUST3 

2. Purpose: To compute PHF2 

3. Calling Sequence: CALL GUST3(QHJK,WJ,PPW,GUSTL,PDEL,PHF2,Q,NFREQ,NL0AD,NR0WJ,NC0LW) 

QHJK, WJ, PPW, GUSTL, PDEL, and PHF2 are the GIN0 file numbers of their respective data 
blocks. 

Q - real - input supplied by user. 

NFREQ, NL0AD are as output from GUSTl. 

NR0WJ, NC0LW are as output from ADRI. 
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4. Method: A column of QHJK is unpacked into memory. The imaginary part is divided by Ki. 

A column of WJ is unpacked into memory. GMMATC is called to multiply [Qhj(w)][Wj(w)] to 

form a column of PDEL which is packed out. For each load WG is extracted from GUSTL. 

PDEL is rewound. For each frequency a column of PDEL is unpacked. A term (column) from 

PPW is unpacked. Each term of PDEL is multiplied by Q*WG*PP(w) and the result is packed 

onto PHF2. 

4.153.9 Design Requirements 

GUST uses seven scratch files as follows: 

GUSTl generates PP(w) on SCRl, generates F0L on SCR2, images of the GUST code on SCR4, a new 

CASECC on SCR3 (for use by FRRD1A) 

GUST2 reads SCR2 and writes WJ on SCR3 

ADRI writes QJH(w) and SCR2 and uses SCRS, SCR6 and SCR7 as scratch files 

GUST3 reads SCR2, SCR3, SCRl and SCR4 and writes PDEL on SCRS and PHIF2 on SCR6 

Open core for GUST is GUSTX 

Open core for GUSTl is FRRDlA 

Open core for GUST2 is GUST2X 

Open core for GUST3 is GUSTX 

4. 153.10 Diagnostic Messages 

GUST may issue 3001, 3002, 3003, 3007, 3008. 
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4. 154 FUNCTIONAL MODULE IFT (INVERSE F0URIER TRANSF0RM) 

4. 154.1 Entry Point: IFT 

4. 154.2 Purpose: 

The purpose of this module is to obtain solutions versus time for aeroelastic problems, for 

which the aerodynamic forces are only known as functions of frequency. 

The definition of the inverse transform is 

(l) 

where u(w) is considered to be a known input (frequency response), and u(t) is the output (time 

response). Several approximations will be used for evaluation of Equation l. Special code is to 

be used for equal t.w's, which can result in savings of computation times. Special code will be 

introduced to provide for a cubic spline fit for u(w) between the data points. 

4. 154.3 DMAP Calling Sequence 

IFT UHVF,CASECC,TRL,F0L/UHVT,T0L/C,Y,IFTM 

4. 154.4 Input Data Blocks 

UHVF--Complex displacements - h - set 

CASECC--Case Control 

TRL--Transient Response List 

F0L--Frequency Output List 

No inout data block may be purged. 

4. 154.5 Output Data Blocks 

UHVT--Real displacements - h - set 

(Note that velocity and acceleration are zero) 

T0L--Time Output List 

No output data block may be purged. 

4. 154.6 Parameters 

IFTM--Integer, input, default•l 
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Method of integration: 

O=rectangular 

l=trapezoidal 

2=spline 

4,154.7 Method 

4,154.7.l General Approach 

MODULE FUNCTIONAL DESCRIPTIONS 

The integral (1) will be expressed as a finite sum. The input data block UHVF has one row 

for each mode, and a column (complex) for each frequency. The output UHVT will have the same 

number of rows, but with one column for each time step. Frequencies and times have been sel­

ected via standard FREQi and TSTEP Bulk Data cards. Each row of the input matrix is transformed 

into a row of the output. A single precision version will be written. The basic method is to 

put the entire UHVF data block in core and to create one column of UHVT at a time. 

The basic sum is given by 

~'FREQ 
( 1 ~ _ iw t 

ui t•) • i' 4-J Re[{C •u. Cw )•D •u" (11.1 )}e n mJ 
n• 1 mn l n am i n 

where, 

m • 1,2, ••• ,NTIME 

""n • 2~ fn (f • frequency) 

ui(wn) • The complex quantity in the 1th row and nth column of UHVF. 

u1(wn) • The second derivative, found by the method of splines. 

ui(tm) • The real quantity output on UHVT. 

Re• 11 Real part of." Note for efficiency. 

ReCu • ReC•Reu-ImC·Imu 
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(w -w 
1

) 3 (w w ) 3 

n n- { ) n•l- n G(•it (w 1·1.11 )) 0mn • • 24 G -itm(wn-wn-1) • 24 m n• n 
(4) 

The functions E2 and G will be discussed later. 

For the first w, only the second tenn of C and Dis used; and, for the last w, only the first 

tennis used. 

4.154.7.2 Values for C and D 

If the frequency data has equal flw's, l(wn-wn-l)-(w2-w1_)1<1o·'cw2-w1), 

then the special equal frequency intervals methods are to be used. Otherwise, the general case 

will be assumed. In the sum, the following assumptions can be made. 

Parameter 
IFTM 

0 

2 

Eoual Aw. flt 
E2 = 1 (for first 

w if w=O, 
1 

E2• !) · 

Dmn • 0 

Cmn • function of m, 
and special for 
first, last w. 

Dmn • 0 

Cmn• Dmn are functions 
of m only. Special 
for first and last w. 

General 
E2 • 1 (i first, last) 

0mn • 0 

Dmn .. 0 

Cmn -- See Eq. 3 

See Equations 3 and 4. 

For the equal 6/JJ case, we will force wn~ to be an integer multiple of {2w/N). Define in­

teger N • 2w/(6JJJ•flt), rounded up. Then replace the user's flt by flt• 2w/N6JJJ. 

In the equal 6/JJ case, wn~ is given by 

A table fork• O,(N-1) will be made of 

Ck• cos (2wk/N) 

sk • sin (2wk/N) 
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Then, 
iw t 

e nm= Ck+ iSk (7) 

where, 
k • Mod(1111) (8) 

N 

The table can be created with recurrance, such as in module CYCTl. For unequal !lw, then 

where the C0S and SIN subroutines will be called. 

The functions E2 and G will have special fonnulas depending upon the size of their argu-

ment. 

E (ie). (l-cos6) +;(e-sine) 
2 t 92 t 92 

(l O) 

( 6
2 

91t ) • ce 6
1 

8
5 

) 
• 1 - "T-4 + 3·4·S·6 - + .. • +, 3 - m + 3·4 .... , - + .. • ( 11 ) 

(12) 

~ - 1 +cose f -e + sine 
E4 (i8) • +i----

91t 91t 
( 13) 

'24 N 

• (, - s6-~ + s.s8.;.a - +) +; (~ - ~+ s.~~.9) ( 14) 

8
0 

• 0.1. The alternating series is continued until the last term computed is less 

than 10-,. 

When IFTM • 2, then a spline fit must be made to solve for D". This will be done by a back­

ward and forward pass over the frequencies w. The same method is used for equal or unequal t:,J.,J. 

On the initializing backward pass, compute real An (n•NFREQ-1, ••• ,2). 

~FREQ• O. 
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(wn-wn-1) 
An =-2-(w_n_+-,--w-n--l~)~--(w~n~+-1--w-n-)~An_+_l ( 15) 

For each row, do a backward and forward pass. The Bn and u" (wn) can be stored in the same 

locations. The backward pass: 

8NFREQ = O. 

n = (NFREQ-1), ... ,3,2. 
(real and imag.) 

The forward pass: 

ii" (w1 ) • 

0 

Then continue for n • 2, ••• NFREQ. 

a" (w) • A (B -a11 
) n n n n-1 

4. 154 8 Subroutines 

4. 154.8. l Subroutine Name: IFTE2 

1. Entry Point: IFTE2. 

2. Purpose: To compute E2(ie) as given in equations 10 and 11. 

3. Calling sequence: CALL IFTE2(THA,RP,CP). 

THA--Real,input,value of Theta (e) 

RP --Real,output,real part of E2 
CP --Real,output,imaginary part of E2 

4. Method 

e • 1.E-9 
0 

The series is expanded to a maximum of 50 tenns. 

4,154 .8.2 Subroutine Name: IFTE4 
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1. Entry Point: IFTE4. 

2. Purpose: To compute E4 according to equations 13 and 14. 

3. Calling Sequence: 

CALL IFTE4(THA,RP,CP) 

THA--Real ,input,value of Theta (e) 

RP --Real ,output.real part of E4 

CP --Real ,output.imaginary part of E4 
4. Method 

9
0 

• 1.E-9 

The series is expanded to a maximum of 50 terms 

4.154.8.3 Subroutine Name: IFTG 

1. Entry Point: IFTG 

2. Purpose: To compute G (19) according to equation 12. 

3. Calling Sequence: 

CALL IFTG(THA,RP,CP) 

THA--Rea1,1nput,value of Theta (e) 

RP --Real ,output,real part of G 

CP --Real ,output,imaginary part of G 

4. Method 

IFTG calls IFTE2 and IFTE4. 

4.154.8.4 Subroutine Name: ZER0C 

1. Entry Point: ZERf)C 

2. Purpose:_ To Zero one area of core. 

3. Calling Sequence: 

CALL ZERf)C(Z,LZ) 

z--Array to be zeroed 

LZ--Length of array to be zeroed. 

4.154.9.9 Design Requirements 

IFT uses no scratch files 

Open core 1s defined at /IFTX/ 
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Open core is used as follows: 

/IFTX/ 

F0L l NFREQ 

TSTEP l NGR(IJUP•3 

-

IFREQ 

ITSTP 

IUHVF 

l UHVF NM0DES•MFREQ•2 

CK l NBIG 

SK l NBIG 

UD0T l NMIIJDES•NFREQ•2 

UHVT l NMIIJDES 

ICK 

ISK 

IUDIIJT 

IUVT 

IFT uses two GIN0 buffers. UD0T is only allocated if IFTM • 2. 

4.154.10 Diagnostic Messages 

IFT may issue 3001, 3002, 3008. 
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4. 155 MATRIX MODULE SOCMPS (MATRIX DECOMPOSITION - SYMMETRIC l4ITH CONTROLS AND DIAGNOSTICS) 

4. 155.1 Entry Point: ODCMPS 

4. 155.2 Purpose 

To decompose a synmetric real matrix [A] into lower [L] and upper [U] triangular factors. 

Badly conditioned matrix columns encountered during the process are identified with external 

identification numbers. Various user exit controls for error conditions are available. 

4. 155.3 DMAP Calling Sequence 

SDCMPS USET,GPL,SIL,A / L,U / V,Y,OIAGCK / V,Y,DIAGET / V,Y,PDEFCK / V,N,SING / V,Y,SET / 

V,Y,CH0LSKY / V,N,DET / V,N,P0WER $ 

4. 155.4 Input Data Blocks 

USET - Displacement Set Definition Table 

GPL - Grid Point List 

SIL - Scalar Index List 

A - A synmetric real matrix (may not be purged) 

Note: Error conditions are identified only by column number if USET, GPL, or SIL are purged. 

4. 155.5 Output Data Blocks 

L - Lower triangular factor of [A] 

U - Nonstandard upper triangular factor of [A] 

4. 155.6 Parameters 

DIAGCK - Input, integer, default= 0. Diagonal singularity exit flag. 

O • nonfatal messages are issued for all e
5 

> Ts (see DIAGET) 

> 0 • maximum number of "fatal" messages for es> Ts or for nonconservative 

columns before aborting decomposition prior to completion 

< 0 • no check of es (see Method) 

DIAGET - Input, integer, default= 20. Diagonal singularity check tolerance, Ts. 2·DIAGET 

PDEFCK - Input, integer, default• 0. Positive definiteness exit flaq. Decomposed matrix 

diagonal terms D;; are checked. 
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O = nonfatal messages are issued for D;; < 0.0. Fatal messages occur after com­

pleting decomposition for D;; = 0.0. 

> O = a maximum of POEFCK "fatal" messages occur for o .. < 0.0 before aborting , , ... 
decomposition prior to completion. 

< O = no check is made for Oii < 0.0. If oi·i = 0.0, -PDEFCK equals the number of 

"fatal" messages issued before aborting decomposition prior to completion. 

SING - Output, integer, no default. SING set to -1 if [A] is singular, 0 if not positive 

definite and 1 otherwise. 

SET - Input, BCD, default is L. The displacement set defining the size of the A matrix. 

CH0LSKY - Input, integer, default= 0. 1, use Cholesky decomposition. 0, do not use Cholesky 

decomposition. 

DET - Output, real single precision, default= 0. The scaled value of the determinant 

of [A]. 

P0WER - Output, integer, default= 0. Integer P0WER of ten by which DET should be multiplied 

to obtain the determinant of [A]. 

4. 155.7 Method 

Subroutine single precision SDCMPS or double precision SDCMPD is called by DDCMPS to decompose 

the real Syn1T1etric matrix A. The checks made during decomposition in these routines are singular 

matrix and negative definite matrix tests. If a~y diagonal does not pass these tests, the column 

number is written onto a scratch file along with the associated error. Upon return to DDCMPS if 

the error flag is set, subroutine SDCMM is called to write the external identification number and 

component associated with the column. If this is a fatal error, parameter SING fs appropriately 

set before returning. 

The algorithm for SDCMPS is the same as that used in SDC0MP except for the conditioning 

checks. Prior to either check described above, a pass is made over the A matrix to determine the 

bandwidth. The core and coefficients for M8, Mc• I, and Pin the timing equations are printed if 

OIAG 11 is on. If any column is null, the program writes these column numbers onto the scratch 

file as described above, completes the pass, but fatal exits prior to doing the actual 

decomposition. 
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The bandwidth data and an estimate of the number of calculations to be performed during 

decomposition and during the forward-backward substitutions (subroutine FBS) are printed prior to 

decomposition. 

The diagonal singularity check, es, measures the over~ll solution matrix singularities. 

This measure is largest at singularities and is calculated by: 

where p = Number of bits in the mantissa (machine dependent) 

Aii = Diagonal term of A matrix 

Dii = Diagonal term of the decomposed matrix 

If this exceeds the tolerance Ts= 2-DIAGET the terms failed the test. Note that p - DIAGET 

should be approximately 13 or greater for a valid test. If Dii > Aii the column is labeled as 

nonconservative. 

The positive definite check verifies the decomposed matrix diagonals, D;;• are positive. 

Note that D;i = 0.0 would cause an overflow during decomposition, thus, a 1.0 is substituted, 

appropriate messages generated, and exit flags (see SDCMQ) set before continuing. 

Three scratch files are needed. 

4. 155.8 Subroutines 

Module SDCMPS consists of a main routine DDCMPS and auxiliary subroutines SDCMPR, SDCMPD, 

SDCMQ, SDCMM, and MATCID. See SDC0MP for a description of the decomposition algorithm of SDCMPR 

(single precision) and SDCMPO (double precision). These decomposition routines intercept null 

columns on the input matrix when calculating the B-C-R parameters and test the decomposed matrix 

diagonals during decomposition. Both routines call SOCMQ to queue the columns in error. 

Other fatal messages, such as insufficient time, are queued until SDCMM writes the messages 

created by SDCMQ. 

4. 155.8.1 Subroutine Name: SDCMQ 

1. Entry Point: SDCMQ 
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2. Purpose: To write onto a scratch file singularity and positive definite error messages 

for subsequent processing by SDCMM and to set exit flags. 

3. Calling Sequence: CALL SDCMQ ($n1 ,KEY,Vl ,V,DVl ,DV,IC,Z) 

n1 - Nonstandard return if decomposition is to be aborted immediately 

KEY - 1 = write onto SCRFIL the column number with a null column on the input matrix 

found during the prepass on the matrix. 

2 = write onto SCRFIL the column number with a zero diagonal on the decomposed 

matrix. 

3 = write onto SCRFIL the column number with a negative diagonal on the decom­

posed matrix. 

4 • write onto SCRFIL the column number that failed the singularity tolerance 

(es> Ts). 

5 • write onto SCRFIL the column number of a null column found during the decom­

position. This message (labeled BAD C0LUMN) indicates a system problem. 

6 • write onto SCRFIL the colulll'\ number that is nonconservative (decomposed 

diagonal greater than 1.001 times the input diagonal). 

V, DV - Value of decomposed matrix entry corresponding to KEY. Vis single precision, 

DV is double precision. 

Vl, DVl - Value of the corresponding input diagonal 

IC - Internal column number 

Z - Open core. BUF is relative to Z(l). 

C0MM0N / SDCQ / NERR(2),N0GLEV,BUF,FILSCR,FILCUR,JCUR0,PDEFCK,0IAGCK,IPREC 

NERR - Two-word array defining number of errors of each type. 

N0GLEV - Error code 

0 • no fatal errors 

1 • abort after decomp 

2 • abort after prepass 

3 • abort inmediately 

BUF - Buffer location relative to Z(l) 
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FILCUR - Current file number using BUF 

FILSCR - Scratch file number to queue messages 

JCUR0 - Read or write status of FILCUR 

PDEFCK, DIAGCK - As in input parameters 

IPREC - l = single precision - use V, Vl 

2 = double precision - use DV, DVl 

4. Design Requirements: The scratch file, FILSCR, for writing columns in error may share 

the buffer location, BUF, with another file (FILCUR > 0). If so, the file, FILCUR, is closed 

without rewind prior to opening the scratch file and then reopened before exiting. 

Before returning, the exit condition is checked and a corrected entry for the diagonal 

placed in V or DV if necessary. 

Each error condition on FILSCR has the following format: 

Word 

2 

3 

Ile! 
I 

R 

R 

Meaning 

Column Number* 10 + KEY 

Value of the input diagonal 

Value of decomposed diagonal 

4. 155.8.2 Subroutine Name: SDCMM 

1. Entry Point: SDCMM 

2. Purpose: To print and sumnarize the data on the scratch file containin~ the column 

number and values of the decomposed and input diagonals for matrix columns in error. 

3. Calling Sequence: CALL SOCr+I (Z,MSET,MSZE,MATRIX,USET,GPL,SIL) 

Z - Open core. BUFF is relative to Z(l) 

MSET - BCD name of displacement set matrix belongs to 

MSZE - Number of columns in matrix 

MATRIX - GIN0 file number of matrix in error 

USET - GIN0 file number of USET data file 

GPL - GIN0 file number of GPL data file 

SIL - GIN0 file number of SIL data file 
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C0MM0N / SDCQ / - Same as in subroutine SDCMQ 

4. Method: Subroutine MXCID is called to create an external identification number array. 

This one word/column array contains the external identification number and component number 

in internal sort. If this array cannot be created then the internal column numbers are used 

to identify the columns in error. 

5. Design Requirements: Two buffers starting at Z(BUF) are required. See MXCID require­

ments also. 

6. Additional Subroutines: EJECT, MXCID. 

4. 155.8.3 Subroutine Name: MXClD 

1. Entry Point: MXCID 

2. Purpose: To create an array that can be used to identify columns of a matrix. 

3. Callin~ Sequence: CALL MXCID ($n1,Z,SET,MSZE,MC0N,USET,GPL,SIL,BUF1) 

n1 - Nonstandard return if unable to complete the task 

Z - Open core 

SET - BCD name of displacement set to which matrix belongs. 

MSZE - Matrix size 

MC0N - Number of words desired per entry (1 minimum) 

USET - Displacement Set Definition Table GIN0 file number 

GPL - Grid Point List GIN0 file number 

SIL - Scalar Index List GIN0 file number 

BUFl - Buffer location for 2 buffers. Defines end of open core. 

4. Method: An array is reserved at the start of core for the resultant matrix (length• 

MSZE * MC0N). The GPL is read into the remaining core. If enough core remains USET and/or 

SIL are also read into core, othe~ise their entries are read one word at a time. 

Each internal grid point is examined for members of the requested set. The SIL values 

determine the number of components the internal point has. These components are then 

inspected for members of the set. When located, the external ID is taken from the GPL, 

multiplied by 10 and the component added. Scalar points have a component of zero. This 

"external ID" is placed in the next available location at the start of open core. 
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If there is insufficient core, purged input files, or the wrong set names are found, the 

nonstandard return is taken. Messages 3001, 3007, 3008, and 3016 may result. 

5. Design Requirements: Two buffers and MSZE * MC0N + NGP + 7 words of open core where NGP 

is the number of gird and scalar points in the model. 

4. 155.8.4 Subroutine Name: MXCIDS 

1. Entry Point: MXCIDS 

2. Purpose: To create an array that can be used to identify columns by grid, component, and 

substructure name. (Yet to be developed.) 

3. Calling Sequence: CALL MXCIDS ($n1,Z,MSET,MSZE,NWDS,USET,NSTRT,SNAM) 

n1 - Nonstandard return if unable to complete the task 

Z - Open core 

MSET - BCD name of displacement set to which matrix belongs 

MSZE - Matrix size 

NWDS - Number of words desired per entry (2 minimum) 

USET - Displacement Set Definition Table GIN0 file nunt>er 

NSTRT - On input, pointer to 4 GINO buffers in Z. On output, first word of column 

identifiers 

SNAM - Two-word BCD name of substructure to identify 
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4. 156 FUNCTIONAL MODULE EQMCK 

4. 156. 1 Entry Point: EQMCK 

4.156.2 Purpose 

EQMCK calculates an overall total of forces and moments on the entire structure to provide an 

equilibrium check and creates the multipoint constraint force output file. 

4. 156.3 DMAP Calling Sequence 

EQMCK CASECC,EQEXIN ,GPL ,BGPDT ,SIL ,USET ,KGG,GM, { PuHJvG} , { L/tr } , QG, CSTM / 0QM1 / V, Y ,0PT / 

V,Y,GRDPNT / V,N,NSKIP $ 

4.156.4 Input Data ·Blocks 

CASECC - Case control data table 

EQEXIN - Equivalent external-internal grid point table 

GPL - Grid point list table 

BGPDT - Basic grid point definition table 

SIL - Scalar index list table 

USET - Displacement set definition table 

KGG - Stiffness matrix - g set 

GM - Multipoint constraint transfonnation matrix - m set 

PHIG - Real eigenvector - g set 

u~v - Displacement vector matrix - g set 

LAMA - Real eigenvalue table 

PGG - Static load vector - g set 

QG - Single-point constraint force and determinate support force matrix - g set 

CSTM - Coordinate system transfonnation matrix 

~ote: GM, PGG, QG, and CSTM may be purged. 

4.156.5 Output Data Blocks 

0QM1 - Output multipoint constraint force (m set, S0RT1, real) 

Note: 0QM may be purged if GM is purged. See also parameter 0PT. 
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4. 156.6 Parameters 

DPT - Input, integer, default= o. DPT controls printed output. 

0 - only create COM 

< 0 - calculate equilbrium forces 

> 0 - equilbrium forces and 0QM created 

GRDPNT - Input, integer, default= -1. GRDPNT selects the grid point about which equilibrium 

will be checked. The basic origin is used if GRDPNT is not an external IO of a 

geometric grid point. 

NSKIP - Input, integer, no default. If NSKIP > 1, this is a statics problem with NSKIP 

corresponding to the first CASECC record to use. If NSKIP .s 0, this is a real 

eigenvalue problem, without DMAP loop capability. 

SUBNAM - Input, BCD. default= N0NE. Reserved for future .use. 

4.156.7 Method 

All user errors are considered nonfatal. An example is when 0PT = 0 and no MPCs exist in the 

problem - no execution is required and the module exits. If needed data blocks are required but 

missing for the selected output, the module exits. A message informs the user of the exit 

condition. 

Overall equilibrium of loads and reactions is calculated from: 

l. Directly applied statics loads {Pg} 

2. Forces of single-point constraint and determinant support reactions {q9} 

3. Forces of multi-point constraints {qm} 

EQMCK first checks the input files. If GM is purged and 0PT • O, a message is written and 

the module exits. If CASECC, EQEXIN, GPL, BGPOT, SIL,~ USET is purged the program also exits. 

If PGG, QG, !,!lg_ GM are purged the module exits. 

If GM, UGV, and KGG are available, subroutine EQMCKM is called. Subroutines CALVEC and 

SSG2A are called to partition KGG. 

[K J ~ [~nj_] 
99 mg 

Scratch file 1 is used to store the partitioning vector and scratch file 2 for [Km9J. 
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If parameter NSKIP > l, NSKIP - l columns of UGV and PGG are skipped prior to copying the 

files to scratch files 3 and 4 respectively in subroutine CURCAS. Thus, further calculations 

only deal with the subcases in this loop for statics problems. 

Using the partitioning vector, the load vector is partitioned to create [Pm] on scratch 

file 7. 

With these matrices as input, the multipoint constraint forces are calculated. Subroutine 

MPYAD is called to create [q~J on scratch file 5 (using l as a scratch file). 

and [q~J on scratch file 6, 

Subroutine SDR1B is called to create [q~J on scratch file 3 if 0PT; 0 and MPC forces exist. 

If 0QM1 is required, a two-dimensional list of external IDs and components corresponding to 

the g-size matrix columns is created by subroutine MXCID. The column number is appended and the 

list sorted on external ID. The CASECC file is read for the current subcases and requested points 

for each subcase are output on 0QM1, unless all constraint forces for the point are zero. Note 

that only the S0RT1 option is supported. Conical shell and fluid points may be requested by 

specifying "ALL" on the set requests in Case Control. 

If SPC forces exist, subroutine CURCAS is used to create the current subcases on scratch 

file 5. 

The next phase is the equilibrium check, if requested via 0PT, as defined by: 

= [DJ T { [P ] + [q J + [qm] Jl 
. g g g 
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where each column is a subcase. This check measures all forces, including the residual forces on 

the u
1 

and u¢ points. These forces thereby include the effects of matrix reduction, decomposition, 

grounded scalar springs, and general elements. 

T 
Subroutine GPWGlA (see GPWG description) calculates [DJ as a function of GRDPNT parameter. 

Scratch file 2 is used. Subroutine EQMCKS is then called. 

The equilibrium forces (e.g., [D]T[Pg]) are calculated and output separately and then the 

sum is output. The format is: 

RESULTANT LOADS AT POINT XXX IN BASIC COORDINATE SYSTEM 

SUBCASE XX, LOAD XX 

Tl T2 T3 Rl R2 R3 -TYPE­

APPLIED 

SPCF0RCE 

MPCF0RCE 

---TOTAL 

x.xx x.xx x.xx x.xx x.xx x.xx 

TTTTTT 
SUBCASE XX, LOAD XX 

-(repeated for all subcases in the current DMAP loop)-

For real eigenvalue problems (NSKIP < 0) the subheading is: 

SUBCASE XX, K)DE XX, FREQUENCY X.XX 

Subroutine MPYAO calculates the equilibrium forces. Applied loads are saved on scratch 

file 4, SPC-forces on scratch file 5, and MPC-forces on scratch file 6. Scratch file l is avail­

able for MPYAOs usage. Each column is a 6 x (number of subcases) matrix. 

These matrices are read into core. If insufficient core is available, the remaining·subcases 

are ignored (highly unlikely to occur) and a warning message is issued. 

For each column CASECC (and LAMA for NSKIP < O) are read to determine the headings and the 

output formated and printed. 

4.156.8 Design Requirements 

Seven scratch files are needed. Subroutine MPYAD requires four buffers. Open core for 

EQMCK is at / SSGA2 / and / SSG82 /. Open core for EQMCKS is at / EQMKS / . 
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The core layout for EQMCKM to create the 0QM file is: 

/ SSGA2 / 

ZZ(2,M) - Row identification data where 
Mis them-set size (external sort) 
ZZ(l,i) = external grid IO* 10 + component number 
ZZ(2,i) = row number 

ZZ(2 * M + 1) - 146 words for 0QM odd-numbered records 

ZZ(2 * M + 147) - N words of set data for MPCF0RCES 

ZZ(2 * M + N + 147) - unpacked column (subcase) of 
multipoint constraint forces 

- unused space -

GIN0 buffer - LAMA file. Not required for statics 
problems 

GIN0 buffer - MPCF0RCES file 

GIN0 buffer - 0QM file 

GIN0 buffer - CASECC file 

4. 156.9 Subroutines 

Calls are made to EQMCKM, EQMCKS, GPWG1A, and EJECT. 

4. 156.9. 1 Subroutine Name: EQMCKM 

1. Entry Point: EQMCKM 

2. Calling Sequence: CALL EQMCKM 

C0MM0N / EQMKl / - see Section X.Y.Z.10 

3. Purpose: To create an MPC-forces of constraint scratch file, an MPC-forces of constraint 

output file, and scratch files with only the current subcases for UGV, PGG, and QG. 

4. Additional Subroutines: CALCV, EJECT, MPYAO, SOR1B, SSG2A, BISHEL, CURCAS, MXCID 

4. 156.9.2 Subroutine Name: CURCAS 

1. Entry Point: CURCAS 

2. Calling Sequence: CALL CURCAS (*,NSKIP,TRL,MCB,ZZ,IBUF) 
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where 

* - Nonstandard return if unable to process the request due to undefined TRL or MCB, 

insufficient core, or incorrect value of NSKIP. 

NSKIP - If greater than one, the first NSKIP - 1 columns of TRL are not copied to MCB, 

otherwise, MCB(l) is set to TRL(l). 

TRL - Seven-word array, the first word containing the GIN0 file number of the input matrix. 

MCB - Seven-word array, the first word containing the GIN0 file number of the output matrix. 

ZZ - Open core 

IBUF - Location of two GIN0 buffers with respect to ZZ(l). 

3. Purpose: If NSKIP > l, to create a matrix without the first NSKIP - l columns, otherwise, 

to set MCB(l) to TRL(l). 

4. Additional Subroutines: CYPFIL 

4. 156.9.3 Subroutine Name: EQMCKS 

1. Entry Point: EQMCKS 

2. Calling Sequence: CALL EQMCKS 

COMMON/ EQMKl / - see Section X.Y.Z.10 

3. Purpose: To calculate and output the overall total of forces and moments on the 

structure. 

4. Additional Subroutines: EJECT, MPYAO, PAGEl 

4. 156. 10 Conmen Block Interface 

C0MM0N / EQMKl / CASECC,EQEXIN,GPL,BGPDT,SIL,USET,KGG,GM,UGV,PGG,QG,CSTM,LAMA,0QM,KSCR(7), 

KMPC,KL0AD,KSPC,PARM{4),TRL{7) 

where: 

CASECC, ••• , LAMA - GIN0 file number of input data files with the same names. Set negative 

in EQMCK tt not avail'able. 

0QM - GIN0 file number of output data file. Set negative if necessary GIN0 files are not 

available. 
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KSCR - Seven scratch files 

KMPC - Positive if MPC-forces are to be calculated 

KL0AD - Positive if static load vector exists 

KSPC - Positive if SPC-force vector exists 

PARM - Error message data 

TRL - Trailer array for use by subroutines 
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4. 157 FUNCTIONAL MODULE MPY3 (TRIPLE MATRIX MULTIPLY) 

4.157.1 Entry Point: MPY3 

4. 157.2 Purpose 

To perfonn the matrix product ATBA + E or BA+ E for sparse A matrix and full B matrix. 

4. 157.3 DMAP Calling Seguence 

MPY3 FILEA,FILEB,FILEE/FILEC/V,N,C0DE/V,N,PREC $ 

4. 157.4 Input Data Blocks 

FI LEA Matrix A 

FIL EB Matrix B 

FILEE Matrix E 

4. 157.5 Output Data Blocks 

FILEC Matrix C • ATBA + E, ATB + E or BA+ E 

4. 157.6 Parameters 

C0DE Input, integer, default• 0. If value• 0, ATBA +Eis perfonned. If value= 1, 

ATB +Eis perfonned via MPYAD. If value• 2, BA+ Eis perfonned. 

PREC Input, integer, default• 0. If value= 0, output precision is calculated from 

input matrices. If value • 1, output is in real single precision. If value "' 2, 

output is in real double precision. 

4. 157.7 Method 

As outlined on the following page, the module is subdivided into a primary driver subroutine, 

a secondary driver subroutine, two major subroutines, and five utility subroutines. 

4.157.7.l Initialization 

During module execution the primary driver, subroutine MPY3, assigns file nuni>ers, detennines 

the precision of the output matrix, detennines the length of open core, and calls the secondary 

driver subroutine. If the problem is ATB + E, SSG2B is called to perfonn the computation via 

MPYAD. 
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MPY3 

Return -------MPYAD 
-- (M0DULE) 

Yes 
SSG2B 

(UTILITY) 

Another MPY30R Module 

N0M00 • 1 Yes 

Yes MPY30C 

No 

Return 
MPY3IC 

Return 

Subroutine MPY30R, the secondary driver, calculates the number of columns (NK) of the B matrix 

able to fit in core in unpacked form in addition to the packed A matrix. If this value is less 

than 3, the program branches to the out-of-core processor MPY30C. Othe""ise, processing is done 

via MPY3IC, the in-core processor. During non-module execution, MPY3DR is called by the current 

module. 

4.157.7.2 In-Core Processing 

Subroutine MPY3IC oversees the in-core computation. Associated with MPY3IC are utility sub­

routines MPY3A, MPY3B, MPY3C, MPY3P, and MPY3NU. 

1. MPY3A is called to perform two functions. It first unpacks the B matrix one column at a 

time and repacks it onto a scratch file. The file position of each column is stored in 

array SAVP. Secondly, MPY3A constructs an in-core packed form on the matrix AT. Three 
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arrays are used to store the necessary information concerning AT Array ATRANS contains 

the nonzero terms of matrix A row-by-row. AC0LS contains the column numbers of the terms 

in ATRANS. AP0INT contains pointers identifying the position in AC0LS and ATRANS where 

each row of A appears. 

2. The product matrix C = ATBA + E or BA+ Eis then computed column-by-column. 

a) At the outset of the computation of each column of C, the column is initialized to 

0, and the corresponding column of matrix E is then surruned to it, if E exists. 

b) Then, subroutine MPY3B is called to perform a number of functions. It first reads 

the corresponding column of A and stores its nonzero terms in array AKJ and the row 

positions of these terms in array KTBP. If the first column of C is the one being 

processed, the columns of B whose column numbers match with the entries in array 

KTBP are then read into array BC~LS, up to NK such columns, and the column numbers 

are stored in array BCID. Otherwise, the columns of B already resident in core 

are the ones considered. Subroutine MPY3P is then called for each tenn in AKJ having 

a matching column of Bin core to perform the computation (multiplication and sum 

accumulation}. 

Equations for Computing a Column of C = E + ATBA 
n n 

n n 

= + 

n n 

cmj 

The sums are accumulated in core in array C. Initially, the corresponding column of 

Eis surrmed to array C. In the innermost loop, i is varied; then 1, then k, then j. 

c}· If each term in AKJ has been processed, the current column of C is packed and pro­

cessing begins on the next column. Otherwise, a test is made to see whether NK 

columns of B reside in core. If this is the case, the "next-to-be-used" tables are 
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then constructed. This is done using the utility subroutine MPY3MU (see part d). 

If less than NK columns of B reside in core, calls are made to MPY3C to fill addi­

tional columns into BC0LS and to process additional terms in AKJ until BC0LS is full. 

d) Subroutine MPY3NU makes use of arrays APOINT and AOCLS to determine for each column 

of Bin core and for each unprocessed row of the current column of A the corresponding 

"next-time-used" values. The "next-time-used" value is precisely the column number 

of the next column of matrix A needing the particular column of B, or containing a 

non-zero term in the particular row of A in question. Array BNTU contains the next­

to-be-used values for columns of 8 in core and ANTU, the next-to-be-used values for 

the unprocessed rows in the current column of A. These tables are continually updated 

throughout the remainder of the computation. 

e) In subsequent processing, when the needed column of 8 is not in core, MPY3C is called 

and substitutes the column of Bin core having the highest next-to-be-used value with 

the column of B corresponding to the unprocessed tern, in AKJ having the highest next­

to-be-used value. This ensures maximum efficiency in column substitution, as columns 

of B to be used frequently during this stage will remain in core. 

f) After all tenns fo AKJ have been processed, the computed column of C is packed and 

the next column is processed. 

4. 157.7.3 Out-of-Core Processing 

Subroutine MPY30C oversees the out-of-core computation. MPY30C is similar to MPY3IC, but 

differs in two ways: 

1. Only the product BA is perfonned within MPY30C, while SSG2B is called to multiply the 

product BA by AT, if necessary. 

2. The management of the next-to-be-used tables is handled entirely within the subroutine 

MPY30C itself. Use is made of the arrays NTBU. LAST, and NTBU2 for this purpose. 

Thus, the arrays AP0INT, AC~LS, and ATRANS are not used, and hence are not processed in MPY3A. 

4.159.8 Subroutines 

See Section 3.5.31.5. 
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4. 157.9 Co1T1T1on Blocks 

l. / / OMAP parameters 

2 .. /MPY3BC/ Type of solution; precision 

3. /MPY3TL/ Matrix trailers, open core positions of buffers, and a logical variable 

denoting the existence or non-existence of matrix E. 

4. /MPY3CP/ Various parameters needed by more than one subroutine, including pointers to 

positions in open core. 

5. /MPY3ZZ/ Open core. 

4. 157. 10 Design Requirements 

Open core for the entire module is illustrated as follows: 

/MPY3ZZ/ 

SAVP 

used by MPY3ICl 
AP0INT NTBU 

AC0LS LAST 

ATRANS NTBU2 

! used by MPY3~C 

column of C 

BC0LS 

BCID 

BNTU 

KTBP 

ANTU 

AKJ 

MPY3IC 4 buffers 5 buffers MPY30C 

4. 157.11 Diagnostic Messages 

Fatal messages 6551, 6552, 6553, 6554, 6555, 6556 1 and 6557 may be issued. 
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4. 158 FUNCTI0NAL ~DULE MREDl (M0DAL SYNTHESIS REDUCTI0N CALCULATI0N INITIALIZATI0N) 

4.158. l Entry Point: MREDl 

4.158.2 Purpose 

Initialization of the modal synthesis reduction calculations. 

4.158.3 DMAP Calling Sequence 

MREDl CASECC,GE0M4,DYNAMICS/USETX,EEDX,EQST,OMR/*NAMEA*/S,N,DRY/STEP/S,N,N0US/S,N,SKIPM/ 
TYPE$ 

4.158.4 Input Data 

4.158.4.1 GIN0 Data Blocks 

CASECC - The Case Control data block from which the reduction instructions are obtained. 

GE0M4 - NASTRAN data block of displacement set definitions and substructuring bulk data. 

Extracted from this block is the BDYC data corresponding to the fixed and 

boundary sets given in ·cASECC and the BOYS and BDYSl data specified on BDYC. 

DYNAMICS - Eigenvalue extraction method data block 

4.158.4.2 S0F Items 

EQSS - Substructure equivalence table 

BGSS - Basic grid point definition table 

CSTM - Coordinate system transformation matrices 

4.158.5 Dutput Data 

4.158.5.1 GIN0 Data Blocks 

USETX - Identifies s, r. and b degrees of freedom 

EEDX - Contains eigenvalue extraction data 

EQST - Temporary EQSS table 

DMR - Rigid body matrix 

4.158.5.2 S0F Items 

None 
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4.158.6 Parameters 

NAMEA - Input, BCD, name of input substructure 

DRY - Input, output, integer - defines mode of operations 

STEP - Input, integer, identifies CASECC record for control data 

N0US - 0utput, equals -1 if no "fixed" points are defined 

SKIPM - 0utput, equals -1 if modes are already present 

TYPE - Input, BCD, either "REAL" or "COMPLEX" 

4. 158. 7 Method 

The following logical sequence is performed by the MREDl MODULE: 

a. Process fixed sets (Subroutines MRED1A, MRED1B} 

b. Process boundary sets (Subroutines MRED1A, MRED1B) 

c. Convert EQSS data to Ub data (Subroutine MRED1C) 

d. Process eigenvalue data (Subroutine MRED1D} 

e. Process free body modes (Subroutine MREDlE) 

4.158.8 Subroutines 

4. 158.8.1 Subroutine Name: MRED1 

1. Entry Point: MRED1 

2. Purpose: Driver program to begin initialization of the modal synthesis reduction for 

both real and complex. 

3. Calling sequence: CALL MRED1 

Cf)MM£1:~ /BLANK/ f)LDNAM(2},DRY,STEP,Nf)US,SKIPM,TYPE(2),GPRM,GBUF1,GBUF2,SBUF1,SBUF2, 

SBUF3, KJRLEN .NEWNAt1( 2),8N0SET ,FIXSET ,IEIG, lf),RGRID(2) ,RNAME(2} ,IRSAVE ,Kf)RBGN, 
NCSUBS,NAMEBS,EQSIND,NSLBGN,NSIL,BDYCS,NBDYCC,USETL,USTLf)C,RGRIDX, RGRIDY 
RGRIDY,RGRIDZ,USRMf)D,Bf)UNDS 

f)LDNAM - Name of substructure being reduced - BCD - input 

ORY - Module operation flag - integer - input 

STEP - Control data CASECC record - integer - input 

Nf)US - Fixed points flag (integer} 
.EQ. 1 if fixed points defined 
.EQ. -1 if no fixed points defined 
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SKIPM - Modes flag (integer) 
.EQ. O if modes not present 
.EQ. -1 if modes present 

TYPE - Reduction type - BCD - input 

GPRM - G parameter value - real - input 

GBUF - GIN0 buffers 

SBUF - S0F buffers 

K0RLEN - Core length 

NEWNAM - New substructure name 

BNDSET - Boundary set identification number 

FIXSET - Fixed set identification number 

IEIG - Eigenvalue set identification number 

I0 - 0utput flags 

RGRID - Freebody reference GRID point for freebody calculations 

RNAME - Freebody substructure component name and freebody modes flag 

IRSAVE • RSAVE flag 

K~RBGN - Beginning address of open core 

NCSUBS • Number of contributing substructures 

NAMEBS - Beginning address of contributing substructure names 

EQSING - Beginning address of EQSS group addresses 

NSLBGN • Beginning address of SIL data 

NSIL - Number of SIL groups 

BOYCS - Beginning address of BDYC data 

NBOYCC • Number of BOYC data groups 

USETL • Length of USET array 

USTL0C • Beginning address of USET array 

RGRIOX • Freebody mode relative X coordinate 

RGRIDY - Freebody mode relative Y coordinate 

RGRIOZ • Freebody mode relative Z coordinate 

USRM0D - User mode Type 2 option flag 

80UN0S • Old bounds option flag 
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C9MM9N/SYSTEM/SYS8UF,IPRNTR 

SYSBUF - System buffer size 

IPRNTR - Printer logical output device number 

4. Method: 

a. Initialize GIN0 and S0F files and buffers. 

b. Initialize Case Control parameters. 

c. Process the Case Control data block. 

The allowable case control mnemonics for the MREDl operation are: 

NAMB - Name given to resultant pseudostructure 

B~UN - Boundary set ID number 

FIXE - Fixed set ID number 

METH - Real eigenvalue extraction method ID number 

CMET - Complex eigenvalue extraction method ID number 

~UTP - Selective output control flag 

RGRI - Rigid body grid point ID number 

~LDM • 0LDM{aDES. option flag 

'LOB - 0LDB0UNDS option flag 

RSAV - Save reduction products option flag 

RNAM - Rigid body substructure name 

RANG - Eigenvalue mode frequency range 

NMAX - Lowest nunDer of modes within frequency range to be used 

USER - User modes option flag 

NAMA - Name of substructure tn be reduced 

These values are extracted from the CASECC input block. 

d. The problem sumnary is printed if requested. 

e. If user modes is not type 2 and the modes are not already present, the following 

error checks are performed: 
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If GLDMGDES is set, PHIS and LAMS must exist on the S0F. 

If GLDMGDES is not set, the PHIS and LAMS items must be deleted. 

If GLOBGUND is set, GIMS and UPRT must exist on the S0F. 

If GLDBGUND is not set, the GIMS and LMTX items must be deleted. 

f. The EQSS group O data for substructure NAMEA is read into core and the names of 

all component substructures contained in the psedo structure being reduced are placed 

in the first (NWDSRD-4) of open core: 

Z (NAMEBS): NAME11 NAME12 

NAME21 NAME22 

g. A two word entry array NCSUBS long is generated for each EQSS basic substructure. 

The first word contains the beginning address of the EQSS basic substructure data and 

the second holds the length in words of the basic substructure. 

Z (EQSIND): BSUB1 address 

l BSUB1 length 
2* NCSUBS long 

BSUB2 address 

BSUB2 length 

The remaining EQSS groups are read starting at K0RBGN of open core. 

Z (K0RBGN): EQSS group 1 data 

EQSS group NCSUBS data 

The EQSS SIL data is read to end-of-item. 

Z (NSLBGN): SILl C0MP1 l 
SIL2 Ct)MP2 ) 

NSIL entries 
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h. The length of the USET array is determined. 

i. The fixed and boundary sets are processed (See 4.158.8.2). 

j. The EQSS data is converted to UB data (See 4.158.8.3). 

k. If the GLDMGDES option was not specified, the eigenvalue data is processed 

(See 4.158.8.4}. 

l. Free body modes are processed (.See 4.158.8.5). 

4. 158.8.2 Subroutine Name: MRED1A 

l. Entry Point: MRED1A 

2. Purpose: To process the BDYC data for the fixed identification set (FIXSET) and the 

boundary identification set (BNDSrJ:) for the MRED1 module. 

3. Calling Sequence: CALL MRED1A (MGDE) 

Ml1DE - Processing operation flag 
.EQ. 1, Process fixed ID set 
.£Q. 2, Process boundary ID set 

C0MM0N /BLANK/-See /BLANK/ description in section 4.158.8.1 

CGMM<1N /SYSTEM/ IDUM8,IPRNTR,IDUM9(6),NLPP,IDUM10(2),LINE 

IPRNTR - Printer logical output device number 

NLPP - Maximum number of lines per page 

LINE - Current number of lines per page 

Cl,JMM~ /TW'I/ ITWG(32) 

ITW(I - Powers of two 

C(IMM~ /BITP(IS/ - See /BITP(IS/ description in section 4.158.8.3. 

4. Method: If no fixed set is defined, or the 'ILDM'IDES option was specified, the para­

meter N'IUS is set to -1. fltherwise the UL,UA, UF, UN and UI bits are turned on in the 

USET array. 
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Z (K0RUST): LAFNI 

LAFNI 

LAFNI I USCTL long 

The BDYC boundary set bulk data for the requested fixed set or boundary set ID is read 

from the GE0M4 data block. 

Z (KBDYC) = NAMEl SID1 

NAME2 SI02 I NBDYCC long 

The substructure specified on the BDYC bulk data card is checked against the list of 

components. If the substructure is not a component of the structure being reduced, a fatal 

message is printed and processing continues. After all BDYC data has be~n processed, a 

check for duplicate BDYC substructure names is made. If duplicates are present, a fatal 

message is generated and processing continues. The BDYC data is then sorted on set ID. 

4.158.8.3 Subroutine Name: MRED1B 

1. Entry Point: MRED1B 

2. Purpose: To process the BOYS and BDYS1 data for the fixed identification set (FIXSET) 

and the boundary identification set (BNDSET) for the MREDl module. 

3. Calling Sequence: CALL MRED1B (M0DE) 

M0DE - Subroutine processing flag 
.EQ. 1, Process fixed ID set 
.EQ. 2, Process boundary ID set 

C0MM0N /BLANK/ - See /BLANK/ description in section 4.158.8.1. 

C0Mt,\0N /SYSTEM/ - See /SYSTEM/ description in section 4.158.8.2. 

CDMttlN /TWO/ - See /TWO/ description in section 4.158.8.2. 
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C9MM9N /BITP9S/ IDUMlO(S), UL,UA,UF,US,UN,IDUMll(lO),UB,Ul 

UL - L bit position 

UA - A bit position 

UF - F bit position 

US - S bit position 

UN - N bit position 

UB - B bit position 

UI - I bit position 

C0MM0N /PATX/ LC0RE,NSUB(3),FUSET 

LC0RE - Length of open core 

NSUB - Number of columns in the 0,1,2 subsets 

FUSET - USET array 

C0MftW)N /UNPAKX/ - See /UNPAKX/ description in section 4.158.8.6. 

4. Method: The BOYS and B0YS1 data is read from the GE0M4 data block for each BOYC SID 

specified in the fixed set or boundary set. 

BOYS 

The EQSS data for the substructure is located. If it cannot be located, a fatal error is 
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issued and processing continues. The correct IP is located for the external ID and the 

grid point ID and component is converted to a SIL value. The USET array is filled by 

turning off the UL, UA, and UF bits and turning on the US bit if the fixed set is beinq ~ro­

cessed, or turning off the UI bit and turning on the UB bit if the boundary set is being 

processed. A check is then made to see if all IPs have been found. If not, a warnin~ mes­

sage is generated. If boundary data is not requested, a fatal message is issued. Non­

existing data causes the generation of a fatal message and the setting of DRY= -2. The 

USET data block is then written. If the 0LDB0UND option was specified. a check is made to 

verify that the old boundary points have not been changed. 

4.158.8.4 Subroutine Name: MRED1C 

1. Entry Point: .MRED1C 

2. Purpose: To convert the EQSS data and BGSS data to correspond to the boundary degrees 

of freedom (UB) for the MRED1 Module. 

3. Calling Sequence: CALL MREDlC 

C;1MM0N / I - See I I discription in section 4.158.8.1. 

C0MM0N /TW0/ - See /TW~/ description in section 4.158.8.2. 

C0MM0N /BITP0S/ See /BITP~S/ description in section 4.158.8.3. 

4. Method: The SIL DOF is decoded. Its corresponding entry in the USET array is deter­

mined and a test is made to check for the UB bit being set. If the UB bit is set, the 

new component code is set by using the logical "~R" function and the number of O.OF for 

the SIL is counted. If the SIL D~F was kept, the new IP is counted and the new SIL D0F 

is saved at location (SILDOF-1) of open core with the new component stored at SILD0F of 

open core. The new SIL value is stored as (8* NEWIPS) + nunt>er of DOFs. If the SIL DOF 

was not kept, a -1 is saved at (SILO.OF -1). 
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Z (NSLBGN): Sill COMPl 

SIL2 C0MP2 

Z (SILD0F-1): (8* NEWIPS) + ND0R 

-1 

NEW C0MP 

0 

The EQSS group O data is written onto the temporary EQST table. The grid point data 

corresponding to each basic substructure is processed one entry at a time. The new inter­

nal point number for the SIL location is found for the old number. The new IP and compo­

nent c~de are located. If the component code exists, the grid point ID, new IP number, 

and component is written onto the EQST. Each basic substructure occupies one logical 

record on the EQST. 

The old SIL entries are reduced. If the old (SILD~F-1) is not equal to -1, it and its 

component is saved at (2*t1SIL)· of open core. The number of D~F is counted by the logical 
11 AND 11 function using the new SIL D~F. The new SIL data is written onto the EQST table. 

The results of this will be, for example, 

IP old cold SILnew cnew 
Z (NSLBGN): -1 0 Z (NEWSIL): 1 111 _, 

0 4 1011 , 111 7 01 _, 
0 8 1101 

2 1011 

3 01 

4 1101 
_, 

0 
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The BGSS group O data is read from the S0F and written onto the EQST table. Each BGSS 

data entry is read. If the old SIL nDF is not -1. the data is copied onto the EQST. After 

all BGSS data has been read, the EQST table is closed. 

4. 158.8.5 Subroutine Name: MREDlD 

1. Entry Point: MRED1D 

2. Purpose: To generate the.EEDX data block using the EEO data block fonnat from the 

EIGR or EIGC and EIGP bulk data for the MRED1 module. 

3. Calling Sequence: CALL MRED1D 

C~MM~N /BLANK/ - See /BLANK/ description in section 4.158.8.1. 

C9MM9N 1rwa1 - See 1rwa1 description in section 4.158.8.2. 

C0MM0N /SYSTEM/ - See /SYSTEM/ description in section 4.158.8.1. 

4. Method: If TYPE• REAL, the.EIGR data is located. If TYPE= COMPLEX, the EIGC and 

EIGP data is processed. The data is read from the DYNAMICS data block until the data with 

METH00 = ID is found. The data is then written onto the EEDX data block in the same 

fonnat as read from the DYNAMICS data block. In the case of TYPE= REAL, only one record 

is written onto the EEDX data block. In the case of TYPE= C0MPLEX, EIGC data and maybe 

EIGP data is written onto the EEDX data block if they exist on the DYNAMICS data block. 

Missing EIGR or EIGC data causes a fatal message. If EIGP data is specified without EIGC 

data, a fatal message is issued. 

4.158.8.6 Subroutine Name: MREDlE 

1. Entry Point: MREDlE 

2. Purpose: To generate the rigid body matrix OMX if freebody modes are requested for 

the MREDl module. 

3. Calling Sequence: CALL MREDlE 

C~~N /PACKJ./ TYPIN,TYPPCK,IR~WP,LR~WP,INCRP 

TYPIN - Input data type 

TYPPCK - Output data type 

IR0WP - Row position of first variable to pack 
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LR.DWP - Row position of last variable to pack 

INCRP - Increment amount between variables to pack 

CDMMON /UNPAKX/ TYPUNP,I!WWUP,LRf)WUP,INCRUP 

TYPUNP - Dutput data type 

IRDWUP - Row position of first variable to unpack 

LRtlWUP - Row position of last variable to unpack 

INCRUP - Increment amount between variables unpacked 

4. Method: The BGSS item is read into core, followed by the CSTM item. The freebody 

basic coordinates are determined. If no internal grid point ID number has been set, the 

basic coordinates are set to zero. Othe"'1ise the basic coordinates are set to the X, Y, 

Z of the BGSS item for substructure NAMEA. For·each point of the BGSS, the (3x3) matrix 

is generated with b.X • x
1 

- x0• b.Y _• Y; - Y
0

, and b.Z • z1 - Z0 • If CID; of the BGSS item 

for substructure NAMEA is positive, the (3x3) transformation matrix [T;] is generated 

using TRANSS. The matrix (3x3) 

[TTO] • [Ti] 'r [d] 

is generated by a call to Gr-ttATS. If CID; is zero, [T1] is the identity matrix and 

[TTO] • [d]. If CID; is negative (a scalar point), a null column is added to [D]. 

The (6x6) matrix 

f 
TT : TTd J 

[D] • - - - -t - - -
0 I TT 

I 

is generated. A SIL entry (2 words) is read and the component code decoded. The rows of 

[D] are extracted corresponding to the active SIL components. The extracted rows of [DJ 

are then saved onto a scratch file. After the BGSS has been processed, the scratch file 

is read into open core into transposed form. The transposed form is then written onto the 

DMR data block. 
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4.158.9 Design Requirements 

One scratch file is needed. Open core resides in common block /MREDZZ/. Open core is 

defined as follows: 

2*NCSUBS { 
2*NCSUBS { 

open length { 
2*NSIL { 

USETL { 
NBDYCC { 

open length { 

4. 158.10 Diagnostic Messages 

C0MM0N /MREDZZ/ 

NAMEBS 

EQSIND 

EQSS data 

NSLBGN 

USET array New SIL 

KBDYC old UPRT 

BOYS new UPRT 

BOYSl 

3 S0F Buffers 
3 GIN0 Buffers 

} L0INDX 

} USETL 

} USETL 

Diagnostic messages 3001-3003, 3008, 6101-6103, 6367, 6603, 6604, 6606, 6610, 6611, 6617-

6630, 6636, and 6637 are issued. 
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4. 159 FUNCTI0NAL M0DULE MRED2 (M0DAL SYNTHESIS REAL REDUCTI0N CALCULATI0NS) 

4. 159. 1 Entry Point: MRED2 

4.159.2 Purpose: 

To perfonn the computations for the modal reduce conmand. 

4.159.3 DMAP Calling Sequence 

MRED2 CASECC,LAMAMR,PHISS,EQST,USETMR,KAA,MAA,BAA,K4AA,PAA,DMR,QSM/KHH,MHH,BHH,K4HH,PHH, 
P0VE/STEP/S,N,DRY/PDPT $ 

4.159.4 Input Data 

4.159.4.l GIN0 Data Blocks 

CASECC - Case Control Data 

LAMAMR - Eigenvalue table for substructure being reduced 

PHISS - Eigenvectors for substructure being reduced 

EQST - EQSS data for boundary set for substructure being reduced 

USETMR - USET table for reduced substructure 

KAA - Substructure stiffness matrix 

MAA - Substructure Mass matrix 

BAA - Subst~ucture viscous damping matrix 

K4AA - Substructure structure damping matrix 

PAA - Substructure load matrix 

OMR - Free body matrix 

QSM - Model reaction matrix 

~: 1. LAMAMR and PHISS may be purged if the modes exist on the SOF. 

2. KAA, ••• ,PAA may be purged depending on the substructure OPTION conmand. 

3. OMR may be purged if no SUPPORT command is used. 

4. QSM cannot be purged if type 2 user modes are requested. 
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4.159.4.2 S0F Items 

LAMS - Eigenvalue table for original substructure 

PHIS - Eigenvector table for original substructure 

LMTX - Stiffness decomposition product for original substructure 

GIMS - G transformation matrix for boundary points for original substructure 

HDRG - H transformation matrix for original subst~ucture 

4.159.5 Dutput Data 

4.159.5.1 GIN0 Data Blocks 

KHH - Reduced stiffness matrix 

MHH - Reduced mass matrix 

BHH - Reduced viscous damping matrix 

K4HH - Reduced structure damping matrix 

PHH - Reduced load matrix 

P~VE - Interior point load matrix 

Note: KHH, ... ,PHH may be purged depending on input data blocks provided. 

4.159.5.2 S0F Items 

LAMS - Eigenvalue table for original substructure 

PHIS - Eigenvector table for original substructure 

LMTX - Stiffness decomposition product for original substructure 

GIMS - G transformation matrix for boundary points for original substructure 

HQRG - H transformation matrix for original substructure 

UPRT - Partitioning vector for MREDUCE for original substructure 

P~VE - Internal point loads for original substructure 

P9AP - Internal points appended loads for original substructure 

EQSS - Sub~tructure equivalence table for reduced substructure 

BGSS - Basic grid point definition table for reduced substructure 

CSTM - Coordinate system transformation matrices for reduced substructure 

LJDS - Load set data for reduced substructure 

LJAP - Appended load SET data for reduced substructure 

PLTS - Plot set data for reduced substructure 
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KMTX - Stiffness matrix for reduced substructure 

MMTX - Mass matrix for reduced substructure 

PVEC - Load matrix for reduced substructure 

PAPP - Appended load matrix for reduced substructure 

BMTX - Vixcous damping matrix for reduced substructure 

K4MX - Structure damping matrix for reduced substructure 

4.159.6 Parameters 

STEP - input - integer - no default. Identifies the Case Control record which contains 

the MREDUCE data. 

DRY - output - integer. A flag which is set during module execution if error conditions 

prevent a requested GO operation. 

P~PT - input - BCD - no default. Set to PVEC or PAPP for options P and PA respectively. 

4.159.7 Method: 

The following logical sequence is performed by the MRED2 module: 

a. Process Case Control (Subroutine MRED2) 

b. Process Stiffness Matrix (Subroutine MRED2A) 

c. Process ~LDBOUND ~ption (Subroutine MRED2B) 

d. Process ~LDM~DE ~ption (Subroutine MRED2C) 

e. Process Usermodes ~ption (Subroutine MRED20, MRED2I-P) 

f. Calculate Modal Transformation Matrix (Subroutine MRED2E) 

g. Calculate Freebody Effects (Subroutine HRED2F) 

h. Calculate Structural Matrices (Subroutine MRED2G) 

i. Process New S0F Table Items (Subroutine MRED2H) 

4.159.8 Subroutines 

4.159.8.l Subroutine Name: MRED2 

l. Entry Point: MRED2 

2. Purpose: Driver which performs the major computations for the modal reduce command. 

3. Calling Sequence: CALL MRED2 
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C0MM0N /BLANK/ STEP,DRY,P0PT,GBUF1,GBUF2,GBUF3,5BUF1,SBUF2,SBUF3,INFILE(l2), 
9TFILE(6),ISCR(l0),K9RLEN,KORBGN,~LDNAM(2),NEWNAM(2),FREB0Y,RANGE(2),NMAX, 
USRt1(W, I0 ,B0UNDS ,Mv)DES, RSA VE, LAMSAP ,Mv)DPTS ,71~DLEN 

STEP - Control Data CASECC Record (Integer) 

P0PT - PVEC or PAPP option flag (BCD) 

DRY - Module operation flag (integer} 

GBUF - GIN0 Buffers 

SBUF - S0F Buffers 

INFILE - Input file numbers 

0TFILE - 0utput file numbers 

ISCR - Array of scratch file numbers 

K0RLEN - Length of open core 

K0RSGN - Beginning address of open core 

0LDNAM - Name of substructure being reduced 

NEWNAM - Name of reduced substructure 

FRESDY - Free body modes calculation flag 

RANGE - Range of frequencies to be used 

NMAX - Maximum number of frequencies to be used 

USRM0D - USERM0DE calculation flag 

ID - ID options flag 

BDUNDS - DLDBDUNDS option flag 

MDDES - DLDM.DDES option flag 

RSAVE - Save reduction product flag 

LAMSAP - Beginning address of mode use description array 

M()OPTS - Number of modal points 

M.DDLEN - Length of mode use array 

C,OMMON /SYSTEM/ SYSBUF,IPRNTR 

SYSBUF - System buffer size 

IPRNTR - Printer logical output device number 
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4. Method: 

a. Initialize GIN0 and S0F files and buffers. 

b. Initialize Case Control parameters 

c. Process Case Control data block. 

The allowable case control mnemonics for the MRED2 operation are: 

NAMA - Name of substructure to be reduced 

NAMB - Name of resultant reduced substructure 

FREE - Freebody modes calculation flag 

RANG - Eigenvalue mode frequency range 

NMAX - Maximum number of mode frequencies with range to be used 

USER - User modes calculation flag 

QUTP - Selective output control flag 

'1LDB - Oldbounds option flag 

(1LDM - Q1dmodes option flag 

RSAV - Save reduction products flag 

These values are extracted from the CASECC input block. 

d. If RUN= GO. calculate the structural matrices (see Section 4.159.8.3) and end 

modal reduction. 

e. If not RUN= GQ, and not a User mode type 2 reduction then 

process stiffness matrix (see Section 4.159.8.2), 

process oldbounds option (see Section 4.159.8.3), 

process oldmodes option (see Section 4.159.8.4), 

calculate modal transfonnation matrix (see Section 4.159.8.S), 

calculate free body effects (see Section 4.159.8.7) 

calculate the structural matrices (see Section 4.159.8.8), and 

process the new S0F table items (see Section 4.159.8.9). 

f. If not RUN= G~ and it is a User mode type 2 reduction, then 

process user mode option (see Section 4.159.8.5) 

process the new S0F table items (see Section 4. 159.8.9). 
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4.159.8.2 Subroutine Name: MRED2A 

l. Entry Point: MRED2A 

2. Purpose: To partition the stiffness matrix into boundary and interior points and 

save the partitioning vector on the S0F as the UPRT item for substructure NAMA. 

3. Calling Sequence: CALL MRED2A 

C~MM~N /BLANK/ - See Sec.tion 4.159.8.1 

C~Mf1DN /BITPPS/ - See Section 4.159.8.5 

C,OMMl)N /PATX/ LC,ORE,NSUB(3),FUSET 

LC,ORE - Length of open core 

NSUB - Number of rows in 0,1, and neither 0,1 subset 

FUSET - USET array 

C,0Mt1f)N /SYSTEM/ - See Section 4.159.8.9 

4. Method: The stiffness matrix is partitioned to boundary and interior points 

KBB l KBI 

[ 

I ] 

[KAA] • ----~----­KIB l KII 
I 

using Subroutines CALCV and PARTN. 

The partitioning vector calculated is saved on the S0F as the UPRT item for substruc­

ture ,.OLONAM. 

4.159.8.3 Subroutine Name: MRED2B 

1. Entry Point: MRE02B 

2. Purpose: To perfonn the GUYAN reduction on the structure points. 

3. Calling Sequence: CALL MRED2B 

C0MM0N /BLANK/ - See Section 4.159.8.1 

C(1MMl1N /SFACT/ KIIT(7),LIIT(7),ISCRQ(7),ISCRA,ISCRB,NZSF,DETR,DETI,PQWER,ISCRC, 
MINDIA,CHLSKY 

KIIT - Matrix control block for KII 
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LIIT - Matrix control block for LII 

ISCRQ - Matrix control block for a scratch 

ISCRA - Scratch file A 

ISCRB - Scratch file B 

NZSF - Number of open core words 

DETR - Detenninate of LII (real) 

DETI - Detenninate of LII (imaginary) 

POWER - Power of LII 

ISCRC - Scratch file C 

MINDIA - Minimum diagonal element valve 

CHLSKY - Cholesky option flag 

file 

C0MM0N /FBSX/ LIIFBS(7),U(7),KIBT(7),GIBT(7),NZFBS,PREC,$IGN 

LIIFBS - LII matrix control block 

U - U matrix control block 

KIST - KIB matrix control block 

GIST - GIB matrix control block 

NZFBS - Number of open core words 

PREC - Precision of FBS solution 

SIGN - Sign of FBS computation 

4. Method: The interior stiffness matrix is decomposed using subroutine SDCOMP 

[KI!] • [LII][LII]T 

If the RSAVE flag is set, the decomposition results are saved on the S0F under the LMTX 

item for substructure ~LDNAM. 

Using subroutine FBS, the structure reduction transfonnation matrix is solved. 

[LII][LII]T[GIB] • - [KIB] 

The G matrix is then saved on the S0F as the GIMS item for substructure OLDNAM. 
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4. 159.8.4 Subroutine Name: MRED2C 

1. Entry Point: MRED2C 

2. Purpose: To process the ~LDM~DES option flag. 

3. Calling Sequence: CALL MRED2C (K~DE) 

K,ODE - Subroutine operation flag 

C0MM0N /BLANK/ - See Section 4.159.8.l 

CDMM0N /SYSTEM/ - See Section 4.159.8.9 

4. Method: If QLDMGDES is not set, the LAM.A.MR and PHISS data block are stored on the S0F 

as the LAMS and PHIS item for substructure 0LDNAM. 

If the QLOMGDES option is set, the LAMS and PHIS items are read from the S0F and stored 

on scratch files. The scratch files are then switched with the LAMAMR and PHISS input data 

blocks. 

4.159.8.5 Subroutine Name: MRED2D 

1. Entry Point: MRED2D 

2. Purpose: To calculate the modal mass and stiffness matrices if USERMODE • TYPE2. 

3. Calling Sequence: CALL MRED2D 

C0MM0N /BLANK/ - See Section 4.159.8.1 

COMMaN 1rwa1 ITWa(32} 

ITWa - Powers of two 

ct)~N /BITPaS/ IDUMS(S},UL,UA,UF,US,UN,IDUM6(10},UB 

UL - L bit position 

UA - A bit position 

UF - F bit position 

US - S bit position 

UN - h bit position 

UB - B bit position 
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C0MM0N /PACKX/ TYPIN,TYP0UT,IR0W,NR0W,INCR 

TYPIN - Type of input variable to pack 

TYP0UT - Type of input variable to pack out 

IR0W - Row position of first variable to pack 

NR0W - Row position of last variable to pack 

!NCR - Increment amount between variables 

C0MM0N /SYSTEM/ - See Section 4.159.8.9 

4. Method: 

a. Count the number of free and fixed points within the boundary set. 

b. If a fixed set exists, process the fixed set (See Section 4.159.8. 10). 

c. If a free set exists, partition the PHIS$ matrix (See Section 4.159.8.11). 

d. Fenn the HK matrix (See Sections 4.159.8.12-13), 

e. Compute K matrix (See Section 4.159.8.14). 

f. Compute HM matrix (See Section 4.159.8.15). 

g. 0utput the HORG item to the S0F '(See Section 4.159.8.16). 

h. Form the stiffness and mass matrices 

[ 

I ] 
(K,M)BB : 0 

[(K,M)HH] • [(K,M)] + ---------t---
0 : 0 

I 

and store as the KMTX and MMTX items on the S0F for substructure NEWNAM. 

i. If load data exists, then expand the load data for the modal D0F. 

[ 
PBB ] [PHH] • -0-

Save the expanded load data as the PVEC or PAPP item on the S0F for substructure 

NEWNAM. Store a null matrix as the P0VE or P0AP item on the S0F for substructure 

0LDNAM. 
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4.159.8.6 Subroutine Name: MRE02E 

1. Entry Point: MRED2E 

2. Purpose: To calculate the modal transformation matrix. 

3. Calling Sequence: CALL MRE02E 

C~MM~N /BLANK/ - See Section 4.159.8.1 

CO'MMO'N /PACKX/ - See Section 4.159.8.5 

r.~MMO'N /PATX/ - See Section 4.159.8.2 

C~MM~N /MPYADX/ ITRLRA(7),ITRLRB(7),ITRLRC(7),ITRLRD(7),NZ,T,SIGNAB,SIGNC,PREC,SCR 

ITRLRA - Matrix A control block 

ITRLRB - Matrix B control block 

ITRLRC - Matrix C control block 

ITRLRD - Matrix D control block 

NZ - Number of open core words 

T - Transpose flag 

SIGNAB - Sign of (A*B) 

SIGNC - Sign of C 

PREC - Precision of matrix multiplication 

SCR - Scratch file 

C0MM0N /8ITP0S/ - See Section 4.159.8.5 

C0MM0N /PARMEG/ IA(7),IA11(7),IA21(7),IA12(7),IA22(7),~CR,RULF 

IA - A matrix control block 

IAll - All matrix control block 

IA21 - A21 matrix control block 

IA22 - A22 matrix control block 

LCR - Number of open core words 

RULE - Matrix merge rule 

CDMM!lN /UNPAKX/ TYPEU,IIU)WU,NIU)WU,INCRU 

TYPEU - Type of variable to be unpacked 
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IROWU - Row position of first variable unpacked 

NROWU - Row position of last variable unpacked 

INCRU - Incremental value between unpacked variables 

COMMON /SYSTEM/ - See Section 4.159.8.9 

4. Method: 

a. The frequency data is read from the LAMAMR data block and desired modes are 

selected based on the RANGE and NMAX commands provided by the user such that 

for RANGE= fl, f2 the frequenices fi are selected with 

where 

= l ,2, ... ,NM.AX. 

b. A record is built to be appended to the LAMS item to describe the manner in which 

each mode is used. The usage c9des are 

O - rigid body point, 

- included in modal set, 

2 - excluded from modal set because of non-participation, and 

3 - excluded from modal set because of ~NGE or NMAX. 

c. The PHISS data block is read and the desired eigenvectors from Step (a) are retrieved. 

[PHISS] • [O i PHIAM] 

d. These vectors are then partitioned. 

[ 
PHIBM] 

[PHIAM] • -------
PHIIM 

e. From this, the modal transformation matrix is computed as 

~. 
[HIM] • [PHIi~] - [~IB][PHIBM] 
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f. The columns of the Him matrix are then processed. For each column of the Him 

and PHiim matrix, if 

the mode (column) is rejected. An included column is scaled so that the largest term 

has a magnitude of 1.0. 

4.159.8.7 Subroutine Name: MRED2F 

1. Entry Point: MRED2F 

2. Purpose: To compute freebody effects. 

3. Calling Sequence: CALL MRED2F 

C0MM0N /BLANK/ - See Section 4.159.8.1 

CQ'Mr,,J'N /MPYADX/ - See Section 4.159.8.6 

CQMMQ'N /BITPas, - See Section 4.159.8.5 

CQMMQ'N /PATX/ - See Section 4.159.8.2 

CQMt,l7N /FBSX/ - See Section 4.159.8.5 

C!IMM0N /PACKX/ - See Section 4.159.8.5 

Ct)MMQN /UNPAKX/ - See Section 4.159.8.6 

C0MM0N /SYSTEM/ - See Section 4.159.8.9 

4. Method: The freebody matrix is computed 

[FAR] • [~] [DMR] 

where r. • 6. 

The F matrix is partitioned to interior and boundary points. 

[ FAR] • 
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The freebody transformation matrix is solved by using subroutine FBS. 

T 
[LII] [LII] [HIR] = - [FIR] 

Each column of Hir is then scaled so the largest magnitude is 1 .0. This is then merged 

with the modal transformation matrix 

[HIE] = [HIR : HIM] 

The final H matrix is computed by merging the previously-computed structure reduction 

transformation matrix (See Section 4. 159.8.3). 

This matrix is then stored on the S0F as the H0RG item for substructure 0LDNAM. 

4. 159.8.8 Subroutine Name: MRED2G 

1. Entry Point: MRE02G 

2. Purpose: To calculate the final structural matrices. 

3. Calling Sequence: CALL MRED2G (KODE} 

K9DE - H~RG matrix input flag 

C0MM0N /BLANK/ - See Section 4.159.8.1 

C0MM0N /SYSTEM/ - See Section 4.159.8.9 

C0MM0N /MPYADX/ - See Section 4.159.8.6 

C0MM0N /PACKX/ - See Section 4.159.8.5 

C0MM0N /BITP0S/ - See Section 4.159.8.5 

C0MM0N /PATX/ - See Section 4.159.8.2 

C0MM0N /MPY3TL/ JTRLRA(7),JTRLRB(7),JTRLRE(7),JTRLREC(7),JSCR(3),LK~RE,IC0DE,PREC3 

JTRLRA - A matrix control block 

JTRLRB - 9 r.atrix control block 
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JTRLRE - E matrix control block 

JTRLRC - C matrix control block 

JSCR - Scratch files 

LK~RE - Length of open core 

IC9DE - Matrix multiplication type 

PREC3 - Precision of matrix multiplication 

a. Set up new substructure on the S0F. 

b. If a stiffness matrix has been provided, the following computations are performed, 

[KBARBB] = [KBB] + [GIB]T [KIB], 

[KEE] = [HIE]T [KII] [HIE], 

and merged 

[KHH] • (-~~~~-t--~--] 0 J KEE 
I 

The Khh matrix is stored on the S0F as the KMTX item for substructure NEWNAM. 

c. The remaining structural matrices are calculated and stored on the S0F as the MMTX, · 

BMTX,K4MX, and PVEC or PAPP items for substructure NEWNAM. 

[(M,8,K4)HH] • [HGH]T [(M,B,1<4)AA] [H<iH] 

[PHH] [HGH]T [PAA] 

d. If the load matrix is present, the loads on the interior points, P1, are partitioned 

out and stored on the S0F as the P0VE or P0AP item for substructure OLDNAM. 
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4.159.8.9 Subroutine Name: MRED2H 

1. Entry Point: MRED2H 

2. Purpose: To create the reduced substructure new S0F table items. 

3. Calling Sequence: CALL MRE02H 

C0MM0N /BLANK/ - See Section 4.159.8.1 

C~MMflN /SYSTEM/ IDUM5,IPRNTR,IDUM7(6),NLPP,IDUM8(2),LINE 

IPRNTR - Printer logical output device number 

NLPP - Maximum number of lines per page 

LINE - Current number of lines on a page 

4. Method: The EQSS item is created by adding the modal e2grees of freedom to the 

boundary data which is on the EQST data block. The new dof will be for the modal points 

and the freebody points if they exist. They will be stored under a new component basic 

substructure with the name NEWNAM. The grid point ID's are 1-6 for rigid points and 101, 

102, 103, ... for modal points. All component codes are 1. 

The BGSS item for substructure NEWNAM is created in a ·similar manner with the new 

points having a -1 coordinate system ID (i.e .• scalar points) and zero coordinates. 

The LOOS or L~AP, PLT and CSTM items are then created and any output requests are 

listed. 

4.159.8.10 Subroutine Name: MRED2I 

1. Entry Point: MRED2I 

2. Purpose: To compute the GS matrix for the User mode type 2 option. 

3. Calling Sequence: CALL MRED2I (K~DE,NUF,N2) 

K0DE - Not· used 

NUF - Number of free points in the boundary set. 

N2 - Not used 
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C0MM0N /BLANK/ - See Section 4.159.8. l 

C9MM9N /SYSTEM/ - See Section 4.159.8.9 

C9MM9N /C9NDA3/ IDUM5(4),F9RPI2 

F0RPI2 - The value of 4.0 x ~2 

C0MM0N /PACKX/ - See Section 4. 159.8.5 

C0MM0N /UNPAKX/ - See Section 4.159.8.6 

4. Method: The mass and frequency are read from the LAMAMR table and the r,s matrix is 

calculated. 

[GS] = - 1/K 

0 

4.159.8.11 Subroutine Name: MRED2J 

1. Entry Point: MRED2J 

0 

where 

" 
2 

K • MI WI 

2 
= mi(2~fi) 

(i•l,2, ..• ,NMODES) 

2. Purpose: To partition the PHISS matrix User mode type 2 option. 

3. Ca11ing Sequence: CALL MRE02J(NUF,N2) 

NUF - Number of free points in the boundar.v set 

N2 - Difference between the number of modes and the number of free points in the 

boundary set 

C0MM0N /BLANK/· See Section 4.159.8.l 

C0M~N /PACKX/ - See Section 4.159.8.5 

4. Method: The PHIS matrix is partitioned into free points (PHISSl) and non-free points 

(PHISS2). 

[PHISS] • [PHISSl 

4.159.8.12 Subroutine Name: MREOZL 

1. Entry Point: MRED2L 

PHISS2] 

2. Purpose: To perform preliminary ca1culations and merges of the HK matrix for the 
User mode type 2 option. 
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3. Calling Sequence: CALL MRED2L (NUF,N2,NUS,UFBITS) 

NUF - Number of free points in the boundary set. 

N2 - Difference between number of modes and the number of free points in the 

boundary set 

NUS - Number of fixed points in the boundary set 

UFBITS - Not used 

C0MM0N /BLANK/ - See Section 4.159.8.1 

CIJMMIJN /MPYADX/ - See Section 4.159.8.6 

CIJMMIJN /PACKX/ - See Section 4. 159.8.5 

4. Method: The HK matrix components are fonned by the following steps. 

[HK] 
( 

-1 : -1 : _, ] 

= .:~~--~-:=~-~~--i--:~~---~=-
0 I O : I 

I I 
I I 

a. The inverse of the PHISS1 matrix is computed. 

b. The PHIGS matrix is calculated. 

[ PHI GS] 
_, 

= - [PHISS1] [ PHISS] [ GS] 

c. The PHIGS matrix is then merged with two null matrices to form the HKPG matrix. 

. [-~~:~~~~::::~-] 
0 l 0 

I 

[HKPG] 

d. The PHIS12 matrix is calculated next. 

[ PHIS12] 
-1 

• - [ PHISS1] [ PHISS2] 

e. An identify matrix is generated next and merged with the PHIS12 matrix. 

[ PHI121] • [-~~:t-] 

4.159-17 (12/29/78) 



Mt)DULE FUNCTIDNAL DESCRIPTIONS 

4.159.8.13 Subroutine Name: MRED2M 

1. Entry Point: MRED2M 

2. Purpose: To form the HK matrix for the User mode type 2 option. 

3. Calling Sequence: CALL MRED2M (NUF,N2,NUS) 

NUF - Number of free points in the boundary set 

N2 - Difference between the number of modes and the number of free points in the 

the boundary set 

NUS - Number of fixed points in the boundary 

C0MM~N /BLANK/ - See Section 4.159.8.l 

C0MM0N /PACKX/ - See Section 4.159.8.5 

4. Method: If free points exists, HK is formed by merging the HKPG and PHI12I matrices. 

[HK] = [HKPG i PHI12I] 

If no free po.ints exist, HK is formed by merging a zero and an identify matrix. 

[HK] • [O ! I] 

4.159.8.14 Subroutine Name: MRED2N 

1. Entry Point: MRED2N 

2. Purpose: To calculate the K matrix for the User mode type 2 option. 

3. Calling Sequence: CALL MRED2N 

C0MM0N /BLANK/ - See Section 4.15g_s.1 

c9r+19N /C9NDAS / - See Section 4.159.8.10 

c9~N /MPY3TL/ - See Section 4.159.8.8 

C9MM9N /PACKX/ - See Section 4.159.8.5 

4. Method: The mass and frequency are read from the LAMAMR table and the K matrix is 

generated. 

where K • M1 W~ 

• Mi (2 f i )
2 

( i •l ,2, ..• ,NMODES) 
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4. 159.8.15 Subroutine Name: MRED2Q 

l. Entry Point: MRED2~ 

2. Purpose: To fonn the M matrix for the User mode type 2 option. 

3. Calling Sequence: CALL MRED2~ (NUS) 

NUS - Number of fixed points in the boundary set. 

C0MM0N /BLANK/ - See Section 4.159.8.1 

C0MM0N /MPY3TL/ - See Section 4.159.8.8 

COMM0N /PACKX/ - See Section 4.159.8.5 

4. Method: 

a. If fixed points exist, the GS matrix is merged with a zero matrix and added to the 

HK matrix to fonn the HM matrix. 

[HM] = [HK] + [ GS : 0 : 0 ] 

b. If no fixed points exist, the HM matrix is equal to the HK matrix. 

[HM] = [HK] 

c. The mass data is read from the LAMAMR table and the M matrix is fonned. 

( i =l ,2, ... ,NMODES) 
where M • M1 

4. 159.8.16 Subroutine Name: MRED2P 

1. Entry Point: MRED2P 

2. Purpose: To output the HAB matrix to the SOF as the HORG item for the User modes type 

2 option. 

3. Calling Sequence: CALL MRED2P (NUS,NUF,N2) 

NUS - Number of fixed points in the boundary set 

NUF - Number of free points in the boundary set 
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N2 - Not used 

C0MM0N /BLANK/ - See Section 4.159.8.l 

CaMMaN /PACKX/ - See Section 4.159.8.5 

CGM~N /SYSTEM/ - See Section 4.159.8.9 

4. Method: The HAB matrix is formed and output to the S0F as the HORG item for substruc­

ture 0LONAM. 

[HAB] = [I OJ 

4.159.8.17 Subroutine Name: GMMERG 

1. Entry Point: GMMERG 

2. Purpose: To perform a general matrix merge 

3. Calling Sequence: CALL GMMERG (FILEA,FILEll ,FILE21,FILE12,FILE22,RPART,CPART,NSUB, 
MRGTYP,C0RE,LC0RE) 

FILEA - Resulting merged file number 

FILEll - Subset 0,0 file number 

FILE21 - Subset 0,1 file number 

FILE12 - Subset 1,0 file number 

FILE22 - Subset 1,1 file number 

RPART - Row merge vector file number (maybe O if no row merge needed) 

CPART - Column merge vector file number (may be O if no column merge needed) 

NSUB - Array of dimension 4 holding the number of columns in RPART O and 1 

subsets and the number of rows in the CPART O and 1 subset respectively. 

MRGTYP - Merge type (equals 1 for a resulting square matrix and 2 for a re­

sulting rectangular matrix). 

C!>RE - Beginning address of open core 

LC!>RE - Number of words in open core 

CO'MMO'N /PARMEG/ - See Section 4.159.8.6 

4. Method: The matrix control blocks are set up and the type of merge is called to MERGE 

based on whether or not RPART and CPART are provided. 
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[FI LEA] 

4.159.8.18 Subroutine Name: GMPRTN 

1. Entry Point: GMPRTN 

= [-::~::: :-::~:::-] 

2. Purpose: To perform a general matrix partition. 

3. Calling Sequence: CALL GMPRTN (FILEA,FILEll ,FILE21 ,FILE12,FILE22,RPART ,CPART,NSUB0, 
NSUB1,C0RE,LC0RE) 

FILEA - File number to be partitioned 

FILEll - 0,0 subset partition file number 

FILE21 - 1 ,O subset partition file number 

FILE12 - 0,1 subset partition file number 

FILE22 - l,l subset partition file number 

RPART - Row partition vector filenumber (may be O if no row partition needed) 

CPART - Column partition vector file number (may be O if no column partition 

needed) 

NSUB0 - Number of entries in O subset 

NSUB1 - Number of entries in 1 subset 

C0RE - Beginning address of open core 

LC0RE - Length of open core 

C0MM0N /PARME~/ - See Section 4.159.8.6 

4. Method: The matrix control blocks are set up and the type of partition is called to 

PARTN based on whether or not RPART and CPART are provided. 

[FILEA] = [-~:==~~-l~:==~~-J FILE21 I FILE22 
I 

4.159.9 Design Requirements 

Ten scratch files are needed. They are allocated in the following manner. 
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FI LE ALL0CATI0N WITH N0 USER ~10DES 

Fi 1 e 
File Number Used in Subroutine MRED--

Number 2 2A 2B 2C 2E 2F 2G 2H 

CASECC 101 
USETMR 105 105 105 105 

KAA 106 
KBB 301 301 

KIB 302 302 302 

KII 303 303 303 

UPRT 305 301 

LII 305 305 

GIB 306 308 304 304 

LAMAMR 102 102 

PHIS 103 

LAMS 305 
PHISS 306 306 
PAA 110 

KHH 201 
PHIIt-1 307 I 

PHIAM 308 
HIM 308 308 
PHIBM 309 

MAA 107 
DMR 111 
HGH 308 308 

HIE 307 
HIR 309 
FAR 309 
FIR 310 
P,1\'E 206 

KBARBB 305 

KEE 306 

HIE 307 

EQST 104 
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FILE ALL9CATI0N WITH USER MODES TYPE 2 

Fi 1 e File Number Used in Subroutine MRED--

Name 2 20 2I 2J 2L 2M 2N 20 2P 2H 

CASECC l 01 
USETMR 105 
KBB 106 
LAMAMR 102 102 102 

PHISS 303 306 
MBB 107 
PAA 110 
KHH 201 
MHH 202 
PHH 205 
K 303 303 

M 310 310 
QSM 112 
GS 307 307 307 
PHISS1 308 308 
PHISS2 309 309 

PHIGS 302 

PHIS12 302 
PHil 2I 308 308 
HK 302 302 302 
HKPG 303 
HM 309 
GSZER0 310 
HAB 302 
EQST 104 
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Open core resides in common blocl'. /t1RED27/ and is defined as follows: 

During modal transfor­
mation matrix calcula­
tion 

NM0DES { 

NM0DES l 
NR0l'J { 

NR01·J l 

C0MM0N /MRED2Z/ 

Mode index array 

Mode. usage a.rl".ay 

HIM matrix column 

PHIIM matrix column 

3 «;0F buffers 

3 GIN0 buffers 

4.159.10 Diagnostic Messages 

All other times 

C~MM~N /MRED2Z/ 

3 S0F buffers 

3 GIN0 buffers 

Diagnostic messages 3001-3003, 3008, 3037, 6101-6103, 6211, 6215, 6311, 6518, and 6632-6634 

are issued. 
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4.160 FUNCTI~NAL MCDULE CMRED2 (MCDAL SYNTHESIS CDMPLEX REDUCTION CALCULATIONS) 

4.160.1 Entry Point: CMRED2 

4.160.2 Purpose: 

To perform the computations for the complex modal reduce corrrnand. 

4.160.3 DMAP Calling Sequence: 

CMRED2 CASECC,LAMAMR,PHISSR,PHISSL,EQST,USETMR,KAA,MAA,BAA,K4AA,PAA/KHH,MHH,BHH,K4HH,PHH, 
P0VE/STEP/$,N,DRY/P0PT $ 

4.160.4 Input Data 

4.160.4. l GIN0 Data Blocks 

CASECC - Case Control Data 

LAMAMR - Eigenvalue table for substructure being reduced 

PHISSR - Right hand eigenvectors for substructure being reduced 

PHISSL - Left hand eigenvectors for substructure being reduced 

EQST - EQSS data for boundary set for substructure being reduced 

USETt1R - USET table for reduced substructure 

KAA - Substructure stiffness matrix 

MAA - Substructure mass matrix 

BAA - Substructure viscous damping matrix 

K4AA - Substructure structure damping matrix 

PAA - Substructure load matrix 

Notes: 1. LAMAMR, PHISSR and PHISSL may be purged if the modes exist on the S0F. 

2. KAA, ••. ,PAA may be purged depending on the substructure 0PTI0N command. 

3. PHISSL may be purged if the matrices are synmetric. 

4.160.4.2 S0F Items 

LAMS - Eigenvalue table for original substructure 

PHIS - Eigenvector table for original substructure 

LMTX - Stiffness decomposition product for original substructure 
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GIMS - G transformation matrix for boundary points for original substructure 

H0RG - H transformation matrix for original substructure 

4.160.5 Output Data 

4.160.5.1 GIN0 Data Blocks 

KHH - Reduced stiffness matrix 

MHH - Reduced mass matrix 

BHH - Reduced viscous damping matrix 

K4HH - Reduced structure damping matrix 

PHH - Reduced load matrix 

P0VE - Interior point load matrix 

Note: KHH, •.• ,PHH may be purged depending on input data blocks provided. 

4.160.5.2 S0F Items 

LAMS - Eigenvalue table for original substructure 

PHIS - Right hand eigenvector table for original substructure 

PHIL - Left hand eigenvector table for original substructure 

GIMS - G transfonnation matrix for boundary points for original substructure 

H0RG - Right hand H transformation matrix for original substructure 

HLFT - Left hand H transfonnation matrix for original substructure 

UPRT - Partitioning vector for CREDUCE for original substructure 

P0VE - Internal point loads for original substructure 

P0AP - Internal points appended loads for original substructure 

EQSS - substructure equivalence table for reduced substructure 

BGSS - Basic grid point definition table for reduced substructure 

CSTM - Coordinate system transfonnation matrices for reduced substructure 

L00S - Load set data for reduced substructure 

L0AP - Appended load set data for reduced substructure 

PLTS - Plot set data for reduced substructure 

KMTX - Stiffness matrix for reduced substructure 

MMTX - Mass matrix for reduced substructure 

PVEC - Load matrix for reduced substructure 
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PAPP - Appended load matrix for reduced substructure 

BMTX - Viscous damping matrix for reduced substructure 

K4MX - Structure damping matrix for reduced substructure 

4.160.6 Parameters 

STEP - input - integer - no default. Identifies the Case Control record which contains 

the CREDUCE data. 

DRY - output - integer. A flag which is set during module execution if error conditions 

prevent a requested GO operation. 

P0PT - input - BCD - no default. Set to PVEC or PAPP for options P and PA respectively. 

4.160.7 Method 

The following logical sequence is performed by the CMRED2 module. 

a. Process Case Control (Subroutine CMRD2) 

b. Process stiffness matrix (Subroutine CMRD2A) 

c. The following steps are performed once for a synmetric reduction and twice for an 

unsymmetric red1Jr.tio,, · 

Process Guyan reduction (Subroutine CMRD2C) 

Process 0LDMf')DES option (Subroutine CMRD2B) 

Calculate modal transformation matrix (Subroutine CMR020), and 

Calculate the H transformation matrix (Subroutine CMRD2E). 

d. Calculate structural matrices (Subroutine CMRD2F). 

e. Generate new S0F table items (Subroutine CMRD2G). 

4.160.8 Subroutines 

4.160.8.1 Subroutine Name: CMR02 

1. Entry Point: CMRD2 

2. Purpose: Driver which performs the computations for the complex modal reduce co11111and. 

3. Calling Sequence: CALL CMRD2 
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C0MM0N /BLANK/ STEP,DRY,P0PT,GBUF1 ,GBUF2,GBUF3,SBUF1 ,SBUF2,SBUF3,INFILE(11 ),0TFILE(6), 
ISCR(11),K9RLEN,K9RBGN,9LDNAM(2),NEWNAM(2),SYMTRY,RANGE(2),NMAX,IG,MGDES, 
RSAVE,LAMSAP,M~DPTS,MaDLEN 

STEP - Control Data CASECC Record (integer) 

PQPT - PVEC or PAPP option flag (BCD) 

DRY - Module operation flag (integer) 

GBUF - GINO buffers 

SBUF - SOF buffers 

INFILE - Input file numbers 

fTFILE - Output file numbers 

ISCR - Array of scratch file numbers 

K~RLEN - Length of open core 

K~RBGN - Beginning address of open core 

~LDNAM - Name of substructure being reduced 

NEWNAM - Name of reduced substructure 

SYMTRY - Synrnetry flag 

RANGE - Range of frequencies to be used 

NMAX - Maximum number of frequencies to be used 

I~ - I~ options flag 

~DES - ~LDM~DES option flag 

RSAVE - Save reduction product flag 

LAMSAP - Beginning address of mode use description array 

M0DLEN - Length of mode use array 

M0DPTS - Number of modal points 

C0MM0N /SYSTEM/ SYSBUF,IPRNTR 

SYSBUF - System buffer size 

IPRNTR - Printer logical output device nurrt>er 

4. Method: 

a. Initialize GIN0 and S0F files and buffers. 

b. Initialize Case Control parameters. 

c. Process Case Control data block. 
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The allowable case control mnemonics for the CMRD2 operation are: 

NAM.A. - Name of substructure to be reduced 

NAMB - Name of resultant reduced substructure 

RANG - Eigenvalue mode frequency range 

NMAX - Maximum number of mode frequencies with range to be used 

0UTP - Selective output control flag 

0LDM - 0LDM0DES option flag 

RSAV - Save reduction products flag 

These values are extracted from the CASECC input block. 

d. Process stiffness matrix (See Section 4.160.8.2). 

e. Determi n.e whether reduction is synmetri c or unsynmetric. 

f. If the corresponding H transformation matrix is not present, the following steps 

are performed once for a synmetric reduction and twice for an unsummetric reduction. 

Process ~LD~10DES option (See Section 4.160.8.3) 

Perform Guyan reduction (See Section 4.160.8.4) 

Calculate the modal transformation matrix (See Section 4. 160.8.5) 

Calculate the corresponding H transfonnation matrix (See Section 4.160.8.6) 

g. Calculate the structural matrices (See Section 4.160.8.7). 

h. Process the new S0F table items (See Section 4.160.8.8). 

4. 160.8.2 Subroutine Name: CMRD2A 

1. Entry Point: CMRD2A 

2. Purpose: To partition the stiffness matrix into boundary and interior points and 

save the partitioning vector on the S0F as the UPRT item. 

3. Calling Sequence: CALL CMRD2A 

C0MM0N /BLANK/ - See Section 4.160.8.1 

C~M~N /BITP~S/ - IDUM4(9),UN,IOUM5(10),UB,UI 

UN - N bit position 

UB - B bit position 

UI - I bit position 
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C~MM~N /PATX/ LC9RE,NSUB(3),FUSET 

LC0RE - Length of open core 

NSUB - Number of rows in 0.1, and neither 0.1 subset 

FUSET - USET array 

C0MM0N /SYSTEM/ - See Section 4.160.8.8 

4. Method: The stiffness matrix is partitioned to boundary and interior points 

KBB : KBI 

[ 

I ] [KAA] • ---~---­
KIB : KIi 

I 

using subroutines CALCV and PARTN. 

The partitioning vector calculated is saved on the S0F as the UPRT item for substruc­

ture 0LDNAM. 

4.160.8.3 Subroutine Name: CMRD2B 

1. Entry Point: CMRD2B 

2. Purpose: To process the 0LDM0DES option flag. 

3. Calling Sequence: CALL CMRD2B (K0DE) 

K0DE - Subroutine operation flag 

C0MM0N /BLANK/ - See Section 4.160.8.1 

C0MM0N /SYSTEM/ - See Section 4.160.8.8 

4. Method: If 0LDM0DES is not set, the LAMAMR and PHISSR or PHISSL data block are stored 

on the S0F as the LAMS and PHIS or PHIL item for substructure 0LDNAM. 

If the 0LDM0DES option is set, the LAMS and PHIS ·or PHIL items are read from the S0F 

and stored on scratchfiles. The scratch files are then switched with the LAMAMR and PHISSR 

or PHISSL input data blocks. 

4.160.8.4 Subroutine Name: CMRD2C 

1. Entry Point: CMRD2C 

2. Purpose: To perform the Guyan reduction on the structure points. 
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3. Calling Sequence: CALL CMRD2C (ITER) 

ITER - Reduction type flag 

C0MM0N /BLANK/ - See Section 4.160.8.1 

C0MM0N /SFACT/ KIIT(7),LIIT(7),ISCRQ(7),ISCRA,ISCRB,NZSF,DETR,DETI,P0WER,ISCRC,MINDIA, 
CHLSKY 

KIIT - Matrix control block for KII 

LIIT - Matrix control block for LII 

ISCRQ - Matrix control block for a scratch file 

ISCRA - Scratch file A 

ISCRB - Scratch file B 

NZSF - Number of open core words 

DETR - Determinant of LII (real) 

DETI - Determinate of LII (imaginary) 

P0WER - Power of LII 

ISCRC - Scratch file C 

MINOIA - Minimum diagonal element value 

CHLSKY - Cholesky option flag 

C0MM0N /COCMPX/ KIITC(7),LIITC(7),UIITC(7),SCR(3),0ET(2),P0WERC,NX,MINOC,B,BBAR 

KIITC - Matrix control block for KII 

LIITC - Matrix control block for LII 

UIITC - Matrix control block for UII 

SCR - Scratch file numbers 

DET - Determinate of LII 

P0WERC - Power of LII 

NX - Number of open core words 

MINOC - Minimum diagonal element value 

B - B calculation flag 

B8AR ·~calculation flag 

C0MM0N /FBSX/ LIIFBS(7),U,(7),KIBT(7),r,IBT(7),NZFBS,PREC,SIGN 

LIIFBS - LII matrix control block 
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U - U matrix control block 

KIST - KIB matrix control block 

GIST - GIB matrix control block 

NZFBS - Number of open core words 

PREC - Precision of FBS solution 

SIGN - Sign of FBS computation 

C0MM0N /GFBSX/ LIGFBS(7),UGFBS{7),KIGFBS{7),GIBFBS(7),NZGFBS,PREC1 ,ISIGN 

LIGFBS - Matrix control block for LII 

UGFBS - Matrix control block for UII 

KIGFBS - Matrix control block for KI! 

GIBFBS - Matrix control block for GIB 

NZGFBS - Number of open core words 

PRECl - Precision of resulting solution 

ISIGN - Sign of solution 

C0~N /TRNSPX/ ATRLR{7),ATTRLR{7),LC0RE,NSCRTH,ISCRTH(8) 

ATRLR - Matrix control block of matrix to be transposed 

ATTRLR - Matrix control block of transposed matrix 

LC0RE - Lenath of ooen core 

NSCRTH - Number of scratch files 

ISCRTH - Scratch file numbers 

C!IMMDN /SYSTEM/ - See Section 4.160.8.8 

4. Method: The interior stiffness matrix is decomposed using either subroutine SDC0MP 

for symmetric matrix decompositions or CDC0MP for unsymmetric matrix decompositions. 

SYMMETRIC: [KII] • [LII][LII] T 

UtlSYMMETRIC: [KIIJ • [LII][UII] 

If the RSAVE flag is set, the decomposition results L;; are saved on the S0F under the 

LMTX item for substructure 0LDNAM. 
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Using subroutine FBS or GFBS, the structure reduction transfonnation matrix is solved. 

SYMMETRIC: [Llll[LII]T[GIB] = -[KIB] 

IJNSYr1METRIC: [LTT][UII][GIB] = -[KIB] 

If the reduction is unsymmetric (unrelated to whether KII is S.Y1T111etric or not), the above 

steps are repeated using KIIT and solving for GIBBAR with KBIT. The GIB matrix is then 

saved on the S0F as the GIMS item for substructure 0LDNAM . 

·4, 160.8.5 Subroutine Name: CMRD2D 

1. Entry Point: CMRD2D 

.. 

2. Purpose: To calculate the modal transfonnation matrix. 

3. Calling Sequence: CALL CMRD2D (ITER) 

ITER - Reduction type flag 

C0MM0N /BLANK/ - See Section 4.160.8. 1 

C0MM0N /PACKX/ TYPIN,TYP0UT,IR0W,NR0W,INCR 

TYPIN - Type of input variable to pack 

TYP0UT - Type of input variable to pack out 

IR0W - Row position of first variable to pack 

NR0W - Row position of test variable to pack 

INCR - Inerement amount between variables 

C0M~N /PATX/ - See Section 4.160.8.2 

C0MM0N /MPYADX/ ITRLRA( 7) ,n RLRB (7) ,ITRLRC(7), ITRLRD(7) ,NZ, T ,$IGNAB ,SIGNC ,PREC ,SCR 

ITRL.RA - Matrix A control block 

ITRLRB - Matrix B control block 

ITRLRC - Matrix C control block 

ITRLRD - Matrix D control block 

NZ - Number of open core words 
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T - Transpose flag 

SIGNAB - Sign of (A*B) 

SIGNC - Sign of C 

PREC - Precision of matrix multiplication 

SCR - Scratch file 

C0MM0N /BITP0S/ - See Section 4.160.8.2 

C0MM0N /PARMEG/ IA(7),IA11(7),IA21(7),IA22(7),LCR,RULE 

IA - A matrix control block 

IAll - All matrix control block 

IA21 - A21 mat~ix control block 

IA12 - A12 matrix control block 

IA22 - A22 matrix control block 

LCR - Number of open core words 

RULE - Matrix merge rule 

C0MM0N /UNPAKX/ TYPEU,IR0WU,NR0WU,INCRU 

TYPEU - Type of variable to be unpacked 

IR0~U - Row position of first variahle unnacked 

NR0WU - Row position of last variable unpacked 

INCRU - Incremental value between unpacked variables 

C0MM0N /SYSTEM/ - See Section 4.160.8.8 

4. Method: 

a. The eigenvalues P are read from the LAMAMR data block and desired modes are 

selected based on the RANGE and NMAX commands provided by the user, such that 

for RANGE• f1,f2 
where 

the frequencies fi are selected with 

i • 1,2, ... ,Nr,\I\X. 

All tests are performed on the imaginary part of the root. 

b. A record is built to be appended to the LAMS item to describe the manner in which 

each mode is used. The usaqe codes are 

1 - included in modal set, 
/•'' 
7' 
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2 - excluded from modal set because of non-participation, and 

3 - excluded from modal set because of RANGE or NAMX. 

c. The PHISSR data block is read and the desired eigenvectors from Step (a) are re­

trieved. 

[PHISSR] = [O PHIAM] 

d. These vectors are then partitioned. 

[
PH IBM] 

[PHIAM] = ----­
. PHI IM 

e. From this, the modal transformation matrix is computed as 

[HIM] = [PHIIM] - [GIB][PHIBM]. 

f. The columns of the Him matrix are then processed. For each column of th: H;m 

and PHlim matrix. if 

I { Him } I 
I { PHI im } I 

< e: • 1 o·3 

the mode (column) is rejected. An included column is scaled so that the largest term 

has a magnitude of 1.0. If the reduction is unsynrnetric, the above steps are repeated 

using the PHISSL matrix and solving for HIMBAR using GIBBA~. 

4.160.8.6 Subroutine Name: CMRD2E 

1. Entry Point: CMR02E 

2. Purpose: To calculate the H transformation matrix. 

3. Calling Sequence: CALL CMRD2E(ITER) 

ITER - Reduction type flag 

C0MM0N /BLANK/ - See Section 4.160.8.l 
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C0MM0N /PACKX/ - See Section 4.160.8.5 

C0MM0N /UNPAKX/ - See Section 4.160.8.5 

C0MM0N /SYSTEM/ - See Section 4. 160.8.8 

4. Method: The final H matrix is computed by merging the previously-computed structure 

reduction transformation matrix (See Sections 4.160.8.4-5). 

[ 

I ] 
I : 0 

[HGH] = ·---:----
GIB : HIM 

I 

This matrix is then stored on the S0F as the H0RG item for substructure 0LDNAM. 

If the reduction is unsynmetric, the HIMBAR and GIBBAR are merged to generate the HGHBAR 

matrix which is stored on the S0F as the HLFT item for substructure 0LDNAM. 

4. 160.8.7 Subroutine Name: CMRD2F 

1. Entry Point: CMRD2F 

2. Purpose: To calculate the final structural matrices. 

3. Calling Sequence: CALL CMRD2F (K0DE) 

K0DE - H transfonnation matrix flag 

C0MM0N /BLANK/ - See Section 4.160.8.1 

C0MM0N /SYSTEM/ - See Section 4.160.8.8 

C0MM0N /MPYADX/ - See Section 4.160.8.5 

C0"'10N /PACKX/ - See Section 4.160.8.5 

C0MM0N /BLTP0S/ - See Section 4.160.8.2 

C0MWiaN /PATX/ -. See Section 4. 160.8.2 

C0MM0N /MPY3TL/ JTRLRJ(7},JTRLRB(7},JTRLRE(7},JTRLRC(7),JSCR(3),LK0RG,IC0DE,PREC2 

JTRLRA - A matrix control block 

JTRLRB - B matrix control block 

JTRLRE - E matrix control block 

JTRLRC - C matrix control block 

JSCR - Scratch files 

LK0RE - Length of open core 
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IC0DE - Matrix multiplication type 

PREC3 - Precision of·matrix multiplication 

4. Method: 

a. Set up new substructure on the S0F. 

b. If a stiffness matrix has been provided, the fullowing computations are performed, 

and merged 

[KBARBB] = [KBB] + [GIB]T[KIB], 

[KMM] = [HIM]T[KII][HIM], 

[KHH] = [KBARBB _/ _ 0 -] . 
0 : KMM 

I 

. The Khh matrix is stored on the S0F as the KMTX item for substructure NEWNAM. 

c. The remaining structural matrices are claculated and stored on the S0F as the 

MMTX, BMTX, K4MX, and PVEC or PAPP items for substructure NEWNAM. 

[(M,B,K4)HH] = [HGH(BAR)]T[(M,8,K4)AA][HGH] 

[PHH] = [HGH(BAR)]T[PAA] 

. 
d. If the load matrix is present, the loads on the interior points P; are partitioned 

out and stored on the S0F as the P0VE or P0AP item for substructure DLDNAM. 

· [ PB ] [PAA] • ----
PII 

If the reduction is unsynmetric, the GIBBAR matrix is used in place of the GIB, the 

HIMBAR instead of the HIM matrix, and the left hand side HGH is replaced with the 

HGHBAR matrix. 

4.160.8.8 Subroutine Name: CMRD2G 

1. Entry Point: CMRD2G 
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2. Purpose: To create the reduced substructure new S0F table items. 

3. Calling Sequence: CALL CMRD2G 

C0MM0N /BLANK/ - See Section 4.160.8.1 

C0MM0N /SYSTEM/ IDUM5,IPRNTR,IDUM7(6),NLPP,IDUM8(2),LINE 

IPRNTR - Printer logical output device number 

NLPP - Maximum number of lines per page 

LINE - Current number of lines on a page 

4. Method: The EQSS item is created by adding the modal degrees of freedom to the bound­

ary data which is on the EQST data block. The new dof will be for the modal points and 

they will be stored under a new component basic substructure with the name NEWNAM. The 

grid point ID's are 101, 102, 103, ... and the component codes are l. 

The BGSS item is created in a similar manner with the new points having a -1 coordinate 

system ID (i.e., scalar points) and zero coordinates. 

The L0DS or L0AP, PLT and CSTM items are then created and any output requests are 

listed. 

4.160.8.9 Subroutine Name: GMMERG 

See Section 4.160.8.17 

4.160.8.10 Subroutine Name: GMPRTN 

See Section 4.160.8.18 
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4.160.9 Design Requirements 

Eleven scratch files are needed. They are allocated in the following manner. 

File File Number Used in Subroutine CMRO--
Number 

2 2A 28 2C 20 2E 2F 2G 

CASECC 101 
PHISSL 104 104 104 

USETMR 106 106 106 

KAA 107 
KBB 301 301 

KIB 302 302 302 

KBI 303 303 

KII 304 304 304 

UPRT 305 307 301 

LAMAMR 102 102 
PHISSR 103 103 
LAMS· 305 305 
PHISL 306 306 

LII 308 
UII 309 
GIB 311 308 306 303 
GIBBAR 311 311 311 311 
PHIAM 308 
PHIBM 309 
PHI IM 306 
HIMBAR 308 308 308 
HIM 310 310 310 
HGHBAR 309 309 
HGH 309 308 

PAA 111 
KHH 201 

PJVE 206 

KBARBB 305 

KMM I 306 

EQST I 105 
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Open core resides in colffllon block /CMRD2Z/ and is defined as follows: 

During modal transformation 
matrix calculation 

N~10DES { 

NM0DES { 

NR0~·J .{ 

NR0W { 

f"/lUUll•I /Ct1Rn?11 

Mode index array 

Mode usage array 

HIM matrix column 

PHIIM matrix column 

3 SQIF buffers 

3 GINQI buffers 

4.160.10 Diagnostic Messages 

All other times 
C0MM~N /CMRD2ZI 

3 SQIF buffers 

3 GINi buffers 

Diagnostic messages 3001-3003, 3008, 3037, 6101-6103, 6211, 6215, 6311, 6518, 6632, and 

6635 are iss·ued. 

., 
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4. 161 FUNCTIONAL MODULE EMAl (ELEMENT MATRIX ASSEMBLER) 

4. 161. 1 Entry Point: EMAl 

4. 161.2 Puroose 

The purpose of this module is to superimpose matrices corresponding to elements into a struc­

tural matrix corresponding to all degrees of freedom at all grid points. 

4. 161.3 DMAP Calling Sequence 

EMAl GPECT,KDlCT,KELM,SIL,ECT/KGG,GPST/C,N,N0K4/C,N,WTMASS $ 

4.161.4 Input Data Blocks 

GPECT - Grid Point Element Connection Table 

KDICT - Element Matri.x Dictionaries 

KELM - Element Matrix Partitions 

SIL - Scalar Index List 

ECT - Element Connection Table 

4. 161.5 Output Data Blocks 

KGG - Assembled Structural Matrix 

GPST - Grid Point Singularity Table 

Note: GPST may be purged. 

4. 161.6 Parameters 

N0K4 - Input, integer, default• -1. Flag which specifies whether damping factor is to 

be used in assembling matrix (-1 ignores factor). 

WTMASS - Input, real, default• 1.0. Constant by which all element matrix terms are 

multiplied. 
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4. 161.7 Method 

EMAl is divided into three phases. The first phase of EMAl consists of building a modified 

element dictionary file on SCRATCH2. This is accomplished in the following steps: 

l. The contents of the first record of the SIL data block is read into an area at the end 

of working storage. 

2. The ECT and KDICT data blocks are read in synchronously. For each element type on 

KDICT, a 3-word record header is written on SCRATCH2: 

1. Element type 

2. Number of words per entry (n) 

3. Number of grid points per entry (m) 

3. For each element within an element type, an n-word entry is written on SCRATCH2: 

1. Element IO (internal number) 

2. Form of column partitions (1 • rectangle, 2 = diagonal) 

3. Number of tenns per column partition 

4. Scalar code defining D0F per grid point 

5. ge (real damping fac~or) 

6. Internal index of 1st grid point 

7. GIN0 address of 1st column partition 

n-1. Internal index of last grid point 

n. GIN0 address of last column partition 

~: 

a. Grid points are in sort by internal index 

b. A zero indicates a missing grid point 

c. Any zeros are last in list 

The second phase of EMAl consists of building a data block on SCRATCH3 which contains the de­

fined grid point connection information. This data block is derived from the GPECT data block 

and has the following format: 

1. For each grid/scalar point in the problem, two records are written. The first record 

contains 6 words: 
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• 
1. internal index of grid/scalar point 

2. D0F of point (1 = scalar, 6 = grid) 

3. maximum D0F of connected points (0 = no connections) 

4. number of connected points 

5. index of first connected point 

6. index of last connected point 

2. The second record of each pair is a packed column (written by PACK) which contains a non­

zero tenn for each connected point. 

For the assembly (last) phase, EMAl makes one pass of the SCRATCH2 data block and assembles 

as many columns of KGG as can be allocated in open core. Allocation of open core for the assembly 

phase is shown in Figure 1. 
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IPVT 

NPVT 

BUF1 

ISILO+l 
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column partition from KELM 

one dictionary entry from SCRATCH2 

storage for connected grid 
vectors and matrix tenns 

GIN0 buffer 

GIN0 buffer 

contents of 1st record 
of SIL data blocks 

} 

maximum size deter· 
mined from pass of 
KDICT 

} 
maximum size deter· 
mined when assembl· 
SCRATCH2 

one a-word Pivot 
Control Block for 
each grid/scalar 
point allocated 
in a pass 

last a-word PCB in 
current pass 

Figure 1. Allocation of Open Core for the Assembly Phase of EMAl 
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The first six words of an 8-word Pivot Control Block (PCB) are read from the first of the 

2-record pair on SCRATCH3. The 7th word of the PCB is a pointer to the Connected Grid Vector and 

the 8th word is a pointer to the matrix tenns. 

The Connected Grid Vector (CGV) contains one word for each grid or scalar point between the 

first and last points connected to the pivot point. The contents of each word in the CGV is zero 

if the point is not connected to the pivot, or the relative position in the column of matrix tenns 

of the connected point if the point is connected to the pivot. 

For example, assume point 5 has points 3, 5, 6 and 8 connected to it. The Di1JF of each 

connected point is 6. The matrix tenns are real single precision. Twenty-four words are 

required for each column of KGG corresponding to point 5 (144 words for all 6 columns). The 

CGV for point 5 will contain 6 words as follows.: 

relative 

1 

2 

3 

4 

5 

6 

1 

0 

7 

13 

0 

· 19 

correS!'.'llnding 
point 

3 

4 

5 

6 

7 

8 

When the allocation of working storage for a pass is complete, the SCRATCH2 data block is read 

one element at a time. If the element references a grid point which is within the current alloca­

tion, the column partitions corresponding to the point are read from KELM and added to the terms 

in working storage. The latter step is performed by subroutine EMAlS (single precision) or EMA1D 

(double precision). 

When the SCRATCH2 data block has been read, the columns of KGG currently in working storage 

are complete. They are packed to the KGG data block by calling subroutine BLDPK. 

If the GPST data block is to be generated (GPST is not purged), the matrix terms associated 

with the pivot (2 diagonal 3 x 3s) are written on SCRATCHl. 
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When all columns of KGG are complete, EMAl is complete unless the GPST is to be generated. 

In this case, the SCRATCHl data block is read and subroutine DETCKX is called to generate the 

singularity information. 

4. 161.8 Subroutines 

4. 161.8. 1 Subroutine Name: DETCKX (see Section 4.123.8) 

4.161.8.2 Subroutine Name: EMAl 

1. Entry Point: EMAl {~I 
2. Purpose: To add a column vector partition to the corresponding assembled matrix. S is 

the single precision version. Dis the double precision version. 

3. Ca 11 i ng Sequence: 

CALL EMAl !~I (J,NSCA,SCALAS,PIV0T,DICT,CGV,KGG,CP,F) 

where: 

J - index in SCALAS to current relative column number 

NSCA - number of tenns per grid point in CP 

SCALAS - array of relative row/column numbers 

PIV0T - 1st 6 words of 8-word Pivot Control Block 

DICT - dictionary entry 

CGV - Connected Grid Vector 

KGG - matrix terms for pivot 

CP - column partition 

F - Factor (real single precision) to be applied to each term 

4. 161. 9 Design ~eguirements 

EMA1 is open ended. At least one complete pivot point must be allocated. Fatal message 3008 

is generated if this is not the case. 

4. 161. 10 Diagnostic messages 

SYSTEM FATAL MESSAGE 3012, EMAl L0GIC ERR0R nnn. 

If this diagnostic occurs, nnn points to a F0RTRAN statement number at or near the logic test 

which has failed. 
~ 
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5. l INTRODUCTION 

NASTRAN operates on: l) the IBM Systems 360/370 under Operating System/Virtual Storage 

(0S/VS1), Operating System/Virtual Storage 2 (0S/VS2), Operating System/Multiprogramming with a 

Variable Number of Tasks (0S/MVT), Operating System/Fixed Number of Tasks (0S/MFT), and Operating 

System/Multiprogramming with a Variable Number of Tasks (0S/MVT); 2) the UNIVAC 1108 and 1110 

Series under the Exec 8 operating system; and 3) the CDC 6000/CYBER under the Netword Operating 

System (N0S) and the Netword Operating System Batch Environment (N0S-BE). This section discusses 

the interfaces between NASTRAN and these operating systems with respect to: l) input/output; 

2) link switching; 3) overlay considerations ·and implementation of the open core concept; 4) the 

setup of the operating system control cards for the NASTRAN data decks; 5) generatiQn of an execut­

able NASTRAN system; and 6) machine dependent routin_es. 

The vocabulary used in each subsection is the one used by systems programmers familiar with 

the particular operating system being discussed. It is to these system prograrmners that each 

subsection is addressed. 
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THE MATERIAL FOR SECTION 5.2 

HAS BEEN DELETED 

5.2-1 (7/4/76) 



NASTRAN ON THE IBM SYSTEM 360-370 

5.3 NASTRAN ON THE IBM SYSTEM 360-370* 

5.3. l Introduction 

The NASTRAN executable consists of sixteen (16) separate load modules called links. Each link 

comprises a member of the executable Partitioned Data Set (PDS). There are fifteen (15) functional 

links which have member names LINKNSOl - LINKNS15, and in addition there is an executive link with 

member name NASTRAN. The fifteen functional links are overlayed into multiple regions to conserve 

core storage requirements. 

The NASTRAN executable operates as a single job step on the IBM 360-370 class of computer by 

specifying the executive link (NASTRAN) as the PGM to be executed in the Job Control Language (JCL). 

The executive link is always core resident. The functional links are loaded, executed and deleted 

one at a time by the executive link as they are needed. An additional core savings is gained by 

placing the F0RTRAN support routines, F0RTRAN I/0 package and the NASTRAN I/0 package in the exe­

cutive link. The linkage to these routines, required by the functional links, is provided by the 

link control routine (LINKNSXX) at execution time. · 

5.3.2 Input/Output 

Within the NASTRAN program all data transfer operations between primary and secondary storage 

with the exception of card, print, plot and special input/output are perfonned through the General 

Input/Output Routine (GIN0), 

All non-GIN0 I/0 is perfonned through nonnal F0RTRAN I/0 statements. Printed output is 

generated by fonnatted output statements to F0RTRAN logical units 4 and 6 (DDNAME=FT04F001 and 

DDNAME=FT06F001). This output may be routed as desired although it normally appears as a system 

output (SYS0UT) class. The usual output for the NASTRAN execution appears on FT06F001 while the 

Run Log appears on FT04F001. Data card input is read by fonnatted input statements, a card (record) 

at a ti~e. from F0RTRAN logical unit 5 (DDNAME•FTOSFOOl). Again, the input source may be designated 

as desired although it nonnally appears as the system input (SYSIN) unit. Punched cards are 

written on FT07F001 which nonnally appears as a system output (SYS0UT) class. 

*The tenns SYSTEM 360-370, IBM 360, SYSTEM 360, etc. will be used synonymously in this discussion 
as NASTRAN execution is identical on both the IBM 360 and the IBM 370 computers. 
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The transliteration routine writes its output on FTOlFOOl in a fonn as indicated on the PR0C 

given in Section 5.3.5. Other F0RTRAN data sets may be needed by users who use utility modules 

INPUTT2 or 0UTPUT2 (see Section 5 of the User's Manual). 

The SGIN0 (Special GIN0) plotter output routines within the S/360 NASTRAN system function 

independently of other I/0. Unique DD cards within the Execution Deck Setup (see Section 5.3.5) 

describe the required output tape file fonnats. Two separate plotter files may be generated, one 

on F0RTRAN unit 13 and the other on unit 14. 

GIN0, which is written in assembly language, uses the Basic Sequential Access Method (BSAM) to 

read and write blocks of a fixed size that may be adjusted to fit hardware and problem requirements 

by using the NASTRAN control card. GIN0 input/output operations result in calls to entry point 

I0360 in NASTI0 to do the physical reads or writes. 

In addition to the use of the Standard BSAM READ and WRITE macros, NASTRAN uses the N0TE and 

P0INT macros. The use of the N0TE and P0INT macros, along with fixed block sizes permits the use 

of the disk secondary storage in a direct access form, and through use of properly kept locators 

permits NASTRAN to accomplish backspacing across disk boundaries. It should also be noted that use 

of BSAM I/0 processing permits I/0 operations to be accomplished directly in the GIN0 buffer areas. 

As a result, no data transfers take place (as opposed to F0RTRAN I/0 which does transfer the data) 

and a considerable savings of both core storage and CPU time is effected. 

The way in which temporary storage (scratch files) are allocated in NASTRAN is a by-product 

of the I/0 method used. NASTRAN uses three classes of temporary files; primary files, secondary 

files, and tertiary files. 

The following example depicts the way in which this space is managed. Assume NASTRAN data 

blocks A, B, C, D and E are of the following sizes: 

A 
B 
C 
D 

E 

10 blocks (records) 
100 blocks 
210 blocks 
625 blocks 
72 blocks 

Further assume that each primary unit has preallocated space of 100 blocks and that each secondary 

unit has preallocated space of 400 blocks (e.g., 4 blocks/track and 25 tracks allocated to 

primaries and 100 tracks allocated to secondaries}. 
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In the previous example, data blocks A, 81 and E are contained in their initial primary 

allocations. Data block C is continued from primary unit 3 to secondary unit 1. Data block Dis 

continued from primary unit 4 to secondary unit 2 to secondary unit 3. Note that since data block 

B exactly fills primary unit 21 any additional write operation will cause an extent. In this case, 

secondary unit 4 will be attached to primary unit 2. "Backspacing across Disks", for example from 

block number 101 in data block C to block number 100, is accomplished by recognizing that block 

number 100 is in primary unit 3 and issuing a P0INT to that block. 

In this example no tertiary files are used. Tertiary files are for the most part reserved 

for extremely large data blocks. When two secondary units have already been assigned to a data 

block and additional space is required, assignment of a tertiary unit is attemoted. If no tertiary 

unit is available, assignment of another secondary is attemoted. The only restriction to the way 

in which secondary and tertiary units may be chained to the same data block is a tertiary unit 
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which is on tape. In this case, this unit becomes the last unit in the chain of units assigned. 

Otherwise, it is possible for secondary units to follow tertiary units in the chain. Whenever 

the data block is released, all space previously assigned to it is released and made available for 

assignment to other data blocks. Through efficient use of this primary, secondary, and tertiary 

file concept of allowing NASTRAN to allocate and attach files as needed, the amount of scratch 

storage space can be greatly reduced, and the system ABEND 837 can be controlled. 

5.3.3 Link Switching 

NASTRAN link switching on the IBM 360-370 class of computers is perfonned dynamically by the 

executive link driver routine (NASTRAN} within the executive link. The Preface (LINKNSOl} is always 

the first functional link to be loaded and executed. 

~lithin each functional link there are two (2} routines (LINKNSXX, XSEMii, ii=Ol, 02, .•• , 15} 

which assist the executive link in link switching. When the XSEMii subroutine detennines that the 

next mock.Ile to be executed resides in a link other than the one ~urrently core resident, the re­

quired link is requested through a call to SEARCH (an entry point in LINKNSXX}. The SEARCH call 

carries the name of the link requested as an argument. SEARCH plac~s the name of the requested link 

into the NASTRAN Linkage Control Table (NLCT} and calls EXIT (another entry point in LINKNSXX} to 

return to the executive link. The executive link detennines whether the requested link is a valid 

link name by checking the NASTRAN Link Name Table (NLNT}, and if so, it then deletes the previous 

link and loads and executes the requested link. Since the NASTRAN links are individual members of 

the executable PDS, the number of links is essentially open ended. 

5.3.4 Overlay Considerations and Implementation of Open Core 

Each NASTRAN functional link is created by the Linkage Editor (see Section 5.3.6.3}. Each 

link contains a zero level or root segment and the series of overlay segments necessary to NASTRAN 

operating logic. The specially ~amed conmon blocks which define the beginning of various open 

core areas are placed at their required location by linkage editor INSERT directives. An overlay 

tree functions by automatically loading all segments in the branch between the calling segment and 

the called segment. Local F0RTRAN variables and conrnon blocks residing within segments are not 

cleared at load time. 
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Several NASTRAN links contain a special type origin for the overlay tree. This origin is 

created by declaring a particular segment boundary to be at a region boundary. This region 

boundary automatically begins at the end of the longest branch in the previous region. Since many 

links contain a series of small functional module drivers of different lengths followed by a 

structure of matrix routines used by these drivers, a region boundary is usually utilized follow­

ing the drivers. The following sketch illustrates a link structure with regions. 

l A 

2 A I 3 A I 4 A 1 
5 A 6 A 7 A 

/0Cl/ 

Region 6_ 

l 
-- ---- - - - - --- - - - ---------- --- Region Boundary 

2 B 3 B f 
1 B 

Region~ 
4 B 5 B 

/0C2/ 1 
Figure 2. A tree diagram for a NASTRAN link on the IBM 360 

Note that since segment lB was requested to be begun at a region boundary, the Linkage Editor 

placed its origin following the longest segment (7A} of the previous region. 

Special caution must be exercised when operating within open core under a region structure. 

Operations within each region are independent of other regions. Thus, if a branch of segments 

within region B, say lB and 38, is in core bec,use of previous calls, a call from region A to 

region B, say 58, will not reload segments 18 an1 38. Therefore, 1.!. an open core area starting 

at 0Cl/ ~ utilized, some of the programs within region B could be destroyed without the 

loader 1s knowledge. Because of this possibility, all NASThAN open core origins lie within a lower 

level region. Therefore open core starting areas such as /0Ll/ are not used in S/360 NASTRAN 

overlay structures. 

Because NASTRAN must operate on most models of System 360 with a variety of memory sizes and 

operating systems*, a flexible method of utilizing all memory available to the job is incorporated. 

*Operating systems and systems will be used synonymously in this section. 
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In both primary and multi-progranmed environments, the loader requests storage from the core memory 

available to the job through the GETMAIN macro. Storage-management routines make sufficient core 

available, and the link is placed in memory. Core memory outside of that requested for the link is 

storage protected by the system. An attempt to store into these protected areas causes an interrupt 

and job termination. The NASTRAN open core concept requires use of those areas that are available 

but protected (i.e., the area between the link and the region boundary). To remove this protected 

status, the NASTRAN initialization program within each functional link issued a conditional GETMAIN 

for all remaining memory within the job region. The return from this GETMAIN specifies the origin 

and the size of the block of core memory acquired·. A small portion of this block is returned (via 

the FREEMAIN macro) to the system for use as F0RTRAN I/0 buffers and for other system functions. 

The remainder of this memory is made available to NASTRAN by adjusting the upper core address used 

by the NASTRAN K0RSZ function. All NASTRAN modules may thus utilize the maximum core memory pro­

vided to the job. 

5.3.5 PARM Options 

Options may be passed to NASTRAN via the PARM parameter on the EXEC statement. If the PARM 

parameters are coded incorrectly, NASTRAN will terminate after the Preface. The following informa­

tion may be specified. 

1. Whether open core usage statistics are printed in the NASTRAN log file at the termination of 

each functional link. 

2. The amount of core freed back by NASTRAN for F0RTRAN I/0 buffers and for use by the Operating 

System. (Note: This value was previously supplied to NASTRAN via the keyword K0N360 on the 

NASTRAN card. K0N360 is no longer supported.} 

The PARM parameter is coded as follows: 

I PARM l 
PARf:1.NS (I N0STAT l 

• 'CORE• STAT 

The C0RE keyword has two subfields. If only the first subfield is coded, the parentheses are 

not needed. If the first subfield is omitted, a conma must be coded to indicate the omission. The 

first subfield indicates whether open core usage statistics are printed in the NASTRAN log file. 

It should be coded STAT or N0STAT. N0STAT is the default value. (Note: For virtual storage users 
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N0STAT should reduce the paging rate.) 

The second subfield is the integer number of bytes of core that NASTRAN will free back for 

F0RTRAN I/0 buffers and for use by the Operating System. It may be coded with or without a trailing 

K which indicates multiplication by 1000. The default value is 48K. 

5.3.6 Execution Deck Setup 

Running or executing the NASTRAN system on a System 360 computer once the generation procedure 

(see Section 5.3.6) is complete requires some basic knowledge of the type of structural problem 

being solved and the type of output requested. In addition, the hardware configuration and capa­

cities should be known in order to most adequately match the problem being solved to the computer. 

The following procedure should provide the basic Job Control Language (JCL) necessary for all 

NASTRAN runs. 
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Table 1. Basic Job Control Language (JCL) for NASTRAN Runs 

PROC NAME='XLJLR.NSTNLMOD.Ll750.LOA0 1 , 

PUNITS=CYL,Pl=l,P2=l, 
SUNITS=CYL,S1=3,S2=1, 
TUNITS=CYLtT1=3,T2=1, 
OENPLT=l 

//0---------------------------------------------------------------------

2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 

lo. 
11. 
12. 
13, 
14. 
15. 
16. 
17. 
18. 

19. 
20. 
21. 
22. 
23. 

//4'>--­
II•---
11•--­
//0--­
II•---

·························••00000 • PROCEDURE NASTRAIII • 
•••••••••••••••••••••••••••••••• 

//•---------------------------------------------------------------------//NS EXEC 
//FTOlFOOl 00 
II 
//FT04F001 00 
//FTO:,FOOl 00 
//FTOoFOOl DO 
//FTOlFOOl OD 
//FTl4FOOl 00 
//INPl 00 
//INPl OD 
//INPJ OD 
//INP• DD 
//INP!) OD 
//INPb DO 
//INP7 00 
//INPa 00 
1/INP~ DD 

PGM•NAST"AN,REGION=4lOK,PARM=•CoRE=cSTAT,b~K)' 
UNIT=SYS0A,SPACE=CCYL,C5,lll, 
OCB=CRECFM=FdtLRECL=80,dLK5IZE=72~0,8UFNO=l> 
SYSOUT=A,0CB=<RECFM=V8A,LRECL=l37,BLK5IZE=3429) 
OUNA"'1E=SYSIN 
SYSOUT=A,OCS=cRECFM=V8A,LRECL=l37,BLKSIZE=J42~1 

• FORTRAN ~LOT RtF 
EXTRA 

INPUT 
ANO 

OUTPUT 
UNITS 

FOR 
MATr!IX 

STOR/.GE 
ANu 

//INPT 00 

SYSOUT=B 
OONAME=PLT2 
DSN=NULLFlLE 
OSN•NULLFILE 
OSN•NULLFILE 
DSN=NULLFILE 
DSN•NULLFILE 
DSN•NULLFILE 
DSN•NULLFILE 
DSN•NULLFILE 
DSN•NULLFILE 
DSNa:NULLFILE ~C: T,HEVAL 

II• 
FOLLOwING FIVE CAHOS DEFINE THE EXECUTIVE FILES. 
EXCEPT FOR THE NPTP ANO POOL, THESE FILES ARE DEFINED TO ~E NULL 
AND NO EXTERNAL USE CAN aE MADE OF THESE DATA SETS UNL~SS PROC 
OVE"RIOE CARUS ARE SUPPLIED---SPECIFY UNIT, DSN, vo~-S~R-NO. 
FUHTHfR~ORE ANY OVERRIDES ~UST APPEAR IN THE SAME OHUE~ AS 

II• 
II• 
II• 
II• 
II• 
II• 
II• 
//NPTP 
I/OPTP 
//PLTc 
//POOL 
//UMF 
II• 

THOSE 8EING OVERRIDDEN. I.E., ALPHABETICAL• 

DO 
DO 
DO 
DO 
DO 

UNIT•SYSOA,SPACE=CLPUNITS,cLPl,LPZ>l,OISP•<,PASSl 
DSNa:NULLFILE,LABEL•C,NL>,DISP•OLD 
DSN•NULLFILE , 
UNIT•SYSOA,SPACE=<LPUNITS,<LPl,LPZ)) 
DSN=XLJLR.UMF.BULK.Ll750.0ATA,DIS?•SHR 

II• •••• 
II• •••• 

EXAMPLE TAPE OVERRIDE CAROS FOR EXECUTIVE FILE oo•s 
QUESTIONS(?) MUST dE REPLACED WITH APPROPIATE NA~E 

•••• 
•••• 

II• 
II• 
II• 
II• 
II• 

IINS.NPTP 
// 
//NSeOPTP 
II 

OD 

DO 

UNIT•2400,VOL•SER=?,DSN=?,DISP=cNEW,KEEP1, 
1.ABEL.~~1,Bl.P) 
UNIT=2~00,VOL=SER=?,OSN•?,0ISP=OLO, 
L,ABEli,,•tl,BLP) 
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Table 1. Basic Job Control Language (JCL) for NASTRAN Runs (Continued) 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 

//0 
//0 
I /ll> Oll>tHtO 

//0 

//PR!Ol 
IIPRIOc 
//PRI03 
//PRI04 
//PRIO:i 
//P~I0o 
//P~I0l 
//PRI08 
//PRI09 
//PRI10 
//PRI11 
//PRI12 
//PRI13 
//PRI14 
//PRI15 
//PRil6 
//PRI17 
//PRI18 
//PP.I19 
//P~I20 
//PRii21 
//PRIZ2 
//PRii23 
//PRI24 
//PRI2~ 
//PRI2o 
//PRI27 
//PRii26 
//~RI29 
//PRI30 
//PRI31 
//PRI32 
II* 

DD 
DD 
DD 
OD 
DD 
DD 
DD 
OD 
DD 
DD 
DD 
1)0 

DD 
DD 
DO 
OD 
DD 
DD 
DD 
1)0 

DO 
1.)0 
DD 
OD 
DD 
00 
DD 
DO 
00 
00 
DO 
OD 

PRIMARY SC~ATCH DATA SETS 

UNIT=SYSDA,SPACE=(&PUNITS,(&Pl,&Pl)) 
UNIT=SYSDA,SPACE=(&PUNITS,<&Pl,,P2>l 
UNIT=SYSDA,SPACE=(&PUNITS,(&Pl,&Pc> l 
UNIT=SYSDA,SPACE=(&PUNITS, (&Pl,&Pl)l 
UNIT=SYSDA,SPACE=t&PUNITS, (&Pl,•Pl)l 
UNIT=SYSOA,SPACE=(&PUNITS,(&Pl,&P2>) 
UNIT=SYSDA,SPACE=(&PUNITS, (&Pl,&P2)) 
U~IT=SYSDA,SPACE=(~PUNITS,(&Pl,&Pcl > 
UNIT=SYSDA,SPACE=(&PUNITS, (~Pl,&P2>) 
UNIT=SYSDA,SPACE=<LPUNITS,(&Pl,&P2)) 
UNIT=SYSOA,SPACE=<&PUNITS,(&Pl,&Pll) 
UNIT=SYSOA,SPACE=<&PUNITS,(~Pl,&P2ll 
UNIT=SYSDA,SPACE=(&PUNITS,!&Pl,&P2)) 
UNIT=SYSDA,SPACE=(&PUNITS,(&Pl,&Pc>> 
UNIT=SYSDA,S?ACE=C&PUNITS,(&Pl,LP2) > 
UNIT=SYSOA,SPACE=C&PUNITS,c~Pl,&P~ll 
UNIT=SYSOA,SPACE=C&PUNITS,(&Pl,&Pc)) 
U~IT=SYS0A,SPACE=(&PUNITS,!&Pl,LP2) > 
UNIT=SYSOA,SPACE=C&PUNITS, !&Pl,,Pc)) 
UNIT=SYSDA,SPACE=<&PUNITS,(~Pl,&P~ll 
UNIT=SYSOA,SPACE=C&PUNITS,C&Pl,,P2) > 
UNIT=SYSOA,SPACE=(&PUNITS,(&Pl,~P2)l 
UNIT=SYSDA,SPACE=<LPUNITS,(&Pl,&P2>) 
UNtT=SYSDA,SPACE=<~PUNITS,C&Pl,&P21l 
UNIT=SYSDA,SPACE=C&PUNITS,C&Pl,,P21) 
UNIT=SYSOA,SPACE=c&PUNITS,C&Pl,,P21l 
UNIT=SYSDA,SPACE=c&PUNITS,<LP1,&P2ll 
UNIT=SYSOA,SPACE=<&PUNITS,<&Pl,&Pll) 
UNIT=SYS0A,SPACE=<&PUN!TSt!bP1,LP2l) 
UNIT=SYSOA,SPACE=<&PUNITS,(LP1,~P2)) 
UNIT=SYSOA,SPACE=<LPUNITS,(~Pl,~P2ll 
UN!T=SYSOA,SPACE=<&PUNITS,(bPl,&Pcl) 

II• ••••• SECONDARY SCRATCH DATA SETS ••••• 
/I• 

56. //SECO l DD 
57. //SEC02 DD 
58. //SECOJ DD 
59. //SEC04 DD 
60. //SEC05 DD 
61. //SECOb DD 
62. //SEC07 OD 
63. //SECOS 00 
64. //SEC09 00 
65. //SECl O OD 
66. //SEC 11 00 
67. //SEC12 DD 
68. //SEClJ 00 
69. //SEC14 OD 
70. /1SEC15 OD 
71. //SNAPS"OT DD 
72. //STEPLia DD 
73. //SYSUOU~P DD 

U~IT=SYSOA,SPACE=<&SUNITS,<LSl,bS2ll 
UNIT=SYSOA,SPACE=(&SUNJTS,<LS1,&Scll 
UNIT=SYSOA,SPACE=(~SUNITS,1,s1,,sc)) 
UNIT=SYSOA,SPACE=<LSUNITS,<LS1,LS2ll 
UNIT=SYSDA,SPACE=(bSUNITS,(&Sl,LScll 
UNIT•SYSOA,SPACE=<&SUNITS,<LS1,&S2ll 
UNIT•SYSDA,SPACE=<LSUN1TS,<LS1,~S2l) 
U~IT=SYSOA,SPACE=<,SUNITS,<LS1,&S2ll 
UNIT=SYSOA,SPACE=<LSUNITS,(~Sl,bS2>> 
UNIT•SYSDA,SPACE=<&SUNITS,C&Sl,LSl)l 
UWIT•SYSDA,SPACE=<LSUNITS,(,Sl,&521> 
UNIT•SYSOA,SPACE=CLSUNITS,(&Sl,LSc)J 
UNIT•SYSDA,SPACE=<&SUNITS,<&Sl,&SZll 
UNI1•SYSDA,SPACE=<&SUNITS,(LS1,&Scll 
UNIT=SYSOA,SPACE=<&SUNITS,!LSl,LScl) 
SYS0UT=A,0CB=<RECFM=V~A,L~ECL=l25,BLKSilE=~~2) 
0SN=hNAME,OISP=SHR 
SYSC>UT=A 
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Table 1. Basic Job Control Language (JCL) for NASTRAN Runs (Continued) 

//0 
//0 ••••• 

II• 
//TEROl 
//TER02 
//TE~03 
//TE~04 
//XPTD 

TE~TlA~V SC~ATCH OATA SETS 00000 

OD UNIT=SYSOA,SPACE=!LTUNITS,<&Tl,&Tll) 
DD UNIT=SYSDA,SPACE=<&TUNITS,(~Tl,,T21) 
DD UNIT=SYSDAtSPACE=C&TUNITS,<&Tl,&T~)) 
DD UNIT=SYSDA,SPACE=<&TUNITS,(&Tl,,T2>> 
DD UNIT=SYSOA,SPACE=(LPUNITS,C&Pl,,P2)1 

//•---------------------------------------------------------------------11•--- EIIID OF PROCEDURE 

//•---------------------------------------------------------------------79. // PEND 
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Each card or group of cards within the NASTRAN procedure is discussed by item below. The 

item numbers match those along the left margin of the preceding deck listing. 

Item Description 

1. The PR0C card defines the name of the instream procedure and sets default values for the 

symbolic parameters. 

SYMBOLIC DEFAULT 
PARAMETER VALUE DESCRIPTION 

DENPLT 1 Defines the density of the plot tape. 

NAME XLJLR.NSTNLM0D. Defines the data set name of the executable. 
L1750.L0AD 

PUNITS CYL Defines the space allocation units for the primary files. 

Pl 

P2 

SUNITS 

Sl 

S2 

TUNITS 

Tl 

T2 

CYL 

3 

1 

CYL 

3 

l 

Defines the initial space allocation for the primary files. 

Defines the increment space allocation for the primary files. 

Defines the space allocation units for the secondary files. 

Defines the initial space allocation for the secondary files. 

Defines the increment space allocation for the secondary files. 

Defines the space allocation units for the tertiary files. 

Defines the initial space allocation for tertiary files. 

Defines the increment space allocation for tertiary files. 

2. The EXEC card defines the name of the program to be executed, NASTRAN, the region size in 

which NASTRAN is to be executed, and the default PARM. 

3. The FT01F001 DD card defines the data set to be used as intermediate storage for NASTRAN 

input. BCD or EBCDIC card images are read and converted to BCD card images and written on unit 

1, then NASTRAN reads its input from unit 1. 

4. The FT04F001 DD card defines the data set that will contain the run log. The NASTRAN run 

log contains internal timing for NASTRAN and a trace of the modules that are executed in an exe­

cution. It is usually assigned to a printer (SYS0UTaA); however, it may be assigned to any device 

or set to du1T111y and thereby deleted as desired. 
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5. The FTOSFOOl DD card is deferred by the use of the DDNAME=SYSIN parameter and will be dis­

cussed in the examples that follow. 

6. The FT06F001 DD card defines the printed output from the NASTRAN run. This printed output 

is written in BCD. As with FT04F001, it can be modified at execution time by the user as desired. 

7. The FT07F001 DD card defines the punched output from NASTRAN executions. It can be modified 

as desired. 

8. The FT14F001 OD card is deferred by the use of ODNAME=PLT2 (see Item 23). 

9 thru 18. These OD cards define data sets to be used as user tapes through the use of INPUTT2 

and 0UTPUT2 routines. All have the parameter OSN-NULLFILE which restricts the operating system 

from allocating them unless they are supplied as override JCL. 

19. The NPTP DO card is used to describe the new problem tape (checkpoint tape) to be used by 

NASTRAN. It is set up as a temporary file and should be overridden if it is to be saved for later 

use. 

20. The 0PTP card defines the old problem tape (previous checkpoint tape) for the NASTRAN run. 

It must exist prior to the NASTRAN run in which it is used, and in this procedure OSN•NULLFILE 

must be overridden before the 0PTP could be used to retrieve data. 

21. The PLT2 DD card defines the output data set containing the SC4020, Calcomp or 0080 plotting 

data. 

22. The P00L OD cards define the data set to be used as the Data Pool file. It is always present 

and refers to temporary scratch disk. 

23. The UMF DD card defines the data set that contains the user master file data to be input to 

NASTRAN. It must be specified if it is needed. 

24 thru 55. These DO cards define the primary units to be used by NASTRAN as temporary working 

files. (Note, each DD card must reference only one unit). 

56 thru 70. These DD cards define the secondary units to be used by NASTRAN as temporary working 

files. (Note, each DD card must reference only one unit). 
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71. The SNAPSH0T DD care defines the data set that contains the diagnostic dump if NASTRAN takes 

a user abort. It is assigned to the printer. 

72. The STEPLIB card defines the data set name and the location of the executable. 

73. The SYSUDUMP DD card defines the data set that contajns the diagnostic dump if NASTRAN takes 

a system abort. It is assigned to a printer. 

74 thru 77. These DD cards define the tertiary units to be used by NASTRAN as temporary working 

files. (Note, each DD card must reference only one unit). 

78. The XPTD DD card defines the temporary data set that is to contain the checkpoint dictionary 

during CHECKP0INT runs in a GIN0 compatible format (NOT BCD card images). 

79. The PEND card signifies the end of an instream procedure. It should be removed before the 

JCL is placed on the PR0CLIB. 

The following restriction for Level 17 should be noted: Plot tapes must be 7-track tapes when 

plotting for a Stromberg-Carlson plotter; any remaining tapes (problem tapes, UMF, PLT2 tape for 

the Calcomp plotter, or the General Purpose Plotter, etc.) may be 7 or 9 track as the user desires. 

The NASTRAN execution deck setup is presented as an instream procedure such that it may be 

verified before addition to the· installation procedure library (PR0CLIB) to pennit easy recall 

and reuse. 

The procedure provided is intended for use on an IBM 360 computer operating under straight 

0S. It should be reviewed for each installation prior to actual use. Among the items that mav 

necessitate modification of the procedure are the following: 

1. Any modification to the standard.IBM 0S ooerating system could make modification 

of the PR0C necessary. For example, all SYS0UT•A and SYS0UT•B data sets are provided 

with DCB infonnation and space allocation. If a particular installation is using HASP 

(Houston Autanatic Spooling System), it becomes necessary to remove the DCB parameters 

and the space allocation is no longer needed. Similar modifications will be necessary 

when running under ASP (Auxiliary Suoport Processor) or related systems. 
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2. The procedure as provided has temporary scratch file space sufficient for small to 

medium size problems. Medium to large problems will require the initial space allocation 

for primary and secondary files to be doubled (Pl=2. Sl=6). while very large problems 

often tax the resources of the computer and must be dealt with on an individual basis. 

3. If the number of DD statements in the procedure is too great. it may be reduced (at 

some cost in performance) as follows with the most expendable data sets listed first: 

a. INPT,INP1.INP2.---.INP9,NUMF,0PTP,UMF,PLT2(and FT14F001). The data sets are 
not used by NASTRAN unless requested by the user through his data. 

b. TER01,TER02.---. Tertiary files may be eliminated if careful thought is given 
to the selection of the space allocation parameters Pl and Sl. 

c. The secondary files (SEC01,SEC02.---.SEC15) may be cut back to a single one 
(SECOl) as long as enough space is pre-allocated for the primary files (PRI01, 
PRI02,---) to run the problem. It is reconinended that at least four or five 
secondary files be retained. however. 

5.3.6.1 Execution Using the Instream Procedure 

A sample NASTRAN execution with the instream procedure could be: 

//NASTRAN JOB---------------

li~~~;d~~el 
Deck 

// EXEC NASTRAN 

//NS.SYSIN DD* 

\NASTRAN EXECUTIVE CONTROL, CASE CONTROL.I 
tand BULK DATA CARDS j 

/* 

5.3.6.2 Execution Using the Demo Driver Decks and UMF Tape 

Extra JCL 1s necessary to execute a NASTRAN demonstration problem. (Demo 1-1-2 is used as an 

example.) 

1 II EXEC PR0C•NASTRAN 
2 I/NS.UMF DD UNIT•2400,0ISP•0LD,V0L•SER•XLJLRF 

II 0SN•UMF,DCB•OEN•3,LABEL•(1,SL) 
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3 IINS.SYSIN DD UNIT=2314,DISP=SHR,V0L=SER=DISKMF, 

2 

3 

II DSN=XLJLR.UMF.DRIVER.Ll750.DATA(D10120),DCB=BUFN0=1, 
II LABEL=(,,,IN) 
II 

Description 

Executes the NASTRAN procedure using all of the defaults for the symbolic 
parameters. 

Overrides the UMF DD card to reference the UMF tape. 

Overrides the SYSIN DD card to reference the UMF Demo Driver decks. 

NOTE: The Executive Control Deck includes the appropriate UMF card, so no 
bulk data cards are required. 

5.3.6.3 Execution Using the UMF Disk File 

Extra JCL and a NASTRAN card before the Executive Control deck ID card are necessary to use 

the UMF Disk file. 

II EXEC PR0C=NASTRAN 
2 IINS.UMF 

II 
DD UNIT=2314,0ISP=SHR,V0L=SER=DISKMF, 

DSN=XLJLR.UMF.BULK.Ll750.0ATA 
3 IINS.SYSIN DD* 
4 NASTRAN FILES=UMF $ READ FR0M DISK 

{NASTRAN Executive Control and Case Control Decks.} 

BEGIN BULK 
ENDDATA 

II 

Item Description 

1 Executes the NASTRAN procedure using a 11 of the defaults for the symbo 1 i c 
parameters. 

2 Overrides the UMF DD card to reference the UMF disk file. 

3 Overrides the SYSIN DD card to reference the card reader. 

4 The first input card to NASTRAN must be this card. It specifies that the UMF 
is on disk. The Executive Control deck includes the appropriate UMF card, so 
no bulk data cards are required. 

5.3.6.4 Execution Using Checkpoint and Restart 

Extra JCL is necessary for checkpoint. 

II EXEC PR0C=NASTRAN 
2 IINS.NPTP DD UNIT=2400,DISP=(NEW,KEEP), 

II V0L=SER=xxxxx,DSN=RESTART,LABEL•(,NL) 
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3 IINS.SYSIN DD* 

{NASTRAN Executive Control, Case Control and Bulk Data decks.} 

II 
Item Description 

l Executes the NASTRAN procedure using all of the defaults for the symbolic 
parameters. 

2 Overrides the NPTP DD card to reference the !!_ew f.roblem Iafe (Checkpoint tape). 

3 Overrides the SYSIN DD card to reference the card reader. 

Extra JCL is necessary for restart. 

l II EXEC PR0C=NASTRAN 
2 IINS.0PTP DD UNIT=2400,DISP=0LD,V0L=SER=xxxxx, 

II OSN=RESTART,LABEL•(,NL) 
3 I/NS.SYSIN DO* 

{NASTRAN Executive Control, Case Control and Bulk Data decks.} 

II 
Item Description 

1 Executes the NASTRAN Procedure using all of the defaults for the symbolic 
parameters. 

2 Overrides the 0PTP OD card to reference the .Q.ld f.rob1em Iaf.e (Restart tape). 

3 Overrides the SYSIN DD card to reference the card reader. 

5.3.6.5 Execution Using SC4020 for Plotting 

Extra JCL is necessary for a plot run. The SC4020 plotter is assumed in the example. 

1 // EXEC PR0C•NASTRAN 
2 //NS.PLT2 DO UNIT•2400-7,0ISP•(NEW,KEEP), 

// V0L•SER•xxxxx,DSN•PLT2, 
// DCB•(RECFM•U,BLKSilE•2400,BUFN0•1), 
// LABEL•(,NL) 

3 //NS.SYSIN DO* 

{NASTRAN Executive Control, Case Control and Bulk Data decks.} 

II 

~ Description 

l Executes the NASTRAN procedure using all of the defaults for the symbolic 
parameters. 

2 Overrides the PLT2 DD card and references the plot tape. For the NASTRAN 
General Purpose Plotter, the following DCB parameters should be used: 

DCB•(RECFM•F,BLKSIZE•3000,BUFN0 •1) 
3 Overrides the SYSIN DD card and references the card reader. 
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5.3.6.6 Execution Using Substructure Operating File (S0F) 

Extra JCL is necessary for a Multi-stage Substructure Problem. The S0F is assumed to be on 

F0RTRAN unit 18 in the example (see the NASTRAN User's Manual, Section .2.7). 

II EXEC PR0C=NASTRAN 
2 I/NS.FT18F001 DD DSN=S0F.DATA,DISP=0LD 
3 

.. 
2 

I/NS.SYSIN DD* 

{NASTRAN Executive Control, Case Control and Bulk Data decks.} 

II 

Description 

Executes the NASTRAN procedure using all of the defaults for the symbolic 
parameters . 

Overrides the FT18F001 DD card and references the S0F. If this file is to 
be allocated during this run, the following parameters should be included on 
the DD card: 

DISP=NEW,UNIT•xxxx,SPACE•(CYL,yyyy),V0L=SER=zzzz 

3 Overrides the SYSIN DD card and references the card reader. 

5.3.6.7 Printing a Demonstration Problem Listing 

To print the FT06 print file genP.rated when Demonstration Problem 1-2-1 was executed on Level 

17. 0. l NASTRAN ( XLJLR .NSTNLM00. L 11so·. L0AO). 

1 // EXEC PGM•IEBGENER 
2 //SYSPRINT DD SYS0UT•A 
3 /ISYSUTl DD DSN•XLJLR.L1750.PRINT.DATA(Dl0210), 

// DISP•SHR 
4 //SYSUT2 DD SYS0UT•A 
5 //SYSIN DD DUMMY 

II 

11!!!. Description 

1 Executes the IBM utility IEBGENER. 

2 Defines the print output file for IEBGENER. 

3 Defines the data set name and member name of print file to be printed. 

4 Defines the printer as the output file on which the file referenced by SYSUTl 
(card 3) is to be copied. 

5 Defines the input file to IEBGENER. This is required even though there are 
no input control cards. 
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5.3.7 Physical Items and Generation of the NASTRAN System 

5.3.7. 1 Description of the NASTRAN Physical Items (Level 17.5.0) 

All delivery tapes were created on the GSFC IBM 360/95 (ASP/MVT Release 21.8). All tapes are 9-
track, labeled (LABEL=(file,SL)). and were written at 1600 bpi. 

All partitioned data sets were unloaded from IBM 2314 disk packs by the IBM utility program IEHM0VE. 
While on tape, these data sets have the following DCB parameters: 

DCB•(RECFM=FB,LRECL=80,BLKSIZE=800,DEN=3) 

NASTOl - EXECUTABLE (VOLUME SERIAL NUMBER XLJLRC) 

This tape contains the NASTRAN Level 17.5.0 executable and the NASTRAN overlay load map 
(print output from the Linkage Editor). NASTOl consists of one volume and two files . 

File 1 - NASTRAN executable - Unloaded partitioned data set (16 members) 

DSNAME=XLJLR.NSTNLM0D,L1750.L0AD 

Restored DCB parameters and ~PACE requirements: 

DCB•(DS0RG•P0,RECFM-U,LRECL•0,BLKSIZE•7294) 
SPACE•(TRK,(2500,,10)) 

File 2 - NASTRAN load map - Unloaded partitioned data set (16 members). 

0SNAME•XLJLR.LINKEDIT.L1750.DATA 

Restored DCB parameters and SPACE requirements: 

DCB•(DS0RG=P0,RECFM-FBM,LRECL•121,BLKSIZE•605) 
SPACE•(TRK, (250, ,2)) 

NAST02 - SOURCE ( VOLUME SERIAL NUMBER XLJLRD) 

This tape contains the Level 17.5.0 machine independent source code (A-M). 

File 1 - NASTRAN machine independent S~URCE - Unloaded partitioned data set ( 052 members). 

DSNAME•XLJLR.MIS0URCE.L1750.AM.DATA 

Restored DCB parameters and SPACE requirements: 

DCB•(DS0RG=P0,RECFM-FB,LRECL•80,BLKSIZE•72BO) 
SPACE•(TRK,(3800,,100)) 

NAST03 - SOURCE (VOLUME SERIAL NUft13ER XLJLRE) 

This tape contains the Level 17.5.0 machine independent source code (N-Z). 

File 1 - NAST~ machine independent S0URCE - Unloaded partitioned data set (661 members). 

DSNAME•XLJLR.MIS0URCE.L1750.NZ.DATA 

Restored DCB parameters and SPACE requirements: 

OCB•(DS0RG=P0,RECFM-FB,LRECL•80,BLKSIZE•72BO) 
SPACE•(TRK,(3700,,100)) 
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NAST04 - MACHINE DEPENDENT SOURCE AND OBJECT ( VOLUME SERIAL NUMBER XLJLRF) 

File l - NASTRAN machine dependent S0URCE (MDS0URCE) - Unloaded partitioned data set 
( 20 members) 

DSNAME=XLJLR.MDS0URCE.Ll750.DATA 

Res to red DCB parameters and SPACE requirements: 

DCB= ( DS0RG=P0 ,RECFM=FM, LRE CL=80 ,BLKS IZE= 7280) 
SPACE=(TRK,(60,,5)) 
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File 2 - NASTRAN Assembly S0URCE (ASS0URCE) - Unloaded partitioned data set (22 members). 

DSNAME=XLJLR.ASS0URCE.L1750.DATA 

Restored DCB parameters and SPACE requirements: 

DCB=(DS0RG=P0,RECFM=FB,LRECL=80,BLKSIZE=7280) 
SPACE=(TRK,(300,,10)) 

File 3 - MACR0 Library - Unloaded partitioned data set (8 members). 

DSNAME=XLJLR.NASTRAN. MACLIB. ASM 

Restored DCB parameters and SPACE requirements: 

OCB=(DS0RG=P0,RECFM=FB,LRECL=80,BLKSIZE=3360) 
SPACE=(TRK,(60,,2)) 

File 4 - NASTRAN overlay control cards - Unloaded partitioned data set (16 members). 

0SNAME=XLJLR,0VERLAY.L1750.DATA 

Restored DCB parameters and SPACE requirements: 

DC8=(DS0RG=P0.RECFM=FB,LRECL=80,BLKSIZE=3200) 
SPACE=(TRK,(80,,5)) 

File 5 - NASTRAN include control cards· Unloaded partitioned data set (1G members). 

DSNAME=XLJLR.INCLUDE.L1750.DATA 

Restored DCB parameters and SPACE requirements: 

DCB•(DS0RG-P0,RECFM•FB,LRECL=80,BLKSIZE=3200) 
SPACE•(TRK,(80,,5)) 

File 6 • NASTRAN non-executable load modules - Unloaded partitioned data set (1608 members). 

DSNAME=XLJLR.0BJt,WD.Ll750.L0AD 

Restored DCB parameters and SPACE requirements: 

DCB=(DS0RG•P0,RECFM=U,LRECL•0,BLKSI2E=7294) 
SPACE•(TRK,(2000,,400)) 

NASTOS - DEMO ITEMS (VOLUME SERIAL NUMBER XLJLRG) 

This tape contains the User Master File, the Demonstration Problem Driver Decks and the 
printout from the UMF verification run. NAST05 consists of one volume and three files. 

NOTE: File 1 of NASTOS was created by Level 17.5.0 NASTRAN. 

File 1 • Qser ~aster file (UMF) - Sequential file. 

DSNAME=XLJLR.UMF.BULK.L1750.DATA 

Restored DCB parameters and SPACE requirements: 

DCB•(DS0RG•PS,RECF"1=F,LRECL=7288,BLKSIZE•7288) 
SPACE•(TRK,240) 
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File 2 - Demonstration Problem Driver Decks - Unloaded partitioned data set (82 members). 

DSNAME=XLJLR.UMF.DRIVER.L1750.DATA 

Restored DCB parameters and SPACE requirements: 

DCB=(DS0RG=P0,LRECL=80,BLKSI2E=7280,RECFM=FB) 
SPACE=(TRK,(70,,10)) 

File 3 - NASTRAN UMF verification FT06 print file - Unloaded partitioned data set {l member). 

DSNAME=XLJLR.UMF.PRINT.L1750.DATA 

Restored DCB parameters and SPACE requirements: 

DCB={DS0RG=P0,LRECL•137,BLKSIZE=7265,RECFM=VBA) 
SPACE:. (TRK, ( 500,, l ) ) 

NAST06 - DEt() PRINT FILES (VOLUME SERIAL NUMBER XLJLRH) 

This tape contains the FT06 print fiies of the 82 Demonstration Problems that were 
generated using Level 17.5.0 NASTRAN Executable (XLJLR.NSTNLM0D.Ll750.L0AD), the Demon­
stration Problem Driver Decks (XLJLR.UMF.DRIVER.Ll750.DATA} and the User Master File 
{File l of V0LUME SERIAL NUMBER XLJLRG}. NAST06 consists of one volume and one file. 

File 1 - Demonstration Problem Print File - Unloaded partitioned data set (82 members}. 

DSNAME•XLJLR.DE~.PRINT.Ll750.DATA 

Restored DCB parameters and SPACE requirements: 

OCB•(DS0RG-P0,RECFM•VBA,LRECL•137,BLKSIZE•7265) 
SPACE•(TRK,(2500,,10)) 

NAST07 - DISK DUMP OF RSRABB (VOLUME SERIAL NUf.SER XLJLRI) 

This tape is a disk dump of an IBM 2314 disk pack (using the IBM Utility Program IEHDASDR). 
This tape contains the data sets of: Files 1 and 2 of NASTOl; Files l, 2, 3, 4, and 5 of 
NAST04; File 3 of NASTOS; and three extraneous maintenance contractor files. NAST07 con­
sists of one volume and 12 files. 

File 1 - DSNAME•DASDRMO 

The following data sets are restored from this tape: 

DSNAME• XLJ LR. NSTNLMgJD., L 1750. L0AD 
DSNAME•XLJLR.LINKEDIT.L1750.DATA 
DSNAME•XLJLR.t4)S0URCE.L1750.DATA 
OSNAME•XLJLR.ASS0URCE,Ll750.DATA 
DSNAME•XLJLR.NASTRAN.MACLIB.ASM 
DSNAME•XLJLR.0VERLAY.L1750.DATA 
DSNAME•XLJLR.INCLUDE.L1750.DATA 
DSNAME•XLJLR.UMF.PRINT.L1750.DATA 

(File 1 o~ NASTOl ) 
( File 2 of NASTOl ) 
(File l of·NAST04) 
(File 2 of NAST04) 

. (File 3 of NAST04) 
(File 4 of NAST04) 
(File 5 of NAST04) 
( File 3 of NASTOS) 

(The following 4 files are extraneous maintenance contractor files) 

0SNAME•XLJLR,NSTNLM0D.DUMMY.L0AD 
DSNAME•XLJLR.UMF.BULK.L1750.DATA 
DSNAME•XLJLR. UMF. DRIVER. L 1750. DATA 
DSNAM£•XLJLR.UMF.BULK.L1700.DATA 
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NAST08 - DISK DUt1P OF DISKM2 (VOLUME SERIAL NUMBER XLJLRJ) 

This tape is a disk dump of an IB!1 2314 disk pack (using the IBM Utility Program IEHDASDR). 
This tape contains the data set of File l of NAST02. NASTOB consists of one volume and one 
file. 

File l - DSNAME=DASDRMO 

The following data set is restored from this tape: 

DSNAME=XLJLR.MIS0URCE.Ll750.AM.DATA 

NAST09 - DISK DUMP OF DISKMF (VOLUME SERIAL NUMBER XLJLRK) 

(File l of NAST02) 

This tape is a disk dump of an IBM 2314 disk pack (using the IBM Utility Program IEHDASDR). 
This tape contains the data set of File l of NAST03. NAST09 consists of one volume and one 
file. 

File l - DSNAME= DASDRMO 

The following data set is restored from this tape: 

DSNAME=XLJLR.MIS0URCE.L1750.NZ.DATA (File l of NAST03) 

NASTl O - DISK DUMP OF DISKM6 (VOLUME SERIAL NUMBER XLJLRL) 

This tape is a disk dump of an IBM 2314 disk pack (using the IBM Utility Program IEHDASDR). 
This tape contains the data set of File 6 of NAST04 and one extraneous maintenance con­
tractor file. NASTlO consists of one volume and one file. 

File l - DSNAME=DASDRMO 

The following data sets are restored from this tape: 

DSNAME•XLJLR.0BJM0D,L1750.L0AD (File 6 of NAST04) 

The following file is an extraneous maintenance contractor file: 

DSNAME=XLJLR.S0URCE.Al750.DATA 

NASTll - DISK DUMP OF DISKMO (VOLUME SERIAL NUMBER XLJLRM) 

This tape is a disk dump of an IBM 2314 disk pack (using the IBM Utility IEHDASDR). 
This tape contains the data sets of: Files 2 and 3 of NASTOS, File l of NAST06, and four 
extraneous maintenance contractor files. NASTll consists of one volume and one file. 

File 1 - DSNAME•DASORMO 

The following data sets are restored from this tape: 

0SNAME•XLJLR.UMF.PRINT.L1750.0ATA 
0SNAME•XLJLR.UMF.ORIVER.L1750.0ATA 
OSNAME•XLJLR.DE11J.PRINT.L1750.DATA 

(File 3 of NASTOS) 
(File 2 of NASTOS) 
(File l of NAST06) 

The folltJWing four files are extraneous maintenance contractor files: 

OSNAME•XLJLR.UTILITY.MACLIB.L1750.ASM 
0SNAME•XLJLR.UTILITY.S0URCE.Ll750.DATA 
DSNAME=XLJLR.DRIVER.SAVE.DATA 
DSNAME= XLJLR. LM0DS. DATA 
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NAST12 - Source Compilations (VOLUME SERIAL NUMBrn XLJLRl) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-independent subroutines ADR through CMTRCE. NAST12 consists of 
one volume and one file. 

File 1 - Source Compilations - Sequential file. 

This tape has the followin~ DCB parameters: 

DCB=(RECFM=VBA,LRECL•137,BLKSIZE=1922) 

NAST13 - Source Compilations (VOLUME SERIAL NUMBER XLJLR2) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-dependent subroutines CNORM through DQUAD. NAST13 consists of 
one file. 

File l - Source Compilations - Sequential file. 

This tape has the following DCB parameters: 

DCB=(RECFM=VBA,LRECL•137,BLKSIZE=l922) 

NAST14 - Source Compilations (VOLUME SERIAL NUMBER XLJLR3) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-independent subroutines DRAW through FNXTVC. NAST14 consists of 
one file. 

File 1 - Source Compilations - Sequential file. 

This tape has the following DCB parameters: 

OCB•(RECFM-VBA,LRECL•l37,BLKSIZE•l922) 

NAST15 - Source Compilations {VOLUME SERIAL NUMBER XLJLR4) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-independent subroutines F0RFIL through IFX7BD. NAST15 consists 
of one file. 

File 1 - Source Compilations - Sequential file. 

This tape has the following DCB parameters: 

DCB•(RECFM-VBA,LRECL•l37,BLKSIZE•l922) 

NAST16 - Source Compilations {VOLUME SERIAL NU~SER XLJLR5) 

This tape contains the SYSPRINT file generated by version 2.2 of the FQIRTRAN H-extended 
compiler for the machine-independent subroutines IHEX through MCRQJD. NAST16 consists of 
one volume and one file. 

File 1 - Source Compilations - Sequential file. 

This tape has the following DCB parameters: 

DCB•(RECFM=VBA,LRECL•l37,BLKSIZE•l922) 
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NASil7 - Source Compilations (VOLUME SERIAL NUMBER XLJLR6) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-independent subroutines MDUMl through 0UTPT4. NAST17 consists 
of one volume and one file. 

File 1 - Source Compilations - Sequential file. 

This tape has the following DCB parameters: 

DCB= ( RECFM=VBA,LRECL= 137 ,BLKSIZE= 1922) 

NAST18 - Source Compilations (VOLUME SERIAL NUMBER XLJLR7) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAi~ H-extended 
compiler for the machine-independent subroutines PASS through RULER. NAST18 consists of 
one volume and one file. 

File l - Source Compilations - Sequential file. 

This tape has the following DCB ·parameters: 

DCB=(RECFM=VBA,LRECL=137,BLKSIZE=1922) 

NAST19 - Source Compilations (VOLUME SERIAL NUMBER XLJLRS) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-independent subroutines SADD through SSWTCH. NAST19 consists. 
of one volume and one file. 

File 1 - Source Compilations - Sequential file. 

This tape has the following DCB parameters: 

DCB= ( nECFM=VBP.,LPECL= 137 ,BLKS IZE= 1922) 

NAST20 - Source Compilations ( VOLUME SERIAL NUMBER XLJLR9) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-independent subroutines STEP through TYPINT. NAST20 consists 
of one volume and one file. 

File 1 - Source Compilations - Sequential file. 

This tape has the following DCB parameters: 

DCB•(RECFM•VBA,LRECL=137,BLKSIZE=1922) 

NAST21 - Source Compilations (VOLUME SERIAL NUMBER XLJLRA) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-independent subroutines UMFEDT through ZJ. NAST21 consists of 
one volume and one file. 

File l - Source Compilations - Sequential file. 

This tape has the following DCB parameters. 

DCB=(RECFM=VBA,LRECL=l37,BLKSIZE=l922) 
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NAST22 - Source Compilations (VOLUME SERIAL NUMBER XLJLRB) 

This tape contains the SYSPRINT file generated by version 2.2 of the F0RTRAN H-extended 
compiler for the machine-dependent subroutines CDMPBD through XFLSTS and the SYSPRINT file 
generated by the GSFC release 21MO.R76 of Assembler G compiler for subroutines ACCNT through 
WAL TIM. 

File l - Source Compilations - Sequential file. 

This file has the following DCB parameters: 

DCB•(RECFM=VBA~LRECL•137,BLKSIZE•l922) 

File 2 - Source Assembly Compilations - Sequential file. 

This file has the following DCB parameters: 

DCB= { RECFM=FBM,LRECL=l 21 ,BLKSIZE•l936) 
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5.3.7.2 Installation of the NASTRAN Physical Items 

The NASTRAN physical items may be installed on an individual data set basis via the IBM utility 

program IEHM~VE or by restoring the NASTRAN disk packs with the IBM utility program IEHDASDR. Orig­

inally, the NASTRAN physical items resided on IBM 2314 disk packs and the SPACE and DCB parameters 

reflect that environment. IEHM0VE is capable of restoring to all types of disk packs, however, the 

data sets should be reblocked for optimization of disk space. In the following examples, it is 

assumed that the data sets will be restored to their original medium. 

Loading Individual Data Sets 

All individual data sets originally were created with no secondary SPACE allocation. Even 

though some extra space was allocated for possible expansion, you may want to pre-allocate the data 

sets yourself via the IBM program IEFBR14 before restoring them with IEHM0VE. The following exa~ple 

illustrates the pre-alloca~ion of the NASTRAN executable data set allowing for a secondary SPACE 

allocation of 100 tracks. 

//Al0CATE EXEC PGM•IEFBR14 
//ALL0CATE DD UNIT•23l4,0ISP•(,KEEP),V0L•SER•RSRABB, 
// 0SN•XLJLR.NSTNLft1D.Ll750.L0AD, 
// DCB•(DS0RG•P0,RECFM•U,BLKSilE•7294), 
// SPACE•(TRK,(2500,,10)) 

The following JCL may serve as an example to reload the partitioned data sets unloaded by 

IEH"'VE. When using this JCL for the machine independent source and the non-executable load modules 

(both data sets contain more than 600 meni>ers) it will be necessary to increase the SPACE allocated 

to the work data set to 80 contiguous tracks and to specify PARM•'P0WER•2' on the EXEC card asso­

ciated with IEHM0VE. 

//W0RKDSA EXEC PGM•IEFBR14 
//W0RKDS DD UNIT•2314,SPACE•(TRK,(40),,C0NTIG} 
//IEHM0VE EXEC PGM•IEHt,VVE. 
//SYSPRINT DD SYS0UT•A 
//SYSUTl DD UNIT•23l4,V0L•SER•*.W0RKDSA.W0RKDS,D1SP•0LD 
//DOl DD UNIT•2314,V0L•SER•RSRABB,0ISP•0LD 
//TAPEl DO UNIT•2400,V0L•SER•,~LJLRC,0ISP•0LD,LABEL•(l,SL), 
// DCB•(RECFM-FB,LRECL•80,BLKSilE•800,DEN•3}, 
// 0SN•XLJLR.NSTNLM0D.L1750.L0AD 
//SYSIN DD * 

C0PY PDS•XLJLR.NSTNL~0D.L1750.L0AD,FR0M•2400•NAST01,T0•2314•RSRABB,FR0MDO-TAPE1 
II 
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Restorina the NASTRAN Disk Packs 

The following JCL may serve as an example to restore the NASTRAN disk packs dumped to tape by 

IEHDASDR. 

//T2DISK EXEC PGM=IHEDASDR 
//SYSPRINT DD SYS0UT=A 
//TAPE DD UNIT=2400,V0L=SER=XLJLRJ,DISP=0LD,DSN=DISKM2, 

OCB=DEN=3,LABEL=(l,SL) 
//DISK OD UNIT=2314,V0L=SER=OISKM2,0ISP=0LD 
//SYSIN DD * 

REST0RE FR0MDD=TAPE,T0DD=DISK,CPYV0LID=N0 
II 

5.3.7.3 Procedure for Updating NASTRAN 

Updating NASTRAN may require one or more of the following: 

1. Updating the overlay control cards (SUBSYS) 

2. Updating NASTRAN's macro library (MACLIB) 

3. Updating assembly source code (ASS0URCE) 

4. Updating machine-dependent F0RTRAN code (MDS0URCE) 

5. Updating machine-independent F0RTRAN code (MIS0URCE) 

Due to different installation configurations and requirements, Table 2 and the flowchart in 

Figure 3 are given as a skeleton of how updates may be made. Each step in the flowchart that 

requires using a program will have a number in parenthesis that will be an index into Table 2. 

Table 2 will specify the program required and the DDNAMES and PARM infonnation. 
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Figure 3. Flowchart of Updating Procedures for NASTRAN 

5.3-24 (12/31/77; 



SYSUT1 

SYSUT2 

NASTRAN ON THE IBM SYSTEM 360-370 

.. 

( 1 ) 

UPDATE 
SUBSYS 

SYSPRINT 

SYSIN 

Figure 3(a). Flowchart of Updating Procedures for NASTRAN 
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Figure 3(b). Flowchart of Updating Procedures for NASTRAN 
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Figure 3(c). Flowchart of Updating Procedures for NASTRAN 
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Figure 3(d}. Flowchart of Updating Procedures for NASTRAN 
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Figure 3(f). Flowchart of Updating Procedures for NASTRAN 
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DDNAMES and PARM 

PARM: N0NE 
DDNAMES: SYSPRINT - Output print file 

SYSUT1 - DSN=XLJLR,0VERLAY.Ll750.DATA 
SYSUT2 - DSN=XLJLR,0VERLAY.Ll750.DATA 
SYSIN - A1ter cards 

PARM: N0NE 
DDNAMES: SYSPRINT - Output print file 

PARM: 
DONAMES: 

SYSUTl - DSN=XLJLR.NASTRAN.MACLIB.ASM 
SYSUT2 - DSN=XLJLR.NASTRAN.MACLIB.ASM 
SYS IN - Alter cards 

N0NE 
SYSPRINT - Output print file 
SYSUTl - DSN=XLJLR.ASS0URCE.L1750.DATA 
SYSUT2 - DSN=XLJLR.ASS0URCE.Ll750.0ATA 
SYSIN - Alter cards 

PARM: DECK, N0L0AD, XREF 
OONAMES: SYSPRINT • Output print file 

SYSUTl - Work file 
SYSUT2. - Work file 
SYSUT3 - Work file 
SYSLIB - A concatenation of the System macro library 

(SYS1.MACLIB) and the NASTRAN macro library 
(XLJLR.NASTRAN.MACLIB.ASM). 
NOTE: The NASTRAN maclib and the System mac­
lib must have the same DCB attributes. It 
may be necessary to reblock the NASTRAN maclib. 

SYSIN - A member of XLJLR.ASS0URCE.L1750.0ATA that 
was updated. 

SYSPUNCH - This DDNAME should define a data set to con­
tain the object module to be passed to the 
1 i nkage editor. · 

PARM: NCAL, LET . 
DDNAMES: SYSPRINT - Output print file 

SYSUTl - Work file 
SYSLIN - This ODNAME should define the data set con­

taining the object module passed from the 
SYSPUNCH file of the step above. 

SYSLM00 - A member of XLJLR.0BJM0D,ALTER.L0AD to be 
replaced. 

Table 2. Programs Required for Updating NASTRAN 
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DDNAMES and PARM 

PARM: 
DONAMES: 

PARM: 
OONAMES: 

N0NE 
SYSPRINT - Output print file 
SYSUTl - OSN=XLJLR.MDS0URCE.L1750.0ATA 
SYSUT2 - OSN=XLJLR.MOS0URCE.L1750.0ATA 
SYSIN - Alter cards 

BCD, DECK, N0L0AD, ID, XREF, 0TP=2 
SYSPRINT - Output print file 
SYSUTl - Work file 
SYSUT2 - Work file 
SYSIN - A member of XLJLR.MDS0URCE.Ll750.DATA that 

was updated 
SYSPUNCH - This DDNAME should define a data set to con­

tain the object deck to be passed to the 
linkage editor. 

PARM: NCAL, LET 
DDNAMES: SYSPRINT - Output print file 

SYSUTl - Work file 
SYSLIN - This DDNAME snould define the data set con­

taining the object deck passed from the 
SYSPUNCH file of the step above. 

SYSLM0D - A member of XLJLR.0BJM0D.ALTER.L0AO to be 
replaced. 

PARM: N0NE 
DDNAMES: SYSPRINT - Output print file 

SYSUTl - OSN•XLJLR.MIS0URCE.Ll750.0ATA 
SYSUT2 - OSN•XLJLR.MIS0URCE.Ll750.0ATA 
SYSIN - Alter cards 

PARM: BCD, DECK, N0L0AD, -ID, XREF, 0PT=2 
DDNAMES: SYSPRINT - Output print file 

SYSUT1 - Work file 
SYSUT2 - Work file · 
SYSIN - A member of XLJLR.MIS0URCE.Ll750.t:~} •DATA 

that was updated. \' 
SYSPUNCH - This OONAME should define a data set to con­

tain the object deck to be passed to the 
linkage editor. 

Table 2(a). Programs Required for Updating NASTRAN 
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DDNAMES and PARM 

PARM: NCAL, LET 
DDNAMES: SYSPRINT - Output print file 

SYSUTl - Work file 
SYSLIN - This DDNAME should define the data set con­

taining the object deck passed from the 
SYSPUNCH file of the step above. 

SYSLM0D - A member of XLJLR.0BJM0D.ALTER.L0AD to be 
replaced. 

PARM: 0VLY, LET, MAP, LIST 
NOTE: It may be necessary to specify the SIZE parameter. 
The SIZE that is specified will depend upon the level of 
linkage editor as well as the blocking factors of the pri­
mary input data sets and the SYSPRINT file. 

DDNAMES: SYSPRINT - Output print file 
SYSUTl - Work file 
SYSLIB - DSN=SYS1.F0RTLIB 
LIB 
SYSLIN 

- DSN=XLJLR.0BJM0D.ALTER.L0AD 
- Linkage editor control catds. These control 

cards should include the following: 
INCLUDE LIB (subroutine(s) being altered) 
INCLUDE 0LDEXC (LINKNSxx) 
INCLUDE SUBSYS (LINKNSxx) 
NAME LINKNSxx(R) 

SYSLM0D - DSN=XLJLR.NSTNLM0D.ALTER.L0AD 
OLDEXC 
SUBSYS 

- 0SN=XLJLR,NSTNLM0D,L1750.L0AD 
- DSN=XLJLR,0VERLAY.Ll750.DATA 

Table 2(b). Programs Required for Updating NASTRAN 
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5.3.8 Machine Dependent Routines 

The routines discussed in this section consist of those programs unique to the IBM 360 or 

those routines which are implemented differently on the IBM 360. The language for each deck is 

indicated by the letter F for the Ffl)RTRAN decks or the letter A for the assembly language decks 

following the deck name. GINfl) and GINfl) related routines are discussed in Section 5.3.9. 

1. EJDUM2 (A) 

EJDUM2 initializes and establishes open core (see Section 5.3.4). It is used for each 

functional link. 

2. MAPFNS (A) 

In addition to the standard functions described in Section 3, the following were added: 

a. TDATE(L0C) 
Subroutine TDATE returns the date in a three word integer array L0C where: 

b. WHEN(WCLfl)CK} 

Lfl)C ( l) •Month 
L0C ( 2·) • Day 
Lfl)C(3)=Year 

Subroutine WHEN executes the fl)S TIME macro, which returns time in seconds 
after midnight. The initial call saves the time which is then used to 
calculate the elapsed time. WHEN returns the time in integer seconds after 
the initial call. 

c. Nfl)W(TTIME) 
The N0W routine initial.izes and uses the interval timer on S/360 configurations 
with the timer option. Nfl)W sets and interrogates the interval timer through 
the STIMER and TTIMER fl)S macros. The STIMER macro is executed with the TASK 
option which specifies that the timer is to operate only when the task is 
active. This has the effect of measuring the CPU operation time for a particular 
task. Nfl)W returns the time in integer seconds from the initial call. 

d. POUMPX(SWITCH) 
Subroutine POUMPX through execution of the SNAP macro produces a problem 
program memory dump or a trace table depending on the value of SWITCH. 

SWITCH•l - Produces a complete problem program dump. 
SWITCH•O - Produces only a trace table 

The resulting dump or trace table is output on the SNAPSHfl)T data set. 

e. TYPWRT(MESSAGE) 
This subroutine will print up to eighty-character messages on the operator 
console defined in the variable MESSAGE. 

f. OUMPME 
Subroutine OUMPME produces a dump of the problem area of core and terminates 
the run. 
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3. TYP0UT (A) • 
The TYP0UT routine is used to print an eighty-character message on the typewriter. 

4. WALTIM (A) 

Subroutine WALTIM executes the 0S macro TIME and returns the time of day in integer 

seconds after midnight in the calling argument variable. 

5. CDMPBD ( F) 

CDMPBD is a block data routine to initiate the corrmon block /CDCMPX/. 

6. C0NMSG (F) 

This routine has several entry points other than the primary entry point C0NMSG. 

The description of the entry points follow. 

a. C0NMSG(BUF,N,K) 
The primary entry point for this routine, C0NMSG, is used to write messages 
on the operator's console and. on unit four run log. The message is defined 
by the input variable BUF, the length of the message is defined by the 
variable N, and K is used as a switch to determine whether the message is 
to be written-to the operator's console where: 

K=O Do not write message on console 
KiO Write message on operator's console 

b. DUMP 
The DUMP routine calls the DUMPME routine described under MAPFNS above 
to tenninate the run. 

c. PDUMP 
The PDUMP routine calls the PDUMPX routine described above under MAPFNS 
and produces a dump or traceback depending on whether DIAG 1 is set or not. 
If DIAG 1 is set a full dump is produced, otherwise only a traceback is 
produced. 

d. CL0CK, 0PRMES, REWNLD 
These three routines are dunmy routines only. They are included here to 
avoid having unresolved external references from the linkage editor, and 
are not used in NASTRAN on the IBM 360. 

e. KL0CK(ITIME) 
The KL0CK routine uses the N0W routine described under MAPFNS above to return 
the CPU time in integer seconds in the variable ITIME. 

f. SEC0ND(TIME) 
The SEC0ND routine uses the N0W routine described under MAPFNS above to 
return the CPU time in the floating point variable TIME . 
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7. K0RSZ (F) • 

The integer function K0RSZ calls the function XC0RSZ in MAPFNS and returns the length 

of open core. The value of the function is printed on unit four if DIAG 13 is supplied. 

8. DCMPBO (F) 

OCMPBD is a block data routine to initialize the /OC0MPX/ conmen block. 

9. I0MSG (F) 

The I0MSG routine is used by the NASTI0 routine, described in Section 5.3.8, to write 

the messages needed by that routine. · 

10. 0PMESG (F) 

The 0PMESG routine calls the TYP0UT routine described above to write messages on the 

operator console. 

11. PXIT36 

The PXIT36 routine is executed at the end of each NASTRAN run in order to insure the 

print buffers are flushed properly. 

12. SEMTRN (F) 

The SEMTRN routine is used to convert NASTRAN data cards that may be in either BCD or 

EBCDIC to the BCD card images acceptable to NASTRAN and output them onto unit l where 

NASTRAN processing can read them. 

13. TAPSWI (F) 

The TAPSWI routine provices for multi-volume processing in NASTRAN. When processing a 

tape and an E0V indicator is sensed, this routine writes a message to the operator who 

unloads the first tape and pauses to permit the operator to mount the next tape. 

14. CN36BD (F) 

Defines single and double precision values for several conmonly used arithmetic con­

stants. 

15. GPERR (A) 

GPERR processes fatal errors arising in GIN0, PACKUNPK, NASTI0, etc. Selected areas 

of core storage are printed to assist in analysis of the errors. 

5.3-36 (12/31/77) __, 
. , .- . _. 



NASTRAN ON THE IBM SYSTEM 360-370 

16. HEXDMP (F) 

HEXDMP is called by GPERR to print a message and/or print an array in a hexadecimal 

format. 

17. I0STAT (A) 

I0STAT is called to collect and print statistics regarding usage of direct access 

storage space assigned. Actual printing of the statistics is accomplished by calling 

I0MSG. 

18. S0FI0 (F) 

S0FI0 directs the input/output operations for substructuring between core and the 

random access storage device (see Section 3.6). The calling sequence is: 

CALL S0FI0 (IRW,IBLKNM,IBUFF) 

S0FI0 writes (IRW=l) or reads (IRW=2) block number IBLKNM from/to the buffer IBUFF. 

19. DEFILE (A) 

DEFILE calculates the number of records available on a substructuring S0F file. For 

Level 17.0.0 this file must be an FTOx file. The calling sequence is: 

where 

20. PARM (A) 

CALL DEFILE (UNIT,BLKSIZ,NRECS,ERR0R) 

UNIT -
BLKSIZ -
NRECS -

ERR0R -

F0RTRAN UNIT REFERENCE NUMBER (INTEGER) 
BL0CKSIZE IN W0RDS (INTEGER) 
NUMBER 0F.REC0RDS F0R THIS UNIT 
(INTEGER - RETURNED) 
ERR0R C0DE (INTEGER - RETURNED) 
ERR0R • 0 N0RMAL RETURN 
ERR0R • 1 MISSING DD CARD 
ERR0R = 2 DEVICE IS N0T DIRECT ACCESS 
ERR0R • 3 DEVICE N0T SUPP0RTED 
ERR0R • 4 IMPR0PER DD CARD 
ERR0R • 5 BL0CKSIZE EXCEEDS MAX F0R DEVICE 
ERR0R = 6 INC0MPATABLE BL0CK SIZE 

PARM is a general purpose routine for analyzing PARM parameters on the EXEC state­

ment. Relevant information regarding the type of PARM option to be processed and 

the status of the request are transmitted via the Parm Control List (PCL). A macro 
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(PARMD) which maps the PCL is included in the NASTRAN maclib. A macro (PARM) is also 

included to create a PCL and call the PARM routine. Definition of the PCL follows: 

0 uSECT TO MAP T~E PARM PARAMETc.R CONT~OL LIST. 
•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==• 
0 

uSECT 
0 

PA~MKR t::QU 
PA~MKF c.Qu 
PA~i'IPC~ t::QU 
~A~.,,PCF EQU 
PARN!Pl!-1 EQU 
PA~t-1PIF EQU 
PARMPIM EQU 
PA"l..,UPR !:.QU 
0 

PliRM,<EE 
PA~Mr<E?L 
PARMKEP~ 
PA~MP~P 
PA~~PEP 
PAR;"l?CS 
PA~MMPFL. 
PA~:'olilo1PF'R 
0 

PA~"ICNTl 
PAR:"ICNTZ 
PA~MPL.L 
PAR"11(PL. 
PA~"1PPL. 
PAKMPL.P 
PARM!(PP 
PAR"'IPPP 

21. TPARM (A) 

EQU 
t::QU. 
EQU 
c.QU 
c.QU 
EQU 
E~U. 
1:.QU 

us 
us 
us 
us 
OS 
us 
us 
OS 
MEX IT 
MEND 

t:! 1 10000000 1 

8 1 01000000 1 

t, 1 00100000 1 

!:3 1 00010000 1 

s•oooo1000• 
i,•00000100 1 

B'000000l0' 
s•ooooooo1• 

t:! 1 10000000 1 

t=P01000000 1 

s•oo100000 1 

8 1 00010000 1 

B1 0000l0U0 1 

a 1 00000100 1 

B • 0 0·1,) 0 0 0 1 0 • 
t3•00000001' 

1a 
18 
lH 
lH 
lH 
1 F' 
l F' 
lF 

i<EYWORU Kt::QUEST 
KEYwO~O FOUND 
POSITIONAL CHAKACT!:.K ~E~Ut.ST 
POSITIONAL CHA~ACTE~ FOUNW 
POSITIONAL INT~GtR KE~U~ST 
POSITIONAL INTEGE~ FOUNU 
P05. INT. CONTAINED ALPHA MULT. 
UPDATE POINTER ~~QU!:.ST 

KEYWORD ENDED wlTH = 
KEYwO~D ENDED W!TH < 

KEYwORD ENDED wlTH J 
POSITIONAL ~EGAN wITH < 

POSITIONAL c.NDEU WITH l 
PARENTH!:.SIS CONTAINtD SU~FIELU 
MUL.TIPL.E PA~ENTHESIS FOUND LEFT 
MULTIPLE PARENTHESIS FOUNO ~IG~T 

CONTROL i:,YTE 1 
COIIITROL t1"l'TE c 
PARM LIST Lt.NGTH 
KEYwORO PARAMET~R LtNGTH 
POSITIONAL. PA~AMETE~ L.ENGTH 
PARM L.IST POINT~K 
KEY~ORD PARAMETE~ POINTER 
POSITIONAL PARAMETE~ POINTEK 

TPARM has an entry point for each keyword that can be coded in the PARM field of the 

EXEC statement (at present there is only one possible keyword - C0RE). TPARM initia­

lizes the PCL for the other entry points and is usually called only by them. 

a. C0RE (NCVTCSF.NCVTFCS) 

Entry point C0RE returns the core statistics flag (logical) and the amount of 

core to free (integer). 

22. NCVTINIT (A) 

NCVTINIT is called by the executive link driver routine {NASTRAN) to initialize the 

NASTRAN Cormnunication Vector Table {NCVT). NCVTINIT has no arguments. however register 

one must still point to the EXEC PARM list at the time NCVTINIT is called. A macro 
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(NCVT) to map the NASTRAN Communication Vector Table is supplied in the NASTRAN 

maclib. A map of the NCVT is listed ·below. 

•==•==•==•==•==•==•==•==•==•==*==o~=•==•==•==•==•==•==•==•==*==•==*==• 
uSE.CT Tu ""AP Tr-iE NA::,T;./A,\J COMMIJN!CATION vt:::CTO~ TAc:,:_i:: .. 

• 
1\/CVTD DSE.CT 
.N002 i.NOP 
• 
...,CVT·"1VS t:::QU X '12 1 

NCI/T"IFT t:.:QU X 1 20 • 
• 
;,1CI/T us OD FOi-iCE LiOUt:!Lt::: wo~u .:.L!GN"IENT 

i\lCVT JID us D JOl·lI D 
!\iCI/TPRS OS F PAR"'! REGISTER SAI/EA~EA 
t>ICVTPRC us F PARM RETUEN COUE 
NCVTLCA us F LARGEST CORE AUt.h~ESS 
NC 1/TCSF us F CORE STATISTICS FLAi.; 
NCVTFCS us F FREE CORE SILE 
"ICVTCM2 OS F CO~E MASK 2 
NCVTCMl us H CORE. MASI\ 1 
1-..ICI/TQS,-1 us B O?E~HING SY'SH.1"1 MASK 

•• 
•• C:f\lU OF NASTRAN COMMUNICATION VECTOR TA~LE 
•• 

23. ACCNT (A) 

ACCNT is called by the executive link driver routine (NASTRAN) just before the term­

ination of the NASTRAN program to provide an EXCP (execute channel program) count for 

all NASTRAN files. ACCNT requires one argument (INTEGER) which is the F0RTRAN unit 

number of the file on which the EXCP sunmary is written. 

24. LINKNSXX (A) 

LINKNSXX serves as the entry point for the functional links. All linkage to the F0RTRAN 

I/0 package or the NASTRAN I/0 package are resolved at execution time by moving the 

NASTRAN Linkage Control Table (NLCT) from the executive link driver (NASTRAN) to LINKNSXX. 

A macro which maps the NLCT is provided in the NASTRAN maclib. The NLCT is also listed 

below: 

•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==• 
• USECT TO MAP THE NAST~AN LINKAGE CONT~OL TAt,L~ • 
•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==•==• 
• 
NLCTu 
.N002 
NLCT 
OATAd 
L l ~l<N-AME 
CO~E!1ELD 
AlQTt,LE 

OSECT 
ANQP 
us 
C,C . 

uC 
UC 
DC 

OF 
F' I U I 

C'LlNl<N~Ol 1 

2F 1 0' 
VCIOTAt:ILEl 
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ANLCT uc A(DATAt::I) 
A.ldC0"'1 JC V(I'iCOMIJ) 
AF :J roes" UC V(F:JIOCS•l 
A 1 ·"TS w uC V C l •\I T S w T C H l 
AF IOC:i UC V(F!uCS1Jl 
AEQR"-1 L..iC VC!HOERR"ll 
A!:J.H>O L.JC V(I03b0l 
AUAT~L UC V C I HOUA TtlL) 
AFCVTH DC V(lHOFCVTH) 
AFCVZu UC VCFCVZOUTPl 
AFCVAO DC V(FCVAOUTPl 
AFCoJLO uC V(FCVLOUTPl 
AFCv1n UC V(FCVIourP) 
AFCVEO UC V<FCVEOUTP) 
AFCVCO DC V(FCVCOUTP> 
AI•H6~w uC V ( rr~ToSWCl"ll 
A0It.lCS DC V (DI r)CS• l 
AAOJSW UC V < ADJSwTC,, l 
ATRCH UC VCll-lOTRCHl 
AUOPTN uc V C I ,;QUOP Tl 
~UFFSIZE UC F 1 0 1 

A~I'IIO DC V(Gl.\lOl 
AO"t:"l LiC V(OPEN> 
Aw~ !TE uC vcw..i1n> 
Al-~EAO oc V(~EAD) 
ACLUSE UC VCCLOSE> 
AE!CKKEC DC V (t:ICl(RfCl 
AFwDREC DC V(FWOREC> 
ASl(PFIL. DC VCSKPFIL.> 
AwEw I•"D uc vc..iEwIND) 
AEOF UC V(EOF> 
AtlLOPK UC V(BLDPK) 
At!LDPKI uc V(dL.OPKll 
AZijL.PKI DC V(ZBLPKI> 
A~LDPKN DC VC~LDPKllll 
Al'HPK DC V(l;,if?I() 
AlNTPKI UC V ( lNTPKI I 
Ab-.lTPK I i)C VCZ1'1TPKil 
APACK UC V(PllCKI 
AUNPACI( UC V(UNPACi<) 
ASAIIPOS DC V(SAVPOS) 
AFILPOS UC V(FIL.POS> 
APUTSTR uC V(i-lUTSTR> 
AE·'ID?UT UC VCEIIIOPUT> 
AGETSHI UC VCGETSTH> 
AENOGET DC V <ENOGE Tl 
AGETSTB uC V <GETSTi:n 
AENDGTf:I L>C V<ENOGTt:1> 
ANASTIO uC V(NASTIO> 
ARECTY.:> DC V (HECTYPl 
AG?EH~ DC V(GPERRI 
AHEXOMP UC VCHEXOh!Pl 
AHOE:ilt< UC V(.iD~LK> 
AwRT~LK UC V(WRT~L.K) 
ANC'IT UC A (NCI/T> 
AGI"IOX DC VCGI1110X) 
ACO~MONS DS lOA 
AF'IIAME 1)5 A 
AMESAGE us A 

•• 
•• END OF ,11ASTRAN LINKAGE CONT~OL. TAoL£ 
•• 
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LINKNSXX also contains entry points EXIT and SEARCH which provides the return to the 

executive link at the termination of the functional link. 

SEARCH is called to determine the name of the next functional link to be loaded by 

the executive link driver routine (NASTRAN). The name of the next functional link 

is placed in the NLCT. 

EXIT is called to return to the executive link driver routine (NASTRAN). 

25. NASTRAN (A) 

NASTRAN is the executive link driver routine and the entry point for the executive 

link. NASTRAN obtains the original open core and frees back the user specified amount 

of core for F0RTRAN I/0 buffers and for use by the operating system NASTRAN utilizes 

the NLCT to provide linkage to the F0RTRAN and NASTRAN I/0 packages for use by LINKNSXX. 

Each functional link is loaded and called by routine NASTRAN and then deleted by NASTRAN 

when the functional link is no longer needed. A diagram of core allocation is presented 

in Figure 4. The core areas for the File Control Blocks (FCB), Data Control Blocks 

(DCB), and Data Event Control Block (DECB) are reserved by GNFIAT when the functional 

link LINKNSOl is loaded and called by NASTRAN. 

26, DACHAR (A) 

DACHAR is called by GNFIAT and DEFILE and returns the number of blocks per track and 

the number of tracks per cylinder for a direct access device associated with a given 

name. The calling s~quence is: 

CALL DACHAR(DDNAME,BLKKL,BLKDL,NBPT,NTPC,$10,$20) 

where 

DDNAME 

BLKKL 

BLKDL 

NBPT 

$10 

$20 

An eight byte buffer containing the DDNAME left justified 
with blank fill if necessary 

A full word containing the key length if one is specified. 

A full word containing the data length 

A full word containing the number of blocks per track 
(returned) for the direct access device associated with 
the given DDNAME. 

Nonstandard re.turn taken if the given DDNAME is not assigned 
to a direct access device. 

Nonstandard return if the given DDNAME is not found in the 
task input/output table (TI0T). 
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27. XFLSTS (F) 

XFLSTS (Efecutive fi!:.e STatisticl housekeeper) will save the accumulative block count 

for each file maintained in the /XFIAT/. XFLSTS is called by entry point CL0SE in 

subroutine NASTI0. The calling sequence follows: 

CALL XFLSTS(FIAT,GIN0X,FIST,FCB,FCBBYT,FRSTPR,FRSTSC,FRSTTR) 

where 

FIAT /XFIAT/ conmon block in LINKNSxx functional link 

GIN0X /GIN0X/ conmen block in LINKNSxx functional 1 ink 

FIST /XFIST/ conmen block.in LINKNSxx functional link 

FCB File Control Block maintained by NASTI0 

FCBBYT same as FCB except referenced as bytes 

FRSTPR 'internal file number of first primary file 

FRSTSC -internal file number of first secondary file 

FRSTTR internal file number of first tertiary file 
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Link NASTRAN 

Link LINKNSxx 

Open Core 

File Control Blocks 
(FCB) 

{one FCB for every file) 

Data Control Block 
(DCB) 

{one DCB for every file) 

Data Event Control Block 
(DECB) 

(number is maximum number of open files) 

Fl!IRTRAN Buffers 
and Core for the 
Operating System 

Figure 4. Core Allocation for the IBM NASTRAN System 
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5.3.9 GIN0 (Generalized Input/Output Processor for NASTRAN) 

The GIN0 package for the IBM 360 consists of the following three decks with entry points as 

indicated. 

DECK 

GIN0 

NASTI0 

0PEN 

ENTRY POINT 

BCKREC 
CL0SE 
ENDGET 
ENDGTB 
ENDPUT 
E0F 
FILP0S 
FWDREC 
GETSTB 
GETSTR 

I0360 

0PEN 

PUTSTR 
Q0PEN 
RDBLK 
READ 
RECTYP 
SAVP0S 
SKPFIL 
WRITE 
WRTBLK 

Documentation for GIN0 and .the calling sequence for _its entry points are essentially machine 

independent and are discussed in Sectio~ 3.4 of the Progranmer's Manual. The documentation for 

10360 is unique to the IBM 360 and is provided as follows: 

Purpose 

To perform 1/0 operations for NASTRAN data blocks using the Basic Sequential Access 

Method (BSAM). 

Calling Sequence 

CALL 10360(0PC0DE,BL0CK), where 

0PC0DE • the operation code for the operation to be performed according to the 
following list: 

1. - Rewind 
2. - Write 
3. - Read 
4. - Backrec 
5. - Fontard rec 
6. - Open 
7. - Close 
8. - Reread 

10. - Unload 

BL0CK • address of the GIN0 block for the requested operation. 

5.3-44 {12/31/77) -~- - ~ ,· 



NASTRAN ON THE IBM SYSTEM 360-370 

Additional corrmunication is accomplished through the use of the I0TABLE. The I0TABLE 

is a table defined in NASTI0 (like a corrmon block) which is initialized by GNFIAT and use 

by NASTI0. The contents are as follows: 

I0TABLE DS 
OS 
OS 
OS 
OS 
OS 
OS 
OS 
DS 
OS 
OS 
DS 
OS 
OS 
OS 
OS 
DS 
OS 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
A 
A 
A 
H 
H 
H 
H 
A 

BLKSIZE IN BYTES 
1ST UNIT REF N0. PERMANENT UNITS 

PRIMARY UNITS 
SEC0NDARY UNITS 
iERTIARY UNITS 

NUMBER 0F UNITS -- PERMANENT 
PRIMARY 
SEC0NDARY 
TERTIARY 

NUMBER 0F DECB'S 
ADDR f/JF FILE Cf/JNTR0L BL0CKS (FCB) 
ADDR 0F DATA C0NTR0L BL0CKS (DCB) 
ADDR f/JF DATA EVENT C0NTR0L BL0CKS (DECB) 
FCB LENGTH IN BYTES 
DCB LENGTH IN BYTES 
DECB LENGTH IN BYTES 
SPARE 
ADDRESS 0F TASK I/0 TABLE (TI0T) 

This table is only referenced by NASTiflJ and GNFIAL 

Method 

The NASTI0 routine perfonns transfers of record blocks between main storage and secondary 

storage and perfonns positioning of secondary storage devices. All I/0 operations are performed 

using the macros of the.Basic Sequential Access Method (BSAM) such as f/JPEN, Clf/JSE,· READ, WRITE, 

CHECK, and Pf/JINT. Fields of the appropriate FCB are updated for each operation. Some examples 

of call chains for NASTI0 are: 

Level 0 l 2 3 

User .,_ ZBLPKI ... PUTSTR • I0360 

User • ZNTPKI .,_ GETSTR ... I0360 

User _., INTPK .,_ GETSTR .... I0360 

user .... WRITE ._ I0360 

Note: Most calls are serviced at levels 1 and 2. 

4 

---•~ (BSAM) 

---...-~ (BSAM) 

--11 ... ~ (BSAM) 

--....-~ ( BSAM) 

Calls to level 3 occur when a block is to be transferred between main and secondary storage. 

All calls to level 3 result in at least one call to level 4. 
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It should be noted that when a write operation is scheduled which would exceed the space 

allocated to the unit, the pool of secondary units is examined to find an available unit. If 

a unit is available, it is attached to the primary, and the write operation is made on the 

secondary. Correspondingly, if a secondary unit fills, another secondary unit is attached. 

When two secondary units are filled, NASTRAN attaches a tertiary unit, if available, and 

only when all units are used is an 0S extent requested. It should also be noted that each 

time a file is opened to write with rewind, all secondary and tertiary units previously 

assigned to the file are released and made available for future assignment to other files 

(data blocks). 

Relevant infonnation regarding I/0 operations and status is maintained in the File 

Control Blocks (FCB). There is one FCB for each permanent, primary, secondary, and tertiary 

unit as defined in the JCL for the J0B. A description of the FCB is found in Table 3. 
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Parameter 

FCBFRST* 
FCBCURNT* 
FCBLAST 
FCBFLAGS 

FCBDECB 
FCBBLKN0 

FCBPREV 

FCBNEXT 
FCBL0W 
FCBHIGH 
FCBLKPRI 

FCBLKSEC 

FCBCLAST* 
FCBNBPT 
FCBBUFF* 
FCBMAX 
FCBTI0T 

NASTRAN ON THE IBM SYSTEM 360-370 

Length (Bytes) Description 

2 Points to first block of core file 
2 Points to current block of core file 
2 Last block number of file 
1 I/0 flag 

X'80' File has been opened 
. X'40' File positioned at end of data 
X'20' File is kept in core 
X'lO' File is on tape 
X'Ol' File opened to read 

1 Points to DECB assigned to file 
2 Block number at which file is currently 

positioned 
1 Previous unit assigned to the file 

1 

2 
2 
2 

2 

2 

2 
4 

2 

2 

Also used as a status byte 
X180 1 Last I/0.operation was a write 
X'40' Last I/0 operation was a read 
X'20' Last operation sequence was 

"read; backspace" or 
"write; backspace" 

X'CO' Last I/0 operation was a read 
or write 

Next unit assigned to the file 
First block number of file for this unit 
Last block number of file for this unit 
Number of blocks in this unit's primary 
allocation 
Number of blocks in this unit's secondary 
allocation 
Last block number in core for a core file 
Number of blocks per track 
Address of 1/0 buffer assigned 
Usage statistics 
Offset in TI0T to entry for this file 

*Used only for files kept in core 

Table 3. Description of the FCB 

5.3-47 (12/31/77) 
.. 'p(/' 



NASTRAN - OPERATING SYSTEM INTERFACES 

5.3.10 Special Error Codes from NASTRAN on the System 360 

One of the following two types of error codes will accompany any abnormal end (ABEND) output 

from NASTRAN operating under 0S on the IBM System 360. 

l. SYSTEM= XXX 

Where XXX is an 0S code described in the IBM System Reference Library (SRL). Form 

628-6631, titled l§t1. System/360 Operating System Messages~ Codes. 

2. USER = YYY 

Where YYY is a NASTRAN code described as follows: 

USER 
CODE 

001 

002 

004 

005 

012 

101 

102 

200 

254 

255 

500 

501 

502 

680 

777 

777 

3333 

SUBROUTINE 

NASTRAN 

GNFIAT 

GNFIAT 

EJDUM2 

MAPFNS 

GNFIAT 

GNFIAT 

GNFIAT 

EJDUM2 

EJDUM2 

NASTRAN 

NASTRAN 

NASTRAN 

MPYQ 

MAPFNS 

GPERR 

GPERR 

CAUSE 

A link name has been requested that is beyond the range of 
those available. 

Insufficient core for NASTI0. Core requirement for NASTI0 
equals 26 times the number of non-dunmy DD statements. 

Core is discontinuous. 

Insufficient core - GETMAIN failure. 

DUMP was called. 

Unable to detennine DDNAME to be PRixx, SECxx, TERxx, or 
a pennanent file (files in /XFIST/). 

Unable to find DDNAME in the permanent file list (files 
in /XFIST/). 

Unrecognized device class in DD statement. 

FREEMAIN failure. 

FREEMAIN failure. 

Insufficient core - GETMAIN failure. 

FREEMAIN failure. 

FREEMAIN failure. 

Bad string definition word (occurred in entry MPY2NT). 

SNAP macro failed. 

SNAP macro failed. 

Fatal message already printed - job to be terminated. 
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MATERIAL PREVIOUSLY ON PAGES 5.3-49 THROUGH 5.3-77a HAS BEEN DELETED. 
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5.4 NASTRAN ON THE UNIVAC 1108/1110 (EXEC 8) 

5.4.1 Introduction 

The purpose of this section is to describe the unique operating features of NASTRAN on the 

UNIVAC 1108/1110 computers under the Exec 8 operating system. All references to the 1108 apply 

to the 1110 unless otherwise stated. 

NASTRAN operates as a single job on UNIVAC 1108/1110 computers under Exec 8. NASTRAN is 

created as 15 separate absolute programs, with each program containing the structure and content 

of a NASTRAN link. These links are executed serially (usually) by the use of 'XQT' cards. It 

will operate in core of from 64K to 256K decimal words. 

5.4.2 Input/Output 

The machine dependent I/0 routines in NASTRAN can be classified into three categories: 

l) obtaining the logical files, 2) performing the actual 1/0, and 3) generating the 

plot tapes. 

GNFIAT is the subroutine responsible for identifying the logical files available for use 

by NASTRAN. For the UNIVAC 1108, it is written in F0RTRAN. Its functional description can be 

found in Section 3. Under Exec B, GNFIAT operates in conjunction with the system routine NTAB$. 

NTAB$ was reasseni>led for NASTRAN to allow access to logical units 1-40. Correspondingly, a table 

is generated in GNFIAT to indicate the status of each of these units. The status code of l implies 

the unit is unconditionally available for insertion into the FIAT Executive Table. A code of 2 

means the unit can be used if it is not set up a~ a tape. A status code of 3 means the unit is 

unavailable for the FIAT, but is available for XFIAT. A status code of 4 means the unit is not to 

be assigned by NASTRAN. Any units with status codes of l, 2, or 3 will be dynamically assigned by 

NASTRAN unless they have been previously assigned by user-supplied assign cards. GNFIAT searches 

this table and inserts the available logical units into the FIAT. 
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The following table indicates the status of the 40 units: 

F0RTRAN Unit No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Status Code 

4 

3 

4 

4 

3 

3 

3 

2 

2 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 
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External Name 

None 

2 

3 

4 

None (Input File) 

None (Print File) 

Pfil!ilL 

!ilPTP 

NPTP 

UMF 

NUMF 

PL Tl 

PLT2 

INPT 

INPl 

INP2 

INP3 

INP4 

HIPS 

INP6 

INP7 

INP8 

INP9 

24 

25 

26 

27 

28 

29 



F0RTRAN 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
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Unit No. Status Code 

1 

l 

External Code 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

F0RTRAN unit numbers 7 through 23 are attached to their external names by the use of @USE 

cards which are added internally. Note that this requires assignments be made by the ex"ternal 

name, rather than the F0RTRAN unit number, as was done in the past. Dynamic assigns for all 

units not assigned by the user {up to MAXFIL units (System (29)) will be of the following form 

@ASG,T XX,Fl7//P0S/30. This assign card allows a maximum of 1,920 tracks, or approximately 

3,500,000 words, for each file. The F17 requests-mass storage as available from first FH1782's, 

second FH880's, and third FASTRAND model II. P0S requests that 64 contiguous tracks be assigned 

at once. 30 will terminate the run if more than 30 x 64 tracks of data are written on any one 

file. To change the drum allocation of dynamic assigns from P0S (positions) to TRK (tracks) 

insert a NASTRAN card before the ID card setting SYSTEM (34)=2. This results in files being 

assigned in the following form @ASG,T XX,Fl7//TRK/1920. TRK requests that 64 sectors (28 words/ 

sector) be assigned at one time. This is beneficial for smaller jobs being run on Exec 8 release 32 

and earlier. For Exec 8 release 33 and later allocation should be by tracks due to a redesign of 

mass storage tables within EXEC 8. 0PTP, NUMF and UMF are "FREEed" at the end of the PREFACE if 

they are assigned to tape. 

In addition to the expanded NTAB$, NTRAN$ was assembled with the nurrber of packets increased 

to 37; the stack table increased to 15; and the packet size set to 9. This was necessary due to 

the number of files used in NASTRAN at any one time. 
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The actual I/0 on the UNIVAC 1108 is controlled through a blocked I/0 package, consisting of 

GIN0 and its associated routines. The physical I/0 directives are restricted to !01108. Physical 

records of size BUFSIZ-3 (System (l )) words ar.e written on all units. BUFSIZ is currently set to 

1794. Under Exec 8, NTRAN is used exclusively by !01108 for I/0. The reader should consult the 

subroutine descriptions for GIN0 in Section 3.4. 12 and for I01108 in section 5.4.7 for more 

information. 

The final I/0 dependent routine is SGIN0. which generates the unformatted tapes for the 

plotters. The restriction in SGIN0 is that the output records must be free of any NASTRAN or 

system control words. NTRAN satisfies these requirements and is used to perform the I/0. 

5.4.3 Link Switching 

A link on the UNIVAC 1108 consists of a main program, MAINi, that calls subroutine XSEMi, 

(i = 01, 02 ... 15) which tn turn calls the subroutines corresponding to the modules residing in 

that link. Thus, a link is, in itself, a complete executable program. 

The problem of link switching reduces to the problem of selectively controlling the execution 

of the various programs (links). This is accomplished by NASTRAN's dynamically issuing elements 

to EXEC 8 that contain @XQT cards for executing a specific NASTRAN link. There are 15 symbolic 

elements that have the names LINK2, LINK2, ... LINK15, and LINK99. respectively, and within each 

symbolic element there is one @XQT card for the corresponding absolute element for LINK2, LINK3, 

... LINK15, and LINK99, respectively. 

5.4.4 Overlay Considerations and Implementation of Open Core 

The complex nature of the NASTRAN overlay picture and the peculiarities of the Exec 8 loader 

pose some special problems on the 1108. The loader under Exec 8 is a "block" or "segment" loader. 

A segment is loaded only when a subroutine within that segment is called. Also, when a segment 

is loaded, local data and common blocks are set to zero. 

The implications of these features of the loader can be seen in the following overlay 

example given in Table 1 and Figure 1. If common block /XX/ is initialized by the Block Data 

subprogram E, and subroutine A calls D directly, then D cannot reference the data in /XX/, since 

that segment has not been loaded. Also, if subroutine A stores data in /YY/, and subsequently 

calls subroutine C, /YY/ will be reset to zero as it iY loaded. 
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As seen in Table 1 and Figure 1, some common blocks will have to be repositioned higher (in 

lower order core) in the overlay on the UNIVAC 1108 than on the IBM 360 or CDC 6600 to protect 

NASTRAN from the segment loader. 

The implementation of open core on the UNIVAC 1108 consists of defining a common block 

(/DFC0R/) in subroutine DEFC0R and using the executive required (ER) to MC0RE$ to reserve core 

from the first cell of the common block to 1777708 . This will define a 65K NASTRAN system. Larger 

NASTRAN versions can be defined by changing the length of open core with the use of the HIC0RE 

parameter on the NASTRAN card, e.g., NASTRAN HIC0RE=256000 will cause NASTRAN to execute in 25600010 
words. 

F0RTRAN programmers coding subroutines on the UNIVAC 1108 should be aware of two addressing 

difficulties if the subroutine references addresses larger than 65K (1777778). First, it is not 

possible to send an address greater than 65K to a F0RTRAN subprogram through its calling sequence. 

Second, the limit to the address portion of an instruction is 65K. However, an array which begins 

at an address less than 65K and extends beyond 65K is usable because F0RTRAN places the starting 

address of the array in the address portion of an instruction and the subscript in an index 

register. 

For NASTRAN to run with more than 65K of core, care must be taken that arguments involving 

parameters in open core which may have addresses greater than 65K are passed as arrays and not as 

a non-dimensioned variable. To pass a non-dimensioned variable, that may have an address greater 

than 65K, involves passing the starting address of open core (e.g., Z(l)) as a dimensioned vari­

able in a subroutine argument list and an index to the open core array where the variable is stored 

as a second argument. 
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Table 1. Example of Input to the MAP Processor for a NASTRAN Overlay on the UNIVAC 1108. 

Sample 

@MAP, I 

SEG AA* 

IN A 

SEG BB* 

IN B,XX,E 

SEG CC* 

IN C,YY 

SEG DD* ,CC 

IN D 

SEG C0RE* ,BB 

IN DEFC0R,DFC0R 

Subroutine A Segment AA 

Segment C!l)RE DEFC!l)R Subroutine B -
Data Block E Segment BB 

/DFC0Rt /XX/ 

Segment cc~ ....... --i, Subroutine C Segment DD=i ... __ su_b_r_o_ut_i_n_e_D__, 

/YY/ 

Figure 1. Example of NASTRAN Overlay on the UNIVAC 1108 
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Table 2. Execution Deck Set-Up for NASTRAN on the UNIVAC 1108 

@RUN 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@ASG,T 

@HDG,N 

@XQT 

2,F//P0S/30 

3,F//P0S/30 

4,F//P0S/30 

P00L,F//P0S/30 • P00L 

0PTP,F//P0S/30 , 0PTP 

NPTP,F//P0S/30 • NPTP 

UMF,F//P0S/30 • UMF 

NUMF,F//P0S/30 • NUMF 

PLT1,F//P0S/30 PLTl 

PLT2,F//P0S/30 • PLT2 

INPT,F//P0S/30 

39,F//P0S/30 

*NASTRAN. LI NKl 

NASTRAN DATA DECKS (Executive Control Deck, Case 
Control Deck, Bulk Data Deck) 

~.4-7 (12/2~/701 

001 

002 

003 

004 

005 

006 

007 

008 

009 

010 

011 

012 

037 

038 

039 
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THIS PAGE HAS BEEN LEFT BLANK INTENTIONALLY •. 
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5.4.5 Execution Deck Set-Up 

The following comments explain particular cards or groups of cards: 

1. Card 001 consists of the standard RUN card required by the installation. 

2. Cards 002-037 assign the logical files to FASTRAND or some other auxiliary storage device. 

These assign cards allow a maximum of 1,920 tracks or approximately 3,500,000 words for each 

file. This assignment can vary per run or per device used. 

3. Cards 005-011 have a dual usage and can be used as user tapes. If a checkpoint is required, 

then card 007 must be replaced with 

@ASG,T NPTP,U,TAPE# 

4. Depending upon the devices available, the assign cards can reference FASTRAND, drum, disk, 

or tape. 

5. Card 038 turns off the standard system heading. 

6. Card 039 initiates execution of LINKl. 

7. The NASTRAN data decks are inserted between cards 039 and 040. 

8, For user convenience, 002-037 are automatically generated by NASTRAN, except for any assign­

ment supplied by the user (usually just tapes). 

The execution deck set-up can then consist of: 

@RUN ... etc ... 

@ASG, T .. . etc ... (option tape assignment) 

@HDG,N 

@XQT *NASTRAN.LINKl 

{NASTRAN DATA CARDS} 

@ADD,P 

@FIN 

*NASTRAN.NASTRAN 
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5.4.6 Description of NASTRAN Physical Items and Generation of the NASTRAN Executable System 

5.4.6. l Description of NASTRAN Physical Items (Level 17.5.0) 

The following seven tapes constitute NASTRAN Level 17.5.0 COSMIC delivery tapes. 

All delivery tapes are nine-track and written at a density of 1600 fpi. Each file was written 
using the "G" option of the UNIVAC @C0PY utility. 

NASTOl - EXECUTABLE 

This tape contains the executable version of NASTRAN plus 15 print files (1 file per 
link) of the load map output of the Collector. 

File l - NASTRAN executable 

This file contains 32 elements: 16 absolute and syrrbolic elements each for 
LINKl, LINK2, ... LINK15, and LINK99. 2000 tracks are required for this file. 

Files 2-17 - Collector's load map 

NAST02 - SOURCE 

These files contain the print files generated by the UNIVAC collector when 
collecting LINKl, LINK2, ... ,LINK15, and LINK99. (File 2 has the LINKl 
print file, File ·3 has the LINK2 print file, etc.) 128 tracks are required 
for each of these files. 

The·se tapes contain the source code for all UNIVAC 1108/1110 NASTRAN decks. 

Fi le l - Machine Independent Source Elements (A-1-1) 

Contains all machine independent source elements that begin with A through 
M. 1586 tracks are required for this file. 

File 2 - Machine Independent Source Elements (N-Z) 

Contains all machine independent source elements that begin with N through 
Z. 1637 tracks are required for this file. 

File 3 - Machine Dependent Source Elements 

Contains all machine dependent F0RTRAN and Assembly source elements. 40 
tracks are required for this file. 

NAST03 - RELOCATABLE 

This tape contains all the relocatable elements for NASTRAN plus the SUBSYS source 
elements for all links. The SUBSVS element names are LINK1,LINK2, ... ,LINK14,LINK15, 
and LINK99. 

File l - NASTRAN relocatable elements and SUBSYS elements. 868 tracks are required 
for this file. 

NAST04 - DE~O ITEMS 

This tape contains the NASTRAN User Master File, the Demonstration Problem Driver 
Decks and a print file of the UMF creation run. 
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File l - User Master File. 210 tracks are required for this file. 

File 2 - Demonstration Problem Driver Decks (82 elements). 12 tracks are required 
for this file. 

File 3 - Print of UMF creation job. 167 tracks are required for this file. 

NAST05 - DEM:) PRINT FILES 

This tape contains the print files for the 82 NASTRAN Demonstration Problem execu­
tions. Each file requires 128 tracks. 

Files 1-82 - NASTRAN Demonstration Problem print files. 

NAST06 - COMPILATION LISTINGS (A-M) 

This tape contains the print files generated during the compilation of the subrou­
tines from A-M. Each file requires 128 tracks. 

Files 1-18 - Compilation print files (A-M). 

NAST07 - COMPILATION LISTINGS (N-Z) 

This tape contains the print files generated during the compilation of the subrou­
tines from N-Z followed by the machine dependent routines. Each file requires 128 
tracks. 

Files 1-13 - Compilation.print files (N-Z). 

File 14 - Compilation listings ~achine dependent F0RTRAN subroutines. 

File 15 ~ Assembly listings machine dependent ASSEMBLY subroutines. 

5.4.6.2 Procedure to Load. Catalog and Execute a Single NASTRAN Problem 

@RUN 
2 @QUAL 
3 @ASG,UP 
4 @FREE 
5 @ASG,T 
6 @REWIND 
7 @C0PY,G 
8 @FREE 
9 @HDG.N 

10 @XQT 
11 ID 

12 CEND 

13 BEGIN BULK 
14 ENDDATA 
15 @ADD,P 
16 @FIN 

NASTRAN 
*NASTRAtJ, F /1 /TRK/2000 

*NASTRAN. 
TAP,U,EXEC 
TAP. 
TAP ,U9V ,NASTOl 
TAP. 

*NASTRAN. LIN Kl 

NASTRAN executive. case control, 
and bulk data cards 

*NASTRAN.NASTRAN 
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2 

3 

4 

5 

6 

7 

8 

9 

10-14 

15 

16 

NASTRAtl - OPERATING SYSTEM INTERFACES 

Description 

Standard UNIVAC RUN card required by the installation. 

Initializes the EXEC 8 qualifier assigned to files to be "NASTRAN" 
instead of contents of the project field read from the RUN card. 

Allocates a maximum of 2000 tracks for the NASTRAN Executable file 
*NASTRAN. This file will be catalogued unconditionally ("U" option) 
for public use ("P" option). 

The FREE command causes the file *NASTRAN to be cataloaued. Note the 
ASG does not cause the file to be catalogued but only schedules it 
for cataloging at job completion or when FREEd. 

Assigns the COSMIC Executable tape to be mounted on any 9 track tape 
drive ("U" - device code) to be mounted temporarily ("T" option) at 
1600 fpi ("V" device code}. 

Rewinds the Executable tape. 

Copies the first file of the Executable tape to the file *NASTRAN under 
the roll-in ("G" option) fonnat. Note, these COSMIC tapes were created 
using the "G" option and therefore, must be read with the "G" option. 

Releases the Executable tape and thereby frees the tape drive back to 
the EXEC 8 system. 

Turns off the EXEC 8 heading since NAST~ provides its own page heading. 

Executes the absolute element LINKl of the *NASTRAN file. LINKl contains 
the Preface modules for NASTRAN. All NASTRAN executive, case control, 
and bulk data cards follow this card. If this NASTRAN problem uses the 
INPUT module, the cards to be input to the INPUT module should be added 
after the ENDDATA card. These F0RTRAN data cards must be preceded by 
the @XQT *NAST RAN. LIN K2 ca rd. 

Dynamically adds the execution driver for each link needed. Each link 
is executed by the pair @XQT *NASTRAN.ORIVER and @XQT *NASTRAN.LINKx. 

Standard Exec 8 job FIN card. 
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NOTE: If plots are to be generated by NASTRAN, the plot file (PLT2) 
must be assigned to tape and the assign card must be placed before 
the first @XQT *NASTRAN.LINKl card. An example for assigning a 7 track 

. 556 fpi ("M" option) PLT2 plot tape is as follows: 

@ASG,TM PLT2,U,xxxxxW 

An example of assigning a 9 track tape for the Calcomp plotter is as 
follows (note the quarter word mode requirement): 

@ASG,TH PLT2,U9V//////Q,xxxxxW 

Similarly if checkpointing is done by NASTRAN there should be an assign 
card for the file NPTP before the first @XQT *NASTRAN.LINKl. The file 
may be either a tape or drum file. An example of allocating a NPTP file 
to drum is as follows: 

@ASG,UP NPTP,F/l/P0S/4 

This will catalog the NPTP for public use and allocate a maximum of 4 
positions (256 tracks) and a guaranteed minimum of 64 tracks (1 position) 
to the file. 

5.4.6.3 Procedure To Copy and Print the Collector's Load Map for LINKl. 

@RUN 
2 @ASG,UP 
3 @ASG,T 
4 @REWIND 
5 @M0VE 
6 @C0PY,G 
7 @FREE 
8 @FREE 
9 @SYM,U 

10 @FIN 

Item 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PRINT. ,F 
TAP, U9V ,NASTOl 
TAP. 
TAP., l 
TAP.,PRINT. 
PRINT. 
TAP. 
PRINT, ,PR 

Description 

Standard UNIVAC run card required by the installation. 

Assign a file PRINT to be catalogued as public with a file allocation 
of 128 tracks (default). 

Assign the COSMIC Executable tape on any 9 track tape drive and 1600 fpi. 

Rewind the COSMIC Executable tape. 

Moves the COSMIC Executable tape to the beginning of the second file. 

Copies the second file of the COSMIC executable tape to the file PRINT. 
under the roll-in ("G" option) fonnat. 

Releases the file PRINT to the EXEC 8 system to be catalogued. 

Releases the COSMIC Executable tape and thereby frees the tape drive 
back to the EXEC 8 system. 

Executes the SYM processor to print the PRINT file on the PR print 
device. NOTE: PR is an installation dependent parameter. 

Standard Exec 8 job FIN card. 
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NOTE: This same procedure can be used to print the third file of the 
COSMIC Demo Items tape (print file of the UHF verification job) by 
changing card~ to position the tape to the beginning of the third file: 

@M0VE TAP., 2 

5.4.6.4 Procedure To Read the COSMIC Relocatable Tape and Catalog the File on FASTRAND. 

@RUN 
2 @ASG,UP 
3 @ASG,T 
4 @REWIND 
5 @C0PY,G 
6 @FIN 

Item 

l 
2 

3 

4 
5 

6 

NASTRAN 
0BJ, F /l/TRK/868 
TAPE,U9V,NAST03 
REL0C. 
REL0C, ,0BJ. 

Description 

Standard UNIVAC RUN card required by the installation. 
Assign the file 0BJ to FASTRAND allowing a maximum of 868 tracks. 
This file will be unconditionally ("U" option) catalogued public 
("P" option) at the end of the job. 
Assign the COSMIC Relocatable tape to any 9 track tape drive at 
a density of 1600 fpi. 
Rewind the COSMIC Relocatable tape. 
Copies the first file of the COSMIC Relocatable tape to the file 0BJ 
under the roll-in ("G" option) fonnat. 
Standard Exec 8 job FIN card. 

NOTE: Similarly the COSMIC Source Tape may be read. Also the second and 
third files of the COSMIC Demo Items tape may be read by positioning the 
tape with the @M0VE command to the beginning of the appropriate file 
before issuing the @C0PY corrmand. 

~---·· 
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5.4.6.5 Procedure to Alter a Subroutine, Recollect a Link, and Execute a Problem 

@RUN 
2 @QUAL 
3 @ASG,A 
4 @ASG,A 
5 @ASG,A 
6 @F0R, US 
7 -1 
8 C 
9 @PREP 

10 @DELETE,A 
11 @PACK 
12 @MAP,SL 
13 @HDG,N 
14 @XQT 

15 @XQT 
16 @FIN 

Item 

2 

3 

4 

5 

6 

7 

8 

xxxx 
MIS0UR. 
0BJ. 
*NASTRAN. 
MIS0UR.NASCAR,0BJ.NASCAR 

0BJ. 
*NASTRAN, LINKl 
*NASTRAN. 
0BJ.LINKl,*NASTRAN.LINKl 

*NASTRAN. LINKl 
NASTRAN Executive, Case Control, and Bulk Data Cards 
*NAST RAN. NAST RAN 

Description 

Standard UNIVAC RUN card required by the installation. 

Defines the qualifier to be applied to the *NASTRAN file. The 
qualifier "xxxx" is dependent upon how this file was cataloged. 
Whatever qualifier was used when this file was cataloged should be 
used in the "xxxx" field. If no qualifier was supplied when the file 
was cataloged, the default qualifier is the project field found on the 
@RUN card of the job that cataloged the file. 

Assigns file MIS0UR which is cataloged and contains the element NASCAR. 
Should the file not be cataloged the run will abort ("A" option). 

Assigns file 0BJ which is cataloged and contains NASTRAN's relocatable 
elements and SUBSYS (overlay control cards) elements. 

Assigns the file *NASTRAN which is cataloged and contains the NASTRAN 
absolute elements. 

Executes the FQJRTRAN compiler to update ("U" option) and compile with 
a source ("S" option) listing the element NASCAR. The relocatable 
element generated will be written in element NASCAR of the file 0BJ. 
This will not save the source generated. To replace the source of NASCAR 
with the updated source, the following card should be used instead: 

@F0R,US MIS0UR.NASCAR,0BJ.NASCAR,MIS0UR.NASCAR 

Control card to the FQJRTRAN compiler directing it to insert the following 
card (item 8) after card number l in the element NASCAR. 

A comment card to be inserted by the fortran compiler after card number 
1 in the element NASCAR. 
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14 

15 
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Description 

Generates an entry point table for the 0BJ file. This card is required 
any time a relocatable element is inserted into the 0BJ file. Without 
a PREP, the collector may be unable to find all relocatable elements 
in the 0BJ file. 

Deletes the current absolute ("A" option) element LINKl from the file 
*NASTRAN. 

Packs the *NASTRAN file to make space available for the new LINKl 
absolute element to be collected. 

Executes the collector to generate the absolute element LINKl in the 
file *NASTRAN using the SUBSYS cards in element LINKl of file 0BJ. 

Turns off the standard UNI'JAC Exec 8 heading. NASTRAN will supply its 
own heading. 

Executes the NASTRAN preface found in LINKl. 

Dynamically executes other links required. 

Standard Exec 8 job FIN card. 

5.4.6.6 Procedure to Run a NASTRAN Demonstration Problem 

@RUN 
2 @QUAL 
3 @ASG,A 
4 @ASG,A 
5 @ASG,A 
6 @ADD 
7 @FIN 

Item 

l 

2 

3 

4 

5 

6 

7 

xxxx 
*NASTRAN. 
DRIVER. 
UMF, 
DRIVER.Dl1010 

Description 

Standard UNIVAC RUN card. 

Defines the qualifier for the *NASTRAN file. 

Assigns the *NASTRAN file. 

Assigns the DRIVER file that contains the Demonstration Problem 
Ori ver Decks. 

Assigns the User Master File. 

Adds the Demonstration Problem Driver Deck for Demo 011010. 

Standard Exec 8 job FIN card. 
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5.4.6.7 Procedure to Run NASTRAN Using Multi-Stage Substructuring 

@RUN 
2 @QUAL xxxx 
3 @ASG,A INPT ,F 
4 @ASG,A *NASTRAN. 
5 @XQT *NASTRAN .LINKl 
6 NASTRAN FILE=INPT 
7 ID 

8 S0F(l)=INPT 
9 @XQT *NAST RAN . NAST RAN 

10 @FIN 

Item Description 

l Standard UNIVAC RUN card. 

2 Defines the qualifier for the *NASTRAN file. 

3 Assigns the Substructure Operating File (S0F). 

4 Assigns the NASTRAN executable. 

5 Executes NASTRAN 

6 NASTRAN card to specify the INPT as being unavailable for scratch use. 

7 NASTRAN data card assigning the S0F to the INPT file. 

10 Standard EXEC 8 job FIN card 
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5.4.7 Machine Dependent Routines 

The routines discussed in this section consist of those programs unique to the UNIVAC 1108 

or those which are implemented differently from other machines. The language for each deck is 

indicated by an F (F0RTRAN) or S (SLEUTH) following the deck name. GIN0 is discussed in Section 

5.4.16, matrix packing is discussed in Section 5.4.17, and single precision decks are discussed 

in Section 5.4.18. 

1. MAINi (F) 

MAINi is the main program for LINKi. I ts functions are to ca 11 SETC, DEFC0R and 

XSEMi. 

2. DEFC0R ( F) 

DEFC0R is responsible for callinQ ZC0RSZ to reserve core for NASTRAN. 

3. MAPFNS (S) 

In addition to the standard functions described in Section 3, the following functions 

were added: 

a. FACIL(UNIT,ID) - Sets ID• 0 if UNIT is assigned to FASTRAND 

Sets ID= 2 if UNIT is not assigned. 

Sets ID= 7 if UNIT is assigned to a 7 track tape drive 

Sets ID• 9 is UNIT is assigned to a 9 track tape drive 

b. XDATE(DATE) - Return the date in a four-word array DATE. 

DATE(l) = MONTH 

DATE(2) "'DAY 

DATE(3) "'YEAR 

DATE(4) = time in elapsed wall clock seconds from midnight 

c. ZC0RSZ(X(l),LENGTH) - Reserves core between X(l) and 65K (or the value supplies in the 

HIC0RE parameter of the NASTRAN card) and returns the length in LENGTH. 

d. SEC(T) - Return CPU time used in Tin integer milliseconds. 

e. LOGFIL(I(l),W0RDS) - Writes the number of words in W0RDS starting with I(l) 

on the run log file. 

f. ELAPSE(T) - Return in T the wall clock time used. 

g. TSWAP(ID) - Unloads a unit (ID) and mounts another tape on that unit. 
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h. ADDCRD(IMAGE,LENGTH) - Add a control card image of length LENGTH to the 

control stream. 

i. C0M(IMAGE,LENGTH) - Type an image of length LENGTH on the operator console. 

j. ZC0RSZ - Perform the function of C0RSZ. 

k. PCTABL(BUF) - Returns the first 25 words of the PCT table in BUF. 

l. ITRENT - Location to return to in the event of a guard mode interrupt. ITRENT 

then calls YTRACE and PPDUMP. 

m. CONTIN - Places ITRENT in the guard mode interrupt return word. C0NTIN is 

called by BGNSYS on the 1108 only. 

4. UTIL (F) 

a. SEC0ND(T) - Returns the CPU time in floating point seconds by calling SEC. 

b. TDATE(II) - Returns the date in the first three words'of II and zero in the 

fourth word of II by calling XDATE. It also initializes STIME 

(SYSTEM(32)) to the elapsed wall clock seconds from midnight. 

c. KL0CK(I) - Returns the current CPU time used in integer seconds measured from 

NASTRAN start. 

d. C0NMSG(IX,IY,IZ) - Writes a message of length IY words from the first IY words 

of IX. This message is displayed on the operator's console 

if IZ, 0 (controlled by DIAG 5 and 6). ·The messages are 

nonnally stored in the log file. The number of messages 

previously written is accumulated in SYSTEM (7). If 

SYSTEM (7) > 100, messages are included into the normal print 

file. The messages printed out by C0NMSG are preceeded by 

timing data as follows: XX CPU-S YY C0R-S zz ELP-s where 

XX is detennined by a call to SEC, YY is a measure of active 

core residency time and ZZ is the elapsed \'lal1 clock time. 

e. XTRACE - Is a print routine for a trace back routine. 

f. WALTIM(I) - Returns the elapsed wall clock seconds from midnight. 

5. XE0T (F) 

XE0T causes reels to be swaoped for multireel old and new problem tapes. 
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9. PEXIT (F) 

PEXIT performs normal (machine dependent) termination procedures and also sets the condition 

code (15) for final termination. 

10. SEARCH (F) 

SEARCH frees the ~PTP, UMF, and NUMF at the conclusion of LINKl if these files reside on a 

tape. In addition, SEARCH sets the condition code for the next link to be executed. 

11. SGIN0 ( F) 

SGIN0 performs physical I/0 on the plot tapes (PLTl and PLT2). 

a. S0PEN (SN, PLTTP, BUF, BUFSIZ) - Establishes a buffer for PLTTP of length BUFSIZ at 

location BUF. It also sets the parity of the file, 

depending on whether PLTTP = PLTl or PLT2. 

b. SWRITE (PLTTP,A,N,E0R) - Writes N characters from N words starting at A(l)· into the plot 

buffer. 

c. SCL0SE (PLTTP) - Flushes the plot buffer, places a physical end-of-file on the plot 

tape, and backspaces over it. 

d. SE0F (PLTTP) - Places a physical end-of-file on PLTTP. 

12. K0RSZ (F) 

K0RSZ provides the length of the open core length obtained from the SLEUTH subroutine ZC0RSZ. 

13. MPYQ (S) 

MPYQ is a SLEUTH deck written to increase the speed of MPYAD's inner loops. The documentation 

for MPYQ is machine independent, and is in Section 3 as an auxiliary routine to MPYAD. 

14. PPOUMP (F) 

Supplies entry points DUMP, POUMP, and PPDUMP. 

PPOUMP captures control after a ouard mode interrupt. DUMP and PDUMP wi l 1 print a trace back 

via YTRACE and if DIACl is on obtain a formatted dump via adding the element Df,1P. Tilat part of 

oµen core t;1at resides in the load module region will be printed by PPDUMP. The element Df'iP will 

execute a @Pf1D and execute *NASTRAN LINK99 which will print the NASTRAN fatal error if any occured. 

The fatal message is past by PDUMP and DUMP to LINK99 by writing the common block /MSGX/ on fortran 

unit 2. 
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15. YTRACE (S) 

YTRACE provides a walk back trace to XSEMi from the calling routine to aid in subroutine 

debugging. 

16. C0N88D (F) 

Defines several constants such as etc. 

17. SEGALT (S) 

SEGALT provides the last d-bank address of the highest segment that has been loaded and the 

last D-bank address of the executable's region. This gives PPDUMP the address of open core that 

resides in the executable's region. 

18. S0FI0 (F) 

Directs the input/output operations for substructuring between core and the random access 

storage device. (see section 3.6) 

a. S0FI0 (IRW.IBLKNM,IBUFF) - Writes (IRW=l) or reads (IRW=2) block number IBLKNM from/to 

the buffer IBUFF. 

19. S0TRAN (F) 

Perfonns actual I/0 for S0FI0 using NTRAN. 

a. S0TRAN ($N.0PC0DE.BUF) - Performs I/0 functions based on the value of 0PC0DE. SN is the 

error return and BUF is I/0 buffer supplied. 

20. SETC (F) 

Opcode 

2 
3 

4 

5 

Function Performed 

Write an I/0 block 
Read an I/0 block 
Position file backwards 
Position file forward 

SCTC calls entry point Anocrm in subroutine ~·.~r>F~'.S to dynamically add the symbolic elerrent 

that contains the @XQT card for the next link to be executed. 

a. SETC (I) - I is the integer value of the next link to be executed. 

-_, ..•... 
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21 . EXF0RT ( F) 

EXF0RT performs formatted I/0 for module EXI0 (see Section 4. 130.1) 

a. EXF0RT (RI.J,U,F,BUF,NWDS,PREC,DBUF), where 

RW = I/0 operation to be perfonned 

1. read a physical record 
2. locate record destination in the buffer 
3. position the file 
4. write a logical end of file 

U = unit number of file 

F = index to FORMAT in label common block /EXI02F/ 

BUF = buffer containing single precision values 

NWDS = number of words to read or write 

PREC = precision flag 

1. single precision 
2. double precision 

DBUF = buffer containing double precision values 
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5.4.8 Grn0 (S-Generalized Input/Output Processor for NASTRAN) 

The GIN0 package for the UNIVAC 1108 consists of the following decks with entry points as 

indicated. 

Deck 

GIN0 

!01108 

0PEN 

BCKREC 
CL0SE 
ENDGET 
ENDGTB 
ENDPUT 
E0F 
FILP0S 
FWDREC 
GETSTB 

I0ll 08 

0PEN 

Entry Point 

GETSRT 
PUTSTR 
Q0PEN 
READ 
RECTYP 
SAVP0S 
SKPFIL 
WRITE 
RDBLK 
WRTBLK 

Documentation for GIN0 and the calling sequence for its entry points and 0PEN are essentially 

machine independent and are discussed in Section 3 of the Programmer's Manual. The documentation 

for !01108 is unique to the UNIVAC 1108 and is provided as follows: 

Purpose 

To perform I/0 operations for NASTRAN data blocks using NTRAN. 

Calling Sequence 

CALL !01108 (0PC0DE,BL0CK), where 

0PCODE = the operation code for the operation to be performed according to the following list: 

1. - Rewind 
2. - Write 
3. - Read 
4. - Backspace 
8. - Reread 
9. - Swap tape reels 

10. - Unload 
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BL0CK = address of the GIN0 block for the requested operation. 

Description 

All I/0 operations are performed using NTRAN. All statuses are reported by NTRAN to !01108 

and referred by !01108 to GIN0 by setting a flag in the /GIN0X/ common block. The statuses 

returned are as fol lows: 

Status 

-2 
-3 

Description 

E0F encountered 
Hardware, parity .or character 

count errors 

Any I/0 error correction to be performed is done so via direction of GIN0 (e.g. tape swapping). 

When an operation is requested of !01108 such as rereading or backspacing where the type of 

file device (i.e., tape or mass storage) is required, a call is made to FACIL for file type 

determination. 

If any errors not associated with I/0 such as an invalid opcode are detected by !01108, a 

call to GPERR with the associated error message number is made. 

5.4.9 The LINK99 Element 

The DMP element found in the *NASTRAN file consists of the following cards: 

@PMD,LP 

@XQT *NASTRAN. LINK99 

The LINK99 element is automatically added by subroutine PPDUMP when a guard mode or a rJASTRAN fatal 

error occurs and DIAG l is on. The @PMD card will cause a formatted dump and the @XQT executes 

LINK99 which will print out any NASTRAN warning or fatal errors that were accumulated and not 

printed. It is necessary to have a separate absolute element for this purpose to allow the PMD 

to give a true picture of core when the problem occurred. If the message was printed via a call 

to MSGWRT by PPDUMP the core would be modified because the segment containing t1SGWRT would have 

been loaded. 

5.4. 10 UNIVAC Overlay Diagrams 

The NASTRAN overlay structure for the UNIVAC 1108 may be obtained by printing the contents 

of the tape (see Section 5.4.6.1). 
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NOTES: 

The following comments are included to aid the user in reading the overlay diagram. 

1. The directives (SUBSYS) do not contain "IN" cards for every subroutine to be added in a 

specified segment. This is to take advantage of the Collector's capability of placing 

subroutines to satisfy external references within the required segments. The Overlay 

Diagrams are generated from the SUBSYS cards and are therefore incomplete. The Collector's 

load map should be referenced. 

2. Note that on the 1108, contrary to any other NASTRAN computer, there are really two 

similarly shaped overlay pictures, one for the I bank (instructions), and another for 

the D bank (data). 

0 
AAAl . BBB1 ccc1 J 0001 

AAA2 BBB2 

I Bank 
XXXl YYYl 

XXX2 YYY2 
----AAAl BBB1 CCCl I 

AAA2 8882 

/8883/ 

XXXl YYYl /ZZZl/ 
D Bank 

XXX2 YYY2 

64,000 /YYY3/ 

Figure 2. Overlay Sample 

Several important points result from this figure. First, all modules are penalized by long 

instruction banks in other modules. Second, a reasonable overlay tree derived from total 

routine lengths may not be reasonable for the 1108. Thus, the 1108 overlay tends to be 

more complex than the overlay for the other NASTRAN computers. Critical statistics are the 

length of the I-bank, the length of the D-bank, the total length of each link, and the 

smallest open core address possible (End of D-bank of the root segment). 

3. Note that the same module may appear in more than one link. The following table (Figure 18) 

shows which link each module occurs in on the 1108. 
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5.5 NASTRAN ON THE CDC 6000/CYBER (N0S AND N0S/BE) 

5. 5. 1 Introduction 

NASTRAN operates as 15 separate programs, or links, on the CDC 6000/CYBER computers under 

the N0S and N0S/8E operating systems. NASTRAN is created using the Segmentation Loader, which 

is operating system independent. Each link is segmented to minimize central memory requirements. 

A small resident loader loads segments dynamically. 

link switching is performed using the TCS (Translate Control Statement) macro on N0S, and 

CCL (CYBER Control Language) under N0S/8E. This, and differences in library formats between 

CDC operating systems, necessitate different control card setups for N0S and N0S/BE. N0S 1.3 

and N0S/BE 1.3 require minor modifications to the link switching code. (See Section 5.5.3) 

All matrix operations are done in single precision (60 bit) arithmetic. Double precision 

is not supported. 

5.5.2 Input/Ouput 

NASTRAN input/output is performed in four ways: (1) card input, printed output, punched 

output, and binary output generated from some of the utility modules use standard F0RTRAN for­

matted input and output statements; (2) all other input/output (except plots and substructure 

1/0) uses the GIN0 routines which in turn call !06600 (see Section 5.5.6) to perfonn reads and 

writes; (3) plot output uses SGIN0 (see Section 3.4.51); and (4) substructuring 1/0 uses S0FI0 

(see Section 3.6.29). 

The number of files available to GIN0 is a function of the MAXFILES parameter in the SYSTEM 

com~on block (see Section 2.4.1.8). All NASTRAN files which have not been assigned to tape are 

assigned to disk as computed index files. Disk file relative PRU addresses are comouted in 

I06600 using the GINO block number and block size. Pointers to the current and largest disk 

address are maintained in co1T111on block /GIN0X/. While the file is open word 13 of the File 

Environment Table (FET) is used as a pseudo-index for system communication. Actual input/output 

is accomplished through XI0RTNS (see Section 5.5.6), which is a machine dependent F0RTRAN sub­

program. XI0RTNS communicates with N~S and Nf)S/BE through subroutine PPCALL (see Section 5.5.6), 

which issues requests to Combined Input/Output (CI0). 
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SGIN0 on the CDC functions independently of other 1/0. Its point of colTITlonality with other 

I/0 routines is XI~RTNS, which is used to perfonn the physical writing of data. 

Figure 1 depicts a complete buffer as used by GIN0, I06600 and XI0RTNS. 

5.5.3 NASTRAN on the Segmentation Loader 

5.5.3.1 Overview of the Segmentation Loader 

Level 17.5 NASTRAN uses the Segmentation Loader, a CDC product which provides most of the 

capabilities needed to structure NASTRAN for efficient operation in a relatively small memory 

region. The Segmentation Loader replaces the NASTRAN Linkage Editor, which is no longer main­

tained. The Segmentation Loader and its usage are described in detail in the CDC CYBER Loader 

Reference Manual, CDC Publication Number 60429800. 

The Segmentation Loader (not to be confused with the CDC SC~PE Segment Loader) shares the 

following features with the NASTRAN Linkage Editor. 

• The segmentation structure is defined at program generation time by user directives. 

• Segments are loaded dynamically by a call to any entry point within the segment. 

The Segmentation Laoder has the following restrictions which affect NASTRAN. 

• The Segmentation Loader cannot load all of NASTRAN at once. Therefore NASTRAN has been 

broken down into fifteen separate programs. T_he programs correspond to links one through 

fifteen of Level 17 NASTRAN. 

• Link switching.within NASTRAN now involves program chaining as currently done in the 

Level 17 UNIVAC version of NASTRAN. No practical method for program chaining could be 

found that would work on both the N~S and N~S/BE operating systems. Therefore two 

separate CDC NASTRAN control card setups must be maintained. 

• Loading NASTRAN as 15 programs requires that the object (relocatable) decks be in library 

format. Every subprogram to be included in the library must have an entry point table. 

The FTN compiler generates entry point tables for all subprograms except block data sub­

programs. A special utility was written to add an entry point table to block data 

subprograms. 

• RENAME of entry points must be done by job control cards rather than by loader directives. 
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BCW = "READ" or "WRIT" 

0 CBP CLR 

(not used) 

NBL0CK 

(not used) 

number of words in record or segment 

data words 
. 

Control word 
. 

number of words in record or segment 

. . 
data words . . 

Control Word 

, LLR 

:i FET cc u + c:: 

f DISC PSEUD0INDEX 

NBUFF3 = NBUFF-2 

NBUFF = SYSBUF-2-NBRCBU 

2 

3 

4 

5 

6 

NBUFF+2 

see Section 
3. 4. 12 

SYSBUF = NBUFF+2+NBRCBU 

SYSBUF and NBRCBU are defined in the SYSTEM co111T1on block (see Section 2.4.1.8) 

Figure 1. GIN0 buffer on the CDC 6000/CYBER. 
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5.5.3.2 Using the Segmentation Loader in the NASTRAN Environment 

An overlay structure has been developed for NASTRAN on the Segmentation Loader which closely 

parallels the Linkage Editor overlay structure. However, there are significant differences in 

terminology, organization and formatting of directives, and organization of the Update Program 

Library containing the directives. 

To illustrate this, a typical tree (overlay) structure has been abstracted from link 4; the 

structure and directive cards to create it are shown in Figure 2. Segments are created using 

INCLUDE cards, and organized using TREE directives. Segment names may be subprogram names. 

Common blocks that are referenced from more than one segment must be declared GL~BAL. The first 

field of the GL~BAL directive defines the owning segment; only this segment may preset the refer­

enced common via a block data subprogram or DATA statements. Open core is specified by placing 

an open core common block in its own segment. The LEVEL directive serves the same purpose as 

the Linkage Editor REGI~N statement. 

Tree directives use corrrnas to separate parallel segments that cannot coexist fn core, and 

dashes for segments that can coexist. Tree directives may be labeled, and trees may consist of 

subprograms, segments and other trees. 

The segmentation directives need not 11st all subprograms and common blocks. A common block 

not specified as global will be linked only to subprograms within each segment it occurs in and 

is not available to subprograms in other segments. Also a program not specified on a directive 

will be placed by the loader in the lowest level segment accessible to all segments referencing 

it. 

This latter feature of the loader is very convenient, but can lead to inefficient memory 

utilization. Conside- the tree structure of Figure 3. If subprogram z is called by segments g 

and h, but z is not mentioned on a directive, it will "float" to segment d. But if z is also 

called from segment t, it will float to segment a. Now, if the chain a-b-e-j is the longest 

path, memory requirements can be reduced by explicitly including z in segments d and f. This 

behaviour cropped up frequently during conversion of NASTRAN to the Segmentation Loader, and as 

a result the INCLUDE directives are often more explicit than may seem necessary. 

Figure 4 shows an actual NASTRAN Segmentation Loader directive stream in Update fonnat. The 

decks EXECM0D and EXCTREE are segments and trees for the NASTRAN executive and will not normally 

be modified by the user. 
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Figure 5 illustrates a subtle segmentation error which was acceptable to the NASTRAN Linkage 

Editor. It is desired that segments a, b, and c be callable from d and e. Initially, segment d 

is called from the root, and d calls a, which is not in its call chain. But upon completion, a 

returns control directly to d, and d returns control to the root successfully. Then e calls c, 

and c calls f, another subroutine in segment e. The call from c to f causes segment e to be re­

loaded, and the return address from e to the root is destroyed. This problem can be resolved only 

by such means as combining segments a, b, and c, or moving f to the root or to a segment common 

to a, b, and c. 

5.5.3.3 Using NASTRAN with the Segmentation loader 

The following examples describe the use of NASTRAN with the Segmentation Loader. Actual 

control card setups are shown in Section 5.5.5. 

1. Execution from Absolute Files - The control cards required to execute the Segmentation 

Loader version of NASTRAN under N0S are shown in example 1 of Section 5.5.5. These con­

trol cards access the fifteen absolute (executable) links and execute LINKl. The other 

links are executed dynamically as needed. 

2. Modification of Source Code and Segment Structure - Figure 6 shows the control cards 

required to make a source code alter run on the NOS operating system. This job may be 

considered as four steps. The first two steps process source code and segment alters, 

and create the files needed by the Segmentation Loader. The third step invokes the 

loader to create new executables for those links being modified. The final step invokes 

execution. 

The first step is very much like a linkage editor alter run except that it produces an 

object library for input to the Segmentation Loader. Note that Block Data subprograms 

require exceptional handling. If an object deck file is used as direct input to the 

Segmentation Loader, all common blocks in block data routines not explicitly named on 

Segmentation Loader directives are floated to the root. This problem could be avoided 

by setting up in each link a dummy tree consisting only of block data routines not used 

in that link. This would create maintenance problems and significantly increase the 

disc space needed to store executables. 

The following alternative was implemented for NASTRAN. First, all block data routines 

are named; e.g., BL0CK DATA SEMDBD. Then after compilation the object decks are passed 
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through the NASTRAN utility BLKENTR (Figure 7) which inserts entry point tables in the 

Block Data routines. The modified object deck file can now be merged into the old object 

deck file and the result processed into a library using the LIBGEN utility. 

Note that the NX (no cross-reference) parameter on the LIBGEN card must be turned-off 

(set non-zero). The Segmentation Loader creates its own cross-reference table, and may 

not properly process the library cross-reference table. 

The next steps are to update the link overlay structure and to load the links modified. 

These steps must be planned in parallel, because the link update step writes each modi­

fied link directive list as a record on the SUBSYS file. Each SEGL0AD control card reads 

one record from this file and creates a tree structure table. The associated LIBL0AD 

control card fills in the tree structure with NASTRAN object decks. Thus there must be 

a one-to-one relationship between updated links and segment loads, or erroneous loads 

will result. If links 1, 3 and 8 are updated, links 1, 3 and 8 must be loaded; no more, 

no less. 

Each link to be loaded requires, at a minimum, a SEGL0AD card, a LIBL0AD* card, and a 

N0G0 card. The SEGL0AD card specifies the file to which the executable is to be written. 

The LIBL0AD card specifies which of the 15 main programs, NAST01 to NAST15, is to be 

loaded from NASTLIB to begin filling in the tree structure. The N0G0 card causes circu­

lar search of all libraries, starting with NASTLIB, to satisfy externals. 

Link 8 requires a special load procedure, shown in Section 5.5.5, to effect renaming of 

non-existent element routines to EMG0LD. 

The card LINKl, INPUT. starts execution of NASTRAN. 

*SL0AD for N0S/BE 
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/FACTRX/ 

SDC0MP 
/SDC0MX/ 

FACT0R 
SDCOMl 

NAST04 
NAST04 
DEC0MP 
MCEAl 
MCEBl 
SDC0MP 
FACTRX 
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/MCEAl/ 

I 
MCElA 

SMP1 

DEC0MP 
/DC0MPX/ 

MCEl 

/MCEBl/ 

r 

NAST04 
XSEM04 

/BLANK/ 
SEMDBD 

/SYSTEM/ 
(Block Data) 

INCLUDE SEMDBD 
GL0BAL BLANK, SYSTEM 
GL0BAL DC0MPX 
GL0BAL MCEAl 
GL0BAL MCEBl 
INCLUDE FACT0R 
GL0BAL FACTRX 
TREE NAST04 - (SMPl, MCEl) 
LEVEL 
TREE SDC0MP - FACTRX 
TREE DEC0MP - (MCElA-MCEAl, 

MCElB-MCEBl) 
END NAST04 

Figure 2. NASTRAN Tree Structure and Segmentation Directives (Typical) 
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I 
h 

e 

/ 

j k 

C 
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Figure 3. Floating of a Subroutine by the Segmentation Loader 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• LINKlZ Z 
• LINKlZ 3 

__ •••_L- I_NK _1_2_••-. ... ·-·---·---·---···· .. LlNKlZ 'i 
LINK12 ·5 

• .. 
• 
• THE FOLLOWING COIIIION 8LOCKS _ARE NEEDED. FDA THE ROOT 

• 
GLOBAL XNSTRN,SYSTEH,GlNObb,GINOX,XFIST,XFlAT,XXFIAT 
GLOBAL . ZoLPKX,ZNlPKX,PACKX,UNPAKX,CONOAD,CONDAS,NTIHE 

·-----· GLOBAL··- - ·soFCOH, TYPE, XPFI ST,IISGX, Two, XVPS, STIIIE,BITPOS,SETUP. 
---- ·-GLOBAL-· NAMES,OSCENT,XDPL,STAPID,XCEITB,XIIDIISK,OUTPUT 

GLOBAL SLANK,SEM1XLINK1DESCRP ----• 
~-THE FOLLOWING INCLUDES ARE FOR EXECUTIVE HODULES THAT ARE CALLED BY 
•.ALL.LINKS·····--·--·-- - . ·····--· • 
'ISG.RT 
ENDSYS 
XSFA 
E NOSSS 
PUIILX 
ESFA 
SETVAL 
• 

INCLUDE 
INC LUOE 
INCL UDE 
GLOBAL 
GLOBAL 
GLOBAL 
INCLUDE. 

IISGliRT, I.ISRIISG 
BTSTRP,BGNSYS 
RPOABD,XPURGE,XSOSGN,XDPH,XFILPS,XPOLCKZ 
ENDSSS 
PAAMLX 
ESFA 
PARAIIL,OPARMA,OPARAM 

• THE FOLLOWING INCLUDES ARE FOR THIS LINK 
• 
• • TH·E~FOLLOWING INCLUDES ARE-FOR-LINt( iz ________ -·- - --
• 
NAS TlZ IN CL UDE 
NAS TlZ GLOBAL 
DORAl GLOBAL 
ODRBl GLOBAL 
ODRIIII INCLUDE 
, PRl:IIA TZ, GPT ABO 
DDRMII GLOBAL 
OORMIIX GLOBAL 
OORlX GLOBAL 
FBSC INCLUDE 
FBSC GLOBAL 
MOOAC.x°" GLOBAL 
IH1LERC INCLUDE 
RULE RC GLOBAL 
S DRAl GL06AL 
SOR8l GLOBAL 
SORlA INCLUDE 
SOl<lBll INC LUOE 
SOR TC l,.CLUDE 
SSGU GLOBAL 
SSGZAC INCLUDE 

XSEMl2,CN~~BD,GINOo6,SEH0BD 
PATX,MATIN,IIATOUT,EOHKl 
DDRAl 
OORBl 
SETFND,GHIIATS,MAG,HA,DDRMMS,DDRMMP,BISLOC,IIAT,PREMAT, 

DDRMC 1, CLS TR S, GPTAl 
DDRMl'IX 
OOR lX, SSGAZ 
FBS,FBS1,FBSZ,FBS3,FBS4,SSG3A 
FBSX - Moo,cX ·· - - ------
RULER,CALCV, EOMCKH 
PUIIEG 
SDRAl 
SDRB1,SSGBZ 
SDRlD,SDRUZZ 
SDRlC,11ERGE,SDR1BZZ,S0R1B 
SORT 

EXECIIOD 2 
EXECMOD 3 
EXECIIOD 'i 
EXECIIOO 5 
EXECl'l'.:0 b 
EXECl'IC::l 7 
EXECIIOO 8 
E XECIIOO q 
EXECIIOO 10 
EXECIIOO 11 
EXECIIOO 12 
EXECIIOD 13 
EXECIIOO 1" 
EXECIIOO 15 
EXECIIOO lb 
EXECIIOO 17 
EXi:CIIOO 18 
EXECIIOO 19 
EXECIIOO ZO 
EXECIIOO 21 
EXEC 1100 22 
EXECIIOO 23 
LINKl2 7 
LINK 12 8 
LINK12 q 
LINKlZ 10 
LINKlZ 11 
LIHKlZ 12 
LINKlZ 13 
LINKlZ 1" 
LINK lZ 15 
LINKlZ 16 
LINKlZ 17 
LINKl2 l8 
LlNKlZ 1q 
LINKl2 20 
LI NK 12 - -- 2 1 
LINK 12 ZZ 
LI NKl2 23 
LINKlZ 2'i 
LI NK12 25 
LINK12 26 
LlNK12 27 
LINK12 28 
LINK12 2q 
LlNKl2 30 

SSGZBC INCLUDE 
SSG2BC GLOBAL 

SSGA3 
SSGZA,PARTN,CURCAS,MXCID,BISHEL 
SSGZB,~PYAD,HPYO,FILSWI 
MPYADX 

. __ ---· LINK12 31 
LINK12 32 

VDR INCLUDE VORBD LINK12 33 
VDRCOR GLOBAL VORCOR LINK12 3" 
• LI NKlZ 35 
• THE FOLLOWING INCLUDES KLUDGE AN ERROR IN SOll~_SEG~_LOAD~R.VERSIONS LINKlZ 3o 
OORIIII · INCLUDE OORII" -----· LINKlZ 37 
SORlA INCLUDE SDRU -· •.•.•. ·-· -·-·-- --- LINK12 38 
VDR INCLUDE I/DR . --·-·--. _ -··-·- LlNK12 39 • 

TREE 
LEVEL 

NASTlZ-<SDRl,DDRl,DDRZ,EONCK> 
____ ··--···- . ·----·-· LINKlZ 40 

LlNKl2 41 
LINK12 42 

•. .. -·· -- ..... -- . -· ·---- EXCTREE. - Z 
• THE FOLLOWING TREES ARE FOR EXEtUTIVE° .. IIO.DUL-E°S .THATARE-CALLED ·,y-,fi:I- EXCTREE--3--
• LINKS __ . ___ :__:..::.:.=__~=----~:~--·-·· EXCTREE t, 
• ·-· -- - TREE 

... TREE 

TREE ____ .. _TREE 

·--·-- . TREE 
TREE 
TREE 

• 

... _ -·-- ··- ----·--··------ EXCTREE 5 ENDSYS-( ENDSSS> EXCTREE ·-· 6 -

SETVAL-CPARIILX>·. :·~~~--~·.-:-_::~··------==---=~::---=-==~ E.CCTREE -· 7 ---
XSAVE. : .. --·-····. EXCTREE 8 
XCEi --- ·---·------------· .·exCTREe ___ 9--

. XCHK ·····-· ·--·- ···-·· __ -·----···- EXCTREE 10 
XSFA-<ESFAI ... _ ..... ___ ... _ ····- ---· EXCTREE 11 
IISGWRT E XCTREE 12 

LINK12 44 
LINKlZ 45 
LINKlZ 46--

• JH~ FOLLO~ING TREES ARE FOR LINK 12. 
• 

TREE 
TREE 
TREE 

SSGZiTC TREE 
RULER TC TREE 
DDRIIIIT -··· TREE 

ENO 

SDRlA-ISDRAlJ __ . ---·· --·-- LlNKlZ 47 
CYCTZB-<ODR1B-<DDR8ll,110DACC-(110DACXII LINKlZ 48 
SORTC-(SSGZBTC,VDR-(VDRCORI l ·-·-. -· LINKlZ 49 
SSG2ec-(FBSC-(SSGA31,RULERTC,DDR1A-1DDRA11,DDRHHTI LIN~lZ 50 
RULEAC-<SDRlBB-(SDR811,SSG2AC-<DDRlXII LINK12 51 
.DD.B..!1tl.:.J.DAR.IIIIZ-:-..l)..D.BM.X,DDRll!U) -- ·- _ ---·- LINKlZ--52--
NASTlZ . LINK l2 .. _53 ____ _ 

Figure 4. NASTRAN Segmentation Directives for Link 12 
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Figure 5. Inadvertent Delinking of Segments 
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CONTPCL CAPOS FQR THE SEGMENT LOADER VERSION OF NASTRAN 

JOB,TlOOOO,CM220000. 
USER,069305C. 
CHARGE, 10C334, LRC. 

•--UPDATE THE SOURCE PL AND COMPILE--• 
ATTACH(NSO•NS0170~/NAl 
UPDATE ( P •NS O, 0, L • A 12 3 4, I• INPUT l 
FTN(B•LGO,R•3,I,L•OUTPUT,OPT•2,A,PL•3000001 

•--INSERT ENTPY TABLES IN BLOCK OATAS--• 
GET( BL'<ENTR/UN•069305C,NAI 
8 L KENT R (LG O, 08 J l 
Rl:TURN(BLKENTR,LGOl 

•--MERGE NE~ BINARIES INTO JBJECT FILE--• 
ATTACH(N0B•N0Bl765/NAl 

C::;) YL ( \'"'" , ,- "· J , '··A~ Tr.:, J, , t, ) 
; : T 'J ' ' < •: ·-~ ' • -, ,. J l 

•--LPG•~ 1~: rrJE<:T :;F:-<s--• 
ll : 1,; I' , ( ,; t ~ T 1 =< J I 
;.i: L< l ~r:,...,,ir l 
L I ~ G :: •1 I F s 1; i. S T : R J , ~ • t; t S TL I ~ , ~ X • 1 ) 
~ETUrN('sAST1~J l 

•--UPDATE T'"tE LINK STRUCTURE (SUBSYSl--• 

GET THE SOURCE PL FROM DISC PACK. 
UPDATE THE SOURCE PROGRAM LIBRARY, 
COMPILE MODIFIED ROUTINES, 

CREATE ENTRY POINT TABLES (368) 
SO THE BLOCK DATA ROUTINES CAN 
BE LIBGEN-ED. 

ATTACH THE OLD OBJECT )ECKS, 

C;, : .:. TE A ~· i.. S T P t. 'II C ~ J EC T L I 1,1 • A; Y. 

GET(NLK•NLK1705/NA) GET THE LINK STRUCTUR( SOURCE PL, 
UPDATECP•NLK,O,L•Al234,I•INPUT,C•SUBS't'Sl .PROCESS LINK STRUCTURE MODS, 
•--GET OLD SEG LOADER LINKS--• 
GET,LINKl,LI~K2,LINK3,LINK4,LINK5,LINKb,LINK7,LlNK8,LlNK9/NA, 
G ET , L Pl K l O, LI NK 11, LINK 12 , LIN K 13 , LI N K 14, LINK l S l'U , 

•--SEGLOAD THE LINKS TD BE CHANGED-•• 
LI8RAPY(~ASTLI8,FORTRAN,SYSI0l 
PFL( 1500001 
SEGLOAD<I•SUBSYS,8•LlNK2,LD•OTI 
LDSET(MAP•SBl 
LIBL0AD(NASTL1B,NAST02) 
NOGO • 
••• 

LOAD SEQUENCE FOR LINK 2 C EXAMPL El 

LOAD FIRST FROM LIBRARY NASTLIB, 

(ALL OTHEP LINKS ARE THE SAME EXC:PT LINKS. SEE ATTACHMENT! ... 
•--EXECUTE NASTRAN--• 
RFL1220000) 
REDUCE (- l 
LINKl,INPUT, 
•--EXECUTE ANOTHER CASE-•• 
LINKl,INPUT. 
/EOR 

/EDR 

'/ FOR 

/1:0R 

/EO F 

<SOURCE CODE ~DOSI 

CLINK STRUCTURE MOOS) 

(INPUT DATA FOR CASE 11 

(INPUT DATA FOR CASE 21 

Figure 6. Control Cards for Segmentation Loader Alters and Execution 
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PROG~AM rlL~DAT(TAPEl=u,TAPE2=0,0UTPUT,TAPEo=uUTPuT) 
l "< T t:. GE ~ ~1 ( l O O O 3 ) , ~ ( l O O O O ) 
E .WI IIALE 1..iC€. (I\/ !4) ,R ( l)) 
DAT.:. JE:·~T,.y I 3o,:, I 

-. E w I ~JiJ l 
"Ev11:,1u c 

h CUNTI\JUE 
"lliFFE-i r,, (ld) (•,(lJ,':l(lOOOv)) 
JFCUt\JlTCl)l 100,lJOOdOOO 

C DETrR~I~E THE LENGTH OF T~lS su~P~OG~A~ 
C 

HIJ LEN= LE•JGTH(ll 
I Cl\/ T = I 

12~ C:>r,.fI111UE 
C 
C SHIFT TO PICK UP THE TABLE ID (!CH~) AND ~owu COUNT (!() 
C ICN1 wlLL rlE THE ADD~ESS OF TH~ NE~T T4~LE• 
C 

C 

LIC .T = re ,iT-1 
ICH~ = 5~1FT(ij(IC~Tl,~) 
l~ = SHIFT(!CHK,-42) + l 
IC~~= ,~D(JCHK,778) 
ICNT = IC•11T + !K 

C IF PREFI~ OR LDSET TA~LE, S~IP TO NE~T TA~LE 
C 

c. 
!FCICHK ,EQ. 77bl GO TO l2S 
IF<ICnK .~Q. 700) GO TO 125 

C DETER~!NE IF THE~E IS AN EIIJTNY POINT TA~LE IN THIS SU~PMOGRA~ 
C 

C 
C° E"!T><Y POHT TAi,LE PRESEIIJT - SlliAP P~OGRA, OUT 
C 

C 

l':iG "1 1JF'FEJ:I our (2d) (-i(ll,~(LE•·,11 
IF( •"-i!T(llJ 75ol000tlOOO 

C ~a E~T~Y PuINT TAoLE - SHUFFLE TA~LES PwOCESSEn so FA~ 
C ,1P r ... ,.;,EE ,,o.ioc; T'J ~Ai<E w()Q"! FO~ ONE 
C 
C 
~~o 00 iou I=l,LIC~T 

N(!I: .,(11. 
t~ll CONTI"IUE 

C 
C I11SE~T EIIJT~Y POINT TA~LE 
C 

C 

LIC,~T = LlCNT+l 
N(L!CNT) = s~IFT(360u 000c9 , 36) 
IIJILlCt..T•ll = N<2> 
~<LlCNT•~l = 100 0001~ 

C SwAP OUT SuBPQOG~A~ A~~ PROCESS NEXT 
C 

i<.LE·\! = Lt'.:.,. • 3 
-!UFFE4 nJT (c,l) (N(l),N(r(LFN)) 
I F' ( 1Jt-11 I T ( 2 I I 7 s d O O O tl O \) 0 

lnoo STOP 
E',•) 

Figure 7. Program BLKENTR Source Code 
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5.5.3.4 NASTRAN on N0S l.3 and N0S/BE 1.3 

NASTRAN executables created under N0S 1.2 will run under N0S l. 3. If code alter runs are 

made under N0S l.3, however, NASTRAN will fail for the following reasons. 

During link switching, NASTRAN must (1) flush output buffers, and (2) test for user overrides 

of default file names. Under N0S 1.2 NASTRAN subroutine LINK calls NASTRAN subroutine FLUSH to 

flush buffers. FLUSH locates the FETs for 0UTPUT, PUNCH and TAPEll using the RA+2 file list; 

tnen tests for information in the buffer, and issues an RA+l WRITE T0 E0R call if necessary. Then 

LINK uses the RA+2 default file list (which is that file list specified on the PR0GRAM card), to 

locate the FET to pick up any file name overrides, in order to format a control card for the next 

LINK ca 11. 

Under N0S 1.3 the RA+2 file list does not exist, and the FET is restructured. Subroutines 

LINK and FLUSH must be modified accordingly by a systems prograrrrner. 

5.5.4 Physical Deliverables 

The CDC version of NASTRAN.is del~vered on six (6) tapes. All delivery tapes are System 

Internal (SC0PE compatible) fonnat, nine track, 1600 bpi, phase encoded tapes. 

NASTOl - EXECUTABLE 

This tape contains the executables of the fifteen links and the Segmentation Loader 

Load Maps. 

File 1 - Link 1 

File 15 - Link 15 

File 16 - Load maps 

NAST02 - SOURCE AND OBJECT DECKS 

This tape contains source code for the CDC NASTRAN program, Segmentation Loader 

directives, BLKENTR block data entry point program, and NASTPLT plot-postprocessor, 

all in UPDATE sequential program library format, and NASTRAN and BLKENTR relocata­

ble decks. 

File 1 - NASTRAN 0LOPL (1 record) 

Machine-independent decks appear in alphabetical order, followed by 

machine-dependent subprograms in alphabetical order, and terminated by 

the main program NASTRAN and the link main programs NAST01 to NASTlS. 
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File 2 - Segmentation Loader Directives (1 record) 

Directives for each of the 15 links are tenninated by a *l1E0R card. 

Fi 1 e 3 - BLKENTR Source ( 1 record) 

File 4 - Plot-postprocessor Source (1 record) 

Machine-independent source, followed by machine dependent source, termi­

nated by Langley Research Center dependent source for example use. 

File 5 - 0BJECT Decks (1678 records) 

This contains the relocatable decks obtained by compiling File l above 

under FTN 4. 6 - PSR Level 452. l*, 0PT=2. (Because of a compiler bug, 

routine INC0RE had to be compiled under FTN 4.6 - PSR Level 452, 0PT=2 

and routines DTSHLD and KTSHLD could not be compiled.) 

File 6 - BLKENTR 0BJECT Deck (1 record) 

This contains the relocatable deck obtained by compiling File 3 above 

under FTN 4.6 - PSR Level 452. 

NAST03 - DE"1:l ITEMS 

This tape contains the User Master File, the Demonstration Problem Driver Decks, 

and the UMF verification. 

File l - User Mdster File (408 data records produced by NASTRAN) 

File 2 Demonstration Problem Driver Decks (1 record, representing 82 Demos, in 

UPDATE format) 

Each driver deck name is adapted from the UMF pid. 

The deck names are DOC---- without the trailing O. For example, the deck 

name on a *C0MPILE card for Problem 1-4-1 is DDC1041. Restart deck names 

are appended with an A (for the first restart) and B (for the second 

restart). The deck name for Problem 1-1-lA is thus DDClOllA. 

File 3 - Print of UMF verification (1 record in print file format) 

NAST04 - DEf.O PRINT FILES 

One file of demonstration problem executions. 

Records 1 through 82 - 1 execution per record 

FTN 4.6 - PSR Level 452.1 is being used at Langley Research Center and is a modified version of 
FTN 4.6 - PSR Level 452. 
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NASTOS - COMPILATION LISTINGS 

This tape contains the CDC compilation listings of subroutines A-M. 

Record l - Routines ADR through DTRMEM 

Routines DTSHLS through IHEXSS 

Routines INCR0 through KTRPLT 

Routines KTSHLS through MXCIDS 

Record 2 - Routine INC0RE 

NAST06 - COMPILATION LISTINGS 

This tape contains the CDC compilation listings of subroutines N-Z plus machine 

dependent routines. 

File l - Routines NASCAR through ZJ followed by all machine-dependent routines. 

5.5-15 (12/29/78) ---~- ~··- .. -



NASTRAN - OPERATING SYSTEM INTERFACES 

5.5.5 Example Control Card Setups 

The following examples show control card setups for using NASTRAN under the CDC Segmentation 

Loader. Accounting, tape requests and plot library control cards may vary at different installa­

tions. The first four deck setups illustrate usage on N0S 1 .2, the last two on N0S/BE 1 .2. N0S 

1.3 - N0S/BE 1.3 differences are_ discussed in Section 5.5.4 above. 

SC0PE users can execute problems from the Segmentation Loader executable tape, but cannot make 

code alter runs. They can use the Level 17.5 source and relocatables with the Level 17.0 Linkage 

Editor by changing all BL0CK DATA (name) cards to unnamed BL0CK DATA. Linkage Editor directives 

for incorporating the Level 17.5 Modal Synthesis and Strain Recovery capabilities are not available. 

• Example l - To load and execute a single NASTRAN problem. 

NASTRAN,TSOO. 
USE~,069305C. 
:HAQGE,100334,LRC. 
DELIVER.O Bll 
•--DUMP NASTRA~ FROM TAPE TO DISC 
L .i ... -- L , r ... ,_::. •. , r • ·, = .... t: • .- ,J..=."" • L ':.l = ~- _,.;. ~- _= <;, .: > .. ; J ,~ -L ,Jc= ~ ... ., r . , 1 
REwl'\ID,TAPE. 
COPY~F.TA~E,LI~Kl. 
COPY~F,TAPE,LI~~c. 
CO~Y~F,TAPE,LlNKJ. 
COPYBr,TA~E,LI~K4. 
COPY~F,TAPE,LI~K~. 
COPY8r,TAPE,LI~Ko. 
COPYBF,TAPE,L!~K7. 
CQOYRF,TAPE,LI~Ko. 
CQOY~F,TAPE,LI~K~. 
CODY~F,TAPE,L!~KlO. 
CQPi~~.TAPE•LI~Kll. 
COPYijF,T~PE,Ll~Kl2. 
CQOY~FoTAP£,LI~Kl3, 
CQPYqf,TAPE,Ll~Kl4. 
COPYBF,TAPE,LI~Kl~. 
RETURN,TAPE, 
••-EXECUTE NASTRAN 
RrL<220000> 
REDUCE<-> 
Lll\lKltlNPUT. 
/EOR 

<NASTRAN INPUT DATA> 
/EOF 
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• Example 2 - To correct source decks common to all links, generate a new set of executables, 
and execute a test problem 

NASTRAN,T500. 
USE~,Oo930:>C. 
CHARGE,100334,LRC. 
u E !,, I v t ., • fJ ::I l l 
•--RECREATE NASTRAN FROM TAPE 
L. ,~ -4 .. L ( r ~ .... ~- •... r • ; = ~ ~ .• ,.... , ; = ~ • L ·~ = ~, 1..) • ~- = c.. 1 > : 4 J. ,J - L - c = ~ ... :, 1 J ~ 

REwI-~O,TAPE. 
COPYBF,TAPE,~so. 
COPYBF,TAPE,NSU. 
COPYBF,TAPE,DU~,2. 
COPYBF,TAPE,NOB. 
COPYBF,TAPE,BLKENTR. 
RETURN,TAPE. 
REwIND,NSO,NSU,NOB,BLKENTR. 
•--PROCESS SOURCE MODS 
UPDATE,P=NSO,Q,U. 
RETURN,NSO. 
FT~tA,I,OPT=2,R=3,PL=300000. 
RETURN,COMPIL.Eo 
•--PUT ENTRY POINTS IN ~LOCK DATASo 
BLKENTR,LGO,OBJ. 
RETURN,dL~ENTR,LGO. 
*••MERGE NEw RELOCATA8LES INTO OLD. 
REwI'\40,0B..i,NOB. 
COPYL,NOB,OBJ,NASTOBJ. 
RETURN,N08,0BJ. 
•--CREATE LIBRARY *NASTLIB• 
RFL(lSOOOO) 
LI8RARYCNASTLI8,FORTRAN,SYSI0) 
LIBGENCF=NAST0~..1,P=NASTLIB,NX=l> 
LIBRARY(NASTLIB,FORTRAN,SYSIO> 
RETURN,NASTOBJ. 
·--PROCESS SEG~ENTATION DIRECTIVE ~oos. 
UPDATE,P=NSU,Q,u,C=SUBSYS. 
*••SEGMENTATION LOAD 
RFL<22U000) 
LDSET(MAP=SB> 
SEGLOAD<I=SUBSYS,B=LlNKl> 
LlBLOAD(NASTLIB,NASTOl> 
NOGOo 
SEGLOAD<I=SUBSYS,B=L.INK2> 
L.l8L.OAD<NASTLI~tNAST02> 
NOGO. 
SEGL0AD<I=SU8SYS,B=LINK3) 
LI8L0AD(NASTLIB,NAST03) 
NOGOo 
SEGLOADCI=SUBSYS,B=LINK4l 
LidLOAD<NASTLI8,NAST04) 
NOGO. 
SEGLOAOCI=SuBSYS,B=LINKS> 
LI3LOAO(NASTLid,NAST05) 
NOGO. 
SEGLOAD<I=SUBSYS,d=LINK6) 
LI3LOAD(NA5TLIB,NAST06) 
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t\10,30. 
SESLOAD1I=Su~SYS,d=L1NK7) 
LI~LJ~01N4STLI~•~AST07I 
'JOSO • 
SfjLJ~DII=SUBSr~,d=LlNKdJ 
LD5ETcSU8ST=AXIFtD-EMG0LD/,xIF2S-EMGULD/AXlF30-EMGOLD/4XiF3S-EMGULD~· 
LCSET!SU~ST=AX1F•D-EMGOLD/AX!F4S-EMGOL0/CONED-EMG0LD/CUNES-EMGUL0l 
LGS~TcSUdST=FL~ASD-EMGuLD/FLMASS-EMGOLD/FLUD2D-EMGUL0/FLU~tS-EMGOLDl 
LJSET!SUS5T=FLU~3D-EMGOL0/FLUD3S-EMG0LU/FL0D•O-EMGOLU/FLUDYS-fMGOLDI 
~0SETiS~6ST=~~DYD-~YGOLD/M~0YS-EMGOLD/~EXA1D-EMGOLD/MEAAlS/E~G0LDJ 
L~5~TIS~~ST=~E~~2D-E~GOLD/HEXA2S-EMGOLD/PLOTLD-EMGOLD/PLOTLS-E~GOLDJ 
L05~T:SUd5T=WD~EMD-~MGOL0/UDMEMS-lMGOL0/~DMM3D-EMG0LD/UDMMJS-EMG0LDl 
LDSE~rSUdST=QO~LTD-E~GOLD/QDPLTS-EMGOLO/QUADlD-EMGOLD/UUADlS-EMGOLDJ 
LDSET(5UBST=QUAUiD-EMGOL0/QUAD2S-EMGOL0/SLOT3D-EMGULD/SLOT3S-EMGOLDl 
L0SET(SUdST=SLOT~D-EMGOLD/SLOT4S-EMG0LU/TET~AD-EMGULU/TET~AS-EMGULDJ 
L0S€T(SUBST=THlAP.O-EMGOLD/TRIARS-EMGOLD/TPIA1D-EMGOL0/TRlAlS-EMGOLDJ 
LDSETt5UdST=TR!A20-EMGOLD/TQ!A2S-E~GOL0/TRPLTD-EMGOLD/T~PLTS-EMGOLDl 
LuSfT(SU~ST=TRAP~O-EMGOLD/TRAPRS-EMGOLD/wEDGED-EMGOLD/wEOGES-EMGOLDl 
LD5ET!S~dST=SMA1~-E~Gl~/SMA25-EMG1dl 
LDSE7\0~IT=KdA~/KTORD~/KTPl/KTRIA/MBA~/MCBAR/MP7.DA/MST~!A/·~TO~DRJ 
L!~LO~DIN~STLI~•NASTOd) 

SESLOA0(!=SudSYS,B=LlN~9l 
L:~LOA0tNASTLl~•NAST09J 
·'~o::o. 
SE3LOAJ1I=SU8SYS,d=LIN~l0l 
LI~L04D(NA5TLIS,NAST10l 
NO ,O • 
5EGLOAD1I=Sud5YS,B=LI~Klll 
L!dLOAD(NASTLl~t~ASTlll 
,w~o. 
SEGLOAD<I=SUB5YS,8=LlNK12l 
LI~LOAD(NASTL!ij,NAST12l 
\Io ;a. 
StGLOA0(l=SU85YS,8=LINKl3l 
LI~LOA0(~ASTLIB,NAST13> 
'~0·10. 
SE1LCAD<I=SUBSYS,B=LINK14l 
LI~LOAO(~ASTLid,~ASTl~l 
~~o ,u. 
SE3LOAD1I=SU8SYS,d=LINK1Sl 
:.. : .• :.. ·J :.. ,) < °"AST L I 6 • I~ AST l :> l 

*--E~ECUTE ~ASTRAN. 
RFL122Ull01il 
.:irnucE <-> 
L!'Jt,; l ,I\JPJT. 
/EJ~ 
•! tNAST~4~ SOU~CE CODE MOOSl 
/EJ~ 
a; lt\lASTR~~ Ll\lK DIRECTIVE MOD~l 
::-c L!~Ji<l.LlNK15 
/E ).J 

INAST~AN !.,,~ur DATA) 
IE )F" 
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Example 3 - To edit three links, execute a problem, and plot using the NASTPLT plot-processor 
and the Langley Research Center CALC0MP plotter. 

NASTRAN,T500. 
USER,0693USC. 
CHARGE,100334,LRC. 
dt.Ll·lt.""•0 .... 11 
•--MODIFY SELECTED NASTRAN LINKS 
L ,.l "' ~: L '. f ~ .,.; !:.. • '; T • ~ : 1,.1 C,, • - .~ : "'( • L ... : " '..,J • ;,: : S j ) •·, U l'.1 -1- ""' ~ .. : ; ..\ '") r I c.. 
REW!'JO,TAPE. 
COPYBF,TAPE,NSO. 
COPY8F,TAPE,NSU. 
COPY8F,TAPE,DU~. 
COPY8F,TAPE,POSTPLT. 
COPYBF,TAPE,NOB. 
COPY8F,TAPE,8LKENTR. 
RETURN,TAPE. 
REWI'IJD,NSO,NSU,NOB,BLKENTR. 
•--PROCESS SOURCE MODS 
UPOATE,P=NSO,Q,U. 
RETURN,NSO. 
FTN,A,I,OPT=2,R=3,PL=300000. 
RETURN,C0"1PlLEe 
•--PUT ENTRY POINTS IN ~LOCK DATAS. 
8LKENTR,LG0,08J. 
RETURN,oLKENTR,LGO. 
•--~ERGE NEW RELOCATABLES INTO OLD• 
REwIND,OSJ,NOa. 
COPYL,NOB,OBJ,N~STOBJ. 
RE TURN, NO th OBJ• 
•--CREATE LIBRARY *NASTLIB* 
RFL(l50000) 
LlBGEN(F=NASTOBJ,P=NASTLIB,NX=l> 
Ll3RARY(NASTLI6,FORTRAN,SYSI0) 
RETURN,NA::;TOBJ. 
0 --GET OLD EXECUTABLE FROM TAPE. 
L. A'"'~ L ( 1 .I ,.i c. • . , T • ) : ,.if. •;., tJ = • • L t1:"' LI t F: s; T ) i·J 0: J -~ ""'(.:, i .i :, I " l 

REwl'IJD,TAPE. 
COPYdF,TAPE,Ll'\JKle 
COPYoF,TAPE,LI~K2. 
COPYBF,TAPE,LI'\JKJ. 
COPY~F,TAPE,Ll~K•. 
COPYBF,TAPE,LI~K~. 
COPYSF,TAPE,LlNKb. 
COPY~F,TAPE,LI~K7. 
COPYRF,TAPE,Ll~K~. 
COPYdF,TAPE,LI~KY. 
co~Y~F,TAµE,LIN~lO. 
COPY~F,TAPE,LI~Kll. 
CO~YijF,TAPE,LINK12. 
COPY~F,TAPE,LI~~l3. 
COPY~F,TAPE,Ll~Kl-. 
CO~YHFoTA~E,Ll ,•<!'=>. 
RETURN,TAPE. 
•--PROCESS SEG~ENTATION DIRECTIVE MODS. 
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UPDATE,P=NSU,Q,U,C=SUBSYS. 
•--SEGMENTATION LOAD 
RFLC220000) 
LD5ET(MAP=S8l 
SEGLOADCI=SUBSYS,B=LlNKll 
LI~LOAD(NASTLIB,NASTOl) 
NOGO. 
SEGLOADCI=SU8SYS,~=L!NK7l 
Ll3LOAD(NASTLI8,NAST07l 
NOGO. 
SEGLOADCI=SUBSYS,8=LINK14l 
LI9L0A0(NASTLIB,NASTl4l 
NOGO. 
•--EXECUTE NASTRAN. 
RF'LC220000) 
REDUCE!-> 
Ll \JK 1, I 114PU T. 
•--EXECUTE THE PLOT POSTPROCESSOR. 
uP•)ATE,F,,;:,:,.:,osr ... L r. T=v. 
F'T"JtI. 
REw!11JD,PLT2. 
•--PLOT USING THE LANGLEY SYSTEM SOFTWARE 
ATTACH,PLOT,LRCGOSF/UN=LIBRARY. 
-< t T ·J-< I C • lh T L I , ) 
LDSETCLIB=LRCGOSF! 
LGO. 
?LOT.CALPOST,12 II BALL POINT PEN// 
/EOR 
•I <NASTRAN SOURCE CODE MODS> 
/EDR 
•I !~ODS TO LI"IKS l, 7, 14> 
/EOR 
NASTRAN F'ILES=PLT2 

C~ASTRAN INPUT DATA> 
/EOR 

$INPUTS 
/EOF 
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Example 4 - To execute Demonstration Problems 1-1-1 and 1-1-lA. These problems test Statics 
Rigid Format #1 and the restart code, and use the User Master File to obtain bulk 
data. Note that the PUNCH file, which contains restart table data, muse be PACKed 
to eliminate record marks (7-8-9 cards) within the file. 

NASTRAN,T500 0 

USER,Ob93U5C. 
CHARGE,100334,L~C. 
1Jc.1..!1JE.;.,: ..:i-( -
L ,... ""'~ L ( i ..a~:.-;· ~-T • ~: • ~, ~ .... L....,: "· , . .I • -: =' ; i .. : .Jr· - t_ - C: ,I u ...., r 1 

REwI~D,TA?E. 
coov~F,TAPt,LivKl. 
CCPY~F,TA~E,LI~~t. 
CQPY~F,TA~E,LI~KJ, 
cooy~F,TAOE,LI~~~. 
coovdF,TAPE,LI~~~. 
CODY~F,TAPE,LI~~~. 
CODY~F,TA~E,L!~Kl. 
COPYAF,TAPE,LI~~o. 
COPY~F.TA~E•Ll~~~. 
co~v~F,TA~E•LI~~lv. 
coov~F,TAPE,LI~~ll. 
CO~Y~F,TAPE,Liv~12. 
co~v~F,TA~E•LI~~!3. 
CODY~F,TAPE,Ll~~l~. 
cooy~F,TAl-'E•Ll~~l~. 
RETURN,TA?E. 
•••GET THE UMF ANO DRIVER DEC~S 
L .;. ·• i: L < T .;. .., i:. • ., T • 1.: ~; • u · l:: ~ • t..:, = •. iJ • ~· = -; : l ,, .; ' .. - i.. -IC.: , -i .. , T · .; 
COPYBF,TAl-'E,U.,.F, 
COPYdF,TAPE,OLD~L. 
RE«I"iOtUMF. 
RETURN,TAPE. 
•••UPDATE A DRIVER DECK ANO EXECUTE 
UPOATE,Q,C=NASOATA. 
RFLC220000l 
REDUCE!•> 
L.I "It< 1, NASCA TA• 
REDUCE. 
•--P~OCESS FILES FOR RESTART 
RE•I~D,NPTP,PUNCH,U~F. 
PACK,PUNCH. 
,:; ~ i. ,I .J ••• .,J '.) ·' L • 
RE°"A~E,OPTP=NPT~. 
•••UPDATE SECOND DRIVE~ DECK ANO EXECUTE 
UPDATE,Q,C=NASOATA, 
RFL.(220000) 
REDUCE<•> 
LI~Kl,NASOATA. 
"(t:. T,J~.'. I "'tJ ,C.., I 
/EOQ 
•C DDClull 
/EOR 
•C DOClOllA 
•I DDClOllA.3 
•READ PUNCH . . 
/EOF 
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Example 5 - To execute a problem under N0S/BE. This deck set-up reads in a Cyber Control 
Language Procedure File (CCL Proc) and transfers control to it. When SYSTEM(76) 
is non-zero, NASTRAN writes a procedure file to TAPE99 which implements link 
switching. 

NASTRAN,T~oo. 
USE-=1,06930SC. 
CHARGE,100334,L~C • 
..1~1..!,c:.-. ! ::!l -·· 
i_ .. .., ~ ~ ~ r ~ .:- : • T • : - .. • - · ··. = · • :_ ~ = · _. • : = ··, . ; 
RE~I·~O,TAPE, 
CO::>Y.;F'o TA,;.,t:,L [ ~I'( lo 
co..:ir.;F,TA.:>E,L! 11'(,:. 

CQ::>y~FoTA~E,LI~~3. 
CQ::>v~F,TA::>E,Ll~~~. 
CO.:>Y.,FoTA~E,Ll~K~. 
coov~F',TAPE,Ll~l'(b. 
CQPV~F',TA.:>E,L!~l'(7. 
co~vHF,TA~E,LI~~~. 
CQ.;)YiolF, TA..iE,Ll ~,('lo 

(Q.;)y~F,TA~E•Ll~~lO. 
co.;)v~F oTA,.lf: •LI ~r; l l. 
CQ::>v~FoTA~E,LJ~l'(j2. 
CQ::>i~F.TAµE•Ll~KiJ. 
CQ.:>y~F,T,~E,LI~~I•, 
CQ;;,,-<F',TA.,;>E,L! ~"-i:>o 
~ETURlll,TAPE, 
•--~EAD AND EXECUTE NASTRAN PROC. 
COPYCR,INPUT,NAST~AN, 
BEGl~tNASTRAN,~ASTRAN. 

• L. • ;~ - , - .• l I 

IE. '.)R 
.PROC,NASTRAN,RFL=200000,lNPUT=,OUTPUT•,PUNCH:, 
•RF'L,RFL.. 
LI~~l,INPUT,OUTPUT,PUNCH, 
•MILE,~1G.EQ.O,R£PEAT. 
~EGI~tNEXT,TAPE9~. 
ENO•<REPEH> 
REVERT, 
EXIT. 
~E'IERTCI\BORT) 
IE.'"\R 
NAST~AN SYSTE~C76>=l 

INASTRA~ INPUT DATAI 
IE ·'.>F' 

5.5-22 (12/29/78) 



NASTRAN ON THE CDC 6000/CYBER 

Example 6 - To relink a11 of NASTRAN under N0S/BE and execute a problem. Because of the way 
N0S/BE processes F0RTRAN files, the NASTRAN link main programs are segregated on 
a separate fi1e and the SL0AD directive used. Note that tne libraries F0RTRAN 
and SYSI0 must be replaced on the LIBRARY card with their local installation 
equivalents. Note also that some N0S/BE installations put limits on the size of 
user libraries. In such cases, NASTRAN must be split into two or more libraries. 
The local CDC Systems Engineer should be consulted for details. 

NASTRAN,T500. 
USE~,069305C. 
CHA~GE,100334,L~C. 
u c. '~ r ,, c. .., • ~1 "" 1 1 
•--REC~EATE NASTRAN FROM TAPE 
L""'"""o:.L\fl~:-.•,r• ·=~,.-•,.....\J=·.•1_:.;=· . ...1, .. =".'.l 1 J,..!-L""'t::. J.-.,J 1C:. 

RE~I'IID,TAPE. 
C0PYBF,TAPE,NS0o 
CQPY9F,TAPE,NSU. 
CQPYSF,TAPE,DUMtZo 
COPYSF,TAPE,~OB. 
CO~Y8F,TAPE,8LKENTR. 
RETURN,TAPE. 
RE~I'IID,NSO,NSU,NOB,BLKENTR. 
•--PROCESS SOURCE MODS 
0PDATE,P=NS0,Q,U. 
RETURN,NSO. 
FTN,A,I,OPT=2,R=3,PL=300000 0 

RETURN,COl"IPILE. 
•--PUT ENTRY POINTS IN BLOCK OATAS. 
BLKENTR,LGO,OBJ. 
RETURN,BL~ENTR,LGO. 
•--~ERGE NEW RELOCATABLES INTO OLD• 
RE,~ I ND, OBJ t NOB. 
COPYL,N08,0~J,NAST0BJ. 
RETURN,NOB,OBJ. 
•--CREATE LIBRARY *NASTLI8• 
EDITLib. 
Ll8~ARY(NASTLIB,FORTRAN,SYSI0l 
•--CREATE FILE OF MAIN PROGRAMS 
CO?YBF,NASTOBJ,NASMAIN. 
RETURN,NASTOdJ. 
•--PROCES$ SEG~ENTATION DIRECTIVE MODS. 
UPDATE t P=1~su t Qt U t C=SUBSYS. 
•--SEGMENTATION LOAD 
RFLC220000l 
LDSETCMAP=S8l 
SEGLOAD(I=SUBSYS,B=LINKl> 
SLOADCNASMA!N,NASTOl) 
NOGO. 
SEGLOAO(I=SUBSYS,8=LIN~c> 
SLOADCNASMAIN,NAST02l 
NOGO. 
SEGLOAD(I=SU8SYS,B=LIN~Jl 
SLOADCNASMAIN,NAST03> 
l\jQGO. 
SEGLOAD(I=SUBSYS,B=LINK4l 
SLOAD1NASMAIN,NAST04l 
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NOGO. 
SEGLOAD<I=SUBSYS,B=LINKS) 
SLOADINASMAIN,NASTOSl 
NOGO. 
SEGLOAu(I=SUBSYS,B=LINKo) 
SLOAD!NASMAlN,NASTOo) 
NOGO. 
SEGLOAD(I=suasrs,B=LINK7) 
SLOAD(NASMAIN,NAST07) 
t,.JOGO. 
SEGLOAO!l=SUBSYS,B=LINKB) 
LDSET(SUBST=AXIF2D•EMGOLD/AXlf2S•EMGOLD/AXIf3D-EMGOLD/AXIF3S•EMGOLDl 
LDSET(SU8ST=AXIF~D-EMGOLD/AXIF4S•EMGOLD/CONEO•EMGOL0/CONES•EMG0LDl 
LDSET(SUBST=FLMASD-EMGOLD/FLMASS•EMGOLO/FLUD20-EMGOLD/FLUD2S~EMG0LD> 
LDSET(SU~ST=FLJD3D•EMGOLD/FLUD3S•EMGOLU/fLU04D•EMGOLD/FLUD4S-EMGOLD> 
LDSET(SUBST=HBDYD•EMGOLO/HBDYS•EMGOLD/HEXAlD-EMGOLD/HEXAlS/EMGOLDl 
LDSET!SUBST=HEXA20-EMGOLD/HEXA2S-EMGOLO/PLOTLD•EMGOLO/PLOTLS•EMG0LD> 
LDSET(SUBST=QDMEMD•EMGOLD/QDMEMS•EMGOL0/QDMM3D-EMGOLD/QDMM3S•EMGOL0l 
LDSET(SU8ST=QDPLTD•EMGOLD/QDPLTS•EMGOL0/QUA01D•EMGOL0/QUAD1S•EMG0LDl 
LDSET(SUBST=QUAu2D-EMGOLD/QUAD2S-EMGOLD/SLOT3D~EMGOLD/SLOT3S•EMG0LDl 
LDSET(SU~ST=SLOT~D-EMGOLD/SLOT~S-EMGOLD/TETRAD•EMGULD/TETRAS•EMGOLDl 
LDSET!SUBST=T~IAHD•EMGOLD/TRIARS•EMGOL0/TRIA1D•EMGOLD/TRIA1S•EMGOLDl 
LDSET(SUBST=TRIA2D•EMG0LD/TRIA2S•EMGOL0/TRPLTD-EMGOLD/TRPLTS•EMGOLD> 
LDSET!SU8ST~T~APRD-EMGOLD/TRAPRS•EMGOL0/wEDGED•EMGOLD/wEDGES•EMGOLDl 
LDSET(SUBST=SMAlB•EMGl~/SMA28•EMGlBl 
LDSET(OMIT=KBAR/KTORDR/KTPZ/KTRIA/MBAR/MCBAR/MPZDA/MSTRIA/~TORDRl 
SLOAO!NASMAI~•NAST08l 
NOGO. 
SEGL0A0<I=SU8SYS,B=LINK9l 
SLOAD(NASMAIN,NAST09) 
t,JQGO. 
SEGLOAD(l=SU8SYS,8=LINK10) 
SLOAO(NASMAIN,NASTlOl 
NOt;O. 
SEGLOAD(I=SU8SYS,B=LINKll) 
SLOAD(NASMAIN,NASTlll 
NOGO. 
SEGL0A0<I=SU8SYS,B=LINK12) 
SLOA0(NASMAIN,NAST12) 
NOGO. 
SEGL0AD(l=SU8SYS,B=LINK13l 
SL0AD1NASMAIN,NAST13l 
lllOGO. 
SEGL0Au<I=SU8SYS,B=LINK14) 
SLOAD(~ASMAIN,NAST14l 
NOGO. 
SEGL0AD<I=SU8SYS,B=LINK15l 
SLOAO(NASMAlN,NASTlS> 
NOGO. 
•••READ ANO EXECUTE NASTRAN PROC. 
COPYCR,I~PUT,NASTRAN. 
BEGIN,NASTRANtNASTRAN. 
IE.).; 
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LI~RARY(NASTLIB,NEW) 
ADOco+XTRACEl,NASTOBJ) 
DELETE CFBSI l 
DELETE(MPYJT) 
DELETE(SDCOMl 
F"I,'IJISH. 
ENDRUN. 
/E,JR 
*C L!NKl.LlNK15 
IE :)R 

NASTRAN ON THE CDC 6000/CYBER 

.PROC,NASTRAN,RFL=200000,INPUT=,OUTPUT=,PUNCH=. 
#RF"L,KFL. 
L!N~l,IN?UT,OUTPUT,PUNCH. 
SET,OSC=l. 
wHILE,RlG.EQ.O,REPEAT. 
dEG!~tNEXT,TAPE99. 
ENDw(r<EPEATl 
REVERT. 
EXIT. 
REVERTCABORTl 
/EOR 
NASTRAN SYSTE~(76l=l 

CNASTRAN I~PUT DATA) 
/EOF 
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5.5.6 Machine Dependent Routines 

The following utility routines necessary to NASTRAN operation must, by their nature, be 

implemented in a machine dependent manner. Certain of the routines have been written in C0MPASS 

language, and the remainder are in F0RTRAN language. 

5.5.6.1 MAPFNS (C0MPASS) 

The MAPFNS deck embodies a set of 20 utility functions and routines. These are as follows: 

Logical Functions 

ANDF (logical product of two words) 

0RF (logical sum of two words) 

X0RF (logical difference of two words) 

C0MPLF (complement of a word) 

LSHIFT (left shift of a word) 

RSHIFT (right shift of a word) 

Utility Functions 

C0RSZ (returns length of "open core") 

C0RWDS (returns difference of two addresses+ 1) 

LW0R0S (returns d~fference of two addresses) 

L0CF (returns the value of an address) 

INSTAL (returns installation name. left justified, blank fill) 

Utility Routines 

XST0RE (stores an array at an absolute position in core) 

XFETCH (fetches an array from an absolute position in core) 

XJUMP (transfers control to an absolute location in core) 

ZAP (stores zeros between specified locations in core) 

LINK20. (provides a special call to Link 20, the Level 17.0 NASTRAN exit link) 

F!ELDLK (r9'tu·rns the field lenqth assigned to the job) 

TOATE (returns month, day, year, time) 

KL0CK (returns current value of CPU clock) 

DAYTIME (returns current time on wall clock) 
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Dummy Routines (These do nothing but return to the calling program. They are left in 
NASTRAN for compatibility with earlier versions.) 

XC0MM0N 

DMPXXX 

SET66 

5.5.6.2 C0NMSG (F0RTRAN) 

The C0NMSG routine enters messages in the DAYFILE denoting the times of the initiation and 

completion of modules during NASTRAN execution. 

5.5.6.3 GNFIAT (F0RTRAN) 

GNFIAT initializes the XFIAT and FIAT tables, and clears the P00L and NPTP files on restart. 

5.5.6.4 DUMP and PDUMP (F0RTRAN) 

A call to PDUMP produces a trace back listing and, if a DIAGl card appeared in the Executive 

Control Deck, a memory dump. PDUMP returns to the calling program. DUMP tenninate• with a 

CALL EXIT. 

5.5.6.5 PPCALL 

PPCALL issues RA+l requests to the Combined Input/Output (CI0) Peripheral Processor routine. 

5.5.6.6 SGIN0 (F0RTRAN) 

SGIN0 is used by the plot routines to write plot tapes. SGIN0 issues calls to XIORTNS. 

5.5.6.7 XI0RTNS (F0RTRAN) 

The XI0RTNS deck embodies a set of utility routines which corrmunicate with the N0S Operating 

System through CI0 to accomplish various file operations. XI0RTNS sets up the File Environment 

Table for the file operation, then calls PPCALL to issue a CI0 request. 

Entry Points 

X0PEN (constructs FET and initiates activity for file) 

XCL0SE (tenninates activity for file) 

XEVICT (evicts space assigned to a disk file) 
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XREWIND (repositions file to load point) 

XBKREC (repositions file one logical record backward) 

XBKPREC (repositions file one physical record backward) 

XFRDREC (repositions file one logical record forward) 

READX (reads a complete logical record) 

WRITEX (writes a complete logical record) 

5.5.6.8 GIN066 (F0RTRAN) 

GIN066 is a BL0CK DATA subprogram which initializes the GIN066 conmon block with names of 

each of the possible NASTRAN files. 

5.5.6.9 NAST01-NAST15 (F0RTRAN) 

These are Link main programs that establish F0RTRAN buffers for the files INPUT, 0UTPUT, 

PUNCH, and TAPEll before calling the link driver (XSEM) routines. 

5.5.6.10 MPYQ (C0MPASS) 

MPYQ is a compass routine written to increase the speed of MPYAD's inner loops (see Section . 

3.5. 12.5). 

5.5.6. 11 WALTIM (F0RTRAN) 

WALTIM calls DAYTIM for time of day and then calculates the elapsed time in seconds after 

midnight. 

5.5.6. 12 I06600 (F0RTRAN) 

I06600 is an interface routine between GIN0 and XI0RTNS. It maintains disk address informa­

tion for the file being operated on and issues open and close messages as required by DIAG 15. 

The calling sequence is: 

CALL I06600 (0PC0DE,BUFF),RETURNS(RETURN1) 

I06600 formats calls to appropriate entry points in XI0RTNS ac~ording to 0PC0DE. The requests 

and calls are: 
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REQUEST 

rewind 

write 

read 

backspace 

forward space 

open 

close 

CALL 

XREWIND 

WRITEX 

READX 

XBKREC* 

READX* 

X0PEN 

XCL0SE 

*Sequential files only. For direct access files the disc pointer is modified. 

5.5.6.13 CN66BD (F0RTRAN) 

CN66BD is a BL0CK DATA subprogram that provides single and double precision values for 

several arithmetic constants. 

5.5.6.14 S0FI0 (F0RTRAN) 

S0FI0 directs the input/output operation/ for substructuring between core and the random 

access storage device. The calling sequence is: 

CALL S0FI0 (IRW,IBLKNM,IBUFF) 

S0FI0 writes (IRW=l) or reads (IRW=2) block number IBLKNM from/to the buffer !BUFF. 

5.5.6.15 XTRACE (F0RTRAN) 

XTRACE directs the er.ror traceback. 

5.5.6. 16 XTRACEl (C0MPASS) 

XTRACEl is called by XTRACE to generate an error traceback. 

5.5.6.17 SETBR (C0MPASS) 

SETBR converts a FTN calling sequence of up to six arguments to a RUN F0RTRAN calling se­

quence. It is used to minimize C0MPASS code conversion effort. 

5.5.6.18 ST0REB (C0MPASS) 

ST0REB converts a RUN FORTRAN calling sequence of up to six arguments to a FTN calling se­

quence. 

5.5-29 (12/29/78) 
-----· 



NASTRAN - OPERATING SYSTEM INTERFACES 

5.5.6. 19 XFLSTS (F0RTRAN) 

XFLSTS maintains GIN0 file block count statistics. 

5.5.6.20 REINDX (C0MPASS) 

REINDX is used by the Link Editor for managing_ its file. It is present only for compatibility 

with the Level 17.0 NASTRAN Linkage Editor. 

5.5.6.21 READXl (C0MPASS) 

READXl is an interface routine between the Level 17.0 NASTRAN Linkage Editor and Level 17.5 

NASTRAN. 

• 
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Ml)nlll,:: - or~AP NA"ll: - Mnouu 1:"lTPY - LINKS MOO!Jlt IUSIOtS J N l)t-1 f,t,OC 
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NASTRAN - OPERATING SYSTEM INTERFACES 

MATERIAL PREVIOUSLY ON PAGES 5.5-36 THROUGH 5.5-54 HAS BEEN DELETED . 
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6. t>'ODI FI CAT IONS AND ADD IT IONS TO NAST RAN 

6.1 INTRODUCTION 

Modifications and additions are continuously made to large prograrruning systems. NASTRAN will 

not be an exception to this rule. Section 6.2 presents the F0RTRAN IV language restrictions that 

must be followed in order to produce equivalent object code across the computing machines on 

which NASTRAN operates. The remaining sections discuss areas of the program which experience, 

gained during program development, has shown to be those areas most subject to modifications and 

additions. 
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6.2 F0RTRAN IV LANGUAGE RESTRICTIONS 

NASTRAN was developed in the F0RTRAN IV programming language to the greatest extent possible 

in order to simplify the task of conversion from the development machine, which, for the majority 

of program development, was the IBM 7094/7040(44) DCS, to third generation computing systems. The 

same F0RTRAN IV code can execute differently across computing machines. This fact is all but too 

well known to those who have labored through the task of conversion from one computing system to 

another. For this reason, modifications and additions to NASTRAN must be accomplished with F0RTRAN 

code that will produce equivalent object code across computing machines. The basic set of rules 

governing programming in F0RTRAN IV for NASTRAN is incorporated in the following manual in the 

IBM Systems Reference Library: IBM 7090/7094 IBSYS Operating System, Version 13, F0RTRAN IV 

Language, File No. 7090-25, Form C28-6390-3. The following is a list of exceptions to the rules 

set forth in this manual. 

l. An integer constant may not be greater than 231 -1. 

2. Subscripted variables should contain no more than 3 subscripts. 

3. A reference to the first variable in a subscripted array must contain the 

subscript 1, e.g., A(l) = 0.0 • 

4. A C0NTINUE statement requires a F0RTRAN statement number. 

5. The PAUSE statement is not to be used. 

6. The NAMELIST statement is not to be used. 

7. Implied D0's in DATA statements are not allowed. 

8. The last statement of a 00 loop may not be a logical IF statement. It is ·recommended 

that it be a C0NTINUE statement. It is also reconmended that each 00 loop have 

its own C0NTINUE statement. 

9. BL0CK DATA subprograms may contain only type (e.g., REAL, INTEGER), DIMENSI0N, C0MM0N, 

DATA and conment statements. 

10. All Hollerith data should be defined in the form 4H ..... 

11. Do not use octal (0) or hexidecimal (Z) in DATA or F0RMAT statements. 

12. Specification statements should precede any executable statement. 
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13. The order of specification statements should be as follows: 

C0MPLEX 

D0UBLE PRECISI0N 

REAL 

INTEGER 

L0GICAL 

DIMENSI0N 

C0MM0N 

EQUIVALENCE 

EXTERNAL 

DATA 

Arithmetic Statement Functions 

14. The variables in blank C0MM0N or a block of C0MM0N should be ordered as follows: 

complex, double precision, real, integer and logical. 

15. Variables stored as single precision cannot be referenced as double precision variables 

(via the F0RTRAN EQUIVALENCE statement) because of the different internal word storage 

format for single and double precision words on the Univac 1108. 

16. Caution must be exercised to insure that types (REAL, INTEGER, etc.) of F~RTRAN function 

values agree in the function subprogram and in the calling program. This agreement 

between types is necessary for machines (e.g., IBM S/360) on which REAL and INTEGER 

values of F0RTRAN functions are returned in different registers. 

17. Do not attempt to extend the length of arrays through the EQUIVALENCE statement. 

18. Caution must be exercised when using the EQUIVALENCE statement. One should not use the 

EQUIVALENCE statement to give different variable names to the same cell, since modern 

compilers, because of their optimization techniques, do not guarantee that the values 

of the equivalenced variables will be the same. Hence EQUIVALENCE should be used only 

between variables which have non-intersecting use spans in a program. 
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19. Nonstandard returns in a SUBR0UTINE statement must immediately follow the left parenthesis 

which starts the names of the subroutine's arguments, e.g. SUBR0UTINE XYZ (*,*,A,B) is 

the correct form; SUBR0UTINE XYZ (*,A,*,B) is not acceptable. On the CDC computers, use 

SUBR0UTINE XYZ(A,B) ,RETURNS(RETURNl ,RETURN2). 

20. There must be agreement with respect to the number of arguments and the type of each 

argument in the argument list of a calling program and the subprogram called. 

21. For consistency with current NASTRAN practice, deck (or member) names for subroutines 

should agree with the primary entry point names. Deck names for Block Data subprograms 

should end with the characters "BO". 

22. FUNCTI0N subprograms whose type is not implicit must be typed in the FUNCTI0N statement. 

For example, use 

D0UBLE PRECISI0N FUNCTI0N ABC(X) 

and not 

FUNCTI0N ABC(X) 

D0UBLE PRECIS10N ABC 

23. The name of a FUNCTI0N subprogram must appear somewhere within the subprogram. 

24. All subscripted variables appearing in EQUIVALENCE statements must be subscripted. 

E.g., use EQUIVALENCE (A(l),X(l)) instead of EQUIVALENCE (A,B). 

25. 00 loop indices may not be greater than 217-1 (131,071). (This is a CDC 6600 restriction.) 
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6.3 THE EXECUTIVE CONTROL DECK 

The capabilities of the Executive Control Deck may be changed or increased by modifying 

existing control card functions or addition completely new card types. Executive control cards 

are processed within two modules of the Preface: XCSA, (Executive Control Section Analysis, 

Section 4.2) and XGPI (Executive General Problem Initialization, Section 4.7). Some cards are 

handled completely within XCSA, while others are only partially checked by XCSA and then passed 

to XGPI, via the Executive Control Table (Section 2.4.2.5), for final processing. 

To modify the content or function of an existing control card, first locate the proper 

section within module XCSA. The block of F0RTRAN statements related to the processing of each 

type of card is appropriately commented. Also, it can be determined from these statements 

whether part of the processing is being passed to module XGPI. The required modifications can 

then be made within XCSA and/or XGPI. 

To add a new control card type to those currently acceptable, the following steps should be 

taken. First, add the card type name to the local F0RTRAN array ECTT (Executive Control Type 

Table) within module XCSA, and increase the table length parameter (LECTT) by three for each 

new entry. The three word entry consists of two BCD words (4 characters/word} for the card type 

mnemonic and a one word integer flag indicating whether the card type is to be optional {=O) or 

required (=1) within the NASTRAN Executive Control Deck. Second, add a statement number to the 

computed-go-to branch vector. This branch vector transfers the XCSA logic to the correct card 

processing section within the module. Third, create the processing code, and add it to the 

module. If additional processing must be perfonned in XGPI, the Control Table format should be 

modified and the necessary logic added to the XGPI module. 

6.3.1 The NASTRAN Card 

A facility is provided whereby the default values in /SYSTEM/, which are initialized by the 

system Block Data subprogram, SEMDBD, or subroutine BTSTRP, can be altered at execution time. 

The contents of /SYSTEM/ are described in Section 2.4.1.8. Other locally used values may also 

be redefined. 

The card which provides this capability is called the NASTRAN card. If this card is used, 

it must be the~ card of the data deck (i.e., the card must precede the Executive Control 
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Deck). The NASTRAN card is a free field card (similar to cards in the Executive Control and Case 

Control Decks). Its format is as follows: 

NASTRAN keyword1=value, keyword2=value, ... 

where the list of allowable keywords is as follows: 

l. BUFFSIZE - Defines the number of words in a GIN0 buffer. Note: fixed length records 

written by GIN0 are of length BUFFSIZE - 3. This keyword changes the first word of 

/SYSTEM/. 

2. MAX0PEN - Defines the maximum number of files that may be open at any one point in the 

program. This keyword changes the 30th word of /SYSTEM/. 

3. C0NFIG - Defines the computer configuration for use in the timing equations in the 

matrix decomposition subroutines SDC0MP, DEC0MP and CDC0MP. This keyword changes the 

28th word of /SYSTEM/. 

4. MAXFILES - Defines the maximum number of files to be placed in /XFIAT/ by GNFIAT. 

This keyword changes the 29th word of /SYSTEM/. 

5. SYSTEM(I) - I refers to the Ith word of /SYSTEM/. This is a general form of altering 

any word in /SYSTEM/. Note that BUFFSIZE and SYSTEM(l) are equivalent, and MAXFILES 

and SYSTEM(29) are equivalent. 

6. NLINES - Defines the 9th word of /SYSTEM/. This value sets the number of data lines 

per printed page. For 11" paper, an appropriate value is 50. For 8-1/2" paper, an 

appropriate value is 35. 

7. TITLE0PT - Defines a local variable within SEMINT which is passed to TTLPGE to control 

the printing of the NASTRAN title page. See Section 3.3.13 for a description of 

subroutine TTLPGE. 

8. M0DC0M(i) - Defines a nine-word array for module co1T111unications. Currently, only 

M0DC0M(l) is supported. If M0DC0M(l) = 1, diagnostic statistics from subroutine 

SDC0MP are printed. 

9. HIC0RE - Defines the amount of open core available to the user on the UNIVAC 1100 

series machines. The user area default is nominally 65K decimal words. The ability 

to increase this value may be installation limited. 
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10. FILES - Establishes NASTRAN permanent files as being disk files rather than tape 

files. The files are P00L, 0PTP, NPTP, UMF, NUMF, PLTl, PLT2, INPT, INPl, ..... . 

INP9. Multiple file names must be enclosed with parentheses such as FILES= (UMF,NPTP). 

The FILES parameter(s) must be last on the NASTRAN card. Note the plot files, PLTl and 

PLT2, are not supported on the UNIVAC, therefore a physical tape must be assigned prior 

to job execution. 

11. TRACKS - Defines track size of Calcomp plot tape if plotting is first to be done to 

disk. TRACKS= 7 implies a 7-track tape and TRACKS= 9 implies a 9-track tape. 

Examples of use of the NASTRAN card follow. 

NASTRAN BUFFSIZE=878, SYSTEM(2)=3, MAX0PEN=l0 

The above card changes the ,st, 2nd and 30th words of /SYSTEM/. SYSTEM(2)=3 changes the system 

output ~nit from 6 to 3. 

NASTRAN SYSTEM(4)=4, MAXFILES=21 

The above card changes the 4th and 29th words of /SYSTEM/. SYSTEM(4}=4 changes the system input 

unit from 5 to 4 (which means that all subsequent data must be present on unit 4). 
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6.4 THE CASE CONTROL DECK 

The Case Control Deck is processed by the IFP1 module, whose Module Functional Description 

can be found in Section 4.3. A card can be added to the Case Control Deck by implementing the 

fo 11 owing steps. 

1. Assignment of a \~ord in the CASECC Data Block (see Section 2.3.1.1). 

lf the card datum is to be passed on, a word must be assigned in CASECC. Several words are 

currently empty in CASECC. If more space in the fixed portion of CASECC is needed, modules 

which use CASECC to prepare data blocks for the Output File Processor (~FP) module (e.g., 

SDR2, VDR, PLA3), will need to be updated since they are sensitive to the length of CASECC. 

Otherwise, just change the value of LENCC in /IFPlA/. Some Case Control Cards only change 

cells in /SYSTEM/ and do not need space in CASECC. 

2. Addition (or change) of a Key Word. 

To add another key word simply 1 engthen /IFPlA/ by the number of new wor,ts, changing the 

IFPABD Block Data subprogram. The same procedure will allow you to change the spelling of a 

current keyword. 

3. Identification of Card Type. 

In IFP1 there are approximately 70·1ogica1 IF statements in a row. Simply add another one 

modeled after the existing statements with the new key word. 

4. Addition of Card Dependent Code. 

Add a small internal subroutine to process the new card. The simplest form of such an 

internal routine is to extract one integer from a card of the form SPC = 1, In this case 

set 11 IK11 to the word assigned to the card in CASECC and transfer to the common code for this 

purpose. There are many examples of more complex cards under each card type. Changing these 

card dependent areas of code allows easy modification of existing card types. 

5. Restart Implications 

See the subroutine description for IFP1B in the Module Function Description for IFPl for a 

description of the restart functions of IFP1. 
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6.5 THE BULK DATA DECK 

The module which processes the Bulk Data Deck is the Input File Processor (IFP), whose 

Module Functional Description can be found in section 4.5. There are two primary reasons for 

adding or modifving a bu1k data card. First, a new structural e1ement or some other item is to 

be added to the NASTRAN system. This.will require additional code in several other modules 

besides the Input File Processor (IFP)i however, only IFP changes will be discussed here. 

Second, an alternate form of user input is desired for an already existing item. For example, 

the SPC1 card is an alternate form of the SPC card. In some cases, an alternate form can be 

accommodated on the same care. An example of this technique is found on the SP0INT card. The 

advantage gained in this case is that changes to the NASTRAN system are isolated to the Input 

File Processor. 

There are three major references for the progranmer who desires to make modifications or 

additions to the Input File Processor. Section 2 of the User 1s Manual gives a functional 

description of each bulk data card. Section 2.3.2 of the Progranmer 1s Manual describes the 

format of the out~ut data blocks generated by the Input File Processor, and section 4.5 of the 

Programmer's Manual contains a description of the processing flow which occurs within IFP. Any 

programmer responsible for making changes to the Input File Processor would be well advised to 

select a card which is similar to the one he is changing or implementing and "follow it through" 

the code, using the three references described above to guide him. 

In most cases, the work required to add a new card will amount to adding entries to already 

existing tab}es in the IFt Block Data subprograms. The detailed steps ·for adding a new card to 

the Input File Processor are listed below. 

1. Add the card name and corresponding table data to the IFP data tables contained in 

Block Data Subprograms IFX1BD, IFX2BD,. IFX3BD, IFX4BD, IFX5BD, IFX6BD, and if needed, 
. 

IFX7BD. The meaning of these entries is discussed in section 4.5.7. 

2. Add an entry in the IFP code to call one of the IFP secondary routines IFS1P, IFS2P, 

IFS3P, or IFS4P, wherein the card dependent processing takes place, and add the necessary 

c~rd dependent code to the appropriate secondary routine. 
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3. If the new card is to be used in conjunction with a Rigid Format, appropriate entries 

must be made in the restart bit tables in /IFXO/ and in the Rigid Format tables. See 

section 1.10 for details. 
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6.6 RIGID FORMATS 

The following steps will allow the addition of a new NASTRAN Rigid Fonnat. 

1. Compile and test the DMAP sequence thoroughly by running problems on it using APP DMAP 

or by using the ALTER feature with an existing Rigid Fonnat. 

2. All Rigid Formats must be classified F0RCE or DISPLACEMENT. A call to a subroutine which 

stores the new Rigid Format must be added to subroutine XRGDFM of module XCSA (see Section 

4.2). The subroutines which conta;n current Displacement Rigid Formats are called LDi, 

i = 01, 02, .•. , 15. The subroutines which contain current Heat Transfer Rigfd Formats are 

called LD21, LD22, and LD23. The subroutines which contain current Aeroelastic Analysis 

Rigid Fonnats are called LD45 and LD46. Dummy calls are already setup for Displacement Rigid 

Formats LD47-LD50. They correspond to solutions 47 through 50. By choosing to use solutions 

47 through 50 and creating the appropriate LDi routine, this step can be skipped. 

3. An LDi routine must be written. The LDi routine must write the DMAP sequence, the 

Decision Tables, the File Name Table, and the Card Name Table on the NPTP. The fonnat 

is as follows: 

Record 1: 

This recorcl contains the coded DMAP sequence, 4 characters per word. Note that every 

DMAP instruction must end with the character: $. In the existing LDi programs the data for 

this record are stored in the RD array. 

Record·2: 

Number of 
Words 

1 

1 

!~BIT*DMAP 

Contents 

Number of DMAP instructions (NDMAP}. 

Number of words in the decision table for each DMAP 
instruction (NBIT}, l ~ NBIT ~ 5, 

Decision table for each instruction with the entries for 
ir.structions not in this subset set to :zero. The words 
cannot be all zero. The zeroing of the subset entries 
can be accomplished by a call to XSBSET. (See XCSA MFD 
write-up}. In the existing LDi programs, this table is 
stored in the IS1 array. 

Number of entries in the File Name Table (NFILE). This 
number may be zero if no File Name Table is desired. 
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3*NFILE 

3*NCARD 
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Contents 

File Name Table - Each entry consists of 2 BCD 
words giving the data block name of any data 
block in the Rigid Format and one integer giving 
its bit position in the Decision Table. In the 
existing LDi programs, the File Name Table is stored in 
the JNM array. 

Number of entries in the Card Name Table (NCARD). 
This number may be zero if no Card Name Table is desired. 

Card Name Table - Each entry consists of 2 BCD words 
giving the card Name of any NASTRAN Data Card and 
one integer giving. its bit position in the Decision 
Table. In the existing LDi programs, the Card Name Table 
is stored in the INM array. 

To modify an existing rigid format the appropriate tables (Decision, Card Name, File Name or 

DMAP) should be changed. Their locations in the existing LOi routines are detailed above. 
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6.7 FUNCTIONAL MODULES 

A functional module communicates with the NASTRAN Executive System, and hence indirectly with 

other functional modules, only through its input data blocks, its output data blocks and its 

DMAP parameters. Hence a modification to a functional module which disturbs neither its output 

data blocks nor its DMAP parameters can be made without changing any other functional modules. 

If a modification to a functional module affects its output data blocks or its DMAP parameters, 

it must be determined (by referring to section 4, Module Functional Descriptions, of the Pro­

grammer's Manual and/or section 3, Rigid Formats, of the ~.ser's Manual} what modules use these 

output data blocks and DMAP parameters as input. If these modules are numerc-us, or if the 

changes to them are very extensive, it may be more profitable to write a new module(s) to 

accomplish the task at hand. 

To add a functional module to the system three changes must be made: 1) update the Module 

Properties List (MPL), the Executive table which contains the (DMAP) name of the module, the 

number of input data blocks, the number of output data blocks, the number of scratch data bloc~s 

and the DMAP parameter list (see the description of the MPL in section 2.4 for more details); 

2) update the Link Specification Table (LNKSPC), the Executive table which contains the (DMAP) 

name of the module, the module's entry point name and the link residence keys for the four machine 

types (see the description of the LNKSPC table in section 2.4 for more details); and 3) update 

one or more link driver routines, XSEMi, (see section 3.3.7) so that the module is called from 

one or more links. Steps 2 and 3 have been automated within the NASTRAN system. These auto­

mateci procedures are described in sections 6.11.3.1 and 6.11.3.2 respectively. 4) Add the modules 

to the overlay structure for the appropriate link(s). The means of accomplishing this task is 

machine dependent, but a basic picture of the module and its subroutines and their relationships 

to other NASTRAN subroutines should be drawn. An updated Link Map such as those in section 5 

should be made. 5) To actually add the module section 5 must be consulted for the particular 

computer which NASTRAN is operating on. 

In addition considerable number of documentation changes must be made. These are described 

briefly for each manual. 

l} Programmer's Manual: 

A new subsection for section 4.0 must be written to describe the module. The various table of 

contents and indexes must be updated including sections 4.1.2 and 4.1.3. The overlay maps in 
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section 5 must be updated. 

2) User's Manual: 

FUNCTIONAL MODULES 

If the module is to be a "user module" it should also be documented in section 5 of the User's 

Manual. Any new error messages must be documented in section 6. The module name should be added 

to the dictionary in section 7. 

3) Theoretical Manual: 

No additions are required here unless the module has some significant analytic developments which 

need to be documented. 
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6.8 ADDING A STRUCTURAL ELEMENT 

6.8.1 Introduction to the Problem 

This section defines the programming interfaces necessary to add a new structural element 

to NASTRAN. We assume the reader of this section has: 

1. A good working knowledge of F0RTRAN IV 

2. Experience in programming on a large-scale scientific computer, including use of 

overlays. {Preferably this experience has been on one of the computers on which NASTRAN 

is operational: IBM 360, 0S; UNIVAC 1108, Exec 8; or CDC 6600, SCOPE 3.0) 

3. A working knowledge of matrix algebra, viz., addition, multiplication and inversion 

of matrices 

We also assume the reader has had prior experience with neither structural analysis nor the 

NASTRAN program. Furthermore, we assume that a structural analyst has written mathematical 

specifications for a structural element, and that the reader must design, code, and checkout 

NASTRAN F0RTRAN subroutines that conform to these mathematical specifications. 

6.8.1 .1 Introduction to Structural Analysis 

A scientific programner must gain a minimal understanding of the physics and mathematical 

techniques involved in the application at hand. The following paragraphs, condensed from 

section 3 of the Theoretical Manual, give this minimal analytical background. 

From a theoretical viewpoint, the matrix equat~on 

[K]{u} = {P} (1) 

completely describes the formulation of a static (the most basic) structural problem. [K] is 

called a stiffness matrix, {P} is called a load vector and {u}, the unknown of the equation, 

is called a displacement vector. NASTRAN generates [K] and {P} from available information about 

the structure. Once Equation 1 has been formed, it is solved for each specified loading condi"G1on. 

Stresses in the structural elements and other desired results are then obtained from {u} by a set 

of data recovery operations. 
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NASTRAN embodies a lumped element approach, i.e., the distributed physical properties of a 

structure are represented by a model consisting of a finite number of idealized substructures or 

elements that are interconnected at a finite number of points. All input and output data pertain 

to the idealized structural model. 

The idealized structural model in NASTRAN consists of "grid points" (G) to which "loads" (P) 

are applied, and at which degrees-of-freedom are defined, and "elements" (E) that are connected 

between the points, as shown in Figure 1. Two general types of grid points are employed. They 

are: 

1. Geometric grid point - a point in three-dimensional space at which an arbitrary number of 

components of displacement and rotation are defined. The location and orientation coordinates 

of each grid point are specified by the user. Components of displacement and rotation can 

be eliminated as degrees-of-freedom by means of "single-point constraints". 

2. Scalar point - a point in vector space at which one degree-of-freedom is defined. A 

geometric grid point contains from one to six scalar points. Scalar points may exist 

that are not associated with grid points. Such points can be coupled to geometric grid 

points by means of scalar structural elements and by constraint relationships. 

The structural element is a convenient localizing concept for specifying many of the pro­

perties of the structure, including material properties, mass distribution and some types of 

applied 1oads. Structural elements are defined on "connection" cards by referencing the grid 

points to which they are interconnected. In a few cases, all of the information required to 

generate structural matrices for the element is given on the connection card. In most cases, 

the conr~ction card refers to a "property" card, on which the cross-sectional properties of the 

element are given. Adding a new structural element to NASTRAN necessitates designing and imple­

menting a new connection card and, if defined, a new property card. 

There are four general classes of structural elements: 

1. Metric elements connected between geometric grid points. Examples include rod, 

plate, and shell elements. 

2. Scalar (or zero-dimensional) elements connected between pairs of scalar points, 

or between one scalar point and "ground". Since each geometric grid point contains a number 
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Figure l. Topology of the idealized structural model. 
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of scalar points corresponding to specific components of motion, scalar elements can be 

connected between selected components of motion at geometric grid points. 

3. General elements, whose properties are defined in terms of deflection influence 

coefficients (i.e., compliance matrices), and which may be interconnected between any 

number of geometric and scalar grid points. An important application of general 

elements is the representation of large components of structure by test data. 

4. Constraint elements (or Constraints). The existence of a constraint element implies 

a linear relationship among the degrees-of-freedom to which it is attached. This 

relationship is of the form 

(2) 

where ug are degrees-of-freedom and· Ye 1s an enforced displacement. A linear relationship 

among the forces of constraint is also implied, since it is required that the forces of 

constraint do no work. 

The remainder of this section will concentrate on class 1, metric elements, and, from this 

point on, the phrase "structural element" or simply "element" shall mean metric structural ele­

ment as defined above. 

6.8.1.2 General Problem Flow 

.. 

NASTRAN consists of a number of subprograms, or modules, that are executed according to a 

sequence of macro-instructions. The NASTRAN Executive System (NES) controls the flow of this 

sequence. Twenty such sequences, called Rigid Formats, are permanently stored in NES and can be 

selected by means of control cards. Each rigid format corresponds to a particular type of 

structural analysis. Detailed explanations of each rigid format can be found in Section 3 of the 

User's Manual. 

Since a stiffness matrix [K] must be generated for all rigid formats, structural elements 

interact with all twenty rigid formats. However, if the reader has a minimal understanding of 

rigid format l, Basic Static Analysis; rigid format 4, Static Analysis with Differential Stiffness; 

and rigid format 6, Piecewise Linear Analysis; then he will have enough background to add a new 
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element. Rigid formats 4 and 6 are minor variations of rigid format 1. Therefore, if all the 

module changes for rigid format l have been completed, only a few additional modules must be 

changed to add the new element to the differential stiffness and piecewise linear analysis ele­

ment libraries. With these points in mind, the following subsection discusses the Basic Static 

Analysis rigid format in some detail. 

6.8.1.2.1 Basic Static Analysis 

Figure 2 shows a simplified flow diagram for Basic Static Analysis. Each block in the flow 

diagram represents a number of NASTRAN modules .. Not every module has to be changed to add an 

element. Those that do have to be changed are called element-dependent; those that do not have 

to be changed are called element-independent. 

In block 1 of Figure 2, the Input Data Processor, as the name implies, reads and analyzes 

the information on input data cards and reorganizes it into data blocks consisting of lists of 

similar quantities. NASTRAN input data cards reside in three separate decks: the Executive 

Control Deck, the Case Control Deck and ;he Bulk Data Deck. Section 2 of the User's Manual . 
describes the contents of each of these decks. The reader need only be concerned with the Bulk 

Data Deck, for it is in this deck that the new element's connection. and property information will 

be found. The Input File Processor (IFP) module analyzes each card of the Bulk Data Deck for 

correctness of format and distributes the data in the Bulk Data Deck to various data blocks. The 

primary function of the Executive Control Section Analysis (XCSA) module is to read and analyze 

the cards in the Executive Control Deck. XCSA also contains tables necessary for problem restarts, 

and it is in these tables that updates must be made. Detailed explanations of IFP and XCSA 

changes will be found in Sections 6.8.3.l and 6.8.3.2, respectively. 

In block 2 of Figure 2, the Geometry Processor generates coordinate system transfonnation 

matrices, tables of grid point locations, a table defining the structural elements connected to 

each grid point, and other miscellaneous tables such as those defining static loads and tempera­

tures at grid points. The Geometry Processor consists of: Geometry Processor - Phase 1 (GPl); 

Geometry Processor - Phase 2 (GP2); Geometry Processor - Phase 3 (GP3); and the Table Assembler 

(TA1). Section 6.8.3.3 explains Geometry Processor interfaces which are minimal. 

6.8-5 (8/1/72) 



MODIFICATIONS AND ADDITIONS TO NASTRAN 

The Structures Plotter generates tape output for an automatic plotter that will plot the 

structure (i.e., the location of grid points and the boundaries of elements) in one of several 

available three-dimensional projections. The Structures Plotter is particularly useful for the 

detection of errors in grid point coordinates and in the connection of elements to grid points. 

The Structures Plotter may also be used at the end of the program to superimpose images of the 

deformed and undeformed structure. The Structures Plotter consists of the Plot Set Definition 

Processor (PLTSET) module and the Structural Plotter (PL0T) module. 

The Structural Matrix Assembler generates stiffness, mass, and damping matrices referred to 

the grid points from tabular information generated by. the Input File Processor and the Geometry 

Processor. NASTRAN uses the mass matrix in static analysis for the generation of gravity lo~ds 

and inertia loads on unsupported structures. The assembly of the structural matrices is per­

formed in the Element Matrix Generator (EMG) which calculates the separate stiffness, mass. and 

damping matrix partitions for each element. the Element Matrix Assembler (EMA) which assembles 

the partitions, and the Structural Matrix Assembler - Phase 3 (SMA3), which generates stiffness 

matrix contributions from general elements. Since we are not concerned with general elements 
~ 

(see Section 6.8.1.1). progranrning interfaces in SMA3 are not discussed. Section 6.8.3.5 

discusses the EMG/EMA interfaces. 

In block 5 of Figure 2, the stiffness matrix is reduced to the form in which its matrix 

equation is finally solved through the imposition of single-point and multipoint constraints, 

and the optional use of matrix partitioning. No element-dependent code exists in block 5. 

In block 6 of Figure 2, the Static Solution Generator - Phase 1 (SSGl) module generates 

load vectors {Pi} from a variety of sources: concentrated loads at grid points; pressure loads 

on surfaces; gravity loads; temperature loads; and enforced deformations. The only types of 

loads that will concern the reader are thermal and enforced deformation loads, both of which 

are calculated using the stiffness properties of the structural elements. However. thermal and 

enforced deformation loads do not exist for all elements. The SSGl interfaces are discussed in 

Section 6.8.3.7. Module SSG2. which is element-independent, reduces the load vectors {Pi} to 

final form by the application of constraints and matrix partitioning. 
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Figure 2. Simplified f1ow diagram for basic static analysis. 
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In block 7 of Figure 2, the solution for the independent displacements {ui} is accomplished 

in two steps: decomposition of the stiffness matrix [K] into upper and lower triangular factors; 

and solution for the {ui} corresponding to the specific load vectors, {Pi}' by means of successive 

substitutions into the equations represented by the triangular factors of [K] (the so-called 

forward and backward passes). Module~ RBMG2 and SSG3. both of which are element-independent, 

accomplish this solution. 

In block 8 of Figure 2. module SDRl, which is element-independent. determines dependent 

displacements. The internal forces and stresses. in each element are then computed in the Stress , 

Data Recovery - Phase 2 (SDR2) module from knowledge of the displacement components at the grid 

points of the elements and the intrinsic structural equations of the element. SDR2 programming 

interfaces are discussed in Section 6.8.3.8. 

Finally in block 9 of Figure 2, the Output File Processor (~FP) module formats the element 

forces and stresses that were computed in SDR2 for printing on the system output file. ~FP 

interfaces are discussed in Section 6.8.3.9. 

6.8.1.2.2 Static Analysis With Differential Stiffness 

Figure 3 shows a simplified flow diagram for rigid format 4, Static Analysis with Differential 

Stiffness. A comparison between Figures 2 and 3 shows that the first eight blocks of Figure 2 

and 3 are identical. 

Contributions to the differential stiffness matrix are not defined for all elements currently 

in NASTRAN. and they may not be defined for a new element. The differential stiffness matrix, 

which is a first order approximation to large deformation effects. is a function of the most 

recently iterated displacement. Functional Module, DSCHK, (see Section 4.121) performs differen­

tial stiffness calculations based on user-supplied iteration parameters. The solution strategy 

basically involves a load adjustment (the "inner" loop) in order to satisfy iterated displacements 

within a specified convergence criteria. 
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Figure 3. Simplified flow diagram for Static Analysis with Differential Stiffness. 
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6.8.1 .2.3 Piecewise Linear Analysis 

Figure 4 shows a simplified flow diagram for rigid format 6, Piecewise Linear Analysis. In 

piecewise linear analysis, solutions are obtained for structures with nonlinear, stress-dependent, 

material properties. The load level is increased to its full value by small increments, such 

that stiffness properties can be assumed to be constant over each increment. After each increment 

the combined strains in nonlinear elements due to all load increments are used, in conjunction 

with stress-strain tabular functions, to determine the appropriate stiffnesses for the next load 

increment. Piecewise linear analysis is not defined for all elements currently in NASTRAN and it 

may not be defined for a new element. 

Blocks 1 through 4 of Figure 4 are identical to blocks 1 through 4 of Figures 2 and 3. 

Blocks 4A and 48 are performed by the Piecewise Linear Analysis - Phase 1 (PLAl) module. PLA1 

classifies all elements as linear or nonlinear. An element is said to be linear if its modulus 

of elasticity E, defined on a MATl bulk data card, is n.Q1 defined to be stress-dependent on a 

TABLESl bulk data card. PLAl generates the linear stiffness matrix usi'ng the element routines of 

the SMA1 module, and the nonlinear elements comprise the ESTNL and ECPTNL data blocks. The ESTNL 

and ECPTNL data blocks, used subsequently in modules PLA3 and PLA4 respectively, have tbe same 

general formats as the EST and ECPT data blocks from which they are derived. PLAl reads the 

EST and ECPT, and, for each element entry, appends stress information about the element. Modules 

PLA3 and PLA4 update the appended stress information each time these modules are executed in the 

. loop that extends from block 5 to block 21 in Figure 4. Section 6.8.3.ll discusses PLAl interfaces. 

Block 5 in Figure 4 is identical to block 5 i~ Figures 2 and 3 and is element-independent. 

Block 6 contains module SSGl, which is no different in this rigid format from the two previously 

discussed. Block 17 is element-independent, and block 7, identical to block 7 in Figures 2 and 3, 

is also element-independent. 

Block BA denotes module SDRl which is, as indicated above, element-independent. Note that 

the SDR2 module, block SB, is outside the loop. 
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B1ock 18 denotes module PLA2 which is element-independent, and in block 19 the stresses in 

the nonlinear elements are computed in the Piecewise Linear Analysis - Phase 3 (PLA3) module. 

This module is similar to the element stress data recovery portions of the SDR2 module. PLA3 

interfaces are discussed in Section 6.8.3.12. 

In block 20 of Figure 4, the Piecewise Linear Analysis - Phase 4 (PLA4) module generates 

the stiffness matrix associated with the nonlinear elements. PLA4 is very similar in structure to 

SMA1, and PLA4 interfaces are discussed in Section 6.8.3.13. 

B1ock 21 completes the Piecewise Linear Analysis rigid format loop. The module here adds 

the linear stiffness matrix, which is constant throughout the loop, to the nonlinear stiffness 

matrix, which varies each time through the loop. 

6.8.1 .3 Summary 

Summarizing Section 6.8.1, we have seen that: 

1. NASTRAN embodies a lumped element approach wherein the distributed physical properties 

of a structure are represented by a model consisting of a finite number of idealized sub­

structures or elements that are interconnected at a finite number of points. 

2. The reader, who is an experienced FORTRAN scientific progralll!ler, who knows the basics 

of matrix algebra but knows little or nothing about structural analysis, must design, code 

and checkout subroutines that will add the· capability of a new element to the NASTRAN 

element library. 

3. A major component of NASTRAN is an Executive System which controls the sequence of 

module executions according to options specified by the user. 

4. Certain of the modules in NASTRAN are element-dependent and hence must be changed. 

5. Some element-dependent modules have to be changed substantially; other element-dependent 

modules have to be changed only either to update tables, whose definitions are isolated to 

Block Data programs, or to skip element-dependent data which will not be used in certain 

modules (e.g., if differential stiffness and piecewise linear analysis are not defined for 

the element, no substantial changes need be made to DSMGl and the piecewise linear analysis 

modules). The modules that have to be changed substantially are: IFP, SMAl, SMA2, S0R2 and 

6.8-12 (8/1/72} 



ADDING A STRUCTURAL ELEMENT 

~FP. Those modules which are in the second category are: XCSA, the Geometry Processor 

modules, PLTSET, SSGl • DSMGl. PLAl, PLA3 and PLA4. 

6.8.1 .3.1 Modules Which Must be Changed 

The following summary lists the names of the modules that must be changed, the section of the 

Programmer 1 s Manual that describes the module, the purpose of the module, and the reason for the 

change. 

l. Name and Reference: Input File Processor (IFP); Section 4.5 

Purpose: To read and analyze the infonnation on input data cards that 

define the mathematical model of the structure; and then to 

distribute these data items to data blocks consisting of lists 

of similar quantities. 

Reason for Change: When adding a new element, the user must define a connection 

card and, in most cases, a property card. He defines structural 

elements on connection cards by referencing the grid points that 

define the boundary of the element, (e.g., see the CR~D card in 

section 2.4 of the User's Manual). In most cases, the connection 

card refers to a property card, on which the cross-sectional 

properties of the element are given (see the PR0D card in section 

2.4 of the User's Manual). In a few cases, the connection card 

gives all the information required to generate the structural 

matrices for the element. 

2. Name and Reference: Executive Control Section Analysis (XCSA); Section 4.2 

Purpose: To read and analyze the Executive Control Deck; also it contains 

tables for problem restarts. 

Reason for Change: The names of the new connection and property cards must be added 

to the Card Name Tables, which are a subset of the restart tables. 

3. Name and Reference: Geometry Processor, consisting of modules GPl, GP2, GP3, and TAl; 

sections 4.21, 4.22, 4.25, and 4.26, respectively. 
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For GPl, to generate the coordinate system transformation 

matrices; for GP2, to convert external grid point numbers on con­

nection cards to internal numbers; for GP3, to process static loads 

and temperature data; for TAl, to process and collect element 

connection data, element property data, element geometry data, and, 

if applicable, element temperature data into two different data 

blocks for later processing. One data block, the Element Connection 

and Properties Table (ECPT), is used in matrix assembler modules 

SMAl, SMA2 and DSMGl; the other, the Element. Summary Table (EST), is 

used in load generation and element data recovery modules SSGl and 

SDR2. 

Reason for Change: Common block GPTAl must be updated. Descriptive information in this 

common block completely describes element interfaces in these four 

modules. 

4. Name and Reference: Element Matrix Generator (EMG); Section 4.124 

Purpose: To generate the element stiffness, mass, and damping partitions 

exclusive of general elements. 

Reason for Change: A subroutine. called an "element routine" which generates the 

element stiffness matrix for the new element must be coded. 

5. Name and Reference: Static Solution Generator - Phase 1 (SSGl); Section 4.41 

Purpose: To compute the static loads selected by the user. 

Reason for Change: Element-dependent code which generates load vector contributions 

due to thermal or enforced deformation loads must be added to SSGl. 

6. Name and Reference: Stress Data Recovery - Phase 2 (SDR2); Section 4.46 

Purpose: To recover internal forces and stresses in each element using 

the EST data block. 
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Reason for Change: Two element routines which recover element stresses and forces 

for the new element must be coded. 

7. Name and Reference: Output File Processor (~FP); Section 4.70 

Purpose: To format and print data prepared for output by other functional 

modules. 

Reason for Change: To incorporate formats for the element stresses and forces com­

puted in SDR2. 

8. Name and Reference: Differential Stiffness Matrix Generator - Phase l (OSMGl); 

Section 4.49 

Purpose: To generate the differential stiffness matrix. 

Reason for Change: If the added element is to have contributions to the differential 

stiffness matrix, a new element routine must be coded. 

9. Name and Reference: Piecewise Linear Analysis - Phase 1 (PLA1); Section 4.52 

Purpose: To partition all elements into two classes, linear and nonlinear; 

and to build the data blocks ESTNL and ECPTNL. which are similar 

in fonn to the EST and ECPT, and which are used in modules PLA3 

and PLA4 respectively. 

10. Name and Reference: Static Solution Generator - Heat (SSGHT); Section 4.105 

Purpose: To generate nonlinear corrective heat loads for elements involved 

in heat transfer analysis. 
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Reason for Change: If the new element is to be admissible to the class of elements for 

which piecewise linear analysis is defined, data that will be 

appended to the element's ECPT and/or EST entry to form its ECPTNL 

and/or ESTNL entry must be initialized. 

11. Name and Reference: Piecewise Linear Analysis - Phase 3 (PLA3); Section 4.54 

Purpose: To compute element stresses for nonlinear elements; to update the 

ESTNL data block with accumulated element stress information. 

Reason for Change: To code a new element routine which will compute stresses and update 

accumulated stress information for the element. 

12. Name and Reference: Piecewise Linear Analysis - Phase 4 (PLA4); Section 4.55 

Purpose: To generate the stiffness matrix for nonlinear elements; to update 

ECPTNL data block with accumulated element stress information. 

Reason for Change: To cod! a new element routine which will compute stiffness matrix 

contributions and update accumulated stress information for the 

element. 

6.8.2 General Guidelines 

Before proceeding with the details (given in section 6.8.3) of coding in each of the modules 

listed in section 6.8.1.3.1, this section gives general guidelines, some of which will be appli­

cable to all the modules to be changed, while some will be applicable to only a certain class of 

modules. 

6.8.2.1 F~RTRAN Rules 

As indicated in section 6.2 NASTRAN is written almost entirely in F0RTRAN IV. Since the 

program operates on three machines (IBM 360, UNIVAC 1108 and CDC 6600), the NASTRAN 

design team chose a subset of F~RTRAN IV to be the "language" for NASTRAN coding. To plan. for 

the· possibility that an element added locally will be incorporated into the global NASTRAN system 
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Table l gives the classification of the modules listed in section 6.8.1.3.1. 

Table 1. Classification of Modules to be Changed 

A. Data Processing Modules 

Function 

IFP Processes the Bulk Data Deck 

XCSA Describes the Card Name Table for problem restarts 

GPTABD(l) Describes connection/property characteristics of each 
element used by modules GPl. GP2. GP3. TAl. etc. 

PLAl Preprocessor for the Piecewise Linear Analysis rigid 
format 

~FP Formats and prints answers 

B. Structural Modules 

Function 

EMG 

SSGl 

SDR2 

DSMG1 

PLA3 

PLA4 

SSGHT 

Generates the element, mass, and damping stiffness 
matrices 

Generates load vectors 

Computes element stresses and forces 

Generates the differential stiffness matrix 

Computes element stresses for nonlinear elements 

Generates the stiffness matrix for nonlinear elements 

Generates heat loads for nonlinear heat transfer 

(l)GPTABD is a Block Data subprogram 
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(i.e., become operational on all NASTRAN computers) without unnecessary conversion problems, 

it is suggested that the programmer follow the NASTRAN F~RTRAN rules given in Section 6.2 for all 

module changes. 

6.8.2.2 Classification of Modules 

The modules in NASTRAN can be classified in many different ways. For the purposes of this 

section we classify the modules that must be changed to add a new element into two categories: 

data processing modules and structural modules. The data processing modules are those whose 

output data blocks are used either as input data. blocks to other data processing modules or as 

input data blocks to the structural modules. 0FP is also classified as a data processing module. 

The structural modules are those whose output data blocks are the matrices and vectors needed 

for the solution of the structural problem. 

6.8.2.3 Data Processing Modules 

We discuss the data processing modules with respect to the data blocks output from them. 

A data block is a set of data, a matrix or a table, occupying a file, which can be thought of as 

a logical F0RTRAN unit. Section 2 gives detailed descriptions of the formats of the data blocks 

that are used in the twelve NASTRAN rigid formats. The formats are independent of rigid format. 

Table 2 gives the data blocks needed for element generation along with their use as input to the 

structural modules. 

6.8.2.4 Structural Modules 

The structural modules perform the actual floating-point arithmetic operations to generate 

matrices and load vectors and to recover element stress and force data. The structural modules 

contain element routines that: a) receive their inputs from the module driver; b) perform matrix 

operations to generate element-dependent matrices or vectors; and c) transfer their outputs to the 

driver or a module utility routine so they can be incorporated into a data block. 

The structural modules are further classified into two classes: the matrix generation 

modules, consisting of EMG, DSMGl, and PLA4; and the load vector generation and data recovery 

modules. consisting of SSGl, SDR2, PLA3, and SSGHT. 
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Table 2. Data Blocks Needed for Element Generation 

Data Block Name Output From Module Input to Modules 

MPT IFP EMG, SSGl, SDR2, 
DSMGl, PLAl, PLA3, 
PLA4, SSGHT 

DIT IFP EMG, SSGl, SDR2, 
DSMGl, PLAl, PLA3, 
PLA4, SSGHT 

EDT IFP SSGl, SDR2, DSMGl 

CSTM GPl EMG, SSGl, SDR2, 
DSMGl, PLAl, PLA3, 
PLA4 

SIL GPl SSGl, SDR2, DSMGl, 
SSGHT 

GPTT GP3 SSGl, SDR2, DSMGl, 
SSGHT 

ECPT TAl DSMGl, PLAl 

GPCT TAl EMG, DSMGl, PLAl, 
PLA4 

EST TAl EMG, SSGl, SDR2, 
PLAl, SSGHT 

ESTNL PLAl PLA3 

ECPTNL PLAl PLA4 
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The matrix generation modules have the following common characteristics: 

1. They use double precision arithmetic. (Note: Single precision is allowed in EMG.) 

2. They use the following data blocks: MPT. DIT. and CSTM. 

3. They use the EST or ECPT data block (or a variation. the ECPTNL. in the case of PLA4). 

4. They use the utility routines GMMATD, INVERD. PREMAT and PRETRD. 

5. They generate the matrices using the partitions associated with each element. 

The load vector generation and data recovery modules have the following common 

characteristics: 

1. They use single precision arithmetic. 

2. They use the following data blocks: MPT. OIJ. EDT (except PLA3), CSTM, SIL, GPTT 

(except PLA3). 

3. They use the EST data block (or a variation, the ESTNL, in the case of PLA3) rather 

than the ECPT data block. 

4. They use the utility routines GMMATS. INVERS. PREMAT and PRETRS. 

6.8.2.4.1 The EST versus the ECPT 

The Table Assembler module (TAl), the last of the data processing modules to be executed, 

processes element connection data, element property data, element geometry data and, if applicable, 

an element temperature datum.· TAl merges these data into two different sorts for efficiency in 

subsequent processing. The Element Summary Table (EST) contains one logical record for each 

element type. For each element (record) in the EST, connection, property, geometry, and tempera­

ture data are grouped. The Element Connection and Properties Table is essentially the EST in a 

different sort. The ECPT contains one logical record for each grid or scalar point of the model. 

Each logical record contains EST data for each element connection to the grid or scalar point 

associated with the record. When the EMG/EMA sequence is used, the Gird Point-Element Connection 

Table (GPECT) is generated instead of the ECPT data block. The GPECT is identical to the ECPT 

data except that no property or geometry data is included. 
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The element matrix generator, load vector generation, and data recovery modules use the EST. 

The other matrix generation modules use the ECPT. Section 6.8.2.4.2.1 more fully describes the 

use of the ECPT. Table 3 shows the EST/ECPT data for a rod element. The last two columns give 

respectively the data block that contained the data and the bulk data card type where the user 

originally placed the data. 

6.8.2.4.2 Matrix Generation Modules 

The matrix [K] in Equation 1 of Section 6.8.1.1 is a global or system stiffness matrix. It 

is called global because it contains contributions from all structural elements of the mathematical 

model. On the other hand, associated with each element is an element stiffness matrix. The 

paragraphs below explain the relationship between element stiffness matrices and the global 

stiffness matrix. Although the remarks are directed towards stiffness matr.ices, they apply 

equally as well to mass and differential stiffness matrices. 

The stiffness matrix [K] for a structural element consists of a six-by-six matrix partition 

for each combination of the connected grid points. Each six-by-six partition relates the six 

degrees-of-freedom of two connecting grid points. For example, a R0D element connects two grid 

points "a" and "b". The element stiffness matrix partitions are [Kaa], [Kab]' [Kb 13 ] and [Kbb]. 

A triangular element (e.g., TRMEM) connects three grid points, and the element stiffness matrix 

consists of ni-ne six-by-six partitions: [Kaa]• [Kab]' [Kac]• [Kba]• [~b], [~c]. [Kea]• [Kcb] 

and [Kee]. Figure 5 shows the position of these partitions in the overall element stiffness 

matrix for triangular membrane and rod. Figure 6 shows the way in which six-by-six element 

stiffness matrix partitions are related to a global stiffness matrix. It shows a structure con­

sisting of four grid points and two elements, a triangular membrane and a rod. The six-by-six 

partition [K33] for the triangular membrane element is added to the six-by-six partition [K33J 

for the rod ~lement. The partitions [K14J, [K41 J, [K24J and [K42J are zero since no element 

connects either points l and 4 or points 2 and 4. Two methods are used to transmit the element 

matrixes: (1) in EMG, the partitions are assembled into an N-by-N matrix, as shown in Figure 5; 

(2) in OSMGl and PLA4, the individual six-by-six partitions are inserted separately. In either 

case, an insertion routine performs the task of assembling the partition into the structure 

matrices: 

'· / 
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Table 3. EST/ECPT Data for a Rod Element 

Word Item Type Data Block Card Type 

1 Element ID Integer ECT CR!lD 

2 Scalar Index for Grid Point A Integer ECT CR,0D 

3 Scalar Index for Grid Point B Integer ECT CR0D 

4 Material ID Integer EPT PR0D 

5 Area (A) Real EPT PR00 

6 Polar Moment of Inertia (J) Real EPT PR0D 

7 Torsional Stress Coefficient Real EPT PR00 
(C) 

8 Nonstructura1 Mass (MU) Real EPT PR0D 

9 Coordinate System ID for Integer BGPDT GRID 
Grid Point A 

10 X-Coordinate of.Grid Point A Real BGPDT GRID 

11 Y-Coordinate of Grid Point A Real BGPDT GRID 

12 Z-Coordinate of Grid Point A Real BGPDT GRID 

13 Coordinate $ystem ID for Grid Integer BGPOT GRID 
Point B 

14 X-Coordinate of Grid Point B Real BGPDT GRID 

15 Y-Coordinate of Grid Point B Real BGPDT GRID 

16 Z-Coordinate of Grid Point B Real BGPOT GRID 

17 Element Temperature Real GPTT TEMP 
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=> 
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I 

Rod element (2 grid points} 

Figure 5. Element stiffness matrix partitions for a triangular membrane and a rod. 
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triangular membrane--~~~~-+-~ 
element 

2 

2 3 4 

D D 6 
2 D 6 6 
3 D D ~ ~ 
4 

~ ~ 

Figure 6. A simple structure and the associated global stiffness matrix. 
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6.8.2.4.2.1 Generation of Matrices 

Since a structural element will affect terms in the global matrices only in rows and columns 

related to its interconnected grid points, each column i, say, (or row since the global matrices 

are symmetric) may be fonned using only elements connected to the grid point associated with 

column i. The DSMG1, PLA4, and the obsolete SMA routines form the global matrices six columns at 

a time. The data block that enables this to be done is the Element Connection and Properties 

Table (ECPT), output from the Table Assembler (TAl) module. Each record of the ECPT corresponds 

to a grid point (or scalar point) of the model, and, conversely every grid point (and scalar point) 

of the mode1 corresponds to a record of the ECPT. Th~ point to which a record of the ECPT cor­

responds is called the pivot point of the record. Each record contains the connection, property, 

geometry, and temperature data for all elements connected to the pivot point. Hence, data for an 

element will appear n times in the ECPT. where n is the number of points defining the element. 

To generate a particular six-by-six element stiffness matrix partition [Kij], it is often 

necessary to generate the entire element stiffness matrix [K]. However, only those partitions 

[Kij]' where i is the pivot point a~d j = l, 2, ••. , n (n being the number of grid points . 
defining the element), are useful for the current ECPT record being processed, i.e., are useful 

for the current columns (or column if the pivot point is a scalar point) being generated. The 

unused partitions are recalculated and used when j f i appears as a pivot point in a subsequent 

ECPT record. In the latest versions of NASTRAN, the entire matrix for each element is generated 

using the EST data block. The EMG module stores these matrices 0 and an associated dictionary 

(KDICT. MDICT. etc.) on random access file storage. The EMA module retrieves the matrix parti­

tions as they are ~eeded and assembles them into a stiffness, mass, or damping matrix. 

Although the matrices generated by EMG, EMA, DSMGl, and PLA4 are synmetric, NASTRAN 

generates complete columns and retains them for efficiency in succeeding matrix operations. This 

is necessary because all matrix operations are perfonned one column at a time (see Section 2 of 

the Theoretical Manual). Moreover, the availability of synmetric matrices by rows or columns is 

advantageous in some of the matrix operations. 
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6.8.2.4.2.2 Element Stiffness Matrix Partitions 

Although the actual equations for the element stiffness matrices are different for each 

element, they follow a definite pattern. The six-by-six element stiffness matrix partition, 

[Kij], for the six columns related to point j and the six rows related to point is given by 

where [Ti] and [Tj] are the global coordinate system orientation matrices associated with grid 

points i and j, and [Ke] is an element stiffness matri~ in a coordinate system that is element­

dependent. The matrices [Ti] and [Tj] are calculated from data in the CSTM data block, and [Ke] 

is calculated from: a) connection, property, geometry, and temperature data from the EST or ECPT 

data block; and b) material property data from the Material Property Table (MPT) and the Direct 

Input Table (DIT) data blocks. 

6.8.2.5 Utility Routines 

A number of utility routines are available to all the structural modules. The matrix 

generation modules use double precision versions of these routines; the locd vector generation 

and data recovery modules use corresponding single precision versions. These utility routines 

are: 

1. GMMATD - General Matrix Multiply and Transpose (Double Precision). Section 3.4.32 

describes GMMATD. A particular restriction is that all matrices in the. calling sequence 

are stored by rows. 

2. INVERD - In-core Matrix Inverse (Double Precision). Section 3.4.34 describes this 

standard matrix inversion routine. 

3. PREMAT (with secondary entry point MAT) - Material Property Utility (Single Precision). 

PREMAT stores portions of the MPT and DIT data blocks in core, and MAT retrieves them when 

called by an element routine. See Section 3.4.36. 

4. PRETRD (with secondary entry poin~ 'RANSD) - Utility for Modules that Use the CSTM 

Data Block (Double Precision). PRETRD reads the CSTM data block into core, and element 

routines call TRANSD to generate the matrices [T] in Equation 3. See Section 3.4.37. 
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Single precision versions of these routines exist for use in modules SSGl. SDR2, and PLA3, 

all of which use single precision arithmetic. These singl~ precision routines are: GMMATS, 

INVERS, and PRETRS (with secondary entry point TRANSS), and they are documented in Section 3.4.33, 

3.4.35, and 3.4.38 respectively. The outputs of the MAT routine are single precision, and the 

element routines of the double precision matrix generation modules store them in double precision 

cells or convert them to double precision via the DBLE function prior to arithmetic calculations. 

6.8.3 Specific Checklists 

This subsection contains specific checklists for the modules that must be changed to add a 

new element to NASTRAN. These checklists should be used in conjunction with the program source 

code and the NASTRAN documentation, particularly the Module Functional Descriptions in Section 4 

and the Structural Element Descriptions in Section 4.87. 

6.8.3.1 Input File Processor {IFP) 

An element _£onnection (e.g .• £.NEWEL) bulk data card must be designed and added to the set of 

admissible bulk data c~rds. An element .e_roperty card (e.g., .f.NEWEL) may have to be added. IFP 

processes both of these bulk data cards. 

There are four major references for the IFP progranrner: Section 2.4 of the User's Manual 

gives a functional ·description of each bulk data card; Section 2.3.2 of the Programmer's Manual 

describes the format of the output data blocks generated by IFP; Section 4.5 of the Programmer's 

Manual contains a description of the processing that occurs within IFP; and the source listings 

contain implemented element-dependent code. 

6.8.3.1.1 Card Design 

Before proceeding with the actual coding interfaces in IFP, it is necessary to discuss some 

aspects of the designs of the cards. 

The element mnemonic. minus the 11 C11 for "connection''. must be no more than six characters, 

so the entire mnemonic is less than or equal to seven characters. This restriction is necessary 

because the card may be used as a double-field card (see Section 2.4 of the User's Manual). A 

,· 
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similar restriction of course holds for the property card. For consistency and ease of use, 

follow the existing convention that the connection and property cards have the same mnemonic, 

except for the leading "C" and "P". 

On the connection card, field 2 must be the element identification number (a positive integer), 

and field 3 must be, if a property card is defined, th_e property identification number (a positive 

integer). The next fields are reserved for the grid point identification numbers (positive 

integers) for the connecting grid points. The order of the grid points on the connection card 

defines the positive orientation of the element. Othe~ connection information follows. If no 

property card is defined, the material identification number (again a positive integer) follows. 

Before card design is initiated, the reader should study existing connection cards documented in 

Section 2.4 of the User's Manual. 

Field 2 of the property card must be the property identification number (a positive integer). 

Field 3 is the material identification number (a positive integer) which will be used, during 

program execution, to reference a material identification number on a MATl, MAT2 or MAT3 

material property card. The remaining fields are used for the element properties, which for the 

most part are real numbers. Required element properties must be listed first. This is done so 

that if a continuation card(s) is necessary to define all the allowed properties, it may be 

possible to define all the requ-ired element properties for a particular application with only the 

first card (e.g., see the PBAR card). Additionally, those properties that may lead to ill­

conditioned element stiffness matrices or to operating system interrupts (division by zero, for 

example) should be re~tricted. Typical restrictions might be areas and thicknesses must be 

positive. 

6.8.3.1.2 Coding Changes 

IFP is, for the main part, table-driven. Entries in co111110n blocks control the card data 

processing. 

7 •. 

These entries are initialized in seven Block Data subprograms, IFXiBD, i • 1, 2, . ... 

After the reader updates the 51ock Data subprograms, he updates a computed-go-to statement 

which performs a branch on internal card identification number (one of the entries in the tables). 
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The statement number to which the branch is made is a call to one of the subroutines IFS1P, IFS2P, 

IFS3P or IFS4P, wherein card-dependent code must be added. Specific checklists follow. 

6.8.3. 1.2. 1 Block Data Updates 

1. The names (mnemonics) of the connection and property cards must be added to /IFPXl/, 

which is initialized in Block Data subprogram IFX1BD. The position of the names in this 

table defines the internal card identification number. Currently, over two-hundred (200) 

cards are defined. For the purposes of this discussion, let us assume that exactly two­

hundred (200) cards are defined. The new connection and property cards will then have intern, 

card numbers 201 and 202 respectively. The names must be defined as the first words of the I! 

array in IFXlBD. 

2. /IFPX2/, initialized in Block Data subprogram IFX2BO, contains two words per card type 

in the order of ascending internal card identification numbers. The first word of each pair 

gives the GIN0 output file number, and the second gives the approach acceptability flag 

(see Tables 1 and 2 in section 4.5). All connection cards are output on the GE0M2 data 

block, which for IFP purposes is designated file number 8; and property cards are output on 

the EPT data b 1 ock, which for I FP purposes is designated file number 2 •. We make the 

assumption for our present purposes that the element is acceptable for any problem approach: 

force, displacement or DMAP. Hence, the four words to be updated are: 8, 0, 2, O. These 

four words should be added to words 41 through 44 of the array I3 in IFX2BD. 

3. /IFPX3/, initialized in Block Data subprogram IFX3BD, contains two words per card type 

in the order of ascending internal card identification numbers. IFP uses the first word 

of each pair as the Conical Shell Problem flag; the second word contains the number of words 

to be output to the GIN0 output file. No element connection or property cards other than 

CC0NEAX and PC0NEAX are allowed for a Conical Shell Problem; all second words of the pairs 

in /IFPX3/ are set to zero. Hence, the four words to be updated are: -1, O, -1, o. These 

four words should be added to words 41 through 44 of the array I3 in IFX3BO. 

4. /IFPX4/, initialized in Block Data subprogram IFX4BD, contains two words per card type 

in the order of ascending internal card identification numbers. The first word of each pair 

is the smallest multiple of 4 greater than or equal to the number of required data items on 

the card, and the second word is 4 more than the smallest multiple of 4 greater than or equal 
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to the number of allowed data items on the card. Mathematically, let r be the required 

number of data items; let a be the allowed number of data items (r ~ a); let F be the value 

of the first word of the pair; and let G be the value of second word of the pair. Then: 

F = 4 [ r ; 4] and G = 4 + 4 [ ~] 

where [x] is the greatest integer~ x. For example, on the CBAR card (see Section 2.4.2 of 

the User's Manual), the data items on the continuation card are not required so that r = 8. 

Clearly, a= 16. Hence, F = 8 and G = 20. The four words must be added to words 41 through 

44 of the array I3 in IFX4BD. 

5. /IFPXS/, initialized in Block Data subprogram IFXSBD, contains two words per card type 

in the order of ascending internal card identification numbers. The first word of each pair 

is an index into /IFPX7/, and the second word is the field-2-uniqueness-check flag. For 

every bulk data card, each field except the first (the card mnemonic which is always BCD) is 

defined as either blank, integer, real. BCD. or double precision. An internal code has been 

established (0 = blank, 1 • integer, 2 •real, 3 • BCD, 4 • double precision, 5 • anything 

is pennitted). Hence, a string of integers each between O and 5 describes a card's fonnat. 

The length of the string is the number of fields allowed, including interior blank fields 

(e.g .• fields 2, 4 and 5 on a BAR~R card) but not including trailing blank fields. This 

string is contained in /IFPX7/, and the first word of the pair in /IFPXS/ is an index to the 

first word of this string. Before adding a new string, the reader should search /IFPX7/ to 

see if an existing string corresponds to the strings needed for the new "C" and "P" cards. 

We can make a check for duplicates in field 2 on both the "C" and "P" cards. We can do this 

because: (a) no duplicates are pennitted in the set of all element identification numbers 

(similarly for the set of proper~y identification numbers associated with an element type); 

(b) the Bulk Data Deck is sorted prior to IFP processing; and (c) IFP "looks at" two suc­

cessive cards at a time. 

6. /IFPX6/, initialized in Block Data subprogram IFX6BD, contains two words per card type 

in the order of ascending internal card identification numbers. IFP uses the two words as 

header information in the logical record associated with the card type (all the cards of one 

type are written in one logical record). The first word defines a card-type identification 

code, and the second word defines a bit position in a 96-bit "trailer." Modules that read, 
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via utility subroutine L0CATE, data blocks output by IFP use these two items. For the 

connection card, all the assigned card-type identification codes and trailer bit positions 

for GE0M2, which are listed in Section 2.3.2.2 must be searched and new unique ones chosen. 

The identification code can be any positive integer, but the trailer bit position must be 

between 1 and 96. A similar search and choice must be made for the two similar numbers for 

the property card that will reside on the EPT data block, documented in Section 2.3.2.5. 

7. /IFPX7/, initialized io Block Data subprogram IFX7BD, contains format code strings. 

See paragraph 5 above for details. 

6.8.3.1.2.2 Main Program and Card-Dependent Code Changes 

The Block Data subprograms having been updated, make the following changes: 

1. Update, in subroutine IFP, the computed-go-to statement which branches on internal 

card identification number. This statement follows the cormnent statement 

C CALL SEC0NDARY R0UTINE T0 EXAMINE EACH TYPE 0F CARD 

2. Add card-dependent code to one of the four card-dependent subroutines, IFSiP, 

i • 1, 2, 3, 4, 5. IFS1P processes most of the connection and property cards. Therefore, for 

consistency, the programner will probably choose it. Observe that the same code is used for. 

card types which are similar in format. The Bulk Data Card Descriptions in section 2 of the 

User's Manual in effect lay down the coding specifications. Observe that: 

a. The reader must update one of the three computed-go-to statements at the 

beginning of IFSiP (note that K is the internal card number, KX = K - 100, and 

KY • K - 200). 

b. The integer array M does not contain the card mnemonic, so that M(l) contains field 2, 

M(2) contains field 3, etc. 

c. N is the number of words to be written on the output file. It must be set in the 

card-dependent code. 

d. Mis EQUIVALENCEd to the real array RM which must be used for floating-point com­

parisons or operations. 

e. If the new card(s) has a format identical to an existing one, the reader might choose 

to use the existing code. 
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6.8.3.2 Executive Control Section Analysis (XCSA) 

XCSA is responsible for the transmission to the remainder of the program of the restart 

tables associated with the rigid format selected by the user. However, only a single portion, 

the Card Name Tables, of the restart tables must be updated. Each rigid format and its associated 

restart tables are stored in a subroutine. For rigid format i (i = 01, 02, ... , 09, 10, 11, 12), 

the routine name is LDi. 

Two entries must be updated in LDi, one for the new "C" card and one for the new "P" card. 

Assume the new "C" card is CNEWEL and the new "P" ca,rd is PNEWEL. Then the entries are: 

4HCNEW, 4HEL,..,"' 2 

and 

4HPNEW, 4HEL",..,. 3 

where ... denotes a BCD blank. The numbers 2 and 3 refer to bit positions of entries in a master 

execution mask (see Sections 3.i + 1.3.1, (f • 1,2, ••• , 12) of the User's Manual). These updates 

must be made after the last entry in the DATA statement for the array INM. All 12 LDi subroutine 

programs must be so updated. 

The last three statements in each LDi subroutine are: 

CALL WRITE (NPTP, INM, m, 1) 

RETURN 

END 

Change the argument min the CALL WRITE statement. The CALL WRITE statement writes n words 

of the INM array (onto the New Problem Tape, NPTP, with an end-of-record mark). The number m, 

which varies with the LDi routine, must be incremented by 6. 

6.8.3.3 Geometry Processor and Table Assembler Modules (GPl, GP2, GP3, and TAl) 

Data in corm,on block /GPTAl/ entirely controls processing of element data in GPl, GP2, GP3 

and TAl. Block Data program GPTABD initializes these data. Section 2.5.2.1 contains a description 

of /GPTAl/. When adding an element, the reader must change /GPTAl/ in the following ways: 
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Change 

Increase this word, the number of entries, 

by 1. Call this new number of element 

entries n. 

Increase this word, the pointer to the first 

word of the last element entry, by the number 

of words per entry, currently 24. 

Change 

Include the new element's connection card 

mnemonic, e.g., CNEWEL. 

Assign a new element-type identification 

number (this number should be n for consistency). 

·complete these items in accordance with 

definitions in Section 2.5.2.l. 

NOTE WELL: Structural modules that read the ECPT, EST, ECPTNL and ESTNL data blocks 

will use the new element-type identification number, n. Hence, this nurtDer must be 

determined and communicated early in the development process to all involved. 

6.8.3.4 Plot Processor (PL0T) 

If the element has special plotting requirements, subroutine LINEL should be updated. This 

routine defines and reads the element connection table (ELSETS) and creates the sequence of lines for 

drawing structural shapes. This routine is called because the number of Qrids is greater than four. 

If the element is not defined, no shape will be plotted. Additional tests on element type may also 

be made (e.g., the tetrahedron element) to call LINEL. Note that if the number of grids is 3 or 4 

the first and last point are drawn as connected. 

Element labeling for elements with more than four grid points, if desired, will need changes 

to subroutine ELELBL. Currently no labels are drawn since the plot would be too cluttered. 

If more than 20 or less than 1 grid points exist for the element, module PLTSET subroutine 

SETINP must be changed. This restriction is to reject point elements and protect arrays dimensioned 

at 20 throughout the PL0T module. 
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6.8.3.5 Element Matrix Generator (EMG) 

A principal interface in adding a new element is to occur in the EMG module where the 

element stiffness, mass, and damping matrix partitions are generated. The changes are of two 

kinds: the element driver routine (EMGPR0) must be modified to call the new element routine, and 

the new element subroutine itself must be added. Both single and double precision element 

routines may be included to be selected on user option. 
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6.8.3.5.1 Block Data and Module Driver Changes 

At least one change, and possibly a second, must be made to include a new element. These 

changes are: 

l. Update the array IG in block data TAlABD, which defines the overlay segment in which the 

new element routine is to reside. (The EMG overlay structure is illustrated in Section 5.) 

2. If the number of overlay segments for element routines must be increased, then the 

subroutine EMGS0C must be modified. 

The following changes must be made to module driver, subroutine EMGPR0, 

l. Update the computed-go-to statement at F0RTRAN statement which performs a branch on 

internal element-type identification number. For existing elements, that do not contribute 

to the stiffness matrix, e.g., C0NMl, insert a transfer to read the next element type. Most 

elements do contribute to the stiffness matrix, and for these elements a transfer is made to 

an element routine call statement. 

2. Insert a call to the new element stiffness matrix routine. This call must be followed 

by a transfer (G0 T0) statement to read the next element type. This call statement has, in 

general, no arguments. The element•s EST entry is passed to the element routine via /EMGEST/. 

The name of the element routine should use the element name (i.e., BAR) with a "D" or "S" 

appended to denote double or single precision arithmetic. 

6.8.3.5.2 Coding the Element Subroutine 

When coding the new element subroutine~ follow this check list: 

1. Document the element 1s EST entry at the beginning of th~ routine via comments. 

2. Maintain the order to F0RTRAN specification statements given in Section 6.2. 

3. Restrict the common block interfaces to the following: 

a. /EMGPRM/ Use the following test variables: 

Word Number(s) S,l!!!bOl ~ Oescrietion 

2 JC0RE Integer Location of first available word of 
open core 

3 NC0RE Integer Location of last available word of 
open core 
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16-18 

19 

20 

21 

22 
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Slmbol ~ Description 

STIFF Integer Indicates which type of matrices are 
MASS desired. 0 = not. 
DAMP 

M0DPREC Integer Indicates requested precision of 
output matrices 

ERR0R Logical To be set= .TRUE. if an error is 
encountered 

HEAT Logical .TRUE. if heat transfer matrices 
are desired 

C0UPMASS Integer = 1 if coupled mass desired 

Note: Only JC0RE and ERR0R may be modified by the element routine. If the sub­

routine uses open core, JC0RE should be incremented a corresponding amount. 

b. /EMGDIC/ Fill in the following integer data: 

Description Word Number(s) 

2 

3 

Symbol 

LDICT 

NGRIDS 

Number of words in element dictionary= 5 + NGRIDS 

Number of connected grid points (SIL; 0) 

4. Use the utility routines GMMATD, TRANSD, INVERD, and MAT. 

a. /MATI.N/ and /MAT0UT/. These are input and output data common blocks for the 

material property utility subroutine MAT (see Section 3.4.36). The outputs from MAT 

in /MAT0UT/ are single precision, and they must be stored in double precision locations 

prior to arithmetic computations. 

b. /SMAlDP/. This common block contains double precision variables which, for most 

programs, would be subroutine local variables. It is used so that open core (see 

Section 1.5) for SMAl can be as long as possible. The use of this common block implies 

that element subroutines are not reentrant. 

5. Generate M columns of the N-by-N full element matrix where N • number of grids times 

degrees of freedom. The output of matrix data is accomplished by the following subroutine 

cal 1: 

CALL EMG0UT(SDATA.DDATA.LDATA.E0E.0ICT.FILE.INPREC), where: 

SDATA,DOATA = Single or double precision array of the matrix data. Contains a set of 

matrix columns corresponding to one or more grid points (DDATA may be same array 

as SDATA). 
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LDATA = Number of matrix terms in SDATA or DDATA. 

E0E = End of element matrix data flag. If E0E > 0, the particular element matrix 

is finished. 

DICT(NDICT) = Element dictionary array, where NDICT = 5 + number of connected 

points. Set the following words: 

DICT(l) = ESTID = Internal element identification 

DICT(2) = Fonn of element matrix 

l = square, ful 1 

2 = diagonal 

DICT(3) = Order of element matrix (length of a column) 

DICT(4) = Component code word. Integer representation of encoded bits 

which indicate connected degrees of freedom. For instance, if 

components 1, 4, and 6 are the connected degrees of freedom for 

each grid point, the code word will be: 

0ICT(4) = ••• 000101001 2 

• 2° + 23 + 25 • 41 

OICT(S) • Damping constant. ge. (Only defined for stiffness matrices.) 

FILE = Integer with value 1, 2 or 3, indicating stiffness, mass or damping terms, 

respectively. 

IPREC = Precision of matrix data (1 = single, 2 = double). 

The element data may be output as partitions corresponding to one or more grid points. 

(The entire matrix may be output with one call to EMG0UT). The matrix is stored by columns, 

each corresponding to one component of a grid point, or length equal to all degrees of 

freedom connected to the element. The order of the rows and columns corresponds to the 

grid points, sorted on SIL values, and the components given in the value OICT(4). All 

grid points must have the same connected components. 

If the element subroutine coder has any questions or doubts, he should consult the 

listings of R00D, SCALED, and EMG0UT as general examples. 

6. For heat transfer analysis element matrices: 
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a. Test the logical variable HEAT in /EMGPRM/. IF .TRUE. perfonn the following. 

b. Use subroutine HMAT (see Section 3.4.73) to obtain conductivity and heat 

capacitance material data. 

c. Generate K (conductivity) and B (capacitance) matrices with one degree of freedom 

per connected point. 

d. Call EMG0UT for each matrix with: 

DICT(3) = NGRIDS 

DICT(4) = 

FILE = l(K) or 3(B) 

6.8.3.6 Static Solution Generator - Phase 1 (SSGl) 

. Subroutine EDTL (which has a secondary entry point, TEMPL) processes the EST data block one 

element at a time to compute temperature and enforced defonnation loads. When an element is added 

to NASTRAN, update EDTL whether or not temperature or enforced deformation loads are defined for 

the new element. If the element has thennal or enforced defonnation loading, the reader must code 

an element routine. If the element is used in heat transfer analysis, a heat input load (QV0L) 

may be applied to the element if code is added to the QV0L subroutine. 

Currently subroutine QV0L is called by SSGSLT. The total heat input (Q . volume) is divided 

equally between the connected points. The result is element independent. If additional elements 

follow the same rules, and have 8 points or less, modifications are simple. 
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6.8.3.6.1 EDTL Changes 

Make the following changes to subroutine EDL: 

l. Add an entry to the local array NECPT. NECPT(I) is the number of words in the EST 

entry for the element whose internal element-type identification number is I (recall I is 

set in GPTABD, see Section 6.8.3.3). 

2. Change the computed-go-to element type to reflect the new element. If the new element 

does not have thermal or deformation loads defined, insert a transfer (to FORTRAN statement 

number 610) to skip the entire EST record; if it does, change the computed-go-to statement 

so that it points to element-dependent code in EDTL. 

3. Add element-dependent code to EDTL which will: 

a. Read the EST entry into /TRIMEX/. 

b. Look-up the temperature at each grid point associated with the element. This look-up 

is accomplished via a call to subroutine FGPTT (see Section 4.41.11.27). 

c. Call the element routine, passing the temperatures at the grid points and the 

beginning of the load vector array (at C0RE(1)) through the calling sequence. 

6.8.3.6.2 Coding the Element Routine 

When coding the element routine follow this checklist: 

1. Same as No. 1 in Section 6.8.3.5.2. 

2. Same as No. 2 in Section 6.8.3.5.2. 

3. Restrict the conmen block interfaces to the following: 

a. /TRIMEX/. This block is 100 words in length and contains the element's EST entry. 

b. /MATIN/ and /MAT0UT/. These are used as input and output blocks for subroutine MAT. 

4. Perform all arithmetic operations in single precision. 

5. Use subroutine MAT to fetch material properties; MPYL and MPYLT are module utilities 

available for in-core matrix multiplication (subroutine GMMATS may alternatively be used); 

BASGLB and GLBBAS are module utilities that compute coordinate system transformation 
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matrices (TRANSS may alternatively be used). See Section 4.41 .11 for infonnation on MPYL, 

MPYLT, BASGLB and GLBAS. 

6. The scalar index numbers (internal degree-of-freedom numbers) in the element's EST 

entry are direct pointers into the load vector where the loading contributions should be 

added, i.e., the element routine does its own "insertion". 

7. ''Lift" as much code as possible from the element stiffness routine KNEWEL of module 

SMAl. 

6.8.3.7 Stress Data Recovery - Phase 2 (SDR2) 

The SDR2 module is divided into five stages. Two of the stages, stage III and stage V, deal 

with recovery of stress and force data for elements. In the following paragraphs, we will call 

these two stages phase 1 and phase 2, respectively. 

Phase l computes and saves on a scratch file for phase 2 processing element stress matrices 

along with element properties, which are dependent upon the element. Phase 2 uses the outputs 

of phase 1 in conjunction with displacement vectors {u1} to compute final stress and force data 

in the elements. 

Make changes to a module Block Data program and the driver routines for phase l and phase 2; 

also code two element routines, Sxxxxl and Sxxxx2, where "xxxx" are four letters of the element's 

mnemonic, e.g., xxxx might be NEWL. 

6.8.3.7. l Driver Routine Changes 

In subroutine SDR2B, the phase 1 driver, update the computed-go-to statement that performs 

a branch on element type, and add a call to Sxxxxl. 

In subroutine S0R2E, the phase 2 driver, update the computed-go-to statement, and add a call 

to Sxxxx2. To output complex stresses and forces, increase the dimension of the C0MPLX array, 

and add a pointer string for stresses and forces if one does not currently exist. If complex 

stresses and forces are not permitted, set the two C0MPLX pointers in Block Data subprogram 

containing /GPTAl/ to 0. 
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6.8.3.7.2 The Element Routines 

The following set of rules apply to both element routines: 

1. Same as No. in Section 6.8.3.5.2. 

2. Same as No. 2 in Section 6.8.3.5.2. 

3. Perform all arithmetic operations in single precision. 

4. Use the utility routines TRANSS and GMMATS. 

6.8.3.7.2. l The Phase l Element Routine Sxxxxl 

The following two items apply to the phase l element routine: 

1. Restrict the conrnon block interfaces to the following: 

a. /SDR2X5/. The EST entry is contained in /SDR2X5/. At the conclusion of Sxxxxl • 

/S0R2X5/ contains the outputs of the routine: stress matrices and miscellaneous 

element properties. Output the scalar index numbers of the EST entry for use in phase 2. 

b. /S0R2X6/. Use for scratch storage•. 

c. /MATIN/ and /MAT0UT/. Used by MAT. 

2. MAT is available to Sxxxxl. but not to Sxxxx2. 

6.8.3.7.2.2 The Phase 2 Element Routine Sxxxx2 

Tne following remarks apply to Sxxxx2: 

1. The common block interfaces are: 

a. /S0R2XX/. This block defines open core where the phase 2 driver stores the 

displacement vector. 

b. /SDR2X4/. Three words are used, the 35th, 38th, and 39th. Word 36 is an index into 

/SDR2XX/. It points to the first word of the displacement vector. Word 38 is an 

element loading temperature, and word 39 is an element defonnation. If thermal and 

deformation loading were not defined in SSGl, do not use these latter two words. 
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c. /S0R2X7/. This block contains the computed element stresses. The element identifi­

cation number, the first word of the EST entry, must always be the first word of 

/S0R2X7/. 

d. /SDR2X8/. This area is work space and varies in content for each element. 

2. The scalar index numbers are indexes to those components of the displacement vector 

6.8. 3. 7. 3 Heat Transfer "Stress Recovery" 

Data recovery for the elements in a heat transfer problem is done with three subroutines. 

If heat transfer calculations are added to other elements they may be processed with new routines 

(Phase 1 and Phase 2) or the element calculations may be added to SDHTFF, SDHTFl, SDHTF2 

subroutines. 

SDHTFl moves the EST data into a fixed data array /SDRX6/, calls the material routine HMAT. 

and calls SDHTFF to calculate the heat flow-temperature matrices. A new element would require an 

· addition to the "P0INTR" array and mi nor code changes. 

SDHTFF calculates the Phase 1 stress recovery matrices. All elements use a fixed output 

format (words 101-146 of /S0R2X5/. If more than 8 points are used, it must be changed. 

SDHTF2 is the general Phase 2 element output calculation routine. All elements at present 

have the same input and output data arrays, the only difference is the number of points (NSIL) 

and the dimension of the flow (1, 2 or 3). The basic equation for the gradients and flow vectors 

are 

{q} • [K]{\"/T} 

where the dimensions of Kare NQ x NQ and the dimensions of {C1} are NSIL x 1. 

The temperatures Ti are extracted from core T(I) • ZZ(IVEC- 1 + SIL(I)}. The output is 

placed in /S0R2X7/. 
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6.8.3.8 Output File Processor (0FP) 

0FP prints, with headings, element stress and/or force output. Each new element needs a 

unique heading and entries to describe the output format desired. This heading is in addition to 

the standard title, subtitle, and label that will be printed from information in the Case Control 

Deck. Page ejection is element-independent and automatic, with headings reprinted on each page 

of output until all data records have been printed. 

6.8.3.8. 1 0FP Design 

0FP is, like IFP, essentially table-driven. This technique allows 0FP to avoid many lengthy 

format statements. In 0FP standard format statements contain the headings, and the formats for 

the items data record are built from tables. 

Before modifying 0FP, the programmer should be familiar with the documentation references 

for 0FP, particularly those describing element stress and force output. Section 4.70 and the 

source listings for the subroutines described in that section are where the general descriptions 

for 0FP can be found. Sections 2.3.51 and 2.3.52 describe the specific makeup for element stress 

and force data blocks. 0FP will expect any new element type identification record to have a 

similar format as the other element types (see the description of record 1 in Section 2.3.28.15). 

0FP also assumes that the number, order, and type of the new element's data record(s) have been 

determined (see description for record 2 of Section 2.3.28.15). Normally, SOR2 has set these 

data records for 0FP depending-on the required output. The coding changes for 0FP will depend 

on a) the readings desired and b) the number, order, and type of items in the data record. 
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6.8.3.8.2 Adding the Headings 

New elements may require many different headings, such as forces for the real case, forces 

for the complex case, stresses for the real case, and stresses for the complex case. And then 

all of these cases can be in S0RT I or S0RT II format. Changes have to be made for each case. 

Each heading in 0FP consists of five lines of,output. Each line is printed by a separate 

write statement, so if any two lines are the same, then the same statement can be used. Thus, 

when the analyst and the progranmer are deciding on wording and spacing of the headings, they 

should lay them out in a consistent manner. They may be able to use existing formats for some 

lines. 

The basic heading pointer is contained in the doubly subscripted B array (see Section 

4.70.9). The actual line pointers are in the C array, and format statements in subroutines 0FP1 

and 0FP1A contain the output headings. The pointer to the B array is set in word 2 of each input 

identification record (record 1) (SDR2 has set this word correctly for the new element). The 

reader then computes CP0INT, where CP0INT is an index int~ the C array. To do this, word 2 of 

record 1 and the element-type identification number (see Section 6.8.3.3) are needed for each de­

sired type of output. The value of C(CP0INT) is a pointer into the D array, which will define 

the fonnat string for the data record. The values of the next five entries in the C array, 

(C(CP0INT + 1) to C(CP0INT + 5)) are used as numbers in a computed-go-to statement in 0FP1. Each 

of these five numbers refers to a write statement, which prints one line of the heading. 0FP1 is 

so large that the computed-go-to statement has been continued in 0FP1A. Thus, new fonnat state­

ments and write statements should be added to 0FP1A. As new write statements are added, the 

computed-go-to near the beginning of 0FP1A and the test for the maximum number of write statements 

must be updated. 
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6.8.3.8.3 Adding the Data Record Code 

C(CP0INT) is equal to DP0INT which is an index to the next available space in the D array. 

The D array is contained in the Block Data program 0FP1BD. The value of D(DP0INT) is a packed 

four-digit number. The right two digits give the number of output lines the data record will 

produce, and the left two digits give the number of data records used per line. If the left two 

digits are null, then only one data record is used per line. 

Values for entries D(DP0INT + 1) to a D(DP0INT + N), whose value is 0, define pointers to 

the E array or ESINGL array. Positive values point to the E array by the formula (S*D(DP0INT + I) 

- 5), where I varies from 1 to N. Negative values in the D array are used as pointers into the 

ESINGL array by the formula ID(DP0INT + 1)1. Both the E array and the ESINGL array are contained 

in the Block Data program 0FPSBD. Both of these arrays contain pieces of a format statement, 

and the programmer strings the pieces together to space and place the data items correctly under 

the heading. The programmer can use the pieces that are listed or add more. The only rule is to 

exclude the ending comma from any piece of a format statement. In general, all the necessary 

format pieces to describe a line of a data record are included in the E and ESINGL arrays. 

6.8.3.9 Differential Stiffness Matrix Generator - Phase 1 (DSMGl) 

The element interfaces with OSMGl are in two phases. Phase l reads the ECPT data block and, 

for each element, appends displacement vector components of the associated grid points, an average 

element loading temperature, and an element deformation. Phase 1 writes this appended ECPT entry 

onto a scratch file which has the same general format as the ECPT. Phase 2 processes the scratch 

file in a fashion similar to ECPT processing in SMAl, so the differential stiffness element routines 

reside in the phase 2 portion of the module. 

6.8.3.9.l Phase 1 Changes 

When appending the components of the displacement vector to the ECPT element entry in sub­

routine DS1, either append the three translational components of displacement at each grid point 

or append all six components of displacement at each grid point. The test for this determination 

is made immediately after F0RTRAN statement number 300. 

If an element type is not in the differential stiffness set (DSARY(I)=O), phase 1 does not 

write its ECPT entry on the scratch file. 
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6.8.3.9.2 Phase 2 Changes 

Change the computed-go-to statement in subroutine DSlA that performa a branch on element­

type identification number, and insert a call to the new element routine. Name the new element 

routine DNEWEL. The computed-go-to statement is DSlA need not be changed if the element is not 

in the differential stiffness set. 

6.8.3.9.3 Coding the DNEWEL Subroutine 

When coding the new element subroutine, follow this checklist: 

1. Document the element's appended ECPT entry at the beginning of the routine via comments. 

2. Same as No. 2 is Section 6.8.3.5.2. 

3. Restrict the common block interfaces in DNEWEL to the following: 

a. /DSlAAA/. The first word is the pivot point, NPVT. 

b. /DSlAET/. This block is 100 words in length and is the means of communicating the· 

element data from the ECPT data block to the element subroutines. Since the data in 

/SMAlET/ are mixed (real and integer), an EQUIVALENCE must be used. 

c. /MATIN/ and /MAT0UT/. These are input and output data common blocks for the 

material property utility subroutine MAT (see Section 3.4.36). The outputs from MAT 

in /MAT0UT/ are single precision, and they must be stored in double precision locations 

prior to arithmetic computations. 

d. /DS1ADP/. This common block contains double precision variables which, for most 

programs, would be subroutine local variables. It is used so that open core (see 

Section 1.5) for SMAl can be as long as possible. The use of this common block implies 

that element subroutines are not reentrant. 

4. Make a test to ensure that the scalar index number (internal number for a grid point) 

for one of the connecting grid points matches the pivot point, NPVT. 

5. Perform all arithmetic operations in double precision. 

6. Use the utility routines GMMATD, TRANSD, INVERD and MAT. 

7. Call DS1B (Section 4.27.8.3) to "insert'' the six-by-six matrix partitions. 
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6.3. 10 Piecewise Linear Analysis - Phase 1 (PLAl) 

Make the following changes to module PLAl if the added element is to be admissible to the 

set of elements for which Piecewise Linear Analysis is defined. 

l. Change the computed-go-to statement (on element-type identification number), which 

reflects whether an element is in the set of elements for which Piecewise Linear Analysis 

is defined. 

2. Add element-dependent code which initializes stress information appended to the ECPT 

and EST data blocks. The commented code in PLAl along with the descriptions in Sections 

2.3.34.3 and 2.3.34.4 for the ESTNL and ECPTNL data blocks respectively serve as models 

for the addition of this code. 

3. Update the local array, PLAARY. PLAARY(I) = l if the Ith element type is an element 

for which Piecewise Linear Analysis is defined, and PLAARY(I) = 0 otherwise. 

PLAl uses the SMAl module environment so the SMAl element routines may be called to make 

contributions to the linear stiffness matrix. Hence all of the common blocks of SMAl must be 

available to PLAl. Also the majority of the subroutines, including Block Data program SMAlBD, 

of module SMAl must be available to PLAl. The only subroutines of SMAl not needed are SMAl, SMAlA 

and DETCK (see Figure 13 in Section 5.2). 

6.8.3.11 Piecewise Linear Analysis - Phase 3 (PLA3) 

The element interfaces with PLA3 are in two phases. Phase 1, accomplished in subroutine 

PLA3l, reads the ESTNL data block and, for each element, appends displacement vector components 

corresponding to the grid points of the elements. The output of phase 1 is a scratch file of 

appended .ESTNL data to be processed in phase 2. Subroutine PLA32, the phase 2 driver, reads the 

scratch file and calls element routines which compute stresses and which update the accumulated 

stress data in the ESTNL entry. 

6.8.3. 11.l PLA3l Changes 

Make the following changes to subroutine PLA31: 

l. Update the local arrays ESTWOS, which defines the number of words to be read from the 

ESTNL data block for each element, and NGPTS, which defines the number of grid points for 

each element. Both arrays are ordered by the internal element-type identification number 

defined in /GPTABO/ (see Section 6.8.3.3). 
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2. When appending the components of the displacement vector to the ESTNL element entry, 

either append the three translational components of displacement at each grid point or append 

all six components of displacement at each grid point. The default value is three. If six 

components per grid point are desired, update the logical IF statement between statement 

numbers 20 and 30. 

6.8.3. 11.2 PLA32 Changes 

Make the following changes to subroutine PLA32: 

1. Update the array ESTWDS, as defined in Section 6.8.3.12.1; the array NSTWDS, which 

defines the number of words per element written on the ~NLES data block; and the array 

NWDSP2, which defines the number of words per entry in the scratch file. These arrays are 

ordered by element-type identification number. 

2. Change the computed-go-to statement which performs a branch on element-type identifica­

tion number, and insert a call to the new element routine, PSNEWL. 

6.8.3. 11.3 Coding the PSNEWL Subroutine 

When coding PSNEWL, follow this checklist: 

1. Document the element's appended ESTNL entry at the beginning of the routine via comments. 

2. Same as No. 2 in Section 6.8.3.5.2. 

3. The conmon block interfaces are: 

a. /PLA32E/. Contains the element's appended ESTNL entry. 

b. /PLA32S/. Scratch block for variables local to PLA3 element routines. 

c. /PLA32C/. Contains two words GAMMA and GAMMAS, corresponding toy and y* defined 

in Equations 2 and 3 of Section 4.54. 

d. fS0UT/. Contains the computed element stresses in the order expected by 0FP. The 

first word of /S0UT/ must be the element identification number, which is always the first 

word in the element's appended ESTNL entry. 

e. /MATIN/ and /MAT0UT/. Input and output blocks for subroutine MAT. 
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4. Perform all arithmetic operations in single precision. 

5. Use utility routines MAT, GMMATS, TRANSS, and INVERS. 

6. After completion of the computations and prior to returning to PLA32, update the element 

routine, in the cells assigned to them in /PLA32E/, the new updated stress information. These 

updated data are used the next time PLA3 is executed. 

7. Some of the code in PSNEWEL might be taken from subroutine KNEWEL of SMAl and subroutines 

SNEWLl and SNEWL2 of SDR2. 

6.8.3.12 Piecewise Linear Analysis - Phase 4. (PLA4i 

PLA4 has t1'lo phases. Phase 1, incorporated in subroutine PLA41, reads the ECPTNL data block, 

and, for each element, appends displacement vector components of the associated grid points. The 

appended element ECPTNL data are written on a scratch file in a format that is the same as that 

of the ECPTNL. The phase 2 driver, PLA42, processes the scratch file in a way similar to ECPT 

processing in SMAl, calling element routines which in turn generate stiffness matrix partitions of 

the nonlinear stiffness matrix. 

6. 8. 3. 12.1 Phase 1 Changes 

Make the following changes to subroutine PLA41. 

1. Update the local arrays NW0RDS and NGPTS. NW0R0S(l) is the number of words read from 

the ECPTNL data block for the Ith element type, and NGPTS(I) is the number of grid points 

associated with the Ith element type. 

2. When appending the components of the displacement vector to the ECPTNL element entry, 

either the three translation components of displacement at each grid point or all six 

components of displacement at each grid point can be appended. The default value is three. 

If six are to be appended, then ~xpand the logical IF statement: 

IF (ELTYPE. EQ. 34) NWOS = 6 

located between statement numbers 20 and 30. 
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6.8.3.12.2 Phase 2 Changes 

Make the following changes to Block Data subprogram PLA4BD and subroutine PLA42. 

1. Change the /PLA42C/ variables I0VRLY, NW0RDS, and possibly NLINKS in PLA48D. The 

explanations in Section 6.8.3.5.l of the variables of the same names in /S~~lCL/ apply 

here as we 11 . 

2. In DLA42, update the local array NWDSP2, which defines the number of words per element 

entry to be written on the ECPTNL output data block. 

3. Change the computed-go-to statement in PLA42 which performs a branch on element-type 

identification number, and insert a call to the new element routine, PKMD·IL, following this 

computed-go-to statement. 

6.8.3. 12.3 Coding the PKNEWL Subroutine 

When coding PKNEWL, follow this checklist: 

1. Document the element's appended ECPTNL entry at the beginning of the routine via comments. 

2. Same as No. 2 in Section 6.8.3.5.2. 

3. PKNEWL corrmon block interfaces are: 

a. /PLA42C/. The first word, NPVT, is the pivot point. The next two words are the 

same as GAMMA and GAMMAS in /PLA32C/ (see Section 6.8.3. 11.2, paragraph 3(c)). 

b. /!''LA42E/. Cc.ntains the element's appended ECPTNL entry. 

c. /PLA42D/. Scratch block for variables local to PLA4 element routines. 

d. /MATIN/ and /MAT0UT. Input and output blocks for MAT. 

4. Same as No. 4 in Section 6.8.3.9.2. 

5. Same as No. 5 in Section 6.8.3.9.2. 

6. Same as No. 6 in Section 6.8.3.9.2. 

7. Subroutine PLA4B performs the insertions (see Section 4.55.8.3). Insert only those 

six-by-six partitions corresponding to the pivot point. 
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8. After completion of the computations and prior to returning to PLA42. update, in the 

cells assigned to them in /PLA42E/, the new updated stress information. These updated data 

are used the next time PLA4 is executed. 

9. Some of the code in PKNEWL might be taken from subroutine KNEWEL of SMAl and subroutines 

SNEWLl and SNEWL2 of SDR2. 

6.8.3. 13 Static Solution Generator - Heat Transfer (SSGHT) 

If an element is used to generate a heat transfer conductivity matrix, it must be added to 

the SSGHT module for calculation of corrective heat flows for temperature-dependent conductivity. 

In the present code all elements are processed with two routines. each performing a separate 

calculation step. 

The nonlinear calculations involve two phases. Subroutine SSGHTl reads the EST data and sets 

up the call to HMAT, the material routine. If the material is nonlinear, the basic element data 

is converted to a corrrnon format in /EST0UT/ and written for subsequent use. The contents of this 

table may vary for different elements since only the SSGHT2 routine will use the data. The 

contents of /EST0UT/ for existing elements are: 

Element ID 

Subroutine type (1-dimensional, 2-dimensional, asyrrrnetric) 

Name of element (2 words} 

Scalar indices (s 8 words) 

Material ID 

Area factor 

Orientation angle 

Grid point locations (3 x 8 matrix) 

Reference material data (6 words) 

The Element Summary Table (EST) is read and the type of element is tested. If the element 

is accepted, the EST data is simply moved into the common format in /EST0UT/, the reference 

material data is extracted by calling the MAT routine and added to /EST0UT/. and the block 

(45 words) is written on a scratch file (FILE) provided by the main routine. 

Subroutine SSGHT2 uses the element data created by SSGHTl and the current solution tempera­

ture vector in core (UNI= u~) to create a nonlinear correction load {oP} by the equation: 
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where [K(T
0
)] is the conductivity matrix evaluated as .in the EMG module using the original 

material, and [K(Ti)] is evaluated at the correct temperature. For most of the elements 

( 1 ) 

(2) 

where G(T
0

) is given in the /EST0UT/ data, G(Ti) is evaluated at the current temperature, and [CJ 

is a constant matrix. 

The resultant loads oPi on each point i are added to core in the position 

oP(IG) = oP(IG) + oP(I) (3) 

where IG + SIL(I). 

To add a new element, the basic tasks are to add code to SSGHTl to write the necessary 

element data on the scratch file, and add code to SSGHT2 to generate {oP} from Equation (1). It 

is suggested that additional elements be coded as separate subroutines, called by SSGHTl and 

SSGHT2, and overlayed to save critical core space in this module. 
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6.8.4 Updating the NASTRAN Manuals 

Concurrent with coding and check out, update the NASTRAN manuals. Updating will apply to 

the three principal manuals, Theoretical, User's and Programmer's. If demonstration problems are 

formally devised, updates to the Report on the Demonstration Proclems may be desired. However, 

only ~he interfaces with the three principal manuals wi11 be discussed here. 

The NASTRAN manuals have been designed to accorrvnodate future additions and modifications. 

Each major section (e.g., Section 6 of the Programmer's Manual) stands alone with its own page 

numbers, equation numbers, figure numbers and table numbers, so that new sections can be added 

without significant disruption. In the following paragraphs, each major section of each of the 

three manuals will be examined to determine whether or not an update will be necessary. 

6.8.4.l The Theoretical Manual 

The major sections in the NASTRAN Theoretical Manual are numbered up to 17. However, Section 

6 has been reserved for future development. Although the structural analyst and not the program­

mer will probably update the Theoretical Manual, the following paragraphs, preceded by major 

section nurrbers, identify material that might be updated in that section. 

2. No updates. The matrix operations discussed in this section are the system matrix 

operations routines and not the in-core matrix subroutines used by element routines. 

3. Only Section 3.8.4, Element Algorithms for Piecewise Linear Analysis, is an update 

candidate. The new element may or may not (the membrane elements currently incorporated 

in NASTRAN are not admissible to piecewise linear analysis) be analyzed in the piecewise 

linear analysis rigid format. 

5. This section is the primary candidate for updating. For existing elements, the dis­

cussion in this section falls short of a complete presentation of all the equations imple­

mented in the program. (Section 8 of the Progra1T111er's Manual contains the complete 
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equations for each element.) Note that neither differential stiffness nor piecewise linear 

analysis material is presented in this section; the fonner is discussed in Section 7, and the 

latter in Section 3.8. 

7. If the new element contributes to the differential stiffness matrix, a new major 

subsection must be written. 

14. The new element may involve special modeling techniques. If this is the case and the 

analyst decides it is worthy of note, a new major subsection might be added to Section 14 

rather than incorporating the special technique in Section 3.8, 5, or 7. 

15. Significant error analyses performed during program development might be incorporated 

here. 

6.8.4.2 The User's Manual 

The NASTRAN User's Manual contains seven major sections. The following paragraphs, preceded 

by major section numbers, identifies material that might be updated in that section. 

l. For each element in NASTRAN, Section 1.3 gives the mnemonics for the connection and 

(if defined) the property card; defines the basic structural and inertia properties of 

the element; describes the element coordinate system; lists the stresses and forces .in 

the element; and gives diagrams for the element coordinate system and direction of element 

forces and/or stresses. Update this section. 

2. Section 2.4.2 documents each NASTRAN bulk data card with a description. The connection 

card and, if defined, the property card must be documented. The design of these cards should 

be one of the initial tasks that the analyst and progra1T1T1er perfonn. 

3. Section 3 has 21 subsections. Section 3. l is an introduction, and Sections 3.2 through 

3.21 document each of the·NASTRAN rigid formats. Section 3. 1 does not have to be updated. 

Subsections 3.i. l and 3.i.2 (i = 2,3, ... , 21) do not have to be updated. If the new element 

has both lumped and coupled mass matrix options in module SMA2, then update the explanation 

for the C0UPMASS parameter in Sections 3.i.3 (i = 2, 3, 7, 9, 10, 15, 21) and 3.j.4 (j = 4, 

5, 6, 8, 11, 12, 13, 14, 16, 20). 
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4. If the new element can be plotted, then update the list of element types that can be 

specified on a SET definition card in the Structural Plotter request packet to reflect the 

new element's name. Additionally update the list of labels for element types that are for 

element-type identification. These lists are in Section 4.2.2. l. Update the tables of 

element-stress item codes and element-force item codes which are keys to what can be plotted 

with the XYPL0T module. These tables are at the end of Section 4.3.3. 

6. If the programmer and analyst find that a general user message related to elements.such 

as message 2026 in Section 6.2.3, does not fulfill their needs, they may choose to add a 

new message to subroutine MSGWRT or USRMSG. If this is the case, Section 6.2.3 must be 

updated. 

7. Assume the new element has the mnemonic NEWEL. Then add the following entries to the 

NASTRAN Dictionary: 

CNEWEL 

NEWEL 

PNEWEL 

IB 

IC· 

IB 

6.8.4.3 The Programmer's Manual 

New element connection definition card 

Requests structure plot for all NEWEL elements 

New element property definition card 

The NASTRAN Programmer's Manual contains nine major sections. The following paragraphs, 

preceded by major section numbers, identify material that might be updated in that section. 

2. Make the following changes to Section 2: 

a. Add the data on the new element connection card, CNEWEL, to the data block 

description for GE0M2, Section 2.3.2.2. 

b. Add the data on the new element property card, PNEWEL, to the data block 

description for EPT, Section 2.3.2.5. 

c. Update the data block description for EST, Section 2.3.8.1. 

d. If the new element is defined for piecewise linear analysis, update the data 

block description for ESTNL, Section 2.3.34.3. 
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e. If the new element is defined for piecewise linear analysis, update the data block 

description for ECPTNL, Section 2.3.34.4. 

f. Update the element stress and force output data descriptions in Sections 2.3.51 and 

2.3.52 respectively. 

3. If the material property options currently implemented in subroutine PREMAT, Section 

3.4.36, are inadequate for the new element and PREMAT is consequently modified, then update 

this section. 

4. Section 4 contains numerous subsections ·that must be updated, some extensively. They 

are: 

a. Update the index in Section 4.1.3 to include all the new entry points for element 

routines coded for EMG, SSGl, SDR2, DSMGl, fLA3 and PLA4. 

b. Update Tables l and 2 at the end of Section 4.5. 

c. Add a subroutine description for the new element matrix routine, e.g., NEWELD, to 

Section 4. 124. (Of course add two descriptions if both a lumped mass matrix and a 

coupled mass matrix routine are added.} 

d. For some elements (e.g., a triangular ring). SSGl incorporates thermal loading in 

an element subroutine; for others, entry point TEMPL of subroutine EDTL is used. If a 

new element routine is coded, add a subroutine description to Section 4.41.11. 

e. Add two subroutine descriptions for the new phase l and phase 2 stress data recovery 

element routines, e.g., SNEWLl and SNEWL2, to Section 4.46.8. 

f. For module DSMGl (Section 4.49): 

(1) Update the first paragraph of Section 4.49.7. 

(2) If necessary, update indented paragraph 6 in Section 4.49.7. 

(3) Add a subroutine description for the new differential stiffness matrix element 

routine, e.g., ONEWEL, to Section 4,49.8. 
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g. For module PLA3 (Section 4.54): 

(1) If necessary, update the second paragraph of Section 4.54.7. 

(2) Add a subroutine description for the new piecewise linear analysis 

stress data recovery element routine, e.g., PSNEWL, to Section 4.54.8. 

h. For module PLA4 (Section 4.55): 

(1) If necessary, update the second paragraph of Section 4.55.7. 

(2) Add a description for the new nonlinear stiffness matrix generation 

element routine, e.g., PKNEWL, to·Section 4.55.8. 

; . In Section 8, Structural Element Descriptions: 

(1) Update Table 1. 

(2) Add a new subsection to Section 8 to describe the equations used in the element 

routines for all structural modules. This section's introduction stated that it 

was assumed that a structural analyst has written mathematical specifications for 

the structural element. The analyst should write these specifications in a format 

similar to those in Section 8, that is, list the ECPT/EST input data; list 

coordinate system data obtainable _from the CSTM data block; define the material 

property assumptions and data; list the equations co1T111on to a1l element routines; 

list the equations specific to stiffness and mass matrix generation, thermal 

and enforced deformation loading, stress and force data recovery, differential 

stiffness matrix generation, and stress data recovery and stiffness matrix 

generation for piecewise linear analysis. 

5. Update the overlay diagrams in Section 5.2 as follows: 

a. Change link 8 to reflect the new element routines in EMG. 

b. Change link 5 if a new subroutine was added to SSGl. 

c. Change link 13 to reflect the new element routines added to SDR2, DSMGl. PLA3 

and PLA4. 
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6.8.5 Dummy User Elements (DUMl thru DUM9) 

A capability exists within NASTRAN which permits a user to enter his own element subroutines 

for purposes of generating stiffness and mass matrix contributions, thermal load contributions and 

for computation of various stress, force, etc. outputs. Through the use of ADUMi, CDUMi, and 

PDUMi (i = 1 to 9) bulk data cards, he may enter geometry, property and connection data as is done 

for any other NASTRAN structural element. The difference is that this input data is of a dynamic 

nature based on the parameters he enters via the ADUMi card. 

Thus a user who may have a structural element formulation not found within NASTRAN may, through 

the dummy e 1 ement capabi 1 i ty, imp 1 ement it into NASTRAN with a 1 ot 1 ess di ffi cu 1 ty than wou 1 d be 

the case of adding an entirely new element. 

The procedure for utilizing a durrmy element is: 

1. Create an element stiffness routine KDUMi modeled after an existing routine (e.g., 

subroutine KR0D) which will compute and output via insertion routines one 6x6 matrix for 

each connecting grid point with respect to the connected pivot point. (Each connected 

grid point becomes the pivot point independently, see Section 1.8). 

2. If desired, generate a similar routine MDUMi to compute the MASS matrix based on an 

existing routine (e.g., subroutine MR0D). 

3. If desired, generate a routine DUMi similar to an existing routine (e.g., R0D) to 

compute a thermal load or element deformation load. At present, the user must update sub­

routine EDTL by adding a call to SSGETD; this may change the parameters in the call to DUMi. 

4. If stress and/or force outputs are desired, generate two routines SOUMil and 

SDUMi2 similar to SR0Dl and SR002 to compute the stress and/or force outputs. 

5. For any of the above routines prepared (KDUMi, MOUMi, DUMi. SDUMil, and S0UMi2), a 

"Linkedit" run will be necessary to load these into the NASTRAN executable. 

In the design of these element routines the "user programmer" needs to understand the 

format of the EST table (see Sections 2.3.8.1 and 2.3.8.3). 

Note also common block table /GPTAl/. (See Section 2.5.2). 

Note also the above sections (see Section 6.8.1 through 6.8.4). 

6.8-58 (12/29/78) 



ADDING A STRUCTURAL ELEMENT 

All module code for the basic dummy elements has been provided in modules SMAl, SMA2, DS1, 

SSGl, and SDR2. 

As element routines do not use NASTRAN executive functions, the user programmer should, before 

attempting a linkedit of his element routines into the NASTRAN executable, do the following: 

1. Prepare a "load and go" environment which, e.g., simulates SMAl. This environment would 

contain a driver routine which would set up interface common blocks to the element routine 

KDUMi. KDUMi would call a dummy SMA1B insertion routine which might only print the matrices. 

2. Prepare similar environments for the thennal and stress data recovery functions. 

When the user-programmer feels he has element routines which are modeled correctly with 

respect to NASTRAN, a linkedit might be performed. Linkedits are in general non-trivial systems­

programmer's tasks with large overlay programs, and thus all work possible should be accomplished 

before this is attempted. 

Dummy output fonnats and headings are provided within NASTRAN. These encompass both real 

and complex (see Sections 2.3.51 and 2.3.52). 

Refer to subroutine descriptions in Section 3 for the following subroutines: 

1. GMMATO 

2. GMMATS 

3. INVERD 

4. INVERS 

5. PREMAT 

6. PRETRS 
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6.9 PRINTED OUTPUT 

The majority of the NASTRAN data scheduled for output are input to the Output File Processor 

(0FP) module. This module performs the actual formatting and outputting of the data. 

To implement additional output capability 1n the 0FP, the following ground rules should be 

observed in designing a data block intended to be input to 0FP for output to the system printer 

or punch unit. 

1. The data block's name, for consistency, should begin with an 11 '1) 11
, 

2. There should be one or more repeating record pairs, where the record pair is of the 

fo 11 owing form: 

WORD t1Qfil. DESCRIPTION 

1 Available for Data 

2 I Major ID 

3 I Minor ID 
Icenti fi cation 

4 I . Subcase ID Record 

5 

Available for Data 

9 (An odd-
numbered 

10 I Number of words Record) 

11 
per entry 

Available for Data 

50 

51 BCD 

32 Words Title .. 32 Words Subtitle 
32 Words Label 

146 BCD 

} Repeating data entries of the length specified in the Data Record 
preceding record. This record may be null but should (An even-
exist. numbered Record) 
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3. The Major ID is formulated depending on the data type as follows. 

a. For a new data type an integer should be selected which equals I, where I is a value 

one greater than the current number of accepted data types within 0FP. 

b. The Major IO then depends on the data classification 

Major ID 

I .. S0RT1 • Real 

1000 +I• S0RT1 - Complex 

2000 +I• S0RT2 - Real 

3000 +I• S0RT2 - Complex 

4. The Minor ID is optional to distinguish subclasses of the Major ID. 

With the data block format outlined above, the NASTRAN systems programmer may implement the 

new data formats within the current 0FP procedure by modeling from any current data type now 

handled by 0FP. · The current 0FP has dynamic formatting for the outputting of entries of the 

Data Record. However, if the progra1T111er is not .familiar with the five level pointer procedure 

used for the dynamic formatting, it is reco1T111ended that he implement logic to explicitly output 

the Data Record. 

0FP will, without modification, output new data blocks via the table print routine, TABPT. 
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6.10 PLOTIER OUTPUT 

Plotted output in NASTRAN is restricted to three modules: 1) the Structural Plotter (PL0T -

see section 4.24); 2) the XY Plotter (XYPL0T - see section 4.69); and 3) the Matrix Plotter 

(SEEMAT - see section 4.74). Each of these modules uses the NASTRAN plotter software package of 

utility routines, each of which is individually documented in section 3.4. 

6. 10. l Changes to the Plotter Software 

In order to add a new plotter to the NASTRAN plotter software, the following must be done: 

1) up to four (4) .!!!!'!.subroutines (AXISi, LINEi, TYPEi, WPLTi) must be written, where 11 i 11 is the 

internal index of the new plotter (see section 3.1 for the current values of i); and, 2) changes 

and/or additicns must be made to ten (10) existing subroutines (AXIS, FNDPLT, LINE, PL0TS0, SELCAM, 

SKPFRM, SYMS0L, TIPE, TYPFLT, TYPINT). 

InitialJy, it should be decided which of the four possible~ subroutines will be needed for 

the new plotter. For the most part, three will be the minimum: LINEi, TYPEi, WPLTi. If the new 

plotter has no typing capability, an existing subroutine, DRWCHR, will ,be used in place of TYPEi. 

It is strongly reconmended that the calling sequences of any new subroutines be the same as those 

of their existing counterparts. None of the four possible new subroutines should present much 

difficulty to the progranvner if he uses their existing counterparts as models. 

Subroutine AXISi need only be written if the following two conditions are true on the new 

plotter: 1) lines must be drawn generally as a series of short lines; and 2) there does exist a 

special plotter instruction permitting the drawing of a horizontal or vertical line without repre­

senting it as a series of short lines. Both of these conditions do exist for plotter 3 and may 

exist for plotter 10. If either one of these two conditions is not true for the new plotter, then 

LINE should be used in place of AXISi. 

Subroutine LINEi is always required. If the new plotter must be put into the line drawing 

mode before any lines can be drawn, LINEl, LINE2, LINE9 and LINElO should be used as models. If 

the new plotter is an incremental plotter, LINE4 should be used as the model. Otherwise, use 

LINE3 as the model. ln addition, LINEl, LINE2 and LINE3 represent lines as series of short lines; 

LINE9 and LINElO use only one plot command to draw a line of any length. 
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Subroutine TYPEi should be written if there is a typing capability on the new plotter. If 

the new plotter must be put into the typing mode before any lines can be drawn, TYPEl. TYPE2, 

TYPE9 and TYPElO should be used as models, Otherwise, use TYPE3 as the model. All characters 

should be vertically oriented and miniature in size. Each of the model subroutines has three 

important symbols initialized in a DATA statement: LSTCHR, NCHR and CHAR. LSTCHR is the index 

of the last legitimate character in the CHAR94 table (see section 2.5) available on the new 

pl otter. NCHR is the number of characters for which the character code on the new pl otter differs 

from the corresponding character code in the CHAR94 table. CHAR is a list of NCHR pairs of 

indices into the CHAR94 table: CHAR1 . is the index value of the character code which will pro-
.J 

duce the wrong typed character on the plotter. and CHAR2 . is the index value of the character 
.J 

code which will produce the correct typed character. One further note: some plotters have both 

a "typewriter" and "single-character typing" mode, The existing TYPEi subroutines use only the 

"single-character typing" mode. It is strongly reconmended that this policy-be- continued for all 

new p letters. 

Subroutine WPLTi is almost entirely dependent upon the structure of the plot corrmands for 

the new plotter. The existing WPLTi subroutines will help the programmer only insofar as the over­

all logic is concerned. Once the plot command is constructed. it is written using subroutine 

SWRITE. Some plotters also require special information at the beginning and/or end of each 

record on the plot tape. If this is the case with the new plotter. WPLT3, WPLT4. WPLT9 and WPLTlO 

contain the logic necessary to recognize the beginning and/or end of a plot tape record. In 

addition, all the existing WPLTi subroutines. except for WPLT4. generate fixed-length plot commands. 

This results in a simpler subroutine and also adapts easier to the computer-independent char­

acteristic of NASTRAN. It is therefore reconmended that this policy ·be continued. if at all 

possible, for all new plotters. 

Of the ten (10) subroutines to which changes and/or ad_ditions must be made, changes in six 

of the ten subroutines are dependent upon a) the internal index of the new plotteri and b) which 

of the four possible new subroutines have been written. These six (6) subroutines are: AXIS. 

LINE, SYMBIDL, TIPE, TYPFLT and TYPINT. In each there are one or two computed-go-to statements 

based upon the internal index of the new plotter which will have to be enlarged. Then corres­

ponding statements calling the new subroutines (AXISi, LINEi. or TYPEi) will have to be added. 

If an AXISi subroutine was not written for the new plotter, subroutine LINE should be called 

6.10-2 (12-1-69) 



PLOTIER OUTPUT 

from subroutine AXIS instead of calling AXISi. lf a TYPEi subroutine was not written for the new 

plotter, then subroutine DRWCHR should be called from subroutines SYMB0L, TIPE, TYPFLT and TYPINT 

instead of calling TYPEi. 

Subroutine FNDPLT relates the external plotter and model names with its internal plotter and 

model indices. There is a table within this subroutine which reflects this relationship. The 

programmer need only append the external name of the new plotter and/or an additional model name 

to an existing plotter, together with the corresponding internal plotter and model indices. In 

addition, the value of the variable NPLTRS will have to be incremented by one whenever a new 

external plotter name is added. 

Subroutine PL0TBD is a Block Data subprogram. Both the PLTDAT and SYMBLS tables (see 

section 2.5) must be expanded to reflect the addition of the new plotter. A new 20-word section 

must be appended to the PLTDAT table reflecting the physical characteristics of the new plotter, 

The values in this new section must correspond on a one-to-one basis with the values defined for 

the existing plotters. In addition, the buffer size defined for the new plotter must be a 

multiple of 60 characters if computer independency is to be preserved. A new 20-word section must 

be appended to the SYMBLS ta.ble. The first 11NSYM11 values in this new section are indices into 

the CHAR94 or CHRDRW tables (see section 2.5). These indices represent the special symbols used 

by the SYMB0L subroutine for the new plotter. 

A new section must be added to subroutine SELCAM. The function of the new section varies 

depending upon the requirements of the new plotter •. If the new plotter is a table plotter, a 

plot command should be generated to stop the plotter so that the operator can prepare for the 

next plot. If the new plotter is a microfilm plotter, the requested camera must be selected. 

Some plotters require a special "header" record at the beginning of each plot. If so, it must 

be generated in this subroutine. Again, the function of this subroutine varies depending upon 

the requirements·· of the new plotter, and as a result, the added section is very lik&ly to be 

entirely plotter-dependent. In addition, there are two computed-go-to statements (based upon 

the internal index cf the new plotter) which must be enlarged to reflect the new plotter. 

The last subroutine to which changes and/or additions must be made is SKPFRM. Its function 

is to skip a variable number of frames on a microfilm plotter, or to skip over the current plot 

on a drum plotter. If the new plotter is neither a microfilm nor a drum plotter, no new section 
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is needed. In either case, there is a computed-go-to statement (based upon the internal index of 

the new plotter) which must be enlarged to reflect the new plotter. If the new plotter is a 

microfilm plotter, the commands necessary to skip the frame(s) must be added to the subroutine 

(e.g., plotters 3 and 9). If the new plotter is a drum plotter, then the commands necessary to 

skip over the current plot must be added to the subroutine (e.g., plotter. 4). As with subroutine 

SELCA!~, any added section is very likely going to be plotter-dependent. 

Finally, an important word of caution to the programmer must be stated: if the computer and 

installation independence of the NASTRAN plotter software package is to be maintained, no existing 

software provided for his computer or installation ought to be used to accomplish the task of 

adding a new plotter to the NASTRAN plotter software package. This restriction prevents the 

direct usage of on-line plotters. NASTRAN does provide however for the indirect usage of on-line 

plotters as described in section 6.10.6. 

6.10.2 Changes to the PL~T Module, the Structural Plotter 

In order to add a new plotter to the NASTRAN structural plotter module, PL0T, only one 

subroutine need be altered: PLT0PR. This subroutine generates messages to the plotter operator. 

Probably the only message which should be added is one to identify the plotter for which the 

structural plots are being generated. There is a repertoire of other messages in this subroutine 

which should be general enough to apply to any plotter type. If additional messages are needed, 

the programmer must remember that the plotter operator is not normally a "programmer type". 

Hence he will be more apt to respond to messages written in his language than to messages written 

in programming terminology. In addition, there are several computed-go-to statements based upon 

the internal index of the new plotter. These will have to be enlarged to reflect the new plotter. 

6.10.3 Changes to the XYPL~T Module, the XY Plotter 

No changes are required within the XYPL0T module when adding a new plotter. However, a minor 

change is required in subroutine IFPlXY of the IFP module if and only if the new plotter uses the 

NASTRAN BCD plot tape, PLTl. If this is the case, the new internal plotter number which is gen­

erated by subroutine FNDPLT of the NASTRAN plotter software should be added to the F~RTRAN logical 

IF statement directly after the following comment in subroutine IFPlXY: 
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C 

C IF M0RE BCD PL0TTERS ARE ADDED EXPAND THE F0LL0WING TEST 
C 

6. 10.4 Changes to the SEEMAT Module, the Matrix Plotter 

No changes to the SEEMAT module are necessary when a new plotter is to be added since the 

plotter and model names are communicated to the module through the DMAP calling sequence (see 

section 4.74). 
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6. 10.5 Use of the NASTRAN Plotter Software in a New Module 

There exists in NASTRAN a self-contained computer-independent environment for creating plots 

on a large number of plotters. Currently three modules use this environment: 1) PL0T, the 

Structural Plotter; 2) XYPL0T, the XY Plotter; and 3) SEEMAT, the Matrix Plotter. In order for 

another module to generate plots in this same environment, it is essential that the module writer 

understand this environment. 

The NASTRAN plotting environment can be understood most easily if viewed as being composed 

of .fi!'.! parts: 1) parameter definitions; 2) parameter initialization; 3) plot initiation; 4) plot 

creation; and 5) plot termination. 

There is one DMAP parameter (passed through blank common) and two named common blocks in the 

parameter definition section of the NASTRAN plotting environment. The DMAP parameter is PLTNUM, 

the plot number of the last plot created, and is both an input and output integer value. The two 

named common blocks, with their symbolic contents, are as follows: 

C0MM0N/XXPARM/PBFS1Z,MEDIUM,BFRAMS,SKIP(4),XPAPSZ,YPAPSZ 

where: 

PBFSIZ • size of the· plot tape buffer (integer) 

MEDIUM • medium output request (integer, default value• 2) 

)

1 • film only 

• 2 • paper only 

3 • both 

BFRAMS • number of blank frames (on film only) between plots (integer, default 

value• 1) 

XPAPSZ • width of the paper (inches, for table plotters only) to be used (real, 

default value= 8.5 inches) 

YPAPSZ • height of the paper (inches, for table plotters only) to be used (real, 

default value= 11.0 inches) 

C0MM0N/PLTDAT/M0DEL,PL.0TER,REGI0N(4),AXMAX,AYMAX,XEDGE,YEDGE,SKIP(10),PCNTIN,CNTCHX,CNTCHY, 

SKIP(4),PLTYPE,PLTAPE,SKIP(2),FCNTIN 
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where: 

M0DEL = model index of the plotter to be used (integer. default value= 1) 

PL0TER = plotter index of the plotter to be used (integer. default value= 3 - the 

SC 4020 microfilm plotter) 

REGI0N = the region of the plotting surface (xmin• Ymin• xmax• Ymax) in which a plot 

AXMAX = 

AYMAX = 

XEDGE = 

YEDGE = 

PCNTIN = 

CNTCHX = 

is being created (real) 

width of the plotting surface less any borders (real) 

height of the plotting surface less any borders (real) 

width of the border on the left and right side of the plotting surface (real) 

height of the border on the top and bottom of the plotting surface (real) 

number of counts (plotter units) per inch of paper (real) 

the width (includes horizontal spacing between characters) of each printed 

or drawn character (real) 

CNTCHY = the height (includes vertical spacing between characters) of each printed 

or drawn character (real) 

PLTYPE = plotter type (integer) 

l 
:!:.,1 • microfilm plotter 

= :!:.,2 • table plotter 

:!:.,3 = drum plotter 

= {<O if no typing capability exists on tt:e plotter. 

>O if typing capability does exist on the plotter. 

PLTAPE • GIN0 file name of the plot tape (BCD) 

= { PLTl for an even parity plot tape 

PLT2 for an odd parity plot tape 

FCNTIN = number of counts {plotter units) per inch of film (real, FCNTIN = PCNTIN if 

the plotter is not a microfilm plotter) 

The usage and initialization of each of the variables listed above are detailed in the following 

descriptions of the four remaining sections of the NASTRAN plotting environment (see section 2.5 

for a more detailed description of /XXPARM/ and /PLTDAT/). 
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The parameter initialization section of the NASTRAN plotting environment involves initializing 

all the variables listed above for the. /XXPARM/ and /PLTDAT/ named common blocks, with the excep­

tion of MEDIUM and BFRAMS. First, the plotter and model indices (PL(ilTER. M0DEL) of the plotter 

to be used must be set by using subroutine FNDPLT: 

CALL FNDPLT (PLTTER,M0DELN,PLTID,M0DID) 

where: 

PLTTER = plotter index of the plotter specified in PLTIO and M0DID (integer, output) 

M0DELN • model index of the plotter specified in PLTID and M00IO (integer, output) 

PLTID(2) • 8 character name (4 characters per word, left-adjusted, with all remaining 

characters blank) of the plotter of interest (BCD, input). 

M0DID(2) = model identification of the plotter of interest. M0DIDi may either be 

numeric or BCD, depending upon the way in which various models are identified 

for the plotter of interest. If M00ID1 is BCD, it must be 4 characters, 

left-adjusted, with all remaining characters blank. (Integer and/or BCD. 

input and output). 

See section 3.1 for a list of current plotter and model names. 

Subroutine FNDPLT will attempt to match PLTID with an internal list of plotters available in 

the NASTRAN plotting environment. If no match is found, FNDPLT sets both PLTTER and M0DELN = O 

and immediately returns. Otherwise, FNDPLT will attempt to match M00ID with an internal list of 

models for the plotter of interest. If no match is found, a default model for the plotter is 

stored in M0DID. Then the corresponding plotter and model indices are stored in PLTTER and M0DELN. 

Generally, PLTID and M0DID will be provided by the NASTRAN user. It is suggested that the module 

writer set M0DI0(l) and M0DID(2) equal to zero before inserting the user supplied values for 

M0DID. This provides the user with the capability of defa1.1lting to a standard default model for 

his specified plotter by supplying no values for M00ID or by supplying a value only for M00ID(l), 

Having called subro~tine FNDPLT to determine the plotter and model indices, the module writer 

should then set PL0TER and M0DEL equal to PLTTER and M0DE!..N, respectively: 

PL0TER = PLTTER 

MODEL = M0DELN 
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Next, the remainder of the /PLTDAT/ named common block must be initialized. Subroutine 

PLTSET must be used to do this. PLTSET sets all the variables in /PLTDAT/, except M0DEL and 

PL0TER, to values dependent upon the plott~r index (PL0TER). In addition, if the plotter is a 

table plotter, AXMAX and AYMAX are also functions of the paper size (XPAPSZ, YPAPSZ). For this 

reason, if the current or default paper size is to be changed, it must be done before calling 

PLTSET. Finally REGI0N is initialized in PLTSET as follows: 

REGIQ'N(l) = a. 
REGI0N(2) = o. 
REGI~N(3) = AXMAX 

REGI0N(4) = AYMAX 

and the plot tape buffer size (PBFSIZ) in the /XXPARM/ named common block is initialized. 

This completes the parameter initialization section of the NASTRAN plotting environment. 

The next step is plot initiation. Once this step is initiated,~ of the parameters in either 

the /XXPARM/ or /PLTDAT/ named corrvnon blocks may be ·changed, except for MEDIUM, BFRAMS and 

REGI0N, without repeating the parameter initialization step. 

In the plot initiation step, the module writer must first ensure that the plot tape (PLTAPE) 

is indeed a physical tape. This can be done by using logical function TAPBIT. If the function 

result is .FALSE., the plot tape is not a physical tape and hence no plotting should be attempted 

by the module: 

IF (.N0T.TAPBIT(PLTAPE)) "no physical tape setup" 

Having verified the existence of a physical plot tape, an array of PBFSIZ words~ be provided 

for the NASTRAN plotting software as follows: 

CALL S0PEN ($n,PLTAPE,BUFFER,PBFSIZ) 

where: 

n = F0RTRAN statement number to which S0PEN is to return if PLTAPE has not been 

correctly initialized. 

BUFFER = an array of PBFSIZ full words. 
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Next, the plotter must be started. However, before doing this, the plot number (PLTNUM) 

should be incremented by one. In addition, this is the module writer's~ opportunity to change 

the medium request (MEDIUM) and the number of blank frames between plots (BFRAMS). To start the 

plotter, the module writer must call subroutine STPL0T: 

CALL STPL0T (PLTNUM) 

Subroutine STPL0T will select the proper medium (if appropriate), generate an identification plot 

(if necessary), and insert the specified number of blank frames (on film only). 

Having initiated a plot, the module writer must then create the plot. In the plot creation 

section of the NASTRAN plotting environment, there are seven (7) subroutines provided for various 

tasks: AXIS, LINE, PRINT, SYMB0L, TIPE, TYPFLT, TYPINT. An explanation of the calling sequence 

and purpose of each of these subroutines exists in section 3. It is essential that the module 

writer familiarize himself with the calling sequences and purposes.of these subroutines. In 

addition, ·it is just as essential that he also understand a certain amount of the philosophy which 

exists in these subroutines as a class. What follows is an attempt to explain this philosophy, 

together with pertinent suggestions. 

There are~ operating modes defined in these seven subroutines: 1) axis mode; 

2) straight line mode; and 3) typing mode. These three modes are totally independent of each other 

and are mutually self-exclusive. What this actually implies is that only~ mode can be active 

at any one point in time, Subroutine AXIS operates in the axis mode; subroutine LINE operates 

in the straight line mode; and subroutines PRINT, SYMB0L, TIPE, TYPFLT and TYPINT all operate 

in the typing mode, 

Each of these subroutines has a common argument, which is always the~ argument in each 

of the calling sequences. This argument (0PT) is used to initiate a mode (0PT=-l), operate within 

a mode (0PT=O), or terminate a logical subset of plot commands within a mode (0PT•+l), Only 

while operating within a mode (0PT=O) do any of the other arguments in a calling sequence have 

any meaning. For this reason, it is usually a good practice to use zeros for the other arguments 

when initiat1ng a mode or when terminating a logical subset of plot commands. 

It is strengly recommended that the set of all commands used to create a plot be grouped into 

logical subsets of commands, with each subset operating in only one of the three possible modes. 
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This does .!!21 mean that all axes or all lines or all typing be included in one subset of commands. 

In many cases it is more logical to create several subsets of axis commands or straight line 

commands. The module writer must call one of the subroutines which operates within the same mode, 

with 0PT=-1, so that the mode will be properly initiated, It is then recommended that, following 

such a subset of commands, the module writer again call one of the subroutines which operates 

within the same mode, with 0PT=+l, to terminate the subset of plot commands. An example of these 

recommendations is as follows: 

CALL TIPE (0 1010101 01-l) 

CALL PRINT ( •••••••• ,0) 

CALL TipE ( •••••••• ,0) 

CALL SYMB!3L ( ........ ,0) 

CALL TYPFLT ( •••••••• ,0) 

CALL TYPINT ( •••••••• ,0) 

CALL TIPE (0,0,0,0,0,+l) 

Generally, the module writer should avoid constantly changing plot modes. This is suggested 

for two reasons. First, some plotters operate very inefficiently in a mode switching environment. 

Second, should an error exist in either the software or hardware, it might be necessary to dump 

the generated plot tape. Interpreting this dump would generally be no easy task. However, if the 

idea of creating subsets of commands was used in generating the plot tape, the task of locating 

the command(s) causing the problem(s) would be eased considerably in most cases. 

All the subroutines used in creating a plot require that at least one of the arguments be the 

location of a point on the plotting surface. In each case, the point(s) must be specified as real 
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numbers already scaled to the plotter units. There is no general recommendation as to when this 

scaling should take place. In some cases, it would be more logical to perform all the scaling at 

once. In other cases, it would be more logical to perform the scaling on each subset of plot 

commands, While in other cases, it would be more logical to perform scaling only on an as-needed 

basis. The choice is left entirely to the discretion of the module writer. Since AXMAX and AYMAX 

in the /PLTOAT/ named common block define the width and height of the plotting surface in plotter 

units, and since the plotter origin can always be assumed to be in the lower left corner of the 

plotting surface, the required scaling ought to be a relatively easy task. 

The lower left corner of the plotting surface is always at (0.,0.), while the upper right 

corner of the plotting surface is always at (AXMAX,AYMAX). These are also the default values of 

REGI0N (see the /PLTDAT/ named common block) as set by the PLTSET subroutine. The purpose of the 

REGI0N parameters is to define a rectangular plotting area, outside of which no plotting is to be 

attempted. For this reason, each of the seven subroutines used in creating a plot always compares 

the point(s) specified in the calling sequence with the REGI0N values. No portion of any line or 

axis will be drawn outside the corresponding rectangular plotting area. Nor will any typing be 

attempted outside this same area. The usage of these REGI0N parameters is left to the discretion 

of the module writer and the requirements of the module design. In most cases, the default values 

of REGI0N will not be altered by the module. One situation in which the REGI0N parameters will be 

altered is when the user has the capability of specifying that a plot is to be drawn only within 

a specific portion of the total plotting surface and that any part of the plot which appears 

outside this area is not to be drawn. In any case, if the REGI0N parameters are altered within 

the module, this can be done at any time on an as-necessary basis. 

Having created the desired plot in the plot creation step, the only remaining task for the 

module writer is tenninating the plot. This is a very simple task, accomplished by calling 

STPL~T: 

CALL STPL0T (-1) 

This subroutine, which was also used to initiate the plot, upon sensing a negative argument, will 

terminate the current subset of plot commands, skip to a new frame (if appropriate), and write an 

end-of-file mark on the plot tape (if necessary). 

-,~ ,, 

/. , 
~/~ 
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If additional plots are to be created within the same module, the entire process just des­

cribed must be repeated, starting with step 3 (plot initiation). If, however, a new plotter is 

specified for the succeeding plots, step 2 (parameter initiaiization) must also be repeated. If 

a new paper size is specified, subroutine PLTSET must be re-executed prior to repeating step 3. 

This concludes the description of the AASTF.AN plotting environr.1ent. There are two other 

sections in the MASTRAN Programmer's Manual which deal with this environment. It is suggested 

that the module writer read these sections also so that he may acquire more of an understanding of 

the NASTRAN plotting environment than this section affords him. These other sections are: Changes 

to the Plotter Software, section 6.10.1, and NASTRAN General Purpose Plotter, section 6.10.6. 
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6, 10.6 NASTRAN General Purpose Plotter 

One feature which the NASTRAN plotting software lacks is the capability of direct usage of 

the plotting equipment attached on-line to a computer, This is due not to special purpose pro­

gra~.ming, but rather to one of the basic characteristics of NASTRAN: computer independence. Tc 

access on-line plotters would not only make NASTRAN computer-dependent, but probably installation­

dependent also. This installation dependency would result from the necessity of using special 

subroutines provided by the computer installation to access the on-line plotter, with no guarantee 

that subroutines having the same name and calling sequences would be available at any other 

computer installation. Even so, there would almost certainly occur a subroutine naming conflict, 

due to the great number of subroutines in NASTRAN. 

An effort is made in NASTRAN to partially overcome this deficiency. In general, NA~TRAN will 

produce a plot tape which can be used directly by any one of several off-line plotters. In 

addition, NASTRAN can be directed by the user to produce a so-callee: "General Purpose Plotter" 

tape. Another program, completely external to NASTRAN, would then have to exist, its function 

being to translate this 11 plot11 tape for the on-line plotter so that it will produce the plots 

intended by NASTRAN. This implies that in order to produce a NASTRAN plot,~ programs must be 

run: first, NASTRAN itself; and then the external translator.program. 

The purpose of this section is to explain the characteristics and construction of the 

"NASTRAN General Purpose Plotter" tape, so that a progral'llller wi 11 be able to write a program to 

translate this "plot" tape for the on-line plotter. Understanding the overall logic used by the 

NASTRAN plotter software package in producing a plot tape will simplify the task of writing this 

translator program. It is therefore reconunended that the progral'll!ler familiarize himself not 

only with this sectior, of the Programmer's Manual, but also with sections 6.10.1 and 6.10.S, 

which describe the technique of adding a new plotter to the NASTRAN plotting software package. 

The "NASTRAN General Purpose Plotter" tape is composed of a simple set of elementary plot 

operations, which can easily be deciphered by a F0RTRAN program on any digital computer. As each 

operation is deciphered, the translator program sho~ld direct the on-line plotter to appropriate 

action. This would normally be done by using the installation software to interface between the 

translate program and the on-line plotter. With the existence of this external translator pro­

gram, NASTRAN would ther. have the capability of indirectly referencing the corresponding on-line 
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plotter. A by-produce of this environment is the implied capability of indirectly accessing any 

plotter, whether on-line or off-line, assuming the appropriate external translator programs are 

written. 

The "MASTRAN General Purpose Plotter" tape is a seven-track, odd parity, fixed-length record 

tape. An end-of-file mark follows the last plot only. Each record is composed of 3000 six-bit-un­

signed integers (750 words on an IBM S/360, 500 words on Univac 1108, 300 words on a CDC 6600) and 

is composed of 100 plot commands, each being composed of 30 six-bit unsigned integers (15 half-words 

on an IBM S/360, 5 words on a Univac 1108, 3 words on a CDC 6600). Not all plot commands will have 

useful information in all 30 six-bit integers~ Some commands use only two of the 30 six-bit integers, 

while others use 22. The general format of each command is as follows: 

wher~: 

p = plot command, 

C = control index, 

R; = decimal digit of an integer called R, 

Si = decimal digit of an integer called S, 

Ti = decimal digit of an integer called T, 

Ui = decimal digit of an integer called U, 

0 = zero. 

The plot command is a six-bit integer, any one of seven (7) possible plot commands, as 

follows: 

0 = no opera ti on, 

l = start new plot, 

2 = select camera, 

3 = skip to a new frame, 

4 = type a character (may also = 14) , 

5 = draw a 1 i ne ( may a 1 so = 15) , 

6 = draw an axis (may also= 16). 
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The control index is also a six-bit integer. It may be a pen number, a line density, a camera 

number, or~ pointer into a list of characters and symbols. The four integer values (R,S,T,U) 

specified in a command must be reconstructed by the external translator program. Each integer 

value is represented in the command as follows: 

where the original integer value is given by: 

d 104 + d 103 + d 102 + d 101 + d 10° 4 3 2 1 0 

The significance of each of the four integer values (R,S,T,U) may vary from one plot command to 

another. 

The no-operation (0) command is simply a padding for plot records which may otherwise have 

been less than 300 characters long. All 30 characters of this conmand will be zero. 

The start-new-plot (1) conmand will always be the first command introducing each new plot. 

The first integer (R) will be the plot number. The second and third integers (Sand T) are the 

maximum x and y values specified in any other command for this plot. The minimum x and y values 

are always zero and are therefore not specified in the start new plot conmand, If necessary, the 

translator program can use these maximum x and y values to scale subsequent integer values so 

tr.at the plot will not exceed the limits of the plotting surface.· The plot number is included 

because some plotters require the plot number as part of the first command for each new plot. In 

addition, if the receiving plotter is a table plotter, the translator program should issue a 

command to the plotter which will stop it so that the plotter operator can change the paper. If 

the plotter is a drum plotter, the translator program must skip a sufficient amount of paper to 

insure that the previous plot will not be over-plotted. And if the receiving plotter is a micro­

film plotter, nothing else need be done. 

The select-camera (2) command uses only the control index (C). The remaining 28 characters 

are always zeros. This co;lllland is meaningful only on a microfilm plotter having both film and 

hardcopy output. The control index is the camera or medium request number: = film only; 

2 = hardcopy (paper) only; and 3 • both. Upon receiving this conmand, the translator program 

should issue a conmand to the receiving plotter selecting the requested camera or output medium, 
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then this command should be ignored. 

The skip-to-a-new-frame (3) command also uses only the control index. ihe remaining 28 

characters are always zeros. This command is meaningful only on a microfilm plotter. The 

control index is the camera or output medium request number: = film only; 2 = hardcopy 

(paper) only; and 3 = both. The appropriate camera will have already been selected in a pre­

vious select-camera command. The only reason the camera number is included in this command is 

because some microfilm plotters require the camera or output medium to be specified in both a 

select camera and skip frame command. Upon receiving this corrmand, the trar:slator program should 

issue a corrmand to the receiving plotter to skip to a new frame. If the receiving plotter is not 

a microfilm plotter, then this command should be ignored. Note: at least one skip-to-a-new-frame 

command will appear after each start-new-plot command and before the next start-new-plot command. 

The type-character (4), draw-line (5), and draw-axis (6) commands will always occur in sets, 

i.e., a set of type-character commands, a set of draw-line commands, a set of draw-axis commands. 

There may be more than one set of each type of corrmand, but within a set the corrmands will all be 

of an identical type. This is done because on son~ plotters it is very inefficient to frequently 

change modes (e.g., typing mode, line drawing mode) of operation. The plot command of the f.:i.rl!. 

command in a set will always• 10 + the basic plot command value, i.e., type-character= 14; 

draw-line• 15; and draw-axis• 16. In all subsequent plot commands in the set, the plot command 

value will always equal the basic plot corrmand value. 

For a type-character command, the control index is a pointer into a specific list of charac­

ters and special symbols. The list of characters to which the pointer applies is Section I of the 

CHAR94 table (see section 2.5), with the following exceptions: 48 = dot, 49 = circle, 50 • square, 

51 = diamond, 52 = triangle (point up), The first two integer values (Rand S} in the plot corrmand 

represent the x and y coordinates of the point on the plotting surface at which the center of the 

character or symbol should be typed. The remaining 18 characters of the conmand are always zeros. 

Upon receipt of a type-character corrmand, the translator program should issue a command to the 

receiving plotter to type the requested character or special symbol at the specified point. Of 

course, there is no ;uarantee that all the possible characters and special symbols can be typed by 

the receiving plotter. If any character or special symbol cannot be typed by the receiving 

plotter, the translator program will then have to make a substitution or not type the character at 

all. 
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For a draw-line command, the control index is either a pen number (for table and drum plot­

ters) or a line density (for microfilm plotters). If the receiving p1otter is a microfilm plotter, 

it is reconmended that the translator program simply draw the line as many times as is indicated by 

the line density value, rather than using any special density settings available on the plotter 

hardware. The first two integer values (Rand S) represent the x and y coordinates of the starting 

point of the line. The next two integer values (T and U) .represent the x and y coordinates of the 

ending point of the line. The last 8 characters of the conmand are always zeros. Upon receipt of 

this command, the translator program should issue a co11111and to the receiving plotter to draw the 

line. ~: some plotters require that a line be broken into a series of short lines. If this 

is the case on the receiving plotter, the translator program will have to accomplish this task 

unless the installation software makes provision for this automatically. 

The draw-axis command is identical to the draw-line command. The only difference is in the 

orientation of the drawn line. The line drawn by a draw-axis command will always be either hori­

zontal or vertical. For most plotters, the translator program will handle this command just like 

a draw-line co11111and, However, some plotters which would ordinarily require that liges be broken 

into a series of short lines, may have a special command available to draw a horizontal or vertical 

line of any length. For these few plotters only will this corm1and have any special significance 

in the translator program. If such. is the situation, the translator program, upon receipt of 

this command, should issue a conmand to the receiving plotter to draw the axis. Otherwise, the 

translator program should simply issue a conmand to the receiving plotter to draw a line repre­

senting the axis. 
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6. 11 ADDITION OF A NEW LINK 

Links can be added to the NASTRAN system but the Executive System changes to increase the link 

limit will be required as described in Section 6. 11.5. Links are numbered consecutively, and this 

should be maintained. 

It is assumed that the reader is familiar with the other alternatives for adding new material 

to the system (Sections 6.2 through 6.10), and that a new link is normally needed only if the 

addition of new modules to a present link makes that link non-executable because of an excess of 

overlay structure or decks. In this case, the programmer generates a new link through the follow­

ing steps (assuming the link limit is not exceeded): 

1. Decide what modules to include in the new link. 

2. Add any new modules to the MPL Executive Table (see Section 2.4.2.2) in deck 
XMPLBD. 

3. Generate a new Link Specification Table and a new link driver. 

4. Subsys (create an absolute element of) the new link. 

6.11 .1 Modules to Include 

The following entry points of Executive modules must be included in each new link: XCHK, XCEI, 

XSAVE, XPURGE, XEQUIV, XSFA and QPARAM. The following non-root segment subroutines must be include, 

in each new link: MSGWRT, USRMSG, BTSTRP, ENDSYS and XE0T. Charts depicting the overlay structure~ 

for all these routines can be found in Section 5. The addition or use of other modules is at the 

discretion of the NASTRAN systems programmer. Any existing NASTRAN module can be included in the 

new link if it is so desired. 

6. 11.2 Addition of New Modules 

All new modules must be added to the MPL Executive table (see Section 2.4.2.2). Once this is 

done, the new MPL needs to be added to the present NASTRAN system before proceeding to generate a 

new Link Specification Table and a new link driver. The new modules need not be present in the 

system, but their entry points in the MPL must be in the system. 

/ 
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6.11 .3 Generation of a New Link Specification Table and a New Link Driver 

The addition of a new link requires that: a) the Link Specificatb:i Table, LNKSPC, (see 

Section 2.4.2.7) be updated; and b) a new XSEMi deck (see Section 3.3.7), which will be the main 

program for the new link, be generated. 

The F0RTRAN code, in punched card form, necessary to accomplish both of the above tasks can 

be produced automatically in a NASTRAN run using a LNKSPC update deck as indicated below. 

6.11.3. l Link Specification Table Update 

To update the Link Specification Table the user must insert a LNKSPC update deck after the 

Bulk Data Deck in a NASTRAN run. The processing of a LNKSPC update deck is initiated by logical 

"sense switches" on a DIAG card in the Executive Control Deck (see explanation below); hence no 

special header card is required in the LNKSPC update deck. The format of each card of the LNKSPC 

update deck is as follows: 

where 

a • Module DMAP name (1 to 8 characters) 

= Entry point name (1 to 6 characters) 8 "(N!IINE)" (6 characters) if there is no entry point name 

L1, •.. , Ln = zero. or more integers, specifying all links the module resides in. 

The a, 8 and L; fields must be separated by at least one blank or one comma. An example of a 

card in a LNKSPC update deck is 

CHKPNT XCHK 1 ,2 ,3 ,4 ,5 ,6, 7 ,8 ,9, l O, 11 , 12, 13, 14 

If the·Executive module CHKPNT with entry point XCHK 1s in links 1 to 13, the above card will add 

it to a link 14. Be sure to include all the other Executive modules in any new link. Cards in 

this format are repeated until all the modules in the new link have been named. The end of the 

LNKSPC update is specified by the following card: 

ENDDATA 
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The following logical sense switches, set by a DIAG card in the Executive Control Deck, must 

be used to process the LNKSPC update deck: 

1. Logical sense switch 29 allows the LNKSPC update deck to be processed. 

2. Logical sense switch 28 causes the new Link Specification Table to be punched.* 

3. Logical sense switch 31 causes the new Link Specification Table to be printed. 

The following DIAG card within the Executive Control Deck 

DIAG 28,29,31 

accomplishes this result. 

*This code is for the Block Data subprogram XBSBD, and may be compiled under that name as punched, 
or altered into the present deck to retain the comments presently in that deck. The latter pro­
cedure is recommended. 

6.11 .3.2 Generation New Link Driver Decks 

The F0RTRAN code necessary to make a new link driver deck can be produced by setting logical 

sense switch 30 and the logical sense switches corresponding to the desired link(s). For example 

the Executive Control Deck card: 

DIAG 30,2,14 

will punch the code for XSEM02 and XSEM14. The F0RTRAN code produced, when altered into the deck 

"XSEMX" (see Section 3.3.8), will produce the desired XSEMii routine. XSEMX is the model for the 

link drivers. 

This driver code may be produced in the same run as the code for the Link Specification Table, 

or this code may be produced by adding the new XBSBO deck to the user's system and then setting 

the appropriate sense switches on a subsequent run. 

If logical sense switch 30 is set, the program will automatically terminate after satisfying 

all sense switch requests to punch XSEMii 's. In essence, the structural problem submitted is only 

a dummy needed to start NASTRAN. The user is cautioned to check his DIAG card(s) carefully when 

logical sense switch 30 is set to be sure only the sense switches corresponding to the desired 

links are set. 
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6.11.4 Subsys the New Link 

The subsys deck necessary to add a new link will vary with the computing machine (see Section 

5). The safest way for the NASTRAN systems prograrrmer to develop the subsys deck for the new link 

is to copy the overlay structure of the necessary routines, which are listed in Section 6.11 .1, 

and then add the new functional module(s) to this base. The mechanisms for switching from one link 

to another already exists in NASTRAN up to 15 links, so that, once the subsys Qf the new link has 

been accomplished, NASTRAN will be able to assimilate it. 

6.11.5 Increasing the Link Limit 

To increase the link limit beyond 15, the following Executive System changes must be made: 

1. Increase the size of the NAME array in the /SEM/ common block to the desired link 

limit. Add the additional link names (e.g., NS16, NS17, etc.) to the NAME array via the 

DATA statement. The /SEM/ conmon block is defined in the System Block Data subprogram 

SEMDBD. 

2. Items MAXLNK, DRVRNM, and LNKEDT, defined in subroutine XGPIBS of Exec~tive Preface 

module XGPI (see Section 4.7), must be updated. Increase the value for MAXLNK in the 

/XLINK/ corrmon block to the desired link limit. Add the additional XSEMii names (e.g., 

XSEM16, XSEM17, etc.) to the local DRVRNM array via the DATA statement. Add the 

additional link numbers (e.g., 16, 17, etc.) to the local LNKEDT array via the DATA 

statement. 

6. 11.6 Adding a New Link to the CDC Version of NASTRAN 

The only change required for the CDC version of NASTRAN is to supply the subsys for the new 

link to the linkage editor and linkedit all links including the new link. 

6. 11.7 Adding a New Link to the IBM Version of NASTRAN 

The only change required for the IBM Version of NASTRAN is to linkedit the new load module 

for the new link into the partitioned data set containing the other NASTRAN load modules. The 

subsys for a new link should be patterned after existing links and must include subroutines 

LINKNSXX and EJDUM2. A CHANGE card for LINKNSXX to reference the new link driver subroutine 

(e.g., CHANGE XSEMXX (XSEM16)) is required. 
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6.11.8 Adding a New Link to the UNIVAC Version of NJ\STRAN 

The following steps are required to add a new link to the UNIVAC version of NASTRAN: 

1. Update machine dependent subroutine SEARCH to include checks for the added link. 

2. Update machine dependent subroutine SETC to include the name of the new link in the 

array LINKNM. 

3. Add an element to the file containing the NASTRAN absolute elements with the same name 

as the new link number. This element will contain only one card and that will be a 

@XQT for the new link. 

4. Map the new link into the file containing the NASTRAN absolute elements. 
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6.12 WRITING A NEW MODULE 

The purpose of this section is to draw together material presented throughout the manual from 

the point of view of the NASTRAN applications programmer (i.e., the programmer assigned to add a 

new capability to NASTRAN). This section is provided as a guide for the general module writer, 

and will conclude with a specific example of a simple module. 

6.12.1 Summary of NASTRAN Coding Conventions and Terminology 

The new NASTRAN applications prograrrmer is typically overwhelmed by the vastness of the 

system into which he will inject his modifications and additions. In this section, a review of 

commonly used terminology and coding conventions will be given in an attempt to assist the new 

programmer and provide a review for the programmer who infrequently works with the system. 

A module in NASTRAN is a collection of subprograms which performs a logical set of data 

processing tasks. A module is executed by the user by_ writing and executing a DMAP instruction. 

Modules communicate with other modules and with the NASTRAN·Executive System (EXEC) £!:!.l.t through: 

1. Data Blocks (Tables or Matrices existing as collections of data on a physical storage 

device) 

a. Input Data Blocks are referenced by the GIN0 file reference numbers 101,102, ••• , 

corresponding to the position of the data block in the DMAP call statement. 

b. Output Data Blocks are referenced by the GIN0 file reference numbers 201,202, .•. , 

corresponding to the position of the data block in the DMAP call statement. 

c. Scratch Data Blocks are referenced by the GIN0 file reference numbers 301 ,302, •.• , 

corresponding to any arbitrary order the module writer ·desires. 

d. Note that there are no data blocks which are used for both input and output except 

the scratch data blocks which exist only internally within the module. An exception 

is present when a output data block is APPENDed. 

2. Parameters (single values) 

a. Parameters may be input, output or both as desired by the module programmer. 

b. Each parameter defined for the module has a type and a corresponding number of 

computer words as follows: 
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~ Example No. Words 

( 1) Integer -3 l 

(2) Real 2.9 

(3) BCD BX2 2 

(4) Double Precision -3.200 2 

(5) Complex (1.3, -4.9) 2 

(6) Complex Double Precision (6.200,0.000) 4 

t, Parameters are stored in the /BLANK/ labelled C!l)MM!l)N block in the order defined 

by the DMAP call statement. 

3. Executive System Common Blocks 

Several System Common Blocks are accessible to the module programmer. These include 

parametric values used by various utility routines, F!l)RTRAN unit definitions, the GIN0 

buffer length value, and numerous communication areas for various utility routines such 

as the matrix packing routines. A description of these common blocks may be found in 

Section 2. 

4. Executive System Utility and Matrix Operation Routines 

A large number of routines are directly callable by the module programmer. These vary 

from elementary bit manipulation routines to extremely involved matrix operation 

routines. Routines which are usable by module programmers are described in Section 3. 

The characteristics or properties of all modules are prescribed by the Module Properties 

List (MPL), a table used by the DMAP compiler XGPI and defined by the Block Data program XMPLBD. 

The number of input data blocks, output data blocks, scratch data blocks, as well as the number 

and type of the parameters is defined by the MPL and must be adhered to by both the user when 

using the module and by the module writer. The properties of a module can be changed only by 

recompiling XMPLBD. 

The subprograms of a module may consist of SUBR!l)UTINE subprograms, FUNCTI0N subprograms 

and/or unnamed BL0CK DATA subprograms as desired by the programmer. The main subprogram for the 

module, however, must be a SUBR!l)UTINE subprogram without arguments. The name of this subprogram 

is prescribed by the Link Specification Table which is defined by the BLI/JCK DATA program XBSBD. 
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Labeled common blocks may be defined for the module as desired for intra-module communication 

so long as unique names are chosen. Similarly, the names of all new subprograms must be unique. 

It is extremely important to remember to close all open GIN0 files before executing a RETURN to 

the Executive System. 

The basic GIN0 file element is the logical record, which contains an arbitrary nun:ber of 

words of data. A most important non-F0RTRAN feature in NASTRAN is the ability to read and write 

part of a logical record. An interesting and useful application is the "blast read/write" 

illustrated below. Let NW be the number of words of working core_ (open core less GIN0 buffers 

and any other pre-assigned areas) available. to the module starting at X(K). If we wish to copy 

the contents of GIN0 file Fl onto GIN0 file F2, the following represents the most efficient way 

since the data is handled in as lar~e as pieces as possible. Assume that both files are open and 

rewound. 

10 CALL READ($30,$20,Fl,X(K) ,NW,O,M) 

CALL WRITE(F2,X(K),NW,O) 

G0 T0 10 

20 CALL WRITE{F2,X(K},M,l) 

G0 T0 10 

30 CALL CL0SE(F2,1} 

CALL CL0SE(F1 ,1) 

The OMAP name of a data block is not known a priori to the progranmer since it is defined 

at execution time by the user in his OMAP sequence. If the progranmer desires to obtain the 

name of the data block he is processing, he may do so via 

CALL FNAME{F,NAM) 

where Fis the GIN0 file reference identification number {101,203, etc.), and NAM is a two 

word array into which the name will be stored. 

6. 12.2 Module Design 

Before a module can be written, it must be designed. While the general process of design 

cannot be formalized, certain NASTRAN rules and conventions can be discussed and illustrated. 
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A module can obtain input data in three ways: 1) through any of a fixed number of input data 

blocks, 2) via parameters maintained by the EXEC, and 3) from system common blocks. Thus, the 

first items to determine are the input data blocks required, their number, and the parameters. 

A module can only create printed output, output data blocks, or parameters. It may not update 

system tables. The second item to determine is the number of output data blocks. Only one matrix 

can be written per output data block, and the format is prescribed. Table data blocks, on the 

other hand, may be formatted as the module designer pleases. A module may require temporary 

storage (other than central memory), and hence require scratch files. (These are often required 

by NASTRAN utility subroutines, such as MPYAD~ etc.) 

A module can be completely described by the number of inputs, the number of outputs, the 

number of scratch files, and an ordered list of parameters and their types (integer, real, BCD, 

double precision, complex single precision or complex double precision). The total number of files 

required should be less than 26. To be used, a module must be scheduled into a DMAP sequence 

along with other modules. A primary module design consideration must be the OMAP sequence in 

which it will function. Items to be considered include: 1) Are all input data blocks available 

prjor to the running of this module? 2) Are the parameter types consistent? 3) Do the formats 

of the output data blocks agree with the input formats for the modules which will process them? 

While the flow of data within a module can be as desired, a few guidelines are given below: 

l. Try to use existing utility routines. In other words, try to express operations to 

be performed as tasks which can be solved by existing subroutines. For this purpose 

the utility routines of Section 3 can be classified as follows: 

Processing Tables 

READ 0PEN 
WRITE CL0SE 
FWDREC FNAME 
BCKREC S0RT 
REWIND BISRCH 
E0F G0PEN 
RDTRL FREAD 
WRTTRL 
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Printing Output 

C0NMSG 
SSWTCH 
PEXIT 
PAGE 
MESAGE 

MATDUM 
TABPRT 
DMPFIL 
BUG 
EJECT 

In-Core Matrix Operations 

GMMATD 
GMMATS 
INVERD 

INVERS 
PRETRD 
PRETRS 

Processing Data Cards 

PREL0C 
PRETAB 

Processing Matrices 

0PEN 
CL0SE 
FWDREC 
RDTRL 
WRTTRL 
FNAME 

XRCARD 
PREMAT 

(General) 

G0PEN 
FREAD 
BLDPK 
PACK 
INTPK 
UNPACK 

Processing Matrices (Operations) 

SSG2A 

SDRlB 

UPART 

SSG2B 

SSG2C 

SSG3A 

S0LVER 

FACT0R 

TRANPl 
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AXIS 
SKPFRM 
SELCAM 
IDPL0T 
LINE 
PRINT 
S0PEN 
SCL0SE 

Plotting 

STPL0T 
SYMB0L 
TIPE 
TYPFLT 
DRWCHR 
PLTSET 
FNDPLT 

2. Try to limit material held in the central memory to as few items as possible. Thus, 

matrices should be processed a column at a time, if possible, and tables handled by 

l ogi cal records. 

3. Stay within the existing overlay structure. In NASTRAN, certain types of subroutines 

are grouped together. The existing groupings can be determined by examining the overlay 

maps in Section 5. In partic~lar, each major matrix operation is grouped by itself. 

This leads to the concept of a module driver and several subroutines which each call 

only one major matrix routine. For example, assume a module called M0DA wishes to read 

data cards, assemble a matrix, multiply this matrix by an input matrix, and decompose 

the result. It should be organized as follows: 

Matrix Driver: 

SUBR0UTINE M0DA 

CALL MlllDAl( 

CALL SSG2B( 

CALL FACT0R( 

RETURN 

END 

Outputs new matrix. 

Multiplies by input matrix. 

Decomposes matrix. 

Back to EXEC. 
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The overlay environment might be as follows: 

0 

Module Driver 1 

MPYAD 

SSG2B 

NASTRAN 
EXEC 

Module Driver 2 

SDC0MP 

FACT0R 

M0DA 

M0DA1 

Note that all matrix routines and all major areas of code are placed in core after all module 

drivers; therefore, each module driver should be as short as possible. Note that no data 

can be left in central memory between each part of the module; i.e .• all data must be 

transferred to scratch files, thus freeing a maximum of central memory for each major matrix 

operation. Note also that the names of each user-generated subroutine should be related to 

the module name, as indicated in the example. 

6. 12.3 Implementing the New Module 

Actual implementati_on of the new module can be done in two ways. The simplest way is to pick 

an existing dulTITly module (as documented in Section 5 of the User's Manual) which contains at least 

as many inputs, outputs, scratches, and parameters as needed for the new module. Failing this, 

the procedures described in Sections 6.11.2 and 6.11.3 must be followed. The new decks must be 

added to the existing overlay structure through the overlay control language of each particular 

machine. 

The NASTRAN EXEC will (at the proper moment) call the specified entry point to the module. 

Note that no arguments are allowed. Thus, the new module must start as SUBR0UTINE M0DA, if M0DA 

is its entry point. The module must conclude with a RETURN statement. Parameters will be placed 

in the /BLANK/ labelled C0Mf•fitlN block in the order specified in the DMAP calling sequence. Assume 

the module has three parameters, a BCD value, an integer, and a complex single precision number. 

They could be referenced as 

C0MM0N /BLANK/ BC0(2) ,INTGR,C0MPLX(2) 
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The parameter values may be changed by the module at will. and the /BLANK/ C0M~N block used as 

the module writer pleases. (Note that /BLANK/ is usually in the root segment. and should be held 

to 300 words or less.) 

6.12.4 Coding a Module Subroutine 

The remaining tasks should now be broken into coding individual module subroutines. (It may 

be possible to code a module which only calls existing subroutines. SCEl is such a module.) Module 

subroutines are normal F0RTRAN subprograms written in NASTRAN's limited F0RTRAN subset. Note that 

bit operations have been added to NASTRAN F0RTRAN .via RSHIFT. LSHIFT. ANDF. 0RF. etc. Two major 

differences are noted by experienced F0RTRAN progral!ITlers, open core and I/0 management. These are 

treated in subsequent sections. 

6.12.4.1 Open Core Coding 

A module subroutine can, of course, have normal F0RTRAN arrays and C0MM0N blocks as it pleases. 

but many items in NASTRAN, such as the size of a matrix or the length of a table, are open ended 

or variable from run to run. These items must be held in a variable length storage space. Many 

F0RTRAN programs simply DIMENSI0N an array as large as possible and work within this array. NASTRAN 

chooses to view this array as starting in a particular CliJMM0N block, th_e name of which is assigned 

by each module. This c111r1f,'0N block is positioned at the first available location within the exist­

ing overlay (usually irrunediately after the particular module subroutine). The module subroutine 

obtains the length of the array in this Cll)Mt11JN block by calling upon a NASTRAN EXECUTIVE function 

K0RSZ. The module writer may organize this array as he pleases, as long as he stays within its 

specified length. FORTRAN progralTITlers coding subroutines on the UNIVAC 1108 should review 

Section 5.4.4 for possible addressing difficulties. Consider the following diagram, which shows 

a picture of the main memory of a hypothetical computer. 
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Address 
~ --0 

0S 

RS 
Module Origin 

MD 
Sub-Module Origin 

MS 
Open Core Origin 

/MSX/ 

Length = NZ 

NS 

0Sl 
~ ~ (End of Core) 

0S represents the area reserved for the resident .Qperating ~stem. RS represents the area reserved 

for the B_oot iegment of NASTRAN. MD represents the area reserved for the t!_odule .Q.river. and MS 

represents the area reserved for the t!.odule iubroutine which is currently executing. /MSX/ is the 

labelled C0~N block used by MS to delimit the beginning of the variable array (open core). NS 

represents the area reserved for the NASTRAN EXEC. and 0Sl represents the remainder of the core 

controlled by the operating system. The words of core from /MSX/ to the beginning of NS can be 

used by module subroutine MS. There are NZ of them. 

A typical module subroutine determines the length of open core as follows: 

C0MM0N /MSX/IZ(l) 

NZ = K0RSZ (IZ) 
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This subroutine might organize the open core as shown below: 

LENGTH P0INTER 

FIRST wnRK 
AREA 

12 
SECONO WORK 

,;REA 

UNUSED 
CORE 

GIN0 
BUFFER T 

IBUF2 

SYSBUF 

GIN0 
BUFFER 

~ IBUF1 

} SYSBUF · 

Such diagrams are indispensable to module programmers. The prograrrmer would locate items 

such as the first GIN0 buffer by IZ(IBUF1}. Such locations can be computed by 

IBUFl = NZ - SYSBUF + l 

IBUF2 · = IBUFl - SYSBUF 

The proper length of open core should be checked before any use is made by a statement such as 

IF(2*NR0W+2*SYS8UF .LT. NZ} CALL MESAGE (-8 1 01 NAME) 
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6.12.4.2 I/0 Management 

Data blocks are selected via their GIN0 file names. The input data blocks have positional 

numbers beginning with 101. Thus, data for the fourth input data block can be obtained by referenc­

ing GIN0 file number 104. Outputs have positional numbers beginning with 201; scratches with 301. 

A module must close all of its open files before returning to EXEC. 

The module writer must supply a buffer to GIN0 for each file as he uses it. Supplying this 

buffer is referred to as opening the file. This buffer should exist in the module's open core. 

During the time the file is open, this area belongs to GIN0. Do not store in this area. The area 

may be reused after the GIN0 file is closed. ·The length of this area is given by the value of the 

first word in the /SYSTEM/ C0Mt-WN block. 

A typical module subroutine might proceed as follows: 

SUBR0UTINE M0DAl(INPUT) 

INTEGER SYSBUF 

C0MM0N / SYSTEM/SYSBUF,N0UT 

C0MM0N /·MSX/IZ(l) 

NZ = K(JRSZ(IZ) 

IBUFl = NZ - SYSBUF+l 

IF(NZ .LT. SYSBUF) CALL MESAGE(-8 ••• ) 

CALL G0PEN(INPUT,IZ(IBUFl),O) 

Process file 

WRITE(N0UT, 

CALL CL0SE(INPUT,l) 

RETURN 

END 
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Printed output should be written onto the F0RTRAN unit given by the value of the second word 

of /SYSTEM/. 

All NASTRAN data blocks have a header record, which can be supplied by G0PEN or FNAME, and a 

trailer, which can be supplied by RDTRL or WRTTRL. Nonzero trailers must be written for all output 

data blocks and should be written on all scratch data blocks. These trailers are particularly 

important when processing matrices. 

6.12.5 Sample Module Coding 

This section contains the entire FORTRAN code for a new NASTRAN module. The module is to 

normalize a matrix to a maximum magnitude of 1.0 in each column. The module also is to output 

the number of rows and columns of the matrix as output parameters. 

M0DULE NAME= N0RM 

Entry Point: N0RMM 

Inputs: 1 

Outputs: l 

Scratches:· 0 

Parameters: 2 - integer - output 

DMAP Calling Sequence: 

N0RM ANYMAT / N0RMMAT / V,N,NC0L / V,N,NR0W $ 

SAVE NC0L,NR0W $ 

The module is written as a single subroutine (rather than as a module driver/subroutine 

combination). Note the handling of multiple precision and complex values in open core and the 

1 iberal use of corrmerra. 
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NU,'-hH:R 

i'.u,-lc:IEk 

uF 

OF 

uF 

u F-

CF 

l ,~f>UT iJAT A t:ILJ.:KS l 

JJTf>UT UATA ol..JC1'.S l 

SCKATCH UATA dLO~KS C 

I i-.PuT PAK AME HRS 0 

UuTPUT PAr<.AMETc:K~ 2--1 ~T i:: .. cR 

C NU{M ~ILL N8~MALllE EACrl CJLU~~ OF A~ INPUT MATRIX 

I N T EGE ~ S Y S d Li F , ·" C '"l C 7 ) , '< " ., E. C c l 

?..EA1.. L(l) 

u l ."1t: NS I LN N •d 4) 

1..0~MJN /i'.OkMX I li(4J 

CUAMU~ /SYSTE~/ SY~Duf,ijJUT 

~U~MWN /vNPAKX/ IT~,11,JJ,LNCR 

CO,~MJ,'\I /PACKX / HA,LTd,IIl,JJl,11'.~iU 

C 
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C 
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~ uET~K~i~E IF l~PUT MAT~Ii rs P~E~E~T 

I. 

M~.:l(U = INPUT 

~ALL 1U TKLl MCd J 

IF(MC.,)( l).1..1:.u) bU TU :,uJ 

L. 

~ uuTPuT PAkAMETERS 

C 

L. 

1'.Ci.JL = ML.8 l 2) 

NRJ,. a ,"\Ctl{JJ 

"KlTE{NOUT,lJ)NCOL,NRU" 

l~ FUKMATlJbl"H)*** U!>i:K 11',1t·.Jt<,MATIJi11 Mc~S.:.G.: ****• ,7Hi~~JL = ,llu,.2H, ' 

* 7HNRO" • ,110) 

C ALLJCATE OPEN CuRE 

C 

C 

•JL = •C.i~Si '1Zl 

l~Ufl• Nl-!>YSSuf+l 

lbUF~• lbUFl-SYSbUF 

C CrlEC"' FG~ SUFflCitNT COR1: TJ HJL~ AN U~PAC~E~ 

L CG~u~N JF THt IN~UT MAT~IX ANW , .. ~ Gl,..J oJ~fE~~ 

C. 

ic.w • ,"ICtH5J 

IF{N~~"*Nwl"'")+2*SYS~Uh.~T.NL)~ALL M~!>A~E(-i,J,~AME) 

C. 

I. JP1:~ I~PUT ANO UUTPUT MATRICE~ 

CAL.L ~uPtN(INPuT,ll(lbUfl),v) 

L..:.L.L. u..JPEN l luUT, Ill loUF2), U 

C 

C lNlTlAL.lL~ ~ArKlA T~AlL.~~ 
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C 

MColU = ILIUT 

MCtil.2) = 0 

MCd(::,l = 0 

M~J(l) = 0 

~ 5ET J~ FOR MATKIX PAC~/UNPACK 

C 

t. 

l TC = Kw 

l NCR. : l 

lTA = LTC 

I H = ITC 

IN.:,d = l 

C LGJ~ GN EA~rl CJLUM~ 

C 

DJ lOu l • 1,NCOL 

C 

~ CNLY ~~1~~ IN dAND TERM$ 

C 

I I • v 

CALL ,J ~.., u;.; o< ( I , ;;, .., r • I 7 > • ""'"·Tu i-> , :~ ( • 0 l 

C 

~ ~eT ~EAui TU OvTPUT 

C 

111 = LI 

JJJ. = JJ 

i'.Tt:KM = JJ-11.,l 

GO fJ 12.J,3u,40,5uJ ,i<.n 

t. 

~ Fl~u MAA -- ~EAL ~L~GLE ~~t:CLSIJN 

\. 
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2u AMAJ\ "' O.O 

XMAA = A~AXllA~S(L{JJJ,XMAXJ 

,l. CG,H l lllJE 

IF{J\M~X.LE.0.01 GO Tu 80 

C 

C NIJRMALIZE 

C 

00 ,:i J • l,,Ht:RM 

L I J ) • L ( J I I I. MAX 

25 C CNT I f'IIJ E 

C 

~ Fl~u MAA -- K~AL UOU~LE PRE~1S10N 

.:Iv uMAA. u.ouo 

DO J2 J • 1,NTERM 

DMAA • DMAAl(QA~S(UZ(Jt),CMAA) 

3~ CLlNTINuE 

C NOKMALllE 

UO j) J • l,NTE~H 

UllJ) • UZ(Jj/DMAX 

GO ro '10 

~ fl~O MAX -- CUMPLEX SINGLE P~E~ISiuN 

C 

4v CMAX • v.O 

OU 4l J = l,NT~~M 
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CMA~ = ~MAXl(LAu$(CL(JJl,CMAX) 

IF(CMAA.Lc.u.J) Gu TO du 

C 

~ 1'4U1'MAL!Lt: 

C 

Ou 4~ J = l,~TEKM 

CL(J) = ~L(Jl/CMAX 

45 GONTINi.JE 

C Fl~u M~A -- COMPLEX UUW~LE PKECIS1JN 

C 

UU !>L J = l,NTEKM 

.S.2 CuNrlllli.JE 

1Fl~uMAA.Lt.u.JD0) GO TO dJ 

C 

(. I\IORMAlilE 

C 

uu !> 5 J = l,,HER1'1 

Cul.(l,JJ = CUlll,JJ/COMAl( 

COl.t,,J) = CUL L2, J) /CU,"IAX 

!> :> {.();\IT INuE 

\;u TJ ,;o . 
C 

Lo NuLL CJLuM,'4 --
C 

OU 11.L = l 

JJls l 

ua Oj J=l,<t 
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d5 ll(J)=J 

(. 

C UUTPUT "EW CULUM~ 

~u CALL P~C~(IL,1uur.~c,) 

l.uU CuNTlNuE 

~ CLJSE JPEN FILES 

C 

~ALL CLGSEtluUT,ll 

CAl..L Cl..uSE( lNPUT,l) 

C 

C CKcATE TKAILE~ FUR THE uJTPUT vATA oL~:K 

C 

C 

l.:ALL w,HTRLlMC8) 

~IJ TJ 9u0 

C HA~UL~ CASE ~HtRE INPUT UATA dLJC~ lS IU~~EU or SETTIN~ JUTPut 

~ ~AKAMETc~S TJ lE~u. OUTPUT UATA ijLuCK ~ILL ~E AUTuMATICALLY 

1.. Pu~GEu ~y THc E~cCUTlVE SYSlcM s,~:c NJ T~AlLE~ 1~ wKITTcN. 

C 

C 

5iJJ NCJL • 0 

NKJ11 • 0 

I.. ~ETuKN Tu THt EXtCUTlVE SYSTEM 

I.. 

C 
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6. 13 THE NASTPLT MODEL POST PROCESSOR 

6. 13. 1 Introduction 

A basic NASTRAN design concept is to make NASTRAN self-contained and independent of local 

installation software. This concept is implemented for the NASTRAN plot subsystems by incorpora­

ting code into NASTRAN to drive plotting devices directly. Thus a user CALCOMP request causes 

NASTRAN to generate a tape which is mounted directly on a CALCOMP plotter station, thus bypassing 

installation plot code. In recent years, the plotters employed by NASTRAN users have prolifer­

ated, and the concept of installation independence has become impossible to maintain. It is 

more productive to provide t~e NASTRAN user a model post processor which can be used with the 

NASTRAN General Purpose Plotter described in Section 6.10.6, and which can be readily adapted 

to the user's installation plot software. 

The following paragraphs discuss the NASTPLT Model Post-Processor. Section 6.13.2 describes 

the post-processor and gives implementation information. Section 6. 13.3 discusses input 9ata 

requirements for the post-processor, and Section 6.13.4 presents examples of its usage. 

6. 13.2 The NASTPLT Post-Processor 

6. 13.2. l Overview 

The NASTPLT post-processor is designed to provide open-ended plot capabilities while iso­

lating computer and plotter dependent code. The flow of NASTPLT is co11111ented in the code and 

outlined below. Program MAIN calls PL0T to initialize plotting, inputs plot control directives in 

Namelist format, then calls TRNSIT to generate a series of plots. TRNSIT calls C0MPUT to read 

and unpack a record of plot co11111ands produced by the General Purpose Plotter. TRNSIT then calls 

INTG to decode the co11111ands, one at a time. Line and axis co11111ands are executed by calls to PL0T 

and character (typing) conmands are handled by SYMSET. Upon completion of the plots specified 

by the Namelist directive control is returned to MAIN to process the next set of plot control 

directives. 

6. 13.2.2 Implementation 

Figure 1 details the subprograms used by NASTPLT. Several of these are computer and plotter 

independent. Others may require modification: these are described below. 
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SUBR0UTINE C0MPUT (KBUF, N, LUN) reads from logical unit LUN a binary record of 3000 charac­

ters or bytes, representing 100 plot commands. It then unpacks the characters into the KBUF 

array. If an end-of-file is encountered on read, N is set to -1. 

SUBR0UTINE PACK (STRING, IN, CHAR) inserts a single character, CHAR, into position IN in 

array STRING. Its purpose is to pack characters into a string for plotting. 

SUBR0UTINE PL0T (X, Y, !PEN) interfaces with the installation plot software. If 

!PEN = 0 initialize the plotter. 

!PEN < 0, start a new frame, if applicable. 

IPEN = 2 draw a line from the current position of the pen to a point (X, Y) 
inches from the frame origin. 

IPEN = 3 , move the pen to position (X, Y). 

SUBR0UTINE SYMB0L (X, Y, HI, STRING, ANG, N) interfaces with the installation plot software 

to plot a STRING of N characters. The first character starts at position (X, Y). The characters 

are HI inches high, and the string forms an angle of ANG degrees with the horizontal. 

6. 13.3 NASTPLT ~nput 

Input to NASTPLT consists of a series of NASTRAN-generated plot cornnands on file PLT2, and 

plotter directives on file INPUT. The plotter directives are input via Namelist /INPUT/ and are 

defined below. If the user does not input a value for a directive, the indicated default value 

is used. 

Directive 

XMAX 

YMAX 

SPACE 

IPEN 

HI 

NPL0T 

Description 

Maximum paper length of plot in X­
direction, inches 

Maximum paper length of plot in Y­
direction, inches 

Distance between plots, inches 

Pen density factor. If greater than 
one, the coordinates of each line are 
moved 0.001 inches and redrawn, IPEN-1 
times 

Character height, inches 

Number of plots to be drawn using the 
current directive set. (When completed, 
a new directive set is input) 

6. 13-2 (12/29/78) 

Default 

[10.0] 

[10.0] 

[3.0] 

[1] 

[0.07*YMAX] 

[9991 



THE NASTPLT MODEL POST PROCESSOR 

Directive Description Default 

!DEBUG Number of lines of debug output, one [01 
plot corrmand per line, to be printed 

LUN FORTRAN logical unit number of the plot [11 
input file 

LIN FORTRAN logical unit number of the card [51 
reader 

L0UT FORTRAN logical unit number of the printer [61 

6. 13.4 Use of NASTPLT with NASTRAN 

Use of the NASTPLT plot post-processor as an interface between NASTRAN and the installation 

plot software offers the user flexibility which is not available in other modes. Some examples 

are described below. 

{1) Character size. When using the plot-postprocessor, the recommended Case Control card is 

[PL0TTER NASTPLT T, 1], which specifies a table plotter operating in typing mode. These 

terms are meaningless to NASTPLT, but they allow the user flexibility in detennining 

character size. For instance, the table plotter software in NASTRAN spaces characters 

appropriately for a 0.1 inch character height for any specified paper size. If it is 

desired to print smaller, more closely spaced characters on a 10 x 10 inch plot, the user 

could specify to NASTRAN a paper size of 15 x 15, and to NASTPLT XMAX = YMAX = 10. Con­

versely, if a larger character size were desired, a smaller paper size could be input to 

NASTRAN. 

The user who is not concerned about character size can simplify implementation of the 

plot-postprocessor by specifying T, 0 on the PL0TTER card. This makes NASTRAN draw the 

characters as line segments. (Note that this produces about six 30 byte plot commands 

per character, which can generate a very large PLT2 file if many characters are to be 

drawn.) 

(2) Use of Different Plotters. NASTPLT does not rewind the NASTRAN plot tape PLT2. There­

fore, the user can process the plot tape in several job steps, directing the output of 

each step to a separate plotter, or changing pens or paper size between plots. 
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Subprogram 

MAIN 

TRNSIT 

SYMSET 

INTG 

C0MPUT 

PACK 

PL0T 

SYMB0L 

NASTRAN SUPPORT PROGRAMS 

Type 

:tachine Independent 

Machine Independent 

Machine Independent 

Machine Independent 

Machine Dependent 

Machine Dependent 

Plotter Dependent 

Plotter Dependent 

Function 

Process input directives 

Interpret and process NASTRAN plot com­
mands 

Pack character strings for plotting 

Decode (X, Y) coordinates in plot com­
mands 

Read and unpack a record of 100 NASTRAN 
plot co11111ands 

Pack a Hollerith character string 

Call installation plot routines 

Call installation character string plot 
routines 

Figure 2. NASTPLT Plot-Postprocessor - Su11111ary of Subprograms 

/. -
/' . 
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7. l RESTART TABLES 

Restart tables have been designed for the NASTRAN system to give a user the capability to 

restart a solution to a user's problem. The definition of a restart in the NASTRAN system is 

the capability to continue a solution to a user problem via follow on executions without having 

to rerun an entire rigid format sequence. NASTRAN contains several rigid format (DMAP) solutions. 

For an explanation of DMAP see Section 5.0 of the NASTRAN User's Manual. The user may select 

one of these rigid formats to solve or analyze a problem. To understand the relationship of 

restart to a rigid format involves an understanding of the three restart tables that comprise 

the Module Execution Discussion Table (see Section 1.10). The three restart tables that make up 

the MEDT in NAST RAN a re: 

t CARD NAME RESTART TABLES 

• FILE NAME RESTART TABLES 

t RIGID F0RMAT CHANGE RESTART TABLES 

Along with the three restart tables are their complementary bit position tables as follows: 

1 CARD NAME RESTART BIT P0SITI0N TABLES 

t FILE NAME RESTART BIT .P0SITI0N-TABLES 

1 RIGID F0RMAT CHANGE BIT P0SITI0N TABLES 

The bit position tables have been designed to associate a particular name with a selected bit 

position. Bulk data and case control card deck names are associated with bit positions defined 

in the Card Name Restart Bit Position Table. Mnemonics with $ appended are always associated 

with changes in the Case Control deck. All D~P file names are associated with bit positions 

in the File Name Restart Bit Position Table. Likewise rigid format solution numbers are associ­

ated with bit positions in the Rigid Format Change Bit Position Tables. Each rigid format has 

its own unique set of restart and bit position tables. For an example of each table for Rigid 

Format l, see Sections 10.2.1 through 10.2.5. 

7. l. l Card Name Restarts 

The Card Name Restart Table consists of DMAP module names (section 10.2.3). Associated 

with each module name there are bit positions which link the DMAP module with bulk data or case 
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control cards given in the Card Name Restart Bit Position Table (section 10.2. 1). NASTRAN uses 

the bit position as a tag identifying which DMAP module to execute. The following example illus­

trates the use of these tables in determining the effects of changing a particular bulk data card 

on a modified restart. Suppose the F0RCE bulk data card is changed by the user when executing 

Rigid Format 1. The Card Name Restart Bit Position Table associates bit 60 with the F0RCE bulk 

data card, therefore and DMAP module name associated with bit 60 in the Card Name Restart Table 

will be executed. 

7. 1.2 Rigid Format Restarts 

The Rigid Format Restart Bit Position Table is a two dimensional table consisting of bit 

positions vs. solution numbers (section 10. 1). The solution nunt,ers identify particular rigid 

formats. Bit positions 63 through 93 are associated with solution numbers (section 10. 1). Bit 

positions 78 through 93 are reserved for additional rigid formats. Restarts involving a solution 

number (rigid format) change may require particular DMAP modules to be executed as opposed to 

executing the entire DMAP sequence. Required DMAP modules may have already been executed by the 

previous solution (rigid format). The previous solution nunt,er was placed on the old problem 

tape of the current NASTRAN run. The Rigid Format Restart Bit Position Table is scanned for the 

bit associated with the old problem tape solution number. The bit used is associated with par­

ticular DMAP instructions to be executed in the Rigid Format Restart Table. 

7. 1.3 File Name Restarts 

The File Name Restart Table consists of DMAP module names (section 10.2.5). Associated 

with each module name are bit positions which link the DMAP module with file names given in the 

File Name Restart Bit Position Table (section 10.2.2). NASTRAN uses the bit positions as a tag 

identifying which DMAP module to execute generation of the required data blocks (files). When 

a restart run is executed, NASTRAN searches the DMAP instructions to be executed for files 

required for the run (after determination of DMAP modules to be executed due to changes in Case 

Control, Bulk Data, a~d Solution Number). These files are compared with files on the Old 

Problem Tape (0PTP). If any files are required that are not available from the 0PTP, the 

modules which generate these files will be executed. The modules to be executed are identified 

through the File Name Restart Table. The following example illustrates the use of these tables 

in determining which modules to execute during a restart to satisfy file requirements. Suppose 
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a restart is made using rigid format 1 and the file BGPDT is required and not available from 

the 0PTP. The File Name Restart Bit Position Table associates bit 94 with file BGPDT, therefore 

any DMAP module name associated with bit 94 in the File Names Restart Table will be executed. 
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7.2 RESTART TABLES FOR STATIC ANALYSIS 

7. 2. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pas. 

AXIC 1 CQOPLT 2 PTRPLT1 3 
AXIF 1 CQUAD1 2 PTRSHL 3 
CELAS1 1 CQUA02 2 PTUBE 3 
CELAS2 1 CQUAD'TS 2 PTWIST 3 
CELAS3 1 OROO z GENEL ,. 
CELAS4 1 CSHEAR 2 CONH1 5 
CHASS1 1 CTETRA 2 CONH2 5 
CHASS2 1 CTORDRG 2 :PELAS 6 
CHASS3 1 CTRAPAX 2 'PHASS 7 
CHASS&+ 1 CTRAPRG z HAT1 8 
CORD1C 1 CTRBSC 2 HAT2 8 
CORD1R 1 CTRIA1 2 HAT3 8 
COR01S 1 CTRIA2 2 HAT4 8 
CORD2C 1 CTRIAAX 2 HATS 8 
COR02R 1 CTIUARG 2 HATT1 8 
CORD2S 1 CTRIATS 2 HATT2 8 
GRDSET 1 CTRIH6 2 MATT3 8 
GRID 1 CTRHEH 2 HATT4 8 
GRIDS 1 CTRPLT 2 HATT5 8 
POINT AX 1 CTRPLT1 2 TABLEM1 8 
RINGAX 1 CTRSHL 2 11ABLE112 8 
RINGFL 1 CTUBE 2 TABLE113 8 
SECTAX 1 CTNIST 2 TABLEl14 8 
SEQGP 1 CWEDGE 2 TEHPHT$ 8 
SPOINT 1 PBAR 3 TEHPHXS 8 
AOUH1 2 PCONEAX 3 AXISYHS 9 
AOUH2 2 POUH1 3 CRIGDi 9 
AOUH3 2 PDUHZ 3 CRIGD2 9 

-ADUH4 2 POUH3 3 CRIG03 9 
AOUH5 2 PDUHlt 3 CRIGDR 9 
AOUH6 2 1PDUH5 3 HP.C 9 
AOUH7 2 PDUH6 3 HPCAOO 9 
AOUH8 z PDUH7 3 HPCAX 9 
AOUH9 2 POUH8 3 HPCS 9 
BAR OR 2 POUH9 3 SPC 10 
CBAR 2 PHBDY 3 SPC1 10 
CCONEAX 2 PIHEX 3 SPCA DO 10 
COUH1 2 P9DHEH -~ SPCAX 10 
COUH2 2 PQOHEH1 3 SPCS 1D 
CDUH3 2 PQDHEH2 3 ASET 11 
COUH4 2 PQOHEH3 3 ASET1 11 
COUH5 2 PQDPLT 3 OMIT 11 
COUH6 z PQUA01 3 OHIT1 11 
COUH7 2 PQUA02 3 OHITAX 11 
CDUH8 z PQUAOTS 3 SUPAX 12 
CDU119 2 PROD 3 SUPORT 12 
CH80l 2 PSHEAR 3 TEHP 13 
CHEXA1 2 PTORORG 3 TEHPAX 13 
CHEXA2 2 PTRAPAX 3 TEHPD 13 
CIHEX1 2 PTRBSC 3 TEMPP1 13 
CIHEX2 2 PTRIA1 3 TEMPP2 13 
CIHEX3 2 PTRIA2 3 TEHPP3 13 
CONROD 2 PTRIAAX 3 TEMPRB 13 
CCDHEH 2 ,...PTRIATS 3 WTHASS 1ft 
CQOHEH1 2 PTRIM6 3 GRDPMT 1S 
CQDHEHZ z PTRHEM 3 PLOTEL 16 
CQOHEl13 2 PTRPLT 3 IRES 17 
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PLOT$ 18 
POUT$ 19 
LOOP$ 22 
LOOPU 23 
COUPHASS 21+ 
CPBAR 21+ 
CPQOPL T 21+ 
CPQUA01 24 
CPQUAD2 24 
CPROO 24 
CPTR8SC 24 
CPTRIA 1 24 
CPTRIA2 21+ 
CPTRPL T 21+ 
CPTUBE 24 
NOLOOP$ 31 
OffORt'I 59 
OEFORP"! 59 
LOA 0$ 59 
RFORCES 59 
SPCO 59 
FORCE 60 
FORCE1 60 
FORCE? 60 
FOR CEA X 60 
LOAO 60 
MOMAX 60 
MOMENT 60 
HOMENT1 60 
MOMENT2 60 
PLOAO 60 
PLOAD1 60 
PLOA02 60 
PLOA 03 60 
PRES AX 60 
SLOAO 60 
GRAV 61 
RFORCE &1 
TEMPL.OS 62 

RIGID FORMAT RESTART TABLES 
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7.2.2 Bit Positions for File Name Restart Table 

File Name Bit Pos. File Name Bit Pos. 

BGPOT 91+ LLL 108 
CSTM 94 OM 109 
EQEX!N 94 PG 110 
GPOT 94 PL 111 
GPL 94 PO 111 
SIL 94 PS 111 
ECT 95 QR 111 
GPTT 9£, RULV 112 
SLT % RUOV 112 
GPECT 97 ULV 112 
EST 97 uoov 112 
GE! 97 PGG 113 
GPST 98 QG 113 
KGGX ge UGV 113 
MGG gg OEF1 114 
KGG 100 OES1 114 
ASET 101 OPG1 114 
!.G 101 OQG1 114 
USET 101 ,OUGV1 114 
YS 101 'PUGV1 114 
OGPST 102 ELSETS 115 
GM 103 GPSETS 115 
KNN 104 PLTPAR 115 
KFF 105 PLTSETX 115 
KFS 105 KOICT 116 
KSS 105 KELH 116 
GO 106 HOICT 116 
KAA 106 HELH 116 
KOO 106 OPTPT1 117 
LOO 106 OPTPT2 118 
KLL 107 EST1 118 
KLR 107 OGPF81 119 
KRR 107 ONRGY1 119 
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7.2.3 Card Name Restart Tab le 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

BEGIN 12345o78901234So7e9 234 9012 

FILE 12345678901234S6789 234 9012 

!SS 9 
FILE 1234S678901234S67e9 234 9012 

$SS 1 3 
GP1 1 
SAVE 1 
CHKPNT 1 
$SS 6 
GPZ 12 45 6 
CHKPNT 12 4S 6 
$SS 6 
PAP.AML 8 
$SS 7 
PURGE 8 
$SS 7 
COHO 8 
$SS 7 
PL TSET 8 
$SS 7 
SAVE 8 
!SS 7 
PRTMSG 8 
sss 7 
PARAH 8 
sss 7 
PARAM 8 
sss 7 
COHO 8 
sss 7 
PLOT 8 
sss 1 
SAVE 8 
sss 7 
PRTMSG 8 
sss 7 
LABEL 8 
$SS 1 
CHKPNT 8 
sss 67 
GP3 12 3 01 
SAVE 12 3 01 
PARAM 12 3 5 01 
CHKPNT 12 3 5 01 
sss 6 
TA1 1234567 3 
SAVE 1234567 3 
PARAM 1234567 3 
CONO 1234567 3 
PUPG!:'. 1234567 3 
CHKPNT 1234567 3 
$SS 6 
OPTPR1 1234567 
sss 9 
SAVE 1234567 
!SS 9 
CHKPNT 1234567 
$SS c 9 
PAP.AM 
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OMAP Bit Position 
Inst. 10 20 30 40 50 60 

JUMP 1234Sc7 
SSS g 
LABEL 1234567 
!SS 9 
CONO 123 5678 45 4 1 
PAP.AM 123 6 8 
EQUIV 1234567 
sss 9 
EMG 123 5678 I+ 5 4 1 
SAVE 123 S678 4S 4 1 
CHKPNT 123 S678 I+ s 4 1 
$SS 6 
C.ONO 123 6 8 
EMA 123 6 8 
CHKPNT 123 6 8 
!SS 6 
LABEL 123 6 8 
CONO 123 S 78 45 4 1 
EMA 123 5 78 4S 4 1 
CHKPNT 123 S 78 45 4 1 
!SS 6 
LABEL 123 5 78 45 I+ 1 
CONO 123 5 78 45 4 
!SS 8 
CONO 123 s 78 45 4 
!SS 8 
GPWG 123 5 78 1+5 4 
$SS 8 
OFP 123 5 78 45 4 
!SS 8 
LABEL 123 5 7 8 45 4 1 
EQUIV 1234 6 8 
CHKPNT 1234 6 8 
$SS 6 
CONO 1234 6 8 
St1A3 1234 6 8 
CHKPNT 1234 6 8 
!SS Ei 
LABEL 1234 6 8 
PARAM 1 9012 23 1 
JUMP 23 
!SS 1 3 
LA BEL 23 
$SS 1 3 
GP4 1 9012 23 1 
SAVE 1 9012 23 1 
CONO 1 9012 23 3 
PARAM 1 9012 23 9 
PUPGt 1 9012 23 9 
CHKPNT 1234 6 89012 23 g 
!SS 6 
CONO 123 6 890 23 
GPSP 123 6 890 23 
SAVE 123 6 890 23 
COND 123 6 8 90 23 
OFP 123 6 890 23 
LABEL 123 c 890 23 
EOU!V 1234 6 89 23 
CHKPNT 1234 6 89 23 
sss 6 
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DMAP Bit Position 
Inst. 10 20 30 40 50 60 

COND 1234 6 89 23 
MCE1 1 g 23 
CHKPNT 1 9 23 
sss 6 
MCE2 1234 & 89 23 
CHKPNT 12 34 6 89 23 
sss 6 
LABEL 1234 6 89 23 
EQUIV 1234 6 !190 23 
CHKPNT 1234 6 8 90 23 
sss 6 
CONO 1234 6 890 23 
sen 1234 6 890 23 
CHKPNT 1234 6 890 23 
!SS E: 
LABEL 1234 & 890 23 
EQUIV 1234 6 8901 23 
CHKPNT 1234 6 8901 23 
tSS 6 
COND 1234 6 8901 23 
SMP1 12 34 6 8901 23 
CHKPNT 1234 & 8901 23 
sss 6 
LABEL 1234 6 8901 · 23 

.EQUIV 1234 6 89012 23 
CHKPNT 1234 6 89012 23 
sss 6 
CONO 1234 6 89012 23 
R8MG1 1234 6 89012 23 
CHKPNT 1234 6 !9012 23 
sss 6 
LABEL 1234 6 89012 23 
RBMG2 1234 6 89012 23 
CHKPNT 1234 6 89012 23 
sss 6 
CONO 1234 6 89012 23 
RBMG3 1234 6 89012 23 
CHKPNT 1234 6 89012 23 
sss 6 
LABEL 1234 6 89012 23 
SSG1 123 567 8 23 9012 
CHKPNT 123 5678 23 9012 
sss 6 
EQUIV 123 56789012 23 9012 
CHKPNT 123 56789012 23 9012 
sss 6 
CONO 123 56789012 23 9012 
SSGZ 123 56789012 23 9012 
CHKPNT 123 56789012 23 9012 
sss 6 
LABEL 123 56789012 23 9012 
SSG3 123456789012 23 9012 
SAVE 1234567139012 23 9012 
CHKPNT 123456789012 23 9012 
sss & 
CONO 1.23456789012 7 23 9012 
MAT GP!:! 123456789012 7 23 9012 
MATGPR 123456789012 7 23 9012 
LABEL 1234567890:12 7 23 9012 

7.2-6 (12/29/78) 



STATIC ANALYSIS 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

St'R1 123456789012 23 9012 
CHKPNT 123456789012 23 9012 sss E, 

COND 23 sss 1 3 
REPT 23 
sss 1 3 
JUMP 23 
SSS 1 3 
PARAH 23 
COND 23 
LAeEL 23 
sss 1 3 
CHKPNT 123456789012 9012 sss 6 
GPFOR 89 
OFP 89 
CONO 23 
EQMCK 23 
OFP 23 
SAVE 23 
LABEL 23 
SDR2 !59 
SAVE 89 
CURV 89 
SDR2 89 
CURV 89 
COND 89 
SDR3 89 
OFP 89 
SAVE 89 
OFP 89 
SAVE 89 
XYTRAN 89 sss 7 
SAVE !39 sss 7 
XYPLOT 89 
SSS 7 
JUMP 89 
sss 7 
LABEL 89 
COND 89 
sss 9 
OPTPR2 89 
sss 9 
SAVE 89 sss 9 
EQUIV 89 sss 9 
CONO 89 sss 9 
LABEL 89 sss 9 
OFP 9 
SAVE 9 
OFP 9 
SAVE 9 
CONO 8 I 

- I 
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RIGI1 FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

sss 7 
LABEL 89 
$SS 7 
PLOT 8 
sss 7 
SAVE 8 
$SS 7 
PRTHSG 8 
$SS 7 
LABEL 8 
!SS 7 
LABEL 8 
sss 9 
COND 8 
$SS 9 
F?EPT 8 
sss 9 
JUMP 123456789012345,7!9 234 9012 
LAeEL 12345678901234S6789 234 9012 
$SS 1 3 
P~TPARH 1234567890123456789 234 9012 
sss 1 3 
LABEL 1234567890123456789 234 9012 
sss 8 
PRTPARH 1234567890123456789 234 9012 
sss 8 
LABEL 1234567890123456789 234 9012 
PRTPARH 1234567890123456789 234 9012 
LABEL 1234567890123456789 234 3012 
P~TPARH 1234567890123456789 234 9012 
LABEL 1234567890123456789 234 9012 
PRTPAR"1 1234567890123456789 234 9012 
LABEL 1234567890123456789 234 3012 
ENO 1234567890123456789 234 3012 

7.2-8 (12/29/78) 



STATIC ANALYSIS 

7.2.4 Rigid Format Change Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 64 70 80 Inst. 64 70 80 
BEGIN 4S678901234S67 345 EQUIV 
FILE 45678901234567 345 CHKPNT 
FILE 45678901234567 345 COND 
GP1 SMA3 
SAVE CHKPNT 
CHKPNT LABEL 
GP2 PARAH 
CHKPNT JUMP 
PARAML LABEL 
PURGE GP4 
COND SAVE 
PL TSET CONO 456789012'34567 345 
SAVE PARAH 
PRTMSG PURGE 
PARAM CHKPNT 
PAJ<AM CONO 
CONO GPSP 
PLOT SAVE 
SAVE COND 
PRTMSG OFP 
LABEL LABEL 
CHKPNT EQUIV 
GP3 CHKPNT 
SAVE CONO 
PARAM 45678901234567 345 HCE1 
CHKPNT CHKPNT 
TA1 HCE2 
SAVE CHKPNT 
PARAM 456789012'34567 345 LABEL 
CONO 45678901234567 345 EQUIV 
PURGE CHt<PNT 
CHKPNT CONO 
OPTPR1 SCE1 
SAVE CHKPNT 
CHKPNT LABEL 
PARAH EQUIV 
JUMP CHKPNT 
LABEL CONO 
COND SMP1 
PARAH CHKPNT 
EQUIV LABEL 
EMG EQUIV 
SAVE CHKPNT 
CHKPNT CDND 
CONO R8HG1 
EMA CHt<PNT 
CHK PNT LABEL 
LABEL RBHG2 
CONO CHKPNT 
EMA CONO 
CHKP~T Rl3MG3 
LABEL CHKPNT 
COND LABEL 
COND SSG1 
GPWG CHKPNT 
OFP EQUIV 
LABEL CHKPNT 

7.2-9 (12/29/78) 



DMAP 
Inst. 
COND 
SSGZ 
CHKPNT 
LABEL 
SSG3 
SAVE 
CHKPNT 
COND 
HATGPR 
HATGPR 
LABEL 
SDR1 
CHKPNT 
COND 
REPT 
JUMP 
PARAM 
COND 
LA8El 
CHKPNT 
GPFOR 
OFP 
CONO 
EQMCK 
OFP 
SAVE 
LABEL 
SOP.2 
SAVE 
CURV 
SOR2 
CURV 
CONO 
S0R3 
OFP 
SAVE 
OFP 
SAVE 
XYTRAN 
SAVE 
XYP,!-OT 
JUMP' 
LABEL 
CONO 
OPTPR2 
SAVE 
EQUIV 
CONO 
LABEL 
OFP 
SAVE 
OFP 
SAVE 
CONO 
LABEL 
PLOT 
SAVE 
PRTHSG 
LABEL 

Bit Position 
64 70 80 

4 
4 
I+ 
4So78901234567 
4So78901234SE,7 
4S678901234567 
45678901234S67 
4S678901234567 
45678901234567 
45078901234567 
45678901234567 
45678901234567 
4567e901234567 
45678901234567 
45678901234567 
4 56789012 3456 7 

Rrr,11 FORMAT RESTART TABLES 

345 
345 
345 
31+S 
31+5 
345 
345 
345 
345 
345 
34S 
345 
345 

DMAP 
Inst. 

LABEL 
CONO 
REPT 
JUMP 
LABEL 
PRT PA RH 
LAeEL 
PRTPARM 
LABEL 
PRTPARM 
LABEL 

. PRTPARM 
LABEL 
PRTPARM 
LABEL 
ENO 

7.2-10 (12/29/78) 

Bit Position 
64 70 80 

45678901234567 
45678901234567 
45678901231+567 
45678901234567 
45678901234567 
4S678901234567 
45678901234567 
45678901234567 
45678901234567 
45678901234567 
45678901234567 
45578901234567 
45678901234567 

345 
34S 
345 
345 
345 
345 
345 
345 
345 
345 
345 
345 
31+5 



STATir. ANALYSIS 

7.2.5 Fi le Name Restart Table 

DMAP Bit Position DMAP Bit Position Inst. 94 100 110 120 Inst. 94 100 110 120 
BEGIN COND D FILE SHA3 0 FILE CHKPNT 0 GP1 I+ LABEL 0 SAVE I+ PARAH 1 CHKPNT 4 JUMP 1 GP2 5 LABEL D CHKPNT 5 GPI+ 1 PAR.AML 5 SAVE 1 PURGE 5 CONO 1 CONO 5 PARAH 1 PL TSET 5 PURGE 1 3 567 9 1 SAVE 5 CHKPNT 1 3 So7 9 1 PRT MSG 5 CDND 2 PARAH 5 GPSP 2 PARAH 5 SAVE 2 CONO CONO 2 PLOT OFP 2 SAVE LABEL z PIHHSG EQUIV 4 LABEL CHKPNT 4 CHKPNT 5 CONO 34 GP3 6 HCE1 3 SAVE 6 CHKPNT. 3 PARAH 6 9 HCE2 4 CHKPNT 6 CHKPNT 4 TA1 7 LABEL 31+ SAVE 7 EOUIV 5 PARAH 7 CHKPNT 5 CONO 7 CONO 5 PURGE 78 2 SCE1 5 ·cHKPNT 7 CHKPNT 5 OPTPR1 7 LABEL 5 SAVE 7 EQUIV 6 CHKPNT 7 CHKPNT 6 PARAH CONO 6 JUHP 7 SHP1 6 LABEL 7 CHKPNT 6 COND 89 LABEL 6 PARAH 8 EQUIV 7 EQUIV 8 CHKPNT 7 EHG 6 CONO 7 SAVE 6 RBHG1 7 CHl<:PNT 6 CHKPNT 7 CONO 8 LABEL 7 EHA 8 RBHG2 8 CHKPNT 8 CHKPNT 8 LABEL 8 CONO 9 COND 9 RBHG3 9 EMA 9 CHKPNT 9 CHKPNT q LABEL 9 LABEL 9 SSG1 0 CONO CHKPNT 0 CONO EQUIV 1 GPWG CHKPNT 1 OFP C:ONO 1 LAeEL 89 SSG2 1 EQUIV n CHKPNT 1 CHKPNT 0 LABEL 1 

7.2-11 (12/29/78) 



DMAP 
Inst. 

SSG3 
SAVE 
CHl<'PNT 
COND 
MATGPR 
HATGPR 
LABEL 
SDR1 
CHKPNT 
COND 
REPT 
JUMP 
PARAH 
COND 
LABEL 
CHl<PNT 
GPFOR 
OFP 
COND 
EQMCK 
OFP 
SAVE 
LABEL 
SOR2 
SAVE 
CURV 
SOP2 
CURV 
CONO 
SOR3 
OFP 
SAVE 
OFP 
SAVE 
XYTRAN 
SAVE 
XYPLOT 
JUMP 
LABEL 
CONO 
OPTPR2 
SAVE 
EQUIV 
CONO 
LABEL 
OFP 
SAVE 
OFP 
SAVE 
CONO 
\.ABEL 
PLOT 
SAVE 
P~THSG 
LABEL 
LABEL 
COND 
REPT 
JUMP 

94 

RIGID FORMAT RESTART TABLES 

Bit Position DMAP 
100 l 10 120 Inst. 94 

2 LABEL 
2 PRTPARH 
2 LABEL 

Pt=!TPARH 
LABEL 
PRTPARM 
LABEL 

3 PRTPARH 
3 LABEL 

3 

4 

8 
8 
8 
8 
8 
8 

'3 
9 

PRTPARH 
LABEL 
END 

7.2-12 (12/29/78) 

Bit Position 
100 110 120 



STATIC ANALYSIS WITH INERTIA RELIEF 

7.3 RESTART TABLES FOR STATIC ANALYSIS WITH INERTIA RELIEF 

7. 3. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 
AXI C 1 CQDPLT 2 PTRPLT1 3 AXIF 1 CQUA01 2 PTRSHL 3 CELAS1 1 CQUAD2 2 PTUBE 3 CELAS2 1 CQUADTS 2 PTWIST 3 CELA S3 1 CROD 2 GENEL 4 CELAS4 1 CSHEAR 2 

CONH1 5 CMASS1 1 CTETRA 2 CONH2 5 CHASS2 1 CTORDRG 2 PELAS 6 CMASS3 1 CTR A PAX 2 PHASS 7 CHASS4 1 CTRAPRG 2 MAT1 8 CORD1C 1 CTRBSC 2 MATZ 8 CORD1R 1 CTRIA1 2 
HAT3 8 COP-01S 1 CTRIA2 2 HATT1 s COR02C 1 CTRIAAX 2 HATT2 8 CORD2R 1 CTRIARG 2 
HATT3 8 COR02S 1 CTRIATS 2 
TABLEH1 8 GROSET 1 CTIUH6 2 
TABLEH2 8 GRID 1 CTR HEH 2 
TABLEH3 8 GR.IDB 1 CTRPLT 2 
TABLEH4 8 POINT AX 1 CTR.PL T1 2 
TEHPHT$ 8 RINGAX 1 CTRSHL 2 
TEHPHX$ 8 RINGFL 1 CTUBE 2 
AXISYH$ 9 SECTAX 1 CTWIST 2 
CRIG01 9 SEQGP 1 CWEDGE 2 
CR!G02 9 SPOINT 1 PBAR 3 
CRIG03 9 AOUM1 2 PCONEAX 3 
CR.IGOR g AOUH2 2 POUH1 3 
HPC 9 AOUH3 2 POUH2 3 
MPCAOO 9 AOUM4 2 POUH3 3 HPCAX g AOU115 z POUH4 3 
HPCS 9 AOUH6 2 PDUH5 3 
SPC 10 ADUM7 2 POUM6 3 SPC1 10 ADUM8 2 POUM7 3 
SPCADD 10 AOUH9 2 POUM8 3 
SPCAX 10 BAROR 2 POUH9 3 
SPCS 10 CBAP 2 PIHEX 3 
ASET 11 CCONEAX 2 PQOHEH 3 
ASET1 11 CDUH1 2 PQOHEH1 3 
OHIT 11 COUH2 2 PQOHEH2 3 
OHIT1 11 COUH3 2 PQOHEH3 3 
OHITAX 11 CDUH4 2 PQOPL T 3 
SUPAX 12 CDUH5 2 PQUA01 3 
SUPORT 12 COUH6 2 PQUA 02 3 
TEMP 13 COUH7 2 PQUADTS 3 
TEHPAX 13 COUH8 2 PROO 3 
TEMPO 13 COUH9 2 PSHEAR 3 
TEHPP1 13 CHEXA1 2 PTORDRG 3 TEMPP2 13 CHEXA2 2 PTRAPAX 3 TEHPP3 13 C!HEX1 2 PTRBSC 3 TEMPRB 13 CIHEX2 2 PTRIA1 J WTHASS 14 CIHEX3 2 PTRIA2 3 GROPNT 15 CONROD 2 PTR!AAX 3 
PLOTEL 16 CQOMEH 2 PTRIATS 3 
IRES 17 CQOMEH1 2 PTRI H6 3 PLOT! 18 CQOHEH2 2 PTRMEH 3 
POUTS 19 CQDHEH3 2 PTRPLT 3 
LOOPS 22 

7.3-1 ( 12/29/73) 



RIGID FORMAT RESTART TABLES 

Card Name Bit Pas. 

LOOP1S 23 
COUPHASS 21+ 
CPBAR 21+ 
CPQOPLT 21+ 
CPQUA01 21+ 
CPQUA02 24 
CPROO 21+ 
CPTRBSC 21+ 
CPTRIA1 21+ 
CPTRIA2 21+ 
CPTRPL T 21+ 
CPTUBE 21+ 
DEFORl'I 59 
OEFORl"S 159 
LOAD$ 59 
RFORCE! 59 
SPCD 513 
FORCE E, 0 
FORCE1 E, 0 
FORCE2 60 
FORCEAX 60 
LOAD 60 
MOMAX 60 
MOMENT 60 
HOMENT1 60 
MOMENT? 60 
PLOAO 60 
PLOA01 60 
PLOA02 60 
PLOA03 60 
PRESAX 60 
SLOAO 60 
GRAV 61 
RFORCE 61 
TEMPLO$ 62 

7.3-2 (12/29/78) 



STATIC ANALYSIS WITH INERTIA RELIEF 

7.3.2 Bit Positions for File Name Restart Table ,.. 
r11 e Name Bit Pos. File Name Bit Pos. 

BGPDT 94 KLL 107 
CSTH 94 KLR 107 
EQEXIN 94 KRR 107 
GPOT 94 Hll 107 
GPL 94 HLR 107 
SIL 94 HRR 107 
ECT 95 LLL 108 
GPTT 96 DH 109 
SLT % HR 110 
GPECT 97 PG 111 
EST 97 PL 112 
GEI 97 PO 112 
GPST 98 PS 112 
KGGX 98 QR 112 
HGG 99 PLI 113 
KGG 100 POI 113 
ASET 101 RULV 114 
RG 101 RUOV 114 
USET 101 ULV 114 
YS 101 uoov 114 
OGPST 102 PGG 115 
GH 103 QG 115 
KNN 104 UGV 115 
MNN 101+ OEF1 116 
KFF 105 OES1 116 
KFS 105 OPG1 116 
KSS 105 OQG1 116 
MFF 105 OUGV1 116 
GO 106 PUGV1 116 
KAA 106 ELSETS 117 
KOO 106 GPSETS 117 
LOO 106 PLTPAR 117 
HAA 106 PLTSETX 117 
HOA 106 KOICT 118 
HOO 106 KELM 118 

HOICT 118 
HELM 118 

7.3-3 (12/29/78) 



RIGID FORMAT RESTART TABLES 

7.3.3 Card Name Restart Table 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

eEGIN 123456789012345o7e9 234 9012 
FILE 1234S67890123456789 234 9012 sss 1 3 
GP1 1 
SAVE 1 
CHKPNT 1 
!SS 6 
GP2 .12 45 6 
CHKPNT 12 45 6 
sss 6 
PA RAHL 8 
!SS 7 
PURGE 8 
$SS 7 
CONO 8 
$SS 7 
PLTSET 8 sss 7 
SAVE 8 
!SS 7 
PRTHSG s 
$SS 7 
PARAH 8 
$SS 7 
PARAH 8 
!iSS 1 
COND 8 
SSS 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTHSG 8 sss 7 
LABEL 8 
$SS 7 
CHKPNT 8 
!SS 67 
GP3 12 3 01 
CHKPNT 12 3 01 sss £, 

TA1 1234S67 3 
SAVE 1234567 3 
CONO 12345678 34 4 
PUf<GE 1234567 3 
CJ.!KPNT 1234S67 3 
sss 6 
PARAH 123 6 8 
PARAM 123 5 78 4S 4 1 
EHG 123 5678 45 4 1 
SAVE 123 567 8 45 4 1 CH!<PNT 123 S67 8 4S I+ 1 sss 6 
CONO 123 6 ~ 
EMA 123 6 8 
CHKPNT 123 6 8 
sss 6 
LAen 123 6 8 

7.3-4 (12/29/78) 
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DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CONO 123 5 78 45 4 1 EMA 123 S 7 8 45 4 1 CHKPNT 123 5 78 45 4 1 sss 6 
COND 123 5 78 45 4 
$SS 8 
GPWG 123 s 78 45 4 
JSS 8 
JFP 123 5 78 '+ 5 4 
$SS 8 
LABEL 123 s 78 45 4 sss 8 
EQUIV 1234 6 8 
CHKPNT 1234 6 s sss 6 
CONO 1234 6 8 
SMA3 1234 6 8 
CHKPNT 1231.t 6 8 
$SS 6 
LABEL 1234 6 8 
PUAM 1 9012 23 
JUMP 23 
$SS 1 3 
LA 8Et: 23 
SSS 1 3 
GP4 1 9012 23 9 SAVE 1 9012 23 9 COND 1 9012 23 9 CONO 1 9012 23 9 PUP.GE 1 9012 23 9 CHKPNT 123456789012 23 9 $SS 6 
CONO. 123 6 8 90 23 GPSP 123 6 890 23 
SAVE 123 6 890 23 
CONO 123 6 890 23 OFP 123 6 8 90 23 
LABEL 123 6 8 90 23 
EQUIV H31.+56789 23 
CHKPNT 123456789 23 sss s 
CONO 123456789 23 
HCE1 1 9 23 
CHKPNT 1 9 23 
SSS 6 
HCEZ 1234567 89 23 
CHKPNT 123456789 23 sss 6 
LABEL 123456789 23 
EQUIV 1234567 8 90 23 
CHKPNT 1234567890 23 sss 6 
CONO 1234567 890 23 
SCE1 1234567890 23 
CHKPNT 1234567890 23 sss 6 
LABEL 1234567890 23 Fnurv 12345678901 23 
CHKPNT 12345&78901 23 

-·: 

7. 3-5 ( 12/29/78) ~ ,/,. 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

sss 6 
COND 12345678901 23 
Sf'4P1 12345678901 23 
CHKPNT 12345678901 23 
$SS 6 
LA8EL 12345678901 23 
R8MG1 123456789012 23 
CHKPNT 123456789012 23 
sss 6 
ReMG2 1234 6 89012 23 
CHKPNT 1234 6 89012 23 
sss & 
R8MG3 1234 6 89012 23 
CHKPNT 1234 6 89012 23 
sss 6 
R9"4G4 123456789012 23 
CHKPNT 123456789012 23 
$SS 6 
SSG1 123 5678 3 23 9012 
CHKPNT 123 S&7 8 3 23 9012 
$SS & 
SSG2 123 567890123 23 9012 
CH KPNT 123 567890123 23 9012 
sss 6 
SSG4 123 567890123 23 9012 
CHKPNT 123 567890123 23 9012 
$SS 6 
SSG3 1234567890123 23 9012 
SAVE 1234567 890123 23 9012 
CHKPNT 1234567890123 23 9012 
$SS 6 
COND 1234567890123 7 23 9012 
MATGP~ 1234567890123 7 23 9012 
MATGPR 1234567890123 1 23 9012 
LABEL 1234567 89C 123 1 23 9012 
SOia 1234567890123 23 9012 
CHJ<PNT 1234567890123 23 9012 
$SS 6 
CONO 23 
$SS 1 3 
REPT 23 
$SS 1 3 
JUMP 23 
SSS 1 3 
PAF.AM 23 
COMO 23 
LABEL 23 
sss 1 3 
CHKPNT 9 
COHO 23 
EQMCK 23 
OFP 23 
SAVE 23 
LABEL 23 
SDR2 89 
PAP.AM 9 
OFP g 

S~VE 9 
.. COHO 8 

·--
7.3-6 (12/29/78) 
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DMAP Hit Position 
Inst. 10 20 30 40 50 60 

$SS 7 
PLOT 8 
!SS 7 
SAVE a 
!SS 7 
PRTHSG a 
$SS 7 
LAeEL 8 
sss 7 
JUMP 12345678901234567~9 234 9012 
LABEL 1234567890123456789 234 9012 
PRTPAP.M 1234567890123456789 234 9012 
LABEL 1234567890123456789 234 9012 
sss 1 3 
PRTPARM 1234567890123456789 234 9012 
$SS 1 3 
LABEL 1234567890123456789 231+ 9012 
PRTPA~M 12345678901234567!9 234 9012 
LABEL 1234567890123456789 234 9012 
PRTPARM 1234567890123456789 234 9012 
LABEL 1234567!901234567~9 234 9012 
PRTPARM 12345678901234567!9 234 9012 
LABEL 1234567890123456789 234 9012 
ENO 1234567890123456789 234 9012 

7.3-7 (12/29/78) 



RIGID FORMAT RESTART TABLES 

7.3.4 Rigid Format Change Res ta rt Tab 1 e 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGIN 3 5678901234567 345 COND 
FILE 3 5678901234567 345 OFP 
GP1 LABEL 
SAVE EQUIV 
CHKPNT CHKPNT 
GPZ CONO· 
CHKPNT HCE1 
PARAHL CHKPNT 
PURGE HCE2 
CONO CHKPNT 
PLTSET LABEL 
SAVE EQUIV 
PRTMSG CHKPNT 
PARAM CONO 
PARAH SCE1 
CONO CHKPNT 
PLOT LABEL 
SAVE EQUIV 
PRTMSG CHKPNT 
LABEL COHO 
Cl-fKPNT SHP1 
GP3 CHKPNT 
CHKPNT LABEL 
TA1 RBHG1 
SAVE CHKPNT 
COND RBHG2 
PURGE CHKPNT 
CHKPNT RBHG3 
PARAH CHKPNT 
PARAH 3 678 RBHG4 
EMG 3 678 CHKPNT 
SAVE 3 678 SSG1 
CHKPNT 3 678 CHKPNT 
COt-lO SSG2 
EMA CHKPNT 
CHKPNT SSG4 
LABEL CHKPNT 
CONIJ 3 5678901234567 345 SSGJ 3 
EMA 3 678 SAVE 3 
CHKPNT 3 678 CHKPNT 3 
CONO CONO 3 5678901234567 345 
GPWG HATGPR 3 5678901234567 345 
OFP HATGPR 3 5678901234567 345 
LABEL LABEL 3 5678901234567 345 
EQUIV SOR1 3 5678901234567 345 
CHKPNT CHKPNT 3 5678901234567 345 
CONO CONO 3 5678901234567 345 
SHA3 REPT 3 5678901234567 345 
CHl<PNT JUHP 3 5678901234567 31+5 
LABEL PARAH 3 5678901234567 345 
PAPAM COHO 3 5678901234567 345 
JUl"P LABEL 3 5678901234567 345 
LABEL CHKPNT 
GP4 CONO 3 5678901234567 345 
SAVE EQHCK 3 5678901234567 345 
COND ~ 567'3901234567 345 OFP 3 5678901234567 345 
CONO 3 5678901234567 -· SAVE 3 5678901234567 :3~.? - . ., 

7.3-8 (12/29/78) 



STATIC ANALYSIS WITH INERTIA RELIEF 

DMAP Bit Position 
Inst. 63 70 80 

LABEL 3 S679901234S67 34S 
SOR2 
PARAM 
OFP 
SAVE 
COND 
PLOT 
SAVE 
PRTMSG 
LA8EL 
JUMP 3 S678901234S67 3'+S 
LABEL 3 S678901234S67 345 
PRTPARM 3 %78901234S67 31+S 
LABEL 3 %7B901234S67 31+5 
PIHPARM 3 S678901234S67 345 
LABEL 3 567'3901234567 345 
P~TPARM 3 5678901234567 345 
LASEL 3 S67e901234567 345 
PRTPARM 3 5678901234567 345 
LABEL 3 5678901234567 34S 
PRTPARM 3 5678901234567 345 
LABEL "3 %78901234S67 345 
ENO 3 5671!901234567 34S 

7.3-9 (12/29/78) 



7.3.5 File Name Restart Table 

DMAP Bit Position 
Inst. 94 100 110 

BEGIN 
FILE 
GP1 4 
SAVE 4 
CHKPNT 4 
GP2 5 
CHKPNT 5 
PARA ML 
PURGE 
CONO 
PLTSET 
SAVE 
P~Tl1SG 
PARAM 
PARAM 
CONO 
PLOT 
SAVE 
PRTl1SG 
LABEL 
CHl(PNT 
GP3 6 
CHKPNT 6 
TA1 7 
SAVE 7 
CONO 7 9 
PUl-'GE 7 2 
CHKPNT 7 
PAF,A11 8 
PARAM 9 
EHG 
SAVE 
CHKPNT 
CO~!") 8 
EMA 8 
CHKPNT 8 
LABEL 8 
CONO 9 
EMA q 
CHKPNT 9 
CONO 
GPWG 
OFP 
LAeEL 
EQUIV 0 
CH KPNT 0 
CDNO 0 
SMA3 0 
CHKPNT 0 
LAeEL 0 
PARAH 1 
JUMP 
LABEL 0 
GP'+ 1 
SAVE 1 
CONO 1 
CONO 1 

RIGID FORMAT RESTART TABLES 

DMAP 
120 Inst. 94 

PURGE 
CHKPNT 
CONO 
GPSP 
SAVE 
CONO 
OFP 

7 LABEL 
7 ;_QUIV 
7 CHKPNT 
7 CONO 
7 HCE1 
7 CHKPNT 
7 HCEZ 
7 CHKPNT 

LABEL 
EQUIV 
CHKPNT 
COHO 
SCE1 

7 CHKPNT 
lABEL 
EQUIV 
CHKPNT 
CONO 
SHP1 
CHKPNT 
LABEL 
RBHG1 
CHKPNT 

8 RBHG2 
8 CHKPNT 
8 RBHG3 

CHKPNT 
RBHG4 
CHKPNT 
SSG1 
CHKPNT 
SSG2 
CHKPNT 
SSG'+ 
CHKPNT 
SSG3 
SAVc 
CHKPNT 
CONO 
HATGPR 
HATGP~ 
LABEL 
S0R1 
CHKPNT 
CONO 
RE'PT 
JUMP 
PUAH 
CONO 
LABEL 

7.3-10 (12/29/78) 

Bit Position 
100 110 120 

1 3 56 
1 3 56 
z 
2 
2 
2 
2 
2 

4 
4 

34 
3 
3 ,. 

4 
34 

s 
s 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 

7 
7 

8 
8 

9 
9 

0 
D 

1 
1 

2 

2 
2 

2 
3 
l 

4 
4 

5 
s 

/ 



DMAP 
Inst. 

CHKPNT 
CDND 
EQMCK 
OFP 
SAVE 
LABEL 
SDR2 
PAlsAM 
DFP 
SAVE 
CONO 
PLOT 
SAVE 
PRT MSG 
LABEL 
JUl'!O 
LA EEL 
PRTPARM 
LABEL 
PPTPARM 
LABEL 
PRTPARM 
LABEL. 
PRTPARM 
LABEL. 
PRTPARM 
LABEL 
END 

94 

STATIC ANALYSIS WITH INERTIA RELIEF 

Bit Position 
l 00 11 O 120 

7.3-11 (12/29/78) · 



NORMAL MODES ANALYSIS 

7.4 REST ART TABLES FOR NORMAL MJDES ANALYSIS 

7. 4. l Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 
CIHEX1 z PROO 3 

AXIC 1 
C!HEXZ z PSHEAR 3 

AX!F 1 
C!HEX3 z PTORDRG 3 

AXSLOT 1 
CFLU!OZ z PT RA PAX 3 

CELAS1 1 
CFLUI03 z PTRBSC 3 

CELASZ 1 
CFLU!D4 z PTRIA1 3 

CELAS3 1 
CONROD z PTR!AZ 3 

CELAS4 1 
CQOHEH z PTRIAAX 3 

CHASS1 1 
CQDHEH1 z PTRIATS 3 

CMASS2 1 
CQDHEH2 2 PTRIH6 3 

CHASS3 1 
CQDHEH3 z PTRHEH 3 

CHASS4 1 
CQOPLT 2 PTRPLT 3 

CORD1C 1 
CQUA01 z PTRPLT1 3 

CORD1R 1 
CQUAOZ 2 PTRSHL 3 

COR01S 1 
CQUAOTS 2 PTUBE 3 

CCR DZC 1 
CROO z PTWIST 3 

CORD2R 1 
CSHEAR 2 'GENEL 4 

COR02S 1 
CSLOT3 z CONH1 5 

FREE PT 1 
CSLOTlt z CONH2 5 

GRDSET 1 
CTETRA z FSLIST 5 

GRID 1 
CTORDRG z PELAS 6 

GRIDS 1 
CTRAPAX 2 PHASS 7 

GRIOF 1 
CTRAPRG 2 HAT1 8 

GRIDS 1 
CTRBSC 2 HAT2 8 

POI NTA X 1 
CTRIA1 2 HAT3 8 

PRESPT 1 
CTRIA2 2 HATT1 8 

RINGAX 1 
CTRIAAX z HATTZ 8 

RINGFL 1 
CTRIARG 2 

HATT3 8 
SECTAX 1 

CTRIATS 2 TABLEH1 8 
SEQGP 1 

CTR!H6 2 
TABLEH2 8 

SLBOY 1 
CTRHEH z TABLEH3 8 

SPOINT 1 
CTRPLT 2 TABLEHft 8 

ADUH1 2 
CTRPLT1 2 TEHPHT$ 8 

AOUH2 2 
CTRSHL 2 TEHPHX! 8 

AOUH3 2 
CTUBE 2 AXISYMS 9 

ADUMlt 2 
CTWIST z CRIG01 9 

ADUH5 z 
CWEOGE 2 CRIG02 9 

AOUH6 2 
PBAR 3 CRIG03 9 

AOUH7 2 
PCONEAX l CRIGOR 9 

ADUH8 2 
POUH1 3 HPC 9 

ADUH9 2 
PDUHZ 3 HPCAOO 9 

BAROR 2 
POUH3 3 HPCAX 9 

CAXIF2 z 
POUHft 3 HPCS 9 

CAXIF3 2 
POUH5 3 SPC 10 

CAX!Fft 2 
POUH6 3 SPC1 10 

CBAR 2 
POUH7 3 SPCAOO 10 

CCONEAX z 
PDUH8 3 SPCAX 10 

CDUH1 2 
POUH9 l SPCS 10 

COUH2 2 
PIHEX 3 ASET 11 

CDUH3 z 
PQOHEH 3 

ASET1 11 
COUH4 2 

PQOHEH1 3 
OHIT 11 

COUH5 z 
PQOHEH2 3 OHIT1 11 

COUH6 2 
PQOHEH3 3 OMITAX 11 

COUH7 z 
PQOPLT 3 SUPAX 12 

COUH8 z 
PQUA01 3 SUPORT 12 

COUH9 2 
PQUA02 3 TEMP 13 

CHEXA1 2 
PQUAOTS 3 TEHPAX 13 

CHEXA2 2 
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Card Name Bit Pos. 

TEMPO 13 
TEMPP1 13 
TE11PP2 13 
TE11PP3 13 
TEMPRB 13 
WTMASS 14 
GRDPNT 15 
PLOTEL 16 
PLOT$ 18 
POUTS 19 
COUPHASS 24 
CPBAR 24 
CPQOPLT 21+ 
CPQUA01 24 
CPQUA02 24 
CPROO 24 
CPTRBSC 24 
CPTRIA1 24 
CPTRIA2 24 
CPTRPLT 24 
CPTUBE 24 
EIGR 61 
METHODS 62 

RIGID FORMAT RESTART TABLES 
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NORMAL MODE ANALYSIS 

7.4.2 Bit Positions for File fiarre Restart Table 

File Name Bit Pos. File Name Bit Pos. 

BGPOT 94 HRR 107 
CSTH 94 LLL 108 
EQEXIN 94 OH 109 
GPOT 94 HR 110 
GPI.. 91+ EEO 111 
SIL 94 EQDYN 111 
ECT 95 GPLO 111 
GPTT 96 SILO 111 
EST C:!7 USETO 111 
GEI 97 LAHA 112 
GPECT 97 HI 112 
GPST 98 DEIGS 112 
KGGX 98 PHIA 112 
HGG 99 PHIG 113 
KGG 100 QG 113 
ASET 101 DEF1 114 
RG 101 OES1 111+ 
USET 101 OPHIG 114 
OGPST 102 OQG1 114 
GH 103 PPHIG 114 
KNN 104 BGPOP 115 
MNN 104 SIP 115 
t<FF 105 El.SETS 116 
KFS 105 GPSETS 116 
MFF 105 PLTPAR 116 
'GO 106 PLTSETX 116 
it<AA 10& HAA 117 
1KLL 107 KDICT 118 
l<I..R 107 KELH 118 
KRR 107 HOICT 118 
MLL 107 HELM 118 
MLR 107 

7.4-3 (12/29/73) 
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RIGID FORMAT RESTART TABLES 

7.4.3 Ca rd Name Restart Table 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

BEGIN 1234567890123456 1!9 4 12 
FILE 1234567890123456 1!9 4 12 
GP1 1 
SAVE 1 
CHKPNT 1 
$SS 6 
GP2 12 45 6 
CHK PNT 12 45 6 
$SS 6 
PARAHL 8 sss 7 
PURGE 8 
sss 7 
CONO 8 
$SS 7 
PLTSET 8 
$SS 7 
SAVE 8 
!SS 7 
P~THSG 8 
sss 7 
PARAM 8 
$SS 7 
PARAM 8 sss 7 
CONO 8 
sss 7 
PLOT 8 sss 7 
SAVE 8 sss 7 
PRTMSG 8 sss 7 
LA9EL 8 sss 7 
CHKPNT 8 sss 67 
GP3 1 3 
CHKPNT 1 3 sss 6 
TH 1234567 3 
SAVE 1234567 3 
CONO 12345678 34 
PURGE 1234567 3 
CHKPNT 1234567 3 
!SS 6 
PARAH 123 6 8 
PARAH 123 5 7 8 
EHG 123 5678 4 4 
SAVE 123 567 8 4 4 
CHKPNT 123 5678 4 4 sss 6 
CONO 123 6 8 
EMA 123 6 8 
CHKPNT 123 6 8 
!SS 6 
LABEL 123 E> 8 
CONO 123 5 7 8 4 4 
EMA 123 5 7 8 4 4 
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NORMAL MODE ANALYSIS 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHKPNT 123 5 7 8 4 4 
$SS 6 
COND 123 5 78 45 4 
!SS 8 
GPWG 123 5 78 45 4 
$SS 8 
OFP 123 5 78 45 4 
$SS 8 
LABEL 123 5 78 45 4 
$SS 8 
EQUIV 1234 6 8 
CHKPNT 1234 6 8 
$SS 6 
CONO 1231+ 6 8 
SMA3 1234 6 8 
CHKPNT 1234 6 8 
$SS 6 
LABEL 1234 6 8 
PARAM 1 9012 
GP4 1 9012 
SAVE 1 9012 
CONO 1 9012 
PUl=/GE 1 9012 
CHKPNT 123456789012 4 
$SS 6 
CONO 123 6 890 
GPSP 123 6 8«:10 
SAVE 123 6 8«:10 
CONO 123 6 890 
OFP 123 6 890 
LABEL 123 6 8«:10 
EQUIV 12345678«:I .. .. 
CHKPNT 123456789 4 4 
$SS 6 
COND 123456789 4 4 
MCE1 1 9 
CHKPNT 1 9 
$SS 6 
MCE2 123456789 4 .. 
CHKPNT 123456789 4 4 
$SS 6 
LABEL 1234567 89 4 4 
~QU!V 1234567890 .. 4 
Cl-'KPNT 1234567890 .. .. 
$SS 6 
CONO 1234567890 4 .. 
SCE1 12345678 90 4 4 
CHKPNT 1234567890 4 4 
$SS 6 
LABEL 1234567890 4 4 
EQU!V 1234 6 8901 
EQUIV 12345678901 .. 4 
CMKPNT 12345678901 4 4 
,ss E, 
CONO 12345678901 4 4 
SMP1 1234 6 8901 
C:MKPNT 1231+ 6 8901 
$SS 6 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst: 10 20 30 40 50 60 

SMP2 123'+5678901 I+ 4 
CHKPNT 12345678901 4 4 
$SS 6 
LA8EL 12345678901 '+ 4 
COND 123456789012 4 4 
Rl3MG1 123456789012 4 4 
CHKPNT 123456789012 4 4 
$SS 6 
RBMG2 1234 6 89012 
CHKPNT 1234 6 89012 
$SS 6 
RBMG3 123«. 6 89012 
CHKPNT 1234 6 89012 
$SS 6 
R8MG4 123«.56789012 4 4 
CHKPNT 123456789012 4 4 
SSS 6 
LA8EL 123456789012 4 4 
DPO 1 9012 1 
SAVE 1 9012 1 
COND 1 9012 1 
CHKPNT 1 9012 1 
!SS 6 
PARAM 12345678901234 4 
READ 123456789012 4 4 12 
SAVE 123456789012 4 4 12 
CHKPNT 123456789012 4 4 12 
$SS 6 
PAP.AH 9 
OFP 123456789012 4 4 12 
SAVE 123456789012 4 4 12 
CONO 123456789012 .. 4 12 
OFP 123456789012 4 4 12 
SAVE 123«.56789012 4 4 12 
SDR1 123456789012 4 4 12 
CHKPNT 123456789012 4 4 12 
COND 123456789012 4 4 12 
EDMCK 123456789012 4 4 12 
OFP 123456789012 4 4 12 
SAVE 12'345678C012 4 .. 12 
LABEL 12345678 C. 'J 12 4 .. 12 
sss 6 
PAIHM 89 
PARAH 89 
EQUIV 89 
CHKPNT 89 
SSS 
CONO 89 
PL TTRAN 1 8 
SAVE 1 e 
CHKPNT 1 8 
$SS 
LABEL 89 
S0R2 89 
OFP 9 
SAVE 9 
CONO 8 
sss 1 
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NORMAL MODE ANALYSIS 

DMAP Bit Fosition 
Inst. 1J 20 30 40 50 60 

PLOT e 
tSS 7 
SAV~ 8 
tSS 7 
PRTMSG 8 
sss 7 
LABEL 8 
sss 7 
JUMP 1234567890123456 89 l+ 12 
LABEL 1234567890123456 89 l+ 12 
PRTPARM 1234567890123456 !!9 4 12 
LABEL 1234S678901234S6 89 4 12 
PRTPARH 1234567890123456 89 l+ 12 
LAe~L 1234567890123456 89 4 12 
PP.TPARH 1234567890123456 e9 4 12 
LABEL 1234567890123456 89 l+ 12 
END 1234567890123456 89 4 12 
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RIGID FORMAT RESTART TABLES 

7.4.4 Rigid Format Change Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGIN 31+ 67890123'+567 31+5 SAVE 
FILE 31+ 67890123'+567 345 CONO 
GP1 OFP 
SAVE LABEL 
CHKPNT EQUIV 
GPZ CHKPNT 
C Ht< PNT COND 
PARAML HCE1 
PURGE CHKPNT 
CONO HCEZ 
PL TSET CHKPNT 
SAVE .LABEL 
PF.THSG EQUIV 
PARA"1 CHKPNT 
PAFAM CONO 
CONO SCE1 
PLOT CHKPNT 
SAVE LABEL 
P~TMSG EQUIV 
LABEL EQUIV 
CHKPNT CHKPNT 
GP3 CONO 
CHKPNT SHPt 
TA1 CHKPNT 
SAVE SHP2 
CONO CHKPNT 
PURGE LAeEL 
CHKPNT CONO 
PARAH RBHG1 
PARAH 3 678 CHKPNT 
EHG 3 678 RBHG2 
SAVE 3 678 CHKPNT 
CHKPNT 3 678 RBHG3 
CONO CHKPNT 
EMA RBHGI+ 
CH KPNT CHKPNT 
LABEL LABEL 
COND 34 678901234567 345 DPD 
EHA 3 678 SAVE 
CHKPNT 3 678 CONO 34 678901234567 345 
CONO CHKPNT 
GPWG PARAH 
OFP ~EAO 
LAeEL SAVE 
EQUIV CHKPNT 
CHKPNT PARAH 
COND OFP 
SHA3 SAVE 
CHKPNT CONO 
LABEL OFP 
PARAH SAVE 
GP4 S0~1 34 67890123'+567 345 
SAVE CHKPNT 34 678901234567 345 
COHO CONO 34 678901234567 345 
PUP.GE EQHCK 34 678901234567 345 
CHKPNT OFP 34 678901234567 345 
COMO SAVE 34 678901234567 345 
GPSP LABEL 34 678901234567 345 
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NORMAL MODES ANALYSIS 

DMAP Bit Position 
Inst. 63 70 80 

PARAM 
PARAH 
EQUIV 
CHKPNT 
CONO 
PLTTRAN 
SAVE 
CHKPNT 
LABEL 
SDR2 
O~P 
~AVE 
COND 
PLOT 
SAVE 
PRTMSG 
LABEL 
JUMP 34 678901234567 345 
LABEL 34 E>789012345f,7 345 
PRTPARM 34 678901234567 345 
LABEL 31+ 678901234567 31+5 
P~TPARM 34 678901234567 345 
LABEL 34 678901234567 345 
PRTPARM 34 €>78901234567 345 
LASEL 34 678901234567 345 
ENO 34 678901234567 345 
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RIGID FORMAT RESTART TAtLES 

7.4.5 File Name Restart Table 

DMAP Bit Position OMAP Bit Position 
Inst. 94 100 110 120 Inst. 94 100 110 120 

BEGIN GPSP 2 
FILE SAVE 2 
GP1 I+ COND 2 
SAVE I+ OFP 2 
CHKPNT I+ LABEL 2 
GP2 5 EQUIV I+ 
CHKPNT 5 CHKPNT I+ 
PARAHL 6 CONO 34 
PURGE 6 HCE1 3 
CONO 6 CHKPNT 3 
PLTSET 6 HCE2 I+ 
SAVE 6 CHKPNT 4 
PRTMSG 6 LABEL 31+ 
PAPAM 6 EQUIV 5 
PHAM 6 CHKPNT 5 
COND CONO 5 
PLOT SCE1 5 
SAVE CHKPNT 5 
PRTHSG LABEL 5 
LABEL EQUIV 6 
CHKPNT EOUIV 7 
GP3 6 CHKPNT 6 7 
CHKPNT 6 CONO 6 7 
TA1 7 SHP1 6 
SAVE 7 CHKPNT 6 
CONO 7 SHP2 7 
PURGE 7 2 CHKPNT 7 
CHKPNT 7 L'ABEL 6 7 
PARAH 8 COND 7890 
PARAM 9 RBHG1 7 
EHG 8 CHKPNT 7 
SAVE 8 RBHG2 8 
:HKPNT 8 CHKPNT e 
CONO 8 RBHG3 9 
EMA 8 CHKPNT q 
CHKPNT 8 RBHGI+ D 
LABEL 8 CHKPNT D 
CONO g LABEL 7890 
El+A 9 CPO 1 
CHKPNT 9 SAVE 1 
CONO CONO 1 
GPWG CHKPNT 1 
OFP PARAH 2 
LABEL READ 2 
EQUIV D SAVE 2 
CHKPNT D CHKPNT 2 
CON·O D PARAH 2 
SMA3 0 OFP 2 
CHKPNT D SAVE 2 
LABEL D CONO 31+ 
PAPAM 1 OFP 2 
GPC. 1 SAVE 2 
SAVE 1 S0R1 3 
COHO 1 CHKPNT 3 
PURGE 1 3 567 90 '3 CONO 3 
CHKPNT 1 3 567 go 3 EQHCK 3 
CONO 2 OFP 1 
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DMAP 
Inst. 

SAVE 
LAeEL 
PAPAM 
PARAH 
EQUIV 
CHKPNT 
COND 
PL TTRAN 
SAVE 
CHKPNT 
LABEL 
SDR2 
OFP 
SAVE 
CONIJ 
PLOT 
SAVE 
PRTMSG 
LABEL 
JUMP 
LABEL 
PRTPARM 
LABEL 
PRTPARM 
LABEL 
PRTPARM 
LABEL 
ENO 

Bit Position 
94 100 110 

3 
3 

NORMAL MODE ANALYSIS 

5 
5 
5 
5 
5 
5 
5 
5 
5 

120 
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STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

7.5 RESTART TABLES FOR STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

7. 5. l Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 
CQOPLT 2 PTRSHL 3 

AXIC 1 CQUA01 2 PTUBE 3 
AXIF 1 CQUA02 2 PTWIST 3 
CELAS1 1 CQUAOTS 2 GENEL 4 
CELAS2 1 CROO z CONH1 5 
CELAS3 1 CSHEAR 2 CONH2 5 
CELAS4 1 CTETRA 2 PELAS 6 
CMASS1 1 CTORORG 2 PHASS 7 
CMASS2 1 CTR A PAX 2 HAT1 8 
CMASS3 1 CTRAPRG 2 l'lAT2 8 
CHASS'+ 1 CTRBSC 2 
COR D1C 1 CTRIA1 2 

HAT3 e 

CORD1R 1 CTRIA2 2 
MATT1 e 

CORD1S 1 CTRIAAX 2 
MATT2 8 

CORD2C 1 CTRIARG 2 
MATT3 8 

CORD2R 1 CTRIATS z TABLEH1 e 

COROZS 1 CTRIH6 2 
TABLEM2 e 

GRDSET 1 CTR HEH 2 
TABLEM3 8 
TABL EHi+ 8 

GRID 1 CTRPLT 2 
GRIDB 1 CTR PL T1 2 

TEMP MT'S 8 

POINTAX 1 CTRSHL z TEHPHXS 8 

RING AX 1 ·CTUBE 2 
AXISYHS 9 

RINGFL 1 CTWIST 2 
CRIGD1 9 

SECTAX 1 CWEDGE 2 
CRIGOZ 9 

SEQGP 1 PBAR 3 
CRIG03 9 

SPOINT 1 PCONEAX 3 
CRIGDR g 
HPC 9 

AOUl'l1 2 POUH1 3 HPCAOO 9 
AOUH2 2 POUHZ 3 HPCAX g 
AOUH3 2 POUH3 3 HPCS 9 
ADUM4 2 POUH4 3 SPC 10 
AOUMS 2 POUH5 3 SPC1 10 · 
AOUM6 2 POUH6 3 
AOUM7 2 POUH7 3 

SPCA OD 10 

AOUH8 2 :PDUH8 3 
SPCAX 10 

AOUH9 2 POUH9 3 
SPCS 10 

BAROR z PIHEX 3 
ASET 11 

CBAR 2 PQOHEH 3 
ASET1 11 

CCONEAX 2 PQDMEH1 3 
OHIT 11 

COUH1 2 PQOHEMZ 3 
OHIT1 11 

COUHZ 2 PQOHEH3 3 
OHITAX 11 

CDUH3 z PQOPLT 3 
SUPAX 12 

COUH4 2 PQUA01 3 
SUPORT 12 

CDUHS 2 PQUADZ 3 
TEMP 13 

CDUM6 z PQUAOTS 3 
TEHPAX 13 

COUM7 2 PROD 3 
TEMPO 13 

COUH8 z PSHEAR 3 
TEHPP1 13 

COUH9 2 PTORORG 3 
TEMPP2 13 

CHEXA1 z PT RA PAX 3 
TEMPP3 13 

CHEXAZ z PTRBSC 3 
TEHPRB 13 

CIHEX1 2 PTRIA1 3 
WTMASS 14 

CIHEX2 z PTRIAZ 3 
GROPNT 15 

CIHEX3 z PTR!AAX 3 
PLOTEL 16 

CONROD z PTRIATS 3 
IRES 17 

CQOMEH z PTIUH6 3 
PLOT$ 18 

CQD MEH1 2 PTRMEH 3 
POUT$ 19 

CQOHEH2 2 PT?PLT 3 
LOOP$ 22 

CQOMEH3 z PTRPLT1 3 
LOOPU 23 
COUPHASS 24 
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Card Name Bit Pos. 

CPBAR 21t 
CPQOPL T 21+ 
CPQUA01 21+ 
CPQUA02 24 
CPR OD 24 
CPTRSS: 24 
CPTRIA1 24 
CPTRIA2 21+ 
CPTPPL T 21+ 
CPTUBE 21+ 
OEFOR"4 S9 
DEFORM$ S9 
LOAD$ 59 
RFORCE$ 59 
SPCO 59 
FORCE 60 
FORCE1 60 
FORCE2 60 
FORCE AX 60 
LOAD 60 
MOM AX 60 
MOMENT ISO 
MOMENT1 60 
MOMENTZ 60 
PLOAO 60 
PLOAD1 60 
PLOAD2 60 
PLOA03 &O 
PRESAX 60 
SLOAD 60 
GRAV 61 
RFORCE 61 
1'EMPLOS 62 

RIGID FORMAT RESTART TABLES 
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STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

7.5.2 Bit Positions for File Narre Restart Table 

File Name Bit Pos. File Name Bit Pos. 

BGPDT 94 
PGG 111 

CSTM 94 
QG 111 

EOEX!N 94 UGV 111 

GPDT 94 OEF1 112 

GPL 94 OES1 112 

SIL 94 OPG1 112 

ECT 95 OOG1 112 

GPTT 96 
OUGV1 112 

SLT 96 
PUGV1 112 

EST 97 KOOICT 113 

GEI 97 KDELH 113 

GPECT 97 KOGG 113' 

GPST 98 KONN 114 

KGGX 98 KOFF 11S 

MGG 99 KOFS 11S 

KGG 100 KOSS 11S 

ASET 101 KOAA 116 

RG 101 KBLL 117 

USET 101 KBFS 117 

vs 101 KBSS 117 

OGPST 102 PBL 117 

GH 103 PBS 117 

l(NN 104 YBS 117 

KF'F 1 OS LBLL 118 

KFS 105 UBLV 119 

KSS 10S RUBLV 119 

GO 106 QBG 120 

KAA 106 UBGV 120 

1(00 106 OEFB1 121 

LOO 106 OESe1 121 

LLL 107 OQBG1 121 

PG 108 OUBGV1 121 

PL 109 PUBGV1 121 

PO 109 ELSETS 122 

PS 109 GPSETS 122 
RULV 110 PLTPAR 122 
RUOV 110 PLTSETX 122 

ULV 110 KOICT 123 
uoov 110 KELM 123 

HOICT 123 
HELH 123 
CASEXX 124 
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RIGID FORMAT RESTART TABLES 

7.5.3 Card Name Restart Table 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

BEGIN 1234567890123456789 234 9012 
GP1 1 
SAVE 1 
CONO 1 
CHKPNT 1 
sss 6 
GP2 12 45 6 
CHKPNT 12 45 6 
iss 6 
PAFi.AML a 
$SS 7 
PURGE 8 
$SS 7 
CONO a 
$SS 1 
PLTSET 8 
tSS 7 
SAVE 8 
$SS 1 
PRTMSG 8 
$SS 7 
PARAH 8 
$SS 7 
PARAH 8 
sss 1 
Ct'lND 8 
$SS 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTMSG 8 
SSS 1 
LAeEL 8 
$SS 7 
CHKPNT 8 
$SS 67 
GP3 12 3 01 
SAVE 12 3 01 
?Al:IAM 12 3 5 01 
CHKPNT 12 3 01 
$SS 6 
TA1 1234567 3 
SAVE 1234567 3 
CONO 1234567 8 3 
PUR GF. 1234567 3 
CHl<PNT 1234567 3 
sss 6 
PARAM 1234 6 
EMG 1231+5678 
SAVE 12345678 
CHKPNT 12345678 
iss 6 
COND 1234, 6 '! 
EMA 1234 6 8 
CHKPNT 1231+ 6 8 
sss 6 
LABEL 12345 7 8 
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STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

OMAP Bit Position 
Inst. 10 20 30 40 50 60 

COND 123l+S 78 l+ l+ 
EMA 123!+5 78 l+ l+ 
CHKPNT 123'-S 78 l+ l+ 
$SS 6 
LABEL 12345 1e l+ l+ 
COND 123 5 78 45 l+ 
$SS 8 
COND 123 5 78 l+ 5 4 
$SS 8 
GPWG 123 5 78 45 4 
sss 8 
OFP 123 s 78 45 4 
$SS 8 
LABEL 123 s 78 45 4 1 
sss 8 
ECUIV 1234 6 8 
CHKPNT 1234 6 8 
$SS 6 
CONO 1234 6 8 
SMA3 1234 6 8 
CHKPNT 1234 6 8 
$SS 6 
LABEL 1234 6 8 
PA RAM 1 901 
C~SE 1 901 
GP4 1 901 9 
SAVE 1 901 3 
COND 1 901 9 
PUP.GE 1 901 9 
CHKPNT 1234 6 8901 9 
$SS 6 
CONO 1 2 
JUMP 1 2 
LABEL 1 2 
COND 123 6 8 90 
GPSP 123 6 890 
SAVE 123 6 890 
CONO 123 6 890 
OFP 123 6 890 
LABEL 123 6 890 
EDUIV 1234 6 89 
CHKPNT 1234 6 89 
$SS IS 
COND 1234 6 89 
MCE1 1 9 
CHKPNT 1 9 
$SS 6 
MCE2 1234 6 89 
CHKPNT 1234 6 89 
$SS 6 
LA8£L 1234 6 89 
EQUIV 1234 6 890 
CHKPNT 1234 6 890 
$SS 6 
CONO 1234 6 890 
SCE1 1234 6 890 
CHKPNT 1234 E, 890 
tSS E, 

LAB£L 1234 6 890 

7.5-5 (12/29/78) 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30· 40 50 60 

EQUIV 1234 6 8901 
CHKPNT 1234 6 8901 
$SS 6 
CONO 1234 6 ~901 
SMP1 1234 6 8901 
CHKPNT 1234 6 8901 
sss 6 
LA8EL 1234 6 ,go 1 
RBMG2 1234 & 8901 
CHKPNT 1234 & 8901 
$SS 6 
SSG1 123 5678 3 9012 
CHKPNT 123 5678 J 9012 
$SS & 
EQUIV 123 5£,78901 3 9012 
CHKPNT 123 5678901 3 9012 
'fiSS & 
CONO 123 5&78901 3 9012 
SSG2 123 5678901 3 9012 
CH!<:PNT 123 5678901 3 9012 
$SS 6 
LAl.:!EL 123 5678901 3 9012 
SSG3 12345678901 3 9012 
SAVE 12345678901 3 9012 
CHKPNT 12345678901 3 9012 
sss 6 
CONO 1234567 8901 3 1 9012 
HATGPR 12345678901 3 1 9012 
._,ATGPR 12345£,78901 3 1 9012 
LABEL 12345678901 3 7 9012 
SDR1 1234567 S9D 1 3 9012 
CHKPNT 12345678901 3 9fJ 12 
sss 6 
S0R2 9 
PARAM 9 
OFP 9 
SAVE 9 
CONO 8 
sss 1 
PLOT 8 
$SS 1 
SAVE 8 
SSS 1 
PRTHSG a 
1SS 7 
LABEL 8 
sss 1 
TA1 1234567~901 9012 
0SMG1 12'345678901 9012 
CHKPNT 1234567 8901 9012 
!SS 6 
PARAH 12345678901 9012 
PARAM 1~345678901 9012 
PAP.AMR 12345678901 9012 
PARA ML 123456789'11 3012 
JUMP 12345678901 ; 012 
LABEL 12345678901 9012 
EQUIV 12345678901 9012 
CHKPNT 12345678901 901_2 
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STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

$SS 6 
PAIHM 12345678901 901? 
EQUIV 12345678901 9012 
CHKPNT 1234567 8901 9012 
$SS 6 
CONO 1234567 8901 9012 
~CEZ 12345678901 9012 
CHKPNT 12345678901 3012 
$SS 6 
LABEL 12345678901 9 IJ 12 
EQUIV 12345678901 9012 
CHKPNT 12345678901 9012 
tSS 6 
CONO 12345678901 9012 
SCE1 12345678901 9012 
CHKPNT 12345678901 9012 
$SS 6 
LABEL 1234S678901 9 012 
EQUIV 12345678901 9012 
CHKPNT 12345678901 3012 
$SS 6 
CONO 12345678901 9012 
SMP2 12345678901 9012 
CHKPNT 12345678901 9012 
!SS 6 
LABEL 1234567 8901 9012 
ADO 12345678901 9012 
AOO 12345678901 3012 
ADO 12345678901 9012 
CONO 12345678901 9012 
MPYAD 1234567 8901 9012 
MPYAO 12345678901 9012 
UMERGE 12345678901 9012 
EQUIV 12345678go1 9012 
CONO 1234567 8901 9012 
UMERGE 12345678901 9012 
LABEL 1234%78901 9012 
AC'O 12345678901 9012 
EQUIV 12345678901 9012 
LO,BEL 1234%78901 9012 
ADO 12345678901 9012 
ReMG2 12345678901 23 9012 
SAVE 1234567890·1 23 9012 
CHKPNT 1234567 8901 23 9012 
sss 6 
PRTPA~H 12345678901 23 9012 
PRTPARM 12345678901 23 3012 
JUMP 12345678901 23 '3012 
LABEL 12345678901 23 9012 
PUAM 1234567e901 23 9012 
SSG2 1231+5c78901 23 '3012 
SSG3 123451:78':!01 23 9012 
SAVE 12345678901 23 9012 
CHKPNT 12345678901 23 S012 
SSS & 
COND 123456789!!1 1 23 3012 
HATGPR 1234567!1901 7 23 9012 
LABEL 12345678901 1 23 ;012 
SCR1 1234567691)1 23 3012 

7.5-7 (12/29/78} 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

CHKPNT 12345678901 23 9012 
$SS 6 
ADO 12345678901 23 9!112 
OSHG1 12345678901 23 9012 
CHKPNT 12345678901 23 9012 
!SS & 
HPYAD 12345678901 23 gl]12 
DSCHK 12345678901 23 9012 
SAVE 12345678901 23 9 012 
CONO 12345678901 23 9012 
CONO 12345678901 23 '3012 
EQUIV 12345678901 23 9012 
EOUIV 12345678901 23 9012 
EQUIV 12345678901 23 H12 
REPT 12345678901 23 9012 
TABPT 12345678901 23 9012 
LAeEL 12345678901 23 9012 
AOC 123lt5678901 23 9 012 
CHKPNT 12345678901 23 9012 
!SS 6 
EQUIV 12345678901 23 9!112 
CHKPNT 12345678901 23 9012 
$SS 6 
EQUIV 12345678901 23 go12 
REPT 12345678901 23 9012 
TA8PT 12345678901 23 3 !l 12 
LABEL 12345678901 23 9012 
CHKPNT 9 
SOR2 89 
OFP 9 
SAVE 9 
CONO a 
!SS 1 
PLOT 8 
!SS 1 
SAVE 8 
ISS 7 
PQTMSG 8 
$SS 7 
LAeEL 8 
!SS 7 
JUMP 123lt567890123456789 234 9012 
LAE'::L 1234567890123456789 234 91)12 
PRTPARH 1234567890123456789 23lt 9012 
LABEL 123lt567890123lt56789 234 9012 
PPTPARM 123lt567890123456789 234 9012 
LABEL 1234557e90123456789 234 ~ 012 
tss 8 
PRTPAP.M 1234567890123456789 234 9 012 
IS~ 8 
L.A BEL 1234567890123456789 234 9012 
P~TPARH 1234567BCJ0123'+567e9 234 9!112 
LAeEL 1234567890123lt56789 234 9012 
EMO 1234567S90123456789 234 9012 

7.5-8 (12/29/78) 
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STATTC ANAi YSIS WITH DIFFERENTIAL STIFFNESS 

7.5.4 Rigid Fonnat Change Restart Table 

DMAP 'Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

PURGE 
BEGIN 345 78901234567 345 CHKPNT 
GP1 COND 345 901234567 345 
SAVE JUMP 34S 901234567 345 
COND LABEL 345 901234567 345 
CHKPNT CONO 
GP2 GPSP 
CHKPNT SAVE 
PARAHL CONO 
PURGE OFP 
COND LABEL 
PLTSET EQUIV 
SAVE CHKPNT 
Pl;THSG CONO 
PAFAH HCE1 PARAM CHKPNT 
COND HCE2 
PLOT CHKPNT 
SAVE LABEL 
P~TMSG EQUIV 
LAAEL CHKPNT 
CHKPNT COND 
GP3 SCE1 
SAVE CHKPNT 
PARAH 31+s 1e901234567 345 LABEL 
CH KPNT EQUIV 
TA1 CHKPNT 
SAVE COND 
COND 345 7!!9012345&7 345 SHP1 
PURGE CHKPNT 
CHKP.NT LABEL PARAH RBHG2 
EMG CHKPNT 
SAVE SSG1 
CHKPNT CHKPNT 
CONC EQUIV 
EMA CHKPNT 
CHKPNT CONC 
LABEL SSG2 
CONC CHKPNT 
EMA LABEL 
CHKPNT SSG3 4 LABEL SAVE 4 CONO CHKPNT 4 CONC COND 45 8901234567 345 GPWG HATGPR 45 !!901234567 345 OFP MATGPR 45 1!901234567 345 LABEL LABEL 45 8901234567 345 1:QUIV SDR1 
CHKPNT CHKPNT 
CONO SOP.Z Sl'IA3 PARAH 
CHKPNT OF'P 
LABEL SAVE 
PAP.AH CONO 
CASE PLOT 
GP4 SAVE 
SAVI! PRTHSG 
CONO 345 901234567 345 LABEL 
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DMAP 
Ir.ist. 

TA1 
DSHG1 
CHKPNT 
PARAM 
PA~AM 
PARAMR 
PARAML 
JUHP 
LABEL 
EQUIV 
CHKPNT 
PORAM 
EQUIV 
CHKPNT 
COND 
MCE2 
CHl<PNT 
LA9EL 
EQUIV 
CHKPNT 
CONO 
SCE1 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
COND 
SMP2 
CHKPNT 
LABEL 
A.OD 
ADD 
ADD 
CONO 
HPYAO 
HPYAD 
UHERGE 
EQUIV 
CONO 
UHERGE 
LABEL 
AOC 
EQUIV 
LABEL 
ADO 
~eHGZ 
SAVE 
CHKPNT 
P!:'TPARH 
PRTPARH 
JUHP 
LABEL 
PAP.AH 
SSGZ 
SSG3 
SAVE 
CHKPNT 
CONO 
MATGPP 

Bit Position 
63 70 80 

RIGID FORMAT RESTART TABLES 

Inst. 

LABEL 
S0P1 
CHKPNT 
ADO 
OSHG1 
CHKPNT 
HPYAO 
DSCHK 
SAVE 
CONO 
CONO 
EQUIV 
E.CUIV 
EQUIV 
REPT 
TABPT 
LABEL 
ADO 
CHKPNT 
EQUIV 
CHKPNT 
EQUIV 
REPT 
TABPT 
LABEL 
CHKPNT 
SD~Z 
OFP 
SAVE 
COND 
PLOT 
SAVE 
PRTHSG 
LABEL 
JUHP 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
ENO 

7.5-10 (12/29/78) 

Bit Position 
63 70 80 

345 78901234567 
345 7~901234567 

345 78901234567 
34S 78901234567 
34S 78901234567 
34S 78901234567 
345 78901234567 
!45 78901234567 
345 78901234567 
345 78901234567 
345 78901234567 
345 78901234567 
345 78901234567 

345 
345 

345 
345 
31t5 
345 
345 
345 
345 
345 
34S 
345 
345 



STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

7.5.5 File Name Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 94 100 110 120 Tnst. 94 100 110 120 
BEGIN PURGE 1 3 55 901 5 7 
GP1 4 CHKPNT 1 3 56 901 s 7 
SAVE 4 CONO 
CONO 4 JUMP 
CHKPNT 4 LABEL 
GP2 s CONO z 
CHKPNT 5 GPSP z 
PA~AML z SAVE 2 
PUP.GE 2 CONO 2 CONO 2 OFP 2 
PLTSET 2 LABEL 2 SAVE 2. EQUIV 4 PRTHSG 2 CHKPNT 4 
PARAH 2 CONO 34 PARAH z HCE1 3 
CONO CHKPNT ·3 
PLOT HCE2 4 
SAVE CHKPNT 4 
PRTMSG LABEL 34 
LABEL EQUIV 5 CHKPNT 2 CHKPNT 5 GP3 6 CONO 5 SAVE 6 SCE1 5 PARAH 6 9 CHKPNT 5 CHKPNT 6 • LABEL 5 TA1 7 EQUIV 6 SAVE 7 CHKPNT 6 CONO 7 9 CONO 6 PURGE 7 2 SHP1 6 CMKDNT 7 CHKPNT 6 PARAM 8 LABEL 6 EMG 3 RBHGZ 7 SAVE 3 CHKPNT 7 CHKPNT 3 SSG1 e CONO e CHKPNT e EMA 8 EQUIV 9 CHKPNT e CHKPNT 9 LABEL 8 CONO 9 CONO g SSG2 g EMA 9 CHKPNT g 
CHKPNT 9 I.ABEL 9 LABEL 9 SSG3 D CONO SAVE D COND CHKPNT D GPWG CONO 
OFP HATGPR 
LABEL 7 9 MATGPR 
EQUIV 0 LABEL 
CHKPNT 0 SOF.'1 1 CONO 0 CHKPNT 1 
SMA3 0 S0R2 2 CHKPNT 0 PARAH 
LABEL 0 OFP 
PARAH 1 SAVE 
CASE 1 '+coNo 
GP4 1 4;PLOT 
SAVE 1 SAVE 
CONO t PRTMSG 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position DMAP Bit Position 
Inst. 94 100 llO 120 Inst. 94 100 llO 120 
LABEL HATGPR 
TA1 3 LABEL 
0SMG1 3 SDR1 0 
CHKPNT 3 CHKPNT 0 
PARAH ADO 
PARAH OS1'1G1 
PARAMR CHKPNT 
PARAHL HPYAO 
JUMP OSCHK 
LABEL SAVE 
EQUIV 4 CONO 
CHKPNT 4 CONO 
PARAH 4 EQUIV 
EQUIV 4 EOUIV 
CHKPNT 4 EQUIV 
CONO 4 REPT 
HCE2 4 TABPT 
CHKPNT 4 LABEL 
LABEL 4 ADO 
EQUIV 5 CHKPNT 
CHKPNT 5 EQUIV 
CONO 5 CHKPNT 
SCE1 5 EQUIV 
CHKPNT is REPT 
LABEL is TABPT 
EOUIV 6 LABEL 
CHKPNT 6 CHKPNT 
COND 6 SDR2 1 
SMP2 6 OFP 
CHKPNT 6 SAVE 
LAeEL 6 CONO 
ADD 7 PLOT 
0.00 7 SAVE 
ADO 7 PRTHSG 
CONO LABEL 
~PYAO JUMP 
HPYAO LABEL 
UMERGE PRTPARH 
EQUIV LABEL 
CONO PRTPARH 
UPo,E~GE LABEL 
LABEL P~TPARH 
ADO LABEL 
EQUIV PRTPARH 
LABEL LABEL 
AOC END 
Rl3MG2 8 
SAVE 8 
CHKPNT a 
PRTPARH 8 
PRTPAPH 8 
JUMP 
LABEL 
PAF'AH 
SSG2 
SSG3 9 
SAVE 9 
CHKPNT 9 
CONO 

/ 
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BUCKLING ANALYSIS 

7.6 RESTART TABLES FOR BUCKLING ANALYSIS 

7. 6. l Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CQOPLT 2 PTRPL T1 3 
AXIF 1 CQUAD1 2 PTRSHL 3 
CELAS1 1 CQUAD2 2 PTUBE 3 
CELAS2 1 CQUAOTS 2 PTWIST 3 
CHAS3 1 CROO 2 GENEL 4 
CELASI+ 1 CSHEAR 2 CONH1 5 
CMASS1 1 CTETRA 2 CONM2 5 
CHASS2 1 CTORORG 2 PELAS 6 
CHASS3 1 CTR A PAX 2 PMASS 7 
CMASS4 1 CTRAPRG 2 HAT1 8 
CORD1C 1 CTRBSC 2 HAT2 8 
CORD1R 1 CTRIA1 2 HAT3 8 
CORD1S 1 CTRIAZ 2 HATT1 8 
COR02C 1 CTRIAAX 2 r,tATT2 8 
COR02R 1 CTRIARG 2 HATT3 8 
CORD2S 1 CTRIATS 2 TABLEH1 8 
GRDSET 1 CTRIH6 2 TA8LEH2 8 
GRID 1 CTR HEH 2 TABLEH3 8 
GRIDS 1 ,CTRPLT 2 TABLEMI+ 8 
POINTAX 1 CTRPLT1 2 TEHPHT! 8 
RINGAX 1 CTRSHL 2 TEHPHX! 8 
RINGFL 1 CTUBE 2 AXISYH$ g 
SECTAX 1 CTWIST 2 CRIGD1 9 
SEQGP 1 CWEDGE 2 CRIG02 9 
SPOINT 1 PBAR 3 CRIG03 9 
AOUH1 2 PCONEAX 3 CRIGOR 9 
AOUH2 2 POUH1 3 HPC 9 
AOUH3 2 POUH2 3 HPCAOO 9 
AOUH4 2 POUl13 3 HPCAX g 
AOUM5 2 POUHI+ 3 HPC! g 
AOUM6 2 POUM5 3 SPC 10 
AOUH7 2 POUH6 3 SPC1 10 
AOUH!I 2 POUl17 3 SPCAOO 10 
ADUH9 2 POUH8 3 SPCAX 10 
BAROR 2 POUH9 3 s,::,c! 10 
CBAR 2 PIHEX 3 ASET 11 
CCONEA·x 2 PQOHEH 3 ASET1 11 
COUH1 2 PQOMEH1 3 OMIT 11 
COUH2 z PQOHEHZ 3· OHIT1 11 
COUl13 2 PQOHEH3 3 OHITAX 11 
COUM4 2 PQOPLT 3 .SUPAX 12 
CDUH5 2 PQUA01 3 SUPORT 12 
COUH6 2 PQUA02 3 TEMP 13 
COUM7 2 PQUAOTS 3 TEHPAX 13 
COUM8 2 PROO 3 TEMPO 13 
COUH9 2 PSHEAR 3 TEHPP1 13 
CHEXA1 2 PTORORG 3 TEHPP2 13 
CHEXA2 2 PTRAPAX 3 TEMPP3 13 
CIHEX1 2 PTRBSC 3 TEMPRe 13 
CIHEX2 2 PTRIA1 3 WTHASS 14 
CIHEX3 2 PTIUA2 3 GROPNT 15 
CONROD 2 PTRIAAX 3 PLOTEL 16 
CQOMEH 2 PTRIATS 3 IRES 17 
CQOHEM1 2 PTRIM6 3 PLOTS 18 
COOMEH2 2 PTRMEH 3 POUU 19 
CQOHEl'13 2 PTRPLT 3 COUP~ASS 21+ 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

CPBAR 24 
CPQOPLT 24 
CPQUA01 24 
CPQUA02 24 
CPR OD 24 
CPTRBSC 24 
CPTRIA1 24 
CPTRIA 2 24 
CPTRPLT 24 
CPTUBE 24 
GRAV 57 
RFORCE 57 
TEHPLO$ sa. 
DEFORP' 59 
OEFORl1$ 59 
LOADS S9 
RFOPCE$ 59 
SPCD 139 
FORCE E,O 
FORCE1 60 
FORCE2 60 
FORCEAX 60 
LOAD 60 
HOl1AX 60 
MOMENT 60 
HOHENT1 60 
HOHENT2 60 
PLOAO 60 
PLOA01 60 
PLOA02 60 
PLOA03 60 
PRESAX 60 
SLOAO 60 
EIGB 61 
HETH00$ &2 

7.6-2 (12/29/78) ···~ /.>/ --



BUCKLING ANALYSIS 

7.6.2 Bit Positions for File Name Restart Table 

.:-i le Name Bit Pas . File Name Bit Pos. 

GPLD 117 BGPOT 94 
SILD 111 CSTM 94 
USETD 117 EQEXIN 94 
LAMA 118 GPDT 94 
OEIGS 116 GPL 94 
PHIA 11!1 SIL 91+ QG 119 ECT 95 
PHIG 119 GPTT 96 OBEF1 120 SLT 96 OBES1 120 EST 97 
OBQG1 120 GEI 97 
OPHIG 120 GPECT 97 
PPHIG 120 GPST 98 
KDAAH 121 KGGX 96 
ELSETS 122 MGG 99 
GPSETS 122 KGG 100 
PLTPAR 122 ASET 101 
PLTSETX 122 RG · 101 
KDICT 123 USET 101 

YS 101 KELM 123 
OGPST 102 HDICT 123 
GH 103 HELH 123 
KNN 104 

. KF'F 105 
KF'S 105 
KSS 105 
GO 106 
KU 106 
·'<00 106 
LOO 106 
LLL 107 
PG 108 
PL 109 
PO 109 
PS 109 
RULV 110 
RUOV 11D 
ULV 11D 
uoov 110 
PGG 111 
QG 111 
UGV 111 
OEF1 112 
CES1 112 
OPG1 112 
OOG1 112 
OUGV1 112 
PUGV1 112 
KDGG 113 
KONN 114 
KOFF 115 
KOFS 115 
KOSS 115 
KO~A 116 
EEO 117 
EQOYN 117 
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RIGID FORMAT RESTART TABLES 

7.6.3 Card Name Restart Table 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

BEGIN 1234567890i23456789 4 739012 
FILE 1234567890123456789 4 789012 
GP1 1 
SAVE 1 
CHKPNT 1 
sss e, 
GP2 12 45 6 
CHKPNT 12 45 6 
sss e, 
PARAML 8 
sss 7 
PURGE 8 
sss 7 
CONO 8 
sss 1 
PLTSET 8 
$SS 1 
SAVE 8 
'£SS 7 
PRTHSG 8 
sss 1 
PARAH 8 
sss 7 
PARAH 8 
sss 7 
CCNO 8 
sss 1 
PLOT 8 
sss 1 
SAVE 8 
sss 1 
PP.THSG 8 
sss 7 
LABEL 8 
sss 7 
CHKPNT 8 
!SS 67 
GP3 12 3 1 0 
s~wE 12 3 7 0 
PARAH 12 3 7 0 
CHKPNT 12 3 7 0 
sss 6 
TA1 1234567 3 
SAVE 1234567 3 
CONO 1Z34t5&7 8 3 
PURGE 1234567 3 
CHKPNT 1234567 3 
sss 6 
PAf.AM 123 6 8 
EtilG 123 567 8 45 7 
SAVE 123 5678 45 7 
CHKPNT 123 5678 45 7 
'£SS e, 
CONO 123 E 8 
~HA 123 6 8 
CHKPNT 123 6 8 
!SS 6 
LABEL 123 6 8 
COHO 123 5 78 45 7 

7. 6-4 ( 12/29/78) 
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DMAP 
Inst. 

EMA 123 
CHKPNT 123 
!SS 
LAeEL 123 
CONO 123 
!SS 
CONO 123 
!SS 
GPWG 123 
!SS 
OFP 123 
$SS 
LA BEL 123 
EQUIV 1234 
CHKCINT 1234 
!SS 
CONO 1234 
SMA3 1234 
CHKPNT 1234 
!SS 
LABEL 1234 
PARAM 1 
GP4 1 
SAVE 1 
CONO 1 
PARAM 1 
PURGE 1 
CHKPNT 1234 
!SS 
COND 1 
JUMP 1 
LABEL 1 
CONO 123 
GPSP 123 
SAVE 123 
CONO 123 
OFP 123 
LABEL 123 
EQUIV 1234 
CHKPNT 1234 
!SS 
CONO 1234 
MCE1 1 
CHKP~IT 1 
$SS 
MCEZ 1234 
CHKPNT 1234 
!SS 
LABEL 1234 
~OUIV 1234 
CHKPNT 1234 
!SS 
CONO 1234 
SCE1 1234 
CHKPNT 1234 
!SS 
LABEL 1234 
EQUIV 1234 
CHKPNT 1234 

10 

5 7 8 
5 7 8 

e, 
5 7 8 
5 7 8 

8 
5 78 

8 
5 78 

8 
5 78 

8 
5 78 

e, 8 
6 8 
E 
6 8 
6 8 
e, 8 
e, 
e, 8 

901 
901 
901 
901 
901 
901 

e, e 901 
e, 

6 890 
6 890 
6 890 
e, 890 
e, 890 
e, 890 
6 89 
e, 89 
6 
6 89 

9 
9 

6 
6 89 
c 89 
E, 
6 89 
6 890 
e, 890 
E, 
e, 890 
6 890 
6 e 90 
E 
e, 890 
6 8901 
e, 8901 

BUCKLING ANALYSIS 

Bit Position 
20 30 40 

45 
45 

'+ 5 
45 4 

45 4 

45 4 

45 4 

45 

2 
z 
2 

7.6-5 (12/29/78) 

50 
7 
7 

7 

7 

.,.,-­
.r 

60 

9 
9 
9 
9 
3 
9 



RIGID FORMAT RESTART TABLES 

OMAP Bit Position 
Inst. 10 20 30 40 50 60 

!SS 6 
COND 1234 6 8901 
SMP1 1234 6 8901 
CHKPNT 1234 6 8901 
$SS 6 
LABEL 1234 6 ~ 901 
RBMG2 1234 6 8901 
CHKPNT 1234 6 8901 
$SS 6 
SSG1 123 5678 3 7890 
CHKPNT 123 5678 3 7890 
sss 6 
EQUIV 123 5678901 3 7890 
CHKPNT 123 5678901 3 7890 
$SS 6 
COND 123 5678901 3 7890 
SSG2 123 5678901 3 7890 
CHKPNT 123 5678901 3 7890 
SSS e, 
LABEL 123 5678901 3 7890 
SSG3 12345678901 3 7890 
SAVE 12345678901 3 7890 
CHKPNT 12345678901 3 7890 
!SS 6 
CONO 12345678901 3 7 7890 
HATGP~ 12345678901 3 1 7830 
MATGPR 1234567"901 3 7 7390 
LA8EL 12345678901 3 7 7890 
SOR.1 12345678901 3 7890 
CHKPNT 12345678901 3 7890 
sss 6 
SOR.2 CJ 
PAP.AM 
OFP 9 
SAVE 9 
CONO 8 
sss 7 
PLOT 8 
!SS 1 
SAVE 8 
SSS 7 
PP.THSG 8 
!SS 7 
LABEL 8 
$SS 7 
TA1 12345678901 7890 
DSHG1 1234567B901 7590 
CHtr::iNT 12345678901 7390 
s~- 6 
EQUIV 12345678901 7890 
CHKPNT 12345678901 7890 
'£SS 6 
CONO 12345678901 7'90 
MCE2 12345678901 7891) 
CHtc:PNT 12345678901 7390 
sss r, 
LABEL 12345678901 7B90 
EQUIV 12345678901 7890 
CHKPNT 12345676901 7~90 
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BUCKLING ANALYSIS 

D11AP Bit Position 
Inst. 10 20 30 40 50 60 

I I 
$SS 6 
CONO 1234567 8901 7139 0 
SCE1 1z34557e901 7890 
CHKPNT 12345678901 7890 
$SS 6 
LABEL 12345678901 7'90 
EQUIV 12345~ 7 8 901 7890 
CHKPNT 12345678901 7B90 
$SS 6 
CONO 12345678901 7890 
SMP2 12345678 901 7890 
CHKPNT 12345678901 7890 
$SS 6 
LABEL 12345678901 7e90 
ADO 12345678901 7890 
CHKPNT 12345678901 7890 
$SS 6 
OPO 12345678901 75901 
SAVE 12345678901 78901 
CONO 12345678901 B901 
CHKPNT 12345678901 78901 
$SS 6 
PARAM 12345678901 7 39 0 
READ 12345678901 789012 
SAVE 12345678901 789012 
CHKPNT 12345678901 789012 
$SS 6 
OFP 12345678901 B9012 
SAVE 12345678901 789012 
CONO 12345678901 789012 
SDR1 12345678901 789012 
CHKPNT 1234567 8901 73901?. 
sss 6 
SOR2 89 
OFP 9 
SAVE 9 
CONO 8 
sss 7 
PLOT 8 
sss 7 
SAVE 8 
~ss 7 
PRTMSG e 
SSS 7 
LABEL 8 
tSS 7 
JUMP 1234567890123456789 4 7e91J12 
LAeEL 12345678901234567e9 4 769012 
PRTPARM 1234567890123456789 4 B9012 
LABEL 1234567890123456789 4 789012 
PRTPARM 1234567890123~56789 I+ B9012 
LABEL 12345678901234567 E9 4 789012 
PRTPARM 1234567890123456789 I+ 7~9012 
LAeEL 1234567890123456789 4 789012 
P~TPA~M 1234567890123456789 4 789012 
LABEL 12345678901234567S9 4 789012 

tSS B 
pqrPARM 12345678901234567~9 4 789012 

7. 6-7 ( 12/29/78) j 
I ' I 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

sss 8 
LABEL 1234567890123456789 4 769012 
PRTPARM 1234567890123456789 I+ 78'3012 
LABEL 1234567890123456789 4 B9012 
ENO 1234567890123456789 4 789012 

7.6-8 (12/29/78) 



BUCKLING ANALYSIS 

7.6.4 Rigid Fonnat Change Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGIN 3456 ~901234567 345 CHKPNT 
F!LE 3456 5901234567 345 CONO 345 901234567 345 
GP1 JUMP 345 901234567 345 
SAVE LABEL 345 901231.+567 345 

CHKPNT COND 
GP2 GPSP 
CHKPNT SAVE 
PARAML COND 
PURGE OFP 
CONO LABEL 
PLTSET EQUIV 
SAVE CHKPNT 
PRTl'ISG . CONO 
PARAH 11CE1 
PARAM CHKPNT 
COND MCE2 
PLOT CHKPNT 
SAVE LABEL 
PRTMSG EQUIV 
LABEL r.MKPNT 
CHl<PNT COND 
GP3 SCE1 
SAVE CHKPNT 
PARAM 3456 8901n4S67 31+5 LABEL 
CHKPNT EQUIV 
TA1 CHKPNT 
SAVE CONO 
CONO 31+56 e901234567 345 SHP1 
PUP.GE CHKPNT 
CHKPNT LABEL 
PA RAM RBHG2 
EHG CHKPNT 
SAVE SSG1 
CHKPNT CHKPNT 
CONO EQUIV 
EMA CHKPNT 
CHKPNT COND 
LABEL SSG2 
CONO CHKPNT 
EMA LABEL 
CHKPNT SSG3 4 

LABEL SAVE '+ 
CONO CHKPNT 4 

CONO CONO 45 890123'+ 
GPWG HATGPR 45 8901234 
OFP HAT GP P. 45 8901234 
L.A BEL LABEL 45 8901234 
EOUIV SOR1 
CHKPNT CHKPNT 
CONO SDR2 
SMA3 PARAH 
CHKPMT OFP 
LABEL SAVE 
PARAH CONO 
GP4 PLOT 
SAVE SAVE 
CCNO 3456 8901234567 345 PRTMSG 
PARAH LABEL 
PURGE TA1 

7.6-9 (12/29/78) 



RIGID FORMAT RESTART TABLES 

DMAP Sit Position 
Inst. 63 70 80 

OSMG1 
CHKPNT 
EQUIV 
CHKPNT 
CONO 
MCE2 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
CONO 
SCE1 
CHKPNT 
LABEL 
EQUIV 
Cl-'KPNT 
CONO 
SMP2 
CHKPNT 
LAeEL 
ADO 
CHKPNT 
OPO 
SAVE 
CONO 345 75901234567 345 
CHtt'.PNT 
PAPA"4 
READ 
SAVE 
CHKPNT 
OFP 
SAVE 
CONO 
SOR1 345 7890123'9567 345 
CHKPNT 31+5 789012345&7 345 
SOP2 
OFP 
SAVE 
CONO 
PLOT 
SAVE 
P~TMSG 
LABEL 
JUMP 345 789012345&7 31+5 
LABEL 345 78901234567 345 
PP.TPARM 345 78901234567 345 
LABEL 345 78901234567 345 
PRTPARH 345 78901234567 345 
LABEL 3 45 78901Z34S67 345 
pqfPARH '3 4 5 78901234567 '345 
LAB:L 345 78901234567 345 
PRTPARM 345 781301234567 345 
LABEL 345 713901234567 345 
PP.TPAR'1 345 78901234567 345 
LAeEL 345 78901234567 345 
PRTP~RH 345 78901234567 345 
LABEL 34S 713901234567 345 
ENO 345 78901234567 345 

7.6-10 (12/29/78) 



BUCKLING ANALYSIS 

7.6.5 File Name Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 94 100 llO 120 Inst. 94 100 llO 120 

BEGIN PURGE 1 3 56 901 

FILE Cl-'KPNT 1 3 SE> 901 
GP1 4 COND 
SAVE 4 JUMP 
CHKPNT 4 LABEL 
GP2 5 COND 2 
CHKPNT 5 GPSP 2 
PARAML 2 SAVE 2 
PURGE 2 COND 2 
CONO 2 OFP 2 
PLTSET 2 LABEL 2 
SAVE 2 EQUIV 4 
PRTMSG 2 CHKPNT 4 
PARAM 2 CONO 34 
PARAM 2 11CE1 3 
COND CHKPNT 3 

PLOT HCE2 4 
SAVE CHKPNT 4 
Pl<THSG LABEL 34 
LABEL EQUIV 5 
CHKPNT 2 CHKPNT 5 
GP3 6 CONO 5 
SAVE 6 SCE1 5 
PAP.AM 6 9 CHKPNT 5 
CHKPNT 6 LABEL 5 
TA1 7 EQUIV 6 
SAVE 7 CHKPNT 6 
CONO 7 9 CONO 6 
PURGE 7 2 SHP1 6 
CHKPNT 7 CHl<PNT 6 
PA PAM 8 LABEL 6 
EMG 3 ReHG2 7 
SAVE 3 CHKPNT 7 
CHKPNT 3 SSG1 8 
CONO 8 CHKPNT 8 
EMA 8 EOU!V 9 
CHKPNT 8 CHKPNT 9 
LAEEL 8 CONO 9 
CONO 9 SSG2 9 
EMA 9 CHKPNT 9 
CHKPNT 9 LABEL 9 
LAeEL 9 SSG3 0 
CONO SAVE 0 
CONO CHKPNT D 
GPWG CONO 
OFP HATGPR 
LABEL 1 9 HATGPR 
EQUIV 0 LABEL 
CHKPNT 0 SDR1 1 
CONO 0 CHKPNT 1 
SMA3 D SOR2 2 
CHKPNT 0 PARAH 
LABEL D OFP 
PAP.AM 1 SAVE 
GP«. 1 CONO 
SAVE 1 PLOT 
CONO 1 SAVE 
PAP.AM 1 Ps:>TMSG 

7.6-11 ( 12/29/78) 
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DMAP 
Inst. 94 
LABEL 
TA1 
OSMG1 
CHKPNT 
EQUIV 
CHKPNT 
CONO 
HCE2 
CHl<PNT 
LABEL 
EQUIV 
CHKPNT 
CONO 
SCE1 
CHKPNT 
L~eEL 
EQUIV 
CHl<PNT 
CONO 
SHP2 
CHKPNT 
LABEL 
ADO 
CHKPNT 
OPO 
SAVE 
CONO 
CHKPtn 
PARAH 
READ 
SAVE 
CHKPNT 
OFP 
SAVE 
CONO 
SOP1 
CHKPNT 
SOR2 
OFP 
SAVE 
CONO 
PLOT 
SAVE 
PRTHSG 
LABEL 
JUMP 
LAeEL 
PPTPARH 
LABEL 
PRTPARH 
LA9EL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LAeEL 
PPTPARM 
LABEL 
END 

RIGID FORMAT RESTART TABLES 

Bit Position 
100 llO 120 

3 
3 
3 ,. ,. ,. 

l+ 
4 ,. 

5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 

7 
7 
7 
7 
e 
8 
8 
8 
8 
8 

9 
9 
9 

0 

1 
1 
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PIECEWISE LINEAR ANALYSIS 

7. 7 RESTART TABLES FOR PIECEWISE LINEAR ANALYSIS 

7. 7. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CQUA01 2 PTUBE 3 

AXIF 1 CQUA02 z PTWIST 3 

CELAS1 1 CQUAOTS 2 GENEL 4 

CELAS2 1 CROO 2 CONH1 5 

CELAS3 1 CSHEAR z CONHZ 5 

CELAS4 1 CTETRA z PEL AS 6 

CHASS1 1 CTORORG 2 PMA SS 1 
CHASS2 1 CTRAPAX z :MAT1 8 

CHASS3 1 CTRAP~G 2 ;HAT2 8 

CHASS4 1 CTRBSC 2 MAT3 8 

COR01C 1 CTRIA1 2 HATS1 8 
COR01R 1 CTRIA2 z HATS2 8 

COR01S 1 CTR!AAX z HATT1 8 

COR02C 1 CTRIARG z HATTZ 8 

COROZR 1 CTRIATS 2 HATT3 8 
COR02S 1 CTRI H6 2 TABLEH1 8 
GRDSET 1 CTRMEH 2 TABLEH2 8 

GRID 1 CTRPLT 2 TABLEM3 8 
GRIOB 1 CTRPLT1 2 TA BL EM It 8 
POINTAX 1 CTRSHL 2 TABLES1 8 
PINGAX 1 CTUBE 2 lABLES2 8 
RIHGFL ·1 C~WIST 2 TABLES3 8 
SECTAX 1 CWEOGE 2 TABLES'+ 8 

SEOGP 1 PBAR 3 TEHPHT$ ! 
SPOINT 1 PCONEAX 3 TEHPHiC$ 8 
AOUH1 z POUH1 3 AXISYHS 9 
AOUH2 2 PDUHZ 3 CRIG01 9 
ADUH3 z POUH3 3 CRIGD2 9 
AOUH4 2 PDUH4 3 CRIGD3 g 

AOUH5 2 POUHS 3 CRIGDR 9 
AOUH6 2 PDUH6 3 HPC 9 

ADUH7 2 PDUH7 3 HPCADD 9 
ADUH8 2 PDUH8 3 HPCAX 9 

ADUH9 2 POUH9 3 HPCS 9 
BAROR z PIHEX 3 SPC 10 
CBAR 2 PQOHEH 3 SPC1 10 
CCONEAX 2 PQDHEH1 3 SPCADO 10 
COUH1 2 PQOHEH2 3 SPCAX 10 
CDUH2 2 PQDHEH3 J SPC! 10 
COUH3 z PQOPLT 3 ASET 11 
CDUMI+ 2 PQUA01 J ASET1 11 
CDUMS 2 PQUA02 3 OMIT 11 
COUH6 2 PQUAOTS 3 OMIT1 11 

CDUH7 z PROO 3 OMIT AX 11 
COUH8 2 PSHEAR 3 SUPAX 12 
COUH9 2 PTORORG 3 SUPORT 12 
CHEXA1 z PTRAPAX 3 TEMP 13 
CHEXAZ 2 PTRBSC 3 TEHPAX 13 
CIHEX1 2 PTIUA1 3 TEMPO 13 
CIHEX2 2 PTRIA2 3 TEHPP1 13 
CIHEX3 2 PTIUAAX 3 TEHPP2 13 
CONROD z PTRIATS 3 TEMPP3 13 
CQOMEH 2 PTRIM6 3 TEMPRB 13 
CCOHEH1 2 PTRHEH 3 WTHASS 14 
CQOMEH2 2 PTRPLT 3 GROPNT 15 
COOHEH3 z PTRPLT1 J PLOTEL 16 
CllOPL T 2 PTP.SHL 3 IRES 17 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

Pl.OT$ 16 
POUT$ 19 
LOOPS 22 
l.OOP1$ 23 
COUPHASS 24 
CPBAR 24 
CPROD 24 
CPQOPl. T 21+ 
CPQUA01 21+ 
CPQUA02 24 
CPR OD 21+ 
CPTRBSC 24 
CPTRIA 1 24 
CPTRIA2 21+ 
CPTRPl. T 24 
CPTUBE 24 
Pl.COS 58 
Pl.FACT 58 
CEFORI" 59 
OEFOP. 1'!$ 59 
l.OAOS 59 
PFO~CES 59 
SPCD 59 
FORCE 60 
FORCE1 60 
FORCE2 60 
FORCEAX 60 
l.OAO 60 
HOHAX 60 
HOH ENT 60 
HOHENT1 61! 
MOHENT2 &O 
Pl.CAO 6!J 
Pl.OA01 60. 
Pl.OA02 60 
PLOA03 60 
PPESAX 60 
SLOAO &O 
GRAV 61 
RFORCE 61 
TEHPLOS 62 

7.7-2 (12/29/78) 



PIECEWISE LINEAR ANALYSIS 

7. 7.2 Bit Positions for File Name Restart Table 

Fi le Name Bit Pas. Fi le Name Bit Pas. 

9GPDT 94 LOO 108 
CSTM 94 KLL 109 
EQEX!N 94 KLR 109 
GPDT 94 KRR 109 
GPL 94 ,LLL 110 
SIL 9lt ,OH 111 
ECT 95 PG 112 
GPTT % PL 113 
SLT 96 PO 113 
ECPT 97 !PS 113 
EST 97 IQR 113 
GEI 97 IRULV 114 
GPCT 97 IRUOV 114 
GPST 98 IULV 114 
KGGX 98 IUOOV lilt 
HGG 99 PGG 115 
KGGlCL 100 DEL TAQG 115 
ECPTNL 100 iOEL TAUGV 115 
ESTL 100 UGV1 116 
EST NL 1 DO QG1 116 

:KGG 101 ONLES 117 
KGGL 101 ESTNL1 117 
ASET 102 KGGNL 118 
RG 102 ECPTNL1 118 
USET 102 KGGSUH 119 
YS 102 OEF1 120 
PG1 103 OES1 120 
OGPST 104 OPGi 120 
GM 105 OQG1 120 
KNN 106 OUGV1 120 
KFF 107 PUGV1 120 
KFS 107 ELSETS 121 
KSS 107 GPSETS 121 
GO 108 PLTPAR 121 
KAA 108 PLTSETX 121 
KOO 108 
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RIGID FORMAT RESTART TABLES 

7. 7-3 Card Name Restart Table 

OMAP Bit Position 
Inst. 10 20 30 40 50 60 

BEGIN 1234567890~23456789 234 89012 
FILE 1234567890123456789 234 890H 
GP1 1 
SAVE 1 
CHKPNT 1 
$SS 6 
GP2 12 45 f, 

CHKPNT 12 45 f, 

sss 6 
PARAML 8 
!SS 7 
PURGE 8 
$SS 7 
CONO 8 
$SS 7 
PLTSET 8 
sss 7 
SAVE 8 
sss 1 
pqTMSG e 
!SS 1 
PARAH 8 
SSS 7 
PARAM 8 
sss 7 
CONO 8 
sss 1 
PLOT 8 
tSS 7 
SAVE 8 
tSS 7 
PPTMSG s 
'SSS 7 
LA~:'.L 8 
$SS 7 
CHKPNT 8 
!SS c7 
GP3 12 3 IJ1 
SAVE 12 3 01 
PARAM 12 3 5 01 
CHKPNT 12 3 01 
SSS & 
TA1 1Zli..5&T 3 
SAVE 1Z3l+!;oT l 
PARAH 1234567 3 
CONO 1234567 3 
PUPGE 1234567 J 
CI-IKPNT 1234567 3 
$SS 6 
CONO 123 5678 45 1 
PAR.AM 123 6 8 
PARAH 123 6 8 
EMG 123 567 8 45 4 1 
SAVE 1234567 8 £.5 4 1 
CHKPNT 123 Sc78 45 4 1 
!SS 6 
CONO 123 6 8 
EMA 123 6 8 
CHKPNT 123 6 8 
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PIECEWISE LINEAR ANALYSIS 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

$SS 6 
LABEi. 123 6 8 

1 CONO 123 5 78 45 4 
EMA 123 5 78 45 4 1 
CHKPNT 123 S 78 45 4 1 
$SS 6 
LA9EL 123 5 78 45 I+ 1 
CONO 123 5 78 45 I+ 
'fiSS 8 
COND 123 5 78 45 4 
iSS 8 
GPWG 123 5 1 13 45 I+ 
~ss 8 
OFP 123 5 7 13 45 4 
'fiSS 8 
LABEL 123 5 7 e 45 4 1 
PLA1 123 6 8 
SAVE 123 6 8 
CONO 123 6 8 
PURGE 123 6 8 
CHKPNT 123 6 8 
!SS 6 
PA RAM 123 6 8 
PARAM 123 6 8 
EQUIV 1234 6 e 
CHKPNT 1234 6 e 
$SS e, 
CONO 1234 6 8 
SMA3 1234 6 8 
CHKPNT 1234 6 8 
$SS 6 
SMA3 1234 6 8 
CHKPNT 1234 6 8 
!SS 6 
LABEL 1234 6 8 
PA~AM 1 9!112 
GP4 1 9012 9 
SAVE 1 9012 9 
PARAM 1 9012 9 
PURGE 1 9012 9 
CHKPNT 1234 e, 89012 23 9 
$SS 6 
SSG1 123 5679 9!l12 
CHKPNT 123 5678 9012 
sss 6 
EQUIV 123 567 8 9012 
CHKPNT 123 5S7 8 9012 
sss 6 
CONO 123 6 ego 
GPSP 123 6 e 9o 
S~VE 123 6 890 
CONO 123 6 8 90 
OFP 123 6 1!90 
LABEL 123 6 890 
PARAM 23 
EQUIV 1234 6 89 
CHKPNT 1234 6 89 
sss 6 
COND 1234 6 89 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

MCE1 1 9 
CHKPNT 1 9 
3SS 6 
PARAM 9 
JUMP 23 
LAe!::L 1234 e, 89 23 
EQUIV 1234 6 89 23 
CHKPNT 1234 6 89 23 
'SSS 6 
CONO 1234 e, 89 23 
MCE2 1234 6 89 23 
CHKPNT 1234 e, 89 23 
iss 6 
LABEL 1234 e, 89 23 
EQUIV 1231+ 6 890 23 
CHKPNT 1234 6 890 23 
iSS 0 
CONO 1234 e, 890 23 
SCE1 1234 e, 890 23 
CHKPNT 1234 & 890 23 
$SS 6 
LA en 1234 6 &90 23 
EQUIV 1234 6 8901 23 
CHKPNT 1234 & 8901 23 
$SS 6 
CONO 1234 6 8901 23 
SHP1 1234 e, 8901 23 
CHl<PNT 1234 & 8901 23 
!SS & 
LA e::L 1234 & ego1 23 
EQUIV 1234 e, 89012 23 
CHKPNT 1234 6 1!9012 23 
$SS 6 
CONO 1234 0 8go12 23 
i:teMG1 1234 6 89012 23 
CHKPNT 1234 e, 8'3012 23 
!SS e, 
LAeEL 1234 e, 89012 23 
DECOHP 1234 & 89012 23 
SAVE 1234 & 89012 23 
CONO 1234 6 89012 23 
CHl(PNT 1234 6 89012 23 
!SS 6 
CONO 1231+ E: 89012 23 
R81'1G3 1234 6 89012 23 
CHKPNT 1231+ 6 890.12 23 
$SS 6 
LABEL 1234 6 '19012 23 
ADO 123 5&78 3 23 89012 
CHW:PNT 123 %78 3 23 89012 
!SS & 
CONO 123 5e,7890123 23 ., 9012 
ss,:;2 123 567890123 23 89012 
CHKPNT 123 567890123 23 39012 
$SS e, 
LASEL 123 567890123 23 89012 
SSG3 12345678~0123 23 89012 
SAVE 1231+567890123 23 39012 
CHKPNT 12345€:7890123 23 89012 
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PIECEWISE LINEAR ANALYSIS 

DMAP Bit Position 
Inst. 10 20 30 40 so 60 

$SS 6 
COND 1234567890123 7 23 89012 
MATGPR 1231+567890123 7 23 89012 
MATGPR 1234567890123 7 23 89012 
LABEL 1234567890123 7 23 89012 
SOR! 1234567890123 23 !!9012 
CHKPNT 1234%7890123 23 89012 
!SS 6 
PLA2 123456789012 23 89012 
SAVE 12345678C3012 23 89012 
CHKPNT 12345678C3012 23 89012 
$SS 6 
EQUIV 123451:>7BC3012 23 89012 
COND 23 
PLA3 23 
CHKPNT 23 
$SS 6 
OFP 23 
SAVI! 23 
LA BEL 23 
PARAH 123456789012 23 83012 
CONO 123456789012 23 89012 
PLA4 123456789012 23 89012 
SAVE 123456789012 23 89012 
CHKPNT 123456789012 23 d3012 
$SS 6 
EQUIV 12345678C3012 23 89012 
CHKPNT 123456789012 23 89012 
$SS I:, 
COND 123456799012 23 89012 
ADD 123456789012 23 89012 
CHKPNT 123456789012 23 139012 
$SS 6 
LABEL 123456789012 23 89012 
EQUIV 123456789012 23 89012 
CHKPNT 1234567 89012 23 89012 
$SS 6 
EQUIV 123456789012 23 89012 
CHKPNT 123456789012 23 89012 
$SS 6 
COND 123456789012 23 89012 
PLA2 1?345&789012 23 89012 
PLA2 123456789012 23 89012 
LASEL 123456789012 23 89012 
REPT 123456789012 23 89012 
JUMP 123456789012 23 89012 
LABEL 1234 6 89012 23 
P~TPAR'4 1234 6 89012 23 
LA9EL 1?.3456789012 23 89012 
SDR2 89 
OFP 9 
SAVE 9 
COND 8 
$SS 1 
PLOT 8 
$SS 1 
SAVE 8 
$SS 7 
PRTMSG 8 

7. 7-7 (12/29/78) 



RIGID FORMAT RESTART TABLES 

DMAP t:Sit Position 
Inst. 10 20 30 40 50 60 

$SS 7 
LABEL 8 
!SS 7 
JUMP 12345678901234S6789 234 89012 

LABEL 12345678901234S6789 234 89012 

P~TPARM 12345676901234S6789 234 ~9012 

LABEL 12345678901234S6789 234 89 IJ 12 

PRTPARM 12345678901234S67S9 234 59012 

LABEL 12345678901234S6789 234 89012 

$SS 8 
PRTPARH 1234567890123456789 234 89012 

!SS 8 
LABEL 1234S6789D123456739 234 89012 

P~TPARH 1234567890123456789 234 89012 

LA BEL. 123456789012345&739 234 891)12 

ENO 1234567890123456789 234 89012 

7.7-8 (12/29/78) 



PIECEWISE LINEAH ANALYSIS 

7.7.4 Rigid Format Change Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGIN 34S67 901234 CHKPNT 
FILI:: 34567 9012 34 CONO 
GP1 SHA3 

SAVE CHKPNT 
CHKPMT SHA3 
GP2 CHKPNT 
CHKPNT LABEL 
PARAHL PARAH 
PURGE GP4 
CONO SAVE 
PLTSET PARAH 
SAVE PURGE 
Pl:'TMSG CHKPNT 
PARAH SSG1 
PARAH CHKPNT 
CONO EQUIV 
PLOT CHKPNT 
SAVE COND 
PRTHSG GPSP 

LABEL SAVE 
CHKPNT CDND 
GP3 OFP 
SAVI! LABEL 
PARAH 34567 901234 PARAH 
CHKPNT EQUIV 
TA1 CHKPNT 
SAVE COND 
PARAH 34567 901234 HCE1 
CONO 34567 901234 CHKPNT 
PURGE PARAH 
CHKPNT JUHP 
CONO LABEL 
PARAH EOUIV 
PARAH CHKPNT 
EHG CDND 
SAVE HCE2 
CHKPNT CHKPNT 
CONO LABEL 
EMA EQUIV 
CHKPNT CHKPNT 
LAPEL CONO 
CONO SCE1 
Eh!A CHKPNT 
CHKPNT LABEL 

LABEL EQUIV 
CONO CHKPNT 
CONO CON!:! 
GPWG SHP1 
OFP CHKPNT 
LABEL LABEL 
PLA1 ECUIV 
SAVE CHKPNT 
CONO COND 
PUP.GE RBHG1 
CHKPNT CHKPNT 
PARAH LABEL 
PARAH OECOMP 
EQUIV SAVE 

.. ..-
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

COND SAVE 
CHKPNT PRTMSG 
CONO LABEL 
RBMG3 JUMP 34567 901234 
CHKPNT LABEL 34567 901234 
LA BEL PRTPARM 34567 901234 
ADO 34 &7 LABEL 345&7 901234 
CHKPNT 34 6 7 PRTPARM 34561 901234 
CONO 34 &7 LABEL 34567 901214 
SSG2 34 6 7 PRTPARM 34S67 901234 
CHKPNT 34 67 LABEL 34567 901234 
LABEL 34 67 PRTPARM 3't567 901234 
SSG3 34 67 LABEL 34567 90123ft 
SAVE 34 67 ENO 34%7 901234 
CHKPNT 34 67 
CONO 34567 901234 
MATGPR 34567 901234 
MATGPR 34561 901234 
LAB:'.L 34567 90 12 34 
SCR1 34567 901234 
CHl<PNT 34561 901234 
PLA2 
SAVE 
CHKPNT 
EQUIV 
CONO 
PLA3 
CHKPNT 
OFP 
SAVE 
LASEL 
PA RAM 
CONO 
PLA4 
SAVE 
CHKPNT 
EQUIV 
CH KPNT 
COND 
ADO 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
EQUIV 
CHKPNT 
CONO 
PLA2 
PLA2 
LABEL 
REPT 
JUMP 
LABE:L 
PR.TPARl't 
LABEL 
S0R2 
OFP 
SAVE 
CONO 
PLOT 

7.7-10 (12/29/78) 
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7.7-5 File Name Restart Table 

DMAP Bit Position 
Inst. 94 100 llO 

BEGIN 
FILE 
GP1 4 
SAV:'. I+ 
CHKPNT 4 
GP2 5 
CHKPNT 5 
PARAML 
PURGE 
CONO 
PL TSET 
SAVE 
PRTMSG 
PA~AM 
PARAM 
CONO 
PLOT 
SAV:: 
PPTMSG 
LAe-=:L 
CHKPNT 
GP3 e, 
SAVE e, 
PARAM 6 9 
CHKPNT 6 
TA1 7 
SAVE 7 
PARAH 7 
COND .7 
PURGE 78 
CHKPNT 7 
COND 89 
PARAH 8 
PARAH 8 
EMG 
SAV:: 
CHKPNT 
CONO e 
EMA 8 
CHKPNT 8 
LA e::L e . 
COND 9 
EMA 9 
CHKPNT 9 
LABEL 9 
CONO 
CONO 
GPWG 
OFP 
LABEL 89 
PLA1 D 
SAVE' 0 
COND D 
PUPGE 0 
CHKONT 0 
PARAH 0 
PARAH 0 
EQUIV 1 

PIECEWISE LINEAR ANALYSIS 

DMAP 
120 Inst. 94 

CHKPNT 
CONO 
SMA3 
CHKPNT 
S~A3 
CHKPNT 
LABFL 

1 PARAH 
1 GP4 
1 SAVE 
1 PARAM 
1 PURGE 
1 CHKPNT 
1 SSG1 
1 CHKPNT 

EQUIV 
CHKPNT 
CONO 
GPSP 
SAVE 

1 COHO 
OFP 
LABEL 
PARAH 
EQUIV 
CHKPNT 
CONO 
MCE1 
CHKPNT 
PARAH 
JUMP 
LA9EL 
EQUIV 
CHKPNT 

6 CONO 
e, HCE2 
6 CHKPNT 

LABEL 
EQUIV 
CHKPNT 
CONO 
SCE1 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
CONO 
SMP1 
CHKPNT 
LABEL 
EOUIV 
CHKPNT 
CONO 
R8MG1 
CHKPNT 
LABEL 
DECOMP 
SAVE 

7.7-11 (12/29/78) 

Bit Position 
100 110 120 

1 
1-
1 
1 
1 
1 
1 

z 
z 
z 
z 
2 5 789 1 345 
2 5 789 1 345 

3 
3 
3 
3 

4 
4 
4 
I+ 
I+ 
4 

e, 
6 

56 
5 
5 

e, 
6 
6 
6 
6 

56 
7 
7 
7 
7 
7 
7 

8 
8 
8 
8 
8 
8 

9 
9 
9 
9 
9 
9 

D 
0 



DMAP 
Inst. 94 
COND 
CHKPNT 
CONO 
RBMG3 
CHKPNT 
LABEL 
ADD 
CHKPNT 
CONO 
SSG2 
CHKPNT 
LABEL 
SSG3 
SAVE 
CHKPNT 
CONO 
HATGPR 
MATGPR 
LAeEL 
SDR1 
CHKPNT 
PLA2 
SAVE 
CHKPNT 
EQUIV 
COND 
PLA3 
CHKPNT 
OFP 
SAVE 
LABEL 
PARAH 
CONO 
PLA4 
SAVE 
C"4KPNT 
EQUIV 
CHKPNT 
CCND 
ADO 
CHKPNT 
LABEL 
EOUIV 
CHl<PNT 
EQUI'I 
CHKPNT 
CONO 
PLA2 
PLA2 
LABEL 
REPT 
JUHP 
LABEL 
PRTPARM 
LABEL 
SOP.2 
OFP 
SAVE 
COHO 

RIGID FORMAT RESTART TABLES 

Bit Position DMAP 
100 110 120 Inst. 94 

0 
0 

1 
1 
1 
1 

2 
2 

3 
3 
3 
3 

4 
4 
4 

5 
5 

& 

7 
7 
7 
7 

1 
8 
8 
8 
8 
8 

9 
9 
9 
9 
9 
9 

0 

PLOT 
SAVE 
PRTHSG 
LABEL 
JUMP 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 

. PRTPARH 
LABEL 
ENO 

7.7-12 (12/29/78) 

Bit Position 
100 110 120 



DIRECT COMPLEX EIGENVALUE ANALYSIS 

7.8 RESTART TABLES FOR DIRECT COMPLEX EIGENVALUE ANALYSIS 

7.8. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CIHEX2 2 PTRIAAX 3 
AXIF l CIHEX3 2 FTRIATS 3 
COAMPl 1 C ONR 00 2 PHIM6 3 
CDAMPZ 1 CQOMEM 2 PTRMEM 3 
CDAMP3 l CQOMEMl 2 PTRPLT 3 
CDA/1P4 1 CQD"1El'12 2 PTRPL Tl 3 
CELAS1 1 COD"1El'13 2 PTRSHL 3 
CELAS2 1 CQDPLT 2 FTUBE 3 
CELAS3 l CQUAOl 2 PTWIST 3· 
CE LAS4 1 CQUAD2 2 GEN EL 4 
CMASS1 1 CQUADTS 2 CON Ml 5 
C MAS S2 l CROD 2 CONM2 C: ., 
CMASS3 l CSHE AR 2 FSLIST 5 
C"1ASS4 1 CTETRA 2 PE LAS 6 
CO~DlC 1 CTORDRG 2 P.,ASS 7 
COROlR 1 CTR A PAX 2 MA Tl 8 
COR01S 1 CTRAPRG 2 MAT 2 8 
CDRD2C 1 CTRBSC 2 MAT3 F, 
COR02R 1 CTR IA1 2 MATTl B 
COR D2S 1 CTRIA2 2 MATT 2 8 
FR Ei:P T l CTR IAAX 2 MATT3 e 
GROSET 1 CTRIARG 2 TABLEMl 8 
GRID 1 CTR IA TS 2 TABLEl'l2 8 
GRID B 1 CTRil'16 2 TA8L:M3 8 
POI~TAX 1 CTIH1El'1 2 TA9LEM4 8 
PRE PT 1 C TRPL T 2 TE MP"4U e 
RINGAX l CTR PL Tl 2 TEMP""XS 13 
R I~GFL 1 CUSHL 2 AXISYMS 9 
SECTAX l CTUBE 2 CRIGOl q 
SEQG? l CTWIST z CRIGOZ q 
S POINT 1 ewe OGE 2 CRIG03 c; 
AOUl'l-1 2 PBAR 3 CR IGOR c; 
ADU/'12 2 PC ONE AX 3 MPC g 
ADUM3 2 POUMl 3 MPCAOO g 
AOUM4 2 POU/12 3 "1 PC All' q 
ADU"15 2 POUM3 3 MPCS g 
ADU'16 2 POUM4 3 SPC 10 
AOUM7 z POUM5 3 S PC 1 10 
AOUM8 2 POUM6 3 SPCAOO 10 
ADU Mg 2 POUM7 3 SPCA X 10 
BAPOR 2 PDUMS 3 S PCS 10 
CBAR z PDUM9 3 ASET 11 
CCONEAX 2 PIHEX 3 AS ETl 11 
COU!llll 2 PCOMEM 3 DM IT 11 
CDUMZ 2 PCOMEMl 3 OM IT1 11 
cou~3 2 PQOME'12 3 OMIT AX 11 
COU/14 2 PQOME,-.3 3 FARAM 12 
COU"15 2 POOPL T 3 SUPAX 12 
COU"16 2 PQUA[)l 3 SUPLlR T 12 
COUM7 2 PQUA02 3 TE~ P 13 
CDUM8 2 PQUAOTS 3 TE l'4 PAX l3 
cour.ig 2 P~OO 3 TE~PO 13 
CFLUI02 2 PSHEAR 3 TE1'4PP1 13 
CFLUl03 2 PTOPORG 3 TE.,PP2 13 
CF LU !04 2 PTRAPAX 3 TEMPP3 13 
CHE X Al 2 P TR B SC 3 TE MP'1.R 13 
CHEXA2 2 FTR IA1 3 WTMAS!; 14 
C:IHEX) 2 PHIA2 3 GR OPt.l T 15 

7. 8-1 ( 12/29/78) 



RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

PLOT EL 16 
PLOT 1 18 
POUH 19 
AOUT$ 21 
LOOPS 22 
LOIJPl !. 23 
C8UPMASS 24 
CPBAR 24 
CP.JO?LT 24 
CPOUAOl 24 
CPfJUA02 24 
CPR.DO 24 
CPTRSSC 24 
CPTR!hl 24 
CPTRIA2 24 
C i>TiHL T 24 
C PT U Bi: 24 
NOLOG?1 25 
BO'fLIST 52 
FLSYt-1 52 
G 56 
EPCINT 57 
SE OE P 57 
TF 57 
CVISC 5A 
PO AMP 5g 
PVISC 5q 
011 IAX 60 
OMIG 60 
~2PP$ 60 
t<2PPS 60 
M2PP$ 60 
TFi bO 
EIGC 61 
:IGP 61 
CMETH!JD\ b2 

7.8-2 (12/29/78) 



DIRECT COMPLEX EIGENVALUE ANALYSIS 

7.8.2 Bit Positions for File flame Restart Table 

File Name Bit Pos. File Name Bit Pos. 

BG PDT 94 OOP Cl 114 
CSTM 94 BOPOOL 11 e 
EQEXIN 94 ABFL 119 
G PDT 94 I< B FL 119 
GPL 94 ELS ETS 120 
SIL 94 GPSETS 120 
ECT 95 PL TP AR 12 C 
GPTT 9o PLTSETX 120 
EST 97 MAA 121 
GE I 97 BAA 122 
GPECT 97 1<4AA 123 
GPST 98 BDICT 124 
l<GGX 98 BELM 124 
MGG 99 1K40ICT 124 
I< GG lOC K4ELM 124 
ASE T 101 l<OICT 12 4 
RG 101 KELM 124 
LJSET 101 l'I DICT 124 
YS 101 MELM 12 4 
OGPST 102 BGG 125 
GM 10 3 11<4GG 126 
BNN 104 
K4NN 104 
l<NN 10 4 
MNN 104 
BFF 105 
K4FF 105 
KFF 105 
KFS 105 
MFF 105 
GO 106 
KAA 106 
EEO 107 
E QOYN 107 
GPLD 107 
SILO 107 
TFPOOL 107 
USETD 107 
CASEXX 108 
B2PP 109 
K2PP 109 
"'2 pp 1oc;i 
B2DD 110 
BOO 110 
GMO llC 
GOO llO 
1<2 DO 110 
KOO llC 
1'!200 110 
MOD 110 
CLAMA 111 
C.CEIGS 111 
PHID 111 
OPHIO 112 
CPH IP 113 
QPC 113 
OC PHI? 114 
OE FC 1 114 
OE SC 1 114 

7.8-3 (12/29/78) 



RIGID FORMAT RESTART TABLES 

7.8.3 Card Name Restart Table 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

BEG IN 123456789•)123456 89 1234 2 67-3C/012 

FILE 1234567890123456 89 1234 2 6739012 

GPl 1 
SAVI: 1 
PUl:IG: 1 
CHKP"IT l 
sss 6 
cor,..o 1 
GP2 12 ~5 6 " 
CHl<PNT 12 45 b 

~ 

sss b 
PARAML 8 

sss 7 
?UPGE 8 

sss 7 
COND e 
$$ s 7 

PLTSET 8 

!.SS 7 
SAVE 8 

sss 7 
PRTMSG 8 

s~s 7 
PAP.AM ~ 

sss 7 
PARAM 8 

ss s 7 
COND 8 

sss 7 
PLOT 8 
sss 7 
SAVE ij 

sss 7 
PP TM SG 8 

sss 7 
LABEL 8 
$ ss 7 
CHK P~T e 
sss 67 
GP: 1 3 
C HKP NT 1 3 

sss b 
TAl 1234567 3 

~q 

SAVE 1234567 3 d9 

PURGE 12345~7 3 39 

C 11KPtH 12345b7 3 
3g 

sss 6 
CDNO 123 5678 34 5 4 

PARAM 123 b g 

PAP AM 123 5 78 4 4 

PARA"I 17. 3 ~ 

PAR A:1 123 b B 
EXG 123 ,on 
SAVE 123 567d 
CHI< PNT 123 56713 

sss 6 
cor-.o 123 6 '3 
l:f'l A 123 6 8 
CHKPNT 12 3 b e 

7.8-4 (12/29/78) 



DIRECT COMPLEX EIGENVALUE ANALYSIS 

DtAAP Bit Position 
Inst. 10 20 30 40 50 60 

$SS 6 
LA eE L 123 0 8 
CDND 123 5 7~ 4 4 
EMA 123 5 78 4 4 
C HK PNT 12 3 5 78 4 4 
$S S 0 
L AeE L 123 C: 7A 4 4 ., 
CONO 123 8 aq 
EMA 123 B gq 

CHKPNT 12 3 9 99 

SS S 6 
LABEL 123 e 89 

CDND 123 8 
HiA 123 6 9 
CHI\ PNT 12 3 6 8 
1SS 6 
LABEL 123 6 9 
P URG c 1'3 5 78 4 4 
PUPG€ 123 R 9q 
CHKl'NT 123 5 7~ 4 4 aq 
1SS 6 
COND 123 5 H 45 4 
sss 6 
COND 123 5 7!! 45 4 
sss a 
GPWG 123 5 78 45 4 
sss ~ 
OFP 123 5 7tl 45 4 
sss 8 
LAi::E L 123 5 7 45 4 
EQUIV 1234 6 II 
CHKPNT 1234 0 e 
sss 6 
C fi"iO 1234 6 8 
S r,,A 3 1234 ~ 8 
CHKP~T 1234 b 8 
!!:S 6 
L A81: L 1234 b 8 
PARAH 1 qo1 
GP4 l qo1 
SAVE 1 qo1 
?URGE l 901 
CHKPNT 12345~78901 4 4 
sss 0 
COt,O 123 6 8 I) 

cm,o 123 6 990 
GPSP 123 ~ ~QI) 

SAVE 123 l:i 890 
CuN D 123 ~ 890 
OFF 123 6 goo 
LAEE L 1?3 ., 890 
EOUIV 12345':>7.;9 4 4 
CHl<PNT 12345~789 4 4 
1SS 6 
COIIID 123456713c; 4 4 
MCEl 1 Cl 
CHKP~T l q 
sss " f'ICE 2 1234 56 7eq 4 4 ~q 

7.8-5 (12/29/78) 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHI< PPIIT 123456B9 4 4 89 
1SS 0 
LAB EL 12 3 456 789 4 4 89 
ECUIV 1234567800 4 4 g9 
CH l<P NT 1234 567 800 4 4 i,9 
ss s 6 
CONO 1234567~00 4 4 d9 
SCEl 1234567891'.) 4 4 g9 
CHl<PNT 1234567890 4 4 39 
sss 6 
LABEL 12345671:190 4 4 39 

EQUIV 12345678901 4 4 AQ 
CHKPNT 12 3 4 5 6 7 8 90 1 4 4 89 
sss 6 
CDND 1 2 '3 4 5 6 7 8 90 1 4 4 H 
S~ Pl 1234 6 tl901 
CHKP"IT 1234 6 6901 
sss 6 
CC::!''D 1 z 3 4 5 o 7 e c;o 1 4 4 
s11q,2 12345678901 4 4 
CHi<.PNT 1 2 3 4 , o 7 e 90 1 4 4 
sss 6 
LAeE L 12 3 4 5 t, 7 8 c;>o 1 4 4 
CCf\lD 1234 6 t:901 ~q 
SMP2 1234 6 8901 39 
C HKP"'IT 1234 6 8901 99 
tSS b 
LAeE L 1234 6 R9Q 1 89 
COND 1234 6 8 c;o1 
SM P 2 1234 6 89,J l 
C HKP~T 1234 6 8901 
sss 6 
LASE L l 2 3 4 5 6 7 8 90 l 4 4 '39 
0 PD 1 001 7 l 
SAVE 1 9.)1 7 1 
EOUI V 12345!)7ij9Ql 4 234 2 67f!90 
CHKP"IT l c;o 1 7 l 
1SS 6 
P APA.'1 23 
PAIIAM l2345679c;iOl234 b 9 123 z 67~9012 
BMG l 2 
S A\/E l 2 
? AP AM l 23 2 7 0 
PURGE 1 2 
co~.o l z 
MTR.XI~ l 2 
~AVE l 2 
LA f!E L 1 2 
CHKP~T 1 2 
sss 0 
PAPAM q 

JUt"P 23 
ss s l 3 
LAP.EL l234567R90l2345t 89 l?. 3 2 6 78·1012 
sss l 3 
PUPGE Q 123 
CASE 12 ~ 456 789012 34 56 q 123 5 2 6799012 
SAV: 1234567890123456 0 123 '5 2 67d00l?. 
CHl<PNT 12345671?9012 3456 q 123 5 2 6 799012 

r 

7.8-6 (12/2;/78) 



DIRECT COMPLEX EIGENVALUE ANALYSIS 

OMAP Bit Position 
Inst. 10 20 30 40 50 60 

iss 6 
!"!HIXIN 1 23 2 7 C 
SAVE 1 23 2 7 0 
PARA"I 1 23 2 7 0 
P ARA,'1 1 23 2 7 0 
E CU IV 1 23 2 7 0 
ADD5 1 23 2 7 0 
COND 1 23 2 7 0 
TRNSP 1 23 2 7 0 
ADD 1 23 2 7 0 
LABEL 1 23 2 7 0 
PAR A 11 1 23 2 7 0 
PARA M 1 23 2 7 0 
P ARA"I 1 23 2 7 0 
PURGE 12345678901 4 234 2 678QO 
EOUIV 12345678901 4 234 2 6 7 tJqo 
CH KPNT 12345671:!QOl 4 234 2 67890 sss 6 
COND 1234567Rc;l0l 4 234 2 67.:JOC 
GKAD 123456 7AQO 1 4 234 2 67990 
LABEL 12 3 4 ,6 7B c;o 1 4 234 2 ·bBgo 
EOUIV 1234567B901 4 234 2 b7aqo 
CHl<PNT 12 3456 7 aoo1 4 234 2 b7890 
sss 6 
COND 123 4 5 6 7 B 90 l 4 234 2 67?90 
C !:AO 12345676901 4 234 2 67 89012 
SAVE l 2 3 " 5 6 7 8 ClO l 4 234 -2 671:19012 
CHl<PNT 12 3 4 5 6 7 f!C~O l 4 234 2 6789012 sss b 
0 FP 12345678901 4 234 2 678QOl2 
SAVE 12345676901 4 234 2 67~9012 
CONO 9 l 
VDR q l 
SAVE q 1 
CCND 1 
OFP 1 
SAVE 1 
LASE L l 
COND 1234567~901 4 234 2 67'39017. 
ECUIV 123 45b 78901 4 234 2 67H012 
CONO 12345678901 4 234 2 67':!0012 
sorii 12 3 4 5 6 7 8 c;i, 1 4 234 2 6739012 
LABEL 12345678901 4 234 2 67 89012 
CHKP~T 12345679901 4 234 2 67~0012 sss 6 
SDR2 9 
OFP q 

SAVE c; 
LABEL 1 2 3 4 5 6 7 8 90 1 234 
CONO 23 2 67'39012 
lSS 1 3 
PEPT 23 2 0789012 
ss s 1 3 
JU MP 23 2 
sss l 3 
JUMP .1234567890123456 8Cl 1234 b7B9Cl2 
LA'3EL 23 
sss l 3 

7.8-7 (12/29/78) 
/' 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
60 

Inst. 10 20 30 40 so 

PRTP~RM 23 2 67 dQ012 
lSS 1 3 
LAl:1E L l ?.34 56789012 34 56 Rq 1234 2 67'19012 
Pr.TPARM l234567dCl0123456 R9 12 3't 2 6 7!:lOO 12 
LA EEL 1234567890123456 8Cl 1234 2 6739012 
5SS a 
PRTPARf'4 12 34 56789012 34 56 89 1234 2 ~739012 
$SS 'I 
LABEL 12 3 4 5 o 7 8 9:, 12 34 5 6 8<;1 1234 2 67.39012 
ENO 1234567890123456 89 1234 2 67'39012 

7.8-8 (12/29/78) 



DIRECT COMPLEX EIGENVALUE ANALYSIS 

7.8.4 Rigid Format Change Restart Table 

OMAP 
Inst. 
l:!EG IN 
FILE 
GPl 
SAVE 
PURGE 
CHKHIT 
C Q~D 
GP2 
CHKP rH 
PARAML 
PURGE 
cor-.o 
PL TS ET 
SAVE 
PRTMSG 
PARA~ 
PAR AM 
CGND 
PL OT 
SAVE 
PR TM S G 
LASE L 
Cl-!KPNT 
GP3 
Cf11<PNT 
TAl 
SAVE 
PURGE 
CHl<PNT 
COND 
PAPA11 
PAR AM 
PAR.AM 
PARA I" 
E MG 
SAVE 
CHK P ;>,j T 
CDND 
EMA 
CHKP"lT 
LARE L 
CCND 
EMA 
CHKPNT 
LAe: L 
CCNO 
EMA 
CHl<P~T 
LABEL 
COND 
EMA 
CHl<PNT 
LABEL 
PUPG: 
PURGE 
CHI< PNT 
COl\iO 
COND 
GPwG 

Bit Position 
63 70 80 

3456H 01234567 
345678 01234567 

3 678 
3 67A 

3 67~ 
3 678 
3 679 

3 ~76 
3 67;'! 
3 673 
3 678 
3 67~ 
3 673 
3 ~7'! 
3 67 8 

3 678 
3 67~ 
3 e7'3 

34 5 
345 

DMAP Bit Position 
Inst. 63 70 80 

OFP 
LAF!EL 
EOUIV 
C~KPNT 
COND 
SMA3 
CHKPNT 
LABEL 
PARAM 
GP4 
SAVE 
PURGE 
CHl<PIH 
COND 
COND 
GPS P 
SAVE 
COND 
OFP 
LABH 
EQUIV 
CHK PNT 
CO,._D 
MCEl 
CHKPNT 
MCE2 
C.HKPNT 
LABEL 
EQUIV 
CHKPNT 
COM 
SCEl 
CHKPNT 
LAB EL 
EQUIV 
CHKPNT 
CCND 
SH Pl 
CHKPNT 
COND 
SMP2 
CHKPNT 
LABEL 
CQND 
S l'IP2 
CHKPNT 
LASE L 
COND 
S MP2 
C HK PNT 
LABEL 
DPD 
SAVE 
EOUIV 
CHKPNT 
PARAM 
PARAM 345678 01234567 ~45 
BMG 
SAVE 

7. 8-9 ( 12/29/78) 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 
PA?AM JUMP 345676 01234567 345 

PL: RG E JUMP 345678 012345~? 345 

c cr,..o LABEL 345 6 78 C'l2,45~7 345 

MHXIN PRTPt.PM 345678 01234567 34 5 

SAVE LABEL 345678 012345,;7 345 

LABEL PRTPARM 34567'3 012~4567 345 

C HKP "IT LABEL 345671:1 01234567 345 

PARAM PRTPARM 345678 012345~7 345 

JUMP 345678 01234567 345 LABEL 34 5678 01234567 34 5 

LABEL 34 5t78 01234567 345 END 345678 01234567 345 

PUPGE 
CASE 345678 012345~7 345 
SAVE 34 5 6 7 8 01234567 345 
C HK PNT 345678 01234 567 345 
MT RX IN 
SAVE 
PAFA~ 
PARA:1 
EOUIV 
A(J05 
CONO 
TRNSP 
ADO 
LABEL 
PA FAM 
PAR AM 
PUA/1 
PlJRGE 
1:01.i IV 
CHKPNT 
CONO 1 
GKAO 1 
LA~EL 1 
EOUIV 
CHKPNT 
CCNO 345b78 01234567 345 
CE AO 
SAVE 
C HK PNT 
OFP 
SAVE 
CONO 
VD~ 
SA~E 
CC!NO 
OFP 
SA VE 
LABEL 
COND 34567'3 01234567 345 
e,urv 3456 7!1 012345b7 345 
CONO 345ein 0123'>567 345 
SDRl 3456 78 01234567 345 
LARE L 
CHt<PNT 
sen 
(i F p 

SAVE 
LABEL 
ca~o 34567q 01234507 345 
PE PT 345678 01234567 34 5 

7.8-10 (12/29/78) ___ ,' .... ~··- .-



DIRECT COMPLEX EIGENVALUE ANALYSIS 

7.8.5 File Name Restart Table 

DMAP Bit Position DMAP Bit Position Inst. 94 100 llO 120 Inst. 94 100 110 120 
BE GIN GPWG 
FILE OF P 
GPl 4 LA l:lE L 8 SAVE 4 ECUIV 0 
PURGE CHKPiT 'J CHI< PN T co~rn ') 
CON!) SMA3 :) 
GP2 5 CHKPNT 0 CHKPNT 5 LABEL 0 PAR A ML 0 PARA 11 1 PUFGE 0 GP4 1 C C'ND 0 SAVE 1 PL TSET 0 PU FGE 1 3 56 0 3 ~AVE 0 CHKPNT l 3 56 0 3 PliTMSG 0 CCND 2 PARA~ 0 COND 2 P t.l< AM 0 GPSP 2 CCND SAVE 2 PLOT COND 2 S A\I E OFP ? P PTl'1 SG 

LABEL 2 LABEL EOUIV 4 CHI< PNT 0 CHKPNT 4 GP3 6 CONO 34 CHKP'H 6 MC El 3 TAl 7 'CHI< PNT 3 SAVE 7 MC E2 4 Pl.'PGE 7Ag 2 456 12 3 CHKPNT 4 :HtcPNT 7 LABEL '3 4 COND 8 ECUIV 5 ?ARA/11 8 CHKPNT 5 PA 11 A'1 g CONO 5 PARAi1 5 SCEl 5 . PAR AM 6 CHKPNT 5 EMG 4 LABEL 5 SAVE 4 ECUIV 6 123 CHK PNT 
4 CHKPNT b 12? C Ot.O 8 CCND b 12 3 EMA A Sl1Pl 6 CHKPNT 3 C HKPNT 6 LABEL 8 CDND 1 ·col'.D q 

s PotP2 1 EMA q 
CHK P~H 1 CHl<PNT 9 LABEL 1 LABEL 9 COND 2 CONO 5 S 11P2 

2 E,. A 5 CHK PNT 
2 C HKPNT 5 LAeE L 
2 LASE L 5 CGNO 3 Cul' D 6 SMP2 

3 E/11A 
6 CHKPIIIT 

3 Cl-tKPNT 
~ LABEL 6 123 USEL 
6 OPD 7 PUPGE q 

SAVE 7 PUPGE 5 ECUI V 0 CHI< P"4T Cl CHKPNT 7 C CNO PARA.lo! CCNO 
PARAl1 '3 

7.8-11 (12/29/78) 
/ 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position l)MAP r:it Pnc:ition 
Inst. 94 100 llO 120 Inst. 94 100 110 120 

BMG 8 CONO 

SAVE ~ REPT 

PAR AM q q JUMP 

PURGE ~ JU f'IP 

CCNO q LABEL 

MTRXIN q PRlPARM 

SAVE C/ LABEL 

LAR.El c; P 11TP ARM 

C HK P"IT q LABEL 

PAR A"I PRTPARM 

JUMP ~ LABEL 

LABEL 8 ENO 
PURGE 
CASE 8 
SAVE 13 
CHK i)~H 8 
MT?.XIN q 
SAVE q 
PARAM q 
PA~ A l'I q 
EO UIV q 
ADOS q 
CONO q 

TR NS P q 

ADO q 

LABEL q 
? AR A"1 q 

PA.RAM q 
PA~AM 9 
PURGE 0 
EOl.'I V 0 
CHKPNT 0 
CONO 0 
GK AD 0 
LAeEL 0 
EQUIV 1 
CHKPNT 1 
CONO l 
C EAO l 
SAVE l 
CHKPt,;T l 
OF P 1 
SAVE 1 
CONO 2 
VCR z 
SAVE 2 
CC~D 2 
CF P 2 
SAVE 2 
LA13EL 2 
CIJt,.;O 3 
E OL. I V 3 
CGND 3 
so1n 3 
LABEL 3 
C HKP NT 3 
SDP2 4 
OFP 
SAVE 
L AAE L 23 

7.8-12 (12/2~/78) .. ' 



DIRECT FREQUENCY AND RANDOM RESPONSE 

7.9 RESTART TABLES FOR DIRECT FREQUENCY AND RANDOM RESPONSE 

7. 9. l Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CIHEX1 2 PTRIA1 3 
AXIF 1 CIHEX2 2 PTRIAZ 3 
COAMP1 1 CIHEX3 z PTIU AA X 3 
CDAMP2 1 CONROD z PTRIATS 3 
COAHP3 1 CQDHEM z PTRIH6 3 
CDAHP4 1 CQOMEM1 z PTP.MEM 3 
CELAS1 1 CQOHEM2 z PTRPLT 3 
CELAS2 1 COOMEM3 z PTRPL T1 3 
CELAS3 1 CQOPLT 2 PTRSHL 3 
CELASI+ 1 CQUA 01 2 PTUBE 3 
CHASS1 1 CQUAOZ z PTWIST 3 
CMASS2 1 CQUAOlS 2 GENEL 4 
CMASS3 1 CROD z CONM1 5 
CMASS4 1 CSHEAR z CONH2 5 
COR01C 1 CTETRA z FSLIST 5 
COR01R 1 CTORORG z PELAS 6 
CORD1S 1 CTRAPAX 2 PMASS 7 
COR02C 1 CTRAPRG 2 HAT1 8 
COR02R 1 cn.esc 2 MAT2 8 
CORD2S 1 CTRIA1 2 HAT3 8 
FREEPT 1 CTRIA2 2 HATT! ' GROSET 1 CTRIAAX 2 HATT2 8 
GRID 1 CTRIARG 2 HATT3 e 
GRIDS 1 CTRIATS 2 TABLEH1 8 
POINTAX 1 CTRIH6 2 TABLEl'42 e 
PRESPT 1 CTRHEH 2 TABLEH3 8 
RINGAX 1 CTRPLT 2 TABLEH4 8 
RINGFL 1 CTRPLT1 2 TEHPHT$ 8 
SECTAX 1 CTRSHL 2 TEMPHX$ 8 
SEQGP 1 CTUBE z AX!SYH$ 9 
SPOINT 1 CTWlST 2 CR!G01 9 
AOUH1 2 CWECGE z CRIGC2 9 
ADUH2 2 PBAR 3 CRIGD3 9 
ADUH3 2 PCONEAX 3 CRIDGR 9 
AOUH4 z POUM1 3 MPC 9 
AOUH5 z POUHZ 3 MPCAOD 9 
AOUM6 z POUH3 3 HPCAX 9 
AOUH7 2 PDUHI+ 3 "4PC$ 9 
AOUM8 z POUH5 3 SPC 10 
AOUM9 2 POUH6 3 SPC1 10 
BAROR 2 POUH7 3 SPCAOO 10 
CBAR 2 POUH8 3 SPCAX 10 
CCONEAX 2 POUH9 3 SPC$ 10 
COUH1 2 PIHEX 3 ASET 11 
COUH2 2 PQOHEH 3 ASET1 11 
COUH3 2 PQOHEH1 3 OMIT 11 
COUl'll+ 2 PQDHEHZ 3 OHIT1 11 
COUM5 2 PQOHEH3 3 OMIT AX 11 
COUH6 2 PQDPLT 3 PARAM 12 
CDUH7 z PQUA01 3 SUPAX 12 
CDUH8 2 PQUADZ 3 SUPORT 12 
couHq 2 PQUAOTS 3 TEMP 13 
CFLUID2 z PROD 3 TE!1PAX 13 
CFLUID3 2 PSHEAR 3 TEl'!PO 13 
CFLU!Olt 2 PTORORG 3 TEHPP1 13 
CHEXA1 2 PTRAPAX 3 TEMPP2 13 
CHEXAZ 2 PTRSSC 3 TEMPP3 13 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

TE"IP~B 13 
WTHASS 14 
GROPNT 15 
PLOTEL 1& 
PLOTS 18 
POUT! 1'3 
XYOUTl 20 
AOUT!i 21 
LOOP$ 22 
LOO PU 23 
COUPHASS 24 
CPBAR 24 
CPQOPLT 24 
CPQUA01 24 
CPQUA02 24 
CP~OO 21+ 
CPTRBSC 24 
CPTRIA1 24 
CPTRIAZ 24 
CPTRPLT 24 
CPTUBE 24 
NOL OOPS 25 
RA NO OM$ 26 
AXYOUTS 27 
BOY LIST S2 
FLSYH 52 
RANOPS S5 
RANDT1 55 
RANOT2 SS 
TABRN01 S4 
TABRNOZ S4 
TABRN03 54 
TA8RN04 S4 
G S6 
EPOI NT 57 
SEQEP 57 
TF S7 
CVISC S8 
POAHP 59 
PVISC 59 
B2PPS 60 
OH!AX 60 
O"!IG 60 
K2PP'S 60 
M2PP$ 60 
TFS 60 
OARE A 61 
DELAY 61 
OLOAO 61 
OPHASE 61 
F?.EQ 61 
FREQ! 61 
F~EQ2 61 
RLOA01 61 
RLOA02 61 
TABLEOt 61 
T ABLE02 61 
TABLE03 61 
T1\BLED4 61 
OECOHOPT 62 
OLOAOS 62 
FREQ! 62 
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DIRECT FREQUENCY AND RANDOM RESPONSE 

7.9.2 Bit Positions for File Name Restart Table 

Fi 1 e Name Bit Pas. File Name Bit Pas. 

BGPOT 94 HOO 110 
CSTM 94 PDF 111 
EQEX!N 94 PPF 111 
GPOT 94 PSF 111 
GPL 94 UOVF 111 
SIL 94 OUOVC1 112 
ECT 95 OUOVC2 113 
GPTT 96 QPC 114 
EST 97 UPVC 114 
GEI 97 OEFC1 115 
GPECT 97 OESC1 115 
GPST 96 OPPC1 115 
KGGX 98 OQPC1 115 
HGG 99 OUPVC1 115 
KGG 1 OD OEFC2 116 
ASET 101 OESC2 116 
P.G 101 OPPC2 116 
USET 101 OQPC2 116 
YS 101 :ouPVC2 116 
OGPST 102 ,AUTO 117 
GM 103 PSOF 117 
BNN 104 BOPOOL 118 
K4NN 104 ABFL 119 
KNN 104 KBFL 119 
HNN 104 ELSETS 120 
BFF 105 GPSETS 120 
K4FF 105 PLTPAR 120 
KFF 105 PLTSETX 120 
KFS 105 HAA 121 
MFF 105 BAA 122 
GO 106 K4AA 123 
KAA 106 BOICT 124 
OLT 107 BELH 124 
EQOYN 107 K40ICT 124 
FRL 107 K4EL.H 124 
GPLO 107 KOICT 124 
PSOL 107 KELH 124 
SILO 107 HOICT 121+ 
TFPOOL 107 HELM 124 
USETO 107 BGG 125 
CASEXX 108 K4GG 126 
82PP 109 
K2PP 109 
H2PP 109 
e200 110 
BOO 110 
6'10 110 
GOO 110 
KZOO 110 
KOO 110 
H200 110 
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RIGID FORMAT RESTART TABLES 

7.9.3 Card Name Res ta rt Tab 1 e 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

' BEGIN 1234567890123456 !!901234 2 456789012 
FILE 123456789012345& 8901234 2 4S6789012 
GP1 1 
SAVE 1 
PURGE 1 
CHKPNT 1 
sss 6 
CONO 1 
GPZ 12 45 6 8 
CHKPNT 12 45 6 8 
$SS 6 
PARAHL 8 
$SS 7 
PURGE 8 
$SS 7 
CONO 8 
!SS 7 
PL TSET 8 
sss 7 
SAVE 8 
$SS 7 
PPTMSG e 
!SS 7 
PAPAH 8 
$SS 7 
PAP.AM 5 
sss 7 
CONO e 
$SS 7 
PLOT IS 
sss 7 
SAVE 8 
!SS 7 
PP.THSG ·8 
sss 7 
LABEL e 
sss 7 
CHKPNT 8 
sss 67 
GP3 1 3 
CHKPNT 1 3 
sss 6 
TU 1234567 3 39 
SAVE 1231+567 3 89 
PUPGE 1234567 3 89 
CHKPNT 1234567 3 89 
sss 6 
CONO 123 5678 345 4 
PARAH 123 6 8 
PARAM 123 5 78 4 4 
PA~AM 123 8 
PAf;.AM 123 6 8 
EMG 123 567 8 
SAVE 123 5678 
CHKPNT 123 5678 
!SS 6 
CONO 123 6 8 
EMA 123 6 8 
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DIRECT FREQUENCY AND RANDOM RESPONSE 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHKPNT 123 6 8 
$SS 6 
LA BEL 123 6 8 
COND 123 S 78 4 4 
EMA 123 5 7 8 4 4 
CHKPNT 123 5 78 4 4 
$SS 6 
LAeEL 123 5 7 8 4 4 
COND 123 8 89 
EMA 123 8 89 
CHKPNT 123 8 89 
sss 6 
LABEL 123 8 89 
COND 123 8 
El"A 123 6 8 
CHKPNT 123 & 8 
$SS 6 
LABEL 123 & 8 
PURGE 123 5 78 4 4 
PURGE 123 8 89 
CHKPNT 123 5 78 4 4 89 
sss 6 
COND 123 5 78 45 4 
iSS 8 
COND 123 s 78 45 4 
SSS 8 
GPWG 123 s 78 45 4 
!SS 8 
OFP 123 5 78 1+5 4 
sss 8 
LABEL 12'3 5 78 1+5 4 
EQUIV 1234 6 8 
CH !l'PNT 1234 6 8 
sss & 
COND 1234 & 8 
SMA3 1234 6 8 
CHKPNT 1234 & 8 
sss s 
LABEL 1234 & 8 
PARAM 1 901 
GPI+ 1 901 
SAVE 1 901 
PURGE 1 CJ01 
CHKPNT 12345678901 4 
sss 6 
CONO 123 6 8 0 
CONO 123 6 890 
GPSP 123 6 890 
SAVF. 123 6 890 
CONO 123 6 890 
OFP 123 6 890 
LABEL 123 6 8 90 
EQUIV 1231+56789 4 4 
CHKPNT 123456789 4 4 
sss 6 
CONO 1231+56789 4 4 

MCE1 1 CJ 
CHKPNT 1 CJ 

; 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

'SSS 6 
MCE2 1234567 eg 4 4 89 
CHKPNT 123456789 4 4 89 
$SS & 
LABEL 1234%7 89 4 4 89 
EQUIV 1231+567890 4 4 89 
CHKPNT 1234567890 4 4 89 
sss 6 
CONO 1234567ego 4 4 99 
SCEl 1234567890 4 4 89 
CHKPNT 1234567 890 4 4 89 
$SS 6 
LABEL 1234567890 4 4 39 
EQUIV 1234 6 8901 
EQUIV 1234S 78901 4 4 
EQUIV 1234 8901 89 
EQUIV 1234 6 8901 
CHKPNT 12345678901 '+ 4 89 
SSS 6 
COND 1231+5&1e901 4 4 89 
SHP1 1234 6 8901 
Cl-'KPNT 1234 6 8901 
sss 6 
CONO 12345678901 4 4 
SHP2 12345678901 4 4 
CHKPNT 12345678901 4 4 
sss 6 
LABEL 12345678901 4 4 
CONO 1234 6 8901 89 
SMP2 1234 6 8901 89 
CHKPNT 1234 6 8901 89 
$SS 6 
LABEL 1234 6 8901 B9 
CONO 1234 6 8901 
SMP2 1234 6 sgo1 
CHKPNT 1234 6 8901 
!SS 6 
LA~EL 12345678901 4 a9 
CPO 1 go1 5 1 1 
SAVE 1 901 5 7 1 
EQU!V 1231+5&7 8go 1 4 234 2 67890 
CMKPNT 1 901 5 7 1 
sss 6 
PARAH 23 
PARAH 12345&78901234 6 C:10123 7 2 456789012 
BMG 1 z 
'SAVE 1 2 
PARAH 1 23 2 7 0 
PUPGE 1 2 
CONO 1 2 
HTPXIN 1 2 
SAVE 1 2 
LABEL 1 2 
CHKPNT 1 2 
sss & 
PAP.AH 9 1 
JUMP 23 
$SS 1 3 
LABEL 123ltS67Sgo 1234S & E9 IJ123 2 &ngo12 
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DIRECT FREQUENCY AND RANDOM RESPONSE 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

$SS 1 3 
PURGE 90123 1 
CASE 1234S678901234 6 90123 s 7 z 456789012 
SAVE 123'+5678901234 6 90123 s 7 2 456789012 
CHKPNT 1234S678901234 6 90123 5 7 2 456789012 
$SS 6 
MTRXIN 1 23 2 7 0 

SAVE 1 23 2 7 0 
PARAH 1 23 2 7 0 

PARAH 1 23 2 7 0 

EOUIV 1 23 2 7 0 
ADOS 1 23 2 7 0 
CONO 1 23 z 7 0 
TRNSP 1 23 2 7 o 
ADO 1 23 z 7 0 
LABEL 1 23 2 7 a 
PARAH 1 23 2 7 a 
PARAH 1 23 2 7 0 
PARAH 1 23 2 7 0 
PURGE 12345678901 .. 234 2 6H90 
EQUIV 12345678901 I+ 231+ 2 67B90 
CHKPNT 12345678901 4 234 2 67890 
!SS c 
CONO 12345678901 4 234 2 67890 
GKAO 12345678901 4 231+ 2 67390 
LABEL 1231t5678901 It 234 2 67890 
EQU!V 1231t5o78901 4 ?34 2 67890 
CHKPNT 1234%78901 4 234 2 & 7'39 D 
!SS & 
COND 1234567 8901 It 234 2 &7S'3012 
COND 12345678901 4 234 2 6789012 
FRRD 1234$67~901 4 234 2 6789012 
EOUIV 12345678901 4 234 2 6799012 
CHKPNT 1231+5678901 4 234 2 6759012 
sss 6 
VOR 301 7 
SAVE 901 7 
CONO 1 7 
CONO 1 7 
CHKPNT 1 7 
$SS 6 
S0R3 1 7 
OFP 1 
SAVE 1 
CHKPNT 1 7 
!SS & 
XYTRAN 7 
ISS 7 
SAVE 7 
1iSS 7 
XYPLOT 7 
!SS 7 
JUMP 1 7 
LABEL 1 7 
OFP 1 
SAVE 1 
LABEL 1 7 
CONO 1231t5678901 4 234 2 67e9012 
EQUIV 12345678901 I+ 234 2 6739012 
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. RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CONO 1234567~90°1 4 234 2 6789012 
SDP1 12345678901 4 234 2 6789012 
LABEL 12345678901 4 234 2 6789012 
CHKPNT 1234567 8901 I+ 234 2 6739012 
$SS 6 
son 90 
SAVE 90 
COND 90 
SOR3 90 
CHKPNT 90 
!SS 
OFP 9 
SAVE 9 
XYTRAN 0 
!SS 7 
SAVE a 
!SS 7 
XYPLOT 0 
$SS 7 
CONO 0 45 
sss 7 
~ANDOH 6 45 
$SS 7 
SAVE 6 45 
!SS 7 
CHl<PNT 6 
$SS 67 
CONO 0 6 45 
,ss 1 
XYTRAN 0 
!SS 7 
SAVE 0 
sss 7 
XYPLOT 0 
$SS 7 
JUMP 0 
LABEL 9 
OFP 9 
SAVE 9 
LAB~L 0 
CONO Z3 
sss 1 3 
REPT Z3 
sss 1 3 
JUMP 23 
sss 1 3 
JUMP 12 345678()012 345 6 8901231+ 2 6789012 
LA Bl!L 23 
sss 1 3 
P!HPAP.H 23 
$SS 1 3 
LABEL 1234567890123456 1!9:J 1234 2 6789012 
PC!TPAP.M 1231+5678go12J456 8901234 2 5789012 
LABEL 1234567890123456 8901234 2 678'3012 
PRTPARH 1234567890123456 !901234 2 6789012 
LABEL 1234567 890123456 8901234 2 6739'.112 
sss 8 
Pl:!TPARM 1234567890123456 1!901234 2 6769012 
sss a 
LABEL 1234567 890123456 89'l1234 2 6789012 
ENO 1231+567890123456 8901234 2 6789012 

7.9-8 (12/29/78) 
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DIRECT FREQUENCY AND RANDOM RESPONSE 

7.9.4 Rigid Fonnat Change Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGiN 3456789 1234567 345 GPWG 
F'ILE 3456789 1234567 345 OFP 
GP1 LABEL 
SAVE EQUIV 
PURG!: CHKPNT 
CHKPNT COND 
CONO SHA3 
GP2 CHKPNT 
CHKPNT LASEL 
PARAML PAPAM 
PURGE GP4 
COND SAVE 
PLTSET PURGE 
SAVE CHKPNT 
PIH MSG CONO 
PA RAM CONO 
PARAM GPSP 
CONO SAVE 
PLOT CONO 
SAVE OFP 
PRTMSG LABEL 
LABEL EQUIV 
CHKPNT CHKPNT 
GP3 CONO 
CHKPNT MCE1 
TA1 CHKPNT 
SAVE HCE2 
PUPGE CHKPNT 
CHKPNT LABEL 
CONO EQUIV 
PARAl-1 CHKPNT 
PARAH 3 6n CONO 
PAP.AM 3 678 SCE1 
PARAH CHKPNT 
EMG 3 67!1 LA9El 
SAVE 3 678 EQUIV 
CHKPNT 3 678 EQUIV 
COND EQUIV 
EH.ti EQUIV 
CHKPNT CHKPNT 
LABEL CONO 
CONO 3 678 SMP1 
EMA 3 678 CHKPNT 
CHKPNT 3 678 CONO 
LABEL 3 678 SHP2 
COND 3 678 CHKPNT 
EMA 3 67e LABEL 
CHKPNT 3 678 CONO 
LAeEL 3 678 SHP2 
CONO CHKPNT 
E'°'A LABEL 
CHKPNT COND 
LA EEL SHP2 
PURGE 3 &78 CHKPNT 
PUFGE 3 678 LABEL 
CHKPNT 3 678 OPO 
COND SAVE 
COND EQUIV 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

CHKPNT OFP 
PARAM SAVE 
PARAM 3456789 1234567 345 LABEL 
BMG CONO 3456789 1234S67 34S 

SAVE EQUIV 3456789 1234567 345 

PAP.AM CONO 3456789 1234567 345 

PURGE SOR1 3456769 1234567 31+5 

CONO LABEL 3456789 1234567 345 

MTRXIN CHKPNT 34S6789 1234567 345 

SAVE SOP2 
LABEL SAVE 
CHKPNT CONO 
PARAM SOR3 
JUMP 31+5&789 1234S67 345 .CHKPNT 
LABEL 34S6789 1234567 34S OFP 
PUP.GE SAVE 
CASE 3456789 1234567 345 XYTRAN 
SAVE 3456789 1234567 345 SAVE 
CHKPNT 345671!9 1234567 345 XYPLOT 
MTRXIN CONO 3456789 12345&7 345 
SAVE RANDOM 3456789 1234567 345 
PAOM SAVE 3456789 1231+567 345 
PARAM CHKPNT 31+56789 1234567 345 
EQUIV CONO 
ADOS XYTRAN 
CONO SAVE 
TRNSP XYPLOT 
ADO JUMP 
LABEL LABEL 
PARAH OFP 
PARAH SAVE 
PARAH LABEL 
PUP.GE CONO 3456789 1234567 345 
EQUIV REPT 31+56789 1234567 345 
CHl<PNT JUMP 3456789 1234S67 31+5 
CONO 1 JUMP 34567139 1234S67 345 
GKAO 1 LABEL 3456789 1234567 345 
LABEL 1 PRTPARH 3lt56789 1234567 3lt5 
EQUIV 'LABEL 3456789 1234567 345 
CHKPNT PRTPARH 3456789 1234567 31+5 
CONO 3456789 1234567 345 LABEL 3456789 1234567 345 
CCNO 345&789 1234567 31+5 PRTPAP.H 3456789 1234567 345 

FRRO LABEL 3456789 1234567 31+5 
EQUIV PRTPARH 3456789 1234567 345 
CHKPNT LABEL 3'-56789 1231+S67 345 

VDR ENO 3456789 1234567 345 

SAVE 
CONO 
CONO 
CHl(PNT 
SQi;J 
OFP 
SAVE 
CHKPNT 
XYTRAN 
SAVE 
XYPLOT 
JUMP 
LABEL 
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DIRECT FREQUENCY AND RANDOM RESPONSE 

7.9.5 File Name Restart Table 

DMAP Bit Position DMIP Bit Position 
110 142 Inst. 94 100 llO 120 Inst. 94 100 

BEGIN CONO 
FILE COND 
GP! 4 GPWG 
SAVE 4 OFP 
PUPGE LABEL 8 
CHKPNT EOUIV D 
CDND CHKPNT 0 
GP2 5 CONO 0 
CHKPNT 5 SHA3 D 
PARAHL 0 CHKPNT D 
PURGE 0 LABEL D 
COND 0 PARAH 1 
PLTSET 0 GP4 1 
SAVE 0 SAVE 1 
P~TMSG 0 PURGE 1 3 sr, 01 4 

0 CHKPNT 1 3 56 01 4 PARAM 
0 CONO 2 PAP.AM 

CONO CONO z 
PLOT GPSP z 
SAVE SAVE z 
P~TMSG CONO z 
LABEL OFP 2 

0 LABEL z CHKPNT 
EQUIV 4 GP3 6 

CHKPNT 6 CHKPNT 4 
TA1 7 CONO 34 
SAVE 7 HCE1 3 
PURGE 1eg 2 45& 123 CHKPNT 3 
CHKPNT 7 HCEZ 4 
CONO 8 CHKPNT 4 
PARAM 8 LABEL 34 
PARAI'! g EQUIV 5 

5 CHKPNT 5 PAP.AM 
£, CONO 5 PARAM 

4 SCE1 5 EMG 
'+ CHKPNT 5 SAVE 
4 LABEL 5 CHKPNT 

EQUIV 6 CONO 8 
EQUIV 

1 E"1A 8 
EQUIV z CHKPNT 8 
EQUIV 

3 LAeEL 8 
CHKPNT 6 123 CONO 9 
CONO & 123 EMA g 
SHP1 6 CHKPNT g 

I CHKPNT 6 LABEL ~ 
CONO 

1 5 COHO 
5 SHP2 1 E'1A 
5 CHKPNT 

1 CHKPNT 
5 LABEL 

1 LABEL 
6 CONO z CONO 
6 SHP2 2 E 11A 
c CHKPNT z CHKPNT 
6 LABEL 

2 LABEL 
COND 

3 PUP. t;E 9 
5 SHPZ 

3 PURGE 
CHKPNT 

3 CHKPNT g 
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RIGID FORMAT RESTART TABLE 

DMAP Bit Position DMAP Bit Position 
Inst. 94 100 110 120 Inst. 94 100 110 120 

LABEL 6 123 SAVE 
OPD 7 XYPLOT 
SAVE 7 JU,..P 
ECl UI I/ Q LABEL 
CHKPNT 7 OF'P 
PARAH SAVE 
PARAH 8 LABEL 
BMG 8 CONO 4 

SAVE 8 EQUIV 4 

PARAM 9 9 CONO 4 

PURGE 8 SOP.1 I+ 

CONO 9 LABEL 4 

MTRXI N 9 CHKPNT 4 

SAVI! 9 S0R2 5 

LABEL 9 SAVE 5 

CHKPNT 9 COND 6 

PARAM SOR3 6 
JUMP 8 CH.KPNT 6 
LABEL 8 OF'P 
PURGE SAVE 
CASE 8 XYTRAN 
SAVE 8 SAVE 
CHKPNT 8 XYPLOT 
MTRXIN 9 CONO 7 
SAVE 9 RANDOM 7 
PARAH 9 SAVE 7 
PARAM 9 CHKPNT 7 
EQUIV 9 COND 
ADOS 9 XYT"AN 
CONO 9 SAVE 
TRNSP 9 XYPLOT 
ADD 9 JUMP 
LABEL J LABEL 
PAP.AM 9 OFP 
OARAH 9 SAVE 
PAR~H 9 LABEL 4 
PUPGE 0 COND 
EQUIV 0 REPT 
CHKPNT Q JUHP 
CONO 0 JUMP 
GKAO 0 LABEL 
LABEL D PF!TPAF!M 
EQUIV 1 LABEL 
CHKPNT 1 PRTPARH 
CONO 1 LABEL 
CONO 1 PRTPARM 
FliRO 1 LABEL 
EQUIV 1 PRTPARH 
CHKPNT 1 LABEL 
VDR 2 ENO 

SAVE 2 
CONO 2 
CONO 2 
CHKPNT 2 
soi.: 3 3 
OFP 
SAVE 
CHKPNT 3 
XYTRAN 
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DIRECT TRANSIENT RESPONSE 

7. lJ RESTAr.T TABLES FOR DIRECT TRA:!SIE:JT RESPo;isE 

7. 10. l Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CIHEX1 2 PTRIA1 3 
AXIF 1 CIHEX2 2 PTRIA2 3 
COAMP1 1 CIHEX3 2 PTRIAAX 3 
COAMP2 1 CONROD 2 PTRIATS 3 
COAMP3 1 CQDMEH 2 PTRIHE> 3 
COAMP4 1 CQOMEH1 2 PTRI Me. 3 
CELAS1 1 CQDMEH2 2 PTRMEH 3 
CELAS2 1 ·CQOMEH3 2 PTRPLT 3 
CELAS3 1 · CQDPLT 2 PTRPL Ti 3 
CELAS4 1 ·CQUAD1 2 PTRSHL 3 
CHASS1 1 CQUA02 z PTUBE 3 
CMASS2 1 CQUAOTS z PTWIST 3 
CHASS3 1 CROD 2 GENEL 4 
CHASS4 1 CSHEAR z :CONH1 s 
COR01C 1 CTETRA 2 CONH2 5 
CORD1R 1 CTORDRG 2 :FSL!ST s 
CORD1S 1 CTRAPAX 2 :PELAS 6 
COF02C 1 CTRAPRG 2 :PHASS 7 
COR02R 1 CTRBSC 2 :HAT1 8 
COR02S 1 CTRIA1 z :HAT2 8 
F'F.EEPT 1 CTIUAZ 2 HAT3 8 
GROSE:T 1 CTRIAAX z HATT1 8 
GRID 1 CTRIARG z MATTZ 8 
GRIDB 1 CTRIATS 2 HATT3 8 
POINTAX 1 CTRIH6 2 TABLEH1 8 
PRESPT 1 CTRHEH 2 ·UBLEM2 8 
RINGAX 1 CTRPLT z TABLEH3 8 
RlNGF\. 1 CTRPLT1 2 TABLEHlt 8 
SECT AX 1 CTRSHL 2 TEHPMT! 8 
SECGP 1 CTUBE 2 T~l1P'1XS 8 
SPOINT 1 CTWIST 2 AXISYHS 9 
AOUH1 2 CWEOGE 2 CRIG01 9 
AOUH2 z PBAR 3 CRIG02 9 
AOUM3 2 PCONEAX 3 C~IG03 9 
ADUH4 2 POUH1 3 C~IGDR 9 
AOUM5 z POUH2 3 HPC 9 
AOUM6 2 POUH3 3 "4PCADO 9 
AOUM7 2 PDUH4 3 HPCAX 9 
AOUH8 2 POUH5 3 HPC! 9 
AOUH9 2 POUH6 3 SPC 10 
BAROR 2 POUHT 3 SPC1 10 
CBAR 2 POUH8 3 SPCAOO 10 
CCONEAX 2 POUH9 3 SPCAX 10 
COUH1 2 PIHEX 3 SPCS 10 
COUH2 2 PQOHEH 3 ASET 11 
COUH3 2 PQDHEH1 3 ASET1 11 
C'OUM4 2 PQOMEM2 3 OMIT 11 
COUHS 2 PQOHEH3 3 OHIT1 11 
COUM6 2 POOPLT 3 0"1ITAX 11 
COUM7 z POUA01 3 SU?AX 12 
COUH8 2 POUAOZ 3 SUPORT 12 
COUM9 2 PQUA OTS 3 TEMP 13 
CFlUI02 2 PROO 3 TEMPAX 13 
CFLUI03 2 PSHEAR 3 TEMPO 13 
CFLUI04 2 PTORORG 3 TEHP?1 13 
CHEXA1 2 PT~APAX 3 TEHPP2 13 
CHEXA2 2 PTRBSC 3 TEHPP3 13 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pas. Card Name Bit Pas. 

TEMPRB 13 TABLED!+ 61 
WTMASS 1«. TIC 61 
GROPNT 15 TLOA01 61 
PLOTEL 16 TLOA02 61 
PLOT$ 18 TSTEP 61 
POUT$ 19 DLOAO$ 62 
XYOUTS 20 IC$ 62 
AOUTS 21 NL FORCE 62 
LOOP$ 22 TSTEP$ 62 
LOOPU 23 
COUPMASS 24 
CPBAR 24 
CPQOPLT 24 
CPQUAOt 24 
CPQUA02 24 
CPP.00 24 
CPTRBSC 21+ 
CPTRIA 1 21+ 
CPTRIAZ 2«. 
CPTRPLT 24 
CPTUBE 24 
NOLOOPS 25 
AXYOUTS 2, 
BDYLIST 52 
FLSYH 52 
G 56 
W3 56 
W4 56 
EPOINT 57 
SEQEP 57 
TF 57 
CVISC 58 
POAMP 59 
PVISC 59 
DMIAX 60 
OMIG 60 
S2PPS 60 
K2PPS 60 
H2PPS 60 
TFS 60 
OAREA 61 
DELAY 61 
CLOAO 61 
FORCE c1 
FORCS:2. Er!. 
FORCE2 61 
GRAV 61 
MOMENT 61 
HOMENT1 61 
MOM ENTZ 61 
NOLIN1 61 
NOLIN2 61 
NOLIN3 61 
NOLIN«. 61 
PLOAO 61 
PLOA01 61 
PLOA02 61 
SLOAO 6:t. 
TABLE01 6:. 
TABLEOZ Ei1 
TABLED3 61 

7. 10-2 (12/29/78) 



DIRECT TRANSIENT RESPONSE 

7. 10.2 Bit Positions for File Name Restart Table 

File Name Bit Pas. Fi le Name Bit Pas. 

9GPDT 91.+ M2PP 109 
CSTl'I 94 8200 110 
EQEXIN 94 BOD 110 
GPDT 91.+ GHC 110 
GPL 91+ GOO 110 
SIL 94 1<200 110 
ECT 95 KOO 110 
GPTT % H200 110 
SLT 96 MOO 110 
EST 97 PO 111 
GE! 97 POT 111 
GPECT 97 PPT 111 
GPST 98 PST 111 
l<GGX 98 TOL. 111 
MGG 99 0UOV1 112 
IC GG 100 OPNL1 112 
ASET 101 OUCV2 113 
RG 101 OPNL2 113 
USET 101 QP 111+ 
vs 101 UPV 114 
OGPST 102 OEF1 115 I 

GH 103 O~S1 115 
BNN 101+ OPP1 115 
Kl.+NN 104 OQP1 115 
KNN 104 OUPV1 115 
HNN 101+ PUGV 115 
BFF 105 OEF2 116 
1<4FF 105 OES2 11& 
KFF 105 OPP2 116 
KFS 105 OQP2 116 
!"FF 105 OUPV2 116 
GO 106 BO POOL 118 
KAA 106 ABFL 119 
DLT 107 KBFL 119 
EQCYN 107 ELSETS 120 
GPLD 107 GPSETS 120 
NLFT 107 PLTPAR 120 
SILO 107 PLTSETX 120 
TFPOOL 107 HAA 121 
T~L 107 BAA 1?2 
USE TO 107 l<l+AA 123 
CASE XX 108 BOICT 121+ 
82PP 109 BEL 11 124 
KZPP 109 K40ICT 121+ 

ICl.+ELH 124 
KDICT 121.+ 
KELM 124 
HOICT 121+ 
HELM 124 
BGG 125 
Kl.+GG 126 
PNLO 127 
UOVT 127 

7. 10-3 (12/29/78) 



RIGID FORMAT RESTART TABLES 

7. 10. 3 Card Name Restart Table 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

SEGIN 123'+56 7 8 90.12345 6 890123'+ 2 0739012 

FILE 123456789012345 6 8901234 2 E,789012 
GP1 1 
SAVE 1 
PUPGE 1 
CHKPNT 1 
!SS 6 
CONO 1 g 1 1 
GP2 12 45 6 8 

CHKPNT 12 45 6 3 

iss 6 
PAPAML 8 
$SS 7 
PURGE a 
!SS 7 
CONO 3 
3SS 7 
PL TSET 8 
$SS 7 
SAVE 8 
!SS 7 
PRTMSG 8 
iSS 7 
PARAH 8 
!SS 7 
PARAH 8 
sss 7 
CONO 8 
!SS 7 
PLOT 8 
sss 7 
SAVE 8 
ISS 7 
PRTMSG a 
$SS 

I 
7 

LASEL 8 
!SS 7 
CHKPNT 8 
sss 67 
GP3 12 3 ! 
CHKPNT 12 3 1 
!SS 6 
TA1 123l+567 3 39 
SAVE 123l+567 3 89 
1:1u~GE 123l+567 3 !9 
CHl<PNT 1234567 3 d9 
!SS 6 
CONO 123 5678 3'+5 4 
PARAM 123 6 8 
PAPAM 123 S 78 4 It 
PUAM 1?3 8 
PAl;.AM 123 6 8 
E~G 123 5673 
SAVE 123 S&7 9 
CHK!'NT 123 5678 
sss 6 
CON!) 123 6 8 
E"'A 1?3 ; 8 
CHKP~IT 123 6 I\ 

7. 10-4 (12/29/78) 
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DIRECT TRANSIENT RESPOtlSE 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

sss e, 
LABEL 123 e, 8 
CONO 123 s 1a '+ '+ 
EMA 123 5 78 '+ '+ 
CHKPNT 123 S 7 8 4 4 
$SS 6 
LAeEL 123 S 7 8 '+ '+ 
CONO 123 8 89 
El"A 123 8 89 
CHKF'NT 123 8 89 
$SS 6 
LABEL 123 8 s; 
COND 123 8 
El'IA 123 6 8 
CHKPNT 123 6 s 
$SS 6 
LABEL 123 6 8 
?URGE 123 5 78 '+ '+ 
PURGE 123 8 89 
CHKF'NT 123 5 78 '+ 4 39 
!SS 6 
COND 123 5 78 45 4 
sss 8 
CONO 123 5 78 45 . 4 
sss 8 
GPWG 123 5 76 45 C+ 
sss s 
OF'P 123 5 76 45 4 
sss 6 
LABEL 123 5 7 45 4 
~OUIV 1234 6 8 
CHKPNT 1234 6 6 
sss e, 
COND 1234 e, 8 
SMA3 1234 6 8 
C.HKPNT 1234 e, 8 
·sss 6 
LABEL 1234 6 8 
PARAM 1 901 
GP&+ 1 901 
SAVE 1 901 
PUPGE 1 901 
CHKPNT 12345&7e901 4 
sss 6 
CONO 123 6 8 0 
CONO 123 £, 890 
GPSP 123 £, B 90 
SAVE 123 6 890 
COMO 123 e, e 90 
OFP 123 6 890 
L.t.BEL 123 6 890 
EQUIV 123456789 4 '+ 
CHKPNT 123456789 4 C+ 
sss 6 
CONO 1234567~9 4 4 
MCE1 1 9 
CHKPNT 1 9 
sss E: 
MCE2 12345&7 ag 4 4 a9 

7. 10-5 (12/29/78) 



RIGID FORMAT RESTART TABLCS 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHKPNT 123456789 I+ 4 B 
sss E, 

LABEL 1231t56789 4 4 39 
EQUIV 1234567890 4 4 89 
CHKPNT 1234567 890 4 4 a9 
!SS 6 
CONO 1234567890 4 4 ~9 
SCE1 1234567890 4 I+ 89 
CH KPNT 1234567S90 4 4 39 
sss 6 
LABEL 1234567890 4 4 39 
EQUIV 1234 6 8901 
EQUIV 12345 78901 4 4 
EQUIV 1234 8901 89 
EQUIV 1234 6 8901 
Ct,il<PNT 12345678901 4 I+ 89 
!SS 6 
CONO 12345678901 4 4 ~9 
SMP1 1234 6 8901 
CHl<PNT 1234 6 8901 
!SS 6 
CONO 12345678901 4 .. 
SMP2 12345678901 .. .. 
CHl<PNT 12345678901 4 .. 
sss 6 
LABEL 12345678901 4 .. 
CONO 1234 e, 8qo1 89 
SHP2 1234 6 8901 89 
CHKPNT 1234 6 8901 89 
sss 6 
LABEL 1234 6 8901 "g 
CONO 1214 6 8901 
SHP2 1234 6 8901 
CHKPNT 1234 6 8901 
sss €1 
LAS:'.L 12345678901 4 4 89 
OPO 1 901 7 1 
SAVE 1 901 7 1 
PURGE 1 7 1 
EQUIV 12345678901 .. 2 67390 
CHKPNT t 901 2 7 01 sss 6 
9~G 1 2 
SAVE • 2 •· 

PAP.AH 
~ 2 7 o 

PURGE 1 z 
CONO 1 2 
MTCIX!N 1 z 
SAV: 1 z 
LABEL 1 2 
CHl<PNT 1 2 
sss 
MTPX!N 1 2 7 0 
SAVF. 1 2 7 G 
OAFUH 1 2 7 !] 
PAFAM 1 2 7 0 
EOUIV 1 2 7 IJ 
AC'OS 1 2 7 , 
CONO t 2 7 0 

7. 10-6 ( 12/29/78) 



DIRECT TRANSIENT RESPONSE 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

TRNSP 1 2 7 0 

ADD 1 z 7 0 

LA en 1 2 7 0 

PARAM 1 2 7 0 
PARAM 1 2 7 0 
PA!(AH 1 2 7 0 
PURGE 12345€,78901 4 4 2 ngo 
EQUIV 12345678901 4 4 z 7690 
CHKPNT 12345678901 4 4 2 7890 
sss 6 
COND 12345678901 4 4 2 7890 
GKAD 12345678901 4 4 2 67890 
LABEL 12345678901 4 4 2 67~90 
EQUIV 12345678901 4 4 2 67890 
CHKPNT 12345678901 4 4 2 67890 
tss 6 
CONO 12345676901 4 4 2 67890 
PAPAM ,. 234 
PARAM 12345678901234 6 901234 7 z 67831)12 
PARAH 901 7 
JUMP ,. 234 
'SSS 1 3 
LABEL 1234567890123456 89012345 2 67S3012 
sss 1 3 
PURGE ,. 901234 7 
CASE 12345678901234 6 9012345 7 2 6789012 
SAVE 1231+S678901234 6 9012345 7 2 6789012 
CHKPNT 1231+5678901234 6 901231+5 7 2 6789012 
sss 6 
PARAH 1231+5678901 4 4 2 67890 
!SS 4 
TRLG 1234567'3901 4 234 2 5769012 
SAVF 123456789!11 4 234 2 6789012 
CHKPNT 1231+5678 901 4 234 2 6789012 
s·ss 6 
EQUIV 12345678901 4 234 2 6739012 
CHKPNT 1231+5678901 4 234 2 6789012 
sss 6 
TRD 12345678901 4 231+ 2 6789012 
SAVE 1231+5678901 4 231+ 2 &789012 
CHKPNT 1231t5678901 4 234 2 6789012 
sss 6 
VDR 901 7 
SAVE 901 7 
CHKPNT 1 1 
sss 
CONO 1 7 
S0R3 1 7 
OFP 1 
SAVE 1 
CHKPNT 1 7 
!SS 6 
XYTRAN 7 
iSS 7 
SAVE 7 
sss 7 
XYPLOT 7 
sss 7 
LABEL 1 
PARAH 1 2 3 4 56 7 8 9 0 1 4 234 2 6739!1,12 

7.10-7 (12/29/78) .. 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CONO 12345678901 4 234 2 E,789012 
EQUIV 12345678901 4 234 2 6789012 
CONO 12345678901 4 234 2 6789012 
S0R1 12345671!901 4 234 2 678'31]12 
LABEL 12345678901 4 234 2 5739012 
CHKPNT 12345678901 4 234 2 6789012 
sss 6 
SORZ 890 
S0R3 890 
CHKPNT 890 
sss 
OFP 9 
SAVE 9 
CONO 8 
sss 1 
PLOT 8 
sss 7 
SAVE 8 
sss 1 
PRTMSG 8 
sss 1 
LABEL 8 
sss 1 
XYTRAN 0 
sss 7 
SAVE a 
sss 7 
XYPLOT 0 
sss 1 
LABEL 0 
CONO Z3 
!SS 1 3 
REPT 23 
sss 1 3 
JUMP 23 
!SS 1 3 
JUMP 123'4567S901234S6 eCJo 123'+ 2 6789012 
LABEL 23 
sss 1 3 
PRTPARH 23 
sss 1 3 
LABEL 1234567890123456 ,;qo1z34 2 67,,9012 
PRTPARM 12 3450789012345 6 8901234 2 6789012 
LABEL 123'4567890123456 E901234 z 67'9012 
sss 8 
PPTPARH 12345678901231+56 eCJ01231+ 2 6789012 
tSS 8 
LABEL 1234567890123456 8901234 2 6789012 
ENO 123456789012345& 8901234 z 6799012 . 

7. 10-8 (12/29/70) ·' 



DIRECT TRANSIENT RESPONSE 

7. 10-4 Rigid Fonnat Change Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 
BEGIN 34567,90 234567 345 GPWG 
FILE 34567890 234S67 345 OFP 
GP1 LABEL 
SAVE EQUIV 
PU~GE CHKPNT 
CHKPNT CONO 
CONO SMA3 
GP2 CHKPNT 
CHKPNT LABEL 
PARAML PARAH 
PURGE GP4 
CONO SAVE 
PLTSET PURGE 
SAVF. ·CHKPNT 
PRTMSG CONO 
PAFAM CONO 
PARAM GPSP 
CONO SAVE 
PLOT CONO 
SAVE OFP J 

P'-TMSG LABEL 
LA BEL EQUIV 
CHKPNT CHKPNT 
GP3 CONO 
CHKPNT HCE1 
TA1 CHKPNT 
SAVE MCE2 
PURGE CHKPNT 
CHKPNT LABEL 
CONO EQUIV 
PARAH CHKPNT 
PA~AM 3 67B CONO 
PARAM 3 678 SCH 
PAPAM CHKPNT 
EMG 3 678 LABEL 
SAVE 3 078 EQUIV 
CHKPNT 3 678 EQUIV 
CCNO EQUIV 
EMA EQUIV 
CHKPNT CHKPMT 
LABEL CONO 
CONO 3 678 SHP1 
EMA 3 678 CHKPNT 
CHKPNT 3 678 co•m 
LABEL 3 E,78 SHP2 
CONO 3 678 CHKPNT 
EMA 3 678 LABEL 
CHKPNT 3 678 COND 
LA 13EL 3 678 S"1P2 
CONO CHKPNT 
EMA LABEL 
CHKPNT CONO 
LABEL SHP2 
PURGE 3 S78 CHKPNT 
PURGE 3 678 LABEL 
CHKPNT 3 & 78 OPO 
CONO SAVE 
CONO PURGE 

7. 10-9 (12/29/78) 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

EOU!V XYTRAN 
CHKPNT SAVE 
8MG XYPLOT 
SAVE LAeEL 
PARAM PARAH 34S67890 234S67 345 
PURGE CONO 34567890 234567 345 
CONO EQUIV 34567890 234567 345 
MTPXIN CONO 34567890 234567 345 
SAVE S0R1 34567890 234567 345 
LABEL LABEL 34S67~90 234567 345 
CHKPNT CHKPNT 34567890 234567 345 
MTRXIN S0R2 
SAVE SDR3 
PARAH CHKPNT 
PARAH OFP 
E')UIV SAVE 
ACOS CONO 
CONO PLOT 
TRNSP SAVE 
ADO PRTHSG 
LABEL LABEL 
PARAH XYTRAN 
PARAH SAVE 
PARAH XYPLOT 
PUPGE LABEL 
C:OUIV CONO 34567890 234567 345 
CHKPNT REPT 34567890 234567 345 
CDND 90 JUMP 34S67i,9o 234567 345 
GKAO 90 JUHP 34567890 234567 345 
LABEL 90 LABEL 34567890 234567 345 
EQUII/ Pr:!TPARM 34567P.90 234567 345 
CHKPNT LABEL 34567890 234567 345 
CONO 34567890 234567 345 PRTP.ARH 345671390 234567 345 
PARAH LABEL 34S67890 234567 345 
PAF-AM 34567890 234567 31t5 PP.TPARH 34567890 231t567 345 
PARAH LABEL 31t567!!90 234567 345 
JUMP 34%7890 234567 31t5 ENO 31tS67890 234567 345 
LABEL 31t567890 234567 345 
PUPGE 
CASE 34567890 234567 345 
SAVE 34567890 231t567 345 
CHKPNT 34567890 234567 345 
PAPAM 
T~LG 
SAVE 
CHKPNT 
EQUIV 
CHl<PNT 
TRO 
SAVE 
CHICPNT 
VOR 
SAVE 
CHKPNT 
CONO 
S0R1 
OF'P 
SAVE 
CHKPNT 

7.10-10 (12/29/73) 



DIRECT TRANSIENT RESPONSE 

7. 10.5 File Name Restart Table 

DMAP Bit Position DMAP 
Inst. 94 100 llO 120 Inst. 94 100 110 120 
BEGIN GPWG 
FILE OFP 
GP1 4 LABEL 8 
SAVE 4 EQUIV 0 
PURGE CHKPNT 0 
CHKPNT COND 0 
CONO SHA3 0 
GP2 5 CHKPNT 0 
CHKPNT 5 LABEL 0 
PARAHL 0 PARAH 1 
PURGE 0 GP4 1 
CONO 0 SAVE 1 
PL TSET D PURGE 1 3 56 01 4 
SAVE D CHKPNT 1 3 56 01 4 
PRTMSG D CONO 2 
PARAH D CONO 2 
PAP.AH 0 GPSP 2 
CONO SAVE 2 
PLOT cc~m 2 
SAVE OFP 2 
P?TMSG LABEL 2 
LABEL EQUIV I+ 
CHKPNT D CHKPNT I+ 
GP3 6 CONO 34 
CHKPNT 6 HCE1 3 
TA1 7 CHKPNT 3 
SAVE 1 HCE2 4 
PURGE 789 2 456 123 CHKPNT 4 
CHKPNT 7 LABEL 34 
CONO 8 EQUIV 5 
PARAH 8 CHKPNT s 
PARAH 9 CONO 5 
PARAH 5 SCE1 s 
PARAH 6 CHKPNT 5 
EMG 4 LABEL s 
SAVE 4 EQUIV €, 
CHKPNT 4 EQUIV 1 
CONO e EQUIV 2 
E11A 8 EQUIV 3 
CHK!)NT 8 CHKPNT 6 123 
LA9EL 8 CONO 6 123 
COND 9 SHP1 6 
EMA 9 . CHKPNT 6 
CHKPNT 9 CONO 1 
LABEL 9 SHP2 1 
CONO 5 CHKPNT 1 
EM.A 5 LABEL 1 
CHl(P~T s CONO 2 
LA EIEL s SHP2 z 
CONO 6 CHKPNT 2 
EMA 6 LAeEL 2 
CHKPNT 6 CONO 3 
LABEL 6 SHP2 3 
PURGE 9 CHKPNT 3 
"URGE s LABEL 6 123 
CHKPNT 9 OPO 7 
CONO SAVE 1 
CONO PURGE 7 

7. 10-11 ( 12/29/73) 



DMAP 
Inst. 94 

Bit Position 
100 · 110 

EQUIV 0 

CHKPNT 7 

BMG 
SAVE 
PAPAM 9 

PURGE 
CONO 
MTRXIN 
SAVE 
LABEL 
CHKPNT 
MTRXIN 9 

SAVE 9 

PAI-AM 9 

PAPAM 9 

EQUIV g 

ADDS 
g 

CONO g 

TRNSP 9 

AOC g 

LABEL g 

PARAH 9 

PAP.AH 9 

PA~AH 9 

PURGE 0 

E'1UIV 0 

CHKPNT D 

COND D 

GKAO D 

LABEL 0 

EOUIV D 

CHKPNT D 

COND 
PARAH 
PARAH 8 

PA!='AH 
JUt4P 8 

LABEL 8 

PURGE 
CASE 8 

SAVE 8 

CHKPNT '! 

PAt:AH 
TRLG 
SAVE 
CHKPNT 
EQUIV 
C~KPNT 
TlslO 
SAV:'. 
CHKPNT 
VDR 
SAVE 
CI-IKPNT 
CONO 
S0R3 
OFP 
SAVE 
CHKPNT 

RIGID FORMAT RESTART TABLES 

DMAP 
120 Inst. 94 

XYT~AN 
SAVE 

' XYPLOT 
8 LABEL 

9 PARAH 
a COMO 

9 EQUIV 
9 CONO 
9 SDR1 
9 LABEL 
9 CHKPNT 

SOR2 
SOR3 
CHKPNT 
OFP 
SAVE 
CONO 
PLOT 
SAVE 
PRTMSG 
LABEL 
XYTRAN 
SAVE 
XYPLDT 
LABEL 
COND 
REPT 
JUMP 
JUMP 
LABEL 
PRTPARH 
LABEL 

1 PRTPARH 
LABEL 
P~TPARH 
LABEL 
ENO 

1 
1 
1 
1 
1 

7 
7 
7 

2 
2 
2 

3 
3 

3 

7.10-12 (12/29/78) 

Bit Position 
100 110 

L+ 
4 
4 
4 
4 
4 
L+ 

5 
6 
E, 

4 

120 



MODAL COMPLEX EIGENVALUE ANALYSIS 

7. 11 RESTART TABLES FOR MODAL COMPLES EIGENVALUE ANALYSIS 

7.11.l Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CODPLT 2 PTRPL T1 3 

AXIF 1 COU.ti01 2 PTRSHL 3 

CELA S1 1 CQUAD2 2 PTUBE 3 

CELAS2 1 CQUAOTS 2 PTWIST 3 

CELAS3 1 CROO 2 GENEL 4 

CELAS4 1 CSHEAR z CONH1 5 

CMASS1 1 CTETRA z CONMZ 5 

CMASS2 1 CTORDRG 2 PEL AS €, 

CMASS3 1 CTRAPAX z PHASS 7 

CHASS'+ 1 CTRAPRG 2 HAT1 8 

COR01C 1 CTRBSC 2 MAT2 8 

COR01R 1 CTRIA1 2 MAT3 e 
COFI D1S 1 CTIHA2 · z MATT1 e 
COROZC 1 CTRIAAX 2 MATT2 8 

COR02R 1 CTRIARG 2 HATT3 8 

COR02S 1 CTRIATS 2 TABLEM1 8 

GRDSET 1 J CTR IM& 2 TABLEM2 8 

GRID 1 CTRMEH 2 TABLEM3 e 
GIUOB 1 CTP.PLT 2 TASLEM&t ' POINT AX 1 CTRPLT1 2 TEMPHT! 8 

RINGAX 1 CTRSHL 2 TEHPHX$ 8 

RINGFL 1 CTUBE 2 A XISYM$ 9 

SECTAX 1 CTW!ST 2 CRIG01 9 

SEQGP 1 CWEOGE 2 CRIGD2 9 

SPOINT 1 PBAR 3 CRIG03 9 

AOUM1 2 PCONEAX 3 CRIGDR 9 

ADUH2 2 POUM1 3 MPC 9 
AOUM3 2 POUM2 3 HPCADO 9 

ADUM4 2 POUH3 3 HPCA X 13 

AOUM5 2 POUH4 3 MPCi g 

AOUH& 2 POUH5 3 SPC 10 
AOUH7 2 POUH6 3 SPC1 10 
AOUH8 2 POUH7 3 SPCAOO 10 
AOUM9 2 POUH8 3 SPCAX 10 
BAROR 2 POUH9 3 SPC$ 10 
CBAR 2 PIHEX 3 ASET 11 

CCONEAX 2 PQOHEH 3 ASET1 11 

CDUM1 2 PQDHEM1 3 CHIT 11 

COUH2 2 PQOHEM2 3 OMIT1 11 
COUH3 2 PQOHEH3 3 OHITAX 11 

COUM4 2 PQOPLT 3 SUPAX 12 
COUM5 2 PQUA01 3 :suPORT 12 
CC'UM& z PQUAD2 3 TEMP 13 
COUH7 2 PQUAOTS 3 TEHPAX 13 
COUH8 2 PROO 3 TEMPO 13 
COUM9 2 PSHEAR 3 T~MPP1 13 
CHEXA1 2 PTORORG 3 TEHPP2 13 
CHEXA2 2 PTRAPAX 3 TEHPP3 13 
CIHEX1 2 PTRBSC 3 TEHPRB 13 
CIHEX2 2 PTRIA1 3 WTHASS 14 

CIHEXJ z PTRIA2 3 GRDP~T 15 
CONROD 2 PTR!AAX 3 PLOTEL 16 
CQOMEM 2 PTRIATS 3 PLOT$ 18 
CQOMEH1 2 PTRIH& 3 POUT$ 19 
CQOHEH2 ? PTRHEH 3 AOUTS 21 
CQOHEM3 2 PTRPI.T 3 LOOP$ 22 

7. 11-1 (12/29/78) ,/' 



RIGID FORMAT RESTART TABLES 

Card Name Bit Pas. 

LOOP1$ 23 
COUPHASS 24 
CPBAR 24 
CPOPLT 24 
CPQUA01 2'4 
CPQUAD2 2'4 
CPROO 2'4 
CPTRBSC 24 
CPTRIA1 2'4 
CPTRIA2 24 
CPTRPL T 21+ 
CPTUBE 2'+ 
NOLOOP! 25 
EPOI NT 56 
SEQEP S& 
TF 5& 
Qr,tIG 57 
OM!AX 57 
82PP$ 57 
K2PP$ 57 
M2PP! 57 
TFf 57 
EIGR 58 
METHOD$ 59 
EIGC 60 
EIGP 60 
CMETHOOS 61 
LFREQ 62 
LMOOES 62 
HFREQ 62 
SOAHP! 62 
TA8DHP1 62 

' 
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7. 11. 2 Bit Positions for Fi 1 e Name Restart Table 

File Name Bit Pos. Fi 1 e Name Bit Pos. 

BGPOT 94 USETD 111 
CSTH 94 LAHA 112 
EQEXIN 94 HI 112 
GPDT 94 PHIA 112 
GPL 94 OEIGS 112 
SIL 94 CASEXX 113 
ECT 95 B2PP 114 
GPTT 96 K2PP 114 
EST 97 H2PP 111+ 
GEI 97 GMO 115 
GPECT 97 GOO 115 
GPST 98 .0200 115 
l(GGX 98 K200 115 
HGG 99 H200 115 
KGG 1 OD BHH 116 
ASET 101 KHH 116 
RG 101 HHH 116 
USET 101 PHIOH 116 
OGPST 102 CLAHA 117 
GH 103 OCEIGS 117 
KNN 104 PHIH 117 
'HNN 104 OPHIH 118 
KFF' 105 CPHID 119 
KFS 105 CPHIP 120 

:HFF 105 QPC 120 
:Go 106 OCPHIP 121 
:l(AA 106 OEFC1 121 
:KLL 107 OESC1 121 
KLP. 107 OQPC1 121 
KRR 107 ELSETS 122 
MLL 107 GPSETS 122 
HLR 107 PLTPAR 122 
HRR 107 PL TSETX 122 
LLL 108 HAA 123 
OH 109 KOICT 124 
HR 110 KELM 124 
EEO 111 HOICT 124 
EQOYN 111 HELM 124 
GPLO 111 
SILO 111 
TFPOOL 111 

7.11-3 (12/29/78) 
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RIGID FORMAT RESTART TABLES 

7. 11. 3 Card Name Res.tart Table 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

BEGIN 1234S67890123456 89 1234 &789012 

FILE 1234567890123456 89 1234 6789012 

GP1 1 
SAVE 1 
CHKPNT 1 
SSS 6 
GP2 12 45 6 
CHKPNT 12 45 6 
$SS 6 
PARAHL 8 
$SS 7 
PURGE 8 
sss 7 
CONO 8 

SSS 7 
PL TSET 8 
$SS 7 
SAVE e 
$SS 7 
P~THSG 8 
sss 7 
PARA!1 8 
SSS 7 
PAl<AM 8 
sss 7 
CONO e 
'$SS 7 
PLOT 8 
sss 1 
SAVE e 
!SS 7 
PRTHSG 8 
ISS 7 
LA E!EL 8 
$SS 1 
CHKPNT 8 
sss 67 
GP3 1 3 
CHKPNT 1 3 
sss 6 
TA1 1234567 3 
SAVE 1234567 3 
CONO 1234S678 34 
PUPGE 1234567 3 
CHKPNT 1~34S67 3 
sss 6 
PAFAH 123 6 8 
PAl'=AH 123 5 78 4 4 
EMG 123 5678 4 4 
SAVE 123 5S78 4 4 
CHKPNT 123 5678 4 4 

!SS 6 
CONO 123 6 8 
EMA 123 6 ! 
CHit:PNT 123 r, 8 
SSS 6 
LABEL 123 r, 8 
CONO 123 5 78 4 4 
EMA 123 5 78 4 4 

7.11-4 (12/29/78) 
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DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHKPNT 123 5 7 8 4 4 
!SS E, 

COND 123 5 7 8 45 4 
sss 8 
GPWG 123 5 78 45 4 
$SS 8 
OFP 123 5 78 45 4 
$SS 8 
LABEL 123 5 78 45 4 
sss 8 
EQUIV 1234 E, 8 
CHKPNT 1234 E, 8 
sss E, 

CONO 1234 E, 8 
Sf"A3 1234 E, 8 
CHKPNT 1234 E, ~ 

sss E, 

LABEL 1234 E, 8 
PARAM 1 9012 
GP'+ 1 9012 
SAVE 1 9012 
PARAM 1 9012 
PURGE 1 9012 
CHKf>NT 123456789012 4 
sss E, 

COND 123 E, 890 
GPSP 123 6 890 
SAVE 123 E, 890 
CONO 123 6 890 
OFP 123 6 890 
LABEL 123 6 890 
EQUIV 123456789 4 4 
CHKPNT 123456789 4 '+ 
sss 6 
CONO 1234567 89 4 4 
MCE1 1 9 
CHKPNT 1 9 
!SS 6 
HCE2 1234%7 89 4 '+ 
CHKPNT 12 3456 7 89 4 4 
sss 6 
LABEL 123456789 4 4 
EQUIV 12~4567890 '+ 4 
CHKPNT 1234567890 4 4 
sss 6 
CONO 1234567 890 4 '+ 
SCEi 1234567890 4 4 
CHKPNT 1234567890 4 4 
!SS 6 
LABEL 12345&7890 4 I+ 
EQUIV 1234 6 8901 
EQUIV 12345 78901 4 I+ 
CHKPNT 12345678901 4 '+ 
!SS E, 

CONO 12345678901 4 4 
SMP1 1234 6 8901 
CHKPNT 1234 6 8901 
!SS 6 
SMP2 12345678901 4 

7. 11-5 (12/29/78) 
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DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHKPNT 1234S678901 4 4 
iSS 6 
LABEL 12345678901 4 4 
COND 123456789012 4 4 
RBf'!G1 1231+S&7 ego 12 4 4 
CHKPNT 123456789012 I+ I+ 
$SS 6 
RBMG2 1234 6 89012 
CHKPNT 1234 6 89012 
$SS 6 
RBMG3 1234 6 89012 
CHKPMT 1234 6 89012 
$SS 6 
RB MGI+ 123456789012 4 4 
CHKPNT 123456789012 4 4 
$SS 6 
LASEL 123456789012 4 4 
QPO 1 9012 6 8 0 
SAVE 1 9012 6 ~ 0 
CONO 1 9012 6 8 0 
ECUIV 123456789012 4 234 67139 
CHKPNT 1 9012 6 a 
sss 6 
PARAH 12345E:7 ego 12 4 4 
READ 123456789012 4 4 89 
SAVE 123456789012 4 4 "9 
CHKPNT 123456789012 4 4 89 
!SS 6 
PARAH 9 
OFP 123456789012 4 4 S9 
SAVE 123456789012 4 I+ 89 
CONO 123456789012 4 4 89 
OF'P 123456789012 4 4 89 
SAVE 123456789012 4 4 89 
PARAH 2J 
PARAH 12345678901234 6 23 6789012 
JUMP 23 
!SS 1 3 
LABEL 1234567890123456 89 123 6789012 
!SS 1 3 
PURG: 23 
CASE 1231+5678901234 6 9 123 5 6789012 
SAVE 1234567~901234 6 9 123 s 6739012 
CHKPNT 12345678901234 6 9 123 5 6789012 
!SS 6 
HTRXIN 1 23 E, 7 
SAVE 1 23 67 
PUPGE 12345678901 23 E, 7 
EOUIV 12345678901 23 67 
CHKPNT 12345676901 23 67 
$SS 6 
GK.AO 1234567~901 4 234 67 
CHKPNT 12345678901 4 234 67 
!SS 6 
GKAH 123456789012 4 234 6789 2 
SAVE 123456789012 4 234 6789 2 
CHKPNT 123456789012 4 ·234 6789 2 
!SS 6 
CEAO 1234%789012 4 234 6739012 
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DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

SAVE 123456789012 4 234 6789012 

CHKPMT 12345&789012 4 234 6789012 

$SS 6 
OFP 123456789012 4 234 6789012 

SAVE 123456789012 4 234 0789012 

COMO g 1 
VDR 9 1 
SAVE 9 1 
COND 1 
OFP 1 
SAVE 1 
LABEL 1 
COND 1234%789012 4 234 67:39012 

DDR1 123456789012 4 234 6789012 
CI-IKPNT 1234S6789012 4 234 678'3012 
$SS. 6 
EOU!V 1234567B9012 4 234 6789012 
COND 123456789012 4 234 6789012 
SDR1 123456789012 4 234 6789012 
LA E!El 12 3456789012 4 234 6789012 
CHl<PNT 123456789012 4 234 6789012 
$SS 6 
SORZ 9 
OF'P 9 
SAVE 9 
LA E!EL 123456789012 6789012 
CONO 23 
sss. 1 3 
REPT 23 
iSS 1 3 
JU,.-P 23 
$SS 1 3 
JUMP 1234567890123456 89 1234 67S9012 
LABEL 23 
sss 1 3 
PP-TPARM 23 
sss 1 3 
LABEL 1234567890123456 '39 1234 6789012 
PRTPARM 1234567890123456 89 1234 6789012 
LABEL 1234567890123456 '39 1234 67~9012 
PRTPARM 1234567890123456 89 1234 6789012 
LABEL 1234567890123456 A9 1234 6789012 
PRTPARM 1234567890123456 e9 1234 67391)12 
LABEL 1234567890123456 89 1234 6739012 
ENO 1234567890123456 89 1234 on9012 . 
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RIGID FORMAT RESTART TABLES 

7. 11.4 Rigid Format Change Restart Table 

DMAP 
Inst. 
BEGIN 
FILE 
GP1 
SAVE 
CHKPNT 
GP2 
CHKPNT 
PAPAHL 
PUPGE 
CONO 
PL TSET 
SAVE 
PRTMSG 
PA RAM 
PARAH 
CONO 
PLOT 
SAV~ 
PRTHSG 
LABEL 
CHKPNT 
GP3 
CHKPNT 
TA1 
SAVF. 
CONO 
PURGE 
CHKPNT 
PARAH 
PARAH 
El'IG 
SAVE 
Cl-fKPNT 
CONO 
Et1A 
CHKPNT 
LA BEL 
CONO 
EMA 
CHKPNT 
CONO 
GPWG 
OFP 
LABEL 
EQUIV 
CHKPNT 
CONI) 
SMAJ 
CHKPNT 
LA0EL 
PARAH 
GPlt 
SAVE 
PAf:AM 
PUFGE 
CHKPNT 
COND 
GPSP 

Bit Position 
63 70 80 

345678901 34567 
3'+5678901 3'+567 

3 678 
3 678 
3 678 
3 678 

3 678 
3 67!! 
3 678 

345 
345 

DMAP 
Inst. 
SAVE 
CONO 
OFP 
LABEL 
EQUIV 
CHKPNT 
CONO , 
HCE1 
CHKPNT 
MCEZ 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
CONO 
SCE1 
CHKPNT 
LABEL 
EQUIV 
EQUIV 
CHKPNT 
CONO 
SHP1 
CHKP~T 
SHP2 
CHKPNT 
LABEL 
COND 
RB"4G1 
CHKPNT 
RBMG2 
CHKPNT 
RBf4G3 
CHKPNT 
R8HG4 
CHKPNT 
LABEL 
OPO 
SAVE 
CONO 
EQUIV 
CHKPNT 
PARAH 
READ 
SAVE 
CHKPNT 
PARAH 
OFP 
SAVE 
CONO 
OFP 
SAVE 
PARAH 
PARAH 
JUMP 
LABEL 
PUPGE 
CASE 

7. 11-8 (12/29/78) 

Bit Position 
63 70 80 

345678901 34567 345 

345678901 34567 345 

34567~901 34S67 345 
34S67~901 34567 345 
31tS67~901 34567 345 

345678901 34567 345 



MODAL COMPLEX EIGENVALUE ANALYSIS 

DMAP Bit Position 
Inst. 63 70 80 
SAVE 345678901 34567 345 
CHKPNT 345678901 34567 345 
MTFXIN 
SAVE 
PURGE 
EQUIV 
CHKPNi 
GKAD 
CHKPNT 
GKAM 
SAVE 
CHl(PNT 
CEAO 
SAVE 
CHKPNT 
OFP 
SAVE 
CONO 
voi. 
SAVE 
CONO 
OFP 
SAVE 
LABEL 
COND 
OOFH 
CHKPNT 
EQUIV 34S678901 34S67 34S 
CONO 345678901 34567 345 
SOF'.1 345678901 34567 345 
LASEL 34567B901 34567 345 
CHKPNT 345678901 34S67 345 
S0R2 
OFP 
SAVE 
LA8El 
CONO 345678901 34567 345 
R~PT 345678901 34567 345 
JUMP 345678901 34567 345 
JUMP 345678901 34S67 345 
LAeEL 345678901 34567 345 
P~TPARM 345678901 34567 345 
LABEL 31.557e901 34567 345 
PP'rPARM 345678901 34567 345 
LABEL 34%78901 34567 345 
PPTPARM 345678901 34567 345 
LAe~L 34567!3901 34567 345 
PRTPARM 345678901 34567 345 
LABEL 3&+5678901 34567 345 
ENO 345678901 34567 345 
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7.11.5 File Name Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 94 100 llO 120 Inst. 94 100 110 120 
BEGIN 
F!l!:: SAVE 2 
GP1 4 CONO 2 
SAVE 4 OFP 2 
CHKPNT 4 LABEL 2 
GP2 5 EQUIV 4 
CHKPNT 5 CHKPNT 4 
PARAl"L z CONO 34 
PURGE z MCE1 3 
CONO 2 CHKPNT 3 
PLTSET 2 HCE2 4 
SAVE 2 CHKPNT 4 
PP.TMSG 2 LABEL 3 l+ 
PARAH 2 EQUIV 5 
PARAH 2 CHKPNT 5 
CONO CONO 5 
PLOT SCE1 5 
SAVE CHKPNT 5 
PJ:?TMSG LABEL 5 
LABEL C:QUIV 6 3 
CHKPNT 2 EQUIV 3 
GP3 6 CHKPNT 6 3 
CHKPN"' 6 CONO 6 3 
TA1 7 SHP1 6 
SAVE 7 CHKPNT 6 
CONO 7 SMP2 3 
PUPGE 7 2 CHKPNT 3 
CHKPNT 7 LABEL 6 3 
PAFAH 8 CONO 7890 
PARAM 9 RBHG1 7 
Et'G 4 CHKPNT 7 
SAVE 4 ReHG2 8 
CHKPNT t+ CHKPNT 8 
CONO 8 RBHG3 9 
EMA 8 CHKPNT 9 
CHKP~IT 8 RBHGI+ o 
LABS:L 8 CHKPNT o 
CONO 9 LABEL 7890 
EMA 9 CPO 1 
C,_.KPNT 9 SAVE 1 
CONO CONO 1 
GPWG EQUIV 5 
OFP CHICPNT 1 
LABEL PARAH z 
EQUIV 0 ~EAD 2 
CHKPNT 0 SAVE 2 
CCNO 0 CH KPNT 2 
SMA3 o PARAH 
CHKPNT o OFP 2 
LABEL 0 SAVE 2 
PARAM 1 CONO 
GP4 1 OFP z 
SAVE 1 SAVE 2 
PAPAM 1 PAPA'1 
PUl<GE 1 3 567 90 5 0 PARAH 

~ 
CHKPNT 1 3 567 90 5 o JUMP J 
CONO 2 LABEL 3 
GPSP 2 PUQGE 

7.11-10 (12/29/78) 
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DMAP 
Inst. 

CASE 
SAVE 
CHKPNT 
MTRX!N 
SAVE 
PURGE 
EQUIV 
CHKPNT 
GKAO 
CHKPNT 
GKAM 
SAVE 
CHKPNT 
CEAO 
SAVE 
CHKPNT 
OF'P 
SAVE 
CONO 
VIJR 
SAVE 
CONO 
OF'P 
SAVE 
LABFL 
COND 
001:1 
CHKPNT 
EQUIV 
CONO 
SOIH 
LABEL 
CHKPNT 
SOR2 
QFP 
SAVE 
LABEL 
CONO 
REPT 
JUMP 
JUMP 
LA BE:L 
?RTPARM 
LABEL 
PPTPARM 
LABEL 
PRT?ARM 
LABEL 
?RTPARH 
LAeEL 
ENO 

94 

MODAL COMPLEX EIGENVALUE ANALYSIS 

Bit Position 
100 110 

3 
3 
3 

4 
4 
4 
4 
4 

5 
s 

6 
6 
6 

7 
7 
7 
7 
7 

8 
8 
8 
8 
8 
8 
8 

9 
9 
9 

120 

0 
D 
0 
D 
D 

1 
1 
1 

7.11-11' (12/29/78) 



MODAL FREQUENCY AND RANDOM RESPONSE 

7. 12 RESTART TABLES FOR MODAL FREQUENCY AND RAllDOM RESPONSE 

7. 12. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 COUAD1 2 PTWIST 3 
AXIF 1 CQUAOZ z GENEL Lt 
CELAS1 1 CQUAOTS 2 CONH1 5 
CELAS2 1 CROO z CONMZ 5 
CELAS3 1 CSHEAR z PELAS 6 
CELASLt 1 CTETRA 2 PMASS 7 
C"IASS1 1 CTORDRG 2 MAT1 8 
CMASS2 1 CTRAPAX 2 MAT2 8 
CMASS3 1 CTRAPRG 2 MAT3 8 
CMASSI+ 1 crResc 2 MATT1 8 
COR01C 1 CTRIA1 z HATT2 8 
COR01R 1 CTRIA2 2 MATT3 8 
COR01S 1 CTR IAAX 2 TABLEM1 8 
COR02C 1 CTRIARG 2 TABLEMZ 8 
COR02R 1 CTRIATS 2 TABLEM3 8 
CORD2S 1 CTRIM6 2 TABLEMI+ 8 
GRDSET 1 CTRMEM 2 TEMPMT$ I! 
GRID 1 CT~PLT 2 TEMPMX$ 8 
GRIDS 1 CTRPLT1 2 AXISYH$ g 
POINT AX 1 CTRSHL 2 CRIGD1 9 
RINGAX 1 CTUBE 2 CRIGD2 9 
R!NGFL 1 CTWIST 2 CRIG03 9 
SECTAX 1 CWEOGE 2 CRIGOR g 
SEQGP 1 PBAR 3 HPC g 
SPOINT 1 PCONEAX 3 HPCADO 9 
AOUH1 2 POUH1 3 HPCAX g 
ADUHZ 2 POUH2 3 HPC$ 9 
AOUH3 z POUH3 3 SPC 10 
ADUHLt 2 POUH'+ 3 SPC1 10 
AOUH5 2 POUH5 3 SPCADD 10 
AOUl'!6 2 POUH6 3 SPCAX 10 
AOUH7 2 POUH7 3 SPC$ 10 
ADUH8. 2 POUH8 3 ASET 11 
AOUM9 2 POUH9 3 ASET1 11 
BAROR 2 PIHEX 3 OMIT 11 
CBAR 2 PQDMEM 3 OMIT1 11 
CCONEAX 2 PQDHEM1 3 OMIT AX 11 
COUH1 2 PQOMEH2 3 SUPAX 12 
COUH2 z PQOHEH3 3 SUPORT 12 
COUH3 2 PQDPLT 3 TEMP 13 
CDUM4 2 PQUA01 3 TEMPAX 13 
COUHS 2 PQUA02 3 TEMPO 13 
CDUH& 2 PQUADTS 3 TEHPP1 13 
COUH7 2 PROO 3 TEMPPZ 13 
CDUH8 2 PSHEAR 3 TEMPP3 13 
COUM9 2 PTORDRG 3 TEHPRB 13 
CHEXA1 2 PTRAPAX 3 WTMA SS 11+ 
CHEXA2 2 PTRBSC 3 GPOPNT 15 
CIHEX1 2 PTRIA1 3 PLOT EL 16 
CIHEX2 2 PTRIA2 3 PLOT$ 18 
CIHEX3 2 PTRIAAX 3 POUT$ 19 
CONROD 2 PTRIATS 3 XYOUT$ 20 
CQDHEM 2 PTRI M6 3 AOUT$ 21 
CQOMEM1 2 PTP.MEM 3 LOOP$ 22 
CQOMEM2 2 PT~PLT 3 LOOPU 23 
CQOHEM3 2 PTRPL T 1 3 COUPMASS 24 
CQOPLT 2 PT?.SHL 3 CPBAR 24 

PTUBE 3 CPQOPLT 24 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

CPOUA01 24 
CPQUA02 24 
CPROO 24 
CPTRBSC 24 
CPTRIA1 24 
CPTRIA 2 24 
CPT RPL T 24 
CPTUBE 24 
NOLOOP$ 25 
RANDOM$ 2& 
AXYOUT$ 27 
HOOACC 53 
TABRN01 54 
TA8RN02 54 
TA8RN03 54 
TA8RN04 54 
RAND PS 55 
P.ANOT1 55 
RANOT2 S5 
EPOINT 56 
SEQEP So 
TF So 
OMIAX 57 
OMIG 57 
82PP$ 57 
K2PP$ 57 
H2PP$ 57 
TF$ 57 
OAREA 58 
DELAY 58 
OLOAO 58 
OPHASE 58 
FREQ 58 
FREQ1 58 
FREQ2 58 
RLOA01 58 
P.LOA02 58 
TABLED1 58 
UBLE02 58 
TABLE03 58 
TABLE04 5a 
EIGR 59 
METHOD$ 60 
OECOMOPT 61 
OLOAO$ 61 
FREQS 61 
HFREQ 62 
LFREQ 62 
LMOOES 62 
TABOMP1 62 
SCAMP$ 62 

7. 12-2 (12/29/78) 



MODAL FREQUENCY AND RANDOM RESPONSE 

7. 12. 2 Bit Positions for File Name Restart Table 

File Name Bit Pos. File Name Bit Pos. 

8GPDT 94 BHH 116 
CSTH 94 KHH 116 
EQEXIN 94 HHH 116 
GPDT 94 PHIOH 116 
GPL 94 PDF 117 
SIL 94 PPF 117 
ECT 95 PSF 117 
GPTT 96 UHVF 117 
EST 97 OUHVC1 118 
GEI 97 OUHVC2 119 
GPECT 97 PAF 120 
GPST 98 UDV2F 120 
KGGX 98 UEVF 120 
HGG 99 QPC 121 
KGG 100 UPVC 121 
ASET 101 OEFC1 122 
RG 101 OESC1 122 
USET 101 OPPC1 122 
OGPST 102 OQPC1 122 
GH 103 OUPVC1 122 
KNN 104 OEFC2 123 
HNN 104 OESCZ 123 
KFF 105 OPPC2 123 
KFS 105 OQPC2 123 
HFF 105 OUPVC2 123 
GO 106 UOV1F 124 
KAA 106 AUTO 125 
KLL 107 PSDF 125 
KLR 107 ELSETS 126 
KRR 107 GPSETS 126 
HLL 107 PLTPAR 126 
HLR 107 PLTSETX 126 
HRR 107 HAA 127 
LLL 108 KDICT 128 
OH 109 KELM 128 
HR 110 HDICT 128 
OLT 111 HELM 128 
EEO 111 PHIPH 129 
EQOYN 111 QPH 129 
FRL 111 IEF1 130 
GPLO ·111 IES1 130 
PSOL 111 IPHIP1 130 
SILO 111 IQP1 130 
TFPOOL 111 OPPCA 131 
USETO 111 IEFZ 132 
LAMA 112 IES2 132 
HI 112 IPHIP2 132 
OEIGS 112 OPPCB 132 
PHIA 112 IQP2 132 
CASEXX 113 ZEFCZ 133 
B2PP 114 ZESC2 133 
K2PP 114 ZQPC2 133 
H2PP 114 ZUPVC2 133 
6200 115 ZEFC1 134 
GMO 115 ZESC1 134 
GOO 115 ZQPC1 134 
K200 115 ZUPVC1 134 
M200 115 
HOO 115 

7. 12-3 (12/29/78) 
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RIGID FORMAT RESTART TABLES 

7. 12.3 Card Name Restart Table 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

BEGIN 1234S678901234S6 8901234 3456789012 
FILE 1234567890123456 8901234 3456789012 
GP1 1 
SAVE 1 
CHKPNT 1 
$SS 6 
GP2 12 ltS 6 
CHKPNT 12 45 6 
sss 6 
PAPA ML 8 
sss 7 
PUF?GE 8 
sss 7 
CONO 8 
tSS 7 
PLTSET 8 
!SS 7 
SAVE. 8 
tSS 7 
P~THSG 8 
sss 7 
PARAH 8 
$SS 7 
PARAH 8 
sss 7 
COHO e 
sss 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PP.TMSG 8 
sss 7 
LABEL 8 
!SS 7 
CHl<PNT 8 
sss 67 
GP3 1 3 
CHl<PNT 1 3 
sss 6 
TA1 1231t567 l 
SAVE 1231tS67 3 
CONO 1231t567 8 3ft 
PURGE 1231tS67 3 
CHKPNT 1231t5&7 3 
sss 6 
PARAH 123 6 8 
PARAH 123 5 78 4 It 
EMG 123 S678 .. .. 
SAVE 123 5678 .. .. 
CHl<PNT 123 5678 .. .. 
sss 6 
COHO 123 e, 8 
EMA 123 E 8 
CHKPNT 123 6 8 
sss 6 
LABEL 123 6 e 
CONO 123 5 78 4 4 

EHA 123 5 7 8 .. .. 

7. 12-4 (12/29/78) 
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DMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHKPNT 123 5 78 4 4 
'tSS 6 
CONO 123 5 7 8 45 4 
$SS 8 
GPWG 123 5 78 45 4 
'tSS 8 
CFP 123 5 78 45 4 
$SS 8 
LABEL 123 5 78 45 4 
$SS 8 
EQUIV 1234 & 8 
CHKPNT 1234 6 8 
$SS 6 
COND 1234 & 8 
SMA3 1234 & 8 
t:HKPNT 1234 6 8 
!SS & 
LA E!EL 1234 6 8 
PARAH 1 ~012 
GP4 1 9012 
SAVE 1 9012 
PA~AM 1 9012 
PURGE 1 9012 
CHKPNT 123456789012 4 
$SS & 
CONO 123 E, 890 
GPSP 123 6 890 
SAVE 123 6 890 
CONO 123 6 890 
OFP 123 6 890 
LA8EI. 123 E, 890 
EQUIV 12345678'3 4 4 
CHKPNT 123456789 4 4 
!SS 6 
CONO 1234S&7e9 4 4 
HCE1 1 9 
CHKPNT 1 '3 
sss 6 
!1CE2 12345&78 9 4 4 
CHKPNT 123456789 4 4 
sss & 
LA BEi. 123456789 4 4 
EQUIV 1231tSE,7890 4 4 
CHKPNT 1234567890 I+ I+ 
$SS 6 
CONO 1234567690 4 4 
sen 1234567 !90 4 4 
CHKPNT 1234567 890 .. 4 
sss 6 
LABEi. 1234$67 890 4 4 
EQUIV 1234 6 8901 
EQUIV 12345 78901 4 4 
CHKPNT 12345678901 4 4 
$SS E, 

COND 1234Sc78901 4 4 
SMP1 1234 6 8901 
CHKPNT 1234 6 8901 
$SS 6 
St1P2 1231tSEi78901 4 
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DMAP Bit Position 
Inst. l 10 20 30 40 50 60 

CHKPNT 1234567 8901 4 4 
sss 6 
LABEL 12345678901 4 4 
EOUIV 123456789012 4 4 
CHKPNT 123456789012 4 4 
sss 6 
CONO 123456789012 4 4 
RBHG1 123456789012 4 4 
CHKPNT 123456789012 4 4 
sss 6 
JUMP 1231+ 6 89012 
LABEL 1234 6 89012 
CONO 1234 6 89012 
LABEL 1234 6 89012 
RBMG2 1234 6 89012 
CHKPNT 1234 6 89012 
sss 6 
CONO 1234 6 89012 
~BMG3 1234 6 89012 
CHKPNT 1234 6 89012 
sss 6 
R9MG4 123456789012 4 4 
CHl<PNT 123456789012 4 4 
sss 6 
LABEL 123456789012 4 4 
OPO 1 9012 56 89 
SAVE 1 9012 S6 89 
CONO 1 9012 56 ·59 
PURG:: 1 9012 56 !19 
EQUIV 123456789012 4 234 3 67 90 
CHKPNT 1 9012 56 89 
sss 6 
PARAH 12345678 9012 ,. ,. 
READ 123456789012 I+ 4 90 
SAVE 123456789012 4 4 90 
CHKPNT 123456789012 ,. 4 90 
sss 6 
PARAH 9 1 
OFP 1231t56789012 4 ,. 90 
SAVE 123456789012 4 4 90 
CONO 123456789012 .. 4 90 
OFP 1231t56789012 4 .. 90 
SAVE 1231t5678901Z 4 ,. 90 
PARAH 23 I 

PARAH 12345678901234 6 90123 7 3456789012 
JUMP 23 
sss 1 3 
LABEL 1231+5678901231+56 890123 3456789012 
sss 1 3 
PURGE 90123 7 
CASE 1231+5678901234 6 90123 5 7 3456789012 
SAVE 12345678901234 6 90123 5 7 3456789012 
CHKPNT 12345678901234 6 90123 5 7 3456789012 
sss 6 
HTRXIN 1 23 67 
SAVE 1 23 67 
PURGE 12345678901 23 67 
PARAH 12345678901 23 67 
EQUIV 12345678901 23 67 
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DMAP Bit Position 
Inst. l 10 20 30 40 50 60 

CHKPNT 12345678901 ' 2!f 67 
sss 6 
GKAO 12345678901 4 234 3 67 0 
CHKPNT 12345678901 4 234 3 67 0 
!SS 6 
GKAM 123456789012 4 234 67 90 z 
SAVE 123456789012 4 234 67 90 2 
CHKPNT 123456789012 4 234 67 ;o z 
!SS 6 
CONO 123456789012 4 234 6789012 
CONO 123456789012 4 234 &789012 
FRP,D 123456789012 4 234 67891)12 
SAVE 12345&789012 4 234 6789012 
EQUIV 12345&789012 4 234 6759012 
CHKPNT 123456789012 4 234 6789012 
!SS & 
VOP. 901 7 
SAVE 901 1 
CONO 1 7 
~ONO 1 1 
CHKPNT 1 7 
sss 6 
SOR3 1 1 
OFP 1 
SAVE 1 
CHKPNT 1 1 
sss 6 
XYTRAN 7 
sss 7 
SAVE 7 
sss 1 
XYPLOT 7 
sss 7 
JUHP 1 7 
LABEL 1 7 
OFP 1 
SAVE 1 
LABEL 01 7 
CONO 123456789012 4 234 3 6739012 
PAPAH 1234567 89012 4 234 3 6789012 
CONO 123456789012 4 234 3 6789012 
OOP1 1234567 8 9012 4 234 3 6789012 
CHKPNT 123456789012 4 234 3 6789012 
!SS 6 
CCIR2 123456789012 4 234 3 6789012 
sss 23 
CHKPNT 1234567 8901'2 4 234 3 6789012 
sss 23 6 
EOUIV 123456789012 4 234 3 6789012 
sss 23 
CHKPNT 123456789012 4 234 3 6789012 
sss 23 6 
EQUIV 123456789012 4 234 3 6 789 012 
CONO 123456789012 4 234 3 678901:? 
S0R1 123456789012 4 234 3 678901Z 
LABEL 123456789012 4 • 234 3 6789012 
CHKPNT 123456789012 4 234 3 6789012 
sss 6 
SDR2 90 

7. 12-7 (12/29/78) 
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DMAP Bit Position 
Inst. 10 20 30 40 50 60 

SAVE 90 
CONO 90 
SOR3 90 
JUHP 90 
LABEL 123456789012 4 234 3 6789012 
SOR1 123456789012 4 234 3 6789012 
SORZ 90 
SAVE 90 
SDR2 90 
EQUIV 90 
CONO 90 
S0R3 90 
EQUIV 90 
OO~MH 90 
EQUIV 90 
JUMP 90 
L4BEL 90 
DORMM 90 
EQUIV 90 
JUMP 90 
LABEL 90 
CHKPNT 90 
sss 6 
OFP 9 
SAVE 9 
XYTRAN 0 
sss 7 
SAVE 0 
SSS 7 
XYPLOT 0 
sss 7 
COND 0 
sss 7 
PLOT 0 
sss 7 
SAVE 0 
sss 7 
LABEL 0 
sss 1 
CONO 0 6 45 
RANDOM 6 45 
SAVE 6 45 
CHKPNT 6 45 
sss 
CONO 6 45 
XYTRA N 0 
sss 7 
SAVE 0 
!SS 7 
XYPLOT 0 
sss 7 
JUHP 0 
LAeEL 9 
OFP 9 
SAVE 9 
LABEL 0 «.5 
CONO 23 
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MODAL FREQUENCY AND RANDOM RESPONSE 

DMAP Bit Position 
Inst. 10 20 30 40 50 6') 

!SS 1 3 
REPT 23 
!SS 1 3 
JUHP 'Z3 
!SS 1 3 
JUHP 12345678901234S6 8901234 3456789012 
LABEL 23 
sss 1 3 
PRTPA~H ·Z3 
tSS 1 3 
LABEL 1234567890123456 89012·34 3456789012 
PRTPARH 1234567890123456 8901234 3456789012 
LABEL 1234567890123456 8901234 345&789012 
PP.TPARH 1234567890123456 !901234 3456789012 
LABEL 1234567890123456 ego 1z34 3456789012 
PRTPARM 123456 78 90.12345 6 fl90_1234 345&789012 
LABEL 12345678901234S6 8901234 34567!9012 
PRTPARM 12345&7e~o123456 8901234 3456789012 
LABEL 1234S67890123456 e9D1234 31+56789012 
PRTPARM 1234567890123456 !901234 3456789012 
LABEL 1234567890123456 !901234 3,.56 789012 
ENO 1231+567890123456 89012'34 3456789012 
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7. 12.4 Rigid Format Change Restart Table 

DMAP 
Inst. 
BEGIN 
FILE 
GP1 
SAVE 
CHKPNT 
GP2 
CHKPNT 
PARAHL 
PURGE 
CONO 
PL TSET 
SAVE 
PRTHSG 
PARA1'4 
PARAH 
CONO 
PLOT 
$AVE 
PRTHSG 
LABEL 
CHKPNT 
GP3 
CHKPNT 
TAl 
SAVE 
CONO 
PURGE 
CHKPNT 
PARAH 
PARAH 
El'!G 
SAVE 
CHKPNT 
CONO 
EHA 
CHKPNT 
LABEL 
CONO 
E'1A 
CHKPNT 
COHO 
GPWG 
OFP 
LABEL 
EQUIV 
CHKPNT 
CONO 
SHA3 
CHKPNT 
LA!EL 
PARAH 
GP .. 
SAVE 
PAIUH 
PURGE 
CHl<PNT 
CONO 
GPSP 

Bit Position 
63 70 80 

3 .. 56789012 .. 567 
3456789012 .. 567 

3 67! 
3 678 
3 678 
3 678 

3 678 
3 678 
3 678 

3lt5 
3 .. 5 

DMAP 
Inst. 
SAVE 
COHO 
OFP 
LABEL 
EQUIV 
CHKPNT 
CONO 
HCE1 
CHKPNT 
MCE2 
CHKPNT 
LABEL 
EQUIV 
CHICPNT 
COHO 
SCE1 
CHICPHT 
LABEL 
EQUIV 
EQUIV 
CHKPNT 
COHO 
SHP1 
CHKPNT 
SHP2 
CHKPHT 
LABEL 
EQUIV 
CHICPNT 
CONO 
RBHG1 
CHKPNT 
JUMP 
LABEL 
CONO 
LABEL 
RBHG2 
CHKPNT 
CONO 
R!HG3 
CHKPNT 
RB,..Glt 
CHKPNT 
LABEL 
DPD 
SAVE 
COND 
PURGE 
EQUIV 
CHKPNT 
PARAH 
READ 
SAVE 
CHKPNT 
PA~AH 
OFP 
SAVE 
COND 

7.12-10 (12/29/73} 
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.MODAL FREQUENCY AND RANDOM RESPONSE 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 7d 80 
OFP CONO 
SAVE SDR3 
PA~Al1 JUHP 
PARAH 31+56789012 4567 31+5 LABEL 
JUMP 31+5&789012 4S67 345 SOR1 3456789012 4567 31+5 
LABEL 3456789012 4567 345 SDR2 
PURGE SAVE 
CASE 34S67B9012 4567 31+5 SORZ 
SAVE 3456789012 4567 31+5 EQUIV 
CHKPNT 3456789012 4567 345 CONO 
HTRXIN SOR3 
SAVE EQUIV 
PUPGE OORHH 
PARAH .EQUIV 
EQUIV JUMP 
CHKPNT LABEL 
GKAD OORHH 
CHKPNT EQUIV 
GKAM JUMP 
SAVE LABEL 
CHKPNT CHKPNT 
CONO 3456789012 4567 31+5 OFP 
CONO 3456789012 4567 345 SAVE 
FRRD XYTRAN 
SAVE SAVE 
EQUIV XYPLOT 
CHKPNT CONO 
VO~ PLOT 
S·AVE SAVE 
CONO LABEL 
CONO CONO 3456789012 4567 345 
CHKPNT RANDOM 31+56789012 1+567 31+5 
SOR3 SAVE 3456789012 1+567 345 
OFP CHKPNT 31+56789012 l+.567 345 
SAVE CONO 
CHKPNT XYTRAN 
XYT!UN SAVE 
SAVE XYPLDT 
XYPLOT JUHP 
JUMP LABEL 
LABEL OFP 
OFP SAVE 
SAVE LABEL 
LABEL CONO 3456789012 4567 345 
COHO REPT 3456789012 lt567 345 
PAFAH JUHP 3456789012 4567 345 
CONO JUHP 3456789012 1+5~7 345 
OOIU LABEL 3456789012 4567 345 
CHKPNT PRTPARH 3456789012 1+567 345 
00~2 LABEL 3456789012 4567 345 
CHKPNT PRTPARH 3456789012 4567 345 
EQUIV LABEL 34S6789012 4567 345 
CHKPNT P~TPARH 3456789012 4567 34S 
EQUIV 3456789012 4567 31+S LABEL 3456789012 4567 34S 
CONO 34S678~01Z 4S67 345 PRTPARH 3456789012 4567 3lt5 
SOR! 31t56789012 4567 345 LABEL 3456789012 1+567 345 
LABEL 3456789012 4567 345 PRTf:IARl1 3456789012 4567 345 
CHKPNT 3456769012 4567 345 LABEL 3456789012 4567 345 
S0R2 PRTPARH 3456789012 1+567 345 
SAVE LABEL 3£.56789012 4567 345 

ENO 34S678901Z 4567 345 
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7. 12.5 File Name Restart Table 

DMAP Bit Position 
Inst. 94 100 110 120 
BEGIN 
FILE 
GP1 ,. 
SAVE 4 
CHKPNT It 
GP2 5 
CHKPNT 5 
PAIUHL E, 

PURGE & 
CONO & 
PLTSET 6 
SAVE 6 
PP.TMSG 6 
PARAM 6 
PARAM 6 
CONO 
PLOT 
SAVE 
P~THSG 
LABEL 
CHKPNT 6 
GPJ 6 
CHKPNT & 
TA1 7 
SAVE 7 
COND 1 
PURGE 7 2 
CHKPNT 1 
PARAH 8 
PARAH g 
EHG a 
SAVE a 
CMKPNT 8 
CONO 8 
EHA a 
CHKPNT 8 
LABEL 8 
COND g 
EHA g 
CHKPNT g 
CONO 
GPWG 
OFP 
LABEL 
EQUIV 0 
CHKPNT 0 
CONO 0 
SHAJ 0 
CHKPNT 0 
LABEL 0 
PARAH 1 
GP4 1 
SAVE 1 
PARAH 1 
PURGE 1 3 567 90 5 1 
CHKPNT 1 l 567 90 5 1 
CONO 2 
GPSP 2 
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DMAP Bit Position 
Inst. 64 100 llO 120 

SAVE z 
CONO z 
OFP z 
LABEL z 
EQUIV 4 
CHKPNT 4 
CONO 34 
HCE1 3 
CHKPNT 3 
HCE2 4 
CHKPNT 4 
LABEL 34 
EQUIV 5 
CHKPNT 5 
CONO 5 
SCE1 5 
CHKPNT 5 
LABEL 5 
EQUIV 6 1 
EQUIV 1 
CHKPNT 6 1 
CONO 6 1 
SHP1 ' CHKPNT 6 
SHP2 7 
CHKPNT 7 LAB~L 6 7 EQUIV 7 
CHKPNT 7 
COHO 7 
RBHG1 7 
CHKPHT 1 
JUMP 
LABEL 7 
CONO 890 
LABEL 8 
RBHGZ 8 
CHKPNT 8 
COND CJ 
RBHGJ CJ 
CHICPNT CJ 
RBHG4 0 
CHKPNT 0 
LABEL 890 
OPO 1 
SAVE 1 
CONO 1 
PURGE 1 
EQUIV 5 
CHKPNT 1 
PARAH 2 
READ 2 
SAVE 2 
CHKPNT 2 
PAP.AH 
OFP 2 
SAVE 2 
COHO 2 
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OMAP Bit Position 
Inst. 64 100 l lO 120 
OFP 2 
SAVE 2 
PA~AH 
PARAH 3 
JUMP 3 
LABEL 3 
PURGE 
CASE 3 
SAVE 3 
CHKPNT 3 
HTRXIN ,. 
SAVE ,. 
PURGE .. 
PARAH .. 
EQUIV .. 
C,..KPNT .. 
GKAD 5 
CHKPNT 5 
Gl<AH 6 
SAVE 6 
CHKPNT 6 
CDNO 7 
COHO 7 
FR~O 7 
SAVE 7 
EQUIV 7 
CHKPNT 7 
VOR a 
SAVE a 
COHO a 
COND a 
CHKPNT a 
SOR3 CJ 
OFP 
SAVE 
CHKPNT 
XYTIUN 
SAVE 
XYPLOT 
JUMP 
LABEL 
OF'P 
SAVE 
LABEL 
CONO 0 .. 
PAOAM 
CONO 
ODR1 .. 
CHKPNT .. 
DDR2 0 
CHKPNT 0 
EQUIV 0 
CHKPNT D 
EQUIV 1 
COHO 1 
S0R1 1 
LABEL 1 
CHKPNT 1 
SDR2 2 
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DMAP Bit Position 
Inst. 64 100 110 120 
SAVE z 
CONO 3 
S0R3 3 
JUMP 
LABEL 
SDR1 9 
SDR2 0 
SAVE 0 son 1 
EQUIV 1 
CONO 1 SDR3 z 
EQUIV 2 DORMH 3 EQUIV 3. 
JUMP 
LABEL 1 OORHM It EQUIV 
JUMP 
LABEL 1 CHKPNT l OFP 
SAVE 
XYTRAN 
SAVE 
XYPLOT 
CONO 
PLOT 
SAVE 
LABEL 
CONO 5 RANDOM 5 SAVE 5 CHKPNT 5 COND 
XYTRAN 
SAVE 
XYPLDT 
JUMP 
LABEL 
OFP 
SAVE 
LABEL 
CONO 
REPT 
JUHP 
JUMP 
LABEL 
pqTPARH· 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPAP.H 
LABEL 
PP.TPARH 
LA!EL 
PRTPARH 
LABEL 
END 

7.12-15 (12/29/78) 
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MODAL TRANSIENT RESPONSE 

7. 13 RESTART TABLES FOR l'DDAL TRANSIENT RESPONSE 

7. 13. l Bit Positions for Card Name Restart Table 

Card Name Bit Pas. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CQUA01 2 PTRSHL 3 

.AXIF 1 CQUA02 2 PTU8E 3 

CELAS1 1 CQUAOTS 2 PTWIST 3 

CELAS2 1 CROO 2 GENEL .. 
CELAS3 1 CSHEAR 2 '.CONH1 5 

CELASI+ 1 CTETRA 2 :caNHZ s 
CHASS1 1 CTORORG 2 PELAS 6 

CHASS2 1 CTRAPAX 2 .PHASS 7 

CHASS3 1 CTRAPRG 2 HAT1 8 

CHASS1t 1 CTRBSC 2 
' 
HAT2 8 

COR01C 1 CTRIA1 2 HAT3 8 

COR01R 1 CTRIA2 2 HATT1 8 

COR01S 1 CTRIAAX 2 iHATT2 8 

CORD2C 1 CTRIA"G 2 HATT3 8 

CORD2R 1 CTRIATS z TABLEH1 a 
CORD2S 1 CTRIH6 2 TABLEH2 a 
GROSET 1 CTR.HEH 2 TABLEH3 8 

GRID 1 CTRPLT 2 TABLEHI+ 8 

GRIOB 1 CTRPLT1 2 TEHPHTS 9 

POINTAX 1 CTRSHL 2 TEHPHXS 8 

RINGAX 1 CTUBE 2 AXISYHS g 

RINGFL 1 CTWIST 2 CRIGD1 9 

SECTAX 1 CWEDGE 2 ,CRIGD2 9 

SEQGP 1 PBAR 3 CRIGDJ 9 

SPOINT 1 PCONEAX 3 'c~IGDR g 

AOUH1 2 POUHl 3 CRIGD3 g 

AOUH2 2 POUH2 3 CR.IGOR 9 

A0Uf13 2 POUH3 3 HPC 9 

AOUH't 2 POUHlt 3 HPCADO g 

ADUHS 2· POUH5 3 HPCAX g 

AOUM6 2 POUM6 3 MPCS 9 
AOUH7 2 POUH7 3 SPC 1D 
AOUH8 2 POUH! 3 SPC1 10 
AOUH9 2 PDUH9 3 SPCADD 10 
SAP.OR 2 PIHEX 3 SPCAX 10 
CBAR 2 PQDHEN 3 SP~S 1D 
CCONEAX 2 PQDHEHl 3 ASET 11 
CDUH1 2 PQOHEHZ 3 ASETl 11 
COUH2 2 PQDHEHJ 3 OHIT 11 
CDUH3 2 PQDPLT 3 OHIT1 11 
CDUH4 2 PQUAD1 3 OHITAX 11 
COUH5 2 PQUAD2 3 SUPAX 12 
COUH6 2 PQUADTS 3 SUPORT 12 
COUH7 z PROD 3 TEHP 13 
CDUH8 2 PSHEAR 3 TEHPAX 13 

COUM9 z PTORORG 3 TEHPO 13 
CHEXA1 2 PTRAPAX 3 TEHPP1 13 
CHEXA2 2 PTRBSC J TEHPP2 13 
CIHEX1 2 PTRIA1 3 TEHPP3 13 
C!HEXZ 2 PTRIA2 J TEHPRB 13 
CIHEXJ 2 PTRIAAX 3 WTHASS 14 

CONROD 2 PTP.IATS 3 GROPNT 15 

CQDHEH 2 PTRIH6 3 PLOTEL 16 

CQOHEH1 2 PTRIH6 3 PLOTS 18 
CQOHEH2 2 PTRHEH 3 POUTS 19 
CQOMEHl 2 PTRPLT 3 XYOUTS 20 
CQOPLT 2 PTRPLT1 3 AOUTS 21 
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Card Name Bit Pos. 

LOOPS 22 
LOOP1S 23 
COUP HASS Zit 
CPBAR Zit 
CPQOPt. T 21t 
CPQUA01 24 
CPQUA02 Zit 
CPROO 24 
CPTRBSC Zit 
CPTRIA 1 Zit 
CPTRIAZ Zit 
CPTRPL T Zit 
CPTUBE 24 
NOL OOPS 25 
AXYOUT! 27 
HOOACC 55 
EPOINT 56 
SEQEP 56 
TF 56 
OHIAX 57 
OHIG 57 
BZPPS 57 
KZPPS 57 
1'!2PPS 57 
TFS 57 
DAREA 58 
DELAY 58 
DLOAO 58 
FORCE 58 
FORCE1 S9 
FOR CEZ S8 
GRAV 5! 

· MOMENT 158 
HOHENT1 58 
l'IOHENTZ 58 
NOLIN1 58 
NOLIN2 58 

· NOLIN3 58 
NOLIN4 S8 
PLOAD 58 
PLOAD1 S8 
PLOAD2 S8 
SLOAO 58 
TABLED1 '58 
TABLED2 S8 
TABLED3 58 
TABLED It 58 
TLOAD1 58 
TLOAD2 58 
TSTEP 5! 
EIGR 59 
HETHOOS 60 
OLOAOS 61 
NL FORCE 61 
TSTEPS 61 
HFREQ 62 
Li:'REQ 62 
LHODES 62 
TABOHPl 62 
SOAHPS 62 
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7. 13.2 Bit Positions for Fi 1 e Name Restart Table 

File Name Bit Pas. File Name Bit Pas. 
SGPDT 94 KHH 115 
CSTH 91+ HHH 115 
EQEXIN 91+ PHIOH 115 
GPOT 91+ CASEXX 116 
GPL 91+ PO 117 
SIL 91+ POT 117 
ECT 95 PH 117 
GPTT 96 PPT 117 
SLT 96 PST 117 
EST 97 TOL 117 
GEI 97 OPNL1 118 
GPECT 97 OUHV1 118 
GPST 98 OPNL2 119 
KGGX 98 OUHV2 119 
HGG 99 PAF 120 
KGG 100 UOV2T 120 
ASET 101 UEVT 120 
RG 101 QP 121 
USET 101 UPV 121 
OGPST 102 OEF1 122 
GH 103 OES1 122 
KNN 104 OPP1 122 
HNN 1 DI+ OQP1 122 
KFF 105 OUPV1 122 
KFS 105 PUGV 122 
HFF 105 OEF2 123 
GO 106 OES2 123 
KAA 106 OPP2 123 
KLL 107 OQP2 123 
KLR 107 OUPV2 123 
KRR 107 UDV1T 124 
HLL 107 ELSETS 125 
HLR 107 GPSETS 125 
HRR 107 PLTPAR 125 
LLL 108 PLTSETX 125 
DH 109 HAA 126 
HR 110 KDICT 127 
OLT 111 KELH 127 
EEO 111 MOICT 127 
EQOYN 111 HELM 127 
GPLO 111 PNLH 128 
NLFT 111 UHi.iT 128 
SILO 111 PHIPH 129 
TFPOOL 111 QPH 129 
TRL 111 IEF1 130 
USETO 111 IES1 130 
LAHA 112 IPHIP1 130 
MI 112 IQP1 130 
OEIGS 112 IEF2 131 
PliIA 112 IES2 131 
BZPP 113 IPH?P2 131 
K2PP 113 IQP2 131 
H2PP 113 OPPB 131 
8200 114 ZEF2 132 
GHD 114 ZES2 132 
GOO 114 ZQP2 132 
1(200 UC. ZUPVZ 132 
H20D 114 
HOD 114 
SHH 115 
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z. ~ l. l-- Card Name Restart -Tab.le. 

tJ,1AP Bit Position 
Inst. 10 20 30 40 50 60 

' BEGIN 1231+5678901231+56 8901231+ 56789012 FILE 1231+5678901231+56 8901231+ 56789012 GP1 1 
SAVE 1 
CHKPNT 1 
sss 6 
GP2 12 1+5 6 
CHKPNT 12 1+5 6 sss 6 
PARAHL 8 sss 7 
PURGE 8 sss 7 
CONO 8 
!SS 1 
PLTSET 8 sss 7 
SAVE 8 sss 7 
PRTHSG 8 sss 7 
PARAH 8 sss 7 
PARAH 8 sss 7 
CONO 8 sss 7 
PLOT 8 sss 7 
SAVE 8 sss 7 
PRTHSG 8 sss 7 
LABEL 8 
!SS 7 
CHKPNT 8 sss 67 
GP3 12 3 

1 CHKPNT 12 3 sss 6 1 
TA1 1231+567 3 
SAVE 1231+567 3 
CONO 1231+567! 31+ ,. 
PUPGE 1234567 3 
CHKPNT 1234567 3 sss 6 
PARAH 123 6 8 
PAHH 123 5 78 ,. ,. 
EMG 123 5678 ,. .. SAVE 123 567 e ,. ,. 
CHKPNT 123 5678 ,. ,. 
sss 6 
CONO 123 6 8 
EHA 123 6 8 
CHKPNT 123 6 8 sss 6 
LABEL 123 6 8 
COND 123 5 79 ,. ,. 
EMA 123 5 78 ,. ,. 
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OMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHKPNT 123 5 78 .. .. 
sss 6 
CONO 123 5 78 45 I+ 
sss e 
GPWG 123 5 78 45 I+ 
sss 8 
OFP 123 5 78 45 I+ 
sss 8 
LABEL 123 5 78 45 .. 
sss 8 
EQUIV 1234 8 
CHKPNT 1234 6 8 
sss 6 
CONO 1234 6 8 
SMA3 1234 6 8 
CHKPNT 1234 6 8 
sss Ei 
LABEL 1234 6 8 
PARAM 1 9012 
GPI+ 1 9012 
SAVE 1 9012 
PA~AM 1 9012 
PURGE 1 9012 
CHKPNT 123456789012 I+ ,. 
sss 6 
CONO 123 6 890 
GPSP 123 6 890 
SAVE 123 6 890 
CONO 123 6 890 
OFP 123 6 890 
LABEL 123 6 890 
EQUIV 1234567 89 4 .. 
CHKPNT 123456789 ,. 4 
sss r, 
CONO 123456789 4 4 
HCE1 1 9 
CHKPNT 1 9 
sss 6 
HCE2 123456789 4 4 
CHKPNT 123456789 4 ,. 
sss 6 
LABEL 123456789 ,. 4 
EQUIV 12345678 90 ,. 4 
CHICPNT 123 .. 567890 ,. .. sss 6 
CONO 123 .. 567890 ,. ,. 
SCE1 12345678 90 4 .. 
CHKPNT 123 .. 567890 ,. .. 
sss 6 
LABEL 1234567 890 4 4 
EQUIV 1231+ 6 8901 
EQUIV 12345 78901 .. .. 
CHKPNT 12345678901 .. ,. 
sss 6 
CONO 12345678901 4 4 
SHP1 1231+ & 8901 
CHKPNT 1234 6 8901 
sss 6 
SHP2 12345678901 I+ I+ 
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OMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

CHKPNT 12345678901 4 4 

sss 6 
LABEL 123'45678901 ,. 4 
EQUIV 123456789012 4 4 
CHKPNT 123456789012 4 .. 
sss 6 
COND 123456789012 ,. ,. 
RBMG1 123456789012 4 4 
CHKPNT 123456789012 4 .. 
sss 6 
JUMP 1234 6 89012 
LABEL 1234 6 89012 
CONO 1234 6 89012 
LABEL 1234 6 89012 
RBMGZ 1234 6 89012 
CHKPNT 1234 6 89012 
sss 6 
CONO 1234 6 89012 
RBMG3 1234 6 89012 
CHKPNT '1234 6 89012 
sss 6 
RE!HG'4 123456789012 4 ,. 
CHKPNT 123456789012 4 4 
sss 6 
LABEL 123456789012 It ,. 
DPD 1 CJO 12 6 89 
SAVE 1 9012 6 99 
COND 1 CJ012 6 89 
PUP.GE .1 9012 6 n 
EQUIV 1231t5678CJ012 ,. 567 CJO 
CHl<PNT 1 9012 6 8CJ 
sss 6 
PARAH 1231+56789012 .. .. 
READ 123456789012 .. ,. 0 
SAVE 123456789012 4 4 0 
CHKPNT 123456789012 ,. 4 0 
sss 6 
PARAH 9 1 
OFP 123456789012 4 4 0 
SAVE 123456789012 4 .. 0 
CDND 1231t56789012 4 .. 0 
OFP 123456789012 ,. .. 0 
SAVE 123456789012 4 .. 0 
MTRXIN 1 67 
SAVE 1 67 
PURGE 12345678901 67 
PAP.AM 1234567!901 67 
EQUIV 12345678901 67 
CHKPNT 12345678901 67 
sss 6 
GKAO 12345678901 ,. ,. 567 0 
CHKPNT 12345678901 ,. 4 567 0 
sss 6 
GKAM 123456789012 4 ,. 67 CJ a 2 
SAVE 12 31t56789012 .. 4 67 90 2 
CHKPNT 123456789012 .. .. 67 90 2 
sss 6 
COHO 123456789012 4 .. 67 90 2 
PAUH 23 
PARAH 12345678901234 6 901234 7 56789012 
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DMAP Bit Position 
Inst. 10 20 30 40 50 60 

jQF,p 4 234 
sss 1 3 
LABEL 1234567890123456 8901234 56789012 

sss 1 3 
PURGE 90123 7 
CASE 12~45678901234 6 9012345 7 56789012 
SAVE 12345678901234 6 9012345 7 5&789012 
CHKPNT 12345&78901234 & 9012345 7 56789012 
sss 6 
PAPAH 123456789012 4 4 67890 
$SS 4 
TRLG 123456789012 4 234 6789012 
SAVE 123456789012 4 234 6789012 
CHKPNT 123456789012 4 234 6789012 
!SS 6 
EQUIV 123456789012 4 234 6789012 
CHKPNT . 123456789012 4 234 6789012 
tss 6 
TRO 123456799012 4 234 6789012 
SAVE 123456789012 4 234 6789012 
CHKPNT 123456789012 4 234 &7/39012 
tSS 6 
VDR 901 1 
SAVE 901 1 
CHKPNT 1 1 
sss 6 
COND 1 7 
SDR3 1 7 
OFP 1 
SAVE 1 
CHKPNT 1 
sss 6 
XYTRAN 7 
sss 1 
SAVE 1 
sss 7 
lCVPLOT 7 
$SS 7 
LABEL 1 
PARAH 123456789012 4 234 56789012 
CONO 123456789012 4 234 56789012 
PARAH 123456789012 4 234 56789012 
PARAH 123456789012 ,. 23lt 56789012 
CONO 123456789012 ,. 234 5&789012 
DDP.1 123456789012 4 234 6789012 
CHKPNT 123456789012 4 234 6789012 
!SS .6 
COND 123456789012 4 234 56789012 
sss 23 
DDP.2 123456789012 4 23lt 56789012 ' 
sss 23 
CHKPNT 123456789012 4 234 56789012 
sss 23 6 
EQUIV 123456789012 4 234 56789012 
sss 23 
CHKPNT 123456789012 4 234 56789012 
sss 23 6 
LABEL 123456789012 4 234 56789012 
sss 23 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

EQUIV 123456789012 ,. 234 56789012 
COHO 123456789012 ,. 234 56789012 
S0R1 123456789012 4 234 56759012 
LABEL 123456789012 4 234 56789012 
CHKPNT 123456789012 4 234 56739012 
sss 6 
SOR2 89D 
SDR3 891i" 
JUHP 89D 
LABEL 123456789D12 4 234 56789012 
SDR1 123456789D12 4 234 56789012 
SDR2 890 
S0R2 890 
SDR3 890 
EQUIV 890 
ODRHH 8CJO 
EQUIV 890 
LABEL 890 
CHKPNT 890 
sss 
OFP CJ 
SAVE CJ 
COND 8 
sss 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTHSG 8 
sss 7 
LABEL 8 
sss 7 
XYTRAN 0 
sss 7 
SAVE 0 
ISS 7 
XYPLOT 0 
sss 7 
LABEL 0 
CONO 23 
sss 1 3 
REPT 23 
sss 1 3 
JUHP 23 
sss 1 3 
JUMP 1234567890123456 !901234 56789012 
LABEL 23 
sss 1 3 
PRTPAP.H 23 
sss 1 3 
LABEL 1234567890123456 8901234 56789012 
PRTPARH 1234567890123456 e901234 56789012 
LABEL 1234567890123456 !901234 567!9012 
P~TPARH 1234567890123456 8901231t 56789012 
LABEL 1234567890123456 8901231t 5678~012 
PRTPARH 1234567890123456 8901234 56789012 
LABEL 1234567890123456 !901234 56789012 
PP-TDARH 1234567890123456 8901234 56789012 
LAeEL 1234567890123456 8901234 56789012 
END 1234567890123456 1!901234 56789012 
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MODAL TRANSIENT RESPONSE 

7. 13.4 Rigid Format Chanoe Restart Table 

DMAP 
Inst. 
BEGIN 
FILE 
GP1 
SAVE 
CHKPNT 
GP2 
CHl<PNT 
PARAHL 
PURGE 
CONO 
PLTS~T 
SAVE 
Pl=!THSG 
PARAH 
PARAH 
CONO 
PLOT 
SAVE 
PRTHSG 
LABEL 
CHKPNT 
GP3 
CHKPNT 
TA1 
SAVE 
CONO 
PURGE 
CHKPNT 
PA"!AH 
PARAH 
EHG 
SAVE 
CHl<PNT 
COHO 
EMA 
CHKPNT 
LABEL 
CONO 
:HA 
CHKPNT 
CONO 
GPWG 
OFP 
LABEL 
EQUIV 
CHKPNT 
CONO 
SHA3 
CHIC'PNT 
LABEL 
PARAH 
GPl+ 
SAVE 
PARAH 
PUPGE 
CHKPNT 
CONO 
,PSP 
.iAVE 

Bit Position 
63 70 80 

34567890123 567 
34567890123 567 

3 6115 
3 678 
3 678 
3 678 

3 678 
3 678 
3 678 

345 
345 

DMAP 
Inst. 
CONO 
OFP 
LABEL 
EQUIV 
CHKPNT 
COND 
HCE1 
CHKPNT 
HCE2 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
COND 
SCE1 
CHKPNT 
LABEL 
EQUIV 
EQUIV 
CHl<PNT 
COHO 
SHP1 
CHKPNT 
Sl"P2 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
COHO 
RBHG1 
CHKPNT 
JUMP 
LABEL 
COND 
LABEL 
RBMG2 
CHKPNT 
CONO 
ReHG3 
CHKPNT 
RBHGlt 
CHKPNT 
LABEL 
CPO 
SAVE 
CONO 
PURGE 
EQUIV 
CHKPNT 
PARAH 
READ 
SAVE 
CHKPNT 
PARAH 
OFP 
SAVE 
CONO 
OFP 
SAVE 

7. 13-9 (12/29/78) 

Bit Position 
63 70 80 

34567890123 567 345 

34567890123 567 345 



RIGID FORMAT RESTART TABLES 

OMAP Bit Position OMAP Bit Position Inst. 63 70 80 Inst. 63 70 80 
HTRXIN S0~3 
SAVE JUMP 
PUP.GE LABEL 
PARAH S0R1 34567890123 567 345 EQUIV S0R2 
CHKPNT S0R2 
GKAO SOR! 
c.-.KPNT EQUIV 
Gl<AH DORHM 
SAVE EQUIV 
CHl<PNT LABEL 
CONO 3ltS67890123 567 3lt5 CHKPNT 
PARAH OFP 
PAPAH 34567890123 567 345 SAVE 
JUMP 34567890123 567 345 COND 
LABEL 34567890123 567 31t5 PLOT 
PURGE SAVE 
CASE 31t567890123 567 345 PRTMSG 
SAVE 34567890123 567 345 LABEL 
CHKPNT 345&7890123 567 345 XVTUN 
PARAH SAVE 
TRLG XYPLOT 
SAVE LABEL 
CHKPNT CONO 34567890123 567 345 EQUIV REPT 3lt567890123 567 345 CHl<PNT JUMP 34567890123 567 345 TRO JUMP 34567890123 567 31+5 SAVE LlBEL 34567890123 567 3C.5 CHKPNT PRTPARH 34567890123 567 345 VOR LABEL 3,.567890123 567 345 SAVE PRTPA~M 34567890123 S67 345 CHKPNT LABEL 34567890123 567 345 CONO PRTPARM 345&7890123 567 345 SDP.3 LABEL 34567890123 567 345 OFP PRTPARH 34567890123 567 34S SAVE LABEL 34567890123 567 345 CHKPNT PRTI'ARH 34567890123 567 345 XVTIUN LABEL 31+$67890123 567 345 SAVE END 34567890123 567 345 Y"PLOT 

BEL 
·· ,.RAl'I 
CONO 
PAP.AH 
PARAl'I 
CONO 
DDR1 
CHl<PNT 
COND 
DDP.2 
CHKPNT 
EQUIV 
CHl<PNT 
LABEL 
E'.JUIV 
COND 34567890123 567 345 
SOR1 34$67890123 567 31+5 
LABEL 31t567890123 567 345 
CHKPNT 34567890123 567 llt5 
S0~2 

7. 13-10 (12/29/78) 



MODAL TRANSIENT RESPONSE 

7. 13. 5 File Name Restart Table 

DMAP Bit Position 
Inst. 64 100 l l 0 120 
9EGIN 
F'I LE 
GP1 ,. 
SAVE ,. 
CHKPNT ,. 
GP2 5 
CHKPNT 5 
PA~AHL 5 
PU~GE 5 
CDNO 5 
PL TSET 5 
SAVE 5 
PIUMSG 5 
POAM 5 
PARAH 5 
CONO 
PLOT 
SAVE 
PP,THSG 
LABEL 
CHKPNT 5 
GP3 6 
CHKPNT 6 
TA1 7 
SAVE 7 
CONO 7 
PURGE 7 z 
CHKPNT 7 
PARAH a 
PARAH g 
EHG 7 
SAVE 7 
CHKPNT 7 
CONO 8 
EMA a 
CHl<PNT a 
LABEL a 
CONO g 
EHA g 
CHKPNT g 
CONO 
GPWG 
OFP 
LABEL 
EQUIV 0 
CHKPHT 0 
CONO 0 
SMA3 0 
CHKPNT 0 
LASEL 0 
PAPAI'! 1 
GP't 1 
SAVE 1 
PARAH 1 
PURGE 1 3 567 go ,. 1 
CHl<PNT 1 3 567 90 ,. 1 
CONO z 
GPSP 2 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 64 100 110 120 

SAVE 2 
CONO 2 
OFP 2 
LABEL 2 
EQUIV .. 
CHKPNT .. 
COND 3ft 
HCE1 3 
CHKPNT 3 
MCE2 .. 
CHKPNT .. 
LABEL 34 
EQUIV 5 
CHKPNT 5 
COND 5 
SCE1 5 
CHKPNT 5 
LABEL 5 
EQUIV 6 6 
EQUIV 6 
CHKPNT 6 6 
CONO 6 6 
SHP1 6 
CHKPNT 6 
SNP? 6 
CHKPNT 6 
LABEL 6 6 
EQUIV 7 
CHKPNT 7 
CONO 7 
"BHG1 7 
CHKPNT 7 
JUMP 
LAeEL 7 
CONO ago 
LABEL a 
R814G2 a 
CHKPNT a 
COND g 
RBMGJ g 
CHKPNT g 
RBMGlt !I 
CHKPNT 0 
LABEL 890 
OPO 1 
SAVE l 
COND 1 
PURGE 1 
EQUIV .. 
CHKPNT 1 
PARAH 2 
READ 2 
SAVE 2 
CHKPNT 2 
P&PAM 
OFP 2 
SAVE 2 
CONO 2 
OFP 2 
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DMAP 
Inst. 
SAVE 

·HTPXIN 
SAVE 
PURGE 
PARAH 
EQUIV 
CHKPNT 
GKAO 
CHKPNT 
GKAM 
SAVE 
CHKPNT 
CONO 
PARAH 
PARAH 
JUMP 
LABEL 
PURGE 
CASE 
SAVE 
CHKPNT 
PARAH 
TRLG 
SAVE 
CHKPNT 
EQUIV 
CHKPNT 
TRD 
SAVE 
CHKPNT 
VDR 
SAVE 
CHKPNT 
COND 
SOF.3 
OFP 
SAVE 
CHKPNT 
XYTRAN 
SAVE 
XYPLOT 
LABEL 
PARAH 
COND 
PARAH 
PARAH 
COND 
OOIH 
CHKPNT 
CONO 
OnR2 
CHKPNT 
EQUIV 
CHKPNT 
LA!EL 
EQUIV 
COND 
SOR1 
LABEL 

64 
Bit Position 

100 110 

2 
3 
3 
3 
3 
3 
3 ,. ,. 

MODAL TRANSIENT RESPONSE 

5 
5 
5 

6 
6 
6 

1 

1 
1 
1 
1 
1 

8 
8 
8 

120 

g 
g 

g 

g 
0 
0 

0 
0 
D 
0 
0 
0 

1 
1 
1 
1 

4 ,. 

a 
a 
8 
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DMAP 
Inst. 

CHKPNT 
S0R2 
SDR3 
JUMP 
LABEL 
SDP1 
SDRZ 
SDRZ 
SOR3 
EQUIV 
DDRMH 
EQUIV 
LABEL 
CHKPNT 
OFP 
SAVE 
CONO 
PLOT 
SAVE 
PRTMSG 
LABEL 
XYT~AN 
SAVE 
XYPLOT 
LABEL 
COND 
REPT 
JUMP 
JUMP 
LABEL 
PPTPARH 
LABEL 
PRTPAP.M 
LABEL 
P~TPARH 
LA!EL 
PRTPARH 
LASEL 
P~TPARH 
LABEL 
END 

Bit Position 
64 100 110 

RIGID FORMAT RESTART TABLES 

120 

1 
2 

3 

9 
0 

1 
2 
z 

3 
1 3 

3 
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NORMAL MODES WITH DIFFERENTIAL STIFFNESS 

7. 14 RESTART TABLES FOR NORMAL MODES WITH DIFFERENTIAL STIFFNESS 

7. 14. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CIHEX2 2 PTRAPAX 3 
AXIF 1 CIHEX3 2 PTRBSC 3 
CELAS1 1 CONROO 2 PTRIA1 3 
CELAS2 1 CQDHEH 2 PTRIA2 3 
CELAS3 1 CQOHEH1 2 PT!UAAX 3 
CELAS4 1 CQDHEH2 2 PTRIATS 3 
CHASS1 1 CQDHEH3 2 PTRIH6 3 
CHASS2 1 CQDPLT 2 PTRHEH 3 
CHASS3 1 CQUA01 2 PTRPLT 3 
CHASS4 1 CQUA02 2 PTRPLT1 3 
COR01C 1 CQUAOTS 2 PTRSHL 3 
CO~D1R 1 C!:100 2 PTUBE 3 
COR01S 1 CSHEAR 2 PTWIST 3 
COR02C 1 CTETRA 2 GENEL 4 
COR02R 1 CTORORG 2 CONH1 5 
CORD2S 1 CTRAPAX 2 CONH2 5 
FREEPT 1 CTRAPRG 2 FSLIST 5 
GROSET 1 CTRBSC 2 PELAS 6 
GP.IO 1 CTRIA1 2 PHASS 7 
GRIOB 1 CTRIA2 2 HAT1 8 
POINTAX 1 CTRIAAX 2 flfAT2 8 
PRESPT 1 CTRIARG 2 HAT3 8 
RINGAX 1 CTRIATS 2 HATT1 8 
RINGFL 1 CTRIH6 2 HATT2 8 
SECTAX 1 CTRHEH 2 HATT3 8 
SEQGP 1 CTRPLT 2 TABLEH1 8 
SPOINT 1 CTRPLT1 2 TABLE!'12 8 
AOUH1 2 CTRSHL .2 TABLE113 8 
ADUH2 2 CTUBE 2 TABLEH4 8 
AOUH3 2 CTWIST 2 TEHPHTS 8 
AOUH4 2 CWEDGE 2 TEHPHXS 8 
AOUH5 2 .PBAR 3 AXISYHI g 
AOUH6 ~ .PCONEAX 3 CRIGD1 g 

AOUH7 2 .POUH1 3 ·CRIG02 g 

AOUMB 2 .POUH2 3 CRIGD3 g 
AOUHCJ 2 ,POUH3 3 CRIGOR CJ 
BAR OR 2 ,PDUHlt 3 14PC CJ 
CBAR 2 .POUH5 3 HPCAOD g 
CCONEAX 2 ;POUM6 3 HPCAX CJ 
CDUH1 2 ,POUH7 3 HPCS g 
COUH2 2 .POUH8 3 SPC 10 
CDUH3 z POUHCJ 3 SPC1 10 
COUH4 2 .PIHEX 3 SPCAOO 10 
CDUH5 2 .PQOHEM 3 SPCAX 10 
COUl"6 2 ,PQOHE!'11 3 SPC'S 10 
COUH7 2 ,PQDHEH2 3 ASET 11 
COUH8 2 .PQDMEH3 3 ASET1 11 
COUH9 2 ,PQOPLT 3 OMIT 11 
CFLUIOZ 2 ,PQUAD1 3 OMIT1 11 
CFLUI03 2 .PQUA02 3 OHITAX 11 
CFLUI04 2 PQUADTS 3 TEHP 13 
CHEXA1 2 PROD 3 TEHPAX 13 
CHEXA2 2 PSHEAR 3 TEMPO 13 
CIHEX1 2 PTORORG 3 TEt1PP1 13 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

TEMPPZ 13 
TENPP3 13 
TEHPRS 13 
WTHASS 14 
GROPNT 15 
PLOTEL 16 
!RES 17 
PLOTS 18 
POUTS 19 
DSFACT 21 
cscos 21 
COUPHASS 24 
CPBAR 21+ 
CPQOPLT 21+ 
CPQUAC1 21+ 
CPQUA02 2'4 
CPROD 21t 
CPTRBSC 24 
CPTRIA1 24 
CPTRIA2 Zit 
CPTRPLT 2,. 
CPTUBE 21t 
GRAV 57 
RFORCE 57 
TEHPLDS 58 
OEFORP'I 59 
DEFORMS 59 
LOADS 59 
RFORCES 59 
SPCO S9 
FORCE 60 
FORCE1 60 
FORCE2 60 
FORCEAX 60 
LOAD 60 
HOHAX 60 
HOHENT 60 
HOHENT1 60 
HOHENT2 60 
PLOAO 60 
PLOAD1 60 
PLOA02 60 
PLOAD3 60 
PRESAX 60 
SLOAO 60 
EIGR 61 
METHODS 62 
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NORMAL MODES WITH DIFFERENTIAL STIFFNESS 

7. 14. 2 Bit Positions for File Name Restart Table 

File Name Bit Pos. File Name Bit Pos. 

BGPDT 94 KDGG 113 
CSTH 94 KONN 114 
EQEXIN 94 KOFF 115 
GPOT 94 KOFS 115 
GPL 94 KOSS 115 
SIL 94 KOAA 116 
ECT 95 EEO 117 
GPTT 96 EQOYN 117 
SLT 96 GPLD 117 
EST 97 SILO 117 
GEI 97 USETD 117 
GPECT 97 LAMA 118 
GPST 98 OEIGS 118 
KGGX 98 PHIA 118 
HGG 99 QG 119 
KGG 100 PHIG 119 
ASET 101 OBEF1 120 
RG 101 I 0BES1 120 
USET 101 DBCG1 120 
YS 101 OPHIG 120 
OGPST 102 PPHIG 120 
GH 103 ELSETS 121 
KNN 104 GPSETS 121 
HNN 104 PLTPAR 121 
KFF 105 PLTSETX 121 
KFS 105 HAA 122 
KSS 105 KDICT 123 
HFF 105 KELM 123 
GO 106 HDICT 123 
KAA 106 NELH 123 
KOO 106 PBL 125 
LOO 106 PBS 125 
LLL 107 ueoov 125 
PG 108 YBS 125 
PL 109 KBLL 126 
PO 109 K9FS 126 
PS 109 KBSS 126 
RULV 110 LBLL 127 
RUOV 110 UBLV 128 
ULV 110 ~UBLV 128 
uoov 110 UBGV 129 
PGG 111 QBG 129 
,QG 111 OQBG1 130 
-UGV 111 OUBGV1 130 
OEF1 112 OESB1 130 
OES1 112 OEFB1 130 
OPG1 112 PUBGV1 130 
OQG1 112 
OUGV1 112 
PUGV1 112 
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RIGID FORMAT RESTART TABLES 

7. 14.3 Card Name Restart Table 

DMAP e1t Position 
Inst. 1 10 20 .in 40 50 60· . 

BEGIN 12345678901 3456789 I+ 789012 
FILE 12345678901 3456789 .. 789012 
GP1 1 
SAVE 1 
CHKPNT 1 
sss 6 
GP2 12 lt5 6 
CHKPNT 12 lt5 6 
sss 6 
PARAHL 8 
sss 7 
PURGE 8 
sss 7 
CONO 8 
sss 7 
PL TSET 8 
sss 1 
SAVE 8 
sss 1 
PRTHSG 8 
sss 1 
SETVAL 8 
sss 1 
SAVE 8 
sss 1 
COHO 8 
sss 1 
PLOT 8 
sss 1 
SAVE a 
sss 1 
PRTHSG 8 
sss 1 
LABEL 8 
sss 1 
CHKPNT 8 
sss 67 
GP3 12 3 7 0 
CHKPNT 12 3 7 D 
sss 6 
TA1 1234567 3 
SA\'£ 1231t567 3 
COND 12345679 3 
PURGE 1234567 3 
CHKPNT 1231t567 3 
sss 6 
PARAH 123 6 8 
PAP.AH 123 6 8 
EHG 123 5678 45 1 
SAVE 123 5678 45 1 
CHKPNT 123 5678 45 7 
sss 6 
CONO 123 6 8 
EHA 123 6 8 
CHKPNT 123 6 8 
sss 6 
LABEL 123 6 8 
COND 123 5 78 45 7 
EHA 123 5 78 45 1 
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NORMAL MODES WITH DIFFERENTIAL STIFFNESS 

DMAP Bit Position 
Inst. 1 10 20 30 40 so 60 

CHKPNT 12 '3 5 78 45 1 
sss 6 
CONO 123 5 7 8 45 '+ 
!SS 8 
GPWG 123 5 78 1+5 4 
!SS 8 
OFP 123 5 78 45 I+ 
sss 8 
LABEL 123 5 78 45 7 
EQUIV 1234 6 8 
CHKPNT 1234 6 8 
sss e, 
COND 1234 6 8 
SHAJ 1234 6 8 
CHKPNT 1234 6 8 
sss 6 
LABEL 1234 e, 8 
PARAM 1 901 
GP4 1 91U 9 
SAVE 1 901 9 
CONO 1 901 -~ 
PARAH 1 901 9 
PURGE 1 901 9 
CHl<PNT 1234 6 8901 9 
sss 6 
CONO 1 
JUMP 1 
LABEL 1 
COHO 123 6 890 
GPSP 123 6 890 
SAVE 123 6 890 
CONO 123 6 890 
OFP 123 6 890 
LABEL 123 6 890 
EQUIV 123ft 6 89 
CHKPNT 1234 6 89 
sss 6 
CONO 1214 6 89 
HCE1 1 9 
CHl<PNT 1 9 
sss 6 
HCE2 1234 6 89 
CHKPNT 1231+ 6 89 
sss 6 
LAe~L 1234 6 89 
EQUIV 1234 6 890 
CHKPNT 1234 6 890 
sss 6 
CONO 1234 6 890 
SCE! 1234 6 890 
CHl<PNT 1234 6 890 
sss E, 

LABEL 1231+ 6 890 
EQUIV 1234 6 8901 
CHKPNT 1234 6 8901 
sss 6 
CONO 1234 6 8901 
SMP1 1234 6 8901 
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RIGID FORMAT RESTART TABLES 

OMAP Bit Position 
Inst. , 10 20 30 40 50 60 

CHKPNT 123ft 6 8901 
sss 6 
LABEL 12 Jlt 6 8901 
RBHG2 123lt 6 8901 
CHKPNT 123ft 6 8901 
tSS 6 
SSG1 123 5678 71390 
CHKPNT 123 5678 7890 
sss 6 
EQUIV 123 5678901 7890 
CHKPNT 123 5678901 7890 sss 6 
CONO 123 5678901 7890 
SSG2 123 5678901 7890 
CHKPNT 123 5678901 7890 
!SS 6 
LABEL 123 5678901 7890 
SSGJ 12345678901 7890 
SAVE 1231t5678901 7890 
CHKPNT 12345678901 7890 sss 6 
CONO 12345678901 1 7890 
l'IATGPR 12345678901 7 7990 
l'IATGPR 12345678901 7 7890 
LABEL 12345678901 7 7890 
SDR1 12345678901 7890 
CHKPNT 12345678901 7890 sss 6 
SORZ 9 
PARAH 9 
OFP 9 
SAVE g 
COND 8 sss 1 
PLOT a sss 7 
SAVE 8 
sss 7 
PRTMSG 8 sss 7 
LABEL 8 sss 7 
TA1 1234567890 7890 0SMG1 12345678901 7890 SAVE 12345678901 7890 CHKPNT 1234567 8901 7!90 EQUIV 12345678901 7!90 
CHKPNT 1ZJ1t5678901 7890 sss 6 
COND 1234567 8901 7890 
HCE2 12345678901 n90 
CHKPNT 1231t5678901 7890 sss 6 
LABEL 12345678901 71390 EQUIV 1231t5678901 7690 CHKPNT 1234567IJ901 7890 sss 6 
CONO 1231t5678901 7890 
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NORMAL MODES WITH DIFFERENTIAL STIFFNESS 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

I r 

SCE1 12345678901 7890 
CHKPNT 12345678901 7390 
sss 6 
LABEL 12345678901 7890 
EQUIV 12345678901 7890 
CHKPNT 12345678901 7390 
sss 6 
CONO 12345678901 7890 
SHP2 12345678901 7890 
SHP2 12345678901 7390 
CHKPNT 12345678901 7890 
sss 6 
LABEL 12345678901 7B90 
PARAH 1234567 8901 7890 
EQUIV 12345678901 7890 
CHKPNT 1231+5678901 7890 
!SS 6 
PAP.AM 12345679901 1 7890 
OSHG2 12345678901 1 7890 
SAVE 12345678901 1 7890 
CHKPNT 12345678901' 1 7890 
sss 6 
RBMGZ 12345678901 1 7890 
SAVE 12345678901 1 7890 
CHKPNT 12345678901 1 7890 
sss 6 
PRTPARH 123lt5678901 1 7890 
PRTPARH 12345678901 1 7890 
SSG3 12345678901 1 7890 
SAVE 123£i.56781301 1 7890 
CHKPNT 1231t5678901 1 7890 
sss 6 
CONO 12345678901 1 7890 
MATGPR 1231+5°678901 1 7990· 
LABEL 1234567 8901 1 7S90 
SDR1 12345678901 1 7890 
CI-IKPNT 12345678 901 1 7890 
sss 6 
SORZ 12345678901 1 7890 
OFP 12345678901 1 7890 
OPO 12345678901 1 7890 
SAVE 12345678901 1 78CJO 
CONO 12345678901 1 7890 
CHKPNT 1231+5678901 1 7!90 
sss 6 
PAP.AH 1231+5678901 1 789012 
REAO 1234567! 901 1 7!9012 
SAVE 1231+5678901 1 789012 
CHKPNT 1234S678901 1 789012 
sss 6 
OFP 12'345678901 1 789012 
SAVE 12345678901 1 789012 
CONO 12'345678901 1 789012 
OFP 12345678901 1 789012 
SAVE 12345678901 1 739012 
SOR1 12345678901 1 789012 
CHKPNT 1234567 890,1 ,1 789012 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

!SS 
CASE 89 
SOP.2 89 
OFP 9 
SAVE 9 
CDNO 8 
sss 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PIHHSG 8 
sss 7 
LABEL 8 
sss 7 
JUMP 12345678901 3456789 4 789012 LABEL 12345678901 345671!!9 .. 78~012 PP.TPARH 12345678901 3456789 .. 789 012 I LABEL 12345678901 3456789 4 789012 PP.TPARH 12345678901 31t56789 ,. 

789012 LABEL 12345678901 3456789 .. 789012 PP.TPARH 12345678901 3456789 ,. 
789012 LABEL 12345678901 31t56789 ,. 
789012 PRTPARH 1231t5678901 34567 89 4 789012 

LABEL 12345678 901 34567 89 .. 789012 
!SS 8 
PRTPARM 12345678901 34567 89 .. 789012 sss 8 
LABEL 1234567 8901 3456789 .. 789012 PRTPARH 123456789U1 34567 89 ,. 

769012 
LABEL 12345678901 3456789 ,. 

789012 END 12345678901 3456789 ,. 
789012 

7.14-B (12/29/78) 



NORMAL MODES WITH DIFFERENTIAL STIFFNESS 

7 .14. 4 Rigid Fonnat Change Restart Table 

OMAP Bi t Pos i ti on OMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGIN 345678901234 6 7 345 JUMP 345 901234 
FILE 345678901234 67 345 LABEL 345 901234 
GP1 CONO 
SAVE GPSP 
CHKPNT SAVE 
GP2 COND 
CHKPNT OFP 
PAPAML LABEL 
PURGE EQUIV 
CONO CHKPNT 
PLTSET COND 
SAVE HCE1 
PRTHSG ·CHt<PNT 
SETVAL HCE2 
SAVE CHKPNT 
CONO LABEL 
PLOT EQUIV 
SAVE CHKPNT 
PP.THSG CONO 
LABEL SCE1 
CHKPNT CHKPNT 
GP3 LABEL 
CHKPNT EQUIV 
TA1 CHKPNT 
SAVE COND 
CONO 345678901234 67 3ft5 SHPl 
PURGE CHKPNT 
CHKPNT LABEL 
PARAH RBHG2 
PARAH CHKPNT 
EMG SSGl 
SAVE CHKPNT 
CHKPNT EQUIV 
CDNO CHKPNT 
EHA COND 
CHKPNT SSG2 

LABEL CHKPNT 
COND LABEL 
EHA SSG3 4 
CHKPNT SAVE 4 
CONO CHKPNT 4 

GPWG COND 45 8901234 
OFP HATGPR 45 8901234 
LABEL HATGPR 45 8901234 
EQUIV LABEL 45 8901234 
CHKPNT SDRt 
CONO CHKPNT 
SHA3 SDR2 
CHKPNT PARAH 
LABEL OFP 
PARAH SAVE 
GP4 CONO 
SAVE PLOT 
CONO 345678901234 67 345 SAVE 
PARAH P~THSG 
PURGE LABEL 
CHt<PNT TA1 
COND 345 901234 DSHG1 

7. 14-9 (12/29/78) 
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DMAP 
Inst. 

SAV£ 
CHKPNT 
EQUIV 
CHKPNT 
CONO 
HCEZ 
CHKPNT 
L.I BEL 
EQUIV 
CHKPNT 
COHO 
SCE1 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
COND 
SHP2 
SHP2 
CHKPNT 
LABEL 
PARAH 
EQUIV 
CHKPNT 
PARAH 
DSHG2 
SAVE 
CHKPNT 
RBHGZ 
SAVE 
CHKPNT 
PPTPARH 
PRTPAF.H 
SSG3 
SAVE 
CHKPNT 
CONO 
MATGPR 
LABEL 
SDR1 
CHKPNT 
SORZ 
OFP 
OPD 
SAVE 
COND 
CHKPNT 
PARAH 
READ 
SAVE 
CHKPNT 
OFP 
SAVE 
COND 
OFP 
SAVE 
SDR1 
CHKPNT 

Bit Position 
63 70 

345 78901231+ 67 

31+5 1ego1231+ 67 
345 78901234 67 

80 

RIGID FORMAT RESTART TABLES 

345 

31+5 
345 

DMAP 
Inst. 

CASE 
SDRZ 
OFP 
SAVE 
CONO 
PLOT 
SAVE 
PRTHSG 
LABEL 
JUMP 
LABEL 
PRTPARH 
LABEL 
P~TPARl1 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PP.TPARH 
LABEL 
P,RTPARH 
LABEL 
END 

7. 14-10 (12/29/78) 

6.3 

345 
31+5 
345 
345 
345 
345 
345 
31+5 
345 
31t5 
345 
31t5 
31+5 
31+5 
345 

Bit Position 
lO 80 

I. 

78901234 67 345 
78901234 67 345 
78901234 6 7 345 
78901234 67 345 
78901234 67 345 
78901231+ 67 345 
7!901234 67 345 
78901234 6 7 345 
7!9012134 67 345 
78901Z31t 67 345 
78901234 67 345 
78901231t 67 31+5 
78901234 67 345 
78901234 67 345 
78901234 67 31t5 



NORMAL MODES WITH DIFFERENTIAL STIFFNESS 
1 ' 

. . 
7. 14.5 File Name Restart Tab 1 e 

DMAP Bit Position DMAP Bit Position 
Inst. 94 100 110 120 Inst. 94 100 llO 120 

BEGIN CHKPNT 1 3 56 ga1 
FILE CONO 
GP1 4 JUMP 
SAVE 4 LASEL 
CHKPNT 4 CONO 2 
GP2 5 GPSP 2 
CHKPNT s SAVE 2 
PARAML 1 CONO 2 
PUP.GE 1 OFP 2 
CONO 1 LABEL 2 
PLTSET 1 EQUIV 4 
SAVE 1 CHKPNT 4 
P~TMSG 1 CONO 34 
SETVAL 1 MCE1 3 
SAVE 1 CHKPNT 3 
CONO MCE2 4 
PLOT CHKPNT 4 
SAVE LASEL 34 
Pl:ITMSG EQUIV 5 
1.AEEL CHKPNT 5 
CHKPNT 1 CONO 5 GP3 6 SCE1 5 CHKPNT £, CHKPNT 5 TAt 7 LABEL 5 
SAVE 7 EQUIV 6 
COl'IO 7 9 CHKPNT 6 
PUP.GE 7 2 CONO 6 
CHK?NT 7 SHP1 6 PARAH 8 CHKPNT 6 
PARAH 9 LABEL 6 
EMG 3 RBHGZ 7 
SAVE 3 CHKPNT 7 
CHKO~JT 3 SSG1 e 
CONO 8 CHKPNT 8 
EMA 9 EQUIV 9 
CHKPNT 8 CHKPNT g 
LA EEL 8 CONO 9 
CONO 9 SSG2 9 
EMA 9 CHKPNT 9 
CI-IKPNT 9 LABEL 9 
COHO SSG3 0 
G?WG SAVE 0 
OFP CHKPNT 0 
LABEL 7 9 COND 
EQUIV 0 HATGPR 
CH'<PNT 0 MATGP~ 
CONO 0 LABEL 
St1A3 0 SOl:!1 1 
CHKPNT D CHKPNT 1 
Ltien 0 S0R2 ~ 
PARAH 1 PAI\AM 
GP'+ 1 OFP 
SAVE 1 SAVE 
CONO 1 COND 
PA~:OH 1 PLOT 
PURGE 1 3 56 901 SAVE 

7. 14-11 ( 12/29 /78) 



DMAP 
Inst. 

PRTHSG 
LABEL 
TA1 
0SHG1 
SAVE 
CHl<PNT 
EQUIV 
CHKPNT 
CONO 
HCE2 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
CONO 
SCE1 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
COHO 
SHP2 
SHPZ 
CHKPNT 
LABEL 
PARAH 
EQUIV 
CHKPNT 
PAP.AH 
0SMG2 
SAVE 
CHKPNT 
ReHG2 
SAVE 
CHKPNT 
PPTPAQH 
PP.TPARH 
SSG3 
SAVE 
CHKPNT 
CONO 
HATGPR 
LABEL 
SORt 
CHKPNT 
SOP.2 
OFP 
DPO 
SAVE 

ICOND 
CHKPNT 
PARAH 
READ 
SAVE 
CHKPNT 
OFP 
SAVE 
CONO 

Bit Position 
94 100 110 

3 
J 
3 
J 

RIGID FORMAT RESTART TABLES 

,. ,. ,. 
I+ 
I+ ,. 

5 
5 
5 
5 
5 
5 

120 

6 2 ' 
6 2 
6 2 
6 

2 
6 Z 
6 2 

7 
1 
1 
7 

8 
8 
8 
8 
8 
8 

9 

5 
5 
5 
56 
56 
56 
56 

1 
1 
1 

OMAP 
Inst. 

OFP 
SAVE 
S0F!1 
CHKPNT 
CASE 
S0R2 
OFP 
SAVE 
COND 
PLOT 
SAVE 
PRTHSG 
LABEL 
JUMP 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
P~TPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
!ND 

8 
8 
8 

9 
9 

0 
0 

7.14-12 (12/29/78) 

Bi t. Po$.j tiQ.o 
94 100 110 120 

8 
8 

9 
9 

0 
0 



STATIC ANALYSIS USING CYCLIC TRANSFORMATION 

7. 15 RESTART TABLES FOR STATIC ANALYSIS USING CYCLIC TRANSFORMATION 

7. 15. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CQDHEH3 2 PTRPLT 3 
AXIF 1 CQOPLT z PTRPLT1 3 
'CELAS1 1 CQUA01 z PTRSHL 3 
CELASZ 1 CQUADZ z PTUBE 3 
CELASJ 1· CQUAOTS z PTWIST 3 
·CELAS4 1 CROO 2 GENEL .. 
CHASS1 1 CSHEAR 2 CONH1 5 
CHASS2 1 CTETRA 2 CONH2 5 
CHASSJ 1 CTORDRG z PELAS 6 
CHASS4 1 CTRAPAX 2 PHASS 7 

'COl:'D1C 1 CTRAPRG 2 MAT1 8 
CORD1R 1 CTRBSC z HAT2 8 
CORD1S 1 CTRIA1 2 HAT3 8 
CORDZC 1 CTRIAZ 2 HATI. 8 
COR02R 1 CTRIAAX 2 MATS 8 
CORD2S 1 CTRIARG z MATT1 8 
GROSET 1 CTRIATS 2 HATTZ 8 
GRID 1 CTRIH& 2 HATT3 8 
GRIDB 1 CTRHEH z MATTI+ 8 
POINTAX 1 CTRPLT 2 HATT5 e 
RINGAX 1 CTRPLT1 2 TABLEH1 8 
RINGFL 1 CTRSHL 2 TABLEH2 ! 
SECTAX 1 CTUBE 2 TABLEH3 8 
SEQGP 1 CTWIST 2 TABLEH4 8 
SPOINT 1 CWEOGE 2 TEMPHTS 8 
AOUM1 2 PBAR 3 TEHPHXS 8 
AOUH2 2 PCONEAX 3 AXISYHS 9 
ADUHJ 2 POUH1 3 CP.I.G01 9 
AOUM4 2 POUHZ 3 CRIGD2 9 
ADUMS 2 POUHJ 3 CRIGDJ 9 
AOUH6 2 POUH .. 3 CRIGOR 9 
AOUH7 2 POUM5 3 HPC 9 
AOUM8 2 POUH6 J HPCADD 9 
AOUH9 2 PDUH7 3 HPCAX 9 
BAROR 2 POUH8 3 HPCS 9 
CBAR 2 POUH9 3 SPC 10 
CCONEAX 2 PHBDY 3 SPC1 10 
COUH1 2 PIHEX 3 SPCA DO 10 
COUH2 2 PQOMEM 3 SPCAX 10 
COUH3 2 PQOHEH1 3 SPCS 10 
COUM .. 2 PQOMEM2 3 ASET 11 
COUHS 2 PQDNENJ 3 ASET1 11 
COUH6 2 PQDPLT 3 OMIT 11 
COUH7 2 PQUA01 3 OHIT1 11 
COUH8 2 PQUADZ 3 Ol'IITAX 11 
CDUMCJ 2 PQUAOTS 3 CYJOIN 12 
CHBOY 2 PROO 3 TEHP 13 
CHEXA1 2 PSHEAR 3 TEHPAX 13 
CHEXA2 z PTORORG 3 TEHPO 13 
CIHEX1 2 PTRAPAX 3 TEHPP1 13 
CIHEX2 2 PTRBSC 3 TEHPP2 13 
CIHEX3 2 PTRIA1 3 TEHPP3 13 
CONROD 2 PTRIA2 ~ TEHPRB 13 
CQOHEH 'Z PTRIAAX 3 WTHASS 14 
CQOHEHt 2 PTRIATS 3 GROPNT 15 
CQOHEH2 2 PTRIH6 3 PLOTEL 16 

•PTRMEM 3 IRES 17 

7.15-1 (12/29/78) 



RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

PLOTS 18 
POUTS 19 
COUPMASS 2Ct 
CPBAR 21+ 
CPQOPL T 24 
CPQUAC1 21t 
CPQUA02 Zit 
CPROO 21t 
CPTRBSC 21t 
CPTRIA1 Zit 
CPTRIAZ 21t 
CPTRPLT. Zit 
CPTUBE 21+ 
DEFORM 59 
DEFORMS 59 
LOADS c;g 
RFORCES 59 
SPCO 59 
FORCE 60 

' FORCE1 60 
FORCEZ 60 
FORCEAX 60 
LOAD 60 
140HAX 60 
MOMENT 60 
M014ENT1 60 
MOMENTZ 60 
PLOAD 60 
PLOA01 60 
PLOAOZ 60 
PI.OA03 60 
PRESAX 60 
QBDY1 60 
QBOYZ 60 
QHBOY 60 
QVECT 60 
QVOL 60 
SLOAO 60 
GRAV 61 
RFORCE 61 
TEHPLDS 62 

7. 15-2 (12/29/78) 



STATIC ANALYSIS USING CYCLIC.TRANSFORMATION 

7. 15.2 Bit Positions for Fi 1 e Name Restart Table 

File Name Bit Pos. File Name Bit Pos. 

PX 108 BGPOT 94 KKK 109 CSTH 94 Pl( 109 EQEXIN 94 PG 110 GPOT 94 Pl 111 GPL 94 PO 111 SIL 94 PS 111 ECT 9S QR 111 GPTT % PUOV 112 SLT 96 UODV 112 GPECT 97 PGG 113 EST 97 QG 113 GE! 97 UGV 113 GPST 98 OEF1 114 KGGX 98 OES1 114 HGG 99 OPG1 11't KGG 100 OQG1 114 ASET 101 OUGV1 Ult RG 101 PUGV1 114 USET 101 
ELSETS 11S vs 101 
GPSETS 115 OGPST 102 
PL TPAR 115 GM 103 PL1SETX us KNN 10~ KOICT 116 KFF 105 KELM 116 KFS 10S 
HOICT 116 KSS 105 HELH 116 GO 106 LKK 117 KAA 106 RUKV 118 KOO 106 UKV 118 LOO 106 
RUXV 119 CYCD 107 uxv 119 GCYCF 108 ULV 120 
GCYCB 120 

7. 15-3 (12/29/78) 



RIGID FORMAT RESTART TABLES 

7.15.3 Card Name Restart Table 

0"'1JIP rit Position 
Inst. 10 20 30 40 so 60 

BEGIN 1234567890123456789 4 9012 
FILE t2345&78901234567e9 4 9012 
FILE 1234567890123456789 4 9012 
PARAH 12345678901234 go12 
GP1 1 
SAVE 1 
CHKPNT 1 
sss 6 
GP2 12 45 6 
CHKPNT 12 45 6 
sss & 
PAR.AHL 8 
sss 1 
PUP.GE 8 
sss 7 
CONO 8 
sss 7 

, PL TSET 8 
sss 1 
SAVE 8 
sss 1 
P~THSG 8 
sss 1 
PARAH 8 
sss 1 
PAPAN 8 
sss 7 
COHO 8 
sss 1 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTHSG 8 
sss 7 
LAeEL 8 
sss 1 
CHKPNT 8 
sss c7 
GPJ 12 3 01 · 
SAVE 12 3 01 
PAPAM 12 3 s 01 
CHKPNT 12 3 5 01 
sss 6 
TA1 1234567 ~ 

SAVE 1234567 3 
PARAl'I 1234567 3 
CONO 1234567 3 
PURGE 1234567 3 
CHKPNT 1234567 3 
sss 6 
CONO 123 5678 45 4 1 
PAPAM 123 6 8 
EHG 123 5678 45 4 1 
SAVE 123 5678 45 4 1 
CHKPNT 123 5678 45 .. 1 
sss 6 
COHO 123 6 8 

7.15-4 (12/29/78) 



STATIC ANALYSIS USING CYCLIC TRANSFORMATION 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

EMA 123 6 8 
CHKPNT 123 E, 8 
sss E, 

LABEL 123 E, 8 
CONO 123 5 78 45 4 1 
EHA 123 5 78 45 .. 1 
CHKPNT 123 5 7 8 45 4 1 sss E, 
LABEL 123 5 78 45 4 1 
CONO 123 5 78 45 .. 
sss 8 
CONO 123 5 78 45 4 
!SS 8 
GPWG 123 5 78 45 4 
sss 8 
OFP 123 5 78 45 4 
sss 8 
LABEL 123 5 78 45 .. 1 
EQUIV 1234 6 8 
CHKPNT 1234 6 8 
sss 6 
CONO 1234 E, 8 
SHA3 1234 & 8 
CHKPNT 1234 E, 8 
sss 6 
LABEL 1234 6 8 
PARAl'I 1 901 3 
GP4 1 901 9 
SAVE 1 901 9 
CONO 1 901 3 
PARAM 1 901 3 
CONO 1 901 3 
PURGE 1 901 3 
CHKPNT 1234 E, 8901 3 
sss 6 
GPCYC 1234 E, 89012 9 
SAVE 1234 E, 89012 3 
CHKPNT 1234 6 89012 9 
sss 6 
CONO 1234 6 89012 3 
CONO 123 6 890 
GPSP 123 6 890 
SAVE 123 6 890 
CONO 123 6 890 
OFP 123 E, 890 
LABl:.L 123 6 890 
EQUIV 1234 6 89 
CHKPNT 1234 6 89 
sss 6 
CONO 1234 6 89 
HCE1 1 9 
Ct4KPNT 1 9 
sss 6 
HCE?. 1234 6 89 
CHKPNT 1234 6 89 
sss 6 
LABEL 1234 6 89 
EQUIV 1231+ & 890 

7. 15-5 (12/29/78) 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 61) 

CHKPNT 1234 6 890 
sss 6 
CONO 1234 6 890 
SCE1 1234 6 890 
CHKPNT 1234 & 890 
!SS 6 
LABEL 1234 6 890 
EQUIV 1234 6 8901 
CHKPNT 1234 6 8901 
sss 6 
COHO 1234 6 8901 
SHP1 1234 6 8901 
CHKPNT 1234 6 8901 
sss 6 
LABEL 1234 6 8901 
SSG1 123 5678 9012 
CHKPNT 123 5678 - 9012 
tSS 6 
EQUIV 123 567 9901 9012 
CHKPNT 123 5678901 9012 
sss 6 
CONO 123 5678901 · 9012 
SSG2 123 5618901 9012 
CHKPNT 123 567 8901 9012 
sss 6 
CONO 123 567!901 9012 
SSG3 12345678901 9012 
CHKPNT 1234567!901 9012 
sss 6 
CONO 1234t5678901 7 9012 
NATGPF! 1231+5678901 7 9012 
LABEL 12345678901 7 9012 
EOU!V 12345678901 9012 
CONO 12345678901 9012 
CYCT1 123456789012 9012 
SAVE 123456789012 9012 
LABEL 1231t56789012 '3012 
CHKPNT 123456789012 9012 
sss 6 
COHO 123456789012 qo12 
PARAH 1231t56789012 9012 
JUHP 1231+56789012 9012 
LABEL 123456789012 9012 
CYCT2 123456789012 9012 
SAVE 123456789012 9012 
CHICPNT 123456789012 9012 
!SS 6 
CONO 123456789012 9012 
RBHG2 123456789012 9012 
CHKPHT 123456789012 go 12 
sss r, 
SSG3 123456789012 9012 
CHKPNT 1231t567 89012 H12 
sss 6 
CYCT2 12 3456789012 9012 
SAVE 1231+56789012 9012 
CHKPHT 123456789012 9012 
sss 6 
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STATIC ANALYSIS USING CYCLIC TRANSFORMATION 

DMAP Bit Position 
Inst. 10 20 30 40 50 6() 

COND 123456789012 S 012 

CONO 123456789012 9012 

HATGPR 123456789012 9012 

LABEL 123456789012 9012 

PARAH 123456789012 9012 

PARAH 123456769012 9012 

CONO 123456789012 9012 

REPT 123456789012 9012 

JUHP 1231+56789012 9012 

LABEL 123456789012 9012 

EQUIV 123456789012 9012 

CONO 123456789012 9012 

CYCT1 12 3456789012 9012 

SAVE 123456789012 9012 

COND 1231+56789012 9012 

LABEL 12 31+56 7 89012 9012 

CHKPNT 1231t56789D12 9 012 

!SS 6 
S0R1 12 3456789012 9012 
CHKPl'IT 123456789012 9012 
sss 6 
CONO e9 
E QHCK 89 
OFP 89 
SAVE 89 
LAE'EL 89 
S0R2 89. 
PAIUH 9 
OFP 9 
SAVE 9 
CONO 8 
sss 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTHSG 8 
sss 7 
LABEL 8 
sss 7 
JU"P 12345678901 34567!9 4 9012 
LABEL 12345678901 34567 89 4 9012 
sss 1 3 
PRTPARH 12345678901 345671'9 4 H12 
sss 1 3 
LABEL 12345678901 3456789 ,. 9012 
sss 8 
PRTPARH 12345678901 34567 89 4 9 012 
sss 8 
LABEL 12345678901 3456789 4 9012 
PRTPARH 12345678901 34567 89 4 9012 
LABEL 12345678901 34567 89 4 9012 
P~TPARH 12345678901 3456789 4 9012 
LABEL 123451:>78901 3456789 ,. S012 
PRTPARH 12345678901 34567 !!9 ,. 9012 
LABEL 1231t567 8901 34567139 ,. 9012 
PRTPAP.H 12345678901 3456789 4 9012 
LABEL 1231+5678901 3'+567 89 4 9012 
ENO 12345678901 3456789 4 9012 
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RIGID FORMAT RESTART TABLES 

7. 15.4 Rigid Format Change Restart Table 

DMAP Bit Position OMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 
BEGIN 3456789012345 7 345 SAVE 
FILE 345&789012345 7 '345 CONO 3456789012345 7 345 
FILE 3456789012345 7 345 PARAH 
PARAH COHO 
GP1 PURGE 
SAVE CHKPNT 
CHKPNT GPCYC 
GP2 SAVE 
CHKPNT CHKPNT 
PAP.AHL CONO 
PURGE CONO 
COHO GPSP 
PLTSET SAVE 
SAVE COHO 
PRTP4SG OFP 
PARAH LABEL 
PARAH EQUIV 
CONO CHKPNT 
PLOT COHO 
SAVE MCE1 
PRTHSG CHKPNT 
LABEL MCEZ 
CHKPNT CHKPNT 
GP3 LABEL 
SAVE EQUIV 
PA~AH 345&78901231+5 7 31+5 CHKPNT 
CHKPNT CONO 
TA1 SCE1 
SAVE CHKPNT 
PARAH 31+5678901231+5 7 31t5 LABEL 
CONO 34567890123 .. 5 7 345 EQUIV 
PUPGE CHKPNT 
CHKPNT CONO 
CONO SMPt 
PARAH CHKPNT 
EHG LABEL 
SAVE SSG1 
CHKPNT CH!(PNT 
COND EQUIV 
EHA CHKPNT 
CHKPNT COHO 
LABEL SSG2 
CONO C"'KPNT 
EMA CONO 
CHKPNT SSG3 't 

LABEL CHKPNT .. 
COND COND 3456789012345 7 345 
COND MATGPR 3 .. 567890123 .. 5 7 345 
GPWG LABEL 34567B9012345 7 345 
OFP EQUIV 
LABEL COHO 
EQUIV CYCT1 
CHKPNT SAVE 
COND LABEL 
SHA! CHKPNT 
CHKPNT CONO 
LABEL PARAH 
PUAM JUMP 
GPC. LABEL 
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STATIC ANALYSIS USING CYCLIC TRANSFORMATION 

O~AP Bit Position 
Inst. 63 70 80 

CYCTZ 
SAVE 
CHKPNT 
CONO 
RBMG2 
CHKPNT 
SSG'3 
CHKPNT 
CYCT2 
SAVE 
CHKPNT 
CONO 
CONO 
HATGPR 
LABEL 
PARAH 
PUAH 
COND 
~EPT 
JUMP 
LAeEL 
EQUIV 
CONO 
CYCT1 
SAVE 
COHO 
LABEL 
CHKPNT 
SOIU 
CHKPNT 
COHO 
EQMCK 
OFP 
SAVE 
LABEL 
SDP2 
PARAH 
OFP 
SAVE 
CONO 
PLOT 
SAVE 
PRTMSG 
LABEL 
JUMP 
LABEL 
PRTPAR"1 
LABEL 
PRTPARH 
LABEL 
P~TPARH 
LABEL 
PRTPARM 
LABEL 
PRTPARH 
LABEL 
PRTPAP.H 
LABEL 
END 

3456789012345 7 
3456789012345 7 
34S678901234S 7 
3456789012345 1 
3456789012345 7 
345678901234S 7 
345678901234$ 7 
3456789012345 7 
3456789012345 7 
3456789012345 1 
'3456789012345 1 
3'456789012345 7 
31+56789012345 1 
3456789012345 7 
3'456789012345 7 

345 
345 
345 
345 
345 
345 
3lt5 
345 
345 
345 
3'45 
345 
345 
345 
345 
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7. 15.5 File Name Restart Table 

DMAP · Bit Position 
Inst. 94 100 110 

BEGIN 
FILE 
FILE 
PAPAM 
GP1 4 
SAVE I+ 
CHKPNT I+ 
GP2 5 
CHKPHT 5 
PAP.AHL 
PURGE 
CONO 
PLTSET 
SAVE 
PRTHSG 
PARAH 
PARAM 
CONO 
PLOT 
SAVE 
P~THSG 
LABEL 
CH.KPNT 
GP3 6 
SAVE 6 
PARAH E, 9 
CHKPNT 6 
TA1 7 
SAVE 7 
PAPAH 7 
CONO 7 
PURGE 78 z 
CHKPNT 7 
CONO 89 
PARAH 8 
EHG 
SAVE 
CHKPNT 
CONO 8 
EMA 8 
CHKPNT 8 
LABEL a 
CONO 9 
EHA 9 
CHKPNT 9 
LABEL 9 
CONO 
COHO 
GPMG 
OFP 
LABEL 89 
EQUIV 0 
CHKPNT 0 
CONO D 
SMA3 0 
CHKPNT 0 
LAeEL D 

RIGID FORMAT RESTART TABLES 

OMAP 
120 Inst. 

PARAH 
GPi. 
SAVE 
CONO 
PARAH 
CONO 
PURGE 
CHKPNT 
GPCYC 

5 SAVE 
5 CHKPNT 
5 CONO 
5 CONO 
5 GPSP 
s SAVE 
5 CONO 
5 OFP 

LABEL 
EQUIV 
CHKPNT 
CONO 
HCE1 

5 CHKPNT 
MCE2 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
CONO 
SCE1 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
CONO 

6 SP4P1 
6 CHKPNT 
6 LABEL 

SSGl 
CHKPNT 
EQUIV 
CHKPNT 
CONO 
SSG2 
CHl<PNT 
CONO 
SSG3 
CHKPNT 
CONO 
HATGPR 
LABEL 
EQUIV 
COND 
CYCT1 
SAVE 
LABEL 
CHKPNT 
COND 

7.15-10 (12/29/78) 

94 
Bit Pos i ti on 

100 110 120 
1 
1 
1 
1 
1 

.1 3 56 
1 3 56 

2 
2 
z 
z 
z 
2 

4 
4 

34 
3 
3 .. 

4 
34 

5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
E, 

7 
7 
7 
7 

8 
8 
! 
8 
8 
8 

0 
0 

1 
1 
1 
1 
1 

1 
1 

z 
z 



STATIC ANALYSIS USING CYCLIC TRANSFORMATION 

OMAP Bit Position 
Inst. 94 100 110 120 

PAP.AH 
JUMP 
LABEL 
CYCT2 9 
SAVE 9 
CHKPNT 9 
COND 
RBHG2 7 
CHKPNT 7 

SSG3 8 
CHKPNT 8 
CYCT2 g 
SAVE 9 
CHKPNT g 
CONO 
CONO 
MATGPR 
LABEL 
PARAH 
PARAH 
CONO 
REPT 
JUMP 
LABEL 
EQUIV 0 
CONO 0 
CYCT1 0 
SAVE 0 
CONO 0 
LABEL 0 
CHKPNT 0 
SDR1 
CHICPNT 
CONO ,. 
EQHCK 4 
OFP 4 
SAVE 4 
LABEL 4 
S0R2 4 
PARAH 
OFP 
SAVE 
COHO 
PLOT 
SAVE 
PP..THSG 
LABEL 
JUMP 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LAeEL 
PRTPARH 
LABEL 
PRTPAPH 
LABEL 
PRTPARH 
LABEL 
PRTPAPH 
LABEL 
END 7. 15-11 ( 12/29/78} 



NORMAL MODES ANALYSIS USING CYCLIC TRANSFORMATION 

7. 16 RESTART TABLES FOR NORMi\L !'t()OES ANALYSIS USING CYCLIC TRANSFORMATION 

7. 16. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CIHEX1 2 PP.OD 3 
AXIF 1 CIHEXZ 2 PSHEAR 3 
AXSLOT 1 CIHEX3 2 PTORORG 3 
CEI.AS1 1 CFLUID2 z PTRAPAX 3 
CELAS2 1 CFLUI03 2 PTRBSC 3 
CELAS3 1 CFLU!O«. 2 PTPIA1 3 
CELAS«. 1 CONROD 2 PTRIA2 3 
CHASS1 1 CQOHEH 2 PTRIAA X 3 
CHASS2 1 CQOHEH1 2 PTP.IATS 3 
CHASS3 1 CQOHEH2 2 PTRIM6 3 
CHASS«. 1 CQDHEH3 z PTRHEH 3 
C0~01C 1 CQDPLT 2 PT~PLT 3 
COR01R 1 CQUAD1 z PTP.PL T1 3 
CORD1S 1 CQUAOZ 2 PTP.SHl. '3 
COROZC 1 CQUAOTS 2 PTUBE 3 
COR02R 1 CROO 2 PTWIST 3 
COROZS 1 CSHEAR 2 GENEL .. 
FREEPT 1 CSLOT3 2 CONM1 5 
GRDSET 1 CSLOTlt 2 CONH2 5 
GRID 1 CTETRA z FSLIST 5 
GP.IDB 1 CTORORG z PELAS 6 
GRIDF 1 CTRAPAX z PHASS 7 
GRIDS 1 CTRAPRG 2 HAT1 8 
POINTAX 1 CTRSSC 2 MATZ e 
PP.ESPT 1 CTRIA1 z MAT3 a 
RtNGAX 1 CTRIA2 2 MATT1 a 
RINGFL 1 CTRIAAX 2 MATT2 a 
SECTAX 1 CTRIARG 2 MATT! 8 
SEQGP 1 CTRIATS 2 TABLEH1 8 
SLBDY 1 CTRIH6 2 TABLE112 e 
SPOINT 1 CTRHEH 2 TABLEH3 8 
ADUM1 2 CTRPLT 2 TABLEHft e 
ADUHZ 2 CTRPLT1 2 TEHPHTS " AOUHl 2 CTRSHL 2 TEHPHXS 8 
ADUM«. 2 CTUBE 2 AXISVHS q 
ADUH5 2 CTWIST 2 CRIG01 9 
ADUH6 2 CWEDGE z CRIGDZ 9 
ADUH7 2 PBAR 3 CRIGD3 9 
ADUH8 2 PCONEAX 3 CRIGOR 9 
AOUMCJ 2 PDUH1 3 · HPC 9 
BAROR 2 POUHZ 3 l"PCAOO 9 
CAlCIF2 2 PDUHl 3 fi'PCAX 9 
CAXIFl 2 PDUHlt 3 HPCS 9 
CAXIF4 2 PDUM5 3 SPC 10 
CBAR 2 POUH6 3 SPC1 10 
CCONEAX 2 PDUH7 3 SPCAOO 10 
COUH1 2 POUM8 3 SPCAX 10 
CDUH2 z POUM9 3 SPCS 10 
COUH3 2 P!HEX 3 ASET 11 
COUH«. 2 PQOHEH 3 ASET1 11 
CDUM5 2 PQOHEH1 3 OMIT 11 
COUH6 2 PQDHEH2 3 OHIT1 11 
COUH7 2 PQOHEH3 3 OHI TAX 11 
CDUH8 2 PQOPL T 3 CYJOIN 12 
CDUH9 2 PQUAD1 3 . TEMP 13 
CHEXA1 2 PQUAD2 3 TE14PAX 13 
CHEXA2 2 PQUAOTS 3 TEMPO 13 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

TEHPP1 13 
TEHPP2 13 
TEHPP3 13 
TEHPRB 13 
WTHASS 14 
GROPNT 15 
PLOTEL 16 
PLOTS 18 
POUTS 19 
COUPHASS 24 
CPBAR 24 
CPQOPL T 21t 
CPQUAD1 24 
CPQUA02 24 
CPROO 2ft 
CPTRBSC 24 
CPTRIA1 24 
CPTRIA2 21+ 
CPTRPLT 21+ 
CPTUBE 2ft 
EIGR 61 
METHODS 62 
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NORMAL MODES ANALYSIS USING CYCLIC TRANSFORMATION 

7. 16.2 Bit Positions for File Name Restart Table 

File Name Bit Pos. File Name Bit Pos. 

BGPOT 94 MKK 108 
CSTM 94 LAHK 109 
EQEXIN 94 PH!K 109 
GPOT 94 HI 109 
GPL 94 OEIGS 109 
SIL CJ .. EEO 111 
ECT 95 EQOVN 111 
GPTT 96 GPLO 111 
EST 97 SILO 111 
GE! 97 USETO 111 
GPECT 97 LAHA 11? 
GPST 98 PHIA 112 
IC'GGX 98 PHIG 113 
MGG 99 QG 113 
KGG 100 OEF1 114 
ASET 101 OES1 114 
RG 101 OPHIG 114 
USET 101 OQG1 114 
OGPST 102 PPHIG 114 
GH 103 BGPOP 115 

I 

KNN 104 SIP 11S 
HNN 104 ELSETS 116 
KFF 1D5 GPSETS 116 
KFS 105 PLTPAR 116 
HFF 105 PLTSETX 116 
GO 106 HAA 117 
KAA 106 KOICT 118 
cvco 107 KELM 118 
KKK 108 HOICT 118 

HELM 118 
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RIGID FORMAT RESTART TABLES 

7.16.3 Card Name Restart Table 

OM.AP Bit Position 
Inst. 10 20 30 40 50 60 

BEGIN 1234567890123'+56 89 '+ 12 
GP1 1 
SAVE 1 
CHKPNT 1 
sss 6 
GP2 12 '+S 6 
CHKPNT 12 45 & 
sss & 
PAIUHL 8 
sss 7 
PURGE 8 
sss 7 
CONO 8 
sss 7 
PLTSET 8 
sss 7 
SAVE 8 
sss 7 
PPTHSG 8 
sss 7 
PARAH 8 
sss 7 
PARAH 8 
sss 7 
CONO. 8 
sss 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTMSG 8 
sss 7 
LABEL ! 
sss 7 
CHKPNT 8 
sss 67 '\ 

GP3 1 l 
CHKPNT 1 3 
sss 6 
TA1 123'+567 3 
SAVE 1234567 3 
CONO 12345678 34 4 
PURGE 1234567 3 
CHKPNT 123.1+567 3 
sss 6 
PA~AM 123 6 8 
PARAH 123 5 78 
EHG 123 5678 ,. ,. 
SAVE 123 5678 ,. ,. 
CHKPNT 123 567 8 ,. ,. 
sss 6 
CONO 123 6 8 
Et'!A 123 6 6 
CHKPNT 123 6 8 
sss 6 
LABEL 123 E, 8 
CONO 123 5 78 

7. 16-4 (12/29/78) 
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NORMAL MODES AN.A.LYSIS USINt: CYCLIC TRANSFORMATION 

0"1AP Bit Position 
Inst. 10 20 30 40 50 60 

EMA 123 5 78 .. .. 
CHKPNT 123 5 78 I+ .. 
sss 6 
CONO 123 S 78 45 4 
sss 8 
GPMG 123 5 78 45 4 
sss 8 
OFP 123 5 78 45 4 
sss 8 
LABEL 123 5 78 1+5 4 
sss 8 
EQUIV 1234 6 8 
CHl<PNT 1231+ 6 8 
sss f) 

CONO 1234 6 8 
St-'A3 1231+ 6 8 
CHKPNT 1234 6 8 
sss 6 J 
LABEL 1234 6 8 
PAC.,Af'I 1 901 
GP4 1 901 
SAVE 1 901 
CONO 1 901 
PARAH 1 901 
COND 1 901 
PUPGE 1 901 
CHKPNT 12345678901 4 
sss 6 
GPCYC 1 . 9012 
SAVE 1 9012 
CHl<PNT 1 9012 
sss 6 
CONO 1 9012 
COHO 123 6 890 
GPSP 123 6 890 
SAVE 123 6 890 
COHO 123 6 890 
OFP 123 6 890 
LABEL 123 6 890 
EQUIV 1231+56789 4 .. 
CHKPNT 1Z31t56789 ,. 4 
sss 6 
CONO 123456789 .. 4 
HCE1 1 9 
CHKPNT 1 9 
ISS 6 
HCE2 123456789 .. .. 
CHKPNT 123456789 .. I+ 
ISS 6 
LABEL 1231+56789 .. .. 
EQUIV 1234567890 .. .. 
CHKPNT 1234567890 4 .. 
tss 6 
CONO 123lt567890 .. .. 
SCE1 1234567 890 " 

,. 
CHKPNT 1234567890 .. ,. 
sss 6 
LABEL 1Z34567890 .. .. 

7. 16-5 (12/29/78) 



RIGID FORMAT RESTART TABLES 

OMAP Bit Position 
Inst. 10 20 30 40 50 60 

EQUIV 1234 6 8901 
EQUIV 12345678901 4 .. 
CHKPNT 12345678'301 4 .. 
sss 6 
CONO 12345678901 4 4 
SHP1 1234 6 8!01 
CHKPNT 1234 6 8901 
sss 6 
SHP2 12345678901 .. 4 
CHKPNT 1234567 8901 .. 4 
sss 6 
LABEL 12345678901 .. 4 
OPO 1 901 1 
SAVE 1 901 1 
CONO 1 901 1 
CHKPNT 1 901 1 
sss 6 
CYCTZ 123456789012 1 
SAVE 123456789012 1 
CHKPNT 123456789012 1 
sss 6 
CONO 123456789012 1 
READ 1234567 89012 4 4 12 
SAVE 123456789012 4 4 12 
CHKPNT 123456789012 4 .. 12 
sss 6 
PARAH 123456789012 4 4 12 
OFP 123456789012 .. .. 12 
SAVE 123456789012 .. 4 12 
COND 1234567 89012 .. .. 12 
OFP 123456789012 .. .. 12 
SAVE 12345678'9012 .. .. 12 
CYCT2 123456789012 4 .. 12 
SAVE 123456789012 .. .. 12 
CHKPNT 123456789012 .. .. 12 
sss 6 
CONO 123456789012 .. .. 12 
SOR1 123456789012 .. .. 12 
CHKPNT 123456789012 .. 4 12 
sss 6 
PARAM 89 
EQUIV 89 
CHKPNT 89 
sss 
COND !9 
PLTTRAN 89 
SAVE 89 
CHKPNT 89 
sss 
LABEL 89 
COND 89 
EQMCK 89 
OFP 89 
SAVE 89 
LABEL 89 
S0R2 89 
OFP 9 
SAVE 9 
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NORr1AL MnOES .4NALYSIS IJSINr. CYCLIC TRANSFnRMATION 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

CONO 8 
sss 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTHSG 8 
sss 7 
LABEL 8 
sss 1 
JUHP 12345678901 3456 89 ,. 12 
LABEL 12345678901 3456 89 I+ 12 
PRTPARH 12345678901 3456 89 ,. 12 
LABEL 12345678901 '3456 89 .. 12 
PRTPARH 12345678901 3456 89 4 12 
LABEL 12345678901 3456 89 .. 12 
PRTPARH 123456789D1 3456 89 .. 12 
LABEL 12345678901 3456 89 ,. 12 
PPTPARH 12345678901 31+S6 89 ,. 

J 
12 

LABEL 12'345678901 3456 89 .. 12 
P~TPARH 12345678901 3456 89 4 12 
LABEL 123456789D1 3456 89 ,. 12 
PRTPARH 12345678901 31+56 89 .. 12 
LABEL 12345&78901 3456 89 ,. 12 
ENO 12345678901 3456 89 .. 12 
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RIGID FORMAT RESTART TABLES 

7. 17.4 Rigid Format Change Table 

DMAP Bit Position D"1AP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 
BEGIN 34567890123456 345 SAVE 
GP1 CHKPNT 
SAVE COND 
CHKPNT COND 
GP2 GPSP 
CHKPNT SAVE 
PARAHL COHO 
PURGE OFP 
CONO LABEL 
PLTSET EQUIV 
SAVE CHl<PNT 
PP.THSG CONO 
PAP.AH HCE1 
PARAH CHKPNT 
CONO HCEZ 
PLOT CHKPNT 
SAVE LABEL 
PRTl1SG EQUIV 
LABEL CHKPNT 
CHKPNT CONO 
GP3 SCE1 
CHKPNT CHKPNT 
TA1 LABEL 
SAVE EQUIV 
CONO EQUIV 
PURGE CHKPNT 
CHICPNT CONO 
PA~AH SHP1 
PAP.AM 3 618 CHKPNT 
EHG 3 678 SMP2 
SAVE 3 678 CHKPNT 
CHl<PNT 3 678 LABEL 
COHO OPO 
El'IA SAVE 
CHKPNT COND 34567890123456 345 
LABEL CHl<PNT 
CONO 34567890123456 3ft5 CYCT2 
EHA 3 678 SAVE 
CHKPNT 3 678 CHKPNT 
COHO CDNO 
GPNG READ 
OFP SAVE 
LABEL CHKPNT 
EQUIV PARAH 
CHKPNT OFP 
CONO SAVE 
SHA3 CONO 
CHl<PNT OFP 
LABEL SAVE 
PARApt, CYCT2 
GPlt SAVE 
SAVE CHKPNT 
COHO CONO 
PARAH SOR1 345671!90123456 345 
CONO CHKPNT 34567890123456 3"4-5 
PURGE PARAH 
CHKPNT EQUIV 
GPCYC CHKPNT 

/ 
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NORMAL MODES ANALYSIS USINr, CYCLIC TRANSFORMATION 

DMAP Bit Position 
Ins.t. 63 70 80 

CONO 
PL TTRAN 
SAVE 
CHKPNT 
LABEL 
CONO 
EQHCK 
OFP 
SAVE 
LABEL 
S0R2 
OFP 
SAVE 
CONO 
PLOT 
SAVE 
PRTMSG 
LABEL 
JUMP 
LABEL 
PRTPARH 
LABEL 
PRTPARM 
LABEL 
PRTPllRH 
LABEL 
PP.TPARN 
LABEL 
P~TPARH 
LABEL 
PRTPARH 
LABEL 
ENO 

3'4567890123'45.6 
3'4567890123'456 
3'4567890123456 
3 .. 567890123456 
34567890123456 
3'4567890123456 
3 .. 567890123'456 
31t567890123456 
3 .. 5678901231+56 
31+5678901231+56 
34567890123456 
34567890123456 
3'4567890123'456 
31+567890123456 
345678901231+56 

345 
345 
345 
345 
345 
31t5 
345 
345 
345' 
345 
345 
345 
31t5 
345 
345 
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RIGID FORMAT RESTART TABLES 

7. 16.5 File Name Restart Table 

DMAP Bit Position OMAP Bit Position 
Inst. 94 100 110 120 Inst. 94 100 110 120. 
BEGIN SAVE 7 
GP1 4 CHKPNT 7 
SAVE 4 CONO 7 
CHKPNT ,. CONO z 
GPZ 5 ·GPSP 2 
CHKPNT 5 SAVE 2 
PARA11L 6 CONO ·2 
PURGE 6 OFP 2 
COHO 6 LABEL z 
PLTSET 6 EQUIV 4 
SAVE 6 CHKPNT .. 
PRTHSG r, CONO 34 
PA~AH r, HCE1 3 
PAi.iAM 6 CHKPNT 3 
CONO HCEZ ,. 
PLOT CHKPNT ,. 
SAVE LABEL 34 
P~TMSG EQUIV 5 
LABEL CHKPNT 5 
CHKPNT 6 CONO 5 
GP3 6 SCE1 5 
CHKPNT 6 CHKPNT 5 
TA1 7 LABEL 5 
SAVE 7 EQUIV 6 
CONO 7 EQUIV 7 PURGE 7 z CHKPNT 6 1 CHKPNT 7 COND 6 7 PAIUH 8 SHP1 6 
PARAH CJ CHKPNT 6 EHG 8 SHP2 7 SAVE 8 CHKPNT 1 CHKPNT 8 LABEL 6 7 CONO 8 DPO 1 EMA 8 SAVE 1 CHKPNT 8 COHO 1 LABEL 8 CHKPNT 1 CONO g CYCT2 8 
EHA 9 SAVE 8 CHKPNT 9 CHKPNT 8 
CONO CONO 8 GPWG READ q 
OFP SAVE 9 
LABEL CHKPNT 9 EQUIV D PARAN 9 CHKPNT 0 OFP 9 CONO 0 SAVE g 
SHA3 0 COND 34 
CHKPNT 0 OFP g 
LABEL 0 SAVE 9 
PAR.AH 1 CYCT2 2 GP .. 1 SAVE 2 
SAVE 1 CHKPNT z 
CONO 1 CONO z PARAH SDR1 3 
CONO CHKPNT 3 
PURGE 1 3 56 3 PARAH 5 
CHKPNT 1 3 56 3 EQUIV 5 
GPCYC 1 CHKPNT 5 
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DMAP 
Inst. 
CONO 
PL TTRAN 
SAVE 
CHl<PNT 
LABEL 
CONO 
EQNCK 
OFP 
SAVE 
LABEL 
SDR2 
OF'P 
SAVE 
COND 
PLOT 
SAVE 
P~THSG 
LABEL 
JUMP 
LABEL 
PPTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARM 
LABEL 
PRTPARH 
LABEL 
PR.TPARH 
LABEL 
PRTPARH 
LABEL 
END 

94 

NORMAL MODES ANALYSIS USINr. CYCLIC TRANSFOR~ATION 

Bit Position 
l 00 110 

It 

5 
lj 

5 
5 
5 
5 
5 
lj 

5 
5 

120 

. 
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STATIC HEAT TRANSFER ANALYSIS 

7. 17 RESTART TABLES FOR STATIC HEAT TRANSFER ANALYSIS 

7. 17. l Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

AXIC 1 CQDHEH1 2 PTRHEH 3 
AXIF 1 CQOHEHZ 2 PTRPLT 3 
CELAS1 1 CQDHEHJ 2 PTUBE 3 
CELAS2 1 CQDPLT 2 PTWIST 3 
CELASJ 1 CQUA01 2 'GENEL 4 
CELASlt 1 CQUA02 2 ,CONM1 s 
CHASS1 1 CQUADTS 2 ,CONH2 5 
CMASS2 1 CROD 2 PELAS 6 
CHASS3 1 CSHEAR 2 PMASS 7 
CHASS4 1 CTETRA. 2 MAT1 ' CORD1C 1 CTORORG 2 MATZ 8 
COR01R 1 CTRAPAX 2 HAT3 8 
CORD1S 1 CTRAPRG 2 :HAT4 8 
COR02C 1 CTRBSC z HATS e 
COR02R 1 CTRIA1 2 HATT1 8 
COROZS 1 CTRIA2 z HATTZ 8 
GRDSET 1 CTRIAAX 2 HATTJ 8 
GRID 1 CTRIARG z HATTlt e 
GRIDB 1 CTRIATS 2 HATT5 8 
POINTAX 1 CTRHEH 2 TABLEH1 ' RINGAX 1 CTRPLT 2 TABLEH2 8 
RIHGFL 1 CTUBE 2 TABLEHJ e 
SECTAX 1 CTWIST 2 TABLEMlt 8 
SEQGP 1 CWEDGE 2 TEHPHTS 8 
SPOINT 1 PBAR 3 TEHPHXS 8 
AOUH1 2 PCONEAX 3 AXISYMS 9 
AOUHZ 2 POUH1 3 CRIGD1 9 
ADUM3 z PDUH2 3 CRIGDZ 9 
AOUHlt 2 POUHl 3 HPC 9 
AOUHS z POUHlt 3 l'!PCAOD 9 
ADUH6 z POUHS 3 '4PCAX 9 
ADUH7 z POUM6 3 fifPCS 9 
AOUM8 z POUM7 3 SPC 10 
AOUH9 z POUH8 3 SPC1 10 
BAROR z POUH9 3 SPCAOO 10 
CBAR 2 PHBDY 3 SPCAX 10 
CCONEAX 2 PIHEX 3 SPCS 10 
COUH1 2 PQOHEH J ASET 11 
COUH2 z PQOHEH1 3 ASET1 11 
COUM3 2 PQOMEHZ 3 OHIT 11 
CDUMlt 2 PQOHEH3 3 OHIT1 11 
CDUHS 2 PQOPLT 3 OHlTAX 11 
COUH6 2 PQUA01 3 SUPAX 12 
COUM7 2 PQUAOZ 3 SUPORT 12 
COUH8 2· PQUAOTS 3 TEMP 13 
COUH9 2 PROO 3 TEMPAX 13 
CHBDY z PSHEAR 3 TEMPO 13 
CHEXA1 2 PTORORG 3 TE11PP1 13 
CHEXA2 z PT RA PAX 3 TEHPP2 13 
CIHEX1 2 PTRBSC 3 TEMPPJ 13 
CIHEX2 2 PTRIA1 3 TEHPRS 13 
CIHEX3 z PTRIA2 3 WTHASS 14 
CONROD 2 PTRIAAX 3 GRDPNT 1S 
CQOHEH 2 PTRIATS 3 PLOTEL 16 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. 

IRES 17 
PLOTS 18 
POUTS 19 
LOOPS 22 
LOOP1$ 23 
COUPHASS 24 
CPBAR 24 
CPQOPL T 24 
CPQUAD1 24 
CPQUA02 24 
CPROO 24 
CPTRBSC 24 
CPTRIA 1 24 
CPTRIA2 24 
CPTRPLT 24 
CPTUBE 24 
OE FORM 59 
OE FORMS 59 
LOAD$ 59 
RFORCES 59 
SPCD 59 
FORCE 60 
FORCE1 60 
FORCE2 60 
FORCEAX 60 
LOAD 60 
HOMAX 60 
MOMENT 60 
HOMENT1 60 
HOHENT2 60 
PLOAD 60 
PLOA01 60 
PLOAOZ 60 
PLOAD3 60 
PRESAX 60 
QB0Y1 60 
QBOYZ 60 
QHBOY 60 
QVECT 60 
QVOL 60 
SLOAO 60 
GRAV 61 
·RFORCE 61 
TEHPLDS 62 
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STATIC HEAT TRANSFER ANALYSIS 

7. 17.2 Bit Positions for File Name Restart Table 

File Name Bit Pos. File Name Bit Pos. 

SGPOT 94 HLLL 108 
CSTH 94 'HOH 109 
HEQEXIN 94 HPG 110 
GPOT 94 HPL 111 
GPL 94 HPO 111 
HSIL 94 :HPS 111 
ECT 95 HQR 111 
GPTT % HRULV 112 
HSLT 96 HRUOV 112 
HGPECT 97 HULV 112 
HEST 97 :HUOOV 112 
GPST 98 :HPGG 113 
HKGGX 98 HOG 113 
HKGG 100 HUGV 113 
HASET 101 :HOEF1 114 
RG 101 :HOESi: 114 
HUSET 101 :HOPG1 114 
YS 101 HOQG1 114 
OGPST 102 HOUGV1 114 
GH 103 PUGV1 114 
HKNN 104 ELSETS 115 
HKFF 105 GPSETS 115 
HKFS 105 PLTPAR 115 
HGO 106 PLTSETX 115 
HKAA 106 HKOICT 116 
HKOO 106 HICELH 116 
HLOO 106 HHOICT 116 

,HICLL 107 HNELH 116 
HKLR 107 
HKRR 107 
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RIGID FORMAT RESTART TABLES 

7. 17.3 Card Name Restart Table 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

BEGIN 1231t56789D1234567e9 234 9012 
FILE 1234567890123456789 234 ~012 
FILE 12345678901231t56789 234 9012 

sss 1 3 
GP1 1 
SAVE 1 
CHKPNT 1 
sss 6 
GP2 12 45 6 
CHKPNT 12 45 6 
sss 6 
PAP.AHL 8 
sss 1 
PURGE 8 
sss 1 
CONO 8 
sss 1 
PLTSET e 
sss 7 
SAVE 8 
sss 1 
PPTHSG 8 
sss 7 
PARAH 8 
$SS 7 
PARAH 8 
sss 7 
CONO 9 
sss 1 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTHSG 8 
sss 1 
LABEL 8 
ISS 7 
CHKPNT 8 
sss 67 
GP3 12 3 01 
CHKPNT 12 3 5 01 
sss 6 
TA1 123 .. 567 3 
SAVE 123'4567 3 
COND 1234567 3 
PURGE 1234567 3 
CHKPNT 123'4567 3 
sss 6 
COHO 123 5678 45 .. 1 
PARAH 123 6 8 
EHG 123 5678 45 .. 1 
SAVE 123 567 e 45 It .1 
CHKPNT 123 5678 45 .. 1 
sss 6 
CONO 123 6 8 
EMA 123 6 8 
CHICPNT 123 6 8 
sss 6 

I , 
.-' 
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STATIC HEAT TRANSFER ANALYSIS 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

LABEL 123 E, 8 
PARAH 1 9012 23 
JUMP 23 
sss 1 3 
LABEL 23 
sss 1 3 
GP4 1 9012 23 9 
SAVE 1 9012 23 ; 
CONO 1 9012 23 3 
PARAH 1 9012 23 9 
PURGE 1 9012 23 s 
CHl<PNT 1234 6 89012 23 ; 
sss 6 
GPSP 123 6 890 23 
SAVE 123 6 890 23 
CONO 123 6 890 23 
OFP 123 6 890 23 
LABEL 123 6 990 23 
EQUIV 1234 6 89 23 
CHKPNT 1234 6 89 23 
sss :, 
CONO 1234 6 89 23 
HCE1 1 9 23 
CHKPNT 1 9 23 
sss 6 
MCE2 1234 6 89 23 
CHKPNT 1234 6 ~9 23 
sss 6 
LABEL 1234 6 89 23 
EQUIV 1234 6 890 23 
CHKPNT 1234 6 890 23 
sss 6 
COHO 1234 6 890 23 
sce:1 1234 6 890 23 
CHKPNT 1234 6 890 23 . sss 6 
LABEL 12 34 6 890 23 
EQUIV 1234 6 8901 23 
CHKPNT 1234 6 9901 23 
sss 6 
CONO 1231+ 6 8901 23 
SHP1 1231+ 6 8901 23 
CHKPNT 1234 6 8901 23 
sss 6 
LABEL 1234 6 8901 23 
EQUIV 1234 6 89012 23 
·CHKPNT 1234 6 89012 23 
sss 6 
CONO 1234 6 89012 23 
RBHG1 1234 !:, 89012 23 
CHKPNT 1231+ 6 89012 23 
sss 6 
LABEL 1234 6 89012 23 
RBHG2 1234 6 89012 23 
CHKPNT 1234 6 8CJO 12 23 
sss 6 
CONO 1234 6 89012 23 
RBHG3 1234 6 89012 23 
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RIGID FORMAT RESTART TABLES' 

DAAP Bit Position 
Inst. 1 10 20 30 40 50 60 

CHKPNT 1234 6 89012 23 
sss & 
LABEL 1234 6 89012 23 
SSG1 123 5678 23 9012 
CHKPNT 123 567 8 23 9012 
sss 6 
EQUIV 123 56789012 23 . 9012 
CHKPNT 123 56789012 23 9012 
sss 6 
CONO 123 56789012 23 9012 
SSGZ 123 56789012 23 9012 
CHKPNT 123 56789012 23 9012 
sss 6 
LABEL 123 56789012 23 9012 
SSG3 123456789012 23 9012 
SAVE 123456789012 23 3012 
CHKPNT 123456789012 23 9012 
sss 6 
CONO 123456789012 7 23 9012 
HATGPR 1231+56789012 7 23 9012 
11ATGPR 12 31+~6789012 1 23 9012 
LABEL 123456789012 1 23 9012 
S0R1 123456789012 23 9012 
CHKPNT 1234567 89012 23 9012 
sss 6 
COHO 23 
sss 1 3 
REPT 23 
sss 1 3 
JUMP 23 
sss 1 3 
PARAH Z3 
CONO 23 
LABEL 23 
sss 1 3 
CHKPNT 123456789012 i012 
ISS 6 
SOR2 89 
PARAH 9 
OFP 9 
SAVE 9 
COHO 8 
!SS 1 
PLOT 8 
sss 1 
s.avE 8 
sss 1 
PRTHSG 8 
sss 1 
LABEL 8 
sss 1 
JUMP . 1234567890123456789 234 9012 
LABEL 1234567890123456789 234 9012 
sss 1 3 
PRTPARH 1234567890123456789 234 3012 
sss 1 3 
LABEL 12345678901234567!9 234 9012 
PRTPARH 1234567890123456789 234 9012 
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STAJIC HEAT TRANSFER ANALYSIS 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

. 
LABEL 1234567!90123456789 234 9012 
PRTPARH 1234567890123456789 234 3012 
LABEL 1234567890123456789 234 9012 
PRTPARl1 1234567890123456789 234 9012 
LABEL 1234567890123456789 234 9012 
ENO 12345&7890~23456789 234 9012 

1 
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RIGID FORMAT RESTART TABLES 

7. 17.4 Rigid Format Change Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGIN 345678901234567 45 HCE2 
FILE 345678901234567 45 CHKPNT 
FILE 34S678901234S67 45 LABEL 
GP1 . EQUIV 
SAVE CHKPNT 
CHKPNT COND 
GP2 SCE1 

. CHKPNT CHKPNT 
PAR.AHL LABEL 
PURGE EQUIV 
CONO CHKPNT 
PLTSET COND 
SAVE SHP1 
PRTHSG CHKPNT PARAH LABEL 
~ARAH EQUIV 
CONO CHKPNT 
PLOT COND 
SAVE RBHG1 
PP.THSG CHKPNT 
LABEL LABEL 
CHKPNT RBHG2 
GP3 CHKPNT 
CHKPNT CDNO 
TA1 RBHG3 
SAVE CHKPNT 
CONO 345678901234567 45 LABEL 
PURGE SSG1 
C"'KPNT CHKPNT 
CONO EQUIV 
PARAH CHICPNT 
EHG COND 
SAVE SSG2 
CHKPNT CHKPNT 
CONO LABEL 
EHA SSG'3 4 
CHKPNT SAVE .. 
LABEL CHKPNT 4 PARAH CONO 31t5&7e9 o 1231t567 45 
JUHP MATGPR 34567!901231t567 45 
LABEL HATGPR 34567!901234567 45 GP4 LABEL 3lt5678901234567 45 
SAVE SDR1 31t5678901231t567 45 
CONO 3456789012341!i67 45 CHKPNT '345678901231t567 ·45 
PARAH CCNO 34567e901234567 lt5 
PURGE REPT 345678901234567 45 
CHKPNT JUHP 34567890123lt567 45 
GPSP PARAH 345678901234567 45 
SAVE COHO 345678901234567 ftS 
CONO LABEL 34567890123lt567 45 
OFP CHKPNT 34567890123lt567 45 
LABEL S0R2 
EQUIV PAP.AH 
CHKPNT OFP 
CONO SAVE 
HCE1 COND 
CHKPNT PLOT 

7. 17-8 {12/29/78) 



DMAP 
Inst. 

SAVE 
PRTMSG 
LABEL 
JUNP 
LABEL 
P~TPARH 
LABEL 
PRTPARM 
LABEL 
PRTPARM 
LABEL 
PRTPARM 
LABEL 
ENO 

Bit Position 
63 70 

345678901234567 
345678901234567 
31+56789012 34567 
345678901234567 
345678901234567 
3t+5678901234567 
345678901234567 
34567£!901234567 
345678901234567 
345678901234567 
345678901234567 

80 

STATIC HEAT TRANSFER ANALYSIS 

45 
45 
t+5 
45 
45 
45 
45 
45 
45 
lt5 
45 
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RIGID FORMAT RESTART TABLES 

7.17.5 File Name Restart Table 

DMAP Bit Position DMAP Bit Position 
Inst. 94 100 llO 120 Inst. 94 ·100 l 10 120 

BEGIN HCE1 3 
FILE CHKPNT 3 
FILE HCE2 4 
GP1 4 CHKPNT 4 
SAVE 4 LABEL 34 
CHKPNT 4 EQUIV 5 
GP2 5 CHKPNT i; 

CHKPNT 5 COND 5 
PA RAHL 5 SCE1 5 
PURGE 5 CHKPNT 5 
CONO 5 LABEL 5 
PLTSET 5 EQUIV 6 
SAVE 5 CHKPNT 6 
PPT"ISG 5 CONO & 
PARAH 5 SHP1 6 
PAP.AH 5 CHKPNT 6 
COND LABEL 6 
PLOT EQUIV 7 
SAVE CHKPNT 7 
PPTHSG CONO 1 
LABEL RBHG1 7 
CHKPNT CHKPNT 7 
GP3 6 LABEL 7 
CHKPNT 6 RBHG2 8 
U1 7 CHKPNT 8 
SAVE 7 COND 9 
COND 7 RBMG3 g 
PURGE 78 2 CHKPNT 9 
CHKPNT 7 LABEL g 
COND 8CJ SSGl 0 
PARAH e CHKPNT 0 
EHG 6 EQUIV 1 
SAVE 6 CHKPNT 1 
CHKPNT & COND 1 
CONO 8 SSG2 1 
EHA e CHKPNT 1 
CHKPNT e LABEL 1 
LABEL 8 SSG3 2 
PARAH 1 SAVE 2 
JUMP 1 CHKPNT 2 
LABEL 0 COND 
GPlt 1 HATGPR 
SAVE 1 HATGPR 
CONO 1 LABEL 
PARAH 1 S0R1 3 
PURGE 1 3 567 9 1 CHKPNT l 
CHKPNT 1 3 5&7 g 1 CONO 
GPSP 2 REPT 
SAVE 2 JUHP 
COND 2 PARAH 
OFP 2 CONO 
LA8EL 2 LABEL 
EQUIV .. CHKPNT 3 
CHKPNT ,. SDR2 .. 
CONO 34 PARAH 
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DMAP 
Inst. 

OFP 
SAVE 
COHO 
PLOT 
SAVE 
PRTHSG 
LABEL 
JUHP 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL 
PRTPARH 
LABEL. 
END 

94 

STATIC HEAT TRANSFER ANALYSIS 

Bit Position 
100 110 120 
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NONLINEAR STATIC HEAT TRANSFER ANALYSIS 

7. 18 RESTART TABLES FOR NONLINEAR STATIC HEAT TRANSFER ANALYSIS 

7. 18. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pas. Card Name Bit Pas. Card Name Bit Pas. 

CELASl 1 ,CTRIATS 2 · S PC ADO 10 
CE LAS2 1 ,C TR/1EH 2 . SPC S 10 
CE LAS3 1 CTUBE 2 TEMP 13 
C EL A S4 1 .ewe OGE z TE t1 PO 13 
COROlC l PBAR 3 TE HP Pl 13 
COROlR l ,POU11l 3 TEt1PP2 13 
COR01S 1 -PDU/12 3 TEMPP3 13 
COROZC l .PO UN3 3 TE M Pi:!6 13 
COROZR l POUM4 3 · PLO TEL 16 
CO ROZ S l PDUH5 3 HIRES 17 
GROS ET 1 PDUM6. 3 •PLOTS 1 P. 
GRID 1 POUl17 3 POUTS lq 
Sf .l GP l POUH8 3 E PSHT 54 
SPOINT l POUMq 3 l'IAX IT 54 
AOUHl z PH BOY 3 ,RA01'1T)C 55 
AOUl'\2 2 PIHEX 3 ·RADLST 55 
AOUl13 z PQDHEM 3 ·SIGMA 55 
ADUM4 2 PCOMEl'll 3 TABS 55 
AOUt15 2 PQOHEMZ 3 LOADS 5 C) 

AOU1"16 2 .PQDMEM3 3 SPCO 50 
AOUM7 2 PQUADl 3 LOAD 0 t' 
AOUMS 2 POUACZ 3 ·OBDYl 60 
ADUMq z POUAOTS 3 OBDY2 60 
BAROR 2 PROO 3 ·OHBOY ,, (' 

CBAR z· PTRAPAX 3 ·OVECT bO 
COUMl 2 PTRBSC 3 ·OV!Jl ~o 
COUM2 z PTRIAl 3 ·SLllAD ~o 
CDUN3 z PTR IA2 3 TE"1PLOS b2 
COU't4 z ,PTRIAAX 3 
COUM5 2 PTR IA TS 3 
COUM6 2 PTRMEP'I 3 
COUM7 z PTUBE 3 
COUM8 2 PE LAS 6 
COU1'19 2 MA Tl t! 
CH BOY 2 MATZ a 
CHEXAl 2 HAT3 e 
CHEXA2 2 MAT4 e 
C IH EX l 2 .MA T5 8 
CIHE lt2 2 MATTl 1'j 

CIHEX3 ? MArT2 13 
,CQl'tfROD ? MATT3 8 
C001'1EI'! 2 MATT4 8 
CQOHEHl 2 MATT5 8 
COOME~Z 2 TA8LEM1 8 
.CCOME~3 2 TAl3LEM2 8 
COUAOl 2 TABLEM3 8 
,CQUAD2 2 TASL EM4 El 
.CQUAOTS 2 TEMPMTS p 

CROD 2 TEMPMXS ~ 

CTETRA 2 CR I GOl Q 

,CTRAPAX 2 CRIGDZ q 
,C ntAPRG 2 11PC Q 

,CTR IA1 z MPCADD q 

CTRIA2 2 P1 PCS q 

en I AAX z SPC 10 
,CU.lARG 2 SPCl 10 
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RIGID FORMAT RESTART TABLES 

7. 18.2 Bit Positions for File Name Restart Table 

File Name Bit Pos. 

BG POT g4 
CSTM q4 
HEQEXI~ g4 
GPOT q4 
GPL fl4 
HS IL q4 
ECT q5 
GPTT 06 
HSLT qb 
HEST q7 
HGE I c17 
HGPCT en 
GPECT q7 
HKDICT qe 
HKELM Q8 
GPST qq 
HKGGX ~q 
HR GG 100 
HKGG 100 
HOGE 100 
HA SET 10 l 
RG • 101 
HU SET lOl 
YS 101 
HOG PST 102 
Gl1 l 03 
HKNN 104 
HRNN 104 
HKFF 105 
HKFS 105 
HKSF 105 
HKSS 105 
HR FN . 107 
HRSN 107 
HLLL lOFI 
HULL 108 
HPG 110 
HPF 111 
HP S 111 
HRULV llZ 
HULV llZ 
HPGG ll 3 
HQG llZ 
HUGV 112 
HBGPOP 113 
HS IP 113 
HOE Fl 114 
HOESl 114 
HOPGl 114 
HOQGl 114 
HOUGVl 114 
H PUGV l 114 
E LSETS 115 
GPSETS 115 
PLTPAR 115 
PL TSETl< 115 
VFS 116 
HOEF IX 117 

7. 18.2 (12/29/78} 
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NONLINEAR STATIC HEAT TRANSFER ANALYSIS 

7. 18.3 Card Name Restart Table 

DMAP Bit Position 
Inst. l 10 20 30 40 50 60 

BEGIN 12 3 b 8QO 3 6 78Q 45 90 2 GPl 1 
SAVE 1 
CH~ PNT l 
sss 6 
GP2 12 6 
CHI< PNT 12 6 sss 6 
PAFIAML tl sss 7 
PURGE e sss 7 
CCiNO 8 sss 7 
PLTSET 8 sss 7 
SAVE 8 sss 7 
PRTMSG 8 
sss 7 
PARAM ij 
sss 7 
PARAH 13 sss 7 
CONO 8 sss 7 
PLOT 8 sss 7 
SAVE 8 sss 7 
PRTMSG B ss s 7 
LABEL A sss 7 
CHKPNT 8 sss 67 
GP3 12 3 

0 CHKPNT 12 3 
C sss 6 

TAl 123 6 
SAVE 12 3 0 
CONO 123 6 8 
C HK PNT 123 6 
sss 6 
PARAM 123 6 8 
EMG 123 6 8 
SAVE 123 6 ,:i 
C HK PNT 12 3 6 8 sss 6 
CONO 12 3 6 8 
EMA 123 6 8 
CHKPNT 12 3 6 8 sss 6 
LABEL 123 6 8 
RMG 123 6 e 

5 SAVE 123 6 8 
5 EQUIV 12 3 6 8 
5 PURGE 123 6 !:! 
5 
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RIGID FORMAT RESTART TABLES 

OMAP Bit Position 
Inst. 10 20 30 40 50 60 

CHI< PNT 123 b A 5 
sss 0 
GP4 l 90 9 
SAVE l 90 q 

CONO 1 c;o q 

PURGE 1 C,Q 9 
CHKPNT 12, 6 "19 q 

sss b 
GPSP 123 6 890 
SAVE 12 3 b 890 
CDNO 123 ~ 690 
OFP 123 b 890 
LABEL 123 6 690 
FQUlV 12 3 b eq 3 
CHKP~T 123 6 8q 3 
sss 6 
COND 123 6 89 3 
MCE l l q 

CHKPNT l 9 
sss b 
MCE 2 123 6 89 5 
CHI< PNT 123 6 89 5 
ss s ~ 

LAB EL 123 6 89 5 
EQlJIV 123 0 890 5 
CHKPNT 123 6 890 5 
sss !') 

CONO 123 6 890 5 
vec 123 0 890 !5. 
PAR TN 123 6 13 90 5 
PARTN 12 3 6 890 5 
LABEL 123 6 890 5 
CHl<PNT 123 !> 890 5 
sss e, 
OECOMP 123 6 890 5 
SAVE 12 3 6 890 5 
COND 123 6 890 5 
CHKPNT 123 6 890 5 
sss b 
SSGl 123 6 8 3 5 90 2 
CHKPNT 123 6 8 3 5 90 ? 
sss 6 
EQUIV 123 6 "c,o 3 5 90 2 
COND 123 b 890 3 5 QO 2 
SSGZ 123 6 890 3 5 90 2 
LABEL 123 6 890 3 5 90 2 
CHKPNT 123 b 890 3 ·5 c;o 2 
sss 6 
SSGHT 123 b 890 3 7 45 90 2 
CHKPNT 123 b 890 3 45 90 2 
sss 6 
COND 123 b 890 3 7 45 90 2 
11ATGPR 12~ 6 890 3 7 45 90 2 
LAeEL 123 b 890 3 7 45 90 2 
PL TUAN l 
SAVE 1 
CHl<PNT l 
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DMAP Bit Position 
Inst. 10 20 30 40 50 60 
sss 6 
SDRZ 8Q 
PU Af'1 9 
OFP 9 
SAVE g 
S ORHT 89 
OF P q 
SAVE q 
COND 8 
sss 7 
PLC'T 8 
sss 7 
PPT"1SG 8 
!SS 7 
LABEL 8 
$ ss 7 
JUf'!P 123 ~ 890 3 b7fUI 45 qo z LAeEL 123 6 AQO 3 b 7J:'!q 45 90 2 Pli! TP ARN 123 b AQO 3 b1F!q 45 90 2 LAB EL 123 b RqO 3 6789 45 90 2 PRTPA!:11'1 123 b ~qo 3 ti 7 P.9 45 cio 7 LAeE L 123 !> eqo 3 c 7f.1Cl 45 :, 0 2 PPTPARM l?. 3 6 890 3 6789 45 90 2 L A~E L 123 !> 890 3 c7~9 

· 45 90 2 ENO 123 6 890 3 6789 45 90 2 , . 
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RIGID FORMAT RESTART TABLES 

7. 18.4 Rigid Fonnat Change Restart Table 

DMAP Bit Position OMAP Bit Position 

Inst. 63 70 80 Inst. 63 10 80 

BEG IN 34501aqo1234567 3 5 CHl<PNT 
GPl COND 
SAVE VEC 
C HKPN T PAPTN 
GP2 PARTN 
CHt<PNT LABEL 
PAlcAl1L CHKPNT 
PUl<GE DECOMP 
COND SAVE 
PL TS ET COND 
SAVE CHKPNT 
PRHISG SSGl 
PAR Al'! CHl<PNT 
PAR AM EQUIV 
CONO CONO 
PLOT .SSG2 
SAVE LABEL 
PRTMSG CHl<PNT 

LABEL SSGHT 
CHKPNT CHl<PNT 
GP3 CONO 
CHKPNT MATGPR 
TAl LABEL 

SAVE PL TTRAN 

CCNO 34 56 7890 lZ 34 567 3 S SAVE 
CHKPNT CI-IKPNT 
PARAM S0R2 
EMG PARAN 
SAVE OFP 
CHI< PNT SAVE 
CCND SDRHT 
El"A OFP 
C HKPN T SAVE 
LASE L COND 
RMG PLOT 
SAVE PPT'1SG 
EOIJIV LABEL 
PU~Gf JUMP 34501eqo1z34 5~7 3 5 
CHI< PN T LABEL 34567~q0l234 567 3 5 
GP4 PRTPARH 34 56789012 34 56 7 3 5 • 
SAVE LABEL 34567'!901234 567 3 5 
CONO 3456713q0l234 5i1,7 3 5 PRTP ARM 34567~9012345~7 3 5 
PURGE LA8EL 345671390 l~ 34 5~7 3 s ., 
CHI< P~T P RTPARl"I 3 4 5 6 7 8 91) 1?. 3 4 51) 7 3 5 
GPSP LABEL 345678Q01234 5b 7 3 5 
SAVE END 
COND 
OFP 
LABEL· 
EQUIV 
CHKPNT 
CCND 
fl\C El 
CHKPNT 
MCE2 
CHKPNT 
LABEL 
EQUIV 

/J 

I 
/,. r' 
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NONLINEAR STATIC HEAT TRANSFER ANALYSIS 

7. 18.5 File Name Restart Table-

DMAP 
Inst. 

BEGIN 
GPl 
SAVE 
CH I< PNT 
GP2 
CHKPNT 
PARAl1L 
PllR GE 
CONO 
PLTSET 
SAVE 
PIHHSG 
PAR AM 
PA RAM 
CONO 
PLOT 
SAVE 
PRT"1 SG 
LABEL 
Cf,IKPNT 
GP3 
CHKPNT 
TAl 
SAVE 
COND 
CHKPNT 
PAR AM 
EPo!G 
SAVE 
C HKPNT 
COND 
E/"A 
CHI< PNT 
LAl!E L 
Rf'IG 
SAVE 
EQUIV 
PURGE 
C HK PNT 
GP4 
SAVE 
COND 
PURGE 
CHIC PNT 
GfSP 
SAVE 
COIIID 
OFP 
LAeEL 
EQUIV 
CHKPNT 
CONO 
11C El 
CHI< PNT 
HCE2 
CHKPNT 
LABEL 

94 

4 
4 
4 

5 
5 

6 
6 

7 
7 
7 
7 

B 
8 
8 

q 

q 
9 
q 
q 

0 
0 
0 
0 
0 

Bi t Pos i ti on 
100 110 

l 
l 
1 
l 3 , 7 
l 3 5 7 
z 
z 
z 
2 
z 

4 . 
4 

3't 
3 
3 

4 
4 

34 

1 3 
l 1 

5 
5 
; 
5 
5 
5 
; 
5 

5 

120 
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DMAP Bit Position 
Inst. 94 100 110 120 

EQUIV 5 7 b 
CHKPNT 5 7 b 
COND 5 7 b 
VEC b 
PARTN 5 
PARTN 7 
LABEL 5 7 
CHK PNT 5 7 
OECDMP e 
HVE 8 
CDNO B 
CHKPNT 8 
SSGl 0 
CHKPNT 0 
EOUIV l 
C~NO l 
SSGZ l 
LAB EL 1 
CHK PNT 1 
SS GHT 2 
CHI< PN T 2 
CONO 
PU TGPQ 
LABEL 
PLTTRAN 3 
SAVE 3 
C HK PNT 3 
SOfilZ 4 
PARA/'\ 
OFP 
SAVE 
SORHT 7 
OF P 
SAVE 
CDND 
PLGT 
PP T l"IS G 
LABEL 
JUl'tP 
LABEL 
PR TPARM 
LABEL 
PP T PAR 11 
LABEL 
PfiTPARH 
LABEL 
ENO 
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TRANSIENT HEAT TRANSFER ANALYSIS 

7. 19 RESTART TABLES FOR TRANSIENT HEAT TRANSFER ANALYSIS 

7.19. l Bit Positions for Card Name Restart Tab 1 e 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

COAHP1 1 CTRIA1 z MPCS 9 
CDAHP2 1 CTRIAZ z SPC 10 
COAHP3 1 CTRIAA>C z SPC1 10 
COAHPlt 1 CTRIARG z SPCA DO 10 
CELAS1 1 CTIUATS z SPCS 10 
CELASZ 1 CTRHEH z ASET 11 
CELAS3 1 CTUBE z ASET1 11 

CELAS4 1 CWEDGE 2 OMIT 11 
CORD1C 1 PBAR 3 OHIT1 11 

CORD1R 1 POUH1 3 TEMP 13 
CORD1S 1 POUH2 3 TEMPO 13 
CORD2C 1 PDUH3. 3 TEHPP1 13 
COR02R 1 POUHlt 3 TEf'IPPZ 13 
COR02S 1 POUH5 3 TEHPP3 13 
GRDSET 1 PDUH6 3 TEHPR9 13 
GRID 1 POUH7 3 PLOTEL 16 
SEQGP 1 PDUH8 3 PLOTS 18 
SPOINT 1 POUH9 3 POUTS 19 
AOUH1 2 PH8DY 3 XYOUU 20 
AOUH2 2 PIHEX 3 AOUTS 21 
AOUH3 2 PQOHEH 3 LOOPS zz 
AOUH4 z PQOHEH1 3 LOOP1$ 23 
ADUH5 z PQDHEHZ 3 NOLOOPS 25 
AOUH6 z PQDHEH3 3 AXYOUTS 27 
AOUH7 z PQUAD1 3 RAOHTX 55 
AOUH8 2 PQUAOZ 3 IUOLST 55 
AOUH9 z PQUAOTS 3 SIGHA 55 
BAROR 2 PROD 3 TABS 55 
CBAR 2 PTIUPAX 3 TRE'F i;s 
CDUH1 2 PTRIA1 3 CB0Y1 56 
COUHZ 2 PTIUA2 J QBOYZ 56 
CDUH3 2 PTRIAAX 3 QVECT 56 
COUH4 2 PTRIATS 3 QHBOY 56 
COUH5 2 PTRHEH J QVOL 56 
COUH6 2 PTUBE 3 LOAD 56 
CDUH7 z PELAS 6 SLOAD 56 
COUH8 2 HAU 8 EPOINT 57 
CDUH9 2 MATZ 8 SEQEP 57 
CHBDY 2 HATJ 8 TF 57 
CHEXA1 2 HAT4 8 POA~P 59 
CHEXA2 2 HATS e DHIG 60 
CIHEX1 z HATT1 8 B2PPS 60 
CIHEXZ 2 ~ATT2 8 KZPP$ 60 
CIHEX3 2 HATT3 8 TFS 60 
CONROD 2 HATTI+ 8 OAP.EA 61 
CQOHEH 2 HATT5 8 DELAY 61 
CQOMEH1 2 TABLEH1 8 OLOAD 61 
CQOHEH2 2 TABLEH2 8 OLOAOS 61 
CQOHEH3 2 TABLEH3 8 TABLED1 61 
CQUA01 2 TABLEH4 8 TABLE02 61 
CQUA02 2 TEHPHT$ 8 TABLE03 '61 
CQUAOTS 2 TEHPHXS 8 TABLE04 61 
CROO 2 CRIGD1 9 TSTEPS 61 
CTETRA 2 CRIG02 9 TLOA01 61 
CTIUPRG z HPC g TLOA02 61 
CTRAPAX 2 HPCAOO 9 TSTEP 61 
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Card Name Bit Pos. 
-

BETA 62 
ICS 62 
NL FORCE 62 
NOLIN1 62 
NOLIN2 62 
NOLIN3 &2 
NOLI NI+ 62 
RADLIN 62 
TIC 62 
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TRANSIENT HEAT TRANSFER ANALYSIS 

7. 19.2 Bit Positions for File Name Restart Table 

File Name Bit Pos. File Name Bit Pos. 

BGPOT 94 HRDO 110 
CSTH 94 HPOT 111 
HEQEXIN 94 HPNLO 111 
GPOT 94 HUOVT 111 
GPL 94 HOUDV1 112 
HSIL 94 HOPNL1 112 
ECT 95 HOUOV2 113 
GPTT % HOPNLZ 113 
HSL T % HQP 114 
HEST <37 HUPY 114 
HGPECT g7 HOEF1 us 
GPST 98 HOPP1 115 
HKGGX 98 HOQP1 115 
HBGG 99 HOUPV1 11S 
HKGG 100 HPUGV 115 
HRGG 100 HOEF2 116 
HOGE 100 HOPP2 116 
RG 101 HOQP2 116 
ASET 101 HOUPV'Z 116 
HUSET 101 HPOO 117 
OGPST 102 HPDT 117 
GH 103 HP"O 117 
HBNN 104 HPSO 117 
HKNN 104 HTOL 117 
HRNN 10 .. HBGPDP 118 
HBFF 105 HSIP 118 
HKFF 105 EL SETS 120 
HKFS 105 GPSETS 120 
HRFF 105 PLTPAR 120 
HGO 106 PLTSETX 120 
HKAA 106 HRAA 121 
HOLT 107 WBAA 122 
HEQOYN 107 HKDICT 123 
GPLD 107 HKELH 123 
HNLFT 107 HBOICT 123 
HSILO 107 HBELH 123 
TFPOOL 107 
HTRL 107 
HUSE TD 107 
HCASEXX 108 
HB2PP 109 
HK2PP 109 
HB200 110 
HBOO 110 
GMO 110 
HGOO 110 
HK2DD 110 
HKDD 110 
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RIGID FORMAT RESTART TABLES 

7. 19-3 Card Narre Restart Table 

DMAP 
Bit Position 

l!!!l· 1 10 20 30 40 50 60 

BEGIN 123 6 890123 & 890123 s 5&7 3012 
FILE 123 6 890123 6 890123 s 567 9012 
GP1 1 
SAVE 1 
PU~GE 1 
CHKPNT 1 
sss & 
COND 1 
GP2 12 6 
CHKPNT 12 6 
sss 6 
PARAHL 8 
sss 7 
PURGE 8 
sss 7 
COND 8 
sss 7 
PLTSET 8 
sss 7 
SAVE 8 
sss· 7 
P~THSG 8 
sss 7 
PARAH 8 
sss 7 
PARAH 8 
sss 7 
CONO 8 
sss 7 
PLOT 8 
sss 7 
SAVE 8 
sss 7 
PRTHSG 8 
sss 7 
LABEL 8 
sss 7 
CHKPNT 8 
sss 67 
GP3 1 3 6 
CHKPNT 1 3 6 
sss & 
TA1 123 r, 9 
SAVE 123 6 9 
CHKPNT 123 6 9 
sss 6 
COND 123 Fi 8 3 
PARAH 123 6 8 
PARAH 123 8 9 
EHG 123 6 8 9 
SAVE 123 6 8 3 
CHKPNT 123 6 8 9 
sss 6 
CONO 123 f: 8 
EMA 123 6 8 
CHKPNT 123 6 8 
sss 6 
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TRANSIENT HEAT TRANSFER ANALYSIS 

DMAP 
Bit Position 

Inst. 10 20 30 40 50 60 

l.ABEL 123 6 8 
CONO 123 8 3 

EMA 123 8 9 
CHKPNT 123 8 9 

sss 6 
LABEL 123 8 3 
PURGE 123 8 g 

CHKPNT 12-3 8 9 
$SS 6 
LABEL 123 6 8 
RMG 123 6 8 s 
SAVE 123 6 8 s 
EQUIV 123 6 8 5 
PURGE 123 6 8 5 
CHKPNT 123 6 8 5 
sss 6 
GP't 1 901 
SAVE 1 901 
PURGE 1 901 
CHKPNT 123 r, 89 
sss 6 
CONO 123 6 890 
GPSP 123 6 890 
SAVE 123 6 890 
COND 123 6 890 
OFP 123 6 890 
LABEL 123 r, 890 
EQUIV 123 6 89 
CHKPNT 123 6 89 
ISS 6 
CONO 123 6 89 5 9 
t1CE1 1 9 
CHKPNT 1 9 
sss 6 
MCE2 123 r, 89 5 9 
CHKPNT 123 6 89 5 9 
sss 6 
LABEL 123 r, 89 5 9 
EQUIV 123 6 890 s 9 
CHKPNT 123 ; 890 5 9 
sss 6 
CONO 123 6 890 s 9 
SCE1 123 6 890 5 3 
CHKPNT 123 6 890 5 9 
sss 6 
LABEL 123 6 890 5 g 

EQUIV 123 6 8901 
EQUIV 123 89 5 
EQUIV 123 89 9 
CHKPNT 1Z3 6 8901 5 9 
sss r, 
COMO 123 6 8901 5 9 
SHP1 123 6 8901 5 
CHKPNT 123 6 8901 5 
ISS 6 
CONO 123 6 8901 s 
SHPZ 123 6 8901 5 
CHKPNT 123 £, 8901 5 
sss 6 
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DMAP Bit Position 

l!!!l· 1 10 20 30 40 50 60 

LABEL 123 6 8901 5 
CONO 123 6 8901 9 
SMP2 123 6 8901 9 
CHKPNT 123 6 8901 9 

sss 6 
LABEL 123 6 8CJ01 5 9 
OP'O 1 901 7 012 
SAVE 1 901 1 1 
CONO 1 7 1 
EQUIV 1 7 1 
PURGE 1 1 1 
CHKPNT 1 901 7 01 
sss 6 
MTRXIN 1 7 0 
SAVE 1 7 a 
PARAH 1 7 0 
PURGE 123 6 8901 7 90 
EQUIV 123 6 8901 1 90 
CHKPNT 123 6 8901 7 90 
sss 6 
CONO 123 6 e901 7 90 
GKAO 123 6 8901 1 90 
LABEL 123 6 8901 7 90 
EQUIV 123 6 8901 7 90 
CHKPNT 123 6 8901 7 90 
sss 6 
TRLG 123 6 8901 5 7 1 
SAVE 123 6 8901 5 7 1 
EQUIV 123 6 8901 5 7 1 
EQUIV 123 6 8C}D1 5 7 1 
CHKPNT 123 6 8901 5 7 1 
sss 6 
T~HT 123 6 8901 3 567 9012 
CHKPNT 123 6 8901 3 23 567 9012 
sss 6 
VOR 3 901 1 567 9012 
SAVE 3 901 7 567 9012 
CHKPNT 3 1 7 Sf,7 9012 
sss 
CONO l 1 1 567 9012 
S0R3 3 1 7 567 9012 
PARAH 9 1 
OF'P 3 1 567 9012 
SAVE 3 1 567 9012 
CHKPNT 3 1 7 567 9012 
sss b 
XYTRAN 
sss 7 
SAVE 
sss 7 
XYP.LOT 
ISS 7 
LABEL 1 
PARAH 123 6 8901 23 7 9012 
CONO 123 6 8901 23 7 9012 
EQUIV 123 6 8901 23 7 9012 
CDNO 123 6 8901 23 7 9012 
SDR1 123 6 8901 23 1 901'2 
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TRANSIENT HEAT TRANSFER ANALYSIS 

DMAP Bit Position 
~ 10 20 30 40 50 60 

LA BEL 123 6 8901 23 7 9 o"12 CHKPNT 123 6 8901 23 7 9012 sss 6 
PL TTRAN 1 
SAVE 1 
SDRZ 890 
SORHT 890 
EQUIV 890 
S0R3 890 CH.KPNT 890 sss 6 
OFP 9 SAVE 9 
CONO 8 
ISS 7 
PLOT 8 sss '7 
SAVE 8 sss '7 
PRTHSG e sss '7 
LA9EL 8 
ISS 7 
XYTRAN 0 sss 7 
SAVE 0 sss 7 
XYPLOT 0 sss 1 
LABEL D JUMP 123 6 890123 6 89D123 5 56 7 9012 LABEL 123 6 890123 6 890123 5 56 1 9012 PRTPARN 123 6 890123 6 890123 5 56 '7 9012 LABEL 123 6 89D123 6 890123 5 56 7 9012 ENO 123 6 890123 6 890123 5 56 '7 9012 
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RIGID FORMAT RESTART TABLES 

7. 19.4 Rigid Format Change Restart Table 

DMAP 
Inst. 

BEGIN 
FILE 
GP1 
SAVE 
PURGE 
CHKPNT 
CONO 
GP2 
CHKPNT 
PARAHL 
PUP.GE 
CONO 
PLTSET 
SAV~ 
PRTMSG 
PA RAM 
PARAH 
COHO 
PLOT 
SAVE 
PRTHSG 
LABEL 
CHKPNT 
GP! 
CHKPNT 
TA1 
SAVE 
CHKPNT 
CONO 
PARAl1 
PARAH 
EHG 
SAVE 
CHKPNT 
CONO 
EMA 
CHKPNT 
LABEL 
CONO 
EMA 
CHKPNT 
LABE!. 
PURGE 
CHKPNT 
LABEL 
RHG 
SAVE 
EQUIV 
PURGE 
CHKPNT 
GP4 
SAVE 
PUP.GE 
CHKPNT 
CONO 
GPSP 
SAVE 
CONO 

Bit Position 
63 · 70 80 

345678901234567 
345678901231t567 

34 
34 

DMAP 
Inst. 

OFP 
LABEL 
EQUIV 
CHKPNT 
COND 
HCE1 
CHKPNT 
HCE2 
CHKPNT 
LABEL 
EQUIV 
CHKPNT 
COND 
SCE1 
CHKPNT 
LABEL 
EQUIV 
EQUIV 
EQUIV 
CHKPNT 
CONO 
SHP1 
CHKPNT 
CONO 
SHP2 
CHKPNT 
LABEL 
COHO 
SMP2 
CHKPNT 
LABEL 
OPO 
SAVE 
CONO 
EQUIV 
PURGE 
CHKPNT 
HTRXIN 
SAVE 
PARAH 
PURGE 
EQUIV 
CHKP~ 
CONO 
GKAO 
LABEL 
EQUIV 
CHKPNT 
TRLG 
SAVE 
EQUIV 
EQUIV 
CHKPNT 
TR.HT 
CHKPNT 
VOR 
SAVE 
CHKPNT 

7. 19-8 (12/29/78) 
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TRANSIENT HEAT TRANSFER ANALYSIS 

DMAP Bit Position 
Inst. 63 70 80 

CONO 
SOR3 
PARAM 
OFP 
SAVE 
CHKPNT 
XYTRAN 
SAVE 
XYPLOT 
LABEL 
PARAM 345678901234567 34 
CONO 34567!901234567 34 
EQUIV 34567'5901234567 34 
CONO 345678901234567 34 
SOP1 345678901234567 34 
LABEL 345678901234567 34 
CHKPNT 345678901234567 34 
PLTTRAN 
SAVE 
SOR?. 
SORHT 
EQUIV 
S0R3 
CHKPNT 
OFP 
SAVE 
CONO 
PLOT 
SAVE 
PRTHSG 
LABEL 
XYTRAN 
SAVE 
XYPLOT 
LABEL 
JUHP 345678901234567 34 
LABEL 345678901234567 34 

·. PRTPARH 345678901231t567 34 
LABEL 345678901234567 34 
ENO 345678901234567 34 
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7.19.5 File Name Restart Table 

OMAP 
Inst. 

BEGIN 
FILE 
GP1 
SAVE 
PURGE 
CHKPNT 
CONO 
GP2 
CHKPNT 
PAP.AHL 
PURGE 
CONO 
PLTSET 
SAVE 
PRTHSG 
PAPAH 
PAPAH 
CONO 
PLOT 
SAVE 
PRTHSG 
LABEL 
CHKPNT 
GP3 
CHKPNT 
TA1 
SAVE 
CHKPNT 
CONO 
PARAH 
PARAH 
EHG 
SAVE 
CHKPNT 
COMO 
EHA 
CHKPNT 
LAeEL 
CONO 
EHA 
CHKPNT 
LABEL 
PUPGE 
CHKPNT 
LABEL 
RHG 
SAVE 
EQUIV 
PUPGE 
CHKPNT 
GPC. 
SAVE 
PURGE 
CHKPNT 
COND 
GPSP 
SAVE 
COND 

94 

.. .. 

s 
s 

6 
6 

7 
7 
7 

Bit Position 
100 110 

8 
8 

9 

8 
8 
8 
8 

8 

9 
9 
9 
9 
9 
9 

0 
D 
0 
0 
0 

1 
1 
1 3 56 
1 3 56 

2 
2 
2 
2 

01 It 
01 4 

120 

0 
0 
0 
0 
0 
0 
0 
0 

0 

3 
3 
3 
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TRANSIENT HEAT. TRANSFER ANALYSIS 

DMAP Bit Position 
Inst. 94 100 110 120 

OFP 2 
LABEL 2 
EQUIV 4 
CHKPNT 4 
CONO 34 
HCE1 3 
CHKPNT 3 
HCE2 4 
CHKPNT 4 
LABEL 34 
EQUIV 5 
CHKPNT 5 
CONO 5 
SCE1 5 
CHKPNT 5 
LABEL 5 
EQUIV 6 
EQUIV 1 
EQUIV 2 
CHKPNT r, 12 
CONO & 12 
SHP1 r, 
CHKPNT 6 
CONO 1 
SHP2 1 
CHKPNT 1 
LABEL 1 
CONO 2 
SMP2 2 
CHKPNT 2 
LABEL 6 12 
OPO 7 
SAVE 7 
CONO 
EQUIV 0 
PURGE 1 
CHKPNT 
HTRXIN 9 
SAVE 9 
PARAH 9 
PURGE D 
EQUIV D 
CHKPNT 0 
CONO 0 
GKAD D 
LABEL 0 
EQUIV 0 
CHKPNT 0 
TRLG 1 
SAVE 7 
EQUIV 7 
EQUIV 1 
CHKPNT 7 
TRHT 1 
CI-IKPNT 1 
VOR 2 
SAVE 2 
CHKPNT 2 
CONO 3 
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DMAP 
Inst. 

SOR3 
PARAH 
OFP 
SAVE 
CHKPNT 
XYTP.AN 
SAVE 
XYPLOT 
LABEL 
PARAH 
CONO 
EDU!V 
CONO 
SDR1 
LABEL 
CHKPNT 
PLTTRAN 
SAVE 

I SORZ 
SORHT 
EQUIV 
SOR3 
CHKPNT 
OFP 
SAVE 
COND 
PLOT 
SAVE 
PPTHSG 
LABEL 
XYTRAN 
SAVE 
XYPLOT 
LABEL 
JUHP 
LABEL 
PRTPARH 
LABEL 
END 

Bit Position 
94 100 llO 

RIGID FORMAT RESTART TABLES 

120 

3 

3 

.. .. .. 
'" .. .. 
... 

e 
e 

5 
5 
5 

6 
6 
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MOOAL FLUTTER ANALYSIS 

7.20 RESTART TABLES FOR t,1)0AI. FLUTTER ANALYSIS 

7.20. l . Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

ADUH1 2 CHASS2 1 OHIG 57 
AOUH2 2 CHASS3 1 EIGC 60 
AOUHl 2 C~ASS4 1 EIGP 60 
AOUH4 2 CHETHODS 61 EIGR 58 
AOUH5 2 CNGRNT 2 EPOINT 56 
AOUH6 2 CONH1 5 FLFACT 36 
ADUH7 2 CONH2 5 FLUTTER 36 

AOUH8 2 CONROD 2 FMETHOOS 38 
AOUH9 2 CORD1C 2 .. GENEL 4 
AEF'ACT 35 CORD1R 24 GROPNT 15 
AE~O 37 CORD1S 24 G~OSET 1 
AOUTS 21 CORD2C 24 GRID 1 
ASET 11 COR02R 24 GRIDB 1 
ASET1 11 CORDZS 21+ GUSTAERO 54 
AXIC 1 COUPHASS 14 HFREQ 62 
AXIF 1 CPBAR 14 LFREQ 62 
AXSLOT 1 CPOPLT 14 LNOOES 62 
BAROR 2 CPENTA 2 1<2PPS 57 
82PPS 57 CPQUAD1 14 KDAHP 62 
CAER01 37 CPQUA02 14 MAT1 e 
CAER02 37 CPROD 1 .. HAT2 e 
CAER03 37 CPTRIA1 14 MATJ e 
CAER04 37 CPTRIA2 14 HAT9 8 

. CAER05 37 CPTRPLT 14 HATT1 8 
CAXIFZ 2 CPTUBE 1 .. HATT2 e 
CAXIF3 2 CQDHEH 2 HATTJ 8 
CAXIFI+ z CQDNEH1 2 HATT9 e 
Cl:!AR 2 CQDHEHZ 2 METHODS 59 
CBARAO 2 CQDPLT 2 MKAEROt 34 
C13EAH 2 CQUAD1 2 NKAER02 lit 
CCONEAX 2 CQUA02 2 HPC 9 
CDUH1 2 CQUAD4 2 MPCADD 9 
COUH2 2 CQUADTS 2 HPCS 9 
COUH3 2 CRIGD1 9 HPCAX 9 
COUH4 2 CRIGD2 9 H2PPS 57 
COUH5 2 CROO 2 NODJE 26 
COUH6 2 CSHEAR 2 OHIT 11 
COUH7 2 CSLOT3 2 OHIT1 11 
CDUH8 2 CSl.OTlt z OHITAX 11 
COUH9 2 CTETRA 2 PAEP.01 29 
CELAS1 1 CTRBSC 2 PAEP.02 29 
CELAS2 1 CTRAPA>C 2 PAER03 29 
CELAS3 1 CTRIAAX 2 PAEROlt 29 
CELAS4 1 CTRIAX6 2 PAE ROS 29 
C.FLUID2 2 CTRIARG 2 PBAR 3 
CFLUI03 2 CTORDRG 2 PBEAN 3 
CFLUID,. 2 CTF!.A!'RG 2 PCONEAX 3 
CHEXA1 2 CTRIATS 2 PDUN1 3 
CHEXA2 2 CTRIA1 2 PDUM2 3 
CHEXA 2 CTRIA2 2 POUH3 3 
CHEXZD 2 CTRIA3 2 POUNI+. 3 
CHEX8 2 CTRIH& 2 PDUHS 3 
CIHEX1 2 CTRHEH 2 PDUH6 3 
CIH£X2 2 CTRPLT z POUH7 3 
CIHEX3 2 CTUSE 2 POUN8 3 
CHASSt 1 CTWIST 2 POUPl9 3 

CWEDGE 2 PHEX 3 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. Card Name Bit Pos. 

PELAS 6 TABLEH2 e 
PLOTEL 16 TABLEH3 8 
PLOTS 18 TABLEHI+ 8 
PHASS 7 TEHP 13 
POINTAX 1 TEHPAX 13 
POUTS 19 TEHPO 13 
POOHEH 3 'TEHPHTS 8 
PQDHEH1 3 TEHPHXS 8 
PQOHEH2 3 TEHPP1 13 
PQDPLT 3 TEHPPZ 13 
PQUAOTS 3 TEHPP3 13 
PQUAD1 3 TEHPRB 13 
PQUA02 3 TF l+O 
PQUAOlt 3 TFS S7 
PROO 3 VR.EF 39 
PSHEAR 3 WTHASS 11+ 
PSHELL 3 XYOUTS 20 
PSOLIO 3 
PTOR.DR.G 3 
PTRAPAX 3 
PTRBSC 3 
PTRIATS 3 
PTRIA1 3 
PTRIA2 3 
PTRIH6 3 
PTRIAAX 3 
PTRHEH 3 
PTRPLT 3 
PTUBE 3 
PTWIST 3 
RBAR g 
RBE1 g 
RBEZ g 
RBEl g 
RINGAX 1 
RINGFL 1 
RR.OD 9 
RSPLINE g 
RTRPLT g 
SCAMPS 55 
SECTAX 1 
SET1 32 
SET2 32 
SEQEP 56 
SEQGP 1 
SPC 10 
SPC1 10 
SPCADD 10 
SPCAX 10 
SPCS 10 
SPLINE1 .. 32 
SPLINE? 32 
SPLINE'3 32 
$POINT 1 
SUPAX 12 
SUPORT 12 
TABDMP1 55 
TABLEH1 8 
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M'.>DAL FLUTTER ANALYSIS 

7.20.2 Bit Positions for File Name Restart Table 

File Name Bit Pos. File Name Bit Pos. File Name Bit Pos. 

ACPT 12,. KGG 100 SILO 111 
AERO 124 KGGX 98 SILGA 124 
AJJL 127 KHH 116 SICJ 127 
BGPA 12lt KLL 107 SPLINE 124 
8GPOT 94 KLR 107 TFPOOL 111 
BHH 116 KRR 107 ULL 108 
BXHH 129 KNN 104 uoo 143 
B200 139 1<:XHH 129 USET 101 
82PP 114 l(QA 142 USETA 124 
CASEYY 130 KOO 142 USETO 111 
CASEZZ 131 K200 139 V 141 
CLAHA 117 K2PP 114 XYPLTCE 120 
CLAHAL 130 LAHA 112 
CLAHAL1 131 LLL 108 
CPHIA 132 LOO 143 
CPHIO 122 HX.HH 129 
CPHIH1 131 HAA 123 
CPHIK 133 HFF 105 
CPHIP 144 HGG 99 
CPHIPA 136 HHH 116 
CPHIPS 134 HI 112 
CSTH 94 MLL 107 
CSTHA 121+ HLR 107 
OH 109 HNN 104 
01JE 128 HR 110 
01JK 127 HRR 107 
OZJE 128 H200 139 
OZJK 127 MZPP 114 
ECPT 97 OCEIGS 117 
ECT ~5 OCPHIPl 137 
ECTA 124 OEFC1 137 
EED 111 OEIGS 112 
ELSETSl 125 OESC1 137 
EQAERO 124 OGPST 102 
EQEXIN 94 OGPWG 140 
EQDYN 111 OPHIH 119 
EST 97 OQPAC1 137 
FLIST 124 OVG 130 
FSAVE 129 PCPHIPA 137 
GEI 97 Pl(F 121 
GH 103 PHIA 112 
GND 115 PHI OH 116 
GO 113 PHIH 117 
GOD 115 PHIHt. 130 
GPCT 97 PLOTX2 118 
GPDT 91t PLDTXJ 145 
GPL 94 PLTPARA 125 
GPLA 124 PLTSETA 125 
GPLO 111 QHHL 138 
GPSETSA 125 QKHL 138 
GPST 98 QHJL 138 
GPTT 96 QPAC 136 
GTKA 126 QPC 1" 
KAA 106 RG 101 
KAAB 1lt2 ,RP 132 
KFF 105 ·SIL 91t 
KFS 105 SILA 121t 
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RIGID FORMAT RESTART TABLES 

1.20.3 Card Name Restart Table 

OMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

BEGIN 1234567890123456 8901234 6 CJ 2 4567890 56789012 

FILE 12345678901234 234 6 9 2 4567890 56789012 
sss 4 
GP1 1 4 
S~VE 1 4 
COND 1 4 
GP2 12 45 6 
PARAHL 8 
sss 1 
GP3 12 3 
sss 5 
TA! 1234567 3 .. 
sss 5 
SAVE 1234567 3 .. 
sss 5 . 
CONO 1234567 3 
sss 5 
PARAH 123 6 8 3 .. 
!SS .. 
PARAH 123 5 78 34 .. 
sss 4 
EHG 123 5678 34 .. 
sss ,. 
SAVE 123 5678 34 .. 
sss .. 
COHO 123 6 8 3 .. 
sss 4 
EMA 123 6 8 3 .. 
1SS .. 

·cHKPNT 123 6 8 3 .. 
sss .. 
LABEL 123 6 8 3 .. 
sss .. 
CONO 123 5 78 3 .. 4 
sss .. 
EMA 123 5 78 34 .. 
sss 4 
CHKPNT 123 5 78 34 4 
!SS .. 
CONO 123 5 7 8 345 .. 
sss .. 
GPWG 123 5 78 345 .. 
sss .. 
OFP 123 5 78 345 4 
sss .. 
LABEL 123 5 78 31t5 4 
sss .. 
EQUIV 1234 6 8 3 4 
sss .. 
CHKPNT 1234 6 8 3 .. 
sss .. 
CONO 1234 6 8 3 .. 
sss .. 
SHA3 1 .. 
sss .. 
CHKPNT 1 .. 
sss 4 
ADO 12 34 6 8 3 .. 
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~ODAL FLUTTER .ANALYSIS 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

sss 4 
CHKPNT 1234 6 8 3 ,. 
sss 4 
LABEL 123 .. £, 8 J 4 
SSS 4 
GPlt 1 9012 4 
SAVE 1 9012 4 
CHl(PNT 1 CJO 12 4 
sss 4 
GPSP 1234 6 8 CJD 3 4 
sss ,. 
SAVE 1234 6 890 3 4 
sss 4 
CONO 123ft 6 8 90 3 4 
SSS 4 
OFP 1231+ 6 890 3 4 
!SS ,. 
LABEL 1234 6 890 3 ,. 
sss .. 
EQUIV 123456789 34 4 
!SS .. 
CONO 123456189 34 4 
sss .. 
MCE1 1 9 4 
tSS .. 
MCE2 12345&789 34 ,. 
sss 4 
CHKPNT 123456789 34 4 
sss ,. 
LABEL 123456789 34 ,. 
sss ,. 
CHKPNT 1 CJ .. 
sss .. 
EQUIV 1234567890 34 4 
sss .. 
COND 1234567890 34 .. 
sss .. 
SCE1 1234567 890 34 4 
sss .. 
LABEL 1234567890 34 .. 
sss ,. . 
CHKPNT 1234567890 34 .. 
sss 4 
EQUIV 123'65678901 34 .. 
sss .. 
CHKPNT 12345678901 34 .. 
sss 4 
PURGE 1234 6 8901 3 .. 
sss 4 
CHKPNT 1234 6 8901 3 4 
sss ,. 
COND 1234567 8901 34 ,. 
sss 4 
PARAH 
sss .. 
VEC 1 901 
sss 4 
PARTN 1234 6 8~01 3 
sss .. 
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m~AP Bit Position 
Inst. 10 20 30 40 50 60 

CHKPNT 1234 & 8 901 3 4 
sss 4 
OECOHP 1234 6 8901 3 4 
sss 4 
SAVE 1234 6 8901 3 .. 
sss 4 
COND 1234 6 8901 3 ,. 
sss ,. 
JUHP 1234 6 8901 3 ,. 
!SS .. 
LABEL 1234 6 8901 3 ,. 
$SS ,. 
PP.TPARH 12 34 6 8901 3 ,. 
sss .. 
LA8EL 1234 6 8901 3 4 
sss 4 
CHKPNT 1234 6 8901 3 4 
sss ,. 
FBS 123ft 6 8901 3 4 
sss ,. 
CHKPNT 1234 6 8901 3 4 
sss .. 
HPYAD 1234 6 8901 3 ·4 
sss 4 

·CHKPNT 123ft 6 8901 3 4 
$SS .. 
SMP2 1234567 8901 34 4 
sss 4 
CHKPNT 1231t5678901 34 .. 
sss ,. 
LABEL 12345678901 34 .. 
sss 4 
COND 1234$678901234 .. 
sss 4 
RBHG1 1234567 8901234 .. 
sss .. 
CHKPNT 12345678901234 .. 
sss .. 
RBHGZ 1234 6 890123 4 
sss .. 
CHKPNT 1234 6 890123 .. 
sss 4 
RBMG3 1234 6 890123 .. 
sss 4 
CHKPNT 1234 6 890123 4 
sss 4 
RBHG4 12345678901234 4 
sss 4 
CHKPNT 12345678901234 .. 
sss .. 
LABEL 1234$678901234 ,. 
sss 4 
OPD 1 9012 0 6 8 0 
SAVE 1 9012 0 6 8 0 
CONO 1 9012 0 6 ij 0 
sss .. 
EQUIV 1234 6 901 34 .. 6 
sss 4 
READ 12345678901234 ,. 89 
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MODAL FLUTTER ANALYSIS 

DMAP. Bit Position Inst. 10 20 30 40 50 60 
sss 4 
SAVE 12345678901234 4 89 sss 4 
C..,KPNT 12345678901234 4 69 sss 4 
OFP 12345678901234 4 89 sss 4 
SAVE 12345678901234 4 89 sss 4 
COND 12345678901234 4 89 sss 4 
OFP 12345678901234 .. 89 sss 4 
SAVE 12345678901234 4 89 sss 4 
HTRXIN 1 23 0 67 sss 5 
SAVE 1 23 0 67 sss 5 
EQUIV 1 901 23 0 67 sss 4 
CHKPNT 1 901 23 0 67 sss ,. 
GICAC 1234 6 8901 34 234 0 67 sss 4 
CHICPNT 1231+ 6 8901 34 2'34 0 67 sss 4 
GKAH 12345678901234 234 0 56789 2 sss .. 
SAVE 12345678 901231+ 234 0 56789 2 sss ,. 
CHKPNT 12345678901234 234 0 56789 2 sss ,. 
APO 12 9012 6 4 9 2 4567 6 SAVE 12 9012 6 ,. 9 ,2 4567 6 PARAH 8 sss 1 
COND 8 
!SS 1 
PARAH 8 sss 1 
PLTSET 8 sss 1 
SAVE 8 sss 1 
PRTMSG 8 sss 1 
COND 8 sss 1 
PLOT 8 sss 1 
SAVE 8 sss 1 
PRTHSG ~ 
!SS 1 
LABEL 8 sss 1 
CONO 
GI 1234 6 8901 3 2 5 7 

8 D 
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DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

sss l+ 
CHKPNT 1234 6 8901 3 l+ 2 5 7 
sss l+ 
PARAH 4 9 5 7 

sss 7 
AHG .. 9 lt5 7 
sss 7 
SAVE .. 9 1+5 7 

sss 7 
CHKPNT .. 9 lt5 7 
sss 7 
CONO 6 7 6 
sss ,. 
INPUTT2 6 7 6 
sss 4 
LABEL 6 7 6 

sss .. 
PARA" 12 3l+5678901234 .. 6 9 2 5 7 6 89 2 

sss .. 
AHP. 1231t5678901234 ,. 6 9 2 45 7 4 6 89 2 

sss 4 
SAVE 1234567890123ft .. 6 CJ 2 45 7 .. 6 89 2 
sss .. 
CHKPNT 1231t5678901234 ,. 6 CJ 2 45 7 4 6 89 2 
sss .. 
PARAH 01 
sss .. 
PARAH 89 
sss .. 
PARAH 1 
sss 4 
PARAH 1231t5678901234 .. 6 9 2 4567890 56789012 
sss .. 
JUHP 1234567890123ft .. 6 CJ 2 lt567890 56789012 
sss 3ft 
LABEL 12345678901234 .. 6 CJ 2 lt567890 56789012 
sss 3ft 
FA1 12345678901234 .. 6 g 2 4567890 56789012 
sss .. 
SAVE 1234567890123ft .. 6 CJ 2 4567890 56789012 
sss .. 
CHKPNT 1231t5678901234 .. 6 9 2 4567890 567SCJ012 
sss 4 
EQUIV 1231t5678901234 .. 6 9 2 lt5671590 567159012 
sss .. 
CHKPNT 12345671590123ft 4 6 9 2 4567890 56789012 
sss .. 
COND 12345671590123ft .. 6 9 2 4567890 56789012 
sss 4 
CEAO 12345678901234 .. 6 CJ 2 lt567890 56789012 
sss .. 
SAVE 1231t5678901234 .. 6 9 2 4567890 56789012 
sss .. 
CONO 12345678901234 .. 6 9 2 4567890 56769012 
sss ,. 
LABEL 12345678901234 4 6 CJ 2 4567890 56789012 
sss 4 
COND 8 1 
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M.ODAL FLUTTER A~ALYSIS 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

sss ,. 
VDR 1 
sss ,. 
SAVE 1 
sss ,. 
COND 1 
sss .. 
OFP 1 
sss 4 
SAVE 1 
$SS 4 
LABEL 8 1 
sss 4 
FAZ 1231+5678901234 8 1 4 6 . 9 2 4567890 56789012 
sss ,. 
SAVE 12345678901234 8 1 4 6 9 2 4567890 S6789012 
sss 4 
CHKPNT 12345678901234 8 1 4 6 9 z 4567890 56 789012 
sss 34 
COND 12345678901234 8 1 .. 6 9 2 4567890 56789012 
sss 34 
LABEL 12345678901234 8 1 4 6 9 2 4567890 56789012 
sss 34 
COND 12345678901234 8 1 4 6 9 .z 4567890 S6789012 
sss 34 
REPT 12345678901234 ,, 1 4 6 9 2 4567890. 56789012 
sss lit 
JUNP 1231t5678901234 8 1 4 6 9 2 lt567&90 567139012 
sss 34 
LABEL 123456789D1234 8 1 .. 6 9 2 1t567S9 0 56789012 
sss 34 
CHKPNT 1231t567!901234 8 1 4 6 9 z 4567890 5678;012 
sss 34 
PARAHL 0 
sss .. 
COND 0 

f 

sss 4 
XYTRAN 0 
sss .. 
SAVE 0 
rss .. 
CONO 0 
sss ,. 
XYPLOT 0 
sss 4 
LABEL 0 
sss ,. 
PAPAH 1234567890123 01 .. 6 9 2 4567890 56789012 
sss .. 6 
COND 1234567890123 01 ,. 6 9 z lt567890 56789012 
sss ,. 6 
HOOACC 1234567890123 1 .. 6 9 2 lt56789 0 56789012 
sss 4 6 
AOR 1 
sss .. 6 
DOIU 1234567890123 4 6 9 2 .. 67890 56789012 
sss .. ,. 
CHKPNT 1234567890123 .. 6 9 2 4 67890 56789012 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 10 20 30 40 50 60 

sss .. & 
EQUIV 123 .. 567890123 .. 6 9 2 1+567890 56789012 
sss I+ 6 
CONO 1234567890123 4 6 9 2 456789 0 56789012 

sss 4 6 
S0R1 1234567890123 .. 6 9 2 4567890 56789012 
sss t+ 6 
LABEL 1234567890123 ,. 6 9 2 45671!90 5&789012 

sss .. 
CHKPNT 1231t567890123 4 6 9 2 1+567890 56789012 
sss 4 6 
EQUIV 1231+567890123 ,. 6 9 2 4567890 56789012 
sss 4 6 
CONO 12 34567890123 .. 6 9 2 456789 0 56789012 
sss .. 6 
VEC 1234567890123 4 e, 9 2 4567890 56789012 

'sss .. 6 
PARTN 1234567890123 4 6 9 z 1+567890 56789012 
·sss 4 6 
LABEL 1234567890123 .. 6 9 2 4567890 56789012 
sss 4 6 
HPYAO 1234567890123 ,. 6 9 2 456'>89 0 56789012 
sss 4 6 
UHERGE 1234567890123 4 6 9 2 456789 0 56789012 
sss 4 6 
UHERGE 1234567 890123 .. 6 9 2 .. 567890 56789012 
sss 4 6 
CHKPNT 1234567 890123 4 6 9 2 lt567890 56789012 
sss .. 6 
UMERGE 1234567890123 .. 6 CJ 2 .. 567890 56789012 
sss .. 6 
CHKPNT 1234567890123 4 6 9 2 .. 56789 0 56789012 
sss 4 6 4 
S0R2 4 89 4 
sss .. 6 
CHKPNT .. 89 .. 
sss 4 6 
OFP 9 
sss 4 6 
CONO 8 
sss 1 4 6 
PLOT 8 
sss 1 4 6 
PRTHSG 8 
sss 1 .. 6 
JUHP 1234567890123456 8901234 6 9 2 4567890 56789012 
LA8EL 1234567890123456 eCJ01234 6 CJ 2 lt567890 56789012 
sss 4 
PRTPARH 1234567 8 CJD 123,.56 1!901234 6 CJ 2 4567990 56789012 
sss 4 
LABEL 1234567890123456 8901234 6 9 2 4567890 56789012 
P~TPARH 12345678g0123456 8901234 & g 2 4567890 56789012 
LABEL 1234567890123456 8901234 f, 9 2 4567890 56789012 
PRTPARH 1231t56789012345 6 8901234 6 g 2 4567890 567890i2 
LAeEL 1234567890123456 8901234 6 9 2 4567890 5&n9012 
sss 4 
PRTPARH 1234567890123456 890123 .. E, CJ 2 4567890 56789012 
sss ,. 
LABEL 123'45678901231+56 e901z34 6 9 2 4567890 56789012 
END 12345678901231+56 8901234 6 9 2 4567890 56789012 
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folJDAL FLLITTER ANALYSIS 

7.20.4 Rigid Fonnat Change Restart Table 

OMI\P Bit Position OMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGIN 345678901234567 901234567890123 CHKPNT 567 01231+567890123. 

FILE 345678901234567 901234567890123 1CONO 567 0123lt567890123 

GP1 567 01234567890123 
1 PARAH 34567!901234567 901234567890123 

SAVE 567 01234567890123 VEC 567 01234567890123 

CONO 345678901234567 901234567890123 PARTN 567 01234567890123 

GP2 567 01234567890123 CHKPNT 567 01234567890123 

PARAHL 345678901234567 901234567890123 DECOHP 567 01231+567!90123 
GP3 567 01Z34567890123 SAVE 567 01234567!!90123 

TA1 567 01234567890123 CONO 567 01234567890123 

SAVE 567 01234567890123 JUMP 567 01234567890123 

CONO 345678901234567 9012345678 90123 LABEL 567 01?31+567890123 
PARAM 567 01234567890123 PRTPARH 567 01234567890123 

PARAH 567 01234$67890123 LABEL 567 012345678(30123 
EHG 567 01234567890123 CHl(PNT 567 01234567890123 
SAVE 567 D12J45678901Z3 F8S 567 01234S678901Z3 

CONO 567 01234567890123 CHKPNT 567 0123456789D123 
EHA 567 01234567890123 H"YAD 567 0123456789CJ123 
CHKPNT 567 01234567890123 CHKPNT 567 01234567890123 
LABEL 567 01234567890123 SHP2 567 01234567890123 
COND 345678901234567 9012345678904.23 CHKPHT 567 01234567890123 
EMA 567 01234567890123 LABEL 567 D1234567590123 
CHKPNT 567 01234567890123 COND 567 0123'+567890123 
CONO 567 01234567890123 RBHG1 567 01234567890123 
GPWG 567 01234567890123 CHKPNT 567 012345678 9lJ 123 
OFP 567 01234567890123 RBHG2 567 01234567890123 
LABEL 567 Q1231t567890123 CHKPNT 567 012345678 901.23 
EQUIV 567 01234567890123 RBHG3 567 01234567890123 
CHKPNT 567 01234567890123 CHKPNT 567 01234567890123 
CONO 567 01234567890123 RBHGlt 567 0123'4567890123 
SHA3 567 01234567890123 CHKPNT 567 0123«.567890123 
CHKPNT 567 012345&7890123 LABEL 567 01234567890123 
ADO 567 01234567890123 DPD 567 01234567890123 
CHKPNT 567 01234567890123 SAVE 567 012345&7890123 
LABEL 567 01234567890123 COND 34567'!901234567 901234567890123 
GP4'· 567 D12Jlt56789012l EQUIV 567 01234567890123 
SAVE 567 01234567890123 READ 567 01234567890123 
CHKPNT 567 01231+567.8.90123 SAVE 567 01234567890123 
GPSP 567 01234567890123 C~KPNT 567 01234567890123 
SAVE 567 01234567890123 OFP 567 012345678 90123 
CONO 567 01234567890123 SAVE 567 01234567890123 
OFP 567 01234567890123 COHO 3456789012345&7 901234567890123 
LABEL 567 012345&7890123 OFP 5&7 01234567890123 
EQUIV 567 01234567890123 SAVE 567 01234567890123 
COND 567 01234567890123 HTRXIN S&7 D12345&7890123 
HCE1 567 01234567890123 SAVE 567 01234567890123 
HCEZ 567 012345 67890123 EQUIV 567 01231+S67890123 
CHKPNT 567 01231t56789012l CHKPNT 567 01234567890123 
LABEL 567 0123456789012:S Gl<AD 567 01234567890123 
CHKPNT 567 Q123456789D123 CHKPNT 567 01234567890123 
EQUIV 567 01234567890123 GKAM 567 01234567890123 
CONO 567 01234567890123 SAVE 567 01231+5 67l'90123 
SCE1 567 01234567890123 CHKPNT 567 01234567890123 
LABEL 567 012345 6 78 CJD 123 APO 567 01234567890123 
CHKP~T 567 01234567890123 SAVE 567 012345678 90123 
EQUIV 567 01234567890123 PARAH 567 012345 &7890123 
CHKPNT 567 01234567890123 COND 567 01231t5678 90123 
PURGE 567 01234567890123 PARAH 567 01234567890123 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position OMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

PLTSET 567 01231t567!!CJ0123 XYPLOT 567 D123'+567B%--.5 
SAVE 567 01234567690123 LABEL 567 01234567890123 
PRTMSG 567 01234567890123 PARAH 567 0123'+567890123 
COHO 567 01234567890123 COHO 567 01234567890123 
PLOT 567 01234567890123 HOOACC 567 01234567890123 
SAVE 567 0123'+567890123 ADR 567 01234567890123 
PRTHSG 567 01234567890123 DDR1 567 01234567890123 
LABEL 567 01234567890123 CHICPNT 567 01234567890123 
CONO 567 01234567890123 EQUIV 567 01234567890123 

GI 567 01231t567890123 COHO 567 01234567890123 

CHKPNT 567 01234567890123 SDP.1 567 01234567 f!CJO 123 

PARAH 345678901234567 901234567890123 LABEL 567 01234567890123 

Al1G 567 "01234567890123 CHKPNT 567 01234567890123 

SAVE 567 01234567890123 EQUIV 567 01234567890123 

CHKPNT 567 01234567890123 CONO 567 01234567890123 

CONO 567 01234567890123 VEC 567 01234567890123 

INPUTT2 567 01234567890123 PARTN 567 01234567890123 

LABEL 567 0123456789oi23 LABEL 567 01234567890123 

PARAH 567 01234567890123 HPYAD 567 01234567890123 
AHP 567 012345 67 8CJO 123 UHERGE 567 0123456 7890123 
SAVE 567 01234567890123 UHE~GE 567 01234567890123 
CHKPNT 567 01231t567890123 CHKPNT 567 01231t567890123 
PU.AM 567 01231t567890123 UHERGE 567 01234567890123 
PARAH 567 01234567890123 CHICPNT 567 01234567890123 
PARAH 345678901234567 901234567890123 SOR? 
PARAH 345678901234567 901234567890123 CHKPNT 
JUMP 345678901234567 901231t567890123 OFP 
LABEL 34567890123456 7 9 01234567890123 COND 
Flt 567 01234567890123 PLOT 
SAVE 567 012345 6 7890123 PRTHSG 
CHKPNT 567 01234567890123 JUMP 345&78901234567 901234567"90.i.,J 
EQUIV 567 01234567890123 LABEL 345678901234567 901234567! 90123 
CHKPNT 567 01234567890123 PRTPARH 345678901234567 90123456 7890123 
COND 567 012345678 90123 LABEL 31t56789 01234567 901234567890123 
CEAD 567 01234567890123 P,TPARH 345678901234567 901234567890123 
SAVE 567 01234567890123 LABEL 3'45678901234567 901234567890123 
CONO 567 01234567890123 PRTPARH 345678901234567 9U1234567890123 
LABEL 567 01234561890123 LABEL 3456713901234567 901234567890123 
CONO 567 01234567890123 PP.TPARH 345678901234567 901234567890123 
VDR 567 01234567!90123 I.ABEL 345678901231t567 901234567890123 
SAVE 567 01231t567 890123 ENO 345&1e9012J4567 901234567890123 
CONO 567 01231t56789D12l 
OFP 567 01231t56789012l 
SAVE 567 01231t567890123 
LABEL 567 01234567890123 
FA2 567 01234567890123 
SAVE 567 01231t567890123 
CHKPNT 567 0123456 71590123 
COND 31t5678901231t567 901234567890123 
LABEL 345678901234567 901234567890123 
COND 345678901234567 901234567890123 
REPT 345678901234567 901234567890123 
JUHP 345678901234567 901234567890123 
LABEL 345678901234567 9 01234567890123 
CHKPNT 345678901234$67 901234567890123 
PARAHL 567 01234567890123 
CONO 567 01234567890123 
XYTR.AN 567 01231t567890123 
SAVE 567 01Z31t567890123 
CDND 567 01234567890123 
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MODAL FLUTTER ANALYSIS 

7.20.5 File Name Restart Table 

DMAP Bit Position 
Inst. 94 100 110 120 
BEGIN 
FILE 7 8 
GP1 .. 
SAVE .. 
CONO .. 
GPZ , 
PAPAML z 5 
GP3 6 
TA1 7 
SAVE 7 
COND 7 
P4RAH 8 
PARAH 9 
EHG 89 
SAVE 89 
CONO 8 
EMA 8 
CHKPNT 8 
LABEL 8 
CONO 9 
EMA 9 
CHKPNT 9 
CONO 0 
GPWG 0 
OFP 0 
LABEL 0 
EQUIV 0 
CHKPNT 0 
CONO 0 
SHA3 0 
CHKPNT 0 
ADO 0 
CHKPNT 0 
LABEL 0 
GP4 1 
SAVE 1 
CHKPNT 1 
GPSP z 
SAVE z 
COHO z 
OFP z 
LABEL z 

-EQUIV .. 
CONO 34 
HCE1 3 
HCEZ .. 
CHICPNT .. 
LA8EL 34 
CHICPNT 3 
ECUIV 5 
CONO 5 
SCE1 5 
LABEL 5 
CHKPNT 5 
EQUIV 6 3 
CHKPNT 6 3 
PURGE 3 
CHKPNT 3 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 94 100 110 120 

CONO 6 3 3 
PA"AH 6 
VEC 1 
PARTN 2 
CHKPHT 2 
DECOHP 3 
SAVE 3 
CONO 3 
JUMP 3 
LABEL 3 
PRTPARH 3 
LABEL 3 
CHKPNT 3 
FBS 3 
CHKPNT 3 
HPYAO 6 
CHKPNT 6 
SHP2 3 
CHKPNT 3 
LABEL & 3 3 
CONO 7890 
RBHG1 7 
CHKPNT 1 
RBHG2 8 
CHKPNT 8 
RBHG3 9 
CHKPNT 9 
RBMGi. D 
CHKPNT 0 
LABEL 7890 
CPO 1 
SAVE 1 
CONO 1 
EQUIV 5 
READ 2 
SAVE 2 
CHKPNT 2 
OFP z 
SAVE 2 
CONO z 
OFP 2 
SAVE 2 
HTRXIN .. 
SAVE .. 
EQUIV 
CHKPNT .. 9 
GICAO 5 9 
CHKPNT 5 g 
GKAH 6 
SAVE 6 
CHKPNT & 
APO .. 
SAVE .. 
PARAH 
COHO 5 
PARAH 5 
PLTSET 5 
SAVE 5 
P,THSG 5 
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DMAP Bit Position 
Inst. 94 100 110 120 

COND s 
PLOT 8 
SAVE 8 
PRTHSG 8 
LABEL 5 
CONO 1 
GI 6 
CHKPNT 6 
PA RAM 1 
AHG 7 
SAVE 7 
CHl<PNT 7 
CONO 8 
INPUTT2 8 
LABEL 8 
PA~AM 8 
AMP 8 
SAVE 8 
CHKPNT 8 
PARAH g 
PARAH g 
PARAH g 
PARAH 9 
JUHP g 
LABEL g 
FA1 g 
SAVE g 
CHKPNT 7 
EQUIV 7. 
CHl<PNT 7 
COND 7 CJ 
CEAO 1 
SAVE 7 
COND 1 
LABEL 7 
CONO 9 
VDR g 
SAVE g 
CONO g 
OFP 9 
SAVE 9 
LABEL g 
FA2 0 
SAVE 0 
CHKPNT 0 
CONO 
LABEL 
CONO 
REPT 
JUMP 
LABEL a 
CHKPNT 0 
PARAML 0 
COHO 0 
XYTRAN 0 
SAVE 0 
CONO 0 
XYPLOT 0 
LABEL 0 
PARAH 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 94 100 110 120 

COND 
MOOACC 1 
AOR 1 
OOR1 z 
CHKPNT 2 
EQUIV 4 

CONO 4 

SDR1 4 
LABEL 4 
CHKPNT 4 

EQUIV 2 
CONO 2 
VEC 2 
PARTN 2 
LABEL z 
MPYAD 3 
UHERGE 4 
UHERGE 6 
CHKPNT 6 
UHERGE 6 
CHKPNT 6 
SDRZ 7 
CHKPNT 7 
OFP 
COND ; 
PLOT 5 
PRTHSG 5 
JUMP 5 
LABEL 
PRTPARH 
LABEL 1 
PRTPARH 1 
LABEL ,. 7 9 
PRTPARH .. 7 9 
LABEL z 
PRTPARH 2 
LABEL 
ENO 
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mOAL AEROELASTIC RESPONSE 

7.21 RESTART TABLES FOR ftODAL AEROELASTIC RESPONSE 

7.21. 1 Bit Positions for Card Name Restart Table 

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos. 

ADUH1 2 CHASS3 1 OLOAO 52 
ADUH2 2 CHASSlt 1 OPHASE S2 
AOUH3 2 CONH1 5 OLOADS 61 
AOUHlt 2 CONf"IZ 5 OHIG 57 
AOUH5 2 CONROD z EPO!NT 56 
AOUH6 z COROiC 24 EIGR 58 
AOUH7 z. CORD1R 24 FREQ 52 
AOUH5 z COR01S 21t FREQ1 52 
AOUH9 2 CORDZC 24 FREQ2 S2 
AEFACT 35 CORD2R 24 FR~QS 61 
AERO 37 CORD2S 24 GENEL ,. 
ASET 11 COUPNASS 14 GRDPNT 15 
ASET1 11 CNliRNT 2 GROSET 1 
AOUTS 21 CPBAR 14 GRID 1 
AXYOUTS 22 CPENTA 2 GRIDB t 
AX!C 1 CPOPLT ilt GUST .. ,, 
AX!F 1 CPQUAD1 lit GUSTS .. ~ 
BAROR 2 CPQUAOZ lit GUSTAERO lt8 
B2PPS S7 CPROD 14 HFREQ 62 
CAER01 37 CPTRIA1 14 IFTN 27 
CAEROZ 37 CPTRIA2 14 LFREQ 62 
CAER03 37 CPTRPLT lit LHODES 62 
CAEROlt 37 CPTUBE lit K2PPS 57 
CAER05 37 CQDHEH 2 KDAHP 62 
CAXIF2 2 CQDHEH1 2 HACH 28 
CAXIF3 2 CQDHEMZ 2 MAT1 e 
CAXIFlt 2 CQDPLT 2 MATZ 8 
CBAR 2 CQUAD1 2 HAT3 8 
CBEAH 2 CQUAD2 2 MAT9 8 
CCONEAX 2 CQUA04 2 MATT1 8 
CDUH1 2 CQUADTS 2 HATT2 8 
CDUM2 2 CTRIATS 2 HATT3 8 
COUt13 2 CR.IGD1 9 HATT9 8 
CDUHlt 2 'CRIGD2 9 METHODS 59 
COUH5 2 CROD 2 HKAER01 34 
COUH6 2 CSHEAR 2 MKAER02 3~ 
CDU"7 2 CSLOT3 2 ffPC 9 

.. COUH8 2 CSLOT .. 2 HPCADD 9 
COUM9 2 CTETRA 2 :MPCS 9 
CELAS1 1 CTORDRG 2 HPCAX CJ 
CELAS2 1 CTRAPRG 2 H2PP$ 57 
CELAS3 1 CTRBSC 2 NOOJE 26 
CELAS .. 1 CTRIAAX 2 OHIT 11 
CFLUI02 2 CTRIAX6 2 ON!T1 11 
CF'LUI03 2 CTRIA1 2 OHITAX 11 
CF'LUIDC. 2 CTRIA2 2 PAER01 29 
CHEXA 2 CTRIA3 2 PAER02 29 
CHEXA1 2 CTRIARG z PAER03 29 
CHEXA2 2 CTRIH& 2 PAEROlt 29 
CHEXZO 2 CTRHEH 2 PAER05 29 
CHEX8 2 CTRPLT 2 PBAR l 
CIHEX1 2 CTUBE z PCONEAX 3 
CIHEX2 2 CTWIST 2 PDUM1 3 
CIHEX3 2 CNEDGE 2 POUH2 3 
CHASS1 1 OAREl 52 PDUHJ 3 
CMASS2 1 DELAY 52 POUH,. 3 
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RIGID FORMAT RESTART TABLES 

Card Name Bit Pos. Card Name Bit Pos. 

PDUH5 3 SPC1 10 
POUH6 3 SPCADO 10 
POUH7 3 SPCAX 10 
POUH8 3 SPCS 10 
POUH9 3 SPLINE1 32 
PHEX 3 SPLINE2 32 
PELAS 6 SPLINE3 32 
PLOTEL 16 SPOINT 1 
PLOTS 18 SUPAX 12 
PMASS 7 SUPORT 12 
POINTAX 1 TABDHP1 55 
POUTS 19 TABLED1 51 
PODHEH 3 TABLED2 51 
PQDHEH1 3 TABLEOJ I;! 

PQOHEH2 3 TABLEDC. 51 
PQDPLT 3 TABRND1 54 
PQUAD1 3 TABRNOG Sit 
PQUAD2 3 TABLEH1 8 
PQUADC. 3 TABLEH2 8 
PQUAOTS 3 TABLEH3 8 
PROO 3 TABLEMlt 8 
PSHEAR 3 TEMP 13 
PSHELL 3 TEHPAX 13 
PS OLIO 3 TEMPO 13 
PTORDRG 3 TEMPHTS 8 
PTRAPAX 3 TEHPMXS 8 
PTRBSC 3 TEMPP1 13 
PTRIA1 3 TEMPP2 13 
PTRIA2 3 TEHPP3 13 
PTRIATS 3 TEMPRB 13 
PTRIAAX 3 •TF .. a 
PTRIH6 3 TFS 57 
PTRMEH 3 TLOAD1 52 
PTRPLT 3 TLOAD2 52 
PTUBE 3 TSTEP so 
PTWIST 3 TSTEPS 60 
Q 28 WTHASS 1ft 
RANDPS 153 XYOUTS 20 
RANDT1 53 
RANDOMS Sit 
RBAR 9 
RBE1 9 
RBE2 9 
RBE3 9 
RINGAX 1 
RINGFL 1 
RROD 9 
RLOAD1 52 
~LOA02 52 
RSPLINE 9 
RTRPLT 9 
SOAHPS 55 
SECTAX 1 
SET1 32 
SET2 32 
SEQEP 56 
SEQGP 1 
SPC 10 
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f()OAL AEROELASTIC RESPONSE 

7.21.2 Bit Positions for File Name Restart Table 

Fi le Name Bit Pos. File Nal!E Bit Pos. File Name Bit Pos. 

ACPT 124 K2PP 114 QP 137 
AERO 124 LANA 112 QPA 140 
AJJL 127 LLL 109 RG 101 
AUTO 146 LOO 151 SIL 94 
BGPA 121+ HAA 123 S!LA 121+ 
BGPOT 94 HEF1 151 SILO 111 
SHH 116 HEF2 142 SILGA 121+ 
8200 139 HES1 11+1 SKJ 127 
B2PP 111+ HES2 142 SPLINE 124 
CSTH 94 HFF 105 TFPOOL 111 
CSTHA 124 •NGG 99 TOL1 133 
DLT 111 HHH 116 TOL 132 
OM 109 HI 112 TRL 111 
01JE 128 HLL 107 UHVF 131 
01JK 127 HLR 107 UHVT1 133 
02JE 128 HNN 101+ UHVT 132 
02JK 127 MPHIPA1 1 .. 1 uoo 151 
ECPT 97 HPHIPA2 1 .. 2 ULL 108 
ECT 95 MQP1 151 UVT1 
ECTA 124 HQP2 142 USET 101 
EEO 111 HR 110 USETA 124 
ELSETSA 125 HRR 107 USETD 111 
EQAERO 124 H200 139 V 153' 
EQEXIN 94 HZPP 114 XYPLTR 146 
EQOYN 111 OEF2 143 XYPL n 1 .. 5 
EST 97 OEFC1 137 XVPTTA 136 
FLIST 124 OEIGS 112 
FOL 129 OES2 143 
FRL 111 OGPWG 154 
GEI 97 OGPST 102 
GH 103 OPP1 1 .. 2 
GHO 115 OPP2 1 .. 2 
GO 113 OQP2 1 .. 3 
GOD us OUHV1 135 
GPCT 97 OUHV2 135 
GPOT 94 OUPV2 1 .. 3 
GPL 9 .. PDF 129 
GPLA 124 PHF1 129 
GPLO 111 PHF 130 
GPSETSA 125 PHIA 112 
GPST 98 PHIOH 116 
GPTT 96 PHIK 1 .. 0 
GTKA 126 PHIPA 140 
KAA 106 PHIPS 1 .. 0 
KAAS 152 PHIP 137 
KFF 105 PICF 134 
KFS 105 PLOTX2 150 
KGG 100 PLOTXJ 141+ 
KGGX 98 PLTPARA 125 
KGGY 100 PLTSETA 125 
KHH 116 PPF 129 
KLL 107 PSOF 11+6 
KLR 107 PSOL 111 
KRR 107 PSF 129 
KNN 10 .. PUVPAT 1 l+l+ 
KOA 152 QHHL 138 
KOO 152 QKHL 138 
K200 13~ QHJL 138 

7.21-3 (12/29/78) 



RIGID FORMAT RESTART TABLES 

7.21.3 Card Name Restart Table 

OMAP 
Inst. 

BEGIN 
FILE 
sss 
GP1 
SAVE 
COND 
GP2 
PARAHL 
sss 
PAR.AHL 
sss 
PARAH 
sss 
PARAH 
sss 
GP3 
sss 
TA1 
sss 
SAVE 
sss 
COND. 
sss 
PARAH 
sss 
PARAH 
sss 
EHG 
sss 
SAVE 
sss 
COND 
sss 
EHA 
sss 
CHKPNT 
sss 
LABEL 
sss 
COND 
sss 
EMA 
sss 
CHKPNT 
sss 
COND 
sss 
GPWG 
sss 
OFP 
sss 
LABEL 
sss 
EQUIV 
sss 
CHKPNT 

10 20 
Bit Position 

30 40 

1234567890123456 89012 4 6 
12345678901234 9 12 4 6 

4 

9 2 4567890 
CJ 2 45&789D 

1 
1 
1 
12 45 

1 

4 
12 

5 
1234567 

5 
123 .. 567 

5 
1234567 

5 
123 6 8 ,. 
123 S 78 .. 
123 567 8 .. 
123 5678 ,. 
123 6 8 ,. 
123 6 8 .. 
123 6 8 .. 
123 6 8 .. 
123 5 78 ,. 
123 S 78 .. 
123 S 7 8 ,. 
123 5 78 .. 
123 S 78 .. 
123 5 78 

4 
123 5 78 .. 
1234 6 8 ,. 
1234 6 8 

3 

3 

3 

3 

3 

34 

34 

3 

3 

3 

3 

34 

345 

345 

345 

345 

3 

3 

6 
8 

0 2 

,. 
,. 
,. 
,. 
,. 

.. 
4 

.. 
,. 
4 

.. 

.. 

.. 

.. 

.. 
,. 
.. 
,. 

' 
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50 60 

90123456789012 
90123456 789012 



ft«JDAL AEROELASTIC RESPONSE 

OMAP Bit Position 
Inst. 1 10 20 30 40 so 60 

sss ,. 
CONO 1234 6 8 3 .. 
sss 4 
SMA3 1 ,. 
sss 4 
CHKPNT 1 4 
sss 4 
ADO 1234 6 8 4 
sss 4 
CHKPNT 1234 6 8 4 
sss 4 
LABEL 1234 6 8 3 .. 
sss .. 
GP4 1 9012 ,. 
SAVE 1 9012 .. 
CHtcPNT 1 9012 .. 
GPSP 1234 6 890 3 ,. 
sss .. 
SAVE 1234 6 890 3 .. 
sss 4 
CONO 1234 6 890 3 4 
sss 4 
OFP 1234 6 890 3 .. 
sss ,. 
LABEL 1234 6 890 3 
sss .. 
EQUIV 1231tS678 9 34 4 
sss ,. 
COND 123456789 34 4 . sss ,. 
HCE1 1 9 ,. 
sss 4 
HCE2 123456789 lit .. 
sss ,. 
CHl<PNT 12345678 9 34 4 
sss 4 
LABEL 123456789 34 4 
sss ,. 
CHl<PNT 1 9 4 
sss 4 
EQUIV 1234567890 34 ,. 
sss .. 
COHO 1234567 890 34 .. 
sss ,. 
SCE1 1234567890 34 4 
sss 4 
LABEL 1231+567 890 34 .. 
sss 4 
CHICPNT 1234567890 34 4 
sss 4 
E!2UIV 12345678901 34 4 
sss 4 
CHKPNT 12345678901 34 4 
sss 4 
PURGE 1234 6 8901 '3 4 
sss 4 

7.21-5 (12/29/78). 



RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. l 10 20 30 40 50 60 

CHKPNT 1234 6 8901 3 .. 
sss .. 
COHO 123 .. 5678901 3 .. .. 
sss .. 
PARAH 
sss .. 
VEC 1 901 
sss .. 
PARTN 123 .. 6 8901 3 .. 
sss .. 
CHKPNT 1231+ 6 8901 3 .. 
sss 4 
DECOHP 1234 6 8901 3 .. 
sss .. 
SAVE 1234 6 8901 3 .. 
sss 4 
COHO 1234 6 8901 3 4 
sss .. 
JUMP 1234 6 8901 3 .. 
sss 4 
LABEL 1234 6 8901 3 
sss .. 
PRTPARH 1234 6 8901 3 .. 
sss .. 
LABEL 1231+ 6 8901 3 4 
sss .. 
CHKPNT 1231+ 6 8901 3 ,. 
,ss .. 
FBS 1231t 6 8901 3 4 
sss 4 
CHKPNT 1231+ 6 8901 3 .. 
sss ·I+ 
HPYAO 1234 6 8901 3 4 
sss .. 
CHKPNT 1234 6 8901 3 ,. 
sss 4 
SHP2 123it5678901 34 4 
sss .. 
CHKPNT 12345678901 34 .. 
sss 4 
LABEL 12345678901 34 4 
sss .. 
COHO 12345678901234 4 
sss .. 
RBHG1 12345678901234 4 
sss .. 
CHKPNT 123.&t5678901231+ .. 
sss .. 
RBHG2 1231+ 6 890123 .. 
sss .. 
CHKPNT 1234 6 890123 ,. 
sss .. 
RBHG3 1234 6 890123 4 
sss .. 
CHKPNT 1234 6 890123 4 
SS$ .. 
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~DAL AEROELASTIC RESPONSE 

Df,lAP Bit Position 
Inst. 1 10 20 30 40 50 60 

RBHG4 12345678901234 4 
sss 4 
CHKPNT 12345&78901234 4 
sss 4 
LABEL 12345678901234 4 
sss 4 
DPD 1 9012 0 0 23 6 8 
SAVE 1 9012 0 D 23 6 8 
CONO 1 9012 0 0 23 6 8 
sss .. 
EQUIV 12'34 67 901 34 4 6 
sss 4 
READ 1234567890123~ ,. 89 
sss 4 
SAVE 12345678901234 ,. 89 
sss ,. 
CHKPNT 12345678901234 4 89 
sss 4 
OFP 123456 78901234 4 89 
sss 4 
SAVE 12345678901234 4 89 
sss 4 
COND 12345678901234 4 89 
sss 4 
OFP 12345678901234· 4 89 
sss 4 
SAVE 12345678901234 ,. 89 
sss ,. 
HTRXIN 1 0 67 
sss 5 
SAVE 1 0 67 
sss 5 
EO.UIV 1 901 0 67 
sss ,. 
CHKPNT 1 901 0 67 
sss 4 
GKAD 1234 6 8901 34 ,. D 67 
sss 4 
CHKPNT 1Z34 6 8901 34 4 0 67 
sss ,. 
GIC'.AM 12345678901234 4 0 56789 2 
sss ,. 
SAVE 12345678901234 I+ 0 56789 2 
sss ,. 
CHKPNT 12345678901234 .. 0 56789 2 
sss .. 
APO 12 9012 e, .. 9 2 45 7 6 
SAVE 12 9012 6 ,. 9 2 45 7 6 
PARAH 8 0 
sss 1 
COND 8 
sss 1 
PARAH 8 
sss 1 
PLTSET 8 
sss 1 
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RIGID FORMAT RESTART TABLES 

DMAP Bit Position 
Inst. 1 10 20 30 40 50 60 

SAVE 8 
sss 1 
PRTHSG 8 
sss 1 
CONO 8 
sss 1 
PLOT 8 
sss 1 
SAVE 8 
sss 1 
PRTMSG 8 
sss 1 
LABEL 8 
sss 1 
GI 1231+ 6 8901 3 .. 2 5 7 
sss .. 
CHKPNT 1231+ 6 8901 3 .. z 5 7 
sss 4 
PARAH .. CJ 5 7 
sss 7 
AHG 4 9 1+5 7 
sss 7 
SAVE .. 9 1+5 7 
sss 7 
CHl<PNT .. g 45 7 
sss 7 
CONO 6 7 6 
sss .. 
INPUTT2 6 7 6 
ISS .. 
LABEL r, 7 6 
sss .. 
PARAH 12345678901234 .. 6 CJ z 5 7 6 89 z 
sss .. 
AMP 12345678901234 .. 6 9 2 lt5 7 8 6 89 • 2 
sss ,. 
SAVE 1234S678CJ01234 .. 6 CJ 2 45 7 8 6 89 2 
sss 4 
CHKPNT 1Z31t5678901234 .. 6 CJ 2 1+5 7 r, 89 2 
sss 4 
ftRLG 12345678901234 .. 12 56 89 12 
sss .. 
SAVE 1234567890123 .. 890 12 56 89 12 
sss .. 
CHICPNT 12345678901231+ .. 0 12 56 89 12 
sss .. 
PARAH 12345678901234 .. 0 12 56 89 12 
sss .. 
PURGE 12345678901234 4 0 12 56 89 12 
sss .. 
CHKPNT 12345678901234 4 0 12 56 89 12 
sss 4 
GUST 1231+567&901231+ 4 6 9 2 4 7 0 9 12 56 89 12 
sss .. 
SAVE 1231+5678 901234 .. 6 9 2 4 7 0 CJ 12 56 89 12 
sss .. 
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DMAP Bit Position 
Inst. l 10 20 30 40 50 60 

EQUIV 12345678901234 4 6 9 2 4 7 0 9 12 56 89 12 
sss 4 
CHKPNT 12345678901234 4 6 9 2 4 7 0 9 12 56 89 12 
sss 4 
F~R02 12345678901234 4 6 89 2 4 7 0 9 12 56 89 12 
sss I+ 
CHKPNT 12345678901231+ 4 6 89 2 4 7 0 9 12 56 89 12 
tSS .. 
EQUIV 12345678901234 4 6 89 z 4 7 0 9 12 56 89 12 
sss I+ 
CHKPNT 12345678901234 4 6 89 2 4 7 0 9 12 56 89 12 
sss 4 
CONO 12345678901234 ,. 6 89 2 4 7 0 9012 56 89012 
sss 4 
IFT 12345678901234 4 6789 2 4 1 0 9012 56 89012 
sss 4 
CHKPNT 12345678901234 4 6789 2 4 7 0 9012 56 89012 
sss ,. 
LABEL 12345678 901234 4 6789 2 .. 7 0 9012 56 89012 
sss 4 
HOOACC 12345678901234 4 6789 2 4 7 D 9012 56 89012 
sss .. 
ADR 1 
sss ,. 
VCR 12 
sss ,. 
SAVE 12 
sss .. 
CONO 12 
sss 4 
SDR3 12 
sss 4 
OFP 1 
sss I+ 
SAVE 1 
sss .. 
COND 2 
sss .. 
X'YTRAN 2 
sss .. 
SAVE 2 
sss ,. 
CONO 2 
sss 4 
XYPLOT 2 
sss .. 
LABEL 2 
sss 4 
PARAH 1234567890123 .. 4 6789 2 ,. 7 D 9012 56789012 
sss ,. 6 
CONO 12345678901234 4 6789 2 4 7 0 9012 56789012 
sss 4 6 
SOR! 12345678901234 .. 6789 2 4 7 0 9012 56789012 
sss 4 6 
EQUIV 12345678901234 4 6789 2 .. 7 0 9012 56789012 
sss .. 6 
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DMAP Bit Position 
Inst. l lO 20 30 40 so 60 

CONO 12345678901234 4 6789 2 I+ 7 0 9012 56789012 
sss ,. 6 
VEC 12345678901234 4 6789 2 ,. 7 0 9012 56789012 
sss ,. 6 
PARTN 12345678901234 4 6789 2 ,. 7 0 9012 56789012 
sss ,. 6 
LABEL 12345678901234 4 6789 2 .. 7 0 9012 56789012 
sss .. 6 
HPYAO 12345678901234 4 67890 z ... 7 a 9012 56789012 
sss ,. 6 
UHERGE 12345678901234 4 6789 2 4 7 0 9012 56789012 
sss .. 6 
UMERGE 12345678901234 4 6789 2 .. 7 0 9012 56789012 
sss 4 6 
CHKPNT 12345678901234 It 6789 2 .. 7 0 9012 567!9012 
sss 4 6 
UHERGE 12345678901234 4 6789 2 4 7 0 9012 56789012 
sss 4 6 
CHKPNT 12345678901234 4 6789 2 4 7 0 9012 56789012 
sss .. 6 
S0R2 90 
sss .. 6 
CONO 90 
sss .. 6 
SDR2 90 
sss .. 6 
S0R3 90 
sss ,. 6 
LABEL CJO 
sss 4 6 
SDR3 90 
sss 4 6 
DORHH CJO 
sss ,. 6 
OFP CJO 
sss .. 6 
SAVE 90 
sss .. 6 
COND 8 
sss 1 ,. 
HPYAD 8 
sss 1 ,. 
SDR2 8 
sss 1 ,. 
PLOT 8 
sss 1 .. 
PRTHSG 8 
sss 1 ,. 
LABEL 8 
sss ·1 ,. 
COND 0 
sss ,. 6 
XYTRAN 0 
sss 4 6 
SAVE 0 
sss 4 6 
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DW\P Bit Position 
Inst. l 10 20 30 40 50 60 

CONC 0 
sss l+ s 
XYPLOT 0 
$SS 4 6 
LABEL 0 
sss 4 6 
CONO 0 
sss I+ 6 
CONC 0 4 
sss 4 6 
RANDOM 0 4 
sss 4 6 
SAVE 0 4 
sss .. & 
CONO 0 &+ 

sss 4 6 
XYTRAN 0 4 
sss .. 6 
SAVE D l+ 
sss 4 6 
CONO 0 &+ 
sss 4 6 
XYPLOT 0 4 
sss 4 6 
JUHP 1231tS678901234S6 890123ft 6 9 2 4567890 90123456789 012 
LABEL 1234567890123456 8901234 6 9 z 4567890 90123456789012 
PRTPARH 1234567890123456 8901234 6 9 2 4567890 901231t56 789 D 12 
LABEL 1234S67890123456 8901234 6 9 2 4567890 901Z34S6789012 
PRT~ARH 1231+567890123456 890123ft 6 g 2 lt567890 90123456789012 
LABEL 1231t567eqo1z345& 89D1234 6 9 2 4567890 90123456789012 
sss 4 
PRTPARH 1231+5678901231+56 8901234 6 g z 4567890 90123456789012 
ISS 4 
LABEL 1234567890123456 890123ft 6 9 z 4567890 90123456789012 
ENO 1234567890123456 8901234 6 g 2 4567890 90123456789012 
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. 21. 4 Rigid Fonnat Change Restart Table 

Dt-1AP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

BEGIN 3456789012345678 01231+567890123 CHKPNT 01234567890123 
FILE 3456789012345678 01234567890123 PURGE. 01234567890123 
GP1 01231+567890123 CHKPNT 01234567890123 
SAVE 01234567890123 CONO 01231+567890123 
COHO 3456789012345678 01234567890123 PARAH 01234567890123 
GP2 01234567890123 VEC 01234567890123 
?ARAHL 012345 67890123 PARTN 01234567890123 
PARAHL 01234567890123 CHKPNT 01234567890123 
PARAH 01234567890123 DECOHP 01234567890123 
PARAH 01234567890123 SAVE 01234567890123 
GPJ 01231t567890123 CONO 01234567890123 
TA1 01234567890123 JUMP 01231+567890123 
SAVE 01234567e9012J LABEL 01234567890123 
COHO 3456789012345678 01234567890123 PRTPARH 01234567890123 
PARAH 012345.67890123 LABEL 01234567890123 
PARAH 01234567890123 CHKPNT 01234567890123 
EHG 01231+567890123 FBS 01234567890123 
SAVE 01234567890123 CHKPNT 01234567890123 
CONO 012345 6 7890123 HPYAD 01234567890123 
EMA 01234567890123 CHKPNT 01234567890123 
CHKPNT 01234567890123 SHP2 01234567890123 
LABEL 01234567890123 CHKPNT. D1234567890123 
CONO 01234567890123 LABEL 01234567890123 
EMA 01234567890123 COND 01234567890123 
CHKPNT 01234567890123 RBHG1 01234567!9012'3 
COHO 01234567890123 CHKPNT 01234567890123 
GPWG 01234567890123 RBHG2 01234567890123 
OFP 01234567890123 CHKPNT 01234567890123 
LABEL 01234567890123 RBHG3 01234567890123 
EQUIV 01234567890123 CHICPNT 01234567890123 
CHKPNT 01234567890123 RBHG4 01234567890123 
COHO 01234567890123 CHKPNT 01234567890123 
SHA3 01234567890123 LABEL 01234567890123 
CHKPNT 01234567! 90123 OPD D1234567890123 
AOC D123,.567890123 SAVE 01234567890123 
CHtCPNT 01234567890123 CONO 3456789012345678 01234567890123 
LABEL 01234567890123 EQUIV 01234567890123 
GP4 01234567890123 READ 01234567890123 
SAVE 01Z31t5678 cilJ 123 SAVE 012345678 90123 
CHKPNT 012345678t: ~ 123 CHKPNT 01234567890123 
GPSP 0123456781:0123 DFP 01234567890123 
SAVE 01234567890123 SAVE 01234567890123 
CONO 01231+567890123 CONO 3456789012345678 01231t567890123 
OFP 01234567890123 OFP 01234567890123 
LABEL 01234567890123 SAVE 01231+'567890123 
EQUIV 01234567890123 HTRXIN 01234567890123 
CONO 01234567890123 SAVE 01234567890123 
HCE1 01231t567890123 EQUIV 01234'567890123 
HCE2 01234567890123 CHKPNT 012345 6 78 CJD 123 
CHKPNT 01234567890123 GKAO 01234567890123 
LABEL 01234567890123 CHKPNT 01234567890123 
CHKPNT 01234567890123 GKAH 01234567890123 
EOUtV 01234567890123 SAVE 01234567890123 
COND 01234567890123 CHKPNT 01234567890123 
SCE1 01234567890123 APO 01234567890123 
LABEL 01234567890123 SAVE 012345678CJ0123 
CHKPNT 01234567 8CJO 123 PARAH 01234567890123 
EQUIV 01234567890123 COHO 01234567890123 
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DMAP Bit Position DMAP Bit Position 
Inst. 63 70 80 Inst. 63 70 80 

PARAH 01234567890123 CONO 01234567890123 
PL TSET 01234567890123 VEC 01234567890123 
SAVE 0123456769D123 PARTN 01234567890123 
PIHHSG 01234567890123 LABEL 012345,67890123 
COND 01234S67890123 HPYAO 01234567890123 
PLOT 01231+5678 90123 UHERGE D1234567890123 
SAVE 01231+5678 90123 UMERGE 01234567890123 
PRT,.,SG 01231+567,,90123 CHKPNT 01234567890123 
LABEL 01234567890123 UHERGE 
GI D1231t567890123 CHKPNT 
CHKPNT 01234567890123 SDR2 
PARAH 34567890123lt5678 01234567890123 CONO 
AHG D123456789D123 SOR2 
SAVE 01234567890123 SOR3 
CHKPNT 01231+567890123 LABEL 
CONO 01234567890123 SOR3 

• INPUTT2 01234567890123 DORHP1 
LAS3EL 01234567890123 OFP 
PARAP1 012345678 90123 SAVE 
AHP 012345678 90123 COND 
SAVE 01234567890123 HPYAO 
CHKPNT 01234567890123 SDP.2 
FRLG D 3 01234567890123 PLOT 
SAVE 0 3 01234567890123 PRTHSG 
CHKPNT 0 3 01234567890123 LABEL 
PARAH 01234567890123 COND 
PURGE 01234567890123 XYTRAN 
CHKPNT 01234567890123 SAVE 
GUST 01234567890123 COND 
SAVE 01234567890123 XYPLOT 
EQUIV 01231t567890123 LABEL 
CHKPNT 01234567890123 COND 
FRROZ 0 3 012 34567890123 CONO 
CHKPNT 0 3 01,234567890123 RANDOM 
EQUIV 1 4 01234567890123 SAVE r 
CHKPNT 1 ,. 01234567890123 COND 
COND 1 ,. 01234567890123 XYTRAN 
IFT 1 4 012345678 90123 SAVE 
CHKPNT 1 4 01234567890123 COND 
LABEL 1 4 01234567890123 XYPLOT 
HOOACC 01234567890123 JUHP 3456789012345678 01234567890123 
AOR LABEL 3456789012345678 01234567890123 
VOR PRTPARN 345678901234567 8 01234567890123 
SAVE LABEL 3456789012345678 01234567890123 
COND PRTPARH 3456789012345678 01234567890123 
SORJ LABEL 3456789012345678 012345678 90123 
OFP PRTPARH 345678901231t567 9 01231t5678CJD123 
SAVE LABEL 3456789012345678 01231+567890123 
CONO END 3456789012345678 01234567890123 
XYTRAN 
SAVE 
CONO 
XYPLOT 
LABEL 
PARAH 01234567890123 
COND 01234567890123 
SDR1 01231t567.,90123 
EQUIV 01234567890123 
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7.21.5 File Name Restart Table 

OMAP Bit Position 
Inst. 94 100 110 120 

BEGIN 
FILE 7 8 
GP1 .. 
SAVE .. 
CONO .. 
GP2 s 
PA RAHL 2 5 
PARAHL 
PARAH 
PARAH 
GP3 6 
TA1 7 
SAVE 7 
COHO 1 
PAPAH 8 
PARAH 9 
EHG 89 
SAVE 89 
CONO 8 
EMA 8 
CHKPNT 8 
LABEL a 
CONO 9 
EMA g 
CHKPNT g 
CONO ,. 
GPWG ,. 
OFP .. 
LA~EL .. 
EQUIV 0 
CHKPNT 0 
CONO 0 
SHA3 0 
CHKPNT 0 . 

ADD 0 
CHKPNT 0 
LABEL 0 
GPlt 1 
SAVE 1 
CHKPNT 1 
GPSP 2 
SAVE 2 
COND 2 
OFP 2 
LABEL 2 
EQUIV .. 
COND 34 
HCE1 3 
HCE2 ,. 
C.-.KPNT .. 
LABEL 34 
'CHKPNT 3 
EQUIV 5 
COHO 5 
SCE1 5 
LABEL 5 
CHKPNT 5 
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DMAP Bit Position 
Inst. 94 100 110 120 

EQUIV 6 3 
CHKPNT 6 3 
PUP.GE 6 
CHKPNT 6 
COND 6 3 3 
PAPAH 6 0 
VEC 3 
PARTN 2 CHl<PNT 2 DECOHP 1 
SAVE 1 
CONO 1 .)UHP 1 
LABEL 1 PRTPARH 1 LABEL 1 CHKPNT 1 
FBS 3 
CHKPNT 3 
HPYAO 6 
CHKPNT 6. 
SHP2 3 
CHKPNT 3 
LABEL 6 3 3 
CONO 789D 
R8HG1 7 
CHKPNT 7 
RBHGZ 8 
CHKPNT 8 
ReHG:S 9 
CHKPNT 9 
RBHG4 0 
CHKPNT 0 
LABEL 7890 
OPO 1 
SAVE 1 
CONO 1 
EQUIV 5 
READ 2 
SAYE 2 
CHKPNT 2 
OFP 2 
SAVE z 
COND z 
OFP 2 
SAVE 2 
HTRXI~ .. 
SAVE .. 
EQUIV I+ 9 
CHKPNT .. 9 
GKAD 5 9 
CHt<PNT 5 9 
GKAH 6 
SAVE 6 
CH.KPNT 6 
APO I+ 
SAYE I+ 
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Of>V\P Bit Position 
Inst. 94 100 110 120 

PARAH 5 
COHO 5 
PARAH 5 

PLTSET 5 
SAVE 5 
PR.THSG 5 
CONO 5 
PLOT 0 
SAVE 0 

PRTHSG 0 
LABEL 5 
GI & 
CHKPNT & 
PARAH 7 
AMG 7 
SAVE 7 
CHKPNT 7 
CONO a 
INPUTT2 8 
LABEL a 
PAl'AH 8 
AMP 8 
SAVE 8 
CHKPNT 8 
FR.LG g 
SAVE g 
CHKPNT g 
PARAH g 
PURGE g 
CHKPNT 9 
GUST D 
SAVE D 
EQUIV 0 
CHKPNT 0 
F~R02 1 
CHKPNT 1 
EQUIV 2 
CHKPNT 2 
COHO 2 
lFT 2 
CHKPNT 2 
LABEL 2 
HODACC 3 
ADR It 

VOR 5 
SAVE 5 
COND 5 
SDR3 s 
OFP 5 
SAVE s 
CONO r, 
XYTRAN 6 
SAVE r, 
CONO E, 

XVPLOT r, 
LABEL S6 
PARAH 7 
COND 7 
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DMAP Bit Position 
Inst. 94 100 110 120 

S0R1 7 
EQUIV 0 
CONO 0 

VEC 0 
PARTN 0 

LABEL 0 
HPYAO 0 
UHERGE 0 

UHERGE 0 
CHKPNT 0 

UHERGE 0 
CHKPNT 0 
soc.i2 1 
COHO 1 
S0R2 't 
SOR3 2 
LABEL 2 
SOP.3 2 
OORHH 3 
OFP 3 
SAVE 3 
CONO .. 
HPYAO .. 
SDR2 '+ 
PI..OT .. 
PRTMSG .. 
LABEL .. 
CONO ; 
XYTRAN 5 
SAVE 5 
COND 5 

'XYPLOT 5 
LABF.L s 
COND 5 
COND 6 
RANOOH 6 
SAVE 6 
CONO 6 
XYTRAN 6 
SAVE 6 
CONO 6 
XYPLOT 6 
JUMP 6 
LABEL 1 
PRTPARH 
LABEL 7 9 
PPTPARH 7 9 
LABEL .. 
PRTPARH .. 
LABEL 7 
ENO 

7.21-17 (12/29/78) 



8. STRUCTURAL ELEMENT DESCRIPTIONS 

8.1 INTRODUCTION TO STRUCTURAL ELEMENT DESCRIPTIONS 

The finite structural element subroutines used in NASTRAN have a number of different calcu­

lations associated with them. These subroutines are found in the modules SMAl. SMA2, SSGl, SDR2, 

DSMGl, PLA3 and PLA4. 

All modules excluding IFP having anything to do with the NASTRAN structural elements, their 

geometry, or associated data blocks, use the basic element data found in ;orrmon block /GPTA1/. 

/GPTAl/ is set in its own block data subprogram, and/or by (in the presence of durrmy-user-elements) 

the routine DELSET. Refer to Section 2.5.2.1 for further infonnation regarding /GPTAl/. 

The element subroutines in the SMAl (Structural Matrix Assembler - Phase 1) module generate 

element stiffness matrix partitions. The stiffness matrix, [KJ, for a structural element consists 

of a 6 by 6 partition for each combination of the connected grid points. For example, a R0D 

element is connected to two grid points, "a" and "b". The stiffness matrix partitions are: [Kaa], 

[Kab]' [Kba] and [Ki,b]. A triangular element (e.g.,. TRMEM) is connected to three points: It will 

generate nine partitions: [Kaal, [Kab]' (Kac], [Kb1J, (Ki,b]' ["t,c], [Kea], [Kcb] and [~cc]. In 

order to generate a particular partition, [K1j]' it is often necessary to generate [K]. However, 

only those partitions [K;jl' where i is the pivot poin~ (see section l.~) and~• 1,2, ••• ,n (n 

being the nuntier of grid points associated with the element), are output by an element stiffness 

matrix generation subroutine, e.g., KR0D. These partitions are output from an element subroutine 

in the fonn of calls to the "insertion" subroutine SMA1B (see Section 4.27). There is one call 

for each 6 by 6 partition if the element is a structural element, and one call for each 1 by 1 

"partition" if the element 1s a scalar element. The unused partitions are recalculated and used 

when j, i appears as a pivot point in a subsequent ECPT re~ord. An alternate procedure for 

matrix generation, which is not used, would be to calculate all of the element matrices once and 

store them on an auxiliary storage unit for use when needed. The alternate procedure is less 

efficient for 1 arge prob 1 ems , where efficiency really counts, because the reca 1 cu 1 ati on ti me is 

less than the time required to recover element matrices from the auxiliary unit. 

Element structural damping matrices, [K4], ~re proportional to the element stiffness matrices, 

the proportionality consta~t being 9e• the structural damping coefficient input on a material 

(e.g., MATl) bulk data card. An element stiffness matrix generation routine, e.g., KR00, of 

module SMAl will output, through the calling sequence to subroutine SMA1B: 1) an element stiffness 
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STRUCTURAL ELEMENT DESCRIPTIONS 

matrix partition, 2) the structural damping coefficient, and 3) a flag, which will signal SMAlB 

that the scalar multiplication of the matrix by the structural damping coefficient is to take 

place. 

The element subroutines (e.g., MR0D, MC0NMX) in the SMA2 (Structural Matrix Assembler - Phase 

2) module generate element mass matrix partitions. The remarks in the third paragraph above 

concerning element stiffness matrix partitions apply here also when· the reader makes the substi­

tutions: 11 mass 11 for "stiffness", "[MJ11 ·for "[K]", "MR0D" for "KR0D", and·"SMA2B" for "SMA1B". 

Only the element VISC and OAMPi generate viscous damping terms which contribute to the 

damping matrix, [a
99

J, and conversely, the only elements which contribute to [B
99

J are the VISC 

and OAMPi elements. These terms are calculated in module SMA2. The damping matrix partitions 

are passed to subroutine SMA2B in a fashion similar to that for mass matrix ~artitions. 

Element static loading functions due to temperature and enforced deformations are generated 

in the SSGl (Static Solution Generator - Phase 1) module, and the mathematical descriptions for 

these functions are given in this Section (8). (See the Module Functional Description for 

SSGl, Section 4.41, for the equations governing direct applied loads and gravity loads.) The 

output of an element routine are load vectors which are placed in the {Pg} load vector (see 

Section 4.41). 

Element stresses and forces due to displacements are calculated in the SDR2 (Stress Data 

Recovery - Phase 2) module. These calculations are perfonned in two phases. Phase 1 generates 
I 

element stress matrices for each element for which the user has requested element stress and/or 

force output. These element stress matrices are written on a scratch file for use in phase 2. 

In phase 2, the displacement vector for the current subcase is read into core, and, for each 

element for which stress and/or force output is requested, the corresponding element stress matrix 

is read and passed to the phase 2 element subroutine. The phase 2 element subroutine then 

calculates element stresses and forces. A list of the stresses and forces output in phase 2 for 

each element is given in Sections 2.3.51 and 2.3.52 respectively. 

Differential stiffness matrix partitions are calculated for some elements. These are calcu­

lated in module DSMGl (Differential Stiffness Matrix Generator - Phase 1) for large displacement 

analysis and buckling problems. The output of an element routine of the 0SMG1 module are the 

6 by 6 differential stiffness matrix partitions, [Kfj]' where i is the pivot point. The "insert·, 

subroutine for module DSMGl, similar to subroutine SMAlB of module SMAl, is 0Slb. 
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· STRUCTURAL ELEMENT DESCRIPTIONS 

Nonlinear, plastic effects in the structure may be detennined by solving for the element 

stress and modifying·the elastic properties of an element in an iterative loop. Element stresses 

are calculated in the PLA3 (Piecewise Linear Analysis - Phase 3) module, and element stiffness 

matrices with modified elastic properties are calculated in the PLA4 (Piecewise Linear Analysis -

Phase 4). The outputs of an element subroutine of the PLA3 module are: l) element stresses, 

which have the same formats as the element stresses output from a phase 2 element subroutine of 

module SDR2, and 2) updated incremental stress data in the ESTNLl data bl~ck, which are used as 

input to the PLA3 module in the next pass of the Piecewise Linear Analysis (PLA) Rigid Format 

·DMAP loop. The outputs of an element subroutine of the PLA4 module are: 1) element stiffne~s 

matrix partitions (the remarks on element stiffness matrix partitions in the second paragraph 

apply here as well, except that the "insertion" subroutine is PLA4B) and 2) updated incremental 

stress data in the ECPTNLl data block, which are used as input to the PLA4 module in the next pass 

of the PLA Rigid Format DMAP loop. ' 
The following data are needed to generate the element matrices in the above modules. 

1. Element Connection and Properties Table (ECPT) Data. 

2. Transformation matrices, [Ti]' from the·global coordinate systein to the basic coordinat· 

system. 

3. Material Property Data. 

4. Element Deformation Data (used only in modules SSGl, SDR2 and OSGMl). 

5. Grid Point Temperature Data (used only in modules SSGl, S0R2 and DSGMl}. 

The ECPT data are input to an element subroutine by a module driver from the ECPT data block 

or the EST (Element SU11111ary Table) data block. The data in each of these data blocks are identical, 

from an individual element subroutine point of view. The ECPT data block is used in modules SMAl, 

SMA2 and 0SGM1; the EST data block is used in modules SSGl and S0R2. For the special case of 

Piecewise Linear Analysis, the ECPTNL (Element Connection and Properties Table for Nonlinear 

Elements) data block is used in module PLA4, and the ESTNL (Element Summary Table for Nonlinear 

Elements) data block is used in module PLA3. The ECPT and EST data blocks are generated in the 

Table Assembler (TAl} module (see Section 4.26) from the following data blocks: ECT (Element 

Connection Table, Section 2.3.4.1), EPT (Element Property Table, Section 2.3.2.5), BGPDT (Basic 

Grid Point Definition Table, Section 2.3.3.5), and GPTT (Grid Point Temperature Table, Section 

2.3.7.2). 
-· 
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. STRUCTURAL ELEMENT DESCRIPTIONS 

The ECPT data for an element consist of four separate parts: l) connection data 2) property 

data, 3) basic grid point definition data and 4) the element temperature for material properties. 

The connection data consists of data on a connection bulk data card (e.g., CR00), except for the 

property identification number (the.property identification number on the connection and property 

cards is used only to relate the two cards during the assembly of the ECPT and EST data blocks, 

and it does not appear in either the connection data or property data). Note also that grid point 

identification numbers have been converted to internal numbers, Scalar Index List (SIL) numbers, 

which correspond to degrees of freedom numbers. Property data consist of data on a property bu~k 

data card (e.g., PR0D) with the above noted exception. Basic grid point definition data consist 

of, for each grid point connecting the element, l) the identification number of the coordinate 

system in which displacements are defined at the grid point and 2) the coordinates of the grid 

point in the basic coordinate system. The element temperature for material properties is the 

average value given for each element in the GPTT data block. This temperature is placed in the 

ECPT/EST data in the Table Assembler module from the element temperatures in the GPTT data block 

and the set identification number, n, from the TEMPERATURE(MATERIAL) • n card in the User's Case 

Control Deck. Note that n is transmi~ted to the Table Assemble~ via the tenth word of /SYSTEM/ 

(see Section 2.4.1.8). 

The transformation matrices, tr1], from the global coordinate system to the basic coordinate 

system, are supplies to an element subroutine by the utility routines TRANSO and TRANSS. These 

utility routines use the CSTM (Coordinate System Transformation Matrices, Section 2.3.3.4) data 

block in conjunction with the basic grid point definition data at a point i to compute [T1]. 

Hence all modules which deal with element calculations require the CSTM data block as input. 

TRANSD returns, to an element subroutine, a double precision matrix, [Ti], used by element 

routines in the following modules which use double precision ari~metic: SMAl, SMA2, DSGMl and 

~LA4; TRANSS returns, to an element subroutine, a single precision matrix, [Ti], used by element 

routines in the following modules which use single precision arithmetic: SSGl, SDR2 and PLA3. 

Material property data are contained in the MPT (Material Properties Table, Section 2.3.2.6) 

and the DIT (Direct Input Tables, Section 2.3.2.7} data blocks. Both of these data blocks are 

output from the IFP (Input File Processor) Preface module. The utility routine MAT (see Section 

3.4.36) fetches required material property data for element routines. These data are returned 

in single precision form. 
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STRUCTURAL ELEMENT DESCRIPTIONS 

Element defonnation data are contained in the EDT (Element Deformation Table, Section 2.3.2.8) 

data block which is output by the IFP Preface Module. Element deformation data is admissible only 

for the R0D (including C0NR0D), TUBE and BAR elements. 

Element temperature data are contained in the GPTT (Grid Point Temperature Table, Section 

2.3.7.2), which is output by the GP3 (Geometry Processor - Phase 3) module. The temperature data 

contained in this data block are used .for static loading functions due to temperature. 

Table 1 on the following page gives reference to the Theoretical and User's Manuals where 

more information on the elements can be found. 

Table 2 sunmarizes the element types. The following overall conventions were used: 

- No capabili~y exists. 

* Capability Exists. 

u User defined capability. 

Column conventions are defined as follows: 

Column 

Neumonic 

Id 

Plot 

C 

PM 

So 

F0RM 

RF 

SYlllbol 

G 
F 
s 

RA 
RF 
A 

p 
1,2,3.4 or 5 

* 

I 
A 
H 

Ad 
F 
M 
p 
R 

to 15 

General 
Meaning 

The BCD name that appears in field one of the Bulk Data 
Deck card. 

The integer nuni>er that Ef'G prints. This is the same as 
the /GPTAl/ element number. 

The BCD element symbol for structure plots. 

GRID, GRIDS and in some cases, SP0INT connectivity. 
GRIDF connectivity. 
GRIDS connectivity. 
RINGAX connectivity. 
RINGFL connectivity. 
Aerodynamic point connectivity. 

Element has a property card. 
Type of MATi card(s) allowed. 

If stress optimization is allowed. 

No special formulation of the matrices 
Isoparametric 
Axisymnetric element (and loads if Hnot specified) 
Hannonic coefficients 
Aerodynamic 
Axisynmetric fluid/acoustic 
Direct matrix input 
Plottable only 
Rigid element 

Displacement rigid fonnats that support the element 

Hl ,H3.H9 Heat 

AlO Aero 
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Columns 

K 

M 

B 

K4 

Columns 

T 

p 

G 

' ED 

H 

A 

Column 

Symbol 

K 
D 
p 

1,2, •.• 6 

L 
C 
1 

B 
1 or 2 

* 
* 

* 

* 

* 

S,Yni>ol 

* 
I 
B 

* 
* 

* 
* 

* 

Synt,ol 

* 

* 

STRUCTURAL ELEMENT DESCRIPTIONS 

Matrices 

Meaning 

Stiffness excluding heat transfer 
Differential stiffness 
Piecewise linear stiffness 
Maximum nuni>er of nonzero degrees of freedom. 

Lumped mass 
Coupled mass 
Scalar mass 

Damping element 
Maximum nurrber of nonzero degrees of freedom. 

K4 structural damping in direct fonnulation analysis. 

Heat conduction/convection 

Heat capacity 

Heat radiation 

Direct matrix input or equivalent 

Loading 

Meaning 

Static thennal by TEMP, TEMPAC only 
Inplane static t~ennal loads 
Bending static thennal loads 

Pressure 

Gravity 

Element defonnation 

Heat analysis - thennal 

Aerodynamic 

Output 

Meaning 

Integer number of real-force entries 

Integer number of complex-force entries 

Integer nuni>er of real-stress entries 

Integer number of complex-stress entries 

Random analysis 

Heat analysis 
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Table 1. Structural Element References 

Bulk Data Connection Prograll'lller's Manual User's Manua 1 Theoretical Manual 
Card Mnemonic Reference Reference Reference 

CAXIF2 8.15 1.8 17. 1 
CAXIF3 8.15 1.8 17. 1 
CAXIF4 8.15 1.8 17.1 
CBAR 8.2 1.3.2 5.2, 7.2 
CCIIJNEAX 8.9 1.3.6 5.9 
CDAMPl 8.7 1.3.8 5.6 
CDAMP2 8.7 1.3.8 5.6 
CDAMP3 8.7 1.3.8 5.6 
CDAMP4 8.7 1.3.8 5.6 
CELASl 8.7 1.3.8 5.6 
CELAS2 8.7 1.3.8 5.6 
CELAS3 8.7 1.3.8 5.6 
CELAS4 8.7 1.3.8 5.6 
CFLUI02 8.15 1.7 16 .1 
CFLUI03 8.15 1.7 16. 1 
CFLUID4 8.15 1.7 16.1 
CHBDY 8.18 8.2 
CHEXAl 8.17 1.3.9 5.12 
CHEXA2 8.17 1.3.9 5.12 
CIHEXl 8.21 
CIHEX2 8.21 
CIHEX3 8.21 
CMASSl 8.7 1.3.8 5.6 
CMASS2 8.7 1.3.8 5.6 
CMASS3 8.7 1.3.8 5.6 
CMASS4 8.7 1.3.8 5.6 
CMFREE 8.15 1.7 16.1 
CIIJNM1 8.8 · 1.2.3 5.5 
C0NM2 8.8 1.2.3 5.5 
C0NR21D 8.27 1.3.3 5.2, 7.2. 
CQDMEM 8.4 1.3.5 5.8, 7 .3 
CQDMEM1 8.19 1.3.5 5.8 
CQDMEM2 8.20 1.3.5 5.8 
CQDPLT 8.5 1.3.5 5.8 
CQUADl 8.6 1.3.5 5.8, 7 .3 
CQUAD2 8.6 1.3.5 5.8, 7 .3 
·cR0D 8.27 --1.3.3- 5.2. 7 .2 
CSHEAR 8.3 1.3.4 5.3 
CSL0T3 8.16 1.8 17. 1 
CSL21T4 8.16 1.8 17 .1 
CTETRA 8.17 1.3.9 5.12 
CT0RDRG 8.12 1.3.7 5 .11 
CTRAPAX 8.22 1.3.9 5.11 
CTRAPRG 8.11 1.3.7 5.10 
CTRBSC 8.5 1.3.5 5.8 
CTRIAl 8.6 1.3.5 5.8, 7 .3 
CTRIA2 8.6 1.3.5 5.8, 1 .3 
CTRIAAX 8.23 1.3.9 5.11 
CTRIARG 8.10 1.3. 7 5.8 
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Bulk Data Connection 
Card Mnemonic 

CTRMEM 
CTRPLT 
CTUBE 
CTWIST 
CVISC 
CWEDGE 

STRUCTURAL ELEMENT DESCRIPTIONS 

Table l (Cont.) Structural Element References 

Programner 1s Manual 
Reference· 

8.4 
8.5 
8.1 
8.3 
8.13 
8.17 

User's Manual 
Reference 

1.3.5 
1.3.5 
1.3.3 
1.3.4 
1.3.3 
1.3.9 

Theoretical Manual 
Reference 

5.8. 7.3 
5.8 
5.2. 7.2 
5.3 
5.2 
5.12 

~: The bulk data connection and property card descriptions in Section 2 of the NASTRAN 
User's Manual should also be consulted. 
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I 
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I'> 

~ _, 
...... ...., ...., ..... 

Neumontc 

BDYLIST 

CAERJ1 

CAXlf-2 

CAXlfl 

CAXIF4 

CBAR 

CCflffAX 

CDAHPJ 

CDAtf>2 
.--·· 

CDAlfll 
-

CDAlfl4 

CDUMI 

CELASI 

CELAS2 
i------ - -

CELAS3 

Genera) Description 

Id P1ot C Pf.I So foni ---
i2 - Re - - II 

72 AE GA p - Ad 

47 A2 F - - HFA 

48 Al F - - HFA 

49 A4 F - - HFA 

34 BR G PJ * -

35 CN RA Pl - HA 

20 - G p - -

21 - 6 - - -

22 - G p - -

23 - G - - -
53- 01 G u 61 - -

11 - G p - -

12 - G - - -

13 - G p - -

Tab1e 2. Sunnary of E1ement Types 

--- ----------------------------------·----------------------- ------ ----- - - ---- -- - - - -·-- --- - - --
Matrices Loading Output 

Rf K f·I B K4 ~~I:.~. He Hn K2 T p G ED H A FR Fe !:r: Sc 11 H 
T:i ---- --- i----- ----·- --
7-9 ~1 - - - - - .. - - - - - - - - - - - -- ·- ------ -- -- --- --- ---- ---- - --- -- --·-
AJO - - - - . - - - * * - - - - - -

1,3, KJ C -7-9 - - - * - - - - - 5 9 - -

1,3, KJ 7-9 C - - - - * - - - - - 5 19 - -

1,3, K1 C - - - - * - - - - - 5 19 - -7-9 

ALL KDP6 LC - * * * - - 18 - * * * - 9 17 16 19 * * 
~LL 
BUT KOS L - * - - - - I * * - - - 7 - 18 - - -
'f~'HJ~ 
19,15 
7-9, - - 81 - - - - - - - - - - - - - - - - -

14,15 
7-9, - - Bl - - - - - - - - - - - - - - - - -

14,H 
7-9 - - Bl - - - - - - - - - - - - - - - - -
14,15 - - 81 - - - - - - -7-9 - - - - - - - - - -

ALL u u u u u u - - - - u - - - 10 9 10 9 - -
1-3, 
7-12 
14,15

1 Kl - - * - - - - - - - - - - 2 3 2 3 * 
1-3, 
7-12, Kl - - - - - - - -:.,,15 - - - - - 2 3 2 3 * 
·,-3, 
7-12, Kl - - * - - - - - - - - - - 2 3 2 3 * 14,15 

V, 
-i eg 
~ 
~ r 
l'TI r 

ifi 
~ 
0 
l'TI 
V, 
n 
;a .... 
',:J 
-i ... 
0 z 
V, 



0, . .... 
I .... 

0 

...... .... 
N ...... 
w .... ...... ..... 
..... '--

Neumonic 

CELAS4 

CFLUID2 

CFLUIDl 

CFLUID4 

CHBDY 

CHEXAl 

CHEXA2 

CIHEXl 

CIHEX2 

CIHEX3 

CW\SS1 

CW\SS2 

CMASS3 

CW\SS4 

CIINHl 

Id 

14 

43 

44 

45 

52 

41 

42 

65 

66 

67 

25 

26 

27 

28 

29 

General Description 

Plot C PH So Fonn 

- G - - -

F2 Rf - - F 

F3 Rf - - F 

F4 RC - - F 

HB G P4 - -

HI 6 145 - -

H2 6 145 - -

XL 6 P1245 - I 

XG G P1245 - I 

XC G P1245 - I 

- G p - -

- G - - -

- G p - -

- G - - -

- G - - -
. -

Table 2. Sunmary of Element Types (continued) 

Matrices 

RF K H B K4 "cc He HR K2 T 

1-3,7-12, Kl - - - - - - - -14, 15 

3,7-9 Kl C - - - - - - -

3,7-9 Kl C - - - - - - -

3,7-9 Kl C - - - - - - -

HI-H9 - - - - * * * - -

1-3,7-12 Ill L - - * * - - * 
1-3,7-12 K3 L - - * * - - • 14.15 

All but 6 Kl C - • * * - - * 

All but 6 DK3 C - * * * - - * 

All but 6 DK3 C - * • * - - * 

All - l1 - - - - - - -

All - l1 - - - - - - -

Ml - l1 - - - - - - -

All - l1 - - - - - - -

All l1 - - - - - - -

loading 

p G ED H A FR 

- - - - - 2 

- * - - - -

- * - - - -

- * - - - -

- - - - - -

- * - * - -

- .. - * - -

* * - * - -

* * - • - -

* * - .,, - -

- * - - - -

- * - - - -

- * - - - -

- * - - - -

- * - - - -

Output 

Fe SR Sc 

3 0 3 

- - -

- - -

- - . -

- - -

- 9 13 

- 9 13 

- 22 • 

- 22 * 

- 22 * 

- - -

- - -

- - -

- - -

- - -

R 

* 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

H 

-

-

-

-

* 

* 

* 

* 

* 

* 

-

-

-

-

-

~ 
~ 
~ 
r-

p! 
!j! 

s 
C 
ITI 
tn n 
;u 
1-4 
-a .... 
1-4 

~ 



~ _. 
I _. .... -.... 

N ..... 
~ ..... ..... ..... 

-

Ne1.1110nfc 

CIINM2 

c,NRJm 

. 
CQDHEM 

CQDHEMJ 

CQDHEM2 

CQDPLT 

CQUAD1 

CQUAD2 
CRIGOI 
CRIGD2 
CRf)D 
CSHEAR 

csun 

CSLf)T4 

CTETRA 

CTf)ORG 

CTRAPAX 

Id' 

30 

JO 

16 

62 

63 

15 

19 

18 
-
-
1 
4 

50 

51 

39 

38 

71 

General Description 

Plot C PM So Form 

- G - - -

CR G 145 - -

QM 6 P1245 * -

HJ G p - I 

M2 G Pl2 - -

QP G P12 * -

Ql G P1245 • -

Q2 G P1245 * -
- G - - R 

- G - - R 
RD G. P1245 * -
SH G Pl * -

SJ s - - F 

S4 s - - F 

TE G 1 - -

TR G Pll - A 

T4 RA PU - HA 

Table 2. Sunnary of Element Types (continued) 

-
Matrices 

RF K M B K4 Hl"I" "c HR K2 T 

All - LC - - - - - - -

All KOP2 LC - * * * - - * 

All KDP2 L - • * * - - I 

14, 15 
1-3,7-12 K3 L - * - - - - I 

1-3,7-12 
14, 15 KDP2 L - • - - - - I 

· 14, 15 
1-3,7-12 K3 LC - * - - - - B 

All KOPS LC - * • • - - 18 

All KOPS LC - * * * - - 18 

A11 - - - - - - - - -
A11 - - - - - - - - -
All KDP2 LC - * • • - - * 
All K2 L - * - - - - -

1.3.7-9 Kl C - - - - - - -
1,3,7-9 Kl C - - - - - - -
1,3,7-12 

14, 15 Kl l - * * * - - • 

1-3,7-12 k5 C - * - - - - • 

J,3,7-12 KJ LC - • - - - - • 

Loading 
p G ED H A FR Fe 

- * - - - - -

- • • • - 3 5 

• • - * - - -

* • - - - 0 0 

* * - - - 17 33 

* • - - - 6 11 

* * - • - 6 11 

* * - * - 6 11 
- - - - - - -
- - - - - - -
- * * * - 3 5 

* * - - - 17 33 

- - - - - - -

- - - - - - -

- * - * - - -

- * - - - 13 -

• * 14 0 - - -

Output 

SR s 
C 

- -

5 5 

8 7 

8 1 

8 7 

17 15 

17 15 

17 15 
- -
- -
5 5 
4 5 

6 11 

1 13 

9 13 

16 -

32' 2 

R 

-

• 

* 

-

-

* 

* 

• 
-
-
* 
* 

-

-

-

-

H 

-

* 

* 

-

-

-

* 

* 
-
-
* 
-

-

-

• 

-

~ 
~ 
~ 
~ 

I 
Cl 

C: 
n 
;o ... 
~ ... 
i 
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CJD' 

ti -.... 
N ....... 
c., .... ..... .... .... 

Neumnlc 

CTRAPRG 

CTR8SC 

CTRIMX 

CTRIAl 

CTRIA2 

CTRIARG 

CTRKH 

CTRPLT 

CTlliE 

CTWIST 

CVISC 

CWEDGE 

FSLIST 

GENEL 

PUHEL 

Id 

37 

1 

70 

6 

17 

36 

9 

8 

3 

5 

24 

40 

46 

-

31 

General Descrtptton 

Plot C PM So Fora 

TA G 1345 - A 

TB 6 P12 • -

T3 RA Pl3 - HA 

Tl 6 P1245 * -

T2 6 P1245 * -

Tl G 1345 - A 

TH G P1245 * -
TP G P12 * -

TU G P145 * -

TW G Pl - -

vs G p - -

,m G 145 - -

FM RC - - -

- G - - M 

Pl G - - p 

Table 2. St111111ary of Element Types (continued) 

Matrices 

RF K M B k4 "cc "c HR K2 

1-3,7-12 k2 C - * * * - -
1-3, 7-12 

14,15 k3 Lt - * .. - - -

1-3, 7-12 k3 Lt - * - - - -

All kDP5 LC - * * * - -

All KOPS Lt - * • • - -

1-3,7-12 K2 .C - * • • - -

All KDP2 l - * * * - -
1-3,7-12 

14,15 k3 LC - • - - - --

All KDP2 LC - * • • - -
1-3,7-12 

14,15 K2 L - * - - - -

7-9 - - 82 - - - - -
1-3,7-12 

14, 15 Kl L - • * • - -

1-3.7-12 ~ - l - - - - - * 

"'1 k6 - - - - - - • 

All - - - - - - - -

Loading 

T p G ED H 

• - • - * 

B * • - -

* • • - -

1B * * - * 

IB * • - * 

* - * - * 

I * * - * 

B * * - -

* - * • * 

- * * - -

- - - - -

* - * - * 

- - * - -
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8.2 THE BAR ELEMENT 

8.2. l Input Data for the BAR Element 

l • The ECPT /EST entries for the BAR a re: 

2. 

Symbol 

F 

pa' Pb 

Mat I. o. 

A 

I l , I2 

I12 

J 

J.I 

ax, •y• •z} 
bx, by, bz 

Kl' K2 

Cl' C2' d,. d2 ~ 
ti", f2, g,. 92 ' 

tJ.I 

Coordinate system data 

Descriptions 

Scalar indices of grid points a and b 

Local coordinate system number and location 
in basic coordinates of the grid points 

Orientation vector (see Figure l in section 1.3 
of the User's Manual) 

Flag for orientation vector definition 

Pin flags for either end 

Material property identification number 

Cross-sectional area 

Bending inertials in element coordinates about 
axes nonnal to reference planes 1 and 2 respectively 

Cross-product bending inertia 

Torsional Inertia 

Nonstructural mass per unit length 

Vectors defining offset distances between 
BAR ends and grid points (see Figure 1 in section 
1.3 of the User's Manual) 

Shear factors 

Positions on cross section of four points for 
stress calculations (see section 1.3.2 of the 
User's Manua 1) 

Temperature for material properties 

The location (X;, Y;, Z;) and local coordinate system number (N1) of each 

grid point (i • a orb) are used to calculate the 3 by 3 global-to-basic coordinate 

transformation matrices, (Ta] and [Tb]. 
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3 • Mate ri a 1 cia ta 

The material identification number "Mat I.D." and t are used to select the 
I.I 

fol lowing: 

E - Modulus of elasticity 

G - Shear ioodulus 

V - Poisson's ratio 

p - Density 

a - Thennal expansion coefficient 

To - Reference temperature 

9e - Structural damping ratio 

O't - Stress limit, tension 

ac Stress limit, compression 

as - Stress 1 imi t, shear 

8.2.2 Stiffness Matrix Calculation (Subroutine KBAR of Module SMAl) 

1. If the orientation flag Fis nonzero, transform the given vector to basic 

coordinates: 

Otherwise, 

2. T~ansfer the relative beam end locations to basic coordinates: 

~

/ 0a1 

0a2 

0a3 

• [T] a 

8.2-2 {3/1/74) 
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3. The center axis of the beam, defined as {i} is calculated as: 

{V.} = • , 

R. • 

xa • xb + 0al • 0bl 

Ya· Yb+ 0a2 - 0b2 • 

2a - 2b + 0a3 - 0b3 

4. The bending axis of the beam in plane 2 is: 

{k} • {i} x {v
0

} 

l{O x {v
0

}1 

5. The bending axis of the beam in plane 1 is: 

• {k} X {i} 
{j} j{k} X {i}j 

6. The 6x6 matrix for transforming element displacements in the element coordinates to 

basic coordinate displacements is: 

• 
1 

• ' k} I O [T ] • i ij ... - iJ} - I - i - -, - -. ~ i - t ~ ,. - r."',-
[ 

1 

1 

I J 
eb Q I \ 1 J I J J : { K J 

7, The 6 by 6 matrices for transforming global coordinate disolacements to basic 

coordinate displacements are: 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(1 O) 

(11 ) 
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[ 
I J Tb : 0 

[C ] ., - - - r - - . 
b O I T 

b 

(12) 

8. The 6 by 6 matrices for transfonning displacements of the ~rid points to displacements 

of the element ends are: 

1 0 0 
I 

0 I az -a y 
0 1 0 I -az 0 ax 

I 
0 0 1 I ay -ax 0 

[Ea] • --------l-------------- ·. (13) 

1 0 

~J 0 0 1 
0 0 

1 0 0 0 bz -b -, y 

0 1 0 -b 0 bx l z 

0 0 1 by -b 0 
X 

[Eb] 
I • 

________ i _______________ 
( 14) 

' 1 0 0 

0 0 1 0 

I 0 0 1 
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THE BAR ELEMENT 

9. The 6 by 6 partitions of the element stiffness matrix in element coordinates 
are: 

AE 
0 0 r 

0 R1 B 

0 B Rz 

[K:a] = 0 0 0 

0 -~ ~· - 2 

.... 0 ~, ~ 

AE -r 0 0 

0 -R1 -B 

0 -B -R2 

[K:b] • 0 0 0 

0 ~ ~2 

0 R. -~, ~ 

8.2-5 (3/1/74) 

0 0 

0 9.. 
-!B 

0 -~2 

GJ 
0 r 

0 k2 

0 
9..2 

--r a 

0 0 

0 -~ 
0 iR2 
GJ 

0 -r 
0 k4 

0 
R.2 -rs 

0 

~l 

~ 
0 

a,2 
- rs 

", 

-0 

~, 
~ 
0 

9..2 
- rs 

k3 

,·· ... , .. ; 
' _ ... -

.,· 

I 

I 

(15) 

(16) 

(17) 
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AE 0 0 0 0 0 
t 

0 Rl s 0 ~ £ 
/ - ! Rl 

0 s R2 0 ¥2 
R. 

- ! 13 . ( 18) 
[~b] 

GJ 
"' 0 0 0 r 0 0 

0 t s 
¥2 0 k2 

2,2 
! 313 

0 t -~, ~~ 0 
12 

·3 s k, 

The terms are defined as: 

If 112 • 0 : 

13 • 0 
( 19) 

(20) 

[ 1 + 12EI2 J·l • 
YGR.2 

(21) 

1 Note: If K; AG • O, set • O, i • 1 or 2 
K1 A G 

If 112 ; O 

Rl • 
12EI1 -R. 3 (22) 

R2 • 12EI2 (23) 
2,3 

s • 
1ZEI12 

R. 3 
(24) 
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Note: In this case no shearing deformations are calculated. 

For both cases 

kl 
2, 2 

+ 
EI 1 = 4 Rl T 

k2 
.2,2 

+ 
EI2 = 4 R2 T 

k3 
.2,2 Eil 

= 4 Rl - T 

10. Process the end condition {"pin") data. The nonzero digits of the "pin flag" 

integers Pa and pb·specify the following: 

( 25) 

(26) 

(27) 

(28) 

l implies no forces are transmitted to the element in th~ x-direction at the pinned end 

2 implies no forces are transmitted to the element in they-direction at the pinned end 

3 implies no forces are transmitted to the element in the z-direction at the pinned end 

4 implies no forces are transmitted to the element in the ex-direction at the pinned end 

5 implies no forces are transmitted to the element in the ey-directio~ at the pinned end 

6 implies no forces are transmitted to the element in the ez-direction at the pinned end 

1) Nonzero digits of the number P specify the unconnected degrees of freedom 

on the end of the BAR. 

2) Construct the overall element matrix and perform the following operations: 

a) 

8.2-7 (3/1/74) 
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b) Convert the pin numbers to row numbers in the [k] matrix. If a pin number refers to 

end 11 a11
, it cc,rresponds to the row number. If it refers to end 11 b", the row number is 

obtained by adding six to the pin number. 

c) For each row of the [k] matrix perform the following operation to obtain the new 

stiffness matrix [k'] 

I k., .2,k" 
kj" • kj - l Jl 

,., .2. k;; 

I 

{

j ii 1,.~.12, j; i 

.2. • 1, ••• 12, .2.; i 
(30) 

and kj.2. • 0 for j • i £!:. .2. • i, where i is the row number obtaineQ from the pin number 

as in b). 

This operation causes the ;th row and column to be zero, and disconnects 

that degree of freedom from the matrix. Repeat for each pin index. 

d) Repartition the matrix into the four original sections, carrying 

the zero rows and columns along. 

11. The equations to convert the partitions to glpbal coordinates are: 

8.2-8 (3/1/74) 
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and: 

THE BAR ELEMENT 

Lumped Mass Matrix Calculation (Subroutine MBAR of Module SMA2) 

m/2 
m/2 O 

m/2 I 
I 

= - - - - - ,- - - - - -

0 0 

m = t ( pA + µ) , 

(35) 

(36) 

(37) 

(38) 

(39} 

The equations for the generation of the 11 consistent11 or coupled mass matrix for the BAR are 
given in Section 8.2.8. 

8.2.4 Element Load Calculation (Subroutine BAR of Module SSGl) 

b) Partition the 12 x 12 matrix into four 6 x 6 matrices 

e I e 
Kaa I Kab I 

I 

(40) [k'] I -> •••••T•••• 
I e I e 

Kba I Kbb I 

8.2-9 (3/1 /74) 
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-aR.(T - T) - cS 
0 

2 
- a£ [T' + 2T' ] T 2a 2b 

0 

ai [T' + T' ] T la lb 

( 41) 

- - -
where Tis the average of Ta and Tb. o is the enforced deformation, and Ti are the 
gradients. 

d) The load vectors 1n global coordinates are: 

(42) 
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8.2.5 Element Stress Calculations (Subroutines SBARl and S8AR2 of Module SDR2) 

The stress and force data are calculated in two phases. The first phase (subroutine SBARl) 

calculates unique stress versus displacement, temperature and enforced deformation functions for 

each element. The second phase (subroutine SBAR2) applies the various subcase displacement 

vectors to product the element forces and stresses. 

Phase l calculations are as follows: 

l . Using. the algorithms given in the description of the stiffness matrix cal cu 1 a tions 

for the element (Section 8.2.2), calculate the following data: 

[Teb] • 6x6 element coordinate transformation 

[Ea],[Eb] - Offset transformation matrices (6x6) 

[Ca],[Cb] - 6x6 global to basic coordinate transformations 

I 

[Ke] - 12xl2 stiffness matrix in element coordinates with 
pin joint effects 

i - Length of BAR 

I 

2. Partition the stiffness matrix [K] saving only the upper 6x6 matrices, e 

[kaa] and [kabJ. 

3. The stress matrices are: 

8.2-11 (3/1/74) 1 
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4. The temperature and enforced defonnation matrix is: 

a.e. 0 0 0 0 

a£2 2 
0 2~ 0 0 6 6 

0 0. 0 a£2 a.e.2 
6 2-r 

[St] = [Kaa] (46) 
0 0 0 0 0 

0 0 0 ai aR. 
T T 

0 ai at 
0 0 -z -T 

Phase 2 element force calculations are as follows: 

1. The static element forces.are calculated by the equation: 

(47) 

where [Sa] and (Sb] are the displacement-stress matrices, {ua} and {ub} are the displacement 

vectors, and Tz• Tla' etc. are the element thennal resultants. In terms of the given tempera­

tures at the ends, Ta and Tb' the equation for Tz is: 

- -
- Ta+ Tb 
T • - T z 2 0 (48) 

2. The element axial force is: 

(49) 

~-2-12 (3/1/74) 1/J''. 
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3. The element shear loads are: 

4. The torque and moments are: 

T = -P 4 , 

Phase 2 element stress calculations are as follows: 

l. The stresses due to bendinq are: 

For ocb' odb' afb• agb use the above equattons interchanging the subscripts for band a. 

Equation 50 is intentionally missing. 

8.2-13 (3/1/74) , .' ·/ 4' >' 
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(55) 

( 56) 

(57) 

(58) 
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The stresses calculated at points c, d, e, and f on the cross section will be modified by the 

element temperatures Tac• Tad' ... Tbc' .•• if at least one of the T values is nonzero. At end a: 

etc. 

At end b: (63a) 

= -

etc. 

(Ta and Tb are the given average temperatures at the ends.) The above stresses are added to the 

stresses calculated in Equations 60 - 63. 

2. The axial stress is: 

0 ax • 

3. The maxima and minima are: 

F· 
X ,.. 
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4. The margins of safety in tension, M.S.t' and comoression, M.S.c' are as fo11o•.-,s: 

M.S ·t = 

. I 
0 t 

0
t ) min , - 1 

{ 

\
0 a max 0 b max 

Integer "1" 

, crt > 0 

, crt ~ o or max ( cra max• crb max)~ 0 

Define cr~ = - lcrcl. Then: 

i min ( 
0

~ 

cr' 
1 0 b :in)-

1 
, 

; 0 
0 a min 

• cr C 

M.S.c = 

( Integer "1" ' = 0 or min (cra min' 0 b min)~ O • cr C 

8.2.6 Differential Stiffness Matrix Calculation (Subroutine DBEAM of Module 0SMG1) 

I 

Many of the equations used in ~iis calculation routine are identical to the stiffness 

.matrix and element force calculations. Refer to Section 8.2.2 and 8.2.5 for details. 

1. Calcu·late [Teb], [Ca], [Cb], [Ea]• [Eb] and [K], the matrices used in the BAR 

stiffness matrix generation, Section 8.2.2. 

2. Calculate the forces in the element using the equations in Section 8.2.5. 

. th 3. The nunt,er 2, 3, 4, 5, 6, 8, 9, 10, 11 and 12 rows and columns of the 

12 by 12 differential stiffness matrix are given in Figure 1. The first and 

, seventh rows and columns are zero. The tenns are identical to the element forces 

calculated for output (Equations 51, 52 and 54 through 57 of Section 8.2:5) with the 

fellowing notational changes: 

May • M2a 

Maz = Mla 
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00 . [Kd] = N 
I e __, 
0\ -w ..... _. ..... ...... .,,. 

6Fx - May Fx 6F 
0 -~ 0 

F 
0 0 X X rt t - To - ;r .l - l7r 

6Fx "az Fx 6Fx \z F 
0 0 0 X 0 sr -T lo - '5r -y lo 

. - - - --- ---------- -· ·-------·- -- ------ . 

- May Maz JFX tV tVZ May Haz ,JF 

~ f.Vz - -r!- X ,. -y 
t
2A --r t· T - t 2A b 

~---- ·---- -------- --·- ,. _________ 
... 

0 Fx !V -
~x 

Fx ~ .tFX 
lo - -t- 0 0 - To - 30 0 

e---·-- . -- --- - -· -·- .. ---· 
Fx tV

2 21 F Fx tV
2 

.tF 
0 0 0 0 X - ro -6 • fS' X lo b - JO 

----· .... - .. .. ···- . . . -- ~- .. _. ..... -- ----- - ··----- ·- ----
6Fx f4 Fx 6Fx ~ F 

0 _!l 0 0 0 X --r t nr rr- .t To 
--- ------ ----- --- ·--

0 
6Fx "az Fx 

0 0 
6F X \z Fx 

0 -,.- T - m 'St T - Tir 
. . .. 

-~ \z JFX ~ 
tV

2 ~ Mbz JFX tV V tV
2 

l --r ~ t 2A 6 t T t2A 
--y - -6-

--- -- - --- . ··---- ·-··· .. . - ----
Fx t~y 

tF F tV 2tF 
0 X 0 0 X - -r!- X 0 To -w - Tif ,r 

~----- -------- -···-----
Fx tVZ lFX Fx tV

2 
2tF 

0 0 0 0 X - To 6 - !a Tif --r --,-;-
. -- -···· - .. --·-··· - --·· ..... -· ... --··· .. ····-- - - --- ·-· -·- ---- - - . - ·- . ··- --· ·-· --- - - ----- - ------- --· 

Figure 1. - Differential stiffness matrix for a nAR element, rows and col1111ns 1 and 7 deleted. 
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4. The effects of "pin joints" are added by aoplying the elastic stiffness 

constraints. The elastic stiffness matrix, [Ke], with no pin .ioints is equivalent 

to the matrix [k] in Equation 29. If coordinate number .i is released by a oin flag 

the differential stiffness matrix must be modified as follows:. 

a. If i -, j and R. ,; j, 1 • l , 2, •• , , 12 and R. • 1 , 2, ••• , 12: 

' 

where mis the (row) index of the pin joint nunt>er, 1 ~ m ~ 12. Form= 0, define 

b. If i or j = R. 

i • 1 , ... , 12 

• 0 j • , ••••• 12 

5. The 12 by 12 matrix [Kd*J is now partitioned into 6 by 6 matrices related 

to each grid point 

6. If point "p" is the pivot point (p • a orb), the matrices generated in global 

coordinates are: 
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Piecewise Linear Analysis Calculations (Subroutine PSBAR of Module PLA3 and 

Subroutine PKBAR of Module PLA4} 

The additional ECPTNL and ESTNL data block entries for a BAR element are: 

* £ 

* E 

* vl 

* T 

* 
~a 

- The previously computed axial strain value once removed. 

- The previously computed axial strain value. 

- The previously computed modulus of elasticity. 

- The previously computed element forces and moments. 

* All of the above va1ues are i~itially zero with the exception of E • which is initially the 

original modulus of elasticity present on~ MAT1 bulk data card. 

For both stress (subroutine PSBAR) and stiffness matrix (subroutine PKBAR} calculations, 

the following data are generated: 

1, [Teb], [Ca)• [Cb)' [Ea)•[~]. [k:1], and (k:b] as in Equations 6, 10, 11, 12, 13, 14 and 

30 in section 4.87.2.1. Note that: a) [k:al and [k~J are the partiti~ns of the stiffness 

* matrix with pin joint effects taken into account; b} for stress calculations, E is used 

to compute [k!aJ and [kit,]; and c) for stiffness matrix calculations E1 (see Equation 84 

below) is used to compute [k:1] and [k:CJ. 

Using the incremental displacement vectors, (~u1 } and {6ub}, calculate the incremental 

strain: 

' 

{78} 

where {Tebl} is the first column of [TebJ. If coordinate 11 111 of either Pa or Pb (the pin flags) 

is 11 on 11
• the element is treated as linear. This determination is made in the Piecewise Linear 

8.2-18 (3/1/74) 
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Analysis pre-processor module, PLAl. 

Calculate the extensional strains: 

* e:, • £ + ~£ ' 

where y is the ratio of the next load increment to the present load increment. 

The stresses 

a1 • f(e:1), 

are computed, where f is the tabular stress-strain function. * (When£ • O, define 

a1 • E0 e:1, where E0 is the modulus of elasticity on the MAT1 card) 

For stiffness matrix generation the new material properties are: 

a2 - a1 if £2 ; e:, 
e:2 - £1 ' 

El • 

* E 
' if e:2 • e:1 

and 

; 

where Ea and Ga are elastic moduli obtained from the MAT1 bulk data card via subroutine MAT. 

Note that E1 is calculated in PSBAR only to predict the next value of E, i.e., to update 

the ESTNL entry. 
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For plastic element stresses and forces, the values are calculated in a fashion similar 

to that found in the phase 2 subroutine, SBAR2, (Section 8.2.5) of the SOR module. 

They are: 

Fx • Aa1, 

* 
vl • - ~Pz + V1 ' 

* Vz • - ~P3 + Vz • 

* T • • ~4 + T • 

* 
Mla • - ~p6 + Mla ' 

* 
M2a • ~P5 + ~a• 

' 

The stresses due to bending, the axial stress, the minimum and maximum stresses, and 

the margins of safety are computed as in Equations 58 through 70. 

The new ESTNL and ECPTNL entries are: 

* * e:o • e: • 

e:* • e:, • 

* E • El • 
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* V1 = vl (98) 

* V2 .. V2 • (99) 

* T = T (l 00) 

* Mla = Mla ' (1 rn) 

* M2a = Mza ' (l 02) 
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8.2.8 11Consistent 11 Mass Matrix Calculation (Subroutine MCBAR of Module SMA2) 

1. Generate the 12 by 12 matrix: 

175 0 0 0 0 0 35 0 0 0 0 0 

156 0 0 0 22.2. 0 54 0 0 0 -13R. 

156 0 -22R. 0 0 0 54 0 13.2. 0 

0 0 0 0 0 0 0 0 0 

4.2.2 0 0 0 -13.2. 0 -3.2.2 0 

4.2.2 0 13.2. 0 0 0 .32,2 
[Me] = m SYM ------------------- ( 103) 42a 175 0 0 0 0 0 

156 Q. 0 0 -22.2. 

156 0 22.2. 0 

0 0 0 

4.2.2 0 

4.2,2 

where 

m • (pA + µ)t (104) 

2. If 11 pin Joints" exist (Pa or Pb nonzero), generate the 11 unpinned 11 12 by 12 stiffness 

matrix in element coordinates, [Ke], as in Equation 29, Section 8.2.2. 

For each pin joint of index j, perform the operations for i • l, ••• , 12 and 

t • 1, •••• 12: 

After each pin joint j operation, replace [M8
] by the 11 pinned11 matrix [MPJ. 

4. Partition the matrix into 6 by 6 submatrices: 
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(106) 

5. The matrices are converted to global coordinates by the equation: 

( l 07) 

where i is the pivot point (a orb) and j is used twice (for both a and b). 

8.2.9 Thermal Analysis Calculations for the BAR Element 

If a "stiffness" matrix for heat transfer analysis is to be generated, word 56 in C0MM0N 

data block SYSTEM is +1. The length, 1, of the element is calculated with the structure analysis 

code, described in Section 8.2.2. The thermal conductivity coefficient, k, is obtained by 

calling subroutine HMAT, rather than MAT. The matrix tenns are: 

For the pivot point i, 

For j r i, 

K • .u ii .2. • 

k A 
K;j • - T. 

The "mass" matrix for heat transfer analysis is generated in subroutine MBAR. The capacity 

coefficient Cp is determined by subroutine HMAT and the matrix tenns placed in the BGG matrix are: 

B -~ ii --z--- . 

The "stress" recovery is perfonned by subroutines SOHTFl, SOHTFF, and SOHTF2 in module 

S0R2. In Phase 1, the value k is extracted with subroutine HMAT and the output is: 

[C] • t [-1 1] 

In Phase 2, the gradient and flux are: 
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8.3 THE SHEAR PANEL AND TWIST PANEL ELEMENTS 

8.3. l Input Data for SHEAR and TWIST Panels 

l. The ECPT/EST entries for shear (SHEAR) and twist (TWIST) panel elements are: 

Symbol 

SIL;, i=l ,2,3,4 

N;,X;,Y;,Z; } 
i • 1,2,3,4 

Mat I .D. 

t 

2. Coordinate system data 

Descriotion 

Scalar indices for the connected ooints 

Local coordinate system null'l)er and basic co­
ordinate location for each of the connected 
points. 

Material identification number 

Panel thickness 

Nonstructural mass per unit area 

Temperature for material properties 

Using Ni' Xi' Yi' Zp i • 1,2,3,4 the program constructs [T1J, i • 1,2,3,4, the 3 by 3 

global-to-basic transformation matrix fer each point. 

3. Material data 

MAT I .D. and tµ are used, by utility rout·ine MAT, to produce the following terms from the 

MPT and DIT data blocks: 

Symbol Description 

E Modulus of elasticity 

G Shear modulus 

V Poisson's ratio 

p Density 

a Thermal expansion coefficient 

To Reference temperature 

ge Structural damping coefficient 

at' a C' O'b Stress 1 imi ts 
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a .. .:. 2 Definition of Element Geometry 

A mean plane is defined as parallel to the two diagonal lines and halfway between them. The 

projections of the points at the corners of the element onto the plane and the normal to the plane 

define the element coordinate system. Using standard vector algebra, the steps are: 

1. Define: 

{ x, 

• ) v, . 
( z, 

, etc. 

2. Define diagonal vectors: 

3. Define normal vector (x denotes cross product): 

A • t I {kn} I (the projected area of the element). 

4. Define the vectors along the side of the element (see Figures 2 and 3} 
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5. Define transformation matrix [Te]' which transforms element coordinate to basic coordi­

nates, using unit vectors: 

{j} = {k} X {i} 

6. Transform the four corner point of the element from basic coordinates to the element 

syst~m: 

The four corners of the element are now projected onto the mean plane. 
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7. The following conditions should be met. Otherwise, the interior angle at the 

indicated point is not valid. 

Y3 > 0 (If not, the interior angle at point 2 > 180°) , (17) 

x3 > ~ x4 {If not, the interior angle at point 4 > 180°) , (18) 

Y4 > O (If not, the interior angle at point 1 > 180°) , (19) 

Y4 o 
x4 < x2 - (x2 - x3}Yj' (If not, the interior angle at point 3 > 180) , (20) 

8.3.3 Coefficient Generation 

The shape of the panel may be a parallelogram, a trapezoid, or a general quadrilateral, and 

tile equations will be diff,rent fo~ each case. The slopes of the opposite sides are checked for 

parallel effects, and the correct routine is used for each possibility. 

1. Check for parallel effects: 

If 

~-~ 
x - x· < e, 

3 4 

sides 1 and 3 of the panel are parallel (e • 10-1). 

If 

Y4(X3-X2) • Y3X4 

X4(X3-Xz) + Y4Y3 

(21) 

< £, (22) 

sides 2 and 4 are parallel. If both tenns are less thane, (i.e., the panel is a 

parallelogram}, go to step (4). If both terms are greater thane, go to step (5). If the 

one pair of parallel sides is 1 and 3, go to step (2); if the one pair of parallel sides is 2 

and 4, go to step (3), 
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2. In this case the line connecting points 3 and 4 is approximately parallel to the line 

connecting points land 2. The equations are: 

(23) 

p. "' y - y. (i = 1,2,3,4) , l p , (24) 

xp "' 
X~3X4 

(25) Y3X4•Y4(X3•X2) ' 

a • (\ ··) . (26) 

C . ( \ ··). (27) 

(28) 

3. In this case the line connecting points 1 and 4 is approximately parallel to the line 

connecting points 2 and 3. The equations are: 

d • (29) 

(30) 
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P; = [(xq - X;) - y1.d] l (i = 1,2,3,4) 
yl + d~ 

b • 
(x9 - ~4)d + y4 

(xq - x4) - y 4 d 

4. In this case the panel approximates a parallelogram. The equations to solve 
are: 

P; • 1, (i • 1,2,3,4}, 

d • 

2 
2 

• 2St o • f~> · 

5. In this case no parallel effects exist. The equations are: 

X • q 
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X2X4Y3 
(38) xp = 

Y3X4-Y4 (X3•X2) • 

Yp 
X2Y3Y4 (39) • Y3X4·Y4 (X3·X2) • 

(40) 

d • 
x9 - xp 

(41) 
Yp • 

y 
P; • :l!.[(x·-x;) - Y;ciJ (i • 1,2,3,4) • (42) .e. q 

C • 
1 
- - d. P1 . (43) 

b • (44) 

a • (45) 
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Let: 

F • 

(45) 

1 [ 4 4 4 4 - r (a-c) (b -d) + (b-d) (a -c )]} • 

Then: 

P1P2 1 j 4 2 } 
z • P3P4 !(ff l A + l+v [F • ! A] • (47) 
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8.3.4 Stiffness Matrix Formulation For a SHEAR Panel (Subroutine KPANEL of Module SMAl) 

1. Calculate the lengths of the diagonals: 

2. Calculate the unit vectors along the diagonals: 

u, • U3 • 
X.3 
113 

t 

v, • V3 • 
Y3 
113 

• 

X4•X.2 
Uz • U4 • i;-

V2 • V4 • Y4 
124 

. 

3. The loads along the diagonals in tenns of the average shear stress along 
side 1 are: 
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4. The loads at grid point i in terms of the.displacements at grid point j may be 

expressed in terms of a (3x3} matrix (k;j] where 

i • 1, 2, 3, 4 

,j • 1 , 2, ••• i 

5. The 3x3 matrices are related only to deflections and forces. The terms in the 

6x6 matrices, [Kfj]' corresponding to rotations are zero. Expand the matrices to 6x6: 

The element structural damping matrix is equal toge' the structural damping 

coefficient, 111.1ltiplied by the stiffness matrix, [K1jJ. 

8.3.5 TWIST Element Stiffness Matrix Generation (Subroutine KPANEL of Module SMAl) 

The following data for the SHEAR panel element are used for generation of the 

element stiffness matrix for the TWIST panel. 
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z 

u1u2u3u4 } 

v1v2v3v4 

A1,A2,A3,A4 

The 3x2 transformation matrix (Equation 12). 

The locations of the corners ih· the element 
system (Equations 14. 15 and 16). 

The energy coefficient (Equation 28, 33, 36, 
or 47). 

Unit vector coefficients at the corners 
(Equations 50 through 53) 

Load coefficients for the corners (Equations 
54 through 57) 

3x3 global-to-basic transfonnation matrices 

1. Generate the three by three matrices relating the moments at ooint i to the 

rotations at point j: 

These are generated only for one point; (the pivot point) and j • 1,2,3 and 4. 

2. The 3x3 matrices [q;j] are expanded to 6x6 matrices [K;jJ having zeros in the 

translational displacement rows and columns. 

8.3.6 Mass Matrix Generation (Subroutine MASSTQ of Module SMA2) 

(60) 

(61) 

The mass at each point is determined by cutting the quadrilateral into four overlapping 

triangles. Each triangle is defined by three of the four points as follows: 
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Triangle No. Connected Points 

K LL .1£. ll 
I 4 - - 2 

II , - 2 - 3 

III 2 - 3 - 4 

'N 3 - 4 - 1 

The area of each triangle is determined by the equation: 

where {V 0 j 1} is the location vector of the first ooint definin~ the triangle, 

{V 0j 2} the second point, and {V
0

j 3} the third ooint. 

The mass of each triangle is divided equally among its connected points. The mass 
at each point is : 

m, • Cu+ e1:1 (A + A +A> 3 4 1 2 

m2 • h! + ct} 
3 (A1 + A2 + A

3
) , 

ffl3 • <1= + et~ 
3 (A2 + A3 + A4), 

ffl4 • ~I:! + otl 
3 (A3 + A4 + A1 ) • 
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For each point a six by six diagonal mass matrix is constructed. The matrix is: 

m. ! 
l I ---,--

0 

,a 
I 

I 
I 
I 

0 

0 

(67) 

8.3.7 SHEAR Element Stress and Force Calculations (Subroutines SPANLl and SPANL2 of Module SOR2) 

The stress and force calculations are performed in two phases: phase 1 in SPANkl; 
phase 2 in SPANL2. 

PHASE 1 

l. Calculate the 1 by 3 matrices [Si], i • 1, 2, 3, 4: 

where A1, Z, t, u1, v;, [Te] and [T1J are as given in Sections 8.3.2 and 8.3.3. 

2. The [S] terms and the following parameters: 

are saved on a scratch file for phase 2 calculations. P;, where i • l, 2, 3 and 4 are 

calculated using the equations in Section B.3.3. 
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PHASE 2 

1. The average stress along side 1 is: 

(69) 

{uf} are the transl ati ona 1 vectors where: 

(70) 

2. The stresses on the corners are : 

't 1 • ~ Sl • P1 
(71) 

-rz • ~ Sl • Pz (72) 

't'3 • 
pl Pz 

-;r s,. (73) 

't'4 • P1P2 
51 • 

~ 
(74) 

3. The average and maximum stresses ar~ defined as: 

(75) 

(76) 
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4. The margin of safety in shear is defined by: 

O's 
i=--,-1, if cr > 0 
!Lmax I s 

(77) 

Integer 11 11i, if as ~ 0 or 'max • 0 

5, The net loads on the corners in the diagonal direction are: 

. (78) 

(79) 

8. 3.8 TWIST Element Stress and Force Ca 1 cul ati ens (Subroutines SPANL l and SPArlL2 of Module 

·S0R2) -
The stress and force calculations are performed in two chases, as for the SHEAR 

panel element. 

PHASE 1 

1. Calculate for i • 1, 2, 3, 4 

2. The [S;J terms and the following data: 

Pz P1P2 P1P2 
A1, A2, t, p' :-r-• ~ , 

1 P3 P4 
are saved on a scratch file for phase 2 calculations. 

PHASE 2 

1. The mean outer fibre shear stress along side 1 is: 
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where {uf} are the three rotational displacements: 

2. The stresses are : 

a3 • P1P2 
-:r Tl' 

P3 

a4 • P1P2 
~Tl' 

P4 

3. The margin of safety in shear is defined by : 

4. The moments are : 

I a 
r.:-L,-1 , as> 0 
,amaxl 

Inteoer "1", a
5 

~O or amax • O 
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A t 2 
2 

= ~-, (90J 

8.3.9 SHEAR Panel Differential Stiffness Calculations (Subroutine DSHEAR of Module OSMGl) 

1. Data 

The data necessary for analysis are inclucied in the ECPT, CSTM, MPT and UGV 

data blocks. The following data are generated as in Sections 8.3.2, 8.3.3, 

and 8.3.4. 

a. [T;J, i = 1 ,2,3,4, the 3x3 transformation matrices between global and 

basic coordinates, at the four corners of the shear panel. 

b. [Te]• the 3x2 transformations between basic and element coordinates. 

c. {k}, the unit vector normal to the plane in basic coordinates. 

d, u1, v1, i = 1,2,3,4, the unit vectors along the diagonals in element· 

coordinates. 

e. Ai' i • 1,2,3,4, the load coefficients for the corners. 

f, Z, the energy coefficient for the panel. 

g. t 13 and t 24 , the lengths of the diagonals. 

2. Algorithm 

a. The load in the diagonal between points 1 and 3 is: 
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where {xi} is the vector of the three translations in global coordinates for point 

( i). 

b. The load in the other diagonal is: 

(92) 

c. Construct a perpendicular, which is defined in basic coordinates, to each diagonal 

vector in the plane of the panel. 

d. The nonzero partitions of the overall differential stiffness matrix for 

the displacements are: 

d 
[k, ,J • -F 13[T1]T [ {j1Hj1}T + {k}{k}TJ [T1], 

d 
[k13J • -F13[T1J1 [{j1Hj1}T + {k}{k}TJ [T3]. 

[ki3J • F 13[T 3)1 [{j1}U1}T + {k}{k}Tj [T3] ' 

d • [kd )1 [k31J 13 • 

d 
[k22J • Fz4CT2JT [ {j2}{j2} T + {k}{k} T J [T 2J • 

d 
[k24J • -F2l~T2]T [{j2}{j2}T + {k}{k}TJ [T4] • 
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d 
F24[T 4i [{j2Hj2} T + {k}{k} TJ [T 4] , (101) [k44J = 

d 
[k42J = d T 

[k24J • (102) 

where: 

F13 • 
F13 

(103) 113 , 

Fz4 
F24 (104) 

= 124 
. 

5. The actual 6x6 partitions are 

(105) 

and 

(106) 

, t ' 

8.3-19 (3/1/74) 



STRUCTURAL ELEMENT DESCRIPTIONS 

SIDE 3 

SIDE 2 

SIDE 1 

Figure 2. Shear panel element coordinate system and element forces. 

SIDE 4 

Figure 3. Twist panel element coordinate system and element forces. 
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8.4 TRMEM AND QDMEM ELEMENTS 

,.4.1 .Input Data for the TRMEM and QDMEM Elements 

1 • ECPT entries for the TRMEM and QDMEM are: 

Symbol 

QOMEM 

SIL1 

SIL2 

SIL3 

SIL4 

Ni N; 

X; X; 
i • 1,3 i • 1,4 

Yi Y; 

Z; Z; . 

e 

Mat I. D. 

t 

I.I 

t 
I.I 

2. Coordinate system data 

Oescriction 

Scalar indices of the connected grid points. 

Local coordinate system numbers and location 

coordinates in the basic system for the 

connected grid ooints. 

Anisotrooic material orientation angle 

Material identification number 

Thickness 

Nonstructural mass per unit area 

Temperature for material properties 

The numbers N1, X;, Yi and z1 are used to calculate the 3 by 3 global-to-basic coordinate 

transformation matrices [T1] for point5 i • 1, 2, 3, and 4. 

8.4-1 (3/1/74) ,. 
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3. Material data 

Symbol 

Basic Equations For TRMEM 

Descriction 

3x3 stress-strain matrix 

Mass density 

Three thennal expansion coefficients 

Reference temperature 

Structural damping coefficient 

Stress limits for tension, compression and shear 

1. The element coordinate system is defined by the following equations (see Figure 4) 

t. X1 I {V1.2} • v2 • Y1 , 

z2 - z1 

I X3 • X1 ( 
{V13} • v3 - v1 

z3 - z1 
, 

{i} • 

{k} • 
{i} x {V13} 

I {i} x {V,3} I 

{j} • {k} X { i} • 

2. The displacement transformation matrix from basic coordinates to in-olane 

coordinates 1 s : 

8.4-2 (3/1/74) 
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(6) 

3. The coordinates of the points in the element coordinate system are: 

x, = Y1 .. Y2 = 0 t (7) 

X2 • I {V 12} I t { 8) 

T 
(9) X3 • {V

13
} {i} t 

Y3 • l{i} x {V13}I, (10) 

The area is : 

( 11 ) 

4. The transformations from displacements at the points to strains are: 

- l 0 
X2 

[c, J 0 , c3 ) ( 12) • - __ , 
t Y3 X2 

1 /X3 \ .l ~ --lJ Y3\X2 X2 
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l 0 
X2 

[C2] • 
X3 

0 --X2Y3 

_ _2 l 
XiY3 X2 

0 0 

0 l 
[C3] • Y3 

l 0 
Y3 

Stiffness Matrix Calculation for TRMEM (Subroutine KTRMEM of Module SMA1) 

1. The equation used in the stiffness matrix generation in global coordinates is: 

where "i" is the pivot point nuni>er, and j • 1, 2, 3 are the .three connected 

points. [kij] is a 3x3_ matrix. 

2. For use in the overall structural matrix, ·the matrices are expanded to 6x6 to 

form: 

~ I j k.j I Q 

[K ] • ~--:-- • 
ij Q I Q 

I 
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8.4.4 Mass Matrix Calculation for the TRMEM Element (Subroutine MASSTQ of Module SMA2) 

The mass is generated by the following algorithm. 

The vectors defining the sides are : 

The area is: 

The mass at each !)Oint is: 

A m • ! (pt + µ) , 

which is one-third of the total mass. 

For each point the diagonal mass matrix is : 

m 

m 
I 
I 
I 
I 

ffl I 

0 

-- ---.----,o 
0 0 

0 

0.4-5 {3/1/74) 
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8.4.5 Element Load Calculations For TheTRMEM Element (Subroutine TRIMEM of Module SSGl) 

Using the loading temperature on the element, T, given in the GPTT data block, the triangular 

membrane routine generates force vectors by the equation: 

i = 1,2,3 

where {P.} is a 3x1 vector. 
. 1 

The forces are placed in the PG load· vector data block. 

8.4.6 Element Stress Calculations For The TRMEM Element (Subroutines STRMEl and 

STOME2 of Module S0R2) 

1. Calculations performed in STRMEl (Phase l calculations). 

a. Using the formulae given in Section 8.4.2, calculate the following terms: 

[Ci] 

[T;J 

[E] 

[Ge] 

i • a, b, C 

i • a, b, C 

The transfonnations from displacements to stress are : 

Equation 23 is intentionally missing. 
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The temperature to stress relation is: 

(25) 

where 

{a} = a { J } , (26) 

for isotropic materials. {a} is input by the user for anisotropic materials and corrected 

for material angle by a = [v]{am} . 

2. Calculations performed by STQME2 (Phase 2 calculations) 

The equation for stress is: 

• 

where Tis the loading temperature obtained from the GPTT data block. 

The principal stresses are: 

(
0

x ; 
0x) ·Yt·; a\ 2 

+ a2 O' l • YI xy 

az • (ax+ a:£\ 
2 I -~ax ~ ay f + 2 axy 

e • t arctan (in degrees ) , 

where e is limited to: .900 !. e !. 90° 
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The maximum shear is : 

1 • l("x; 0x) 
2 

+ a2 xy 

Differential Stiffness Matrix Calculations for the TRMEM Element (Subroutine 

DTRMEM of Module 0SMG1) 

l. Input Cata. 

ECPT for element 

i - Pivot point scalar index 

{u1}, {u2}, {u3}- Displacements of pivots on triangle {UGV) 

T - Average loading temperature of the grid points of the element {GPTT) 

CSTM - coordinate systems 

MPT - Material properties tab 1 e 

2. Output Data. 

CK11J, CK12J, [K~3J - partitions of the differential stiffness matrix. 

3. Solution Algorithm. 

a. The planar stresses in the element, ax, ay and axy' are calculated as in 

the S0R2 (Stress Data Recovery) module. The followina data are saved for use 

in the differential stiffness calculation: 

{i}, {j}, {k} - Unit vectors defining the element coordinate 

system. 

A, t - Area and thickness 

x2, x3, Y3 - Locations of the points, element coordinates 

er,], CT2J, [T3J • Global-to-basic coordinate transformations 

ax, ay, axy - Stresses in element system 

8.4-8 (3/1/74) 
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b. The differential stiffness matrix in terms of the six generalized coordinates 

cry -axy 0 0 0 0 -, 

-axy ax 0 0 0 0 

0 0 (ax +cry) -axy crxy (crx-cry) 
[Kd] = At g 

0 0 ·crxy 0 0 0 
(32) 

0 0 crxy 0 0 0 

0 0 (crx-cry) 0 0 0 

If the subroutine is called from the DTRIA or DQUAD routines the following terms are set 

to zero: 

c. The transfonnation matrices from displacements at the points to generalized 

coordinates are: 

0 0 Y3-Y2 

0 0 Y1 

Y2·Y3 Y1 
0 z- -y 

cc1J • 
·Y1 0 0 

0 Y3·Y2 0 

Yz·Y3 Y1 
0 --r- ·2 
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0 0 -Y3 l 
0 0 -yl 

Y3 Y1 
0 T T 

[C~] = (34) 
Y1 0 0 

0 -y3 0 

Y3 Y1 
0 T T 

0 0 Y2 

0 0 0 

Y2 
0 0 -z 

[C~] • 
0 0 0 

(35) 

0 Y2 0 

Y2 
0 0 2 
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where 

Y1 • 

"" 
, 

Y2 Y3 ' 

Y3 • -2. 
XzY3 . 

d. The partitions (3x3) of the differential stiffness matrix in ~lobal 

coo rdi na tes a re : 

where 

i • pivot point 

j • 1, 2 and 3 

{ 3x3) • 

General Calculations for the QOMEM by the QDMEM Driver Routines (Subroutines 

KQDMEM of Modu1e Sf'Al, SQDME1 of Module S0R2, DQDMEM of Module OSMGl). 

1. The quadrilateral is divided into four triangles as shown in the figure below: 
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4 4 

• 

The thickness used for each triangle is one-half that given for the quadrilateral. 

Since no special calculation time is saved by generating a unique element coordinate 

system, the basic locations of the points are used to calculate individual coordinate 

systems for the triangles. 

An integer mapping matrix [M] containing the quadrilateral point numbers is 

used to convert point numbers for the triangles to point numbers for the quadrilateral. 

Triangle Point No. Triangle No. 
! J2. E. 

1 2 4 (I) 

2 3 l (II) [M] • 
(41) 3 4 2 (III) 

4 1 3 (IV) 

The data corresponding to the point numbers in each row cf the matrix are transferred to 

the triangular membrane routine. The pivot grid point i is also transferred. 

2. Material orientation for subtriangles. 

The material orientation angle for the QOMEM element must be transformed to a set 

of angles related to the base of each subtriangle. This requires the following 
steps: 

/ 
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1. The element coordinate system is defined as follows: 

!V;l• mt i=l,2,3,4, (42) 

{d21} • {V2} - {V1} (43) 

{i} • 
{d21} 

(44) 
l{d21}I 

t 

{d41} • {V4} - {V1} (45) t 

{k.} • 
{i} X1{d41} 

(46) • 
l{i} X {d41}1 

{j} • {k} X {i} . (47) 

The material is oriented for each triangle as follows: 

s1 • sin (e) , (48) 

c1 • cos (e) , (49) 

{p} • c1 {1} + s1{j}, (50) 

(51) 

(52) 

(53) 
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{V~}T {p} 
cos ( 6;) , l = C; = 

l{Vf}I 
= II, III and IV 

({Vh X {p})T{k} 
(6 i) • S; = l = sin 

I {V ;} I 

The values s; and C; may be passed to the triangular mem~r~~~ ~ubroutines in lieu 

of the angles 9;• 

8.4.9 Stiffness Matrix Calculations for the QDMEM. 

(54) 

(55) 

Three stiffness matrices, which the triangular membrane routine calculates for eac~ sub­

triangle, are· added to the four matrices which will be output. (Note: only three triangles are 

needed for each pivot point.) For example, consider the case where point 2 is the pivot grid 

point. (i.e., the second SIL value in the grid point connection list equals the pivot grid point 

L value) •. Triangle I is calculated by entering the geometry and property data for the 1, 2 and 

4 points on the quadrilateral, with number 2 as the pivot point. The outputs from the stiffness 

matrix generation routines for the TRMEM are: 

Data for triangles· II and III are also entered, and their corresponding matrix partitions are 

added. T~iangle number IV is not connected to point 2. 

8.4.10 Element Stress Calculations for the QDMEM (Subroutine SQDMEl and STQME2 of 

Module SDR2) • 

The solution for stress in the quadrilateral involves two phases. In the first 

phase (SQOMEl) the triangular membrane partitions are solved for their stress-displacement 

matrices. These matrices are modified to correspond to the element coordinate system. They 
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are added together to fonn four 3x3 matrices relating displacements in global coordinates to 

element stress. A vector is also calcula·ted which transfonns temperature to stress, 

The second phase (STQME2) involves the acquisition of the displacement and temperature 

data and the calculation of the net stress. 

The following steps are used to set up an element coordinate system and obtain triangle 

to el_ement stress transformations. 

Phase 1 

1, The following quantities are calculated: 

i • 1, 2, 3, 4 , (56) 

(57) 

(58) 

(59} 

(60) 

(61) 

(62) 

(63} 
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his the perpendicular distance between the diagonals. The mean clane of the element 

lies halfway between the diagonals. 

(64} 

2. The unit vectors along the edges of the four triangles, projected on the mean clane, 

are calculated from: 

{a12} - h{k} 
{i} • 

{j} • {k} X {j} t 

[RJ • ~~ {2xl) , 

{vl 2} ·• l ~ : • 

. III 
{w } • ltv~}! {v34} , 

(65) 

(66) 

(67) 

(68) 

(69) 

(70) 

(71) 

(72) 

(73) 

(74) 

3. For each triangular membrane, S • I, II, III, IV, of the quadrilateral, the subroutine 

STRMEl is called to calculate the three stress functions [s1J where 
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= 
3 
r [Si] {ugdi}, 

i =1 
(75) 

where {uadi} are the displacements in global coordinates of the ooints on the trianale. 

[S~] is ~a1cu1ated using the full thickness of the oanel for triangle a. 

4. The stress functions, Equation 24, are transfonned to the element coordinates by the 

matrix [Ts]: 

(76) 

where 

w2 
1 

w2 
2 -2w1"'2 

[TS] • w2 2 
w2 

1 2w1"'2 
(77) 

w1w2 -w,w2 
2 2 

W2-Wl 

and , 

{::}. {wB} (78) 

for triangle S • I, II, III, IV. 

5. Using the mapping matrix [M], Equation 41, the matrices are added. The actual equations 

are: 

(79) 

(SO) 
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[S3] = t{[s~1] + cs;IIJ + [S~v]) , 

cs4J = t{cs~J + cs~ 11 J + cs;vJ) , 

{St} • t( {si} + {sir} + {sFI} + cs{v} ). 

where [S~] i • a, b, c, are the stress matrices in Equation 76 and {S~} is the vector in 

Equation 25. 

Phase 2 

1. In phase 2 the stresses are calculated from: 

where 

t • t 

(81) 

(82) 

(83) 

(84) 

{85) 

and ti are the loading temperatures at the grid points, obtained from the GPTT data block. 

2. The principal stresses and the angles are calculated in exactly the same manner 

as for the TRMEM element. 

8.4.11 Mass Matrix Generation for the QDMEM Element (Subroutine MASSTO of Module SMA2). 

The mass is generated by the following algorithm. 

The vectors defining the sides and the diagonals are: 

Xj • X; 

yj. Y; 

Zj • Z; 

i j • 12, 23 , 34, 41 , 13 , 24 
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The area of the subtriangles defined by the integer mapping matrix [M], Equaticn 41, is: 

The area of the quadrilateral is: 

Aq • 1 
l{V13} x {V24}I ! . 

Th~ mass at each point is: 

ml • 
(A1 + Ag) 

3 (1,1 + pt) . t 

m2 • 
(Au + Ag} 

3 (1,1 + pt) 

~ • 
(AIII + Ag) 

j (1,1 + pt) 

m4 • 
(AIV + Ag) 

3 (1,1 + pt) 

For each point, the diagonal mass matrix is: 

I 
I 

: 0 

t 

t 

m;, -------------10 
i•l,2,3,4 

0 I 
I 
I 
I 
I 

0 

0 
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8.4.12 Thermal Load Comoutation For The QDMEM. 

The thermal loads are calculated using the triangular membrane routine. The EST 

data are rearranged to correspond to each of the four subtriangles, and each triangle produces 

a load in global coordinates. 

8.4.13 Differential Stiffness Comoutations For The ODMEM (Subroutines DQDMEM and DTRMEM 

of Module DSMGl). 

The differential stiffness matrices for the QDMEM element are generated by rearranging 

the ECPT data into four sets of TRMEM data. The TRMEM differential stiffness routine 

calculates the stresses, generates the differential stiffness matrix partitions in global 

coordinates and inserts them in the overall matrix. 
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8.4.14 Piecewise Linear Analysis Calculations (Subroutines PSTRM and PSQDM of ~odule PLA3 and 

Subroutines PKTRM and PKQDM of Module PLA4) 

The additional ECPTNL and ESTNL entries are: 

* E
0 

- The previously computed strain value once removed. 

* E - The previously computed strain value. 

* E - The previously computed modulus of elasticity. 

* ax 

The previously computed membrane stresses 

* All of the above values are initially zero wit~ the exception of E , which is initially the 

original modulus of elasticity present on a MATl card. 

For both PLA3 and PLA4, the element stress matrix calculations are generated in the same 

manner as Equation 24 of Section 8.4.6 (Equations 79 through 82 of Section 8.4.6 for 

·he QDMEM), with the exception that for all OMAP loops (of the Piecewise Linear Analysis Rigid 

Format) after the first, the 3 by 3 material properties matrix [Ge] is·replaced by a stress­

dependent 3 by 3 material properties matrix [GP] defined as follows 

1+s2F * -1 
X -v+sxs/ 2axy5/ 

[Gp] Eo 1+s2F * • 2axy5yF y 

(sym) 2( l+v)+4Fa:; 

where 

(97) 

[ 
*2 * * *2 *2 J 1 /2 t 0 • a - a a + a + 3a X X y y xy (9B) 

F • (99) 
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(100) 

(101) 

* and E0 and v are the linear type l material properties. If E • o. or T
0 

= O, then [GP]• [O]. 

Calculate the incremental element stresses: 

• 

where [Si] is given in Equation 24 of Section 8.4.6 and {~u91 } are the 3 by 1 translational 

displacement vectors. 

Define the element stresses for output and for updating the ECPTNL and ESTNL: 

* • a + AtJ X X 

* • a + be y y 

' * 0xyl • 0 xy + AtJxy 

In PLA3, using the element stresses above, the principal stresses are calculated in the same 

manner as in Equations 28 through 31 in Section 8.4.6. 

Estimate the next elastic coefficients as defined by the following equations: 

( 102) 

(103) 

(104} 

( 105) 

( 106) 

( 107) 

where f is the tabular stress-strain function. (When t 1 is outside the range of the function, 

* * * define E1 • o, c1 • c, and c • c0). 
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Calculate: 

* * * toe: = e: - e:o 

where y is a load ratio parameter calculated by the module driver (PLA3 or PLA4). 

Calculate: 

where f is the tabular stress-strain function. 

Then the estimated next modulus of elasticity, E
1

, is given by: 

The new ESTNL and ECPTNL entries are: 

* e: 

* E 

* ax 

* O'y 

* axy 

{ 

't'z - T1 
e:
2 

_ e:,., for e:2 ; e:1 

O , for e:2 • e:1 • 

* • e: 

• El 

• axl 

.. O'yl 

• axyl 

In module PLA4, the element stiffness matrices are calculated in the same manner as 

Equations 15 and 16 of Section 8.4.3 (or as in Section 8.4.9 for the QDMEM), with the 
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exception that [Ge] matrix is replaced by the [GP] matrix (Equation 97). In the calculation for 

[Gp], E1 (Equation 112) is used for E*, and the newly calculated membrane stresses (Equations 103, 

104, and 105) are used in place of a;, a;, and a;y· 

8.4.15 Thermal Analysis Calculations for the Membrane Elements TRMEM and ODMEM 

If the subroutines are to be used for thermal analysis, word 56 in labeled C0MM0N/SYSTEM/ is 

+l. The geometry of the element is processed, as with a structural analysis problem, to produce 

the parameters x2, x3, y3, A, and t. For thennal analysis, the 2 x 2 material conductivity matrix 

[G!J is obtained by calling subroutine HMAT. The transfonnation matrices (2 x 1) between tempera­

tures at the connected grid points and thermal gradients are: 

ccfJ • 

L 
X2 

----------

The scalar he.at conduction tenns generated in subroutine KTRMEM and placed in the KGG matrix 

are: 

where i corresponds to the pivot grid point, and j • 1, 2, and 3. The tennis placed in column 

SILi and row number SILj of the matrix. 

The heat transfer 11mass 11 matrix is generated by subroutine MTRQD in module SMA2. The thermal 

capacity coefficient Cp is generated by subroutine HMAT. For each triangle, the scalar tenns 

placed in the BGG matrix are: 
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The quadrilateral is subdivided into four overlapping triangles. The mass terms for each 

triangle are divided by two and added to the appropriate term in the BGG matrix. 

The heat transfer "stress" calculations are executed by subroutines SDHTFl, SDHTFF, and 

SDHTF2. SDHTFl rearranges the EST data for all elements to a conmon fonnat and calls subroutine 

HMAT to produce the 2 x 2 conductivity matrix [G;J in element coordinates. Subroutine SDHTFF 

calculates the Phase l output terms with the following calculations: 

For each triangle, the 2 x 3 matrix Ce is calculated where: 

where xi and yi are relative coordinates in the element coordinate system. For the triangle 

a• 1, b • 2, c • 3. For the quadrilateral, the element is broken into four triangles where 

(a, b, c) • (1, 2, 3), (2, 3, 4), {3, 4, 1), or {4, 1, 2). The matrices are superimposed in 

the quadrilateral to produce the average 2 x 4 output matrix [Ce] where 

[C] • e 
1 [ct 
4 a 

ct 
b 

ct 
C 

O] triangle No. 1 

+t (0 ct 
a ct ctJ 

b C 
triangle No. 2 

+ 1 [Ct 4 C 0 ct ctJ a b triangle No. 3 

+ 1 [Ct 
iJ" b 

ct 
C 

0 ctJ a triangle No. 4 

The output of Phase 1 consists of the matrix [Ce] and the material matrix [G~]. The 

Phase 2 routine, SDHTF2, calculates the gradients, erx} t.Ty ' and the flux vector, · {q} , where 

farxl • [C ] 
1t.Tyf e 
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y 

Xc,Yc 

0,0 

Figure 4. Triangular membrane element. 
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8.5 THE TRBSC, TRPLT AND QDPLT ELEMENTS 

8.5. 1 Input Data for the TRBSC and TRPLT Elements. 

1. The ECPT/EST entries for the TRBSC and TRPLT are: 

Symbol 

SIL1, SIL2, SIL3 

Ni' X;, Yi' Zi } 
i = ,. 2, 3 

r 

t 

Mat Id.b 

Mat. Id,s 

e 

u 

z, . z2 

\.1 
2. ECPT entries for the QDPLT. 

Descriotion 

Scalar indices for the connected grid ooints 

Reference numbers for local coordinate svstem 
and locations in basic coordinates of the three 
connected grid ooi nts 

Bending moment of inertia per unit width 

Effective thickness for transverse shear 

Material property identification number for bending 

Material property identification nuimer for shear 

Material orientation angle 

Nonstructural mass per area 

Fiber distances for stress calculations 

Temperature of element for material orooerties 

The en~ries are the same as those for the TRPLT exceot that four ooints are used. 

3. Coordinate system data 

Using N1, Xi' Yi' Zi and the CSTM data block the 3 by 3 global-to-basic coordinate trans­

fonnation matrices CT;] are produced for each point i via subroutines TRANSD or TRANSS. 

4. Material data 

Using the material property identification numbers, the orientation angle, the element 

temperature and the MPT and CIT data blocks, the following data are calculated: 

t 
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Symbol 

for Mat Idb 

for Mat Ids 

STRUCTURAL ELEMENT DESCRIPTIONS 

Descrintion 

3x3 elastic property matrix 
Structural damcing coefficient 

Shear coefficient 

For the TRPLT and the QDPLT, the orientation of the material relative to each sub­

triangle mJSt be calculated from the geometry and the orientation given for the 

whole element. The details of this calculation are given in the next section. 

General Calculation for the TRBSC Element 

1. The coordinate system is defined by the three connected points a, band c •. 

{i}, {j} and {k} are the unit vectors along the x, y and z axis in basic coordinates. 

X;, Y; and Zi are the location coordinates of the three ooints, i•a, b, c. (The element 

coordinate system for the ~asic bending triangle is shown in Figure 2 of Section 5.8 of 

the Theoretical Manual). 

xb - Xa 

{Vab} • Yb - Ya 
(1) 

2t> - za 

, 
Xe - xa 

{V ac} • Ye - xa (2) 

zc - za 

The x axis is defined by the unit vector: 

{i} • (3) 

Calculate: 

(4) 

8.5-2 (3/l/74} 



·THE TRBSC, TRPL T ANO QOPL T ELEMENTS 

They axis is defined by the unit vector, 

{j} = { k} X { i} , 

2. The locations of the points in element coordinates are: 

X = y = Yb = 0 • a · a 

3. The 3 x 6 transfonnation matrix from the six displacements in element coordinates 

to the three degrees of freedom used in the plate is: 

0 0 0 

[E]T • 

0 0 0 

4, The coefficients used for the plate are: 

~-
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where [Gb] is the 3 x 3 material matrix for bending and Gs is the coefficient for 

transverse shear. The area of the triangle, A, the locations of the e.g., x and y, 
and the radii of gyration about the origin, p!, p; and p!y are given by: 

2 1 2 
Py • b Ye ' 

5. The stiffness natrix in generalized coordinates {q} is: 

o,, 

S Y M M E T R I C A L 
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6. The transfonnation from generalized coordinates to grid point displacements (relative 

to point "a 11 of the triangle) with no transverse shear is: 

[HJ = 

X 2 
b 

0 

X 2 
C 

0 

-2x 
C 

0 

0 

Xr:;'/c 

0 

0 

0 

y 2 
C 

0 

where {q} • [H]{u} (no transverse shear) 

0 

X 3 
C 

0 

·3x2 
C 

0 

0 

0 

XcYc 2 

0 

0 

0 

V 3 
• C 

0 

7. If transverse shear effects are to be calculated (G
5 

t
5

; 0), the followino 

steps are followed: 

a. Define 

b. Calculate the transformation matrix of tne shear coordinates: 

[H ] • -yq 
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where 

(23) 

c. The stiffness matrix of the shear terms is added to the bending stiffness matrix. 

(24) 

d. The effects of shear deflection on the transformation from general to displacement 

coordinates is calculated: 

0 0 0 ~Hyq14 X H 
b yq15 x H 

b yql6 

0 0 0 0 0 0 

0 0 0 0 0 0 

[HJ • [HJ - (25) 
X H x H xcHyq 

0 0 0 
C yq14 C yq15 16 

+ycHyq 
24 

+ycHyq 
25 

+ycHyq 
26 

0 0 0 0 0 0 

0 0 0 0 0 0 

If no shear exists. (HJ.• [HJ 

8. The matrix [HJ is inverted: 

[Hqu] • [H]91 • (26) 

9. The rigid body effects are given bv the matrices [Bb] and [Bc] defined as follows: 
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0 -xb 

[Sb] = 0 1 0 

0 0 

Ye -xc 

[ac] = 0 0 

0 0 1 

10. The 3x3 stiffness matrix partitions in element coordinates are calculated as 

follows: 

[KJ-,> ---1----· [kbb 1 kbc j 
kcb I kcc 

I 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34} 

8.5.3 

(35) 

Stiffness Matrix Calculations for the TRBSC Element (Subroutine KTRBSC of Module SMAl). 

1. If the basic triangle is used by itself as a TRBSC element, the stiffness matrices 

are: 

1 , 

. r1 : o 
--l--

O h~ 
I 1 

' 
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where 

i = a, b and c 

j = a, b and c 
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2. The structural damping matrices are calculated using ge, the structural damping coeffi­

cient, for the referenced bending material. The 6 by 6 damping matrix partitions are: 

(37) 

Stress Calculations for the TRBSC Element. 

The stress calculations involve two phases. The first phase is used to calculate the 

matrix relations between element forces and grid point displacements. 

1. The relation between element forces and generalized coordinates is: 

20,, 2013 20,2 6io11 
2m12+ 

6y012 4y013 

20,2 2023 2022 6io12 
2~22+ 
4y023 69D22 

(38) 
[ks] • 

2xD23+ 
20, 3 2033 2023 6xo13 4'9033 

6vo23 

0 0 0 -so,, 
-20, 2-

-6023 
4033 

0 0 0 -6013 -6023 -6022 

where 
MX 

My 

Mxy • [Ks] {q} • (39) 

vx 

\ 
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Note: l~hen the basic triangle routine is used for stress recovery in the TRPLT or 

QDPLT, the values x and yin the above matrix are replaced by xc and Ye or xq and y
0

• 

2. The matrix [H] is calculated and inverted. The [BJ matrix is calculated ([BJ is a 

6x3 matrix, the [Bb] matrix (Equation 27) comprising the first three rows and the [Be] 

matrix, Equation 28 1 comprising the last three rows). The [E] matrix and the global-to­

basic transfonnation [Ta]• [Tb], [Tc] are generated. [H]-1 is partitioned. 

The element force - global displacement matrices are: 

[S ] = a t t j 
T I o 

-[k ][Hr 1 [B][Ei !J __ 
s O IT 

I a 
I 

where a is the vector of thenna1 expansion coefficients for the bending material. 

(40) 

(41) 

(42) 

(43) 

(43a) 

3. The second stage of stress calculations involves the use of the displacement vectors 

{ua}, {ub} and {uc}. The element forces are: 

• l [S.]{u.} - {M} 
i=a,b,c 1 1 e 

(44) 
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where {Me} is the vector of thermal moments given on a TEMPP2 data field or if the gradient 

is given: 

With no thermal loads the stresses are: 

0 xi MX 

O'y; • 
zi 

-T My (45) 

0 xyi Mxy 

With direct thermal bending moments, {Me}, given, the stresses are: 

0 xi M 
X 

21 
My {Me} 

, -
O'y; • -T + - T (Ti - T){St} (45a) 

0 xyi Mxy i • l, 2 

I 

With thermal gradient data, T , the stresses are: 

0 xi MX 

Z1 l I 

- T){St} O'yi t • -T My T (T; - z.T , (45b) 

axyi Mxy i • l , 2 

Ti is the given temperature at point i and f is the average temperature of the element. If 

no T; values are given, Equation (45) is used. 
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The principal s· ··esses and their orientation are calculated in the same manner as those for 

the TRMEM element, Section 8.4.6. 

Thermal loads are generated for this element in the SSGl module. See Section 8.5.12 for 

the equations. 

8.5.5 Stiffness Matrix Calculations for the TRPLT Element (Subroutine KTRPLT of Module SMAl ). 

The NASTRAN bending triangle (triangular plate element, TRPLT) is fabricated from three basic 

bending triangles.· The geometry and notation are shown in Figure 5. The general approach is to 

calculate the stiffness matrices for all three subtriangles or basic triangles and use the con­

straint equation of equal slope at the midpoints of the connected edges to calculate a reduced 

stiffness matrix. Since only the partitions of the stiffness matrix related to one noint 

(the pivot grid point) are used for each calculation. the extra partitions are not used. 

In the NASTRAN system, the basic bending triangle calculations are in subroutine form, 

and the variables necessary to call it are: ~· xc' Ye• the property and material 

coefficients, and the transformations for orienting the anisotropic materials. The 

following steps are used to calculate the overall stiffness matrix for the composite triangle. 

l. The element coordinate system is defined by the location of the three grid points 

in basic coordinates, {x(l)}, {x(2)} and {x(3)}: 

{V2} • {x(2}} - {x(l)}, (46} 

' 
{V3} = {x(3}} - {x(l}}, {47) 

Xz • l{v2}1, (48} 

{ i} • 
{V2} 

(49} Xz ' 

Y3 = j{i} x {V3}I (50) 

{i} X {V3} 
{k} = (51) 

Y3 
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{j} = {k} X {i} , 

[E] = (6 X 3) 

The locations of the points in this coordinate svstem are: 

{ R( 1)} "' { ~ } , 

{R(3}} • 
{Y

X3
3

} 
1 

{

X + X ~ 
{R{4)} • t 2Y3 3 f. 

2. For use in transferring points to the subtriangles, the integer matrix [M] is 

fonned: 

Point a Point b Point c Subtriangle a 

[ : 2 :] I 

[M] • 3 II 

1 III 

(52) 

(53) 

(54) 

(55) 

(.56) 

(57) 

(58) 

(59) 

The Roman numerals I, II and III indicate the subtriangle nwnbers. Points l, 2 and 3 are 

the corners of the whole triangle whose centroid is denoted by 4. Points a, b, and care 

the corners of the subtriangles. Point c in the subtriangles is always the center point, 4. 

( see Figure 5). 

Note: Steps 3 through 7 are perfonned for each subtriangle. 
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3. The location of the three points for each subtriangle, 6, is defined by the 

vectors {r1.(a)}, {r.(b)}, {r.(c)}. In terms of the original vectors these are: 1 1 

r;(a) = R;(M(e,l)) 

r;(b) = R;(M(6,2)) 

r; ( c) = R; ( 4) 

where M(6, i) is the (6, i) element of the [M]. matrix. 

i = 1, 2, 

(60) 

(61) 

(52) 

4. The variables necessary to calculate a basic bending triangle are xb' xc and ye since 

the local coorcinate system for each subtriangle is chosen such that the "a" point lies on 

the origin and the 11b11 point lies on the x .axis. 

For each triangle the following are calculated: 

.2. • ~[r1(b) - r1{a)J2 
+ [r2(b) - r2(a)J2 (length of base), (63} 

w1 • t (r1(b) • r1(a)), (64) 

5. The matrix [T] used for transforming the element coordinates to subtriangle 

coordinates is formed: 

0 0 .... 

[T] • 0 (66) 

The material orientation angle, em, is calculated for each subtriangle. The equations are: 

sin (em) • w1 sin (e) - w2 cos {e), (67) 

cos (em) • w1 cos {e) +w2 sin (e). (68) 

8.5-13 (3/1/74) 



STRUCTURAL ELEMENT DESCRIPTIONS 

The displacements in the subtriangle system are equal to [T] times the displace­

ments in the original system (note det [T] is unit length, xb = R1(2), xe = R1(4) and 

Ye= R2(4) for subtriangle I). 

6. The parameters xb, xe and Ye are then computed: 

(69) 

(70) 

(71) 

7. The stiffness matrices are formed as in the basic bending triangle (Equations 30 through 

35) and give: 

i • pivot grid point. 

They relate forces and displacements in the subtriangle coordinate system and are trans­

formed to the overall element coordinate system (i.e., the same system as subtriangle I). 

Since the stiffness matrices for each pivot grid ooint are calculated separately, 

not all of these partitions are used. For each pivot grid point, i, the following 

partitions are used: 

and 

The integer mapping matrix [M] is used to determi·ne if and where to add the oartitions. 

The steps used for pivot point i and triangle a are: 
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a) [T]T [k ] [T] is added to [Km 4]. m = M(6, 1) ac , 

[T]T [kbc] [T] is added to [Km, 4], m = M(6,2) 

[T]T [k ] [T] is added to [K4 4] cc • 

b) IfM(6,l) = i : 

[T]T [kaa] LT] is added to [Kii] 

[T]T [kab] [T] is added to [Ku)• R. = M(6,2) 

or if M ( 6, 2) = i 

[T]T [kbb] [T] is added to [K;;J 

[T]T [kab]T [T] is added to [KiR.], R. = M(S,l) 

c) The above is repeated for each of the three subtriangles. 

a. The number 4 point in the middle is a dumny point, and since the displacements at point 

4 are functions of the other cisplacements, it will be removed from the problem by incluaing 

the calculations for the point 4 aisplacements in the calculations for the corner displace­

ments, as shown in steps Sa, Sb, Sc and Sd. 

a. Calculate the following geometric constants: 

a., • ( x~ + y~ ) 1/2 (72) 

R.2 = [ (xb - xc)2 + Y~] 1/2 
(73). 

s, • 
XC 

I, (74) 

S2 • 
xb - xc 

R.2 (75) 

c, • Ye 

I, (76) 
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b. The fonnulas for the locations of the midpoints are: 

c. The [H~] matrix is calculated as follows: 

The slopes in tenns of the deflections of points a, band c ere defined by the 

matrices: 

- I - -1 
[H~b l H~c] • [H~J[HJ 

[ii,1J • •. [H,J[HJ"
1 

[BJ+ [~ :; ~] 

(77) 

(78) 

(79) 

( 80) 

(81) 

(S2) 

(83) 

(84) 

where [HJ-
1 

and (BJ are calculated while generating the stiffness matrices. [HJ-1 

is the inverse of the 6x6 matrix in Equation 25, and [BJ• f-~1 is a 6x3 matrix 

where [Bb] and [Be] are calculated in Equations 27 and 28 respectively. 

These are transfohned to element coordinates by: 

(85) 

d. Each row of the matrix corresponds to the slope angle of the mid-point of the sides. 
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The first row defines the slope of the normal to the line connecting point "a" to the 

center point. The second row defines the slope of the normal to the lina connecting 

point 11 b11 to the center point. Using the [HipaJ matrices, four 3 by 3 matrices, [GM]. 

are formed as follows: 

The [MJ matrix is now used: 
a. ,-..__ 

a b C 

2 4 I 

[MJ "' 2 3 4 II • a ' ( 86) 

3 l 4 III 

For the [Hljla]6 matrix, (a. • a, b and c; e • I, II or III), the number M(B,a) which identifies 

the matrix [GM] is found. The three tenns. in the first row of [HljlaJ6 are added to the 

M(S,1} row of the (~J matrix. The three numbers in the second row of [Hljla]6 are added to 

the M(S,2) row of the (~] matrix. This procedure is repeated for the three [Hljla.]6 matrices 

for each triangle a. 

The stiffness matrix partitions of the whole plate are computed from: 

for i • 1 1 2, 3 
.f • 1 , 2, 3 

where (K1jJ are computed as in step 7. 

9. Using the locations of the three grid ooints in basic coordinates, the 3x3 

transformation matrices [Tj], j • 1, 2, 3, are calculated. The 6x6 matrices [Cj] 

are formed as: 

j = 1, 2, 3 • 

10. The stiffness matrix partitions in global coordinates for oivot point i are 

computed from: 
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( 6x6) I (89) 

where: 

[Krj] was calculated in step 8 

[E] was calculated in step l 

[C;], [Cj] were calculated in step 9 

© 

Figure 5. The triangular plate element, TRPLT. 

1, 2, 3 • GIVEN GRID POINTS 

4 • CENTROID OF TRIANGLE 

I, II, III • BASIC SUBTRIANGLES 

a, b, c • ORDERED VERTICES OF SUBTRIANGLES 

3.5-18 (3/1/74} 



THE TRBSC, TRPLT AND QDPLT ELEMENTS 

8.5.6 Structural Damping Matrices for the TRPLT Element. 

The structural damping matrices are: 

[ K4
1
. J. ] = g [ K~ . ] , e , ., 

where ge is the structural damping coefficient for the bending material referenced. 

8.5.7 . Stress and EJement Force Calculations for the TRPLT Element (Subroutines STRPLl 

and SBSPL2 of Module S0R2). 

For stress recovery, the relationship between the center point and the corner ooints 

is used to describe the stress functions for each subtriangle. The stresses in each sub­

triangle at the center point are averaged to provide the final element stress and forces. 

1. STRPLl is used to calculate the phase l stress-displacement relations. 

(90) 

The following data are calculated using the same equations as those for the stiffness 

matrix generation routines. 

[C 1] - i • l, 2, 3 - Global-to-basic transfonnations 

[E] - element to basic coordinate transformation 

Values comouted for 
each subtriangle 

( ~· xc' Ye - subtriangle point locations 

I 
sine, cose - ~terial orientation 

w1, w2 - element-to-subtriangle coordinate 
transformation 

[H~a], [H~b], [H~c] - no~al sl~pe angle relation­
ship matrices 

Fer each subtriangle, a• I, II, III, the following matrices are fanned: 
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l 0 0 

0 wl Wz (91) 

0 •Wz w, 

w2 1 
w2 

2 -2w1w2 0 0 

w~ w2 

' 1 2w,w2 0 0 

[VaJ .. 
w1w2 -w1w2 

2 2 0 0 w1-w2 

(92) 

0 0 0 w, •W2 

0 0 0 Wz w, 

For each subtriangle 6, three 5x3 transfonnations are calculated. [s:]. a• a. b. c. 

These are transfonned and added to the corresponding matrices for each point with the equation: 

where the a, which denotes points on the tubtriangle 1 corresponds to the grid point H 

on the overall triangle. 

a• a, b, c 

The [Hljla] matrices are added to the corresponding [GM] matrix with the appropriate 

row interchanges. When the data for all three subtriangles have been generated. the 

following operations are perfonned: 

for M • 1, 2, 3; 

[SM] • [S~J[E]T[C;J 

for M • l , 2, 3 • 
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2. Phase 2 

or 

a) The vector of forces is computed first. 

·. 

= (97) 

where {Me} is the thermal moment vector. If a thermal gradient is given: 

b) With no given temperatures at the stress points, the stresses are then calculated 

from the equations 

0 xi • (98) 

i•l,2. (99) 

0 xyi (l 00) 

If temperature values T; at the stress points are given the followin9 eouations are used. 

0 xi MX 

Z; 
{Me} 1 -

i '"' l or 2 ayi • -T My + - T (Ti - T){St} ' 
0 xyi Mxy 
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0 xi M 
X 

Z; , I 

cry; = -T My T (T; - Z;T - T){St} i = 1 or 2 

0 xyi Mxy 

I -where T is the gradient or {Me} is the thennal moment vector. Tis the average tempera-

ture for the element. The principal stresses and angles are calculated using the same 

formula as those for the membrane element (see Section8.4.6, Equations 28, 29 and 30). 

Thenna1 loads are generated for this element in the SSG1 module. See Section 8.5.11 

for the algorithm. 

Stiffness Matrix Calculations for the QOPLT Element (Subroutine KODPLT of Module SMAl) 

The quadrilateral plate element uses two .sets of overlapping triangles as shown in 

Figure 6. The logic is the same as that for the quadrilateral membrane except that the order of 

the points of.the triangles is chosen to place the triangle coordinate systems along the 

diagonals. 

1. The following equations are used to calculate the three unit vectors, {i}, {j} 

and {k}, which define the element coordinate system. 

' 
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xi ( {V;} = = 1, 2, 3, 4. Y; 

Z; 

The diagonals are: 

The area is calculated from: 

The normal to the olane is calculated from: 

1 T 
h • '2'" {a1} {k} , 

The vectors lying in the new plane are comouted from: 

{i} • 
{a1} - 2h{k} 

lfa1l - hfkll 

{j} • {k} X {i} • 

The nonzero positions of the points in the plane are computed from: 
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Xz = {a;}T {i} 

X3 = {d; l {i} 

Y3 = {d;l {j} 

X4 = X2 + ( {dz}T {i}) 

Y4 • {d2}T {j} I 

{R{i)} • 
I xi} 
t y i 

2. Element interior angle tests. 

The interior angles of the quadrilateral must be less than 1aoo. The followina 

checks accomplish this task. 

Ill! Point with anale greater than 1aoo 

If Y4 < 0 1 

If Y3 < 0 2 

If 
Y4 

3 X4 > X2. {X2. X3) V: 
3. 

If 
Y3 

4 X3 < r. X4 
4 

3. The relative data for each subtrlangle must be calculated and oassed to the 

matrix calculation subroutine. The integer mapping matrix [M] denotes which points, 

1, 2, 3, and 4 of the quadrilateral, are used in the subtriangle. The row position 

indicates the subtriangle to which the point belongs, and the column position 

indicates the corresponding point in that subtriangle. 
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Point a Point b Point c Triangle 
No. 

2 4 1 I 

[M] • 3 1 2 II 

4 2 3 III 

1 3 4 IV 

4. For each triangle the stiffness matrix is calculated in its own coordinate 

system. This system has its origin at point a, point b lies on the x axis, 

and point c has a positive y component. {R(i)} values are transferred to {r(a)} values 

(a • a. b 1 c). and the following calcL;lations are perfonned: 

I 
{v(b)} • {r(b)} - {r(a)} 1 

{v(c)} • {r(c)} - {r(a)}. 

{::} 

{v(b)} 
1£v(b)}I 

xb • !{v(b)}j, 

r, "z] • 
w2 w, 

{v(c)} • 

xb, xc and Ye are the point locations needed by the subroutine. 

1 0 0 

[T] • 0 w, w2 

0 •W2 w, 
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w1 is the x component of the new x axis and w2 is its y component, [T] transforms 

the z displacement and the two angles from the quadrilateral system to the triangle 

system. 

In order to calculate the material matrices in the basic triangle routine, the material 

orientation angle, em, is : 

sinem • w1 sine - w2 cose, 

cosem = w1 cose + w2 sine. 

w1 and w2 are the cosine and sine of the angle made between the base of the triangle 

and the material orientation axis. 

s. The output of the basic bending triangle routine are the 3x3 matrices: 

To transform these to the quadrilateral system the following equation is used: 

These matrices are added to the current oositions in the quadrilateral matrix 

partitions u~ing the [M] matrix in step 3. 

6. For each pivot point i the following 3x3 partitions are fonr~d: 

7. Using the geometry data, the 3x3 global-to-basic transformations (Tj] 

are formed for j • 1, 2, 3, 4. These are expanded to the 6x6 matrices [C.]: 
J 
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8. Tne stiffness matrix partttions in global coordinates are found from: 

where [E] is defined in Equation 53. 

Stress and E1ement Force Calculations for QDPLT E1ement (Subroutines SODPLl and 

SBSPL2 of Module S0R2) 

1. SQOPLl calculates the phase 1 stress-displacement relations. A coordinate system 

matrix [E], the subtriangle base vectors {w1, w2}T and the global-to-basic trans-

( 125) 

( 126) 

formation matrices are calculated with the same equations as those used in the plate element 

stiffness matrix calculations. For each subtriangle, 6, the following matrices are formed: 

1 0 0 

[TB] • 0 w, W2 ( 127) 

0 •W2 w, 

lw2 
l 

,i 
2 -2w1w2 0 I) 

w2 
2 

w2 
1 2w1w2 I) 0 

cv6J • w1w2 -w1w2 
2 2 

cw,-w2) 0 0 ( 128) 

0 0 0 w, •Wz 

0 0 0 Wz w, 
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For each subtriangle the stresses must be calculated at the intersection ooint of the 

diagonals. In the quadrilateral system: 

Y5 • :1. X5 • X3 

For each subtriangle: 

•s! {V5} = {r(a)} - . xq • l{V5}]; ~ = O; t 

Y5 
I 

( 129) 

( 130) 

(131) 

where xq and Yq denote the location of the intersection of the diagonals of the quadrilateral in 

the subtriangle coordinate system. The stresses are calculated at this point. 

[T8] transfonns the translation and two rotations in the element system to the sub­

triangle system. [V6] transfonns the three moments and two shears of the subtriangle to the 

element system. For each subtriangle B, three 5x3 transfonnations are calculated, [s:J, 
a • a, b, c. These are transfonned and added to the corresponding matrices for each 

point with the equation: 

(132) 

where the a., which denotes points on the subtriangle, corresponds to the grid point Mon the 

quadril ate ra 1 • 

2. Using the basic-to-element and global-to-basic transformations, the stress 

matrices [SM] in global coordinates are formed from: 
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The thermal load vector is: 

3. The additional data for phase 2 calculations are 

I, z1• z2 from the E~PT data. 

4. Phase 2 (Subroutine SSSPL2) 

8.5.10 

The 5 by 6 [SM] matrices are used in the same manner as the TRPLT e~ements (see Equations 

97 through 100). 

Lumped Mass Matrix Generation for the TRSSC, TRPLT, and QOPLT Elements (Subroutine 

MASSTQ of Module SMA2). 

The lumpe.d mass matrices are calculated in the same manner as the triangular or quadrilateral 

membrane except that the material density is not used (see Equations 86 through 96 in Section 

8.4.10). The only contribution to the mass matrix from these elements is the nonstructural 

mass,µ. 
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Coupled Mass Matrix Calculations for the TRBSC Element (Subroutine MTR6SC of Module 

SMA2). 

The mass properties of the two-dimensional elements are defined by their geometry, the mass 

density given by the material, the thickness of the element and the nonstructural mass. The 

normal execution of NASTRAN will result in the calculation of the total mass of the element and 

distribute it as lumped masses at the connected grid points (subroutine MASSTQ of module SMA2). 

If the parameter C0UPBAR is set by the user, the elements with bending properties will have their 

mass distributed according to their elastic properties. This results in element mass matrices 

with directional properties and coupling terms between points in an element. Since the thickness 

of the TRBSC element is zero, a coupled mass matrix for this element does not exist. The MTRBSC 

subroutine is used exclusively by subroutines MTRPLT and MQOPLT. 

-1. The mass matrix [M] in generalized coordinates is calculated in the following steps. 

a. Integral values Iij used in the mass matrices are calculated from the formulas: 

AOj • [ 'b j+l - 'b - •cl j+2 Ye 
j+l j • 0,1, ••• 6 (134) 

(x ) i+l (y )j+l ixb i • 1,2, ••• 6 Aij • C C + Ai-1,j { 135) (i+l) (i+J+2) (i+j+2) • j • 0,1, ••• 6 

(x ) i+l 
(ye) i+j+2 i • 0,1, ... 6 B;j • - C 

( 136) (y ) i+ 1 (i+l)(i+j+2) j • 0,1, ... 6 
C 

Iij • m[Aij + B;j] 
; • 0,1, ... 6 ( 137) j • 0,1, ••• 6 

where mis the nonstructural mass, and where xb, xc and Ye are computed in Equations 7, 

8, and 9 respectively. 
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b. Partition [M] into submatrices. 

[MJ=> ----,--
I 

T I 

Mar l Mrr 
I 
I 

(138) 

where [Maa] is a 3 by 3 matrix. [Mar] is a 3 by 6 matrix and [Mrr] is a 6 by 6 matrix. 

c. The mass matrix [Maa] is given by: 

( 139) 

d. The other matrices. [M4r] and [Mrr]• are less simple. The algebraic expressions for 

the elements of these matrices are given in Tables la and lb below. 

Notes: 

Table la. Elements of the 3 by 6 Matrix [M~r]. 

H is contracted to HiJ'' where [Hyq] is computed in Equation 22. yqij 

Mar1j is contracted to Mik" where Mik represents an element of [AJ given 

in Equation 138. 
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Table la (con 1 d). Elements of the 3 by 6 Matrix [Mar]. 

M,a = 112 + H1s 110 + Hzs 101 

M19 = 1o3 + H16 11o + Hzs 101 

Mz4 • 121 

Mi6 • 1o3 

Mz7. • 131 + H14 111 + Hz4102 

~8 • 113 + H1s 111 + Hz4102 

. Mzg • 104 + Hl6111 + Hzs1oz 

~4 • • 130 

M35 • ·Izl 

M36 • ·I1z 

"137 • ·I40 - H141zo. Hz4111 

M3a • • 12.2. H1s120. Hzs111 

M39 • •113 - H1s120. Hzs111 
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Table lb, Elements of the 6 by 6 Matrix [Mrr]' 

Notes: H is contracted to H .. ; M is contracted to 1·1
1
. k, where M

1
. k represents yqij ~ 1J rrij 

an element of [M] given in Equation 138; M;j = Mji' 
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Table lb (con'd), Elements of the 6 by 6 Matrix [Mrr]. 

M7s = I42 + H1s 140 + H2s 131 + H14122 + H14H1s 120 + H14H2s 111 + H24 113 

+ H24H1s 1,, + H24Hzs 102 

M79 • 133 + H1614o + Hz5I31 + H14I13 + H14H1s 120 + H14Hzs111 + Hz4104 

+ H24H1s111 + Hz4H261oz 

Mas • 124 + ZH15122 + ZHz5I13 + (H15)
2
Izo + ZH15Hzs111 + (Hzs> 21oz 

Meg • 11s + H1s122 + Hzs113 + H1s113 + H15H1s 120 + H15H26111 + Hzs1o4 

+ Hz5H1s 111 + Hz5Hzs 102 

Mgg • 1os + ZH16113 + ZHzs1o4 + (H,6) 21 20 + 2H1sH2s111 + (Hzs> 2102 
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2. The mass matrix [Mmass] in element coordinates is calculated from the following equation: 

where [I] is a 3 x 3 identity matrix, [HJ-1 is calculated as in Equation 25, [B] 

calculated as in Equations 27 and 28. 

The calculations are broken down into the following steps where: 

and C~·iij], f • a, b, c and j • a, b, c are 3 t,y 3 matrices. 

a) Compute: 

b) Partf ti on: 

c) Compute: 

d) Partition: 
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e) Ca lcu 1 ate : 

( 146) 

( 147) 

- T T T T 
[Maa] - [Bb] [Mab] - [Bc] [Mac] ( 148) 

- [Mab] [Bb] - [Mac] [BcJ 

( 149) 

( 150) 

8.5. 12 Mass Matrix Calculations for the TRPLT Element (Subroutine MTRPLT of Module SMA2) 

1. The general calculations for the mass matrix of the triangular plate element, TRPLT, are 

the same as those for the stiffness matrix calculations (See Equations 46 through 71). 

2. For each subtriangle the output from the basic bending triangle subro~tine are the nine 

3 x 3 matrices given in Equation 141: 

----L-----'-----1 I 
I f\b I 
I I 

----L-----1-----1 
I 
I 
I 

They relate forces and accelerations in the subtriangle coorainate system and must be trans­

fonned to the overall element coordinate system (i.e., the same system as subtriangle I). 

The matrix partitions in the subtriangles are added to the correct matrix partition for 

the whole triangle. For example, for subtriangle number II, [Maa] is transfonned and added 

to [Mzz], [Mab] is transfonned and added to [Mz3], [Mac] is transfonned and added to [M24J, 

[HbaJ is transfonned and added to [~2], etc. 
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Sin.ce the mass matrices for each pivot grid point are calculated separately, not all of 

these partitions are used. For each pivot grid point, i, the matrices which are used will be: 

[Mi 1], [M; 2], [Mi 3] , i = point 1, 2 or 3 of composite triangle 

and 

3. The number 4 point in the middle is a du11111y point and is removed from the problem in the 

same manner as in the computation of the stiffness matrix (see Equations 72 through 86). 

The mass matrix partitions of the whole plate are: 

i~l.2,3 
j • 1, 2, 3 

Notice that if i and j were interchanged the matrix would be transposed; this indicates 

that the whole mass matrix is symmetric. 

(151) 

4. Using the locations of the three grid points in basic coordinates, calculate the 3 x 3 

transfonnation matrices [TjJ' j • 1, 2, 3. Fonn the 6 x 6 matrices: 

' 

[CjJ • --=-+--tT. ! OJ 
0 • T. 

: J 

5. The 3 x 3 mass matrix partitions are expanded to 6x6 size and transfonned to global 

coordinates using the logic: 

{152) 

(153) 

where mis the nonstructural mass, and x2, Y3 are the x-coordinate and y-coordinate of points 

2 and 3 respectively. 
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M3 0 0 0 0 0 

0 M3 0 0 0 0 

0 0 Mi, M12 M13 0 

[~j] .. 
( 154) 

0 0 M21 M22 M23 0 

0 0 M31 M32 M33 0 

0 0 0 0 0 0 

for i • j • 1, 2 or 3; and 

0 0 0 0 0 0 

0 0 0 0 0 0 

. 
0 0 Mll M12 M13 0 

c~jJ • ( 155) 
0 0 M21 M22 M23 0 

0 0 M31 M32 M33 0 

0 0 0 0 0 0 

for i; j. 

The mass matrix partitions in global coordinates are: 

( 156) 

where 

[C; J "' i--:-i -;~ ( 157) 
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is the global-to-basic transformation matrix, 

and 

[E] • 81 I I I I~ ~+-' {Jl_J_~2_L_2 __ L_~_L 0 
I I I I 

I O I O I {i} I {j} I {Id 
I I I I I 

(158) 

is the 6 x 6 element-to-basic transformation matrix. 

8.5.13 Mass Matrix Calculations for the QOPLT Element (Subroutine MQOPLT of Module SMA2). 

1. The general calculations for the mass matrix of the quadrilateral plate element, QOPLT, 

are the same as those for the stiffness matrix calculations (see Equations 101 through 123). 

2. For each subtriangle, the output from the basic bending triangle subroutine are the 

nine 3 J 3 matrices: 

Maa Mab Hae 

----..,--- -1----
t\a I t\b l t\c 
----+----+---

M,a l Mcb l Mee 
I I 

These are transfonned to the quadrilateral system by the following equation: 

where [T] is given in Equation 121. 
, 

These matrices are added to their corresponding positions in the quadrilateral matrix 

partitions [Mf jJ. in the same manner as that for the stiffness matrix partitions of the 

quadrilateral (See step 3 of Section 8.5.8). 

3. For each pivot point i, the following 3 x 3 partitions are formed: 

(159) 

4. The mass at each point in the plane of the element is due to the mass of the attached 

triangles. The masses of the triangles are: 
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ms • m XS ye 
4 b C • e • I, II, III and IV • ( 160) 

where mis the nonstructural mass, and x: and y~ are the x-coordinate and y-coordinate of 

points band c respectively of subtriangle S, 

The masses at the points are: 

ml • t [mI + mII + mIVJ ( 161) 

m2 • f [mI + mII + mIIIJ 
' ( 162) 

m3 . t [mII + mIII + mIV] 
• ( 163) 

m4 • j' [mI + mIII + mIVJ ( 164) 

5. The 3 x 3 mass matrix partitions are expanded to 6 x 6 matr1ces and the in-plane mass 

effects are added using the logic: 

mi • 
mih 

z T • ( 165) 

;.2 
11 mi'. 

• ,-- • z (166) 
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mi 0 0 0 -mi 
z 0 

0 m; 0 mi 
z 0 0 

. [M: .] • 0 0 M11 Ml2 M13 0 
1J 

0 mi M21 
i 

M23 0 z M22 + 1z 
( 167) 

-mi 0 M31 M32 
i 0 z M33 + 1z 

0 0 0 0 0 0 

I 

for i • j • 1 or 3; and 

mi 0 0 0 mi 
z 0 

0 mi 0 -mi 
z 0 0 

[~j] • 0 a Mll M12 M13 0 

( 168) 

0 -mi z ,~1 M + I1 
22 z ~3 0 

mi 0 M31 M32 
i 0 z M33 + 1z 

0 C 0 0 0 0 

for i • j • 2 or 4; and 
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0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 Mll M12 M13 0 
[W: .J • 

lJ ( 169) 
0 0 M21 M22 M23 0 

0 0 M31 M32 M33 0 

0 0 0 0 0 0 

for i ; j. 

6. Using the geometry data, the 3 x 3 global-to-basic transfonnations [Tj] are fonned for 

j • l, 2, 3, 4. These are expanded to 6 x 6 matrices: 

r:~-t--~-j . 
0 I T. I .J 

( 170) 

7. The 6 x 6 element-to-basic transfonnation matrix is; 

CE] • t 
I I I I I 

~~~.::~-i-~~-~--~--~-~--J~~ 
o I o I o I < n I {j} l < k} 

I I I I I 

(171) 

a. The 6 x 6 matrices are transformed to global coordinates using the equation: 

( 172) 
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8.5.14 Thermal Load Equations for the Bending Elements (Subroutines TRBSC,TRPLT, and ODPLT of 

Module SSGl). 

l. The phase I SDR2 routines for all bending elements generate for connected points g1, g2, 

g3, (and g4) the 5x6 matrices [S1], [S2], [S3] (and [S4]). These matrices are generated in 

the SSG1 module with a minor change in the basic triangle routine. 

2. The matrix [Ks] is described on page 8.5-8. In the S0R2 routine the values x and y 

depend on which element is actually being used. For SSGl module, calculate the matrix: 

(173) 

the definition of [Ks] is: 

(174) 

where A is the area of the basic triangle and (x,y) is the center location of the basic 

triangle. The lower partition will not be used. 

3. For each type of element the vector, {x}, is generated where: 

a1 T 

~T 

0 

0 

I 

I 

I 

or 
0 
0 

(175) 

where T is given on a TEMPPl data card or calculated from a TEMPP3 card, a
1

, ~· a
12 

are the 

material thermal coefficient vector components, [D] is the 3 by 3 material matrix, and {Me} 

are the thermal moments given on a TEMPP2 card. 
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4. The 6xl thermal load vectors in basic coordinates are: 

{P.} = N(S.]T {x} 
J J e 

where N = 1: TRBSC 

N • 3: TRPLT, TRIA1, TRIA2 

N = 2: QOPLT, QUAOl, 0UAD2 

j = 1, 2, 3 (and 4) (176) 

The (Sj]T matrix is calculated from the [Ks] matrices of the various basic triangles 

forming the element. These [Ks] matrices are transfol"ffled and combined to produce relations 

[Sj] between the average element moments and the disolacements of the ~onnected grid ooints, 

j. 

' 
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j 

Q --nh 

a) Definition of plane 

j 

4 3 4 3 

-- L~+E\ 
l 2 l 2 

b) Subtriangles 

Figure 6. Geometry of the quadrilateral plate element, QDPLT. 
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8.6 THE TRIAl, TRIA2, QUADl and QUAD2 ELEMENTS 

These elements have the properties of both membranes and bending plates. The TRIAl 

and QUADl elements are triangles and quadrilaterals which may use separate thicknesses 

and materials for membrane, bending and transverse shear action. The TRIA2 and OUAD2 

elements are triangles and quadrilaterals which use one thickness and one material to 

simulate a homogeneous plate with consistent membrane, bending and transverse shear 

properties. 

If these elements use anisotropic materials (defined on a MATZ bulk data card), the 

material is oriented with respect to the element coordinate system. The definition of the 

coordinate system is as follows: the vector from the first point to the second point defines 

the base or x axis. The z axis is normal to the average plane of the elements, and the third 

and fourth points have positive y values. 

Mass matrices, ·thermal loads, and dJfferential stiffness matrices for these elements 

use only the membrane properties. 

8.6.1 Input Data for the TRIAl, TRIA2, QUADl and QUAD2 Elements 

1. The ECPT/EST entries for the TRIA1 or QUAD1 elements are: 

Symbol 

SIL;, i • 1 ,2,3 t 
or i • 1 ,2,3,4 J 

e 

i • 1,2,3 or 

i • 1,2,3,4 

Description 

Scalar indices of the connected grid points. 

Referenced local coordinate system and location 
in basic coordinates of connected grid points. 

Material orientation angle. 

Material identification number for membrane 
properties. 

Membrane thickness. 

Material identification number for bending 
properties. 
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Description 

Bending inertia 

Material identification number for transverse 
shear properties. 

Transverse shear thickness 

Nonstructural mass per area 

Outer fiber distances for stress calculations. 

Temperature for material properties 

2. ECPT Entries for the TRIA2 or QUAD2 Elements. 

Symbol 

SIL; i 
; 

Ni 

X; 

Y; 
i 

Z; 

e 

MAT IO 

I 

• 1,2,3 or 
• 1,2,3,4 

• 1,2,3, or 
• 1,2,3,4 

Description 

Scalar indices of connected grid points. 

Referenced local coordinate system and location 
.vector in basic coordinates of connected 
grid points. 

Material Or}entation angle. 

Material identification number 

tm Element thickness 

u Nonstructural mass per area. 

tµ T~perature for material properties 

8.6.2 Stiffness Matrix Calculations (Subroutine KTRino of Module SMAl). 

The TRIAl or QUADl element ECPT data are rearranged to correspond to the (TRMEM or QDMEM) 

membrane ECPT form, and the routine of the TRMEM or QDMEM element is used. The ECPT data are 

then rearranged to correspond to the ECPT data of a TRPLT or QDPLT element and the respective 

plate routine is used. Each routine is entirely independent. 
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The TRIA2 and QUAD2 elements are treated in the same manner except that the arrangement of 

the ECPT data is different. The type "2" element uses the single material for all three material 

properties of the type 11 111 element. The membrane and transverse shear thickness equal the single 

thickness of the type "211 element. The bending inertia, Ib" for ~he plate property is: 

8.6.3 Lumped Mass Matrix Generation (Subroutine MASSTQ of Module SMA2) 

The bending properties are disregarded for the lumped mass matrix calculations, and the 

element mass matrices are computed exactly as the ones for the TRMEM and QDMEM elements. 

8.6.4 Thennal Load Calculations {Subroutine of Module SSGl) 

( l ) 

The TRPLT and QDPLT element routines are used to generate loads due to thennal Qradients or 

moments. The TRMEM and QDMEM routines are used to calculate in-plane loads due to uniform thennal 

expansion. 

8.6.5 Element Stress and Force Calculations (Subroutines STRQDl and STRQD2 of Module S0R2) 

As with the stiffness matrix calculations, the data are rearranged and the stresses for both 

the membrane and plate defonnations are calculated. The element forces are calculated for the 

plate only. 

1. For the TRIA2 and QUAD2 elements the outer fiber distances z1 and z2 are: 

t z, • 2 

The membrane and plate stresses are added together as follows for z1: 

~ axi ax ? axl 

ayl • ay + ayl 

( axyl ax ) 0xy1 composite Y membrane 
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and for z2, 

composite membrane l O' x2 l 
+ O'y2 

crxy2 bending 

(5) 

2. The principal stresses and their orientation are calculated from the above results, as 

in Equations 28, 29 and 30 of Section 8.4.6. 

8.6.6 Coupled Mass Matrix Calculations (Subroutine MTRIQO of Module SMA2) 

In the lumped mass case these elements are processed using the membrane mass calculation 

routines (subroutine MASSTQ of module SMA2). When coupled mass is requested, the plate mass 

ca}culations will be used instead. The ECPT data are rearranged to the appropriate TRPLT or 

QOPLT fonnat. and the respective plate routine is used. The mass per area is now calcuated 

using the material mass density p and the thickness tm for the membrane definition of the 

element and added to the nonstructural mass: 

m • -µ+pt • m 

and mis now USEd instead of-µ for the plate calculations. 
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8.6.7 Piecewise Linear Analysis Calculations (Subroutines PSTRil 2 PSTRI2, PSQAOl 7 and 

PSOAD2 of Module PLA3 and PKTRI1, PKTRI2, PKOAD1 and PKQAD2 of Module PLA4). 

The additional ECPTNL and ESTNL entries are: 

* e - The previously computed strain value once removed. 
0 

* e - The previously computed strain value. 

* E - The previously computed modulus of elasticity. 

The previously computed membrane stresses. 

The previously computed element forces (ESTNL only). 

* 
-~ 

* All of the above values are initially zero with the exception of E, which is initially the 

original modulus of elasticity present on a MATl card. 

In module PLA3, the incremental element stress matrix is calculated by first rearranging 

the ESTNL data to correspond to the E5T~L data for a TRMEH or QDMEM, and then the membrane 

stresses are calculated in the same manner as Equations 103 through 105 of Section 8.4.14. 

Then the ESTNL data are rearranged to correspond to the EST data for a TRPLT (or QDPLT} and 

the incremental bending forces for the TRPLT (or QDPLT) element are calculated in the 

same manner as in Equation 97 of section 8.5.7. However, if the bending material properties 

are the same as the membrane material properties, then the 3 by 3 bending material properties 

matrix ([GbJ in Equation 11 of Section 8.5.2 is replaced by the matrix given in Equation 97 

of Section 8.4.14. In addition the displacement vector u1 in Equation 44 of Section 8.5.4 (or 
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Equation 97 of Section 8.5.7) are replaced by an incremental displacement vector {~ui}. 

Tr.e results are incremental stresses and forces for the membrane and bending properties 

defined as follows 

* ax1 • ax+ ~x 

* ayl .. ay + t:..ay Membrane stresses , 

* 
axyl • O'xy + t:.axy 

* Mxl • MX + t:..Mx 

* Mxl • My+ t:..My 

* Mxyl • Mxy + t:..Mxy Bending forces • 

vxl • * vx + ~vx 

* vyl • Vy+ t:..Vy 

(7) 

( S) 

(9) 

(l O) 

( 11) 

( 12) 

( 13) 

( 14) 

The total bending stresses are calculated using the total bending forces given in Equations 10 

through 14 in conjunction with Equations 98 through 100 of Section 8.5.7. 

The membrane and bending stresses are added together as follows for z
1
: 

{

axl ~ 
" 1 • 

0:yl composite 

(15) 

8.6-6 (3/1/74) 



' ' 

T:IE TRIAl, TRIA2, QUADl AND QUAD2 ELEMENTS 

and for z2: 

~ er x2 ~ ~ er x 1 I ~ er x2 l 0y2 = 0 y1 + ery2 • 

erxy2 composite erxy1 membrane erxy2 bending 

C6) 

Tte principal stresses and their orientation for output are calculated from the above results, 

as in Equations 2S through 30 of Section 8.4.6. 

In module PLA4, the bending properties are disregarded, and the ECPTNL data are rearranged to 

correspond tc the ECPT data for the TRMEM or QOMEM, and the stresses are ca~culated exactly as the 

ones for the TRMEM or QO~£M elements (see Section 8.4.14). 

In modules PLA3 and PLA4, after the above stress calculations have been completed, the next 

elastic coefficients are calculated in the same manner as Equations 106 through 112 of Section 

8.4.14. 

The new ESTNL and ECPTNL entries are: 

* * 
'o • & ( 17) 

* 
£ • t1 ( 18) 

* E • El ( 19) 

* ox • axl t (20) 

* "y • "yl t (21) 

* "xy • 0 xy1 (22) 

* t\ • Mxl (23) 

* My • Myl (24) 

Mxy • Mxyl t {25) 
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(26) 

(27) 

In module PLA4. the ECPTNL data are rearranged. and the element stiffness matrices are 

calculated in the same manner as for the TRMEM or QDMEM elements in Section 8.4.14. 

8.6.8 Differential Stiffness Matrix Calculations for the TRIAl and TRIA2 Elements 

(Subroutine DTRIA of Module DSMGl) 

This subroutine uses the displacement vectors and thennal load temperature from a static 

solution to produce a differential stiffness matrix. The DTRMEM subroutine is used to calculate 

in plane-stresses and in-plane differential stiffness. The triangle is subdivided into three 

subtriangles and the DTRBSC routine is used to calculate out-of-plane differential stiffness for 

each of the three subtriangles. The matrices are ccmbined and the center point is removed in the 

same manner as the KTRPLT subroutine .(section 8.5.5). The basic steps are as follows: 

1. The TRIA2 data from the ECPT is converted to TRIAl fonnat while in both cases the data 

is moved to a protected location. The conversion is: 

TRIAl DATA TRIA2 DATA 

MATIOm • MATIDb • MATIDs • MATID 

2. The ECPT data are rearranged to the TRMEM format (the same as the TRIA2 format). 

(28) 

(29) 

(30) 

3. The material property orientation angles are established and subroutine DTRMEM is called. 

This routine will insert the in-plane differential stiffness terms in the KDGG matrix and 

will return the stress values ax, ay, and ;xy· 

4. The element coordinate system and geometric coefficients are calculated as follows 

where the three location vectors are {x(l)}, {x(2)}, and {x(3)}. 

{V2} • {x(2)} - {x(l)} 

{V3} • {x(3)} - {x(l)} 
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Xz = /{Vz}/ (33) 

{i} = 
{V2} 

Xz ( 34) 

Y3 = ]{i} x {V3}] (35) 
~ 

{k} = 
{i'} x {V3} , 

Y3 
(36) 

{j} • {k} X {i}. (37) 

X4 • 
Xz + X3 

3 (38) 

Y4 • 
Y3 
T (39) 

The locations of the four points in this coordinate system are defined by the matrix [R] 

where each row defines one point 

[RJ • 

0 

0 

(40) 

5. For use in transferring points in the element to points in the subtriangle, the integer 

mapping matrix [M] is used. 

[M] = 

Point a Point b Point c 

[ 23

1 z 

3 

l : J 
Each row of the matrix corresponds to the three points connected to each subtriangle. 

(41) 

6. A major loop is now perfonned with one cycle for each of the three subtriangles. 

Corresponding to points a, b, and c of the M matrix, the location vectors {ra}• {rb}' and 

{re} are extracted from the corresponding rows of the R matrix. For each triangle the 
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following are calculated: 

The transfonnation between subtriangle coordinates to element coordinates is: 

l 0 0 

[T] • O 

0 

The material orientation data are 

sin (a.) • w1 sin (a) - w2 cos je) } 

cos (em) • w1 cos (e) + w2 sin (e) 

7. The locations of the three points of each subtriangle are transfonned to geometric 

coefficients xb. xc• Ye where 

8. The stresses are transfonned to the subtriangle system by the equations: 

ax • \f, ax + w2 a 2 y + 2W1W2Txy 

2 - 2 - 2W1W2Txy ay • Wz ax + w1 ay -

• -wlw2ax W1W2°y 
2 2 -

TXY + + {W1 - W2) TXY 
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9. The differential stiffness matrix for each subtriangle is fonned in subroutine OTRBSC 

(Section 8.6.10). The input to this routine consists of the ECPT property jata; the 

location parameters xb' xc• and ye; and the in plane stresses crx• cry and Txy· The output 

from this routine consists of the following matrices: 

d Ii = pivot point 
[K;j] !j = l, 2, and/or 3 

d [Kj4] j • 1, 2, and/or 3 

[H], [S] 

10. The above matrices are combined and transfonned in exactly the same manner as the 

triangular plate equations. The differential stiffness matrices replace the elastic stiff­

ness matrices in the equations. See section 8.5.5, steps 7 through 10. 

Differential Stiffness Matrix Calculation for the OUAOl and OUA02 Elements (Subroutine 

DOUAO of Module 0SMG1) 

The differential stiffness matrix for the QUADl and QUAD2 elements is constructed from the 

matrices produced by four subtriangles. The method used to subdivide the quadrilateral is shown 

in Figure 6. The stress is calculated for each triangle using the OTRMEM subroutine. The out-of­

plane differential stiffness for each triangle is calculated using the DTRBSC subroutine. The 

element geometry and the manipulation of the matrices is done in the same manner as the elastic 
' stiffness equations for the quadrilateral plates. 

The steps followed by the subroutine are: 

1. If a QUAD2 element is used, its property data is converted to the QUADl equivalent and 

the ECPT is expanded to the QUADl fonnat. The property conversion is: 

QUADl DATA QUAD2 DATA 

MATIDm • MATI06 • MATI05 • MATID 

t • 
m 
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With both cases the data is stored in a protected location. 

2. The element coordinate system and the location of the grid points are calculated as 

follows: 

{d,} s {V3} - {V1} I (56) 

{d2} = {V4} - {V2} ) 

where {V1}, {V2}, {v3}, and {V4} are the location vectors of the connected grid points. 

h • {a
1

} • {k} 

{a1} - h{k} 

{i} • I ta
1 
J - htkJ I 

{j} • {k} X {1} 

(57) 

(58) 

( 59) 

(60) 

( 61) 

The locations of the points in the element plane are stored in the [R] matrix where each row 

corresponds to the x and y location of a point. 

R11 • R12 • R22 .. 0.0 (62) 

R21 • X2 s {al }•{i} (63) 

R31 • X3 • {dl }•{i} (64) 

R32 • Y3 • {dl }• {j} (65) 

R41 • X4 • x2 + {d
2
}•{i} (66) 

R42 • Y4 = {d2}•{j} (67) 

3. At this stage the four triangles are processed in a loop. The matrix partition for the 

element is set to zero and the results for each triangle are added in. The following steps 

4 - 8 describe this loop. 
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4. The three points for each triangle are selected using the mapping matrix M. The data 

corresponding to these points are put into the ECPT format for a TRMEM element. 

5. The geometry of the triangle is calculated using the three rows of the R matrix 

corresponding to the three points of the triangle a, b, c. These rows correspond to vectors 

The transformation matrix between element and triangle coordinates is: 

1 0 0 

[T] • 

6. The orientation angle em for the subtriangle is computed in case the material is 

anisotropic. 

sin em • w1 sine - w2 cos e 

cos em • w1 cos e + w2 sine 

(68) 

(69) 

(70) 

(71) 

(72) 

(73) 

(74) 

(75) 

(76) 

7. The triangular membrane subroutine DTRMEM at this point will calculate and insert the 

in-plane differential stiffness tenns and will produce the stress values a, a, and T in 
• X y Xy 

the triangle coordinates. The basic triangle subroutine will use the in-plane stresses and 

the basic locations xb. xc• and Ye to produce the out of plane differential stiffness terms. 

The output of the differential stiffness subroutine, DTRBSC, is the 3 by .3 matrix 
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partitions [Kia], [Kib], and [K;c], where i is the pivot point. These are transfonned to 

quadrilateral coordinates with the [T] matrix. 

8. The matrices for each triangle are added into the running sum for the quadrilateral and 

steps 4 - 8 are repeated. 

9. The differential stiffness matrix partitions are transfonned to global coordinates and 

inserted into the overall differential stiffness matrix in a manner identical to steps 7 and 

8 of Section 8.5.8. 

8.6.10 Differential Stiffness Matrix Calculations for the Basic Bending Triangle (Subroutine 

DTRBSC of Module DSMGl) 

Unlike the' case of elastic stiffness matrix generation, the basic triangle (TRBSC) may not be 

used by itself to produce differential stiffness matrix tenns. This subroutine, however, is used 

for the calculation of differential stiffness for the TRIAl, TRIA2, QUADl, and QUAD2 elements. 

Its purpose is analogous to the way the KTRBSC subroutine is used in the calculation of elastic 

stiffness matrices. 

The necessary inputs to this subroutine are passed to it vi~ the labeled conmon blocks DSIAET 

and OSIAOP. The input data used are xb' xc• Ye (the basic geometry), ax• ay• Txy (the in-plane 

stresses), and the element property data. 

The basic algorithm used by the routine is as follows: 

1. The presence of transverse shear is tested and the subroutine selects the method of 

calculating the element coordinate-to-generalized coordinate transfonnation matrices [Hb] and 

[He]• 

2. If no transverse shear flexibility exists, the matrices [Hb] and [He] are calculated by 

the following equations: 
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= 1 r 
xb 

s = 1 
Ye 

(78) 

t = 2£ 
Ye 

u = 
Xe 

= r2st -n-
xbye 

3r2 0 r 

0 r 0 

-3r2t 2 -rt -rt2 

[Hb] • (6x3) 
-2r3 0 -r2 

(79) 

-6ru(xb-xc) -rs u(3xc-2xb) 

2rtu(3xb-2xc) rst 2tu(xb-xc) 

0 0 :1 0 0 

3s2 -s st 
[H] • (6x3) 

C 
cab) 

0 0 0 

0 0 -s2 

-2s 3 S2 0 

3. If both shear material and shear thickness exist, then the [Hyq] and [HJ-1 matrices are 

generated as with the existing equations for the TRBSC element. See pages 8.5-5, 6. The 

6x6 [H]-1 matrix, is partitioned as follows: 

and is used instead of Equations (79) and (80). 
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4. In order to fonn the differential stiffness matrix [Kdq], referred to generalized 

coordinates, the following integral must be evaluated over the triangular area. 

The results are: 

100 hA = 
hxbyc 

= -r 

101 = 
hAyc ,-

hAyc 
111 • ~ (xb + 2xc) 

2 

102 • 
hAyc ,-

hAi 
112 • ~ (xb + 3xc) 

hAy3 
1o3 • C 

10 
hAy3 

I13 • ~ (xb + 4xc) 

4 
1o4 • 

hAyc 
,r 

hAy 
121 • ~ (x~ + 2xbxc + 3x~) 

hAi 
I22 • 90c (x~ + 3xbxc + 6x~) 
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5. The elements of the (8x8) differential stiffness matrix [Kdq] are listed below. The 

matrix is symmetric so only the upper triangle terms are given. The superscript (dq) is 

omitted for convenience. 

Ki, .. 
ax 1oo 

K12 • ,Ioo 

K13 • 2ax r,o 

K14 • ax Iol + 't'110 

K15 • 2't'I01 

K16 • Jax I20 

K17 • ax Io2 + 2't'Ii, 

K18 • 3't'I02 

Kz2 • ay 100 

~3 • 2't'I10 (84) 

~4 • 't'Io1 + cry I10 
' 

~5 • 2ay r01 

~6 • 3't'I20 

Kz7 • ,102 + 2cry 111 

Kzs • Jay 102 

K33 • 4ax 120 

K34 = 2(ax 111 + 't'lzo) 

K35 .. 4't'I 11 

K36 .. 
Sax 130 
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K37 = 2(crx 112 + 2,1 21 ) 

K3s = 6,112 

K44 = ax 102 + 2,I,1 + cry I20 

K45 = 2(,r 02 + cry 111 ) 

K46 = J(ax 121 + • 130) 

K47 = ax I03 + 3,112 + 2ay I21 

K4s • 3(,I03 + ay I12) 

K55 • 4ay 102 

Kss • 6•121 

K57 • 2(,I03 + 2ay 112 ) 

Ksa • Say I03 

K66 • 9ax 140 

K57 • J{ax 122 + 2•131) 

Ksa • 9•122 

K77 • ax 104 + 4•113 + 4ay 122 

K75 • 3(,104 + 2ay 113) 

Kaa • 9ay I04 

(84) 

6. In order to transfonn the matrix to the displacements of points at the corners of the 

triangle, the following matrices are generated. 

(85) 
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(8x3) (86) 

(8x3) (87) 

(_8x3) (88) 

7. The output matrix partitions depend on the type of element using this subroutine. If 

the element type is a QUADl or QUAD2 the three output matrix paritions [Kde] are: 

(89) 

where i is the pivot point and j = a, b, and c. 

If the element type is a TRIAl or TRIA2 the output differential stiffness matrices are 

calculated using equation 89 above. They are: 

[K;a] = [C;]T [Kdq][Ca] 

[K;b] = ·cc;JT [Kdq][Cb] 

if i is the pivot point and 1 = a or i = b • 

In addition, for the TRIAl and TRIA2, elements the following matrices are output: 

[K~~] = [Cb]T [Kdq][Cc] 

[Kde ] = [C ] T [Kdq][C ] 
CC C C 

(90) 

(91) 

(92) 

(93) 

(94) 

The matrices [H]-1 and [S], previously calculated are also output for the TRIAl and TRIA2 

elements. 
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8.6. 11 Thermal Calculations for the Combination Elements 

If the heat transfer system parameter equals +l, the elements are treated exactly like the 

membrane elements QDMEM and TRMEM. The bending calculations are bypassed and subroutines KQDMEM 

or KTRMEM are used for calculation of the conductivity matrix tenns, subroutine MTRQD is used for 

the mass calculations, and subroutines SDHTFl, SDHTF2, and SDHTFF are used for stress recovery. 
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8.7 THE ELASi, MASSi AND DAMPi ELEMENTS 

The scalar elements (ELASi, MASSi and DAMPi, i = 1 ,2,3,4) are connected to scalar 

components of grid points or to scalar points. The ELASi elements contribute only to: 

a) the stiffness matrix, [K;
9
J, for i = 1 ,2,3,4; and b) to the structural damping matrix, 

[K:
9
], for i = 1,2,3. The MASSi elerrents contribute only to the mass matrix, [M

9
g], and the 

DAMPi elements contribute only to the viscous damping matrix, [B
99

J. 

The scalar elements do not require material or geometric properties in their calculations. 

Only the ELASi elements are used for stress or force calculations. 

8.7.1 Input Data for the ELASi I MASSi and DAMPi Elements 

The ECPT/EST entries for the scalar elements are: 

Symbol 

SIL1, SIL2 

K 

m 

Description 

Scalar indices of connected grid or 
scalar points 

Component numbers car.responding to 
SIL1 and SIL2• 

Spring constant 

Damping factor } 

Stress coefficient 

Viscous damping coefficient 

Mass coefficient 

Elements 

All 

Types 1 and 2 

All ELASi elements 

ELASl, 2 and 3 

All OAMP1 elements 

All MASSi elements 

8.7.2 ELASi Stiffness Matrix Generation (Subroutine KELAS of Module SMAl) 

1. · The two connected sea 1 ar indices are i 1 and i 
2 

given by: 

~ SIL1 + (c1 - 1), 

( SIL1, if Point 1 

if Point l is a grid point 

is a scalar point 

8. 7-1 (3/1/74) 



2. 

STRUCTURAL ELEMENT DESCRIPTIONS 

{ 

SIL2 + (c2 - 1), if Point 2 is a grid point 
;2 = 

SIL2, if Point 2 is a scalar point 

The following tenns are added to the [K~
9

] matrix: 

+K in position ( i 1' ; 1 ) and in position (; 2' i 2) ' 

-K in position ( i 2' i l ) and in position ( i l' i2). 

3. If point 2 is not defined, add +K to position (i 1, i 1). 

4. The damping tenns are: 

These are added to [K:9] in the same manner as the stiffness terms were added to [K~
9
], 

8.7.3 MASSi Mass Matrix Generation (Subroutine MAssry of Module SMA2) 

These elements are treated 1 ike the ELASi elements except the "m" tenn is added to the 

four positions in [M
99

J._ 

8.7.4 DMAPi Damping Matrix Generation (Subroutine MASSO of Module SMA2) 

These elements are treated like the ELASi e 1 ements except the II B" tenn is added to the 

four positions in [B
99

]. 

8.7.5 ELASi Stress and Force Recovery (Subroutines SELASl and SELAS2 of Module S0R2) 

The element force is: 

where u1 and u2 are the displacements at scalar index numbers 11 and ; 2• 
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The element stress is: 

a = SF. (3) 
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8.8 CONCENTRATED MASS ELEMENTS C0NM1, C0NM2 

Two types of grid point mass data are available. C0NM1 defines the mass matrix directly 

at the point, with the axes defined by a given local coordinate system. C0NM2 defines the 

same matrix for a body with a mass and three inertias with a center of gravity offset from 

the grid point. 

8. 8. 1 

8.8.2 

ECPT Entries for the C0NMl Mass Element 

Symbol 

N
9
,X,V,Z 

De script ion 

Local coordinate system number in which the 
mass matrix is defined. 

Local coordinate system number and basic 
coordinates of the point. 

Tenns of mass matrix given in row fonn (out 
to the diagonal tenn). 

Mass Matrix Calculations for the C0NM1 Element (Subroutine MC0NMX of Module SMA2) 

1. Using the syrrmetrical relationships, fill out the remainder of the 6x6 matrix, 

[m]: 

( l ) 

2. Using the basic coordinates of the point and the local coordinate system definition, 

the 3x3 transfonnation matrices [T
9
] and [Tm] are generated, and the mass matrix in global 

coordinates is: 
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where [Tg] is the transformation from global-to-basic coordinates at the point, and 

[Tm] is the transformation from the coordinates defined by the mass local system to 

the basic coordinate system. 

8.8.3 ECPT Entries for the C~NM2 Mass Element 

Symbol 

Ng t XI y t z 

m 

Description 

Local coordinate system number in which the 
mass terms are defined. 

Local coordinate system number and basic 
coordinates of the point. 

Concentrated mass 

(2) 

x,y,z Offset of center of gravity in mass coordinate 
system 

121 • I22 

131' 132 1 I33 

Inertias about the center of gravity aiven in 
row order out to the diagonal term 

8.8.4 Mass Matrix Calculations for the C0NM2 Element (Subroutine MC0NMX of Module SMA2) 

1. The transformation from the offset to the grid point is: 

1 I 0 z -y 
t 

l I -z 0 X 

l I y -x 0 

[DJ - - • - • • L - • - • • I 
I l 

(3) 

0 

l 
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2. The mass matrix referenced to the offset point is: 

[m ] .. 
0 

-m I 
I 

m I 0 
_I 
m I 

--------+-----------
' Ill • 121 -I31 
I 
I 

0 1·121 !22 -I32 
I 

:-I31 -I32 I33 

3. The mass matrix about the grid point along the given coordinates is: 

[m] • [D] T [m
0

][D].. 

The actual nonzero tenns of matrix [m] are calculated directly from the equations: 

m26 • m62 • ·m35 • -m53 = xm 

m44 = Ill+ (y2 + z2)iii 

m55 • I22 + (x2 + z2)iii 

m66 • I33 + (x2 + y2)iii 
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( 14) 

( l 5) 

4. The matrix [m] is transformed back to global coordinates using Equation 2. 
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8.9 THE C0NEAX ELEMENT 

8.9. l Input Data for the C0NEAX Element 

8.9.2 

1. The ECPT/EST entries for the C0NEAX element are: 

Symbol 

n 

r ~ • rb 

za• zb 

tm 

MAT IDm 

I 

MAT !Db 

ts 

MAT ID
5 

z,, Z2 

~;, i • 1 to 14 

t 
JJ 

JJ 

Description 

Scalar indices of the nth harmonic of the 
connected rings 

Hannonic index 

Radii at points a and b 

Projected distances along the axis 

Membrane thickness 

Membrane material identification number 

Bending coefficient 

Bending material identification number 

Shear thickness 

Shear material identification number 

Outer fiber distances for stress calculations 

Angles defining points around. element 

Temperature for material properties 

Nonstructural mass 

Stiffness Matrix Calculations (Subroutine KC@NE of Module SMAl). 

l. The shell orientation is given by: 

(l ) 

sinljl • (2) 

COSljl • (3} 
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2. The transfonnation matrix [E] from element coordinates to ring cylindrical 

coordinates is: 

0 sin 1/1 cos 1/1 0 0 

l 0 0 0 0 

0 cos 1/1 -sin 1/1 0 0 
[E] = 0 0 0 0 sin 1/1 

0 0 0 0 

0 0 0 0 cos 1/1 

3. The serial steps for the balance of the stiffness matrix computations unique to the 

axisymmetric conical shell element are explicitly described in the NASTRAN Theoretical 

Manual section 5.9.5.7 (Summary of Procedures). 

Mass Matrix Computation (Subroutine MC0NE of Module SMA2) 

ni i 0 0 0 0 0 

0 ffl; 0 0 0 0 

0 0 mi 0 0 0 
[Mi i J = i = a or b 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

ma = 
rb ra 

ira.(s + r) (pt+µ) 

mb = 
rb ra 

,r.t(r + b) (pt+µ) 

Element Load Calculations (Subroutine C0NE of Module SSGl)~. ~ 

(4) 

(5) 

(6) 

The Fourier coefficients of the temperatures are stored in the GPTT data block. The loads 

are generated by the elements, which reference the connected rings and harmonics indirectly by 

the grid point scalar indices. The scalar indices are used with the SIL (Scalar Index List) data 

block to obtain the temperatures. The following steps are used to generate the loads: 

1. The data for a logical element are read from the EST data block. The harmonic 
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number, n, is extracted from the element ID, Ne' by the equation: 

N • lOOON + (n + 1) e 

where N is the total number of harmonics plus one in the problem. 

The temperatures for this particular element and harmonic (T~ and T~) are extracted from 

the GPTT data block. (No default nonzero temperatures are allowed). 

( 7) . 

2. The following data are generated in the same manner as in the stiffness matrix routine, 

KC!llNE: 

i - Linear distance 

sin~, cos~ Inclination functions 

[E] - Element-to-global transformation matrix (6x5) 

t - Element thickness 

[Em] - Material matrix (3x3) 

as= a~= a - Temperature coefficient 

3. The geometry coefficients, Imn• are calculated as in the stiffness matrix routine by the 

equation: 

i 

I = mn 1T f sm r 1-n ds = 

0 

rb - ra 
where r =a+ bs, a= ra• b = ~-:r--. 

4. The loads are generated in generalized coordinates, {P~}, with the equations: 
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An • tE12 (a5T~) + tE22 (a~T~) , 

Bn • f (T~ - T~)(E12a5 + E22a~), 
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5. The transformation from generalized coordinates to element coordinates, ~Gqu], is 

calculat~d if no transverse shear material or thickness is given (i.e., M~T IDs= 0 

or ts = 0). 

where [II] is given explicitly in the stiffness matrix calculations. 

6. If transverse shear exists, the shear matrix, [BJ, is generated. Additional 

material terms are: 

[D] = Ib[Eb]' where [Eb] is the bending material 3x3 matrix. 

G11 = G = Shear coefficient of transverse shear material. 

The nonzero terms of [BJ are: 

l 1 1 I 
= -0 [o12n cos~ (- - - ) n . 03 (n 2 )] rb ra - ! cos~ s1nw-:;- 33 + n22 , 

1 2 1 1 2 I 03 
= o [n D12(r - r) - n sin~~ (2033 + 022 )] 

· b a 
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( 31 ) 

(32) 

(33) 

where 

(34) 

7. The transfonnation [H] transfonning displacements in the element coordinate system"to 

displacements in generalized coordinates of the power series is: 

1 0 0 0 0 0 0 0 .0 0 

0 0 1 0 a 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

COS)/1 0 0 0 n 0 0 0 1 0 ra ra 

[HJ • 1 1 0 0 0 0 0 0 0 0 (35) 

0 0 1 1 0 0 0 0 0 0 

0 0 0 0 1 12 13 0 0 

0 0 0 0 0 1 21 313 -1 0 

n12 ~ 
COS)/1 lCOS)/1 0 0 n !!! nl"' 1 rb rb rb rb rb rb 
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8. The transformation [Hqu] for nonzero transverse shear is: 

[Hqu] = ([HJ - [B])-l (lOxlO) . ( 36) 

9. [Hqu] is partitioned into two 10x5 matrices 

(37) 

10. The 1 oads in global coordinates are cal.cul ated with: 

(38) 

(39) 

·-
8.9.5 Element Stress Calculations (Subroutines SC0NE1, SC0NE2, sc·0NE3 of Module SOBl)__ 

1. For each element the following quantities are calculated as in section 4.87.9.2: 

2. Using the material properties, the following matrices are calculated: 

1 -v, 0 

[Em] = 
El -v, 1 a ( 40) 2 (1 - v,) 

1 - v, 
a 0 2 
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1 

[Db] = 
E2 I 

. 2 -v2 
(1 - v2) 

0 0 

[G] = s [ 
G3 0 J , 
0 G3 

0 

0 

2 

where [Em], [Db] and [Gs] are computed for membrane, bending and shear mat&rials 

respectively. 

3. The stress matrices are then calculated: 

(8xl0) 

(a1=a2 for type 1 materials) 

( 41 ) 

(42) 

(43} 

(44) 

(45) 

4. Each entry in the EST data block contains data pertaining to the nth harmonic motion 

of the C0NEAX element. The elements in the EST are ordered by harmonic and C0NEAX I.D. 

number. All harmonic elements for each C0NEAX are grouped together. 

a. When the harmonic, n, of an element is zero, this indicates it is the first 

of a group of elements. Storage space is allotted for fourteen 8 by 1 vectors 

defining the element forces at points. Two UGV vector data blocks must be used 

to calculate stresses on points. These data blocks correspond to the two subcases 

"C" and "S" and are solved simultaneously using the same data. 
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b. Using the [Sa] and [Sb] matrices and the 6 by 1 displacement vectors, {u}, 

by their SIL numbers,· stress and force vectors are computed. 

If n 1 0: 

-C 
crsn 

-c 
cr <Pn 

-s 
. O' S(j>n 
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If n = 0: 

c, The temperature effects are added using the GPTT data for the two subcases, 

(Tc and Ts) 
il il 

CI C -
(cr n) = cr~n + St2 T 

where 

T = l (Tn + T") - T , n = o 2 a b o 

-
T = 

The same equations are used for the "S" set and when n = O. 
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d. The hannonic stresses are calculated by the equations 

for = 1,2,3: 

C 
0 sni 

crc 
¢n 

C 
cr s¢n 

= 

Mc ci 
( c ' ) + _s_n __ 

= 0 sn 

c' 
(crqin) + 

Mc 
~n 

I 

ci 

C ci C I l\<Dn 
= (crs¢n) + I 
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The equations are repeated for the S set and when n = O. 

e. Principal stresses (a1, a2, e, 'max etc.) are calculated as with the 

TRIAl or QUAD1 element, except that when n; 0 the data are calculated 

for both the Sand C sets. 

f. The incremental element stresses or forces for the points on the cone are 

calculated from the following equations for j = 1,2, ••• ,14: 

For n f O: 

00' • = q>J 

oMq,. 
l 

oMsq,j 

oV si 

• 

= 

= 

C (M_;) + M!n sin (ncl>j) Mq,n cos • 

C sin (ncj,j) - M:q,n cos (nq,i) Msq,n • 

C vsn cos (nq, j) + v!n sin (nq,j)• 

g. The incremental stress and force values are added to the running sums for the 

points. After the last element is calculated (n • N), the forces and stresses 

for the points are calculated and output. The equations are identical to steps d 

(55) 

(56) 

(57) 

(58) 

(59) 

(eo) 

(61) 

(62) 

and e of this section except that 1) the 11 S11 and 11 C11 sets are not used and 2) up to 14 

points may be calculated for output for each physical element. 

Since the user may leave some spaces blank on the property card for this element, 

only one of the q,,j = O points is used in the calculation. 
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8.9.6 Differential Stiffness Matrix Calculations (Subroutine DC0NE of Module DSMGl) 

The data input from the ECPT to the DC0NE subroutine are the same as those given in section 

8.9 .1. Additional data for the generation of the differential stiffness matrix are as follows: 

{u~}, {u~} - Displacement vectors of the zero harmonic (extracted from the UGV data block) 

T~, T~ - Element loading temperatures of the zero harmonic (extracted from the GPTT 

data block) 

The first part of the calculations involves calculation of the element force components. The 

following steps are performed with harmonic number n = O. 

1. The 10 by 10 transformation matrix [H~q] is computed from: 

where ·[Huq]' a 10 by 10 matrix, and {Huy}' a column vector, are derived in the NASTRAN 

Theoretical Manual, section 5.9.5,3, and {H }T, a row vector, is explicitly written out in 
ysq 

Equation 85 of -section 5.9 of the NASTRAN Theoretical Manual. 

2. The 10 generalized displacement quantities qi are 

{q} .. [Ho rl uq 

where {u~} and {u~} are the 6 by 1 displacement vectors, and [E] is calculated as in 

Equation 4 of Section 8.9.2. 

3. The strain coefficients are 

(T~ - T~) 
= {a} 1 
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= To {a.} 
a 

(66) 

where}~ and T~ are the loading temperatures at the grid points, the {a.} vector is obtained 

from the MPT data block via subroutine MAT and tis calculated as in Equation 1 of Section 

8.9.2. 

4. The force coefficients are calculated: 

(67) 

(68) 

(69) 

(71) 

(72) 

(73) 

(74) 

C • tm Gll (q4 - e:s) - tm G12 e:$ (75) 
0 ' 

c, • -tm Gll Ae:s - tm Gl2 Ae:$ ' (76) 

do • tm G12 (q4 - e:s) - tm G22 e:$ ' (77) 

dl • - tm G12 Ae:s • tm G22 Ae:4> ' (78) 
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where G11 , G12 and G22 are elements of the 3 by 3 symmetric material properties matrix, [G]. 

5. The geometry coefficients are calculated: 

where 

.£. 
J sm rl-n ds 
0 {

m=0,1, ... ,9 
n=0,1,2,3 (79) 

(80} 

An explicit fonnula for the evaluation of Imn is given in the NASTRAN Theoretical Manual, 

section 5.9.5.8. 

6. The following coefficients for the computation of the differential stiffness matrix are 

calculated: 

Arnn = ao 1m, n+l + a, 1m+l, n+l + a2 1m+2, n+l 

+ a3 Im+3, n+l + co Im, n + cl 1m+l, n 

. 8mn = bo Im, n+l + bl 1m+l, n+l + b2 1m+2, n+l 

+ b3 1m+3, n+l + do 1m, n + dl 1m+l, n 

where m = O, 1 •••• 6; n = O, 1, 2. 

Note: The index n used above is a dummy index and is not the hannonic number. 

(81) 

(82) 

(83) 

The second part of the calculations involves generating the differential stiffness matrix. 

The remaining steps use n as the hannonic number of the element. 

1. The nonzero elements of the syrrmetric differential stiffness matrix [Kqd], in generalized 

coordinates, are given in Table le below. 
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Table le. Nonzero Elements of the Differential Stiffness.Matrix, [Kqd]. 

Kqd 
11 = 2 6 1 . 2c cos$ 02 + 4 s1n $ 02 

Kqd 
12 = 2$B 1 . C 1 . 2 C cos 12 + 4 sin$ 01 + 4 s1n $ 12 

Kqd 
13 = 1 . C 

4 ns1n$ 02 

Kqd 
14 = 1 . C 

4 ns1n$ 12 

Kqd 
15 = ncos$B02 

Kqd 
16 = ncos$B12 

k'.gd
3 

1 C + 1 . .,.r .. , • 4 n 01 4 ns1n~v12 

Kqd 1 C 1 . C 24 a 4 n 11 + 4 nsln$ 22 

K9d
8 

B __ i = ncos$ 42 
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Table le (con'd). Elements of the Differential Stiffness Matrix, [Kqd]. 

qd 1 2 
K44 = 4 n C22 

2 
. 2Al0 + n 632 

The formulas for n = 0 are the same as in Table le except that they are all multiplied by 2. 

The nonzero tenns for n = O fall into two uncoupled sets which are 

(11) (12} 

(22) 

Effect on 
Twisting 

(66) (67} (68) 
(77} (78) 

~ 
Effect on Axisynmetric Deformation 

2. The 10 by 10 transformation matrix, [H~q]' from generalized coordinates to element 

coordinates, for the nth harmonic is computed as in Equation 63. The matrix is inverted and 

partitioned into two 10 by 5 matrices: 
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(84) 

3. The 6 by 6 differential stiffness matrices in global coordinates are: 

(85) 

where i = pivot grid point; j = a, b; and [E] is computed as in Equation 4 of Section 8.9.2. 
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8.10 THE TRIARG ELEMENT 

8.10. 1 Input Data for the TRIARG Element 

1. The ECPT/EST entries for the axisymmetric triangular ring (TRIARG) element are: 

Symbol 

y 

Mat I.D. 

N1,x1.v1,z1 ) 

N2,X2,Y2,Z2 

N3,X3,Y3,Z3 I 

Descriptions 

Scalar index numbers for the three grid points. 

Material property orientation angle (degrees) 

Material property identification number. 

Local coordinate system number and location 

in basic coordinates of the three grid points. 

Element temperature for material properties. 

For this element, Y; must equal zero for i = 1, 2 and 3 and, we define: 

2. Coordinate system data 

{Z} • s 

( 1 ) 

(2) 

The location (Xi,Yi,Zi) and local coordinate system number (Ni) of each grid point are 

used to calculate.the 3 by 3 global-to-basic coordinate system transfonnation matrices, 

[T; ] , i = 1 , 2, 3. 

3. Material data 

The material property identification. number, Mat I.D., and the element temperature for 

material properties, t~, are used to select the followino data items. For this element, 

material properties may be defined on a MATl or MAT3 but not a MAT2 bulk data card • 
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Symbol 

vre • vez • vzr 

p 

8.10.2 General Geometric Calculations 

1. Local coordinate calculations are: 

Description 

Young's moduli in the radial, tangential 
and axial directions respectively. 

Poisson's ratios in the three directions 
indicated. 

Mass density 

Shear moduli in the three directions indicated. 

Coefficients of thermal expansion in the three 
directions indicated. 

Thermal expansion reference temperature. 

Structural element damping coefficient. 

{Z} -s 

(3) 

( 4) 

(5) 

2. The transformation from field coordinates to grid point degrees of freedom is 

given by (RLi and ZLi are the ;th components of {RL} and {ZL} respectively): 

1 Rll Zll O O O 

0 0 0 1 Rll zll 

1 RL2 2L2 0 0 0 

[r'Bq] • 0 0 0 1 RL2 2L2 (6) 

1 RL3 2L3 0 0 0 

0 0 0 1 RL3 2L3 6x6 

8.10-2 {3/1/74) 
r 



THE TRIARG ELEMENT 

(7) 

3. The transformation matrix from two to three degrees of freedom per ooint is: 

, 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 , 0 0 0 0 0 
[rqs] = 0 0 0 0 0 1 0 0 0 (8) 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 , 6x9 

8.10 .3 Jntegral Calculations 

1. The integrals over the area of the cross-section are of the form: 

(9) 

for the values: 

To accomplish this we integrate in two parts: 

where 

(l 0) 

and 

(11) 
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and from point RLl to point RL 3• 

b. From line Z = K12r + m12 to Z = K32r + m32 and from point RL 3 to RL2• 

For the case where 

we must integrate differently, that is, from line Z = K32r + m32 to Z = K13r + m13 
and from RLl to RL3• 

,. After the integrals are computed, a check is made to detennine if an excessive 

amount of round-off error occurred. If round-off was excessive, an approximate 

integral can be calculated. 

These tests are: 

If any o1j<O, then approximation must be used. 

If a12 ~ a02 , or o.12 ~ 012 , or o.12 > 002 , then approximation must be used. 

If Ar~; or~~ Z, then approximation must be used. The tenns Ar, AZ, rand Z are: 

(12) 

(13) 

(14) 

"' 
Z • [min (ZLl' zL2, zL3)]/10. (15) 
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The approximation is: 

where 

3. Form the matrix of integrals: 

0 o,o 0 0 0 0 

000 o, 0 oo, 0 0 0 -[D] = 21T 
0 0 0 0 0 010 

0 0 010 0 010 0 4x6 

8. 10.4 Elastic Constants Matrix Calculations 

1, Generate the transformation from material axis to element geometric axis: 

cos2y 0 sin2y sinycosy 

0 1 0 0 
t\oJ • 

sin2y 0 cos2
y -sinycosy 

-2sinycosy 0 2sinycosy 2 . 2 cos y-srn y 4x4 

2, Generate the matrix of elastic constants for an orthotropic body with 

respect to cylindrical coordinates: 
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Er(l-vezvze) 

Er ( ver +vzr vez) Ee(l-vrzvzr) 
(Synmetric) 

[Em] = 1 (22) 
ir Er(vzr+vervze) Ea(vze+vrevzr) Ez (l-vre var) 

0 0 0 Grzti. 4x4 

where 

3. Calculate the elastic constants matrix in element geometric axes: 

(27) 

8.10.5 Stiffness Matrix Generation (Subroutine KTRIRG of Module SMAl) 

1. Generate the element stiffness matrix in field coordinates: 

8.10-6 (3/1/74) 



21T 

THE TRIARG ELEMENT 

[RJ = 

IE221
-10 

(E,2+E22)000 (E11+2E12+E22> 610 

E22 6-11+E24°00 (E12+E22) 601+(E14+E24)<510 E226-12+2E24°01+E44°10 

0 0 0 0 

E24°00 (E14+E24) 010 E24 °01+E44610 0 E44°10 

E23°00 (E13+E23> 010 E23°01 +E34 °10 0 E34°10 

where £1 •. is an element of [E ]. 
J g 

2, Transform the element stiffness matrix from field coordinates to grid point 

degrees of freedom: 

3. Transform the element stiffness matrix from two to three degrees of freedom per 

point. 

4. The 3 by 3 partitions [K~j] of [K] corresponding to the pivot point pare 

transformed: 

s. Finally these 3 by 3 partitions are expanded to 6 by 6 partitions: 
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8.10.6 ,Mass Matrix Calculations (Subroutine MTRIRG of Module SMA2) 

l. Generate the consistent mass matrix in field coordinates: 

-
[MJ = 21T 

where 

ffill 010 

iii11 °20 m, 1030 

m; 1 o,, m,1°21 

0 0 

0 0 

0 0 

.[op 

[iii] 

ffi11 o, 2 

0 ffiz2°10 

0 iii22°20 

0 iii22°11 

(Syrnnetric) 

ni22°30 

ffi22°21 iiiz2°12 6x6 

2. Transform the mass matrix from field coordinates to grid point degrees of freedom: 

3. Tran~form the mass matrix from two to three degrees of freedom per point: 
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4. The 6 by 6 partitions. [Mpj], are calculated as in Equations 31 and 32. 

8.10. 7 Thermal Load Calculations (Subroutine TTRIRG of Module SSGl) 

1. Form the vector of thermal strains: 

(4xl). 

where Tavg is the average loading temperature at the grid points. 

2. · Compute thermal load vector in grid point degrees of freedom: 

3. Transform thermal load from two to three degrees of freedom per point 

4, Each partition, {Fi}• of length 3 of {FT} is transformed to global coordinates by 

5. These vectors are added to the overall load vector, {P
9
}. 

(37) 

(38) 

(39) 

(40) 

8.10.8 Element Force and Stress Calculations (Subroutines STRIRl and STRIR2 of Module SDR2) 

Elenent stress and force data items are calculated in two phases. The first phase 

(subroutine STRIRl) calculates the element stiffness and stress matrices. The second phase 

(subroutine STRIR2) calculates the actual element forces and stresses from the various 

subcase displacement vectors. 
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Phase 1 calculations are as follows: 

l, Fonn the element stiffness matrix, [K], as in section 4.87.10.5. 

2. Compute the constants: 

3. Form the [0
0

] matrix: 

0 

l 
ro 

[Do] • 
0 

0 

4, Compute the stress matrix 

r = 
0 

z = 
0 

1 

1 

0 

0 

0 0 0 

zo 0 0 
ro 

0 0 0 

1 0 1 

ol 
0 

1 

0 4x6 

5. Transform the stress matrix from t\oiO to three degrees of freedom per point: 

6. Transform the stress matrix from basic to local coordinates: 
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where 

I 
Tl I O I 0 
-1---,---

0 I T2 I 0 
- - ,---1- --

0 I O : T3 

7. Compute the thermal stress vector 

Phase 2 calculations are as follows: 

1. Extract the displacement vector, {~}, at the three translational components of the 

grid points from the global displacement vector. 

2. Calculate the element forces: 

{P} • [K]{M. 

3, Calculate the element stresses: 

where 

T d = Ta vg - To ' 
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8.10.9 Thermal Analysis Calculations for the TRIARG and TRAPRG Elements 

If a heat transer problem is being solved, special code and subroutines are used for these 

elements. The following checks are made on the geometry: 

y = 0 \ i = 1, 2, 3 (or 4). 
Xi> 0 

.. 
If these conditions are not met, a fatal error exists. The order of the grid points is also 

checked. The following equation must·be true: 

where the indices r, s, t correspond to three grid points in the element where 

r, s, t = 1 ' 2, 3 for triangles, 

or s, t = 1 ' 2, 3 

2, 3, 4 
for trapezoids. 

3, 4, l 

4, 1' 2 

The conduction matrix for TRIARG is computed by calling for a TRMEM, whose thickness is 

calculated from 

To compute the conduction matrix for TRAPRG, it will be divided into overlapping triangles. 

The mapping is exactly the same as the mapping of quadrilaterals into triangles. The material 

orientation angles for the triangles must be computed as was done for QDMEM. The thickness of 

each of the triangles is given by 

where r, s, t, are the three vertex indices used from the mapping matrix. The KTRMEM 

subroutine is then called four times. 
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Y = O l i = 1 , 2, 3 ( or 4). 
Xi> 0 

If these conditions are not met, a fatal error exists. The order of the grid points is also 

checked. The following equation must be true: 

where the indices r, s, t correspond to three grid points in the element where 

r, s, t ., 1, 2, 3 for triangles, 

or r, s, t = 1, 2, 3 

2, 3, 4 
for trapezoids. 

3, 4, 1 

4, 1 • 2 

The thermal "stiffness" matrices are generated by subroutine HRING of module SMA1. The 

conduction matrix for TRIARG is computed by calling for a TRMEM, whose thickness is calculated 

from 

To compute the conduction matrix for TRAPRG, it will be divided into overlapping triangles. 

The mapping is exactly the same as the mapping of quadrilaterals into triangles. The material 

orientation angles for the triangles must be computed as was done for QDMEM. The thickness of 

each of the triangles is given by: 

where r. s, tare the three vertex indices used from the mapping matrix. The KTRMEM subroutine 

is then called four times. 

The thermal "mass" matrices are generated in a similar manner. Subroutine MRING in module 

SMA2 rearranges the ECPT data into the TRMEM format with the equivalent "thickness" given by: 
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Subroutine MASSTQ generates the scalar mass terms for each triangle and inserts them into 

the BGG matrix. The TRIAG element is converted into a triangle once. The TRAPRG element is 

arranged into the TRMEM format for each of its four overlapping subtriangles; each triangle having 

a different equivalent "thickness," t, given by the equation above. 

The thermal "stress" output data calculations are performed by subroutines SDHTFl, SDHTF2, 

and SDHTFF in module SOR2. The TRIARG and TRAPRG elements are processed with the same equations 

as the TRMEM or QDMEM elements, except that the value of the "thickness" tis calculated as above. 
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8.11 THE TRAPRG ELEMENT 

8.11. 1 Input Data for the TRAPRG Element 

1. The ECPT/EST entries for the axisymnetric trapezoidal ring (TRAPRG) element are 

Symbol 

y 

Mat. I.D. 

N1 ,x1 ,Y1 ,z1 

~2.xz,Yz,22 

N3,X3,Y3,Z3 

N4,X4,Y4,Z4 

t\J 

) 
I 

) 

Description 

Scalar index numbers for the four grid points. 

Material property orientation angle (degrees), 

Material property identification number. 

Local coordinate system number and location in basic 

coordinates of the four grid points. 

Element temperature for material properties 

For this element Y; must equal zero for i = 1, 2, 3 and 4, and we define: 

zs, z, 

Zs • 
2s2 = 

Zz 
2s3 Z3 
2s4 Z4 
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2. Geometry Input 

The location (X;, Y;, Zi) and local coordinate system number (Ni) of each grid point 

are used to calculate the 3 by 3 global-to-basic coordinate system transfonnation 

matrices, [Ti]' i = l ,2,3,4. 

3. Material Property Input 

The material property input for the TRAPRG element is the same as that for the TRIARG 

element (see section 4.87.10.1). 

8.11.2 General Calculations 

1. Local coordinate calculations are: 

2min 
{ZL} = {Zs}· 2min 

2min 
2min 

(3) 

(4) 

(5) 

Let RLi and ZLi be the ;th component of {RL} and {ZL} respectively. To insure the ~ser 

has input his grid points in accordance with the restrictions set down in section 2 of the 

User's Manual, the following tests are made: 

If RLl ~ RL2 or RL4 ~ RL3 or zL4 ~ ZLl, then the user has violated the restriction that the 

grid points be ordered in a counterclockwise manner and a user fatal error occurs. 

If IZLl - zL21 > .001 or IZL3 - ZL41 > .001, then the restriction that the line joining grid 

points 1 and 2 and the line joining grid points 3 and 4 be parallel to the r-axis has been 

violated and a user fatal error occurs. 

2. Test for a rectangle. Define: 

(6) 
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RM23 = (RLZ + RL3)/2, (7) 

If I Ru - RL4/ 
RM14 

< 0, 005 then Ru = RL4 = RM14' 

If l RL2 - RL31 
RM23 

< O. 005 then RL2 = RL3 = RM23' 

If RL l = RL 4 and RL2 = RL 3, then the element is rectangular. 

If RLl = RL4 = O, then the element is a core element. 

3. Generate the transformation matrix from field coordinates to grid point 

degrees of freedom: 

l Rll ZL1 RLlZLl 0 0 0 0 

0 0 0 0 1 Ru zu RUZLl 

1 RL2 2Ll RL22Ll 0 0 0 0 

[H] = 0 0 0 0 l RL2 Rll RL22Ll (8) 

1 RL3 ZL4 RL3ZL4 0 0 0 0 

0 0 0 0 l RL3 ZL4 RLiL4 
1 RL4 ZL4 RL42L4 0 0 0 0 

8x8 
0 0 0 0 RL4 ZL4 RL4ZL4 

[H] • ['Ar1 . (9) 

4. Generate the transformation matrix from two to three degrees of freedom per point: 

0 0 0 0 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 0 0 0 

0 0 0 l 0 0 0 0 0 0 0 0 

0 0 0 0 0 1 0 0 0 0 0 0 
[rqs] = (l 0) 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 l 0 0 I 
! 

0 0 0 0 0 0 0 0 0 0 0 l J8xl2 
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5. If the element is a core element, then: 

j = 1,2, ••. ,8 

i = 1 ,2, ••• ,8 

where h;j is an element of [H]. 

8.11.3 Integral Calculations 

a. Compute the integrals over the cross-section of the trapezoid that 

are of the form: 

for the va 1 ues: 

Ipq • // rPzq drdz 
rz 

The limits of integration are chosen depending on the geometric shape of the 

trapezoid. 

• z 4 
Z3 • Z4 

3 

r • a+bz /· • c+dz 

1 z1 • z2 2 

r 

. 
If the lines between points 1 and 4 and between points 2 and 3 are defined 

by the equations 

r • a+ bz, 

r • c + dz, 
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respectively. then: 

a = 

b = 
RL4 - RLl 
2L4 - 2Ll • 

' 

C = RL2 -
I RL3 - RL2 \ 

i, 2L3 - 2L2) 
2L2 • 

In general, the integration takes the fonn: 

z4 c+dz 

Ipq = f f lzq drdz. 

z1 a+bz 

For the case with the sider= c + dz parallel to the axis of syrrmetry (the 

z axis) we have: 

Ji 
z1 a+bz 

For the case with the sider= a+ bz parallel to the axis of syrnnetry we 

have: 

And finally for the rectangle, the integration takes the fonn 
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8.11.4 Elastic Constants Matrix Calculation 

The elastic constants matrix in element coordinates, [Eg], for the TRAPRG element 

is calculated identically to the elastic constants matrix for the TRIARG element (see 

Section 8.10.4). 

8.11. 5 Stiffness Matrix Generation (Subroutine KTRAPR of Module SMAl) 

(22) 

1. Generate the terms of the symmetric element stiffness matrix in field coordinates as 

shown in Table 2. Each term must be multiplied by 2~ to form [K]. 

2. Transform the element stiffness matrix from field coordinates to grid point 

degrees of freedom: 

[K] • [H]T[K][H]. 

3. Transform the element stiffness matrix from t\'!() to three degrees of freedom 

per point: 

4. The 3 by 3 partitions [Kpj] of [K] corresponding to the pivot point pare 

transformed: 

s. Finally, these 3 by 3 partitions are expanded to 6 by 6 partitions: 

l iK3 : Oj pj I 

[K] • ---1--· . pj . I 

. 0 ' 0 
I 
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Table 2. Elements of the 8 by 8 Symmetric Stiffness Matrix for the TRAPRG Element. 

Col. Col. 2 Col. 3 Col. 4 

Row 1 E22 1-10 

Row 2 (E22+E12)loo (E11+2E12+E22)I1o 

Row 3 Ezz 1-11 (E12+E22)I01 E221-12+E44I1o 

Row 4 ( El 2+E22 )I 01 (E11+2E12+Ez2)I11 (E,2+E22)Io2. (E11+2E12+E22)I12 
+ E44I2o + E44I3o 

Row 5 0 0 0 0 

Row 6 0 0 E44 110 E44Izo 

Row 7 E321oo (El 3+Ez3)I10 Ez3101 (El 3+Ez3)I 11 

Row 8 E32I10 (E31+E32)I2o (E23+E44)I11 (El 3+E23+E44) 121 

Col. 5 Col. 6 Col. 7 Col. 8 

Row 5 0 

Row 6 0 E44 11 O 

Row 7 0 0 E33I10 

Row 8 0 E44111 E33I2o E33I3o+E44I12 
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8.11.6 Mass Matrix Calculation (Subroutine MTRAPR of Module SMA2) 

,. Fonn the coupled mass matrix in field coordinates: 

M111 O 
..., 

M1l20 M1l30 Synmetric 

M1111 M1I21 M1I12 

Ml I21 M1I31 M1I22 Ml 132 
[MJ = 21T • 

0 0 0 0 M2I10 
(27) 

0 0 0 0 ~I20 M2I3o 

0 0 0 0 M2I11 ~ 121 M2I12 

0 0 0 0 M2I21 ~I31 ~ 122 M2I32 8x8 
' -

where 

Ml • ~ • p . (28) 

2. Transform the mass·matrix to grid point degrees of freedom: 

(29) 

3. Transform the mass matrix from two to three degrees of freedom per point: 

(30) 

4. The 6 by 6 partitions, [Mpj], are calculated as in Equations 25 and 26. 
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8. 11. 7 Thermal Load Calculations (Subroutine TTRAPR of Module SSGl) 

1. Form the temperature gradient vector: 

To 

{LIT} = {T} -
To 

(31) 
To 

To 

where {T} is the vector of loading temperatures at the grid points. 

2. Form the thermal expansion coefficient vector: 

{a} = (32) 

3. Multiply the elastic constants matrix by the thennal expansion coefficient 

vector: 

{AB} • [E
9

]{a} • (33) 

4. Form the [Q] matrix: 

AB2Ioo AB2I10 AB2I01 AB2 I 11 

(AS1 +AS2 )11 O (As1 +As2 )120 (As,+AS2) r, l (AB1 +AB2) r21 

AB2Io1 AB2I11 AB2Io2 . AB2I12 

[Q] = 
(AB1 +AB2) r11 (AS1 +AB2) 121 (As1 +AB2) I12 (AB1 +AB2 )122 (34) 

0 0 0 0 

0 0 0 0 .. 
AB3I10 AB3I2o AB3I11 AB3I21 

AB3I2o AB3I3o AB3I21 AB3I31 8x4 

8.11-9 (3/1/74) 



STRUCTURAL ELEMENT DESCRIPTIONS 

5. Partition the transformation matrix [HJ to form [H'J: 

[H'] = [h' ijJ 4x4, 

where 

h'ij • hik for i = 1,2,4, j = 1,2, ••• ,4, and k = 2j-1 

and h;k are the elements of [HJ. 

6. Compute the thermal load in field coordinates: 

~ 

{FT} • 2~[Q][H']{~T}. 

7. Transform the thermal load to grid point degrees of freedom: 

8. Transfonn the thennal load from t\l.C to three degrees of freedom per point: 

9. Each partition, {Fi}, of length 3 of {FT} is transformed to global coordinates by: 

. 
10. These vectors are added to the overall load vector, {Pg}. 

8.11.8 Element Force and Stress Calculations (Subroutines STRAPl and STRAP2 of 

Module S0R2). 

Element stress and force data items are calculated in two phases. The first phase 

(subroutine STRAPl) calculates the element stiffness and stress matrices. The second 

phase (subroutine STRAP2) calculates the element forces and stresses from the various . ' 
subcase displacement vectors. 
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Phase l calculations are as follows: 

1. Form the element stiffness matrix, [K], as in section 4.87.11.5. 

2. Define a fifth 11 grid point 11 to be the average of the other four points: 

(40) 

( 41) 

3. Form the matrices [D(l)],[D(2)],[D(3)J,[D(4)J,[D(5)J 

where 

0 1 0 ZLi 0 0 0 0 -, 

1 1 
ZLi 

ZL1 
0 0 0 0 

Ri.1 ~ 
[D(i)] • (42) 

0 0 0 0 0 0 0 Rli 

0 0 1 RL1 0 1 0 zli 
4x8 

where i • 1 to 5 denotes the five grid points. 

4. Compute the stress matrices for each of the five grid points 1n field coordinates: 

(43) 
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5. Transform each stress matrix to grid point degrees of freedom: 

(44) 

6, Transform each stress matrix from two to three degrees of freedom per point: 

(45) 

7. Form the master stress matrix: 

s<l} ----~::) 
[SJ • s<3) --- 20 X 12 (46) 

s<4) ---s<s) 

8. Transform the stress matrix from basic to local coordinates: 

(47) 

where 

[T1234J • 

. I O I O I O ~ 
_.l J _ - L--;- --

1 I 
0 1 T2 0 1 0 

- - -, - - l - - - - -
0 t O I T3 1 0 

,- - - - - .!. - - I_ -
I I I . 

0 ! 0 0 1 T4 

(48) 

9. Compute the thermal stress vector: 

(49) 

Phase 2 calculations are as follows: 

1. Extract the displacement vector, {~}. at the three translation coordinates of each of the 

four grid points from the global displacement vector. 
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2. Calculate the element forces: 

{P} = [K]{t.} . 

3. Calculate the element stresses: 

where 

Ti - T
0

• if i # 5 (Ti is the temperature at the 

i th point) 

Tavg - T
0

• if i = 5 (Tavg is the average temperature 

over the four grid points) 

(50) 

(51) 

(52) 

8.11.9 Thermal Analysis Calculations for the TRAPRG Element (Subroutine HRING by Module SMAl) 

The calculations are described in the preceding description for the TRIARG element; see 

Section 8. 10.9. 
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8.12 THE T0RDRG ELEMENT 

8. 12.l Input Data for the T0RDRG Element 

1. The ECPT/EST entries for the axisynrnetric toroidal ring (T0RDRG) element are: 

Symbol Description 

Scalar index.numbers for the two grid points 

Angles of curvature at the two grid points (degrees) 

y Material property orientation angle (currently not used) 

Membrane and flexure thickness 

N1 ,X1 ,Y1 ,z1 } 

N2,X2,Y2,Z2 

Local coordinate system number and location in basic 

coordinates of the grid points. 

t 
JJ Element temperature for material properties 

For this element Y; must equal zero for i = 1 and 2, and we define: 

2. Coordinate system data 

The location (Xi,Yi,Zi) and local coordinate system number (Ni) of each grid point are 

used to calculate the 3 by 3 global-to-basic coordinate system transformation matrices, 

[Ti] , i = 1 , 2. 

3. Material data 

The material property input for the T0RDRG element is the same as that for TRIARG 

element (see section 4.87.10.1) with the following notational changes: 
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E = E , P r 

General Calculations 

{ALF} = 1 ar / 
ae 

1. Compute the following constants used in stiffness matrix generation: 

2. Determine ff the element fs a toroidal ring, a conical ring, a cylindrical ring, 

or a shell cap: 

(1) if a1 ; a2, then the element f s a toroidal ring. 

{2) if a1 • a2 • goo, then the element is a cylindrical ring • 

(3) ff a1 • °2 ; go0
, then the element is a conical ring. 

(4) if a1 • O, then _the element is a shell cac • 

3. Compute the local coordinate constants for a toroidal element: 

4>a • °2 - a, ' 

[(R2 - R1)2 + (Z2 - Z1)2Jl/2 

2 sin {~) 

1 >-, • lC' ' 
p 
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(9) 

(1 O) 

¢, • 
sin(a1 + ...!) 

2 

(11) 

( 12) 

(13) 

4. Compute the local coordinate constants for a conical or cylindrical ring 

s .. 2 2 1/2 [(R2 - R1) + (Z2 - z1) ] (14) 

(15) 

Rr = (16) 

Rp • 0 , (17) 

).1 • 0 • (18) 

(19) 

(20) 
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5. Generate the transformation matrix from field coordinates to grid point degrees 

of freedom: 

0 0 l 0 0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 0 0 0 

0 0 0 0 0 1 0 0 0 0 0 0 ! 

0 0 
_, 0 -6 0 -3 0 0 10 -4 0 

, 
~ ~ !s ~ ~ !s 

0 0 15 8 0 3 0 0 
_, 5 7 0 

_, 
54 s3 ~· ~ ~ sZ 

[reqJ = 0 0 -6 -3 0 -1 0 0 6 -3 0 1 

s5 s4 2s3 s5° 54 ~ 

1 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 0 0 0 

-3 0 0 0 -2 0 3 0 0 0 
_, 

s2 52 
0 s s 

. (21) 

I 
i 

I 
.1. 0 0 0 l 0 -2 0 0 0 l 0 J. l Oxl2 53 52 - 7 53 
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6. Generate the transformation matrix from local to system coordinates: 

cos a1 0 - sin a1 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 

sin a1 0 cos a1 0 0 0 0 0 0 0 0 0 

0 0 0 -1 0 0 0 0 0 0 0 0 

0 0 0 0 l 0 0 0 0 0 0 0 

0 0 0 0 0 l 0 0 0 0 0 0 

[rrs] = 0 0 0 0 0 0 cos a2 0 sin "2 0 0: 0 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 sin a2 0 cos a2 0 0 0 

0 0 0 0 0 0 0 0 0 -1 0 0 

0 0 0 0 0 0 0 0 0 0 l 0 

0 0 0 0 0 0 0 0 0 0 0 1 12xl 2 

7. Rearrange the transformation matrix [r6q] such that the membrane and flexure 

terms are reversed. 

[ r (2) J 10 X 12 [req]. 
Sq: 

(1 ) 
_r Sq 

where [r (l )] 
Sq is the first six rows of [rsq] and [rsq <2)] is the last four rows of 

[r Sq]. 

8.12.3 Integral Calculations 

The method used to compute the integrals depends on the geometric shape of the element. 

1. Toroidal ring - basic integrals. 

There are six basic integrals to be computed, of which the first three can best be 

evaluated by series expansion, but the last three require numerical integration. 

8.12-5 (3/1/74) 
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R j+l<P j+l 
P e 

I j = R j+l /4>e <Pjcos<Pd<P .. R j+l ; 
3 P Jo p i•O 

I j • R j+l (<Pa 
6 p J 0 

j+l 

(-1) ;4>e j+1+2;+1 

(j+l+2i+l) (2i+l)! 

(-l) 1<Pej+1+21 

(j+l+2i) (2i) ! 

B • R1 - Rpsina1 + Rpsina1cos¢> + Rpcosa1sin<P, 

and j = O, 1 , ••• , 1 o. 

The sunmations in I2j and I3j are carried out until the truncation error is in­

significant. 
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2. Toroidal ring - required integrals 

The actual integrals required can now be defined in terms of basic integrals. 

(31) 

~j Ij ' Ij o2 • cosa1 2 + srna1 3 1 
(32) 

(33) 

·- (34) J-0.1 ••••• 10 

~j 2 Ij . Ij · 2 Ij 
0 6 = cos a1 6 - s,na1cosa1 5 + sin a1 4 1 

3. Conic ring - basic integrals 

j • 0, 1 I••• 11 Q 

I j • /S 
2 lo 

I O 1 R1+scosa1 
• - ln( R ) 1 2 cosa, 1 

1 1 1 R1 R1+Scosa1 
2 . = cosa

1 
[S - coso:

1 
ln( R

1 
)], 

j sj+l ... 
I • I: 2 tr, 1•0 

1 
1 [ Scosa1 J 

(-1) R1 

{j+l+i) 
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4. Conic ring - required integrals 

0 j j j+l = R1 I1 + ljil I1 , 1 . 
(42) 

0 j 
2 = . I j sina1 1 

(43) 

0 j 
3 = . 2 I j s1 n a1 2 , (44) 

0 j j • ljil 1, ' 4 
j : .o, 1, 11 I f 10 ( 45) 

0 j 
5 • . I j s, na1 $1 2 , (46) 

0 j 2 j • ljil 12 ' 6 
(47) 

5, Cylindrical ring~ basic integrals 

j • 0, 1, 11 If 10 (48) 

. f s .r:-.J , sj+l 
Ii • O t,'° dt • ff', (""Ff), j = 0,1, ... ,10 (49) 

6. Cylindrical ring - required integrals 

0 j j j+l • R1 I1 + $1 I1 , 1 (50) 

0 j 
2 • sina1I1J, (51) 

j • 0, 1 f I I If 10 

0 j 
3 • . 2 I j s1 n a1 2 1 (52) 

0 j • 0 j • 0 j • 0 ' 4 5 6 (53) 
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8.12.4 Elastic Constants Matrix Calculations 

Form elastic constants matrix 

[E] = (54) 

R.12. 5 Stiffness Matrix Calculations (Subroutine KT~RDR of Module SMAl) 

1. Define the constants 

A = Rp , (55) 

(56) 

(57) 

-2. Fonn the stiffness matrix tenns in field coordinates as shown in Tables 3, 4 and 5. 

3. Transfonn the stiffness matrix from field coordinates to grid point degrees of freedom: 

4. Transform the stiffness matrix from local to system coordinates: 

5, The global-to-basic coordinate system transformation matrices [Ti] are expanded 

to 6 by 6 matrices: 

LT~] = 
1 r-i_ - ~ - ~] , i = 1 , 2, 

Lo : I 
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Table 3. Columns 1, 2 and 3 of the Synmetric 10 by 10 Stiffness Matrix for the T0RDRG Element. 

Column 1 Column 2 Column 3 

Row 1 D (C 00 + 2V 00 
MP7 l A 2 

+ o~) 

Row 2 D (C O 1 + 2V O 1 0 C 2 
MP7 1 A 2 0806 + DM(:2° ol 

A 

+ ol) 3 +jV o~ + IS~) 

Row 3 C 0 1 C 3 0 1 2 OM(:! 02 + 2V 02 
A 1 A 2 o8(2Vo4 + 206) + DM-t:! o1 Ds4(co, + 2Vo4 + 06 

A 

+ o~) + 2V 03 + i53) 
A 2 3 

+ D (C 04 + 2V 04 + 04) 
Mif" 1 A 2 3 

Row 4 D (C 03 + 2V 03 1 2 C 4 1 2 3 
M;! 1 A 2 Da(6Vo4 + 306) + DM(if o, 08s(2co1 + 3Vo4 + 06) 

+ 03) 
3 + 2r5: + oj) +O (C 05 + 2V 05 + 05) 

M;! 1 A 2 3 

Row 5 D (C 04 + 2V 04 2 3 C 5 082(12co~ + 1svol + 4o:)· M~ 1 A 2 Ds(12Vo4 + 406) + DM(:r o, 
A. 

+ 04) 
3 

+ 2v 05 + 0·5) 
A 2 3 

+ O (C 06 + 2V 06 + 06) 
M'if 1 A 2 3 

Row 6 D (C 05 + 2V 05 3 4 C 6 ( 3 4 5 
M;11 A 2 Ds(20Vo4 + 505) + DM(:r o, OalO 4co, + 5Vo4 + 05) 

A 
+ o~) + 2V o6 + o6) 

A 2 3 
+O (C 07 + 2V 07 + 07) 

M'if 1 A 2 3 

Row 7 V O 0 
DM(A 04 + 05) 

V 1 1 
DM(A 04 + 05) ,v 2 2 OM A 04 + 05) 

Row 8 C O V 1 DM(J(' o1 + J(' o4 
C 1 V 2 1 DM(J(' o1 + A o4 + Vo2 

(C 2 V 3 OM J(' o1 + J(' o4 

+voe+ ol) 
2 5 + cS~) + vc2 +· o3) 2 5 

Row 9 D (2C O 1 + V ,:2 C 2 V 3 ( C 3 V 4 
MA 1 A ~4 OM(2J(' o1 + J(' o4 OM 2J(' o1 + J(' o4 

+ 2VcS1 + c2) 2 5 + 2Vo~ + o~) + 2Vo3 + o4 
2 5 

Row 10 D (~ o2 + V o3 
MA 1 A 4 

0 (3C o3 + V o4 + 3Vo3 
MA 1 A 4 1 

D (3C 04 + V 05 
MA 1 J('4 

+3Vo2 + o3) 2 5 
+ 04) 5 + 3Vo4 + o5) 2 5 

8.12-10 (3/1/74) 



THE T0RDRG ELEMENT 

Table 4. Columns 4, 5, and 6 of the Synrnetric 10 by 10 Stiffness Matrix for the T0RDRG Element. 

Column 4 Column 5 Column 6 

Row 4 o89(4Co~ + 4Vol + o!) 

+ D (C 06 + 2V 06 + 06) 
M,11 A2 3 

Rows Dsl2(6Cof + svo: + o~) Dsl6(9co1 + 6Vo~ + o~) 

Row 6 

Row 7 

Row 8 

Row 9 

Row 10 

DM(j; of + * o: 

+ Vo3 + o4) 2 5 

OM(¥- oj + * o~ 
+ 2v4 + o~) 

DM(' of + to~ 

+ 3Vo5 + o5) 2 5 

(C 4 V 5 
DM A 01 + A 04 

+ vo4 + o5) 
2 5 

OM(¥- of + * o~ 

+ 2Vo5 + 06) 2 5 

O (3C 06 + V 07 
MA 1 A 4 

+ 3Vo6 + o7) 2 5 

8.12-11 (3/1/74) 

6 7 8) OB25(16Co1 + 8Vo4 + 06 

09 + 09) + O (C 010 + 2V 010 + 010) 
2 3 M;! 1 A 2 3 

OM(* o~ + o~) 

OM(j- o~ + to~ 
+ Vo~ + o~) 

OM(¥- of + * o~ 

+ 2Vo6 + o7) 2 5 
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Table 5. Columns 7, 8, 9, and 10 of the Symnetric 10 by 10 Stiffness Matrix for the T~RDRG Element. 

Col. 7 Col. a Col. 9 Co 1. 10 

Row 7 0 
0Mo6 

Row 8 0 1 DM(Vo4 + 06) 0 l oM(co1 + 2vo4 

+ o~) 

Row 9 1 2 DM(2Vo4 + 06) 1 2 DM(2Co1 + 3Vo4 OM(4C~ + 4VoJ 

+ o~) + 04) 
6 

Row 10 2 3 DM(3Vo4 + 06) 2 3 oM(3co1 4Vo4 
( 3 4 OM 6Co, + SV64 4 5 DM(9co1 + 6Vo4 

+ iS;) + iSi) + o:) 
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6. The stiffness matrix, [KJ, is partitioned into 6 by 6 matrices: 

t 
6 I 6 l K11 I K12 

[K] ~ - - - ~ - - - • 
6 I 6 

K21 ' ~2 

(61) 

7. These 6x6 partitions are transformed to local coordinates: 

(62) 

where j = 1, 2, and pis the pivot point, p = 1 or 2 •. 
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8.12.6 Mass Matrix Calculations (Subroutine MT0RDR of Module SMA2) 

1. Form the mass matrix in field coordinates: 

00 
1 

01 
1 

02 
1 

02 03 04 
1 l 1 Symmetric 

03 
1 

04 
1 

05 
1 a6 1 

0 0 0 0 ·o o, 

- 0 0 0 0 01 02 
[M] • 2,rpHm· 1 1 

0 0 0 0 02 03 04 
1 1 1 

0 0 0 0 03 
1 

04 
1 

05 
1 

06 
1 

0 0 0 0 04 
1 

05 
1 

06 
1 c7 1 

08 
1 

0 0 0 . 0 05 
1 

06 
1 el 1 

08 
1 

09 
1 

010 
1 

2. Transform the mass matrix to grid point degrees of freedom: 

3. Transform the mass matrix from local to system coordinates: 

4. The mass matrix, [MJ, is partitioned into 6x6 matrices, and these 6x6 partitions 

are transformed to local coordinates (see Equations 61 and 62). 
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8. 12. 7 Thenna1 Load Calculations (Subroutine TT0RDR of Module SSG1) 

1. Compute the temperature gradient constants: 

AT
1 

(m) • T
1 

(m) - T
0 

• 

LIT (m) • T (m) - T (m) 1 

2 2 1 

AT (f) = 0 ... 1 • 

where T;(m) are the membrane temperatures at point i. 

2, Compute the thermal strain vectors: 

{H (O)} • AT (f){ALF} 
T 1 

(66) 

(67) 

(68) 

( 69) 

(70) 

(71) 

(72) 

(73) 

where {ALF} is a vector of length two; the first component is ar and the second a
8

• 

3, Form the matrices of integrals 
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[,; 
cS, 262 363 l 2 3 4 5 6: 

21rHm 1 1 1 "1 o, "1 o, "1 o, Al o1 Al o1 ~,~ J tFfE c, ) J • (75) 
-r- 62 63 64 61 c2 03 04 65 06 

4 4 4 2 2 2 2 2 2 2x10 

21rH3 [: 0 0 0 0 0 0 , 2 3--: 
-20, -661 -120, -20:,J [FF/0) J .. f (76) 12 0 1 2 3 0 0 0 0 -64 -264 -364 -464 -564 2xl O 

21rH3 [: 0 0 0 0 0 -20~ -6~ 
3 

-2001 -120, 
[FFE (1)] • f (77) m- , 2 3 

-41 -5~ 0 0 0 0 -64 -264 -364 2x10 

4. Compute the thermal load vector in field coordinates 

- [FME(O)]T[E]{£T(O)} + [FME(l)JT[E]{£T(l)} {FT} .. 
(78) 

+ [FFE(O)JT[EJ{HT(O)} + [FFE(l)JT[E]{HT(O)}. 

s. Transform the thermal load vector to grid point degrees of freedom: 

{i\} • T -
[r Sq] {FT} • (79) 

6. Transform the thermal load vector from local to system coordinates: 

{FT} • T -
[r rs] {FT} • (80) 

7. Transform the thermal load vector to basic coordinates: 

{FT}b • T [T,2] {FT}, (81) 
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and [T1] and [I] are 3 by 3 matrices. 
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I 0 
I 

I O I 0 
I 

- - , - -,- - ~ -
0 I I 1 0 : 0 - - , - _,_ - r -
o 1 0 1 T2

1 0 
I I - - , - - - - ~ -

0 0 O I 

8. These vectors are added to the overall load vector. {Pg}. 

(82) 

8.12.8 Element Force and Stress Calculations (Subroutines ST@RDl and ST@RD2 of Module SDRl) 

Element stress and force data are calculated in two chases. The first phase (subroutine 

ST0RD1) calculates the element stiffness and stress matrices. The second ohase (subroutine 

ST~RD2) calculates the element forces and stresses from the various subcase disolacement 

vectors. Stresses are evaluated at both ends and at the mid-span of the element. 

Phase l calculations are as follows: 

1. Form the element stiffness matrix, [K]. as in Section 8.12.5. 

2. Set up the coordinates of the three stress points: 

{X} • 

3. Compute the constants A2, A3, A4 as a function of the stress points coordinates. 

a. If the element is a toroidal ring, then: 

A (i) = 
2 

xin 
cos (a., + 'F) 

p 
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sin (a1 + ~) 
p 

b. If the element is a cylindrical or conical ring, then: 

>. ( i) • cos a] 
2 Rl + X(i) cos a1 ' 

>. (1) • 
3 R1 + X(i) cos a1 

\ (i) • 0 J\4 • 

i • 1,2,3, 

c. If the element fs a shell cap, then: 

. ( f) 
A2 • 

cos (a + X(f) ) ,. ~. 

R1 - Rp [sin a1 - sin (a1 + ~ )] 
p 

1 = 1,2,3 

4, Compute the stress matrix fn field coordinates for the three stress points 
·- -

(85) 

(86) 

(87) 

(88) 

(89) 

(90) 

(91) 

(92) 

as shown in Tables 6 and 7. Note that the factors Hand H3/12 .have been omitted for [S1(i)] 

and [S2(f)] respectively. 

If the element is a shell cap, th~n modify [S(i)] by: 

(93) 

8.12-18 (3/1/74) 



THE T0RDRG ELEMENT. 

( 94) 

(95) 

(96) 

(97) 

5. Form the master stress matrix in field coordinates: 

-(1) s ------- -(2) [SJ • s 15 X 10 (98) ------
-(3) s 

/ 

. ' ,,. 
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Col. 1 

). (i)E 
2 12 

). (i)E 
2 22 

0 

0 

0 

STRUCTU~L ELEMENT DESCRIPTIONS 

Table 6. Tenns in Columns l Through 6 ~f the 2 by 10 [S1(i)] Matrix and the 
3 by 10 [S2(1)] Matrix. 

The [S1(i)] Matrix 

Col. 2 Col. 3 Col. 4 

Ell 2E11 X( i) 2 3E11 X (i) 

+). (i)E X(i) 2 12 
H (i )E x2(i) 

2 12 . 
+ ). ( i .)E x3 ( i) 

2 · 12 

El2 
2 2E12x (i) 2 3E12x ( i) 

+). (i)E X(i) 
2 22 + X (i)E x2(i) 2 22 + -X2(i)E22X3(1) 

0 0 0 

0 0 0 

0 0 0 

where 

t-(1) j S; ------ (i) 
S2 SxlO 
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Col. 5 

). (i)E 
1 11 

+ ). (i)E 
3 12 

X (i)E 
1 12 

+ X (i)E 
3 22 

0 

0 

0 

I 

' ,, 

Col. 6 

(). (i)E 
1 11 

+ ).}i)E12 )X(i) 

(X ( i )E 
l 12 

+ >./1)E22 )X(i) 

- ). (i)E · 2 12 

). (i )E 
2 22 

g(i) 



·. Row 1 

Row 2 

Row 1 

Row 2 

Row 3 

THE T0RDRG ELEMENT 

Table 7. Terms in Columns 7 Th~ough 10 of the 2 by 10 cs1 (i)J Matrix and the 

3 by 10 [~2(i)] Matrix. 

The CS
1 
(i)] Matrix 

Col. 1 Col. 2 Col. 3 Col. 4 

(), (i)E 1 ,, (>. (i )E 
1 11 

(>. (i )E - (>. ( i )E 
1 11 1 11 

+ >. ( i )E x2 ( i ) 
3 12 

+ >. (i)E )X3(i) 3 12 · + >-3(i)E12)X4(i) + >-3(i)E12)XS(i) 

(>. ( i )E 
1 12 

(>. ( i) E 
1 12 

(>. (i)E 
1 12 

(>. ( i) E 
1 12 

. + >-3 (i )E22)X2(i) + >-3(i)E22)X3(i) + >-3(i)E22)X4(i) + >. (i)E )X5(;) 3 22 

The cs2(i)] Matrix 

-2>.2(i)E12)X(i} - 3>. (i)E x2(i} 2 12 - 4>. (i)E x3(i) 2 12 - S>. ( i ) E x4 ( i) 2 12 

- 2Ell - 6E11 X(i) - 12E11 x
2 ( i ) - 20E11 x3(i) 

2>. (i)E X( i) 
2 22 

· 3). ( i )E x2 ( i) 
2 12 4). (i)E x3(i) 

2 22 5). (i )E X4(i) 
2 22 

+ 2E12 + 6E12x(i) + 12E12x2 ( i ) +20E12x3(i) 

2g(i)X(i) · 3g ( i) x2 ( 1) 4g Ci> x3 (i) Sg (i)x4 (1) 

- 2>. (i}E 
2 11 - 6i.z'i}E11 X(i) - 12i. (i}E x2(i) 2 11 

- 20i.·(i)E x3(i) 
2 11 

- 6Ell - 24E11 X(i) 2 - 60E11 x (i) 

where and 
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6. Transform the stress matrix to grid point degrees of freedom 

(99) 

7. Transfonn the stress matrix from local to system coordinates 

( 100) 

a. Transform the stress matrix to global coordinates 

( 101) 

9. Compute the thermal stress vector for the three stress points: 

( Xi 
AT (m)H (E + E ) + AT2 m)M ,.- (E11a1 + E12a2) Ql m llal 12a2 Q 'ln.:, 

· t:,.Tl (m)Hm(E2i~l + E22a2) + t:,.T2(m)Hm ~i _(E2lal + E22a2) 

3 3 
(f) Hf (f) HfXi 

t:,.Tl Tr (E11 a1 + E12°2)+ t:,.T2 T2'r"" (E11 a + E12a2) (5 X 1) 

3 3 
. (f) Hf (f) HfX1 

-t:,.Tl Tr (E21al + E22a2) - t:,.T2 ~ (E21a1 + E22a2) \ (102) 

H3 
t:,.Tl (f) rf A2(i)[(Ell - E12>a1 + (E12. E22)a2J 

(f) H3 f ( i) 
+ t:,.T2 T2"S ("2 X1[(Ell - E12)al 

+ (E12 - E22)a2] + [Ellal + E12a2J} 

h T (m) (m) (f) (f) . . 
were tJ. 1 • t:,.T2 • t:,.T1 and t:,.T2 are as given 1n Equations 66 through 69. 
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10, Form the master thermal stress vector 

{T } = s 

Phase 2 calculations are as follows: 

1, Extract the displacement vector, {~}, at the two grid points from the global 

displacement vector. 

2. Calculate the element forces: 

{P} • [K]{~} • 

3. Calculate the element stresses without regard to thennal loading: 

{0 1
} = [S]g {~} (12 X 1} , 

4. If there is no thennal loading, then 

{a} = {a'} • 

5. If there is thermal loading, then 

for j = 1 and 2 and 

a • a• j j • 

for j • 3, 4, s. 
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8.13 THE VISC ELEMENT 

The viscous element, VISC, has the same properties as the R0D element 

except that instead of generating a contribution to the stiffness matrix, the element generates 

a contribution to the damping matrix, [B
99

]. 

8.13.1 Input Data for the VISC Element 

1. The ECPT/EST entries for the VISC are: 

Symbol 

SILa• SILb 

Na•\•Ya,Za 

Nb,xb.vb.zb 

c, 

C2 

} 

Descriotion 

Scalar indices for grid ooints a and b 

Local coordinate system number and basic 
coord~nates of grid points. 

Extensional damping coefficient 

Torsional damping coefficient 

Given Na• Xa• Ya• Za• Nb' Xb' Yb and Zb and the CSTM (Coordinate System Transformation 

Matrices) data block, the 3 by 3 transformation matrices, [Ta] and [Tb], are calculated 

using utility routine TRANSD (see section 3.4.37). 

8.13.2 Damping Matrix Calculations (Subroutine BVISC of Module SMA2) 

1. Generate {n} as in Equation 2, Section 8.1.2, 

matrices [T
8

] and [Tb]. 

and generate the transformation 

2. Cal cul ate: 

'n2 
' , "1"2. "1"3 

[bt] .. c, 
l"1"2 

n2 n2n3 2 

n,n3 n2n3 n2 
3 

8.13-1 (3/1/74) 
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n2 .... 
l "1"2 "1"3 

[br] • C2 "1"2 
n2 

"2"3j 
2 

"1"3 "2n3 n2 
3 

(2) 

3. The 6x6 damping matrices are: 

(3) 

(4) 

(5) 

T I 
TbbtTa I 0 

[Bba] = - I (6) - - - - - - - - -I T 0 I TbbrTa I 

4. These matrices are added to [s
99

J. 

8.13-2 (3/1/7~-) 



INTEGRAL CALCULATIONS FOR THE TRIARG, TRAPRG ELEMENTS 

8.14 INTEGRAL CALCULATIONS FOR THE TRIARG, TRAPRG ELEMENTS 

Integrals of the form 

l R. ;:z · . I = 1 kt rPzq dzdr • 
pq R. Z 

J mn 

must be calculated for the TRIARG and TRAPRG elements (see Sections 8.10.3 and 8.11 .3). 

The integration may be performed for any integer values of p and q, The area of integration 

is defined by the two lines r = Ri and r = Rj, and by the two lines z = bk.tr+ aki and 

z = bmnR + amn' 

(1) 

This integration is performed by the integration "driver" subroutine, F~RTRAN function r')KI 

in module SMAl, F0RTRAN function DMI in module SMA2, and F0RTRAN function AI in module SDR2. 

The following input data are necessary for these routines: 

p - an integer that defines the power of the r variable. 

q an integer that defines the power of the z variable, 

{R} - a vector of the r coordinates of all points used to describe the area 

of integration. 

{Z} - a vector of the z coordinates of all points used to describe the area of 

integration. 

k,R. - the subcripts of R, z. defining one of the lines of the limit of 

integration (i.e., the line between points (rk 1 zk) and (r1 , z1 )), 

m,n - the subscripts of R, Z defining the second line on the limit of 

integration •. 

i,j - the subscripts of R defining the other two lines on the limit of 

integration. 

In -the fo 11 owing paragraphs F0RTRAN names of functions auxi.1 i ary to OKI are given, The 

corresponding F0RTRAN function names auxiliary to functions DMI and AI can be found in sections 

4.28.8 and 4.46.8 respectively. 
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The following slopes and y-intercepts are calculated in functions DKK and DKM 

= 
RnZm - RmZn 

amn R - Rm • n 

bmn = 
Zn - zm 
Rn - Rm 

A test for a vanishing area of integration is made: if Ri • Rj' then Ipq • O; 

if ak1 • amn and bk.e. • bmn' then ·1pq • O. 

The formulas for evaluation of the integrals are dependent upon the values of p and q 

as given in the following sections. 
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8. 14. l Integral Calculation for q > 0 and any p. (Function DKINT) 

Define the function 

q+l t l 
= 1 r c x yq+ -to 

q+l t=O 

where 

( t 9 + l - s + l C = 

I 
rr for t , O 

s=l s 

l tort= O 

R (q+l+p+l-t) R (q+l+p+l-t) 
D = l j - . 

[ q + 1 + p + 1
1 

- t ] for (q+l+p+l-t), O 

ln (RJ'Ri) 

C and Dare calculated in functions DKEF and DKJ respectively, 

The integral is 

for (q+l+p+l-t) 

8.14.2 Integral Calculation for p > 0 and q < - l (Function OK89) 

where 

D = 

and a• i or j, 

= l 
l>+T y 

(x+yRa)p+l+q+l-s 

(p-s)Js!(p+l+q+l-s) 

(p+l+q+l)!(-q-2)! 

p s 
l: p!(-x) D, 

s•O 

for (p+l+q+l-s) ~ O 

for (p+l+q+l-s) = O 

8.14-3 (3/1/74) ;' 

. ' . 

= 0 

(6) 

(7) 

(8) 

(9) 

(l 0) 

(11 ) 
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The integral is 

8.14. 3 Integral Calculation for p< 0 and q< - l (Function DKlOO) 

Define the function 

where 

0 = 

and a• 1 or j. 

The integral is 

1 -p-q-3 
- I: 

x (-p-q-2} s•O 

(x+yR )(-p-1-s} (-y)s 
a 

(-p-q-3-s}!s! (-p-1-s)R (-p-1-s) 
a 

(-y)·P-1 ln (I~ I ) 
(-p-1 ) ! (-q-2) ! 

8.14-4 (3/1/74) 
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8. 14.4 Integral Calculations for p > - l and q = -1 (Function DKJAB) 

Define the function 

R p+lln(lx+yR I) 
a p+l a - p¥1 fz(a,x,y) ' 

where f2 is given in Equation 10. 

The integral is 

8. 14.5 Integral Calculations for p < - 1 and g • -1 (Function DK219) 

Define the function 

ln( I x+yRal) 
f 5(a,x,y) • • (-p-l )R (-p-l) + ~ f 3(a,x,y) , 

a 

where f 3 is given in Equation 13, 

The integral is 
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8.14.6 Integral Calculations for p = -1 and g = -1 (Function DK211) 

Define the function 

0 • for 

00 

l- [ln(lyR 1)]2 + t 
G a t•l 

yR • X a 

for (yR )2 • x2 a 
and yRa 1 x 

l [ -x ]t for (yR )2 < x2 t1 yRa • a 

The su11111ation term is calculated until its value becomes less than l.O x 10·6• 

The integral is 

8.14-6 (3/1/74) 
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8. 15 THE FLUID2, FLUID3, FLUID4, AXIF2, AXIF3, AXIF4, AND MFREE ELEMENTS 

8.15. l Input Data for the Fluid Elements 

1. The ECPT/EST entries for th~ FLUID2 elemen_t ~l'_'e: 

Symbol 

SIL1, SIL2 

Description 

Scalar indices for the connected scalar points 

Ni = O, ri • 2i' O} Reference number for the basic coordinate system and locations 
i = 1, 2 in the fluid coordinate systems. 

p 

B 

n 

Fluid density 

Fluid bulk modulus 

Harmonic number 

2. The ECPT/EST entries for the FLUID3 and FLUID4 elements are identical except that three 

and four points are used respectively. 

3. The ECPT/EST entries for the MFREE element are identical to the FLUID2 element except that 

a weight factor, y, is used instead of p and B .• 

4. No other material or coordinate system data is necessary. 

5. The AXIF elements ~re identical to the FLUID elements at this stage. 

8.15.2 Matrix Calculations for the FLUID2 Element (Subroutine KFLUD2 of Module SMAl and 

Subroutine MFLUD2 of Module SMA2) 

The FLUI02 element is intended to model a fluid,in the region adjacent to and including the 

axis of synmetry. The volume is defined by two circular ring points in the fluid. The shape is 

that of a disc having a conical .or cylindrical outer boundary. 

1. The integral parameters, for the stiffness matrix, Izn,O' Izn,l' Izn,Z' and Izn+Z,O are 

calculated according to the following equations: 

I2n,O • l2n,l • lzn,2 = O ' l 
Izn+2,0 = } (zz - z,)(r~ + •1•2 + rfl \ 

8.15-1 (3/1/74) 
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n > 0 , (2) 

( 2n ) 2 12n+2,0 = 12n,O 2n+2 rl 

D = (3) 

D (r2
2
n+l _ r2

1
n+l) 12n,O • 2n(2n+l) 

D [ 2n+ 1 2n+ 1 _ t .
2

no+
2 
)1 r

2
2n+2 _ r2

1 
n+2) J 12n,l • 2n(2n+l) r z2 • r, z, \ ~ 

D { 2n+1 2 2n+l 2 ( 20 )f 2n+2 2n+2 
· 12n,2 = 2n(2n+l) r2 z2 • rl zl · 2ri+! Lr2 z2 - r, z, 

(4) 

n > o 

- 2~+3 (r~n+3 - r~n+3)]} 

I D [r2
2

n+3 _ r2
1 
nt3] 

2n+2,0 • {2n+2)(2n+3) 

2. The integral parameters for the mass matrix, I2n+2,0, I2n+2,1, and I2n+2,2 are calculated 

with the same equations as above except the value k • 2n+2 is substituted fork= 2n. 

3. The transformation matrix [H~P] is defined as: 
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[H~q] 

4. The stiffness matrix is: 

[Kn] = 
p 

l = z2-z1 

n > 0 

Note: if n = O, ·a factor of 2 is used. 

5. The mass matrix is: 

Note: if n = O a factor of 2 is used. 

6. Various tests are perfonned for the element. 

z2 
n 

r, 

l 
r" l 

If lz2 - z1 I = 0 • the calculations are skipped, 

if r1 = O or r2 = 0, a fatal error exists, 

if p = 01 a fatal error exists, 

if B = 01 the mass calculations are skipped. 
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Matrix Calculations for the FLUID3 Element (Subroutines KFLUD3 of Module SMAl and 

Subroutine MFLUD3 of Module SMA2) 

The FLUID3 element is used to model a volume of fluid defined by three connected fluid ring 

points. 

1. The three connected points are arranged in the order such that the area factor, R, is 

positive. The area factor is defined by the equation: 

(8) 

2. The transformation matrix, [Hpq]• is calculated as: 

(r2z3 - r3z2) (r3z1 - r1z3) (r1z2 - r2z1) 

[Hpq] • l (z2 • Z3) (z3 - z1) (z1 - z2) (9) if 

(r3 - r2) (r1 - r3) (r2-r1) 

3. The integral parameters, Ikt' for the stiffness matrix are the sum of the integrals, Gki' 

for each of the three sides. The points defining each side are: 

SIDE 

l 
2 
3 

POINTS - a ,b 

l, 2 
2, 3 
3, l 

The following parameters are used to generate the integrals, Gk
1

: 

Ar • rb - ra 

!J.Z • zb - za 

a .. flz 
za - ra tJ.r 

8.15-4 (3/1/74) 
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The integrals for each side are: 

G10 = - e6r + .li!:.... (r2 - r2) 26r a b 

G20 = l e(r2 - r2) + ~ (r3 - r3) 2 a b 36r a b 
(11) 

4. The stiffness matrix is: 

2 
n loo 2 

n 110 
2 

n I01 

[Kn] * [Hpq]T 
2 2 2 [Hpq] • = n 110 (n +l)I20 n I11 p ( 12) 

2 
n I01 

2 n 111 
2 

(n 102+120) 

The matrix terms are multiplied by two if n = O. 

5. The mass matrix terms are simply: 

( 13) 

where 
i = j t 

i, j, 
and -

A = ; is the area. 
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The tests performed are: 

if r; = 0 a fatal error exists, 

if R = 0 the routine exits, 

if p = 0 a fatal error exists, 

if B = 0 the mass routine exits. 

Matrix Generation for the FLUID4 Element (Subroutine KFLUD4 in Module SMA1 and 

Subroutine MFLUD4 in Module SMA2) 

This element describes an axisymmetric volume of fluid defined by four fluid ring points. It 

is actually solved by subdividing the quadrilateral cross section into four triangles and calling 

the appropriate FLUI03 subroutine for each of the triangles. The parameters p and Bare multiplied 

by two in order to account for the overlapping volumes and reduce the matrix terms. 

1. A test is made in the stiffness .routine to check the interior angles which must be less 

than 180°. For each of the four triangles, the area factor K is calculated which will be 

positive if the order of the points is counterclockwise. If K is negative for one or 

three out of the four triangles, a fatal error exists. 

2. The triangles and their three connected points are: 

Triangle Connected Points 
a b C 

I 1 2 3 
II 1 2 4 ( 14) 

III 1 3 4 
IV 2 3 4 

The ECPT data is moved to a temporary storage space and the original ECPT is used for the 

data for each triangle. 

3. Since matrix terms are only created if one of the connected points is the "pivot point", 

a test is made and the FLUID3 subroutine is not called if the "pivot point" is not one 

of the three points. 
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8.15.5 Matrix Calculations for the MFREE Element (Subroutine MFREE in Module SMA2) 

The data for this element is generated by subroutine IFP4 from the free surface information 

and is not available as a user-input element. The element describes the effect of gravity on a 

surface in between two fluid ring points. In a special case, the surface is interior to a circle 

defined by one fluid ring point. 

1. If the two connected points are identical (SIL1 = SIL2), the special case exists and the 

equations are: 

Mii = 'lfr2 
n > 0 

~ 
2y(2n + 2) 

'1Tr2 
(15) 

Mii = 2y n = O 

A factor of two is included in the denominator because the terms will be calculated 

twice. 

2. If the connected points are unique, the equation for the mass matrix is: 

n > O. (16) 

The values are multiplied by two for n • O. 

8.15.6 Stress Calculations for the AXIF Elements. Phase 1. 

The SDR2 calculations for these elements are actually the calculations of the velocity of the 

fluid passing through a fluid element. 

The data placed on the ESTB file are: 

1. Ide - Element Id 

2. SIL1, SIL2, (SIL3, SIL4) - Scalar indices of connected points 

3. [Sv] - the velocity-pressure matrix 

The [Sv] matrix for the CAXIF2 element is a four by two matrix given as follows: 
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[Sv] = rnj ( 17) 

where 

\ Vrc 

vzc = [Sv] { ::l (· 
v4>e 

( 18) 

Vrc and Vzc are velocities at r • 0, Vse and v
41
e are velocities at the midpoint of the outer edge, 

along the edge and circumferential. 

The two by two matrix [Sc]' for the center, is: 

n = O ( 19) 

-1 -1 
r1+r2 r1+r2 

1 . - n • 1 (20) 
p 

0 0 

[S2] = [O] 
C 

n > l (21) 

The two by two [S~] matrix, for the outer edge is: 

nAr (nzllr + rllz) 

(22) 

n.e. nzR. 
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where t. r = r2 - r, 

t.Z = z2 - z1 

- l r = 2 ( r2 + r,) 

z = l r(z2+z,) 

R, = j t.r2 + t.z2 

1·2 - :1. 
rn rn 
l 2 

[H~p] = l 
rz 

.:l l 
rn 
1 

rn 
2 

The nine by three [S~] matrix for the CAXIF3 element is calculated with the following 

equations 

The three by three [S~] matrix relates three pressures to the three velocities in the basic 

coordinate system Vr' V~, Vz. 

0 1 0 

n 

0 0 l 

where [H~P] is a three by three transformation matrix between pressures and generalized 

coordinates defined in Section 8.15.3. 

The six by three matrix, [s!J, which defines the velocities at each edge, tangential and 

circumferential, is: 
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n 
r1+r2 

0 

0 

1 
- R.13 

n 
r1+r3 

1 
R.12 

n 
r1+r2 

n 
r2+r3 

0 

0 

0 

0 

n 
r2+r3 

1 
113 

n 
r1+r3 

(26) 

The CAXIF4 element is composed of four overlapping triangles. For each triangle I, II, III 

or IV the connected points 1, 2, 3, 4 are allocated·as follows: 

Triangles Connected eoints a, b, C 

I ' 1 2 3 
II 1 2 4 

III 1 3 4 
IV 2 3 4 

For each triangle calculate the 3x3 [S~] matrix from Equation 9 and add each column to one of 

four colu111'1s corresponding to the connected point. The results are divided by 4 to provide an 

average [S~] matrix for the quadrilateral. 

The [S~] matrix for the quadrilateral is: 
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where R.. • = 
1J 

1 
p 

, 
R.12 

n 
r1+r2 

.1 
- R.41 

n 
r4+r1 

, 
- t,2 

n 
r,+rz 

1 , 
tz3 - R.23 

_n_ n 
r2+r3 r2+r3 

, 
R.34 

n 
r3+r4 

The resulting [Sv] matrix for the quadrilateral CAXIF4 element is: 
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8.15. 7 Stress Calculations for the AXIF Elements, Phase 2. 

The element identification number, the indices of the connected points, and the [Sv] matrices 

are given in the ESTB table. The pressures at the connected points, {Pi}, are given in the UGV 

matrix data block. Depending on the rigid fonnat, the pressure values are either real or complex 

numbers and associated with each vector of pressures is a real eigenvalue, A; a frequency, f. or 

a complex eigenvalue, P. The equation for velocity is 

(29) 

where {V} is the vector of velocities in the element. 

w = vT>:T (real) in Rigid Fonnat 3 ({Pi} is real) 

w = 2'11'f (real) in Rigid Fonnats 8 and 11 ({P1} is comolex) 

w = p (complex) in Rigid Fonnats 7 and 10 ({P1} ;s complex) 

w = 1.0 in all other Rigid Fonnats { {Pi} is rea 1) 

and [Sv] is dimensioned 4x2, 9x3, or llx4 

for the CAXI F2, CAXIF3, and CAXIF4 elements respectively. 
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8. 16 THE SL0T3 AND SL0T4 FLUID ELEMENTS 

8.16.l Input Data for the SL0T3 And SL0T4 Elements 

1. The ECPT/EST entries for the SL0T3 are: 

Slmbol Description 

SIL1 , SIL2, SIL3 
Scalar indices for the connected grid points 

r i ' Zi , W i , i = l ,2 ,3 Radius and axis location and slot width of connected 
grid points , i . 

p 

B 

M 

N 

Density 

Bulk Modulus 

Number of Slots 

Harmonic Number 

2. ECPT/EST entries for the SL0T4 are the same as for the SL0T3 except four points are used. 

8.16.2 General Calculations for the SL0T Elements 

1. The overall factor for the number of slots is: 

F = M, 2N = 0, M, 2M, 3M, 

M F = "2" , ~.2N i 0, M, 2M, 3M, ••••• 

(1) 

(2) 

2. The SL0T4 element is composed of four overlapping triangles. If the SL0T4 element is used, 

its data is rearranged to the SL0T3 format and the following operations are carried out for 

all four subtriangles. A test is made on the direction of the vector normal to the surface 

of all four triangles if the number of negative normal vectors (NNEG) is one or three, a 

valid quadrilateral is impossible and a fatal error is set. 
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8. 16.3 Stiffness Matrix Generation for the SL0T3 Element 

1. For each triangle the following terms are calculated: 

2•A = A2 = [r1(z2 - z3) + r2(z3 - z1) + r3(z1 

co = Gp 1~2 I [ w, + w2 + w3J 

2. The stiffness matrix terms are: 

where 

Fir = ( rk - rj) } 
(i,j,k) 

Fiz = (zj - zk) 

K;j = Co[Fij Fjr + F;z Fjz] 

i = the 11 pi vot poi nt 11 

j = 1,2,3 

8.16.4 Mass Matrix Generation for the SL0T3 Elements 

1. The following coefficients are generated: 

where i is the 11 pivot point" 

2. The mass matriA tenns are: 

w .. 

C = 
0 

= 

- z2~ 

(1,2 ,3) 
?·3,1) 
3, 1 ,2) 

j = 1 ,2 ,3 i i 

j = i 

where 1 is the 11 pi vot point". 
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8.16.5 Stress Matrix Calculations in the SL0T Elements (Phase 1) 

The velocities in the SL0T elements are calculated in the same manner as stresses in a 

structural element. Phase 1 involves calculating pressure field - velocity matrices of the fluid 

passing through the element. 

1. The data placed on the ESTB file are: 

Ide - element identification number 

SIL1, SIL2, ... , SIL; - scalar indices 

[Sv] - matrix relation between pressure and velocity. 

2. The [Sv] matrix for the CSL0T3 element is a five by three matrix given as follows: 

Z2·Z3 Z3·Z1 z1-z2 -r -r -r 

r3·r2 r1-r3 r2-r1 -r -r -r 
-------------------- -~B [Sv] 

1 1 1 0 = - - - .e.,2 .e.,2 p 

0 1 1 
- 123 123 

1 0 1 
123 - .e.,3 

where 
.e. .. = 'cr. - r.)2 + (z. - z1 )2 

, J "' J , J 

(9) 

( 10) 

The five rows of the matrix correspond to the velocities Vrc and Vzc at the centroid in the 

rand z direction and v1, v2, v3 corresponding to velocities along the three edges. 
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3. The CSL0T4 element is composed of four overlapping triangles. The velocity at the inter­

section of the triangles is calculated to be the average of the velocities in each sub­

triangle. The subtriangles I, II, III and IV are each given three of the four points 1, 2, 

3, 4 as in the following chart: 

Triangle Number Connected Points 

a b C 

I 1 '2 3 
II l 2 4 

III 1 3 4 

IV 2 3 4 

The [S~] matrix for each triangle is calculated and each of the three columns is inserted in 

one of the four corresponding columns in the [S~] matrix for the quadrilateral. For instance 

the first column of [s;J for triangle IV .is inserted in column 2 of the [S~] matrix. Rows 

four through seven of the [S~] matrix are recalculated to correspo.nd to the_ sides of the 

quadrilateral. The resulting matrix for the CSL0T4 element is: 

First 2 rows = t l [S!J 
------------------------

1 1 
P112 - P112 

1 1 
pR.23 - pR.23 

[Sq] = ( 11) 
V 

_l_ 1 
pR.34 - pR.34 

1 l 
- pR.41 P141 

where 

J (rj - 2 2 R. = r;) + (zj - Z;) 
ij 
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8.16.6 CSL0Ti Element, Phase 2 

The data calculated above are extracted from the ESTB data file and the corresponding 

pressures, P;, are extracted from the UGV data block. Associated with each vector is a real or 

complex number. The general equation for velocity in the element is: 

where 

and 

{V} = l [S ]{p.} 
W V 1 

{V} is the vector of velocities in the element 

w = JITT (real) in Rigid Fonnat 3 ({pi} is real) 

w = 27rf (real) in Rigid Formats 8 and 11 ({p;} is complex) 

w = p 

w = 1.0 

(complex) in Rigid Fonnats 7 and 10 ({p;} is complex) 

(real) in all other Rigid Fonnats ({p;} is real) 

( 12) 

has dimensions 7x3 or 8x4 for the CSL0T3 and CSL0T4 elements respectively 
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8.17 SOLID POLYHEDRA ELEMENTS, TETRA, WEDGE, HEXAl, HEXA2 

These elements define three-dimensional shapes with four points defining a tetrahedron 

(TETRA), six points defining a wedge (WEDGE), and eight points defining a hexahedron (HEXAl or 

HEXA2). Constant strain and stress is assumed in each tetrahedron. The wedge and hexahedron 

elements are automatically fabricated from tetrahedron elements. 

8.17. 1 Input Data for the Solid Polyhedra Elements 

1. The ECPT entries for the solid elements are: 

Symbol 

SILi' i = l, N 

CS;, Xi' Y;, 

i = 1, N 

f 

, . z.} 

2. Coordinate System Data 

Description 

Element identification number 

Material identification number 

Scalar indices of connected grid points. 

N = 4, 6, or 8 

Coordinate system identification number and 

location in basic coordinates of connected 

grid points 

Average element temperature 

The numbers cs1, X;, Y;, and Z; are used to calculate 3 x 3 global-to-basic transforma­

tion matrices [Ti] for the connected points. Subroutine TRANSD or TRANSS is used. 

3. Material Data 

Subroutine MAT is used to generate the following material coefficients: 

E Modulus of elasticity 

G Shear modulus 

\) Poisson 1s ratio 

p Mass density 

a Thermal expansion coefficient 

TO Reference temper a tu re 
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8.17. 2 Basic Equations for the TETRA Element 

1. The matrix which transfonns generalized displacements to grid point displacements is 

[Hqu] where 

1 x, Y 1 Z1 

( 1 ) 

This matrix is inverted to produce the matrix [Hqu] = [Huq]-l and the determinant, D, 

of [Huq]. 

The value of the detenninant is checked to see if it is consistent with the determinants 

of the other tetrahedra being used in a single element. 

2. The material coefficients E, G. and v are used to generate the 6 x 6"matrix [G] where 

the nonzero terms are: 

E (1 - v) 
611 • 622 = 633 = .,.,(1~+-v-.)__,.,,( ,.--_ """2.-v ... ) 

E V 
G31 • 623 = 632 = """'( 1-+-v_)_(l_-...,2,_v .... ) 

(2) 

(3) 

(4) 

3. The four 6 x 3 matrices [Ci] which transform displacements at points to strains are 

generated using elements of the Hqu matrix: H11 • H12 • etc. The equation is: 
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H2i 0 0 

0 H3i 0 

0 0 H4i 
[Ci]= (5) 

0 H4i H3i 

H3i 0 Hli 

H2i Hli 0 

8.17. 3 Stiffness ~~tcj~ Generations for the TETRA Element (Subroutine KTETRA of Module SMAll 

The 3 x 3 partition of the element stiffness matrix (in global coordinates) connecting 

points i and j is: 

where [T;] and [Tj] are the 3 x 3 global-to-basic transformation matrices. The matrices are 

produced for point j corresponding to the pivot point in the matrix assembly process. 

8.17.4 Mass Matrix Generation for the TETRA Element (Subrout'ine MS0LID of Module SMA2) 

The mass matrix for each point of the tetrahedron is formed as a 6 x 6 matrix and inserted 

on the diagonal of the overall mass matrix. Its equation is: 

m/4 
-o-

m/4 

m/4 
Mii = (6) 

0 

-o- 0 

0 

where m = 1/6 PIDI. (Dis the determinant of the [Huq] matrix.) 

8.17 .5 Thermal Load Generation for the TETRA Element (Subroutine TETRA of Module SSGl) 

The 3 x 1 thermal load vector {Pi} for point i of the tetrahedron is: 
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( 7) 

a 

a 

a 
where {e:t} = (f - T0) ' 0 

(8) 

0 

0 

and 'f = 1/4 (T1 + T2 + T3 + T4) is the average temperature of the four connected points, given 

in data block GPTT. 

8.17.6 Stress Calculations for the TETRA Elements (Subroutines SS0LID1 and SS0LI02 of 

Module SPR2) 

The stress is calculated in two phases. Phase I is used to calculate the transformation 

matrices between displacements and temperatures to stresses. Phase II uses the actual displace­

ments and temperatures to calculate stresses. 

1. In Phase I, the following calculations are performed: 

where 

[Si]= [G] [C;] [Ti] i = 1, 2, 3, 4, 

{a}= 

a 

a 

a 

0 
0 
0 

(9) 

( 10) 

( 11) 

2. In Phase II, the 3 x 1 displacement vector, {ui}' for each point, i, is extracted from 

the {uq} displacement vector and the average temperature, f, is extracted from the GPTT 

data block. The stresses are calculated as follows: 

I 
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'yz 

'xy 

'xy 

= I 
4 

i = l 

(12) 

The hydrostatic pressure, P, and the octahedral shear stress, , 0, are calculated by 

the equations: 

P = - 1/3 (o + o + o ), (13) 
X y Z 

Basic Equations for the WEDGE. HEXAl, and HEXA2 Elements 

The wedge element is connected to six grid points and is divided into four tetrahedron sub­

elements. The connected points assigned to each tetrahedron are: 

TETRA Number Connected Points 

I 

II 

III 

2 

2 

4 

3 

6 

5 

6 

5 

6 

The HEXAl and HEXA2 elements are connected to eight grid points and are subdivided into 

five tetrahedra for the HEXAl element and ten overlapping tetrahedra for the HEXA2 element. 

The connected points original to each tetrahedron are: 
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Subelement Number Connected Points 

HEXAl HEXA2 

I I 2 3 6 

II II 3 4 8 

III III 1 3 8 6 

IV IV 1 5 ' 6 8 

V V 3 6 7 8 

VI 2 3 4 7 

VII 1 2 4 5 

VIII 2 4 5 7 

IX 2 5 6 7 

X 4 5 7 8 

The basic procedure used with these e 1 ements is to extract the data associated with each 

tetrahedron subelement and go to the tetrahedron calculations. In subroutine KS0LID of Module 

SMAl, the tetrahedron calculations and matrix insertion is done by calling subroutine KTETRA. 

In subroutine MS~LID of Module SMA2, the tetrahedron calculations and insertion are done in an 

internal subroutine. In subroutine S0LID of Module SSGl, the tetrahedron subroutine STETRA is 

used to calculate and invert the thermal loads. In subroutines SS0LID1 and SS0LID2 of Module 

S0R2, the tetrahedron calculations are done with an internal subroutine and the results are 

sunmed together to produce average stresses. 

8.17.8 Stiffness Matrix Calculations and Geometry Checks for the WEDGE, HEXAl. and HEXA2 

Elements (Subroutine KS0LID of Module SMAl) 

With these elements, the order of the connections and the resulting geometry is critical 

for reasonable results. Three basic criteria must be met: 

1. If the connections are correct, the calculated volumes for all tetrahedron subelements 

will be consistent. When the subroutine is called for the first time for each element, 

all of the tetrahedra are processed to produce the signs of the determinants of the 

[Huq] matrices. The signs must be either all positive or all negative, or an error 

is indicated. 

/ 
/ . 
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2. The order of the connected points is checked by calculating the normal vectors to the 

top and bottom faces assuming a right-hand rule. The normal vectors must not have a 

negative scalar product. 

3. The wedge has three quadrilateral faces and the hexagonal elements have six quadrilateral 

faces. Subroutine KPLTST is used to check these faces. The points must not deviate 

from being a plane by more than 10 percent. 

Wedge 

Face Number 

2 

3 

Hexahedron 

Face Number 

1 

2 

3 

4 

5 

6 

Points on Face 

1,2,5,4 

1,4,6,3 

2,3,6,5 

Points on Face 

1 • 2, 3, 4 

l • 2, 6, 5 

2, 3, 7, 6 

3, 4, 8, 7 

4, 1 • 5, 8 

5, 6, 7, 8 

.In the KS~LID subroutine, each element is tested for geometric consistency when the pivot 

point equals the first connected point. In any event, the ECPT data is converted to the TETRA 

format for as many times as necessary, and subroutine KTETRA is called each time. If a HEXA2 

element is being processed, a flag is set, so the KTETRA subroutine will divide the stiffness 

of each tetrahedron by two. 

8.17 .9 Mass Matrix Generation for the WEDGE. HEXAl and HEXA2 Elements (Subroutine MS0LID of 

Module SMA2) 

The mass calculations involve the calculation of the total mass of each tetrahedron in the 

element and assigning one-fourth of the mass to each of the four points. If a HEXA2 element is 

used, the mass of each tetrahedron is divided by two. 
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Thermal Load Generation for the WEDGE, HEXAl and HEXA2 Elements (Subroutine S0LI0 of 

Module SSG2) 

This subroutine arranges the ECPT data into the TETRA fonnat for each tetrahedron in the 

element. Subroutine TETRA is called each time to calculate the thermal loads and insert them 

in the load vector. If a HEXA2 element is used, a flag is set, so that the TETRA routine will 

divide the results by two. 

8.17.11 Stress Data Recovery for the WEDGE, HEXAl and HEXA2 Elements {Subroutines SS0LID1 and 

SS0LID2 of Module SDR2) 

The first phase of stress recovery involves the calculation of displacement-stress matrices 

[Sie] and the temperature stress vector {Ste}. A 6 x 3 [SieJ matrix is generated for each 

connected point. Its equation is: 

[S;e] = k L [S;J a. ( 15) 

a = 1 

where [Si]a is the.matrix corresponding to tetrahedron. number a associated with point i, and N 

is the total number of tetrahedra in the element. The [S1Ja matrice~ are described in Section 

8. 17.6. As each tetrahedron is processed, the four [S1] matrices and the {St} vector are 

added to the appropriate [S1e] matrices for the whole element. The TETRA element is also pro­

cessed by this code with N = 1. The thermal stress vectors are added by the equation: 

In Phase II of stress recovery, the logic is given in Section 8.17.6. The code is 

identical for all elements, with the only difference being the number of connected grid points. 
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8.17.12 Thermal Analysis Calculations for the Solid Elements 

The "stiffness" matrix terms for the solid elements are generated by subroutines KS0LID 

and KTETRA of module SMAl. All of the solid elements (TETRA, WEDGE, HEXAl, and HEXA2) use the 

KTETRA subroutine to calculate and insert the final matrix terms. For thermal analysis, the 

following operations are performed: 

l. The geometry is processed and the matrix [Huq] and the determinant, D, are produced 

for either structure or thermal analysis. See Section 8.17.3. 

2. For thermal analysis, subroutine HMAT is used with INFLAG = 3 to produce the 

following data: 

Kxx Kxy Kxz \y Kyz Kzz 

3. The material matrix [Ge] is calculated where: 

0 0 0 0 

0 'Sex 'Sey 'Scz [G] = e 0 'Sey Kyy ')tz 
0 Kxz Kyz Kzz 

4. The matrix terms associated with the pivot point (j) are: 

l'jl Kj2 Kj3 Kj4/ 

= ~ {H~q}T [Ge] [Huq]. 

The vector {Htq} is the column of the [Huq] matrix associated with point j. The values 

Kji are inserted in the KGG matrix in column number = SILj' and row number = SIL;. 

The "mass" matrix for the heat transfer analysis is generated by subroutine MS~LID of module 

SMA2. The thermal capacity coefficient, Cp, is returned from subroutine HMAT. Each subelement 

tetrahedron is used to calculate terms, which are placed in the BGG matrix. For each point, i, 

on each tetrahedron, the value is: 

B = Cp ·ID I 
ii 6 ' 

where Dis the determinant of the [Huq] matrix. Results for the HEXA2 element are divided by 2. 

8. 17-9 ( 3/1/74) 



STRUCTURAL ELEMENT DESCRIPTIONS 

The "stress" data recovery for heat transfer analysis is performed by subroutines SOHTFl, 

SDHTFF, and SDHTF2 of module SDR2. In Phase 1, the matrix Kand the matrix Care calculated 

where K is the 3 x 3 material matrix and Ce is a 3 by number of points matrix. For the 

tetrahedron: 

H22 H23 H24 

H32 H33 H34 

For the WEDGE, HEXA1, and HEXA2 elements, the [CJ matrix is calculated for each sube1ement. 

The column corresponding to each point of the tetrahedron is added to the column of the Ce matrix 

corresponding to that point in the whole element. The results are divided by the number of 

subelements. 

In Phase 2, the temperature gradient vector and flux vector are calculated with the equations: 

U.T} = [C] {u} 

{q} =· -[K]{aT}, 

where {u} is the vector of temperatures of the connected points. 
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8. 18 THE HBDY ELEMENTS 

8.18.1 Input Data 

The boundary condition element HBDY produces matrix terms only in a heat transfer analysis. 

The following data will be needed from the ECPT table. 

Symbol 

ID 

IFLAG 

SIL;, i = 1, 2 ..• 8 

v1, v2, v3 

Mat Id 

AF 

£ 

a 

R1, R2 

csi' xi' Yi' zi 

i=l,2 ••• 8 

To 

Description 

Element ID 

Element Type Flag 

Scalar indices 

Orientation vector 

Material identification number for 
MAT4 or MATS data 

Area factor 

Emissivity coefficient 

Absorbtivity coefficient 

Radii of elliptic cylinder 

Coordinate systems and location coordinates 
of connected grid points; 1 - 4 are element 
points, 5 - 8 are points in fluid 

Average element temperature for initial 
estimate 

The meaning of the data for various values of IFLAG are: 

IFLAG Element Type N= Number of AF Gridpoints 

1 point 1 area 

2 1 ine 2 width 

3 revolution 2 ---
4 triangle 3 ---
5 quadrilateral 4 ---
6 elliptic cylinder 2 circumference 
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8.18.2 Stiffness Matrix Calculations (Subroutine KHBDY of Module SMAl} 

For the revolution elements x1 > 0 and Y; = o. otherwise there is illegal geometry. The 

matrix produced will be N x N. The material coefficient, H, is extracted from the material data 

block with INFLAG = 1, and T
0 

as the average temperature. The [C] matrix for each element type 

is given in the following table: 

IFLAG C 

l HCAF) 

2 H(~F)t [ ~ . :] 
or 6 

H(~i)t l3x1 + x2 ) {x1 + x2 ) J 
3 

(xl + Xz) (x1 + 3x2) 

- -
2 l l 

4 Ha l 2 l '24 
l l 2 - -

-
2la2 + a3 + a4) Ca3 + a4} Ca2 + a4) 

H 
2(a1 + a3 + a4} ca, + a4) 

~ SYM 2(a1 + a2 + a4) 

5 or -
H 

c1j • ~ [(l + ou) ca,+ az + a3 + a4} - Ca; 

where 

oij • {~ 
i • j 
i 1' j 

The length 1 appears only when N • 2 or 6, and: 

t .• [Cxz - x, ,2 + CY2 - Y1 ,2 + Cz2 -z,)2]112. 

The factor a is twice the area of a triangle CN = 3). 
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Let 

The factors a; are two times the area of the triangle which does not touch vertex i of a 

quadrilateral. 

a, = I er3 - r2) x (1"4 - '3) I 
a2 = I Cr4 - r 3) x er,· - r4) I 

a3 = l(r1 - r4) x (r2 - r1)1 

a4 = I rr2 - r,) x (r3 - r2) I 

The C matrices are placed in the "stiffness" matrix using the following matrix equation: 

. {P} = [K] {u}, 

or: 

pl u, 
I 
I . I 

PN C I -c UN I 
I 

= --------1-------I U5 P5 I 

-c I C I 

P4+N U4+N 

In the octimal code, only the columns corresponding to a "pivot point" u1 are generated. 

The terms Kji are inserted for every point u; in the element SIL list. The terms are placed in 

the SIL; column of the matrix. 

8.18.3 Capacity Matrix Calculations for the HBDY Element (Subroutine MHBDY of Module SMA2) 

The heat capacity matrix is calculated much like a mass matrix and is placed in matrix BGG 

·in the SMA2 module. The material coefficient Cp is extracted from the material tables using 

subroutine HMAT with INFLAG = 5. The scalar terms for each point are: 

8.18-3 (3/1/74) 



STRUCTURAL ELEMENT DESCRIPTIONS 

IFLAG B 

2 or 6 
AF•Cp•R.. 

811 = 822 = 2 

3 

4 

5 

where aT = a1 + a2 + a3 + a4 and the a values are defined in the previous section. 

One-half the value of the terms are placed in the BGG matrix in positions row= column= SIL;· 

If the corresponding boundary layer point SIL;+4 is nonzero, the value, ~ii' ~s also placed in 

the row and column corresponding to SILi+4• 

8.18.4 

Phase 1 

Convective Heat Flux Recoyery for the HBDY Element (Subroutines SDHTF1 1 S0HTFF 1 and 

SDHTF2 in Module SDR2) 

Subroutine SDHTFl rearranges the EST data and calls the HMAT routine for material property, H. 

The output of Phase 1 consists of the following data: 

Word Description 

1 Element Id 

2-9 Scalar indices of connected points 

10, 11 BCD words for "HBDY" 

12 Number of generalized coordinates (=1} 

13 NP - Number of connected points (=8) 

14 The value of H 

22-29 The eight C values 
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Subroutine SDHTFF calculates the nonzero values of C and the value K with the following 

equations 

Phase 2 

IFLAG = 1 

c1 =-Cs= l .0 

IFLAG = 2 or S 

IFLAG = 3 

IFLAG = 4 

IFLAG = 5 

1 c, = Cz =-cs= -cs= 2 

Af•.e•H 
K=---,,.2-

1 c2 = -:- (2x2 + x1) = -CS 
. 3r 

K = irrR.H, 

where r = i <x, + x2) 

K = AH, 

where A= i l(r2 - r,) x (r3 - r,)I 

c, = C2 = C3 = C4 =-Cs= -Cs= C7 =-Ca= it 
K = AqH• where Aq =} I(area of each triangle) 

Subroutine S0HTF2 calculates the temperature difference and total heat flow across the 

boundary layer with the equation 

AT = {C} T {u} 

q = -KAT, 
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where Kand {C} are the Phase l outputs and {u} is the vector of temperatures given in the UGV 

vector in the Sllth positions. 

8.18.5 Area Factor Calculations for the HBDY Element (Utility Subroutine HBDY) 

For purposes of radiation calculations, thermal load generation, and data recovery, the HBDY 

elements are processed by subroutine HBDY. The input data consists of the EST entry for each 

element. The output is dependent on the option as follows: 

a) Option= l 

Word Sl!!!bo l 

ID 

2 AT 

3 £ 

4 Not used 

5-8 SIL; 

9-12 Gi 

b) · Option • 2 

Word Sl!!!bol 

1 IO 

2 Ar 

3-6 SIL; 

7-10 A; 

11-13 nl 

14-16 n2 

The output quantities are calculated as follows: 

IFLAG • 1 

nl = V 
TvT 
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Element ID 

Total area 

Emissivity 

Scalar indices 

Fraction of total area associated 
with each point 

Description 

Element ID 

Total area 

Scalar indic.es 

Area factors 

Normal unit vector 

Second normal vector for 
IFLAG = 6 only 



THE HBDY ELEMENTS 

IFLAG = 2 x2 - x1 

IFLAG = 3 

IFLAG = 4 

~ = Y2 - Y1 

z2 - z1 

R, = IR I 

1 
Al = A2 = 2 Ar 

- - (R·y) -
Z = V - a, R 

n1 = l~I 

D1 = i2 - xl 

D2 = i 3 - i 1 

Z = o, x D2 

Ar=}1z1 

"= j_ 121 
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IFLAG = 5 

IFLAG • 6 

012 = r2 - r1 

013 = r3 - r1 

024 = r4 - r2 

- - -z = 013 x 024 

Ar=} Iii 

- z· 
"1 = TzT 

A123 • t 1°12 x 0131 

- - -x • r2 - r1 

or Ar= t - Option 2 

l 
Al "' Az • '2" AT 

- - -y • V X X 
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i = X X y 

- z R 
"1 - I z I ~ 2 

"2 = ...1_ • Rl 
IYI 

Note for Option 1, the factors G; are 

A. 
G - , 

i - Ar 
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8.19 QDMEMl ISOPARAMETRIC QUADRILATERAL ELEMENT 

8.19. 1 Input Data for QDMEMl Element 

1. ECPT entries for QDMEMl are: 

Stmbol 

EID 

SIL1 
SIL2 
SIL3 
SIL4 

6 

Mat ID 

h 

\J 

N .. , 
Xi 

Yi 
i 

zi 

t 

= 1 ,4 

Description 

Element identification number 

Scalar indices of the connected grid points 

Anisotropic material orientation angle 

Material identification number 

Thickness 

Nonstructural mass per unit area 

Local coordinate system numbers and location 
coordinates in the basic system for the connected 
grid points 

Temperature of element 

2. Coordinate system data 

3. 

The numbers Ni, Xi, Yi. and Zi are used to calculate 3 by 3 basic-to-global coordinate 

transformation matrices [T;] for points i = 1, 2, 3, and 4. 

Material 

Sz:mbol 

[G] 

p 

ax ,ay ,axy 

to 

9e 

crt,crc,crs 

Data 

Description 

3x3 Stress-strain matrix 

Mass density 

Thermal expansion coefficients 

Reference temperature 

Structural damping coefficient 

Stress limits for tension, compression, and 
shear 
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8.19 .2 Basic Equations for ODMEMl 

1. Calculation of unit vectors in mean plane. 

The following equations are used to calculate the three unit vectors in the mean plane, 

{i}, {j}, and {k} (see figure 1), which define the element coordinate system. 

The diagonals are: 

The normal to the plane is calculated from: 

{k} • 
{d

1
}x{d

2
} 

l!d1}x!d2}1 

" 1 . T 
h = ~ {a1} {k} 

The vectors lying in the mean plane are computed from: 

" 

{i} = 
{a1} - 2h{k} 

I £a·1} - 2h£k} I 

{j} • {k} X {i} 

( 1 ) 

(2) 

( 3) 

( 4) 

(5) 

(6) 

(7) 

( 8) 

2. The displacement transformation matrix from basic coordinates to'in-plane coordinates 

is: 
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[E]T = 

ET l O I O : 0 
----1----1-- --1---

0 I ET I O I 0 
. I I I ----1----1----1---
0 I O I ET I O 

- - --1-- --1- - --1---
0 , o r o I ET 

I I I 

I 

il : i2 I i3 ____ . ____ , __ _ 
ji I j2 I j3 

I ----1----i----
k1 I k2 I k3 

I I 

3. The coordinates or difference of coordinates of the points in the element coordinate 

system are: 

x,2 = x, - X2 = - {al}T{i} 

x13 = x, - X3 = - {dl}T{i} 

X24 = . x2 - X4 = - {d2}T{i} 

X14 = X12 + X24 

X23 = x13 - x12 

X34 = X14 - X13 

Y3 = {dl}T{j} 

Y4 = {d2} T {j} 

Y34 = Y3 - Y4 
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4. The transformation of displacements at the user-specified grid points from the displace­

ments at the projected points in the mean plane is given by the 12 x 8 matrix [8]. The 

nonzero elements of this matrix are given by: 

B(l,l) = 8(2,2) = B(4,3) = B(5,4) = 8(7,5) = 8(8,6) = 8(10,7) = 8(11,8) = l (20) 

B(3,2) 

8(3,1) = -h ,;-

- h +--,._..;.. 
_ ( _ 1 cot e1 ) 

- R.d sin el R.a 

8(3,3) = -B(3,1) 

-8(3,7) = h ( 
cos 842) 
R.d 62 

= h- ( s 1 n e 42) 8(3,8) 
R.d 62 

8(6,1) • -B(3,l) 

_ (cot e ) 
8(6,2) = -h R.a 

1 

8(6,3) = 8(3,1) 

8(6,5) = h 
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8(9,4) = - ( -1 ) 
h R.b Sln 92 

(33) 

8(9,5) = h 
(sin e31 + cos e32) (34) 

R.b li1 R.c Lil 

8(9,6) = h ( cos e31 + sin e32 ) ( 35) 1l Lil R.c Lil 

- (-sin e41 ) 8(9 ,7) = h ( 36) 
R.c Liz 

8(9,8) = h ( cos 841) ( 37) 
R.c Liz 

-
( id s~ n e1) ( 38) 8 ( 12 ,2) = h 

8(12,5) = h 
(-cos e32 ) (39) 

R. C Lil 

8(12,6) = h (-sin e32 ) (40) 
R.c Lil 

8(12,7) = h 
(-cos 042 + sin e41 ) 

(41) 
R.d Liz R.c li2 

- csin 842 _ cos 841) 8(12,8) = h (42) 1d Liz .2.c Liz 

where 

,. 
h = -h (43) 

R.a = -xl2 (44) 
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.Q.b = ~X~3 + y~ 

R.c = ~X~4 + Y~4 

id = ~X~4 + y~ 

sin 01 = sin 041 = 
Y4 
id 

cos 01 = cos 841 = 
-x,4 

~ 

~l = cos 031 cos 032 - sin e31 sin 032 

~2 • cos 041 cos 042 + sin 041 sin 042 

See Figure 2 for characteristic lengths and angles of quadrilateral membrane in 

mean plane. 

,/ 

/ 
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8.19. 3 Stiffness Matrix Calculation for QDMEMl (Subroutine KQDMMl of Module SMAl) 

l. Element interior: angle tests. 

The interior angles of the quadrilateral in the mean plane are checked to verify 

that they are less than 180°. The following tests are used: 

Test Point with angle greater than 180° 

2 

3 

4 

2. The stiffness matrix in the mean plane in terms of the displacements in the mean 

plane is calculated first as 

1 l 
[U]8x8 = / f [A] T [G][A]J d; dn 

0 0 

where [G] is the 3 x 3 stress-strain matrix, 

and [A], a 3 x 8 strain-displacement matrix is represented in the following manner. 

(a1+b1n+c1;) (a4+b4n+c4;) (a22+b22n+c22t) 

[A]3x8 
l (a2+b2n+c2;) ( a23 +b23n+c23') = J 

{a3+b3n+c3t) { a24+b24n+c24t) 

In the expression for the matrix [A]• . 

8.19-7 (3/1/74) 
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a3 = -X24 b3 = X23 C3 = X34 (61) 

a4 = 0 b4 = 0 C4 = 0 (62) 

as = -Xz4 b5 = X23 C5 = X34 (63) 

a6 = -Y4 b6 = Y3 c6 = -Y34 (64) 

a7 = Y4 b7 = -Y4 C7 = Y34 ( 65) 

as = 0 ba = 0 cs = 0 (66) 

ag = X14 bg = -x14 Cg = -X34 (67) 

a,o = 0 b10 = 0 c,o = 0 (68) 

all = Xl4 b11 • -x,4 ell = -X34 (69) 

a12 = Y4 b12 • ·Y4 c12 = Y34 (70) 

a13 = 0 b13 = Y4 C13 = 0 (71) 

a14 = 0 b14 = 0 C14 "' 0 {72) 

a,s a: 0 b15 = X14 c,s • -x,2 (73) 

a16 = 0 b16 • 0 C15 = 0 (74) 

a17 • 0 b17 = x,4 C17 = -x,2 ( 75) 

a,s .. 0 b,a a: Y4 c18 = 0 { 76) 

a19 • 0 b19 • ·Y3 C19 = 0 (77) 

a20 • 0 b20 • 0 c20 • 0 (78) 

a21 • -x12 b21 a: -Xz3 cz, • x12 (79) 

a22 • 0 b22 • 0 czz .. 0 (80) 

a23 • -x,2 b23 • -X23 Cz3 = x,2 (81) 

a24 = 0 b24 • -Y3 Cz4 = 0 (82) 

8.19-8 ( 3/1/74) 
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The approach used to evaluate the stiffness matrix [U] is to identify each term in 

the triple product (equation 56) prior to the integration. Toward this end, the 8 x 8 

matrix [U] is thought of as being constructed of sixteen 2 x 2 submatrices, each 

identified by subscripts (i ,j) as in the following table 

j = 
i = l 

i = 2 

i = 3 

i = 4 

1 j = 2 j = 3 j = 4 , ... 
2 x 2 Partition 

(Typical) 

The subscript i indicates a horizontal slice of 2 rows of the matrix and the sµbscript 

j indicates a vertical slice of 2 columns of the matrix. Further if the row identifier, 

k, and column identifier, i, are introduced to locate an element within any particular 

2 x 2 submatrix (k and i assume values of l and 2), then a general term in the U matrix 

is located by specification of i, j, k, and i. Thus, when advantage is taken of some 

zero terms in the matrix A, 

= h} ~ d +en+ fs + h*ns + Pn2 + 9s2 d~d 
O O J n 

(83) 

d = (84) 

( 85) 

f = Gki(ak ci + Ck ai) + Gk3(ak ct + ck ai) 
1 1 1 1 1 2 1 2 

(86) 

+ G31(ak ci + ck at)+ G33(ak ci + ck ai) 
21 21 22 22 

8.19-9 (3/1/74) 
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where additional subscripts are identified as 

kl • 6(1-1) + 4(k-1) + 1 

k2 • 6(1-1) + 3(k-1) + 3 

1., • 6(j-1) + 4(i-l) + 1 

i2 • 6(j-1) + 3(i-l) + 3 

3. Gaussian Quadrature 

The evaluation of equation (83) is carried out by Gaussian quadrature utilizing 

a 4 x 4 grid. Thus 

u • - t ta i n m nm nn mm h 3 3 [ d + en + ft + h*rt t + Prt rt + q; ; ] 
ijki 4 m•O n•O m n J(nn ,r;m) 

where 

~ = - J. _/ (30 - v@) + l = .330009478 "l • '11 , 1 70 2 

8.19-10·(3/l/74) 
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'2 = Tl2 = t ~ ( 30 - \/480 ) +l = .669990522 
70 2 

,3 = Tl3 = t ~ ( 30 + "480) +l = .930568156 
70 2 

a
0 

= a3 = .347854845 

- -a1 = a2 = .652145155 

4. The 3 x 3 stiffness matrix partition [kij] in global coordinates is then given 

by 

where i corresponds to the current pivot numbe·r and assumes values 1, 2, 3, 4; 

j corresponds to one of the connected grid points and assumes values l, 2, 3, 4; 

([E][B][U][B]T[E]T)ij is the appropriate 3 x 3 partition of the 12 x 12 matrix 

[E][B][U][B]T[E]T • 

5. For use in the overall structural matrix, the ma.trices are expanded to 6 x 6 to 

fonn: 

Mass Matrix Generation for the QDMEMl (Subroutine MASSTQ of Module SMA2) 

The mass matrix for the isoparametric element is calculated in the same manner as QDMEM 

element which subdivides the quadrilateral into two triangles. See Section 8.4.11 page 8 

of the Progra1J111er 1s Manual. 

(97) 

(98) 

(99) 

( l 00) 

( 101) 

( 102) 

8.19.5 Element Load Calculations for the QDMEMl Element (Subroutine QDMEMl of Module SSGl) 

The first step in the calculation of the thennal load vector is to compute the following 

matrix 

8.19-11 {3/1/74) 
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1 1 T 
[C]8x3 = h ! ! [A] J d~ dn 

0 0 
( 103) 

The integrations in equation (103) can be performed in closed fonn and results in the following 

c,, = 
hy4 
2 

( 104) 

c,2 = 0 ( l 05) 

c,3 = - hx24 
2 

( 106) 

C21 = 0 ( 107) 

C22 • - hx24 
2 

( 108) 

C23 = - hy4 
2 

( 109) 

C31 = 
hy3 
2 

( 110) 

C32 = 0 ( 111) 

C33 .. hxl3 
2 

( 112) 

C41 = 0 ( 113) 

C42 = 
hxl3 
2 

( 114) 

C43 = 
hy3 

2 
(115) 

C51 = 
hy4 

2 
( 116) 
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c72 = 0 

hx13 
C73 = - -2-

c81 ·= o 

hx13 
= - --

2 

Given the temperature of the element, t, either directly or from the temperature 

of the four grid point$ t 1, t 2, t 3, and t 4 in the GPTT data block, the routine 

generates force vectors by the equation: 

where ([E][B][C][G]{a}); is the appropriate 3 x 1 subvector of the 12 x 1 

vector [E][B][C][G]{a}, 

{a} = 

· 8.19-13 (3/1/74) 

( 117) 

( 118) 

( 119) 

( 120) 

( 121) 

( 122) 

( 123) 

(124) 

( 125) 

(126) 

( 127) 

( 128) 

( 129) 
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and t
0 

is the reference or stress-free temperature of the material. The forces 

are placed in the PG load vector data block. 

Element Stress Calculations for the QDMEMl Element (Subroutines SQDM11 and S0DM12 

of Module SOR2) 

l . Ca lcul ati ons perfonned in SQDMlJ ( Phase 1 ca 1 cul ati ons) . 

(a) The stresses in the QDMEMl elements are calculated at the intersection of 

the diagonals identified by(*, n *. For parallelograms 

~· = 1 /2 

n* • 1/2 

·For other geometries, first x* and y* must be found as 

x* = 

provided x24 , O. In the event that x13 = O, a simplification results and 

x* • - Xl3 • 0 

y* .. 

For the situation where x24 = 0, 

x* • 

y* • 

8.19-14 (7/4/76) 
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After the values of x* and y* are obtained, in the situation where x34 i - x12 , 

n* = _ b* ± ,Y (b*) 
2 

- 4a*x, 2y* 

2a* 

where the: sign is chosen such that O < n* < 1 and 

Should a*= 0, then 

Further, if y34 i 0, 

If y34 = 0, 

t* = 

For the situation where x34 = -x12 but y34 r 0 

n* • 
-b + ~ (b) 2 + 4;x, 2y* 

2a 

where the: sign is chosen such that O < n* < 1 and 

8.19-15 (3/1/74) 
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"' Should a= 0, then 

x,i'* 
n* = --;:--

( 148) 
b 

After;* is evaluated, then 

( 149) 

(b) The values of;* and n* are substituted into matrix [A] and the transformations 

from displacements to stress are then given by 

i • 1,2,3,4 

where ([G][A][B]T[E]T)i is the appropriate 3 x 3 partition of the 3 x 12 matrix 

[G][A][B]T[E]T. The temperature-stress relation is 

2. Calculations performed by SQDM12 (Phase 2 calculations) 

The equation for stress is 

The principal stresses are: 

ox + oy + a, • 2 - ( X Y) + 02 ~ a - a 2 
2 xy 

= 
ox +2 oy - ~ a - a 2 2 o2 - ( x X) + a 2 xy 

~, = ,l. tan·l <o2ax_Ya) ( d ) ~ , converte to degrees 
X y 

where 4>i is limited to -90° ~ 4>i ~ 90° • 

8.19-16 {7/4/76) ----·-· 

( 150) 

( 151) 

(152) 

( 153) 

( 154) 

(155) 



QDMEMl ISOPARAMETRIC QUADRILATERAL ELEMENT 

The maximum shear stress, is given by 

~CJ -CJ 2 
T = ( X Y) + 02 2 xy 

( 156) 
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k j 

i 

Figure 1. Mean plane for quadrilateral membrane element. (Actual grid points are 
indicated by unprimed numbers and projection of grid points onto mean 

plane are indicated by primed numbers.} 

X 

Figure 2. Characteristic lengths and angles for quadrilateral membrane element in mean plane. 
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8.20 THE QDMEM2 ELEMENT 

8.20.1 Input Data for the QDMEM2 Element 

1. 

2. 

The ECPT/EST data block contents are: 

Symbol 

EID 

SIL;, 1 = 1,2,3,4 

e 

t 

µ 

Ni' xi' vi' z1' 

i = 1,2,3,4 

Tm 

Material data: 

Description 

Element identification number 

Scalar indices of the connected grid points 

Anisotropic material orientation angle 

Thickness 

Nonstructural mass per unit area 

BGPDT data giving local coordinate system 
number and basic coordinate system locations 
for the connected grid points 

Temperature for material properties 

The material subroutine, MAT, returns the following data 

Symbol 

611 •612•613 

622•623,G33 

p 

{a} 

Description 

Elements of 3x3 stress-strain matrix in 
material coordinates 

Mass density 

3xl thennal expansion vector 

Reference temperature 

Structural damping coefficient 

Stress limits 

3. Coordinate system data 

For each connected grid point, i, the BGPDT data is used to calculate a 3x3 global-to­

basic transfonnation matrix, [T1]. 
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8.20.2 Basic Calculations for the QDMEM2 Element (Subroutine Q2BCS) 

1. The element coordinate system is defined by the following equations: 

X3•Xl 

{D
13

} • Y3·Y1 , 

z3-z1 

X4•Xz 

{D
24

} = Y4·Y2 , 

Z4•Z2 

A. il{N}I, 

1 
{k} • iTtITf {N}, 

x2-x1 

{012} • . Y2·Y1 • 

Zz•Zl 

{x} • {o12}-2h{k}, 

l 
{ i} • TfxIT {x}, 

{j} a {k}x{i} I 

8.20-2 (3/1/74) 
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The unit vectors are stored in the transfonnation matrix E as follows: 

{1} T 

[E] = {j}T 

{k} T 

If h2/A < £ , a flag is set indicating the element lies approximately in a plane. 
p . 

2. The locations of the points in element coordinates are: 

1 = 2,3,4,5, 

where 

X5 
Ys • i[{x1}+{x2}+{x3}+{x4}]. 

Z5 

8.20.3 Subtriangle Calculations for the QDMEM2 Element (Subroutine Q2TRMS) 

,. Input data: 

Stiffness Thennal Load Stress Recovery 

a,b a,b a,b 

[r] [r] [r] 

[Ge] [G ] .. 
e [G] e 

cosem,sineJI cos-em,sinem cosem,sinem 

t t t 

{ae}(T-T
0

) {ae} 

8.20-3 (3/1/74) 
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where 

a. [r] is a 5x3 matrix, each row is the .location of a point in element coordinates. 

b. a,b are pointers to the two connected points in the [r] matrix. The fifth row 

is always the third point. 

c. [Ge] is the 3x3 material matrix in material coordinates defined in /MAT~UT/. 

d. cosem,sinem are the orientation angle cosine and sine. 

e. tis the element thickness. 

f. ae is the thermal expansion coefficient in material coordinates, given in /MAT~UT/. 

g. (T-T
0

) is the temperature of the triangle. 

2. Output data: 

Stiffness Thennal Load Stress Recovery 

[Kea] [Kea] [Kea] {pt} 
a 

[Kcb] [Kcb] [Kcb]. {p~} 

[Kee] [Kee] [Kee] {pt} 
C 

[Kaa] {Pa} [Sa] {Za} 

[Kab] {Pb} [Sb] {Zb} 

[~a] {Pc} [Sc] {Zc} 

[~b] [Kaa] 

[Kab] 

[~a] 

[Kbb] 

3. The equations to produce this data are: 

8.20-4 (3/1/74) 
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l 
{k} = TfN1T {N}, 

A= il{N}I. 

1 
{1} • l{V12}I {V12}' 

{j} • {k}x{i} , 

xb • j{v12}j , 

T Xe• {1} {V13}, 

Ye• {j}T {V13}' 

-c1 O 

[Ca]• 0 c4 

C4 •Cl 

c, 0 

[~b]. 0 ·C2C3 

•C2C3 c, 

0 0 

[C] • C 0 C3 

C3 0 
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The material orientation cosine (Cm) and sine (Sm) are calculated by the equations 

The material orientation is used to transfonn anisotropic materials, 

[r'1] • 

C 2 
m 

s 2 
m 

s 2 
m 

C 2 
m 

The equation for each stiffness matrix partition is 

where 

i • a,b,c. 

The equation for the thennal loads is 

1 • a,b,c. 

The equations for the stress matrices are 

[Si]• [Ge] [Hi]' 

{p}}• At[H;]T [Ge] {ae} , 

{Zi}T • t{1}T [Si]' 

- ' 
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where{~} is the third column of the [T'"] matrix, 

i = a,b,c. 

8.20.4 Stiffness Matrix Calculations for the QDMEM2 Element (Subroutine KQDM2S of Module SMAl) 

1. The material properties in the material coordinates are calculated by calling 

subroutine MAT withe• O degrees. 

2. The area of core for storing element stiffness matrix partitions is set to zero, 

and the basic element calculations are done with subroutine Q2BCS, which returns 

the following data 

{ri}, i • 1, • , • 5 

[E] 

PFLAG 

The locations of the five points in 
element coordinates. 

The 3x3 basic-to-element coordinate 
system transformation. 

Flag indicating whether or not the 
element approximates a plane. 

3. The four subtriangles are processed with subroutine Q2TRMS. Each triangle, I, is 

given three points defined by the mapping matrix where 

Point number • Mia. a• 1,2.3 
I• 1,2,3,4, 

1 2 5 

2 3 5 
[M] • 

3 4 5 

4 1 5 

The orientation of the triangles is shown below 

8.20-7 (3/1/74) 
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4. Each triangle produces seven matrices. 

These are added to the appropriate matrices for the entire element 

[K51 J i = 1, ••• 5, 

[ K; j] i = 1 , ... 4 , j = 1 , ... 4 , 

5. The displacement of the center point will be constrained by the equation 

If the element is not planar, 

If the element is planar, 

Ki • [K5i], 

with the third rows modified as follows: 

X XJ i ., 5 

: .. :5 

The equation for G; is 

X 

X 

0 

i • 5 

6. The 11 pivot11 point, p, is found and the constrained matrices, [K1j], are produced. 

If the element is not planar, 

8.20-8 {3/1/74) 
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If the element is planar, 

(p = pivot point, j = 1,2,3,4). 

7. The matrices are transformed to global coordinates and output as double precision 

6x6 partitions, 

Output: 

8. If the structural damping matrix, [K;g]' is being produced, the damping matrices, 

[K~j] are also output where 

8.20.5 Mass Matrix Generation 

Subroutine MASSTQ of module SMA2 is used to generate a lumped mass matrix. The element 

is treated exactly like a QDMEM element. 

8.20.6 Thermal Loads 

The basic calculations indicated in Sections 8.20.2 and 8.20.4 are performed. 

The average temperature, T, is given in the GPTT data. The material routine, MAT, is called 

to produce the {ae} vector and the reference temperature, T
0

• The following product is 

passed to the Q2TRMS subroutine, 

The Q2TRMS subroutine will return the three 3x1 load vectors: 
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It will also return the following 3x3 matrices, 

The loads are added directly to the five load vectors corresponding to the five 

connected grid points, {P1}, {P2}, {P3}, {P4}, {P5}. 

The [K5i] matrices are added to the five 3x3 matrices, 

When all triangles have been processed, the center point load is eliminated by 

the equation 

where the 3x3 matrix, [G], is calculated as. fn step 5, Section 8.20.4. 

The resulting loads are transformed to global coordinates by the equation 

8.20.7 

Phase 1 

QDMEM2 Element Stress and Force Calculations (Subroutines SQDM21 and SQDM22 

of Module SDR2) 

1. In the Phase 1 calculations, the basic calculations indicated in Sections 8.20.2 

and 8.20.4 are perfonned, and the material data is extracted with subroutine MAT. 

The subroutine is called for in each triangle. The output will be 

[Kij] i • a,b,c and j • a,b,c 

Nine stiffness matrices in element coordinates (3x3). 

[Sa]• [Sb]' [Sc]. 

Three stress matrices (3x3). 

{P!}, {P~}, {P~} 

Three stress temperature vectors (3x1). 

{Za}, {Zb}' {Zc} 

Three edge force-displacement vectors. 

8.20-10 (3/1/74} 
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2. This data is added to the appropriate positions in the data corresponding to all 

the connected points of the element. This data is 

[R~j] i = 1,2,3,4 and j = 1,2,3,4 

Sixteen matrices (3x3). 

[~i] i = 1,2,3,4,5 

Five matrices (3x3). 

[S~] i = 1,2,3,4,5 

Five matrices (3x3). 

{P~} i = 1,2,3,4,5 , 
Five vectors (3xl). 

3. · The {Za}• {Zb}, and {Zc} vectors are stored in five 4x3 [R] matrices. For triangle 

No. I, the data vector, {Za}, is stored in row I of the matrix corresponding to 

point a. 

4. The constraints on the center point are applied with the following logic. The matrix, 

[G], is calculated as in step 5 of-Section 8.20.4. 

The equations for the reduced data are as follows: 

If the planar flag 1s "off," 

If the planar flag is "on," 

For either case, 
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5. The data is transformed to global coordinates by the equations 

[S~] = [S~] [E] [T1], 

where the [Q] matrices necessary to transform corner forces to directions parallel 

to the sides are calculated as follows: 

{d
1

} • {r2} - {r1} 

{d2} • {r3} - {r2} 

{d3} • {r4} - {r3} 

{d4} • {r1} - {r4} 

{kl}• - {d1} X {d4} 

{k2} • - {d2} X {d1} 

{k3} • - {d3} X {d2} 

{k4} • - {d4} X {d3} 

8.20-12 (3/1/74) 
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6. The following 250 words of data is saved on the ESTB data block 

Phase 2 

Symbol 

ID 

SIL; 

1=1,2,3,4 

t 

To 

[Kfj] 

[Si] 

{Pi} 

Description 

Element identification 

Connected point SIL values 

Thickness 

Reference temperature 

Sixteen point force versus 
displacement matrices (3x3) 

Four stress matrices (3x3) 

Four point force versus temperature vectors 

One stress temperature vector• [Ge] {ae} 

Four side force matrices (4x3) 

The displacement vectors for the connected grid points, {u1}, are extracted from open core. 
-The temperature of the element, T, is given in the GPTT data block. If 11 STRESS 11 for the element 

is requested, the following data is calculated: 

The stress output is identical to the QDMEM element output. 

If 11..ELF!i'RCE" output is requested, the following data is calculated: 

i 4 t {F} = l [K1J.] {uJ.} - {P1 } (T-T
0
). 

j=l 
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The in-plane forces are: 

The 11 kick 11 forces are: 

IC - Fi . , - 3' i•l,2,3,4 . 

The 11 shear11 forces are: 

8.20-14 (3/1/74) 
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8.21 THE IHEXl, IHEX2, AND IHEX3 ELEMENTS 

8.21. l Input Data for the IHEXi Elements 

1. The EST entries for IHEXi are: 

Symbol 

SIL;, i=l ,2, ..• ,NGP 

MID 

CID 

NIP 

AR 

ALFA 

BETA 

i = l ,2, ... ,NGP 

GPTi, i=l ,2 ... ,NGP 

2. Coordinate System Data 

( 

I 

Description 

Scalar indices of the connected grid points. 
NGP = number of grid points per element 

Referenced local coordinate system and location 
in basic coordinates of connected grid points. 

Mate.rial identification number. 

Coordinate system identification number in 
which anisotropic material is defined. 

Number of integration points in each coordinate 
direction. 

Maximum aspect ratio of element 

Maximum angle (in degrees) for face normals 

Maximum angle (in degrees) for mid-edge points 

Grid Point temperatures 

The numbers Ni' X;, Yi, and Z; are used to calculate the three by three global-to-basic 

coordinate transformation matrix [T;] for the ;th grid point via calls to either TRANSS or 

TRANSD. 

The CID is used to calculate the six by six global-to-basic coordinate transformation 

matrices [TM] for anisotropic material. If the CID references a cylindrical or sperical 

coordinate system, [TM] must be computed at each integration point. Othen1ise, it need be 

computed once only for the element. 
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3. Material Data 

sxmbol Description 

[Gm] Six by six stress-strain matrix defined in coordinate 
system CID 

p Mass density 

{am} Vector of six thermal expansion coefficients defined 
in coordinate system CID 

To Reference temperature 

ge Structural damping coefficient 

8.21.2 Basic Equations for IHEXi Elements 

1. Numerical Integration 

The method of Gaussian Quadrature is used to numerically integrate the element matrices. 

The weighting coefficients H1 and abscissas si are listed in Table 1 at the conclusion of 

this Section 8.23.7. 

2. Element Coordinates 

The coordinates of the grid points in element coordinates are: 

For the IHEXl element: 

i 

l 

2 

3 

4 

5 

6 

7 

8 

t; 

-1 

1 

1 
_, 
-1 

l 

-1 

Tl; 

-1 

1 

1 

l 
_, 
-1 

1 

l 

,;1 

-1 

-1 

-1 

-1 

1 

l 

l 

1 
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For the IHEX2 element: 

; E;; TJ; ~; 

1 
_, _, _, 

2 0 
_, _, 

3 1 
_, _, 

4 1 0 -1 

5 
_, 

6 0 1 
_, 

7 
_, 1 -1 

8 
_, 0 -1 

9 
_, _, 0 

10 1 1 0 

11 1 1 0 

12 -1 1 0 

13 0 -1 1 

14 0 -1 1 

15 1 0 

16 1 0 1 

17 1 1 1 

18 0 1 1 

19 -1 1 

20 -1 0 

,.· 

8.21-3 (7/4/76) 
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For the IHEX3 element: 

; ~; n; 1;; 
_, _, -1 

2 -1/3 
_, -1 

3 1/3 -1 -1 

4 1 -1 -1 

5 -1/3 
_, 

6 1 1/3 
_, 

7 1 1 -1 

8 1/3 1 -1 

9 -1/3 1 
_, 

10 -1 1 -1 

11 -1 1/3 
_, 

12 
_, -1/3 -1 

13 -1 -1 -1/3 

14 1 -1 -1/3 

15 1 1 -1/3 

16 -1 , -1/3 

17 -1 -1 1/3 

18 1 -1 1/3 

19 , 1/3 

20 
_, 1 1/3 

21 -1 -1 1 

22 -1/3 -1 1 

23 1/3 -1 1 

24 1 -1 1 

25 1 -1/3 1 

26 1 1/3 1 

27 1 1 1 

28 1/3 1 1 
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30 

31 

32 

THE IHEXl, IHEX2, AND IHEX3 ELEMENTS 

-1/3 
_, 
_, 

-1 

1 

1 

1/3 

-1/3 

1 

1 

1 

1 

3. Interpolating Functions and Their Derivatives 

The interpolating function, or isoparametric shape function Ni and the derivative of 

this function with respect to the element's coordinates is given for the ;th grid point by 

the following tables: 2, 3 and 4. 

4. Jacobian Matrix 

The Jacobian matrix at any point ( X ,y ,z) within the element is: 

aN1 aN2 aNNGP x, v, z, 
ar- ar- ar-

X2 y2 22 

[J] = 
aN1 aN2 aNNGP 

( 1) 
ari'" ari'" an"" 

dNl aN2 aNNGP 
ar- ar- ~ 

XNGP YNGP 2NGP 

5. Strain Displacement Relations 

The transformations from displacements to strain for the ;th grid point are: 

cli 0 0 

0 C2i 0 

0 0 C3i 
[Ci] = 

C2i cli 0 
( 2) 

0 C3i C2i 

C3i 0 c,i 
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where 

C1; aN; 
ax 

C2i [Jr1 
a Ni ( 3) = ay 

C a Ni 
3i az 

8.21.3 Stiffness and Mass Matrix Calculation for IHEXi Elements 

The equation used in the stiffness matrix generation in global coordinates is: 

( 4) 

The equation used in the coupled mass matrix generation in global coordinates is: 

NiNj 0 0 

[T, ]T 
NIP NIP NIP 

[M;j] = l: l: r: pH1 Hm Hn IJI 0 NiNj 0 [Tj] (5) 
1 R.=1 m=l n=l 

0 0 N;Nj 

[K;j] and [M;j] are th.ree by three partitions of the element matrices coupling the ;th and 

jth element grid points. No provision is made for the computation of a lumped mass matrix 

for the isoparametric hexahedron elements. Such a computation would necessitate an arbitrary 

distribution of mass reducing the accuracy advantages of these type elements. 
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8.21.4 Element Load Calculations for IHEXi Elements 

1. Thermal Force Vector (Subroutine !HEX of Module SSGl) 

The thermal force vector is generated with the following equation: 

where {Pi} is the load vector of length three for the ;th element grid point and tj is the 

temperature at the jth element grid point. 

2. Pressure Force Vector (Subroutine PL0AD3 of Module SSGI) 

The generation of the pressure force vector is described in Section 4.41.8.9. 

3. Heat Generation Vector fortleat Transfer Problems (Subroutine QIHEX of Module SSGl) 

The terms of the heat generation vector are given by: 

8.21.5 

P. = -Q , 2 
1: 
R.=l 

2 

m~ 

where Q is the external heat per unit volume. 

2 
1: IJI 
n=l 

Element Stress Calculations for IHEXi Elements 

1. Calculations performed in SIHEXl (Phase l calculations) 

The phase 1 calculations include the computation of stress matrices at each point 

within the element at which stresses are to be evaluated. The transformation matrix from 

displacements at the ;th grid point to stresses at the jth stress point is: 

where [Ti] is the global to basic coordinate transformation matrix. All matrices on the 

right-hand size of this equation are computed at stress point j. 

The temperature to stress relation at the jth stress point is: 

R.21-7 (7/4/76) 

(6) 

(7) 

(9) 
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2. Calculations performed in S1HEX2 (Phase 2 calculations) 

The phase 2 calculations include the computation of stresses at each stress point within 

the element. 

The equation for stress at the jth stress point is: 

(10) 

where {Ug;} is the three by one global displacement vector at the ;th grid point and tk is 

the loading temperature at the kth grid point. The three principal stresses are the roots of 

the fo11owing cubic equation in S: 

s3 - (a + a +a) s2 + ( + + 
2 2 2

) S -x y z 0 x0y 0y0 z 0 x0 z · 0 xy · 0yz · 0 zx 

( 11) 

The direction cosines of the normals to the principal plane on which each of the principal 

stresses is acting are found by solving: 

(S - o) ·axy •
0 zx 1 

·axy (S - ay) -ayz m 

• 0 zx -ayz (S - az) n 

using the constraint equation: 

ij,21-8 (7/4/76) 
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0 

0 
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The mean stress or hydrostatic pressure is: 

a = - 1
3 

(a + a + a ) n X y Z 

Note: The minus sign is used to be consistent with the hydrostatic pressure 
computations for elements CTETRA, CWEDGE, CHEXAl, and CHEXA2. 

The octahedral shear stress is: 

. a = {.i[{S +o )2 + (S +o J2 + {S +o )2]} 
112 

o ., x n y n z n 

8.21.6 Differential Stiffness Calculations for IHEXi Elements 

The differential stiffness matrix in generalized coordinates is (the stresses are in the 

basic system): ~ 

cry + oz -oxy - 0 xz 

tK!J = -oxy ox + oz -oyz 

- 0 xz -oyz ox + oy 

The transformation from displacements at the nodal points to rigid body rotation are: 

0 -c31 C2i 

d , 
[Ci] = 2 C3; 0 -c, i 

-Cz; c,; 0 

where c1; , c21 , and c31 are given in Section 4.87. .2. 

( 14) 

( 15) 

(16) 

( 17) 

The three by three partitions of the global element differential stiffness matrix coupling 

the ;th and jth element grid points are given by: 

8.21-9 (7/4/76) ,(____--~ 
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8. 21. 7 Heat Transfer Calculations for IHEXi Elements 

The terms of the heat conductance matrix are given by: 

where 

{C;} = 

and [k] is the three by three matrix of thennal conductivity coefficients in global 

coordinates. 

The terms of the heat capacitance matrix are given by: 

. B.. = 
lJ 

NIP NIP NIP 
I: I: I: H1 Hm Hn IJI N,.cPNJ . 
i=l m=l n=l 

and cp is the thermal capacity per unit volume. 
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Table 1. Gaussian Quadrature Formula 

//Jl n n n 
f(x,y,z) dx dy dz = L L L Hj f(sj,sk,si) 

isl kcl j=l 
-1 -1 -1 

n Abscissa (s) Weight Coefficient (H) 

2 +0.57735026919 1.0 

+0.77459666924 0.55555555555 -
3 

0.0 0.88888888888 

+o.86113631159 0.34785484514 
4 

!().33998104358 0.65214515486 
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Table 2. Isoparametric Shape Functions and Their Derivatives 

for the IHEXl Element - 8 Grid Points 

Corner Grid Points 

Ni • ,l. (1 + t} (1 + n) (1 +,) o O O 0 
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Table 3. Isoparametric Shape Functions and Their Derivatives 

for the IHEX2 Element - 20 Grid Points 

Corner Grid Points 

t,• a +1 I n• C +11 I;; C +l - , - -
N

1
. • J. (1 + E; )(1 + n )(1 + i; )(E; + n + i; - 2) o O O O O O 0 

oN; 1, 
~ • 71" n1 (l + C )(1 + i; )(2n + C + i; - 1) 
o,, o O O O O 0 

Mid-Side Grid Points 

t; C + l I Tl • • Q t I;; • + 1 - , -

oN; l 2 
~ • 4 (1 ·'Tl )(1 + i;

0
) t1 

8.21-13 (7/4/76) 

Mid-Side Grid Points 

E;i Co. "i C !11 l;i C !l 

Ni• t (1 - t 2)(1 + n0 )(1 + i;0 ) 

Mid-Size Grid Points 

t1 • +1, n- • +l, i;. • o - , - , 

aN. 1 2 
at 

1 
• l ( 1 - i; ) ( 1 + "o) t; 

aN. l 2 
an, • 4 (1 - i; )(1 + to) Tl; 



:J' 
N .... 
' _. .... -..., -~ -..., CJ\ -

' 
'1 
i 

\ 

Corner Grid Points 

ti• !1, ni • !1, ti= !1 

Nt = it (1 + t0 )(1 + n0 )(1 ·+ t 0 )(t2 + n2 + t 2 - Jt-> 

::t = ~ (1 + n0 )(1 + t0 )[t1(Jt2 + n2 + t2 - 1;) + 2tj 

aN 
ant • ri (1 + t0 )(1 + t0 )[n1(Jn2 + t2 + t2 - Jt.> + 2n] 

aN 
at1 • it (1 + t 0 )(1 + n0 )[t1(3t2 + t 2 

+ n2 - 1i> + 2t] 

M1d-S1de Grid Points 

1 t1 = !1, n1 • :!:t• t1 = !1 

N1 = ri (1 - n2)(1 + 9n0 )(1 + t
0
)(1 + t

0
) 

aN1 9 2 
at = 64 (1 - n )(1 + 9n0 ) t1 (1 + t

0
) 

aNi 9 
-.. - = 2a (1 + t )( 1 + t )(-2n + 9ri1 - 27nn 
al') u.. 0 0 0 

aNi 9 2 
at = 51" (1 - ri )(1 + 9n0 ) t 1 (1 + t0 ) 

where t 0 = tt1• ri0 = rin1, t 0 = tt1 

Mid-Side Grid Points 

1 -t1 = '!i"· qi - !1, t1 = !1 

"t = ri (1 - E;2)( 1 + 9E;o) (1 + no) (1 + to) 

3N 
att • rt (1 + n0 )(1 + t

0
H-2t + 9t1 - 27((

0
) 

aN 
ant .. ri (1 - E;2)(1 + 9to)(1 + to) n1 

aN 
3t1 • ri(1-E;2)(1 +9E;o)(1 +no) t1 

Mid-Side Grid Points 

1 t1 • !1, flt• !1, t1 = !-j 

N1 • gt (1 - ,;2)(1 + 9,;
0
)(1 + t

0
)(1 + n

0
) 

aN1 • 
~ 

9 2 
64 (1 - t )(1 + 9t

0
) t1 (1 + n

0
) 

aNt 9 2 
an = R (1 - t )( 1 + 9,;o) n1 ( 1 + to) 

aN 9 _-_1 = n (1 + t0 ) (1 + n
0
H-2t + 9,;1 - 27tt

0
) 

a,; 

-t 
0, 
ICT .... 
111 .... . 
.... 

-1, Ill 
0 0 ., -a 

0, 
rt ., 
:::r 0, u, 
111 ::3 -t 

111 :x, - rt C: 
:c ., n ..... .... . -t 
>< n C: 
w ~ u, 
fTI :::r ,... .... 0, 

I -a ..... 
111 
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111 ~ ::, "Tl 
rt C ..... 

::, ~ n 
rt 
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N 0 fTI 

::, u, 
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0. -t 
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8.22 THE TRAPAX ELEMENT 

8.22. 1 Input Data for TRAPAX Element 

1. The ECPT/EST entries for the assym-trapezoidal ring (TRAPAX) element are 

Symbol 

EID 

SIL1 ,SIL2 ,SIL3,SIL4 

y 

MAT I.D. 

N1 ,R1 ,z1 ,O.O 
N2,Rz,Z2,o.O 
N3,R3,z3,0.0 
N4,R4,z4,0.0 

Description 

Element !0*1000 + hannonic number+ 

Scalar index numbers for the four grid points 

Material property orientation angle (degrees) 

Material property identification number 

Angles defining points around element 

Local coordinates systems number and location in 
basic coordinate of the four grid points 

Element temperature for material properties 

Harmonic index 

For this element N1 must equal zero for i • 1, 2, 3 and 4, and we define: 

x, 

{Rs} • 
X2 

X3 

X4 

• 

8.22-1 {7/4/76) _ .... -... 
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2. Material Property Input 

The material property input for the TRAPAX element is the same as that for the TRIAAX element 

(see Section 4.87.17.1). 

8.22.2 General Calculations 

1. Local coordinate calculations are: 

2min 
2min 
2m1n 
2min 

2. Test for a rectangle. Let RLi be the 1th component of {RL}' and define: 

Rll - RL4 
If I RM

14 
I< 0.005 then RLl • RL4 • RM14 • 

RL2 - RL3 
If I RM2J I < 0.005 then ~ 2 • RL3 • ~ 23 • 

If RLl • RL4 and RL2 • RLJ' then the element is rectangular. 

(NJTE: .005 is geometry dependent·and may need modification) 

8.22-2 (7/4/76) 
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3. Generate the transfonnation matrix from field coordinates to grid point degrees of 

freedom: 

1 RLl ZLl RLlZLl 0 0 0 0 0 0 0 0 

0 0 0 0 1 RLl 2L 1 RL1 2Ll 0 0 0 0 

0 0 0 0 0 0 0 0 1 RLl ZLl RLlZLl 

1 RL2 2L2 RLrL2 0 0 0 0 0 0 0 0 

0 0 0 0 1 RL2 2L2 RL22L2 0 0 0 0 

0 0 0 0 0 0 0 0 1 RL2 2L2 RLZ2L2 
[HJ .. 
( l 2xl 2) 1 RL3 2L3 RL32L3 0 0 0 0 0 0 0 0 

0 0 0 0 1 RL3 2L3 RL32L3 0 0 0 0 

0 0 0 0 0 0 0 0 1 RL3 2L3 RL32L3 
1 RL4 ZL4 RL4ZL4 0 0 0 0 0 0 0 ·O 

0 0 0 0 1 RL4 ZL4 RL4ZL4 0 0 0 0 

0 o· 0 0 0 0 0 0 1 RL4 ZL4 RLiL4 

[HJ • [HJ-1 

8.22.3 Integral Calculations 

a. Compute the integrals over the cross-section of the trapezoid that are of the fonn: 

opq •ff rPzg drdz 
r z 

Subroutine DKL calculates the values; 

( 8) 

(9) 

See section 16.4-2 of the Theoretical Manual for equations on calculating the integrals. 
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8.22.4 Elastic Constants Matrix Calculation 

The elastic constants matrix in element coordinates, [Eg], for the TRAPAX element is calculateG 

identically to the elastic constant matrix for the TRIAAX element (see Section 8.17.4). 

8.22.5 Stiffness Matrix Generation (Subroutine KTPZ of Module EMG) 

l. Generate the tenns of the synmetric element stiffness matrix in field coordinates as shown 

below. Each tenn must be multiplied by ~c2~ ff n•O) to fonn [K]. 

- - - - - -
Kll K12 K13 K14 K15 Kl6 K,-7 K18 K19 Kl, 10 Kl, 11 Kl, 12 

- -
R22 K23 K24 K25 K26 K27 K28 Kig K2,10 K2, ll K2, 12 

- - - - - - -
K33 K34 K35 K36 K37 ~8 ~9 KJ, 10 K3,ll K3,12 

- - - - -
K44 K45 K46 K47 K49 K49 K4, 10 K4, 11 K4, 12 

- - -
K55 K56 K57 Ks0 K59 KS, 10 KS,11 K 5, 12. 

- - - - - -
~6 ~7 ~8 0 ~.10 ~.11 ~. 12 -

[Kn] • .. - - - - (10) 
K77 K79 ~9 K7, 10 ~ ,11 K7 .12 

Kea "a9 K8, 10 "a, 11 "a,12 
- - - -K99 Kg, 10 Kg,,, Kg, 12 

- -
Synmetric r.,0,10 Kl0,11 K10, 12 

Kl l, 11 Kll, 12 

K12, 12 

8.22-4 (7/4/76) 
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where for the nth harmonic 

2 
Ki, = (E33 + n E55) 0-1,0 

2 
K12 = (E13 + E33 + n E55) 00,0 

2 
K13 = (E33 + n E55) 0-1., + E34 °0,0 

2 
K14 .. (E13 + E33 + n E55) 00,1 + E34°1,o 

K15 • n(E33 + E55) 0-1,0 

K16 • nE33°o,o -
K17 • n(E33 + Ess> 0-1,1 -nEs6°0,0 

K3,5 • n(E33 + E55)0_,,, + nE3460,o -
K3,6 • nE3360,1 + nE3461,o -
K3,7 • n(E33 + E55) 0-1,2 + n(E34 - E56) 60,l -
K3,s • nE33°0.2 + n(E34 - Es6> 01,1 

2 
K3,9 • n E56°-1,1 

8.22-5 (7/4/76) 
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~5,6 

~5,7 

' 

~6,12 • "02,0E23 + "01,1E34 

~7,7 • (E55 + "
2

E33> 0-1,2 - 2Ess00,1 + Ess01,o 
2 

~7,8 • n E33°0,2 - Es6°1 ,l + E66°2,0 

~7,9 • nEs6°-1 ., - nE66°0,0 

~7,10 • "00,1(E34 + Ess> -n°1,0E66 

~7,11 • "00,J(E23 - _E55) + "0-1,2E55 

K7,12 • "01,1(E23 - Ess> + "00,2(E34 + Ess> 

8.22-6 (7/4/76) ....... ~ .. 
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THE TRAPAX ELEMENT 

2. Transfonn the element stiffness matrix from field coordinates to grid point degrees of 

freedom: 

{11) 

3. The 3 by 3 partitions [KpjJ of [K], corresponding to the pivot point p, are extracted from 

[KpjJ' then for insertion, these 3 by 3 partitions are expanded to 6 by 6 partitions: 

8.22.6 

-
Kpj 0 

I 
[KpjJ • --- 1" - -

0 0 

Mass Matrix Calculations (Subroutine MPZDA of Module EMG) 

1. Generate the consistent mass matrix in field coordinates 

8.22-7 (.714/76) 
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[t.] 

[M] = ( 12x12) p (t.] 

[t.J 

where 

Al ,0 A2,0 Al , 1 Az, 1 

[t.] • A3,0 . Az.1 At, 1 

-SYM Al ,2 Az,2 

J 
A3,z 

p • 2'11'p if n • O 
and 

p • ffp if n > O 

The integrals for the trapezoidal ring, A1,0,A2,0,A1,1,A2,1,A3,0,A3,1,A1,2,A2,2, and A3,2 

are computed by subroutine DkL and are equivalent to the integrals I;j· 

2. Transform the mass matrix to grid point degrees of freedom: 

3. The 6 by 6 partitions. (MpjJ' are calculated as in equations 22 and 23. 

4. Generate the lumped mass matrix 

For n • 0, M • 2'11'p I\. A 

For n > 0, M • ,rp I\_ A 

where A• l/2(R1(Zz-Z4)+Rz(Z3·Z,)+R3(Z4-Zz)+R4(Z,-Z3)) 

4 
and RL • 1/4 !; R1 

1•1 

8.22-8 (7/4/76) 
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8.22.7 Thermal Load calculations (Subroutine TPZTEM of Module SSGl) 

1. Form the temperature gradient vector: 

{LIT} = {T} -

where {T} is the vector of loading temperatures at the grid points. 

2. Form the thermal expansion coefficient vector: 

{a} • {6xl) 

3. Multiply the elastic constants matrix by the thermal expansion coefficient vector: 

{B} • [Eg]{a} 

4. Fonn the {Q} matrix: 

[AJ 
{ 12x4) 

• 

83Aa,o B3A1,o B3Ao, 1 B3A1,1 

(B,+B3>A1 ,0 (B1+B3)A2,0 (Bl+B3)Al, 1 {B1+B3}Az, 1 

B3Ao, 1+B4A1 ,0 B3A1 ,1+B4Az,o 83Aa,z+B4A1,1 B3A1,z+B4A2,1 

{B1+B3)A1,1+B4Az,o (B1+B3)Az.1+B4A3,o CB1+B3>A1 ,z+B4Az.1 (B1+B3)Az,z+B4A3,1 

n B3Ao,o n B3A1,o n B3Ao, 1 n B3A1 ,1 

n B3A1,0 n B/2,0 n B3A1,1 nB3Az,1 

n B3Ao,1 n B3A1 ,1 n 83Aa,z n B3A1,2 

n B3A1, l n B3Az.1 n B3A1,2 n B3Az,2 
0 0 0 0 

B4A1,0 B4Az,o B4A1,1 B4Az,1 

BzAl,O 82A2,o BzAl,1 BzAz, 1 

B2A2,o+B4A1 ,1 82A3,o+B4A2,1 BzAz,1+B4A1.2 BzA3., +B 4Az ,2 

where the integrals for the trapezoidal ring, Ao,o•Aa,l, et~. are computed by 
subroutine AIS. 
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5. Compute the thermal load in field coordinates: 

~ 

{FT} = C [Q][H'] {~T} 

where AB = (R2-R1) (R3-R4) (Z4-Z1) 

and C • ~ if n,io 

C • 2~ if n,'0 

6. Transform the thermal load to grid point degrees of freedom: 

7. These vectors are added to the overall load vector, {Pg} . 

8.22.8 Element Stress and Force Calculations (Subroutines STPAXl. STPAX2 1 and STPAX3 of 

Module SDR2) 

Phase I calculations are as follows: 

l. Form the element stiffness matrix [K] as in Section 

2. Defi ne a fi f th "grid point" to be the average of the other four points : 

RL5 • l/4(RL1+f\.2+f\.3+RL4) t 

2L5 • l/4(ZL1+ZL2+ZL3+ZL4) 

' [o(l>J. ro<2JJ. ro<3>J. [o(4)J. [o(5)J 3. Form the matrices 

0 1 0 Z; 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 1 Ri 

ro(i)J. 
1/R; 1 z1tR1 Z; +n/R; +n +nZi/R; +nz1 0 0 0 0 

(6xl2) 0 0 1 R; 0 0 0 0 0 0 Z; 
.. n/R; -n -nZ;/Ri -nz1 -1/R; 0 -z1 /R; 0 0 0 0 0 

0 0 0 0 0 0 1 R; -n/Ri -n -nZi/R; +nz1 

where i • 1 to 5 denotes the five grid points. 
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4. Compute the stress matrices for each of the five grid points in field coordinates: 

(26) 

5. Transform each stress matrix to grid point degrees of freedom: 

cs';> J .. [S(i)J [HJ (27) 

6. Form the master stress matrix: 

s(.1) 

5(2) 

[S] • 5
(3) 

20 X 12 (28) 

5(4) 

5(5) 

7. Fonn the thennal stress vector: 

PS • Epa (29) 

Phase 2 Calculations are as follows: 

l. The elements in the EST are ordered by hannonic and TRAPAX I.D. number. All harmonic 

elements for each TRAPAX are grouped together. When the hannonic, N, of an element is zero, 

it indicates that it is the first of a group of element. Storage space is allotted for four 

35 by 14 vectors, defining the element forces at four points and stresses on its centroid and 

grid points. 

2. Extract the displacement vector {A}, at the three translational components of the grid 

points from the global displacement vector. 

3. Calculate the element forces: 

{P} • [K] {A} 

4. Calculate the element stresses: 

8.22-11 (7/4/76) 
~ ••• ¥ _ ... -.... 

(30) 

(31) 



where 

STRUCTURAL ELEMENT DESCRIPTIONS 

Ti - T
0

, if i; 5 (T; is the temperature at ;th point) 

Tavg - T
0

, if i = 5 (Tavg is the average temperature over 
the four grid points) 

if N>O T
0

=0 (T
0
is reference temperature) 

5. Sum, the hannonic element stresses 

N+l 
ah • a + I: [C (sy)] {a(K)} 

o K=2 o 

where 

For.syrrmetric case sy-0 

For antisynmetric case sy•l 

CosNe1 0 

0 CosNe1 
[C(O)] • 0 

0 0 

0 0 

0 0 

0 0 

SinNe1 0 

0 S1nN8; 

[C(l)J 
0 0 

• 0 0 0 

0 0 

0 0 

0 0 

0 0 

CosNe1 0 

0 CosNe1 

0 0 

0 0 

0 0 

0 0 

SinNe1 0 

0 Si nNe1 

0 0 

0 0 

8.22-12 (7/4/76) 

0 0 

0 0 

0 0 

0 0 

S1nNe1 0 

0 SinN8; 

0 0 

0 0 

0 0 

0 0 

-cosNe1 0 

0 -CosNe1 

.~/ 
__ .,,· I 
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6. Sum, the hannonic element forces at each grid point 

N+l 
P, = P + ~ [C(sy)J {P(K)} 

1 o K=Z o 

where 

For synrnetric case sy•O 

For antisynmetric case sy=l 

Cos Ne; 
(C(O)] = 0 

0 

0 

SinNe1 
(C(l) J • 0 

0 

0 

0 

SinNe; 

0 

0 

CosNe; 

0 

8.22-13 (7/4/76) 
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0 
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8.23 THE TRIAAX ELEMENT 

8.23. 1 Input Data for TRIAAX Element 

1. The ECPT/EST entries for the axisyn111etric triangular ring (TRIAAX) element are: 

Symbol 

EID 

y 

MAT I.D. 

C?i,i .. 1,14 

N1,R1,z1,o.o! 
N2,~,22,o.o 
N3,R3,z3,0.0 

t'IJ 

N 

. • 

Description 

Element I0*1000 + hannonic number +1 

Scalar indices of the Nth hannonic of the three 
grid points. 

Material property orientation angle (degrees). 

Material property identification number. 

Angles defining points around element. 

Local coordinates system nunt>er and location in 
basic coordinate of the three grid points • 

Element temperature for material properties. 

Hannonic index. 

For this element N; must equal zero. for i • 1, 2 and 3, and we define: 

{Rs} • 1:: l 

• 

8.23-1 (7/4/76) 
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2. Material data 

The material property identification nuni>er, Mat I.D., and the element temperature for 

material properties, tµ' are used to select the following data items. For this element, 

material properties may be defined on a MATl or MAT3 bulk data card. 

8.23.2 General Geometric Calculations 

1. Local coordinate calculations are: 

Young's moduli in the radial, tangential and axial 
directions respectively. 

Poisson's ratios in the three directions indicated. 

~ass density. 

Shear moduli in the three directions indicated. 

Coefficients of thermal expansion in the three 
directions indicated. 

Thermal expansion reference temperature. 

Structural element damping coefficient. 

' 

( 3) 

( 4) 

(5) 

2. The transformation from field coordinates to grid point degrees of freedom is given by 

the inverse of (RLi and ZLi are the ;th components of {RL} and {ZL} re~pectively): 

8.23-2 (7/4/76) 
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RLl ZLl 0 0 0 0 0 0 

0 0 0 l RLl. ZLl 0 0 0 

0 0 0 0 0 0 1 RLl ZLl 

l RL2 2L2 0 0 0 0 0 0 

[HBqrl ... 0 0 0 l RL2 2L2 0 0 0 (6) 

0 0 0 0 0 0 l RL2 2L2 
l ~3 2L3 0 0 0 0 0 0 

0 0 0 l RL3 2L3 0 0 0 

0 0 0 0 0 0 l RL3 2L3 9x9 

8.23.3 Integral Calculations 

1. The integrals over the area of the cross•section are of the form: 

( 7) 

subroutine DKL calculates the values: 

8.23.4 Elastic Constants Matrix Calculations 

1. Generate the transfonnation from material axis to element geometric axis. 

cos2 sin2 0 -2sin cos 0 0 

sin2 cos 2 0 2s1n cos 0 0 

0 0 l 0 0 0 
[Teo] • 

cos2 -sin2 sin cos -sin cos 0 0 0 
. (8) 

0 0 0 0 cos •Sin 

0 0 0 0 sin cos 

8.23-3 {7/4/76) 
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2. Generate the matrix of elastic constants for an orthotropic body with respect to 

cylindrical coordinates: 

where 

ErO-vezvze> 

Er(vzr + vzever) 

Er(ver + vezvzr) 

0 

0 

0 

Ez(l-vez"ar) 

Ez(vez + vervrz> 

0 

0 

0 

(Symmetric) 

~ • 1 • vrever·vezvze • vzr vrz • vre vezvzr • vrzvervze • 

3. Calculate the elastic constants matrix in element geometric axes: 

8.23.5 Stiffness Matrix Generation (Subroutine KTRIA of Module EMG) 

1. Generate the element stiffness matrix in field coordinates: 

Kll Kl2 K13 K14 K15 Kl6 K17 - - - - - -
K22 K23 K24 K25 K26 K27 - - - - -

K33 K34 K35 K36 K37 - - - -
K44 K45 K46 K47 - - -

[Kn] • K55 K56 K57 - -
Synmetric "66 "57 -\ K77 

L 
8.23-4 (7/4/76) 

-·····r:t·· 

K18 K19 - -
K28 K29 - -
K39 K39 - -
K49 K49 - -
Ks8 K59 - -
"ss "59 - -
K79 K79 - -
Ksa K99 

Kgg 

(9) 

(1 O) 

(11) 

( 12) 

(13) 

(14) 
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where 
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- - ·2 
Kss = n °0,1E33 

K57 c O 

Kss = n°1,0E34 

2. Transfonn the element stiffness matrix from field coordinates to grid point degrees of 

freedom: 

(15) 

3. The 3 by 3 partitions [K3pj] of [K], corresponding to the pivot point p, are extracted 

from [K], then for insertion, these 3 by 3 partitions are expanded to 6 by 6 partitions: 

~ I ~ K t 0 

[Kpj] • - - ~ - --
0 I 0 

I 

(16) 

8.23.6 Mass Matrix Calculations (Subroutine MSTRIA of Module EMG) 

1. Generate the consistent mass matrix in field coordinates: 

/ 

8.23-6 (7/4/76) 



M = p 

where 

and 

[ti] = 

p • p • 2~ for N • 0 

p • p • ~ for N > 0 

THE TRIAAX ELEMENT 

[ti] 

[ti] ( 17) 

[ti] 

(9 X 9) 

Al,O A2,o Al, l 

A3,o A2, l ( 18) 

Al ,2 

The integrals of the triangular ring A1,0, A2,0, A1,1, A3,0, A2,1 and A1,2 are computed by 

subroutine DKL and are equivalent to the integrals o;j· 

2. Transform the mass matrix from field coordinates to grid point degrees of freedom: 

3. The 6 by 6 partitions, [Mpj], are calculated as in Equation 16. 

4. Generate the Lumped Mass 

M • 2n * p * RL * A 

for N > 0 M • M/2 

where 

8.23-7 (i/4/76) 
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8.23.7 Thermal Load Calculations (Subroutine TRTTEM of Module SSGl) 

1. Form the vector of thermal strains: 

{a} • Tavg (6xl) (21) 

where Tavg is the average loading temperature at the grid points: 

(
(T1+T2+T3) ) • 

for N • O TavQ • 3 -T0 *2'rr 

(T1+T2+T3) 
for N > 0 T • ·~ avg 3 

2. Compute thermal load vector.in grid point degrees of freedom: 

(22) 

0 0 Ao,o 0 -NAo,o 0 

A1,o 0 Al,O 0 ·NA1,o 0 

0 0 Ao., Al,O -NAo., 0 

0 0 NAo,o 0 ·Ao,o 0 

[oJT • 0 0 NAl ,0 0 0 0 (23) 

0 0 NAo ., 0 ·Ao, 1 Al,O 

0 0 0 0 0 -NAo ,0 

0 0 0 Al,O 0 -NA1,o 

0 Al,O 0 0 0 -NAo, 1 

The integrals of the triangular ring, Ao,o• Ao,,• and A110 , are computed by subroutine AIS. 

3. Each partition, {F~}. of length 3 of {FT} is transformed to global coordinates by 

(24) 

8.23-8 (7/4/76) 
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These vectors are added to the overall load vector, {P
9
} . 

8.23.8 Element Stress and Force Calculations (STRAXl, ST~X2 1 STRAX3 of module SDR2) 

Phase 1 calculations are as follows: 

1. Form the element stiffness matrix [K] as in Section 8.25.5. 

2. Compute the constants: 

3. Form [0
0

] matrix 

0 1 

0 0 

1 1 R; 
[00] • 

0 0 

-N -N 
Ro 

0 0 

4. Compute the stress matrix 

R ., 
0 

z .. 
0 

0 

0 

zo 
r 

0 

1 

-NZo 
~ 

0 

[SJ • 

3 
l/3 ~ Z.e.i 

i•l 

0 0 

0 0 

N N n; 
0 0 

1 0 -JC 0 

0 0 

[E9][D0][H8qJ 

5. Compute the thermal stress vector 

{Ts} • [Eg] {;} 

8.23-9 (7/4/76) 

0 

0 

NZo 

~ 

0 

-z 0 

~ 

1 

. 

0 0 0 

0 0 , 
0 0 0 

0 1 0 

0 0 0 

-N -NZ 
-N 0 

Ro Ro 

(25) 
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Phase 2 Calculations are as follows: 

1. The elements in the EST are ordered by harmonic and TRIAAX I.O. number. All harmonic 

elements for each TRIAAX are grouped together. When the harmonic, N, of an element _is zero, 

it indicates that it is the first of a group of elements. Storage space is allotted for 

15 by 14 vectors defining the element forces at three points and stresses on its centroid. 

2. Extract the displacement vector {t.}, at the three translational components of the grid 

points from the global displacement vector. 

3. Calculate the element forces: 

4. Calculate the element stresses: 

where 

for N • O 

and for N > 0 

{P} • [KJ{t.} • 

·rd • Tavg • To 

Td • Tavq 

5. Sum of hannonic element forces a~ ~ach grid po1nt 

N+l 
{P

1
} • {P } + I: [C (sy)J {P(K}} 

o K•2 o 

For the syninetri c: case sya() 

For antisynmetric: case sy•l 

[C (O}J • 
0 

[C (l)J • 
0 

CosNe1 

0 

0 

0 

8.23-10 (7/4/76) 
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6. Sum, the harmonic element stresses computation 

N+l ( {c/ K)} crh = cr + L [C sy)] 
o K=2 o 

where 

For synunetric case sy=O 

For antisynmetric case sy=1 

ro:Ne; 0 0 0 0 

CosNe; 0 0 0 

[C (0)] • 0 0 Cos Ne; 0 0 0 

0 0 0 CosNe; 0 

0 0 0 0 SinNe; 

' 0 0 0 0 0 

fsinN9; 0 0 0 0 

0 SinNe1 0 0 0 

[Co(l)] • 0 0 SinNe1 0 0 

0 0 0 SinNe1 0 

0 0 0 0 -cosNe; 

0 0 0 0 0 

8.23-11 (7/4/76) 

0 l 0 

0 

0 

0 

SinNS; 

0 

0 

0 

0 

0 

-CosNS; 

/; 
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8.24 TRIM6: LINEAR STRAIN TRIANGULAR ELEMENT 

8.24. l Input Data for TRIM6 Element 

1. EST entries for TRIM6 are: 

Symbol 

EID 

SIL1 t SIL2, ••• t SIL6 
9 

Mat ID 

Tl t T3, TS 

u 

Nil 
Xi 

i • 1., 6 

y i ( . 

zi J 
TOl, T02, T03, T04, TOS, T06 

2. Coordinate system data 

Description 

Element Identification Number 

Scalar indices of connected grid points 

Anisotropic material orientation angle 

Material Identification Number 

Thickness of corner grid points 

Nonstructural mass per unit area 

Local coordinate system nuni>ers and 

location coordinates in the basic 

system for the connected grid 

points 

Temperatures at the grid points 

The. numbers N1, Xi' Yi and Z; are used to cal cul ate 3 by 3 basic-to-rlobal coordinate 

transformation matrices [T1J for points i • l, 2, 3, 4, 5 and 6. 

3. Material data 

Symbol 

[GJ 

p 

Description 

3 x 3 stress-strain matrix 

Mass density 

Thennal expansion coefficients 

Reference temperature 

Structural damping coefficient 

Stress limits for tension, compression 
and shear 
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8.24.2 Basic Equations for TRIM6 

1. The element coordinate system is defined by the following equations: 

(1) 

(2) 

{i} • 
{V13} 
I tv1311 "(3) 

{k} • 
{i} X tV13} 

ltH X tV,3}1 
"(4) 

{j} • {k} X {i} (5) 

2. The displacement transfonnation matrix from basic coordinates to in-plane coordinates is: 

[EJT • (6) 

3. The local {element) coordinate system of the element is as follows: 

The x-axis is obtained by joining grid points 1 and 3 of the element. 

The y-axis is the perpendicular from grid point 5 to the x-axis (line joining grid points 

1 and 3). 

Depending upon the location of grid point 5 relative to grid points 1 and 3, 3 cases of 

triangle orientation are possible: (refer to Figure 1) 

Case I: Acute angles at grid points 1 and 3 

C • (7) 

b • 

a • (9) 

8.24-2 {12/31/77) 
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Coordinates of points are; 

a - b 
= -2-' X3 = 

i 
- ' X5 = = - b 
2 

C C 
• Y3 = 0 • Y4 = 2 • Y5 = C and Y5 = 2 

Case II: Obtuse angle at grid point 3 

Coordinates of points are; 

-a - b 

C • 1{1} X {V15}I 

b • {1} • {V15l 

! 

b x1 • -b , x2 • X • 2 ' 3 . --
C . -
2 

Case III: Obtuse angle at grid point 1 

Coordinates of points are; 

x1 • b, 

Y1 • 0, y2 • 0, 

c • l{i} x {v15}1 

b • {1} • {v15} 

a • l{V13}1 + b 

8.24-3 (12/31/77) 
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1(-b,O) 

Case I. Acute angles at grid points 1, 3 and 5. 

y y 

~ 
I "· -........ . 

'·'Q 6 'o~ 
I '· . ·, 

1 

~--o-----Cl'-- - - - - - L X 
I_ - - ..-:~ - ~ ''-·----JO-- X 

l(b,O) 2 3(a,O) 1 (-b,O) 2 3 ( a ,0) 

Case II. Obtuse angle at grid point 3. Case III. Obtuse angle at grid point 1. 

Figure 1. Triangular element shapes. 
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4. The matrix [HJ relating grid point displacements and the generalized coordinates (in the 

equation {u} : (HJ {a}) is given by; 

Hl 0 

[HJ • ------ (22) 

0 Hl 

where; 

l x, Y1 x2 1 xlyl i 1 

1 Xz Yz ~ XzY2 ~ 
l X3 Y3 x2 Xy3 i 

[Hl] 3 3 (23) • 

l X4 Y4 x2 4 X4Y4 Y! 

l X5 Y5 x2 5 X5Y5 i 5 

l x6 Ys x2 6 x6y6 i 6 

s. The matrix [B] relating strain vector to the generalized coordinates (in the equation 
{d • [B] {a}) is given by; 

0 l 0 2x y 0 0 0 0 0 0 0 

[B] • 0 0 0 0 0 0 0 0 1 0 X 2y (24) 

0 0 l 0 X 2y 0 1 0 2x y 0 

8.24.3 Stiffness Matrix Calculation for TRIM6 (Subroutine KTRM6S and KTRM6D 

1. The polynomial expressions for variation of u, v and t within the element are: 

12 ffl; ni 
U • !: ai X Y (25) 

i•l 

8.24-5 {12/31/77) 
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12 p. q. 
V .. :r b; X 1 y 1 {26) 

i•l 

3 r1 s. 
t • r: C; X y , (27) 

1•1 

= 0 (28) 

n; • O, n2 • O, n3 • 1, n4 • O, n5 • l, n6 • 2, "7 to "12 • 0 (29) 

P; to P5 • 0, P7 • 0, Pa • 1, Pg • 0, P10 • 2, P11 • 1, P12 • 0 , (30) 

, ( 31) 

(32) 

(33) 

The coefficients a1 to a6 and b7 to b12 are generalized coordinates of the element and can be 

evaluated once the displ,cement vector is known. 

(34) 

The coefficients c1,~ and c3 can be ;evalu~ecS fr.om·the specified thicknesses t 1,t3 and t 5 
of the three corner grid points and the geometric dimensions a,b and c of the element 

c, • 
t 1a + t 3b 

(a+ Pl (35) 

~ • 
t3 - t, 
(a+ b) (36) 

C3 • l (t5 - c,) 
C (37) 
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The elements of the symmetric portion of the stress-strain matrix [Ge] are denoted by 

611•612•613'622• 623 and 633· 

A formula for the integral of the type xmYn taken over the area of the element is; 

!~( xmyn dx dy • F(m n) • cn+l {am+l - (-b)m+l} m!n! 
J ' ( P1 + ·" + 2 .' ! 

The equation used in the stiffness matrix generation in generalized coordinates is; 

+ (G33nfpj + G m q) F (mi+ pj + rk - 1 12 i j 

The stiffness matrix in global coordinates is; 

8.24-7 (12/31/77) 
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[k] = [E] [T]T [H"JT [k]qen [H]•l [T] [E]T where; 

where; [H .. ] • [Hf 1 

For use in the overall structural matrix, the 3 x 3 k;j partition of the stiffness matrix 

[k] correspond;ng to grid point i and connection point j is expanded to 6 x 6 to form; 

I 

k1j I Q 
I ------' 

0 0 

8.24.4 Mass Matrix Calculation for the TRIM6 Element (calculated in the stiffness subroutine 

KTRM6S and KTRM60} 

The mass is generated by the following algorithm; 

The area is; 

Volume; 

V • c1 F(O,O) + c2 F(l,O) + c3 F(O,l) 

where c1 , c2, c3 ( see equation ( 33), ( 34) and ( 35) )are the constants in the thickness 

equation of the element (equation (25)) and zero factorial has a value of 1. The mass 

at each point is; 

m • } (pV + Au) 

For each point the diagonal mass matrix in the element coordinate system at all grid 

points is; 

8.24-8 (12/31/77) 
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m 0 

m 

[mi] = 0 

0 
i .. 1, 2, .. • and 6 (47) 

0 

0 0 

so that [Mee] the element mass matrix has [mi] matrices arranged diagonally. The mass matrix 

in global coordinate system is obtained as; 

(48) 

.. ff m·+m~ · ni+nj 
+ ' • X 

1 
J y . dx dy 

where [M1j]gen represents the jth elemeat of the ;th row of the generalized mass matrix. 

The mass matrix in global coordinates is 

{48b) 

8.24.5 Element Load Calculations for TRIMS (Subroutine TL@DM6) 

The temperature within the element is assumed to vary bilinearly; 

(49) 

with; 

(50) 
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and; 

(51) 

The coefficients d1, d2 and d3 are evaluated from the specified temperatures T01 , T03 , and 

T05 at the three corner grid points (obtained from the GPTT data block) and the reference 

temperature T0 of the element; 

dl • 
TOla + T03b 

(a+ b) (52) 

~ • 
T 03 - T 01 
(a+ b) (53) 

d3 • 1 c [T 05 - d1J (54) 

, 

8.24-9a (12/31/77) 
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The constant d1 is modified by the reference temperature, T0, d1 = d1 - T0 . The ith 

element of the generalized load vector {Pgen} is; 

k=l ~-, 

l 
+ 622 qi F ( t pi + rk + .2. 

where; 

The generalized equivalent load vector {Pe} is transfonned to load vector {P} in local 
. g n e 

(55) 

(56) 

(57) 

(58) 

element coordinates and to load vector {P9} in global grid-point coordinates by the following 

trans fonna ti ons: 

{59) 

(60) 

{P
9
} is a 18 x 1 vector. 

The forces are placed in the PG load vector data block. 

8.24.6 Element Stress Calculations for TRIMS Element (Subroutine STRM61 and STRM62 of module SDR2) 

1. The relationship between strain and generalized coefficients is; 
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{e:} = [BJ {a} 

where; 

o o 2x y o O O O o O o 

[BJ = 0 0 0 0 0 0 0 0 1 0 X 2y 

0 0 0 X 2y O 1 0 2X y 0 

The transfonnation from displacements to stress is: 

The temperature to stress relation is; 

where; 

{a} • a I ~11 

for isotropic materials. {a} is input by the user for anisotropic materials and corrected 

for material angle by; 

2. calculations perfonned by STRM62 (Phase 2 calculations) • The equation for stress is; 

( 61 ) 

(62) 

(63) 

(64) · 

(65) 

(66) 

• (67) 

where Tj is the loading temperature for the point where stress is evaluate~ (3 corner grid 

points and centroid) and is obtained from the GPTT data block. The temperature of the centroid 

is taken as the average of the grid point te~eratures. 
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The principal stresses are; 
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e 

(ax ; ay) +j rx ; ay) 2 + a~ 

(ax ; ay) .J (°x ; ay) 
2 

+ a~ 

• } arctan ( 20xv ) in degrees 
ax - cry 

where e is limited to: -90° .:s., e .:s., 90° 

The maximum shear is; 

2 
+ 0'2 

xy 

The stresses are output for four points for every element: three corner grid points and 

the centroid. 

/ 
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8.25 TRPLTl HIGHER ORDER PLATE-BENDING ELEMENT 

8.25. l Input Data for TRPLTl Element 

l. EST entries for TRPLTl are: 

Symbol 

EID 

SIL1, SIL2, ..•• SIL6 
6 

Mat rob 
Mat I05 

Il, I3 and IS 

TSl, TS3 and TS5 

u 

Zll, Z21, Z13, Z23, Z15 and Z25 

i • 1, 6 

2. Coordinate system data 

Description 

Element Identification Number 

Scalar indices of connected grid points 

Anisotropic material orientation angle 

Material Identification Nunt>er for bending 

Material Identification Number for shear 

Area moment of inertia per unit width at corner 
3 

f t, t3 t3 
grid points Il • ----, I3 • 3, 15 • 5 

12 T2 i2 

Effective thickness for transverse shear at 

corner grid points 

Nonstructural mass per unit area 

Distances Zl and Z2 for stress calculation at 

-three corner points 

Local coordinate system numbers 

and location coordinates in the 

basic system for the connected 

grid points 

Element temperature 

The nunt>ers N1• x1 and Zi are used to calculate the three by three basic-to-global 

coordinate transfonnation matrices [Ti] for points i • 1, 21 3 1 4 1 5 and 6 (via 

subroutines TRANSD or TRANSS). 
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3. Material data 

S~bol 

[G] 

p 

ax • o.y • o.xy 

For Mat 
TO 

rob ge 

at ,ac' as 

For Mat Gs 
IDs 

8.25.2 Basic Equation for TRPLTl 

STRUCTURAL ELEMENT DESCRIPTIONS 

Description 

3 x 3 stress-strain matrix 

Mass density 

Thennal expansion coefficients 

Reference temperature 

Structural damping coefficient 

Stress limits for tension, compression and shear 

Shear coefficient 

1. The element coordinate system is defined by the following equations: 

(1) 

(?.) 

A • (3) 

(4) 

(5) 

{j} • {k} X {i} (6) 

2. The displacement transfonnation matrix from basic coordinates to in-plane coordinates is: 

8.25-2 (12/31/77) 
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THE TRPLTl ELEMENT 

k1 k2 k3 0 0 0 

[E]T = 0 0 0 i1 i2 i3 

0 0 0 j, j2 j3 

The local (element) coordinate system of the element is as follows: The x-axis is 

obtained by joining grid points 1 and 3 of the element. The y-axis is the perpen­

dicular from grid point 5 to the x-axis (line joining grid points 1 and 3). 

Depending upon the location of grid point 5 relative to grid points 1 and 3, three 

cases of triangle orientation are possible: (refer to Figure 1 in Section 8.24). 

Case I: Acute angles at grid points 1 and 3 

Coordinates of points are; 

. 

C • 

b • 

a • 

O and x6 • - b 
! 

C C 
' Y3 • 0 ' Y4 • 2 ' Y5 • C and Ys • 2 

Case tI: Obtuse angle at grid point 3 

Coordinates of points a~e; 

a - b 

b • {i} · {V 15} 

a • b - 1cv13}1 

b 
• • ~ ,x3 • 0 --z 

= 0 
C ..... 

' Y5 " 
C 

c and y6 • 2 2 

8.25-3 (12/31/77) 
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(7) 

(8) 

(9) 

( 10) 

(11) 

(12) 

( 13) 

( 14) 

(15) 

( 16) 

(17) 
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Case III: Obtuse angle at grid point 1 

Coordinates of points are; 

x, = b , 

b • {i} · {V15} 

• a a 
2 , 

. ~ 
2 

( 18) 

(19) 

(20) 

(21) 

(22} 

4. The matrix [HJ (for !'liltes infinitely rigid in transverse shear} relating gric! point 

displacerrents and the qeneralized coordinates (in the 9<!uation {u} • [M] {a.}) ii; give" 

by the matrix [H]. 
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1 x2 y~ x3 2 2 3 x4 3 x2l 3 4 XS 3 2 x2y3 1 ,5 Xl Y1 1 xlyl 1 xlyl xlyl Y1 1 xlyl 1 1 xlyl Y1 1 xlyl 1 1 X1Y4 1 

0 1 0 2y1 0 2 
2xlyl 3yf 0 x3 2 2 

4y: 0 3 Jx2y2 3 
sy1 0 xl xl 1 2xly1 Jxlyl 2xly1 1 1 4xlyl 

0 -1 0 -2x1 0 2 
-2xly1 2 0 3 2 2 3 4 2 2 3 4 -yl -3x1 -yl -4x1 -3xlyl -2xlyl -yl 0 -sx1 -Jxlyl -2xlyl -yl 0 

1 x2 2 XJ 2 2 3 x4 3 x2y2 3 y: XS x3/ 2 3 4 ,5 X2 Y2 2 x2y2 Y2 2 x2y2 Xif2 Y2 2 x2y2 2 2 X2Y2 2 2 2 X2Y2 x2y2 2 

1 2y2 0 x2 2 0 x3 2 · 2 3 0 2x}2 
2 2 3 4 0 0 0 X2 2 2xif2 3y2 2 2xz12 3xif2 4y2 Jx2y2 4x2y2 Sy2 

0 -1 0 -2x2 0 2 -2xif2 
2 0 3 2 

-2Xif~ 3 0 sx4 2 2 
-2xl1~ -y: -y2 -3x2 -y2 -4x2 -3Xif2 --Y2 - 2 -3x2y2 0 

1 x2 2 x3 X~3 
2 3 x4 x}3 x~~ Xy~ y; x5 x}~ x~~ 4 s X3 Y3 3 Xy3 Y3 3 Xy3 Y3 3 3 X3Y3 Y3 

0 0 1 0 X3 2y3 0 x2 2Xy'J 3y~ 0 XJ 2x~3 3xy~ 4y~ 0 2x}3 3x~~ 4xy~ Sy~ -I 
3 3 :c 

fTI ex, . 
3x2 2 4x3 2 

-2xy~ 
3 sx4 

3x~
2 

-2xy~ -y4 -I N O -1 0 -2x3 -Y3 0 -2XyJ -Y3 0 -3XjYJ -Y3 0 0 ,0 U1 - 3 - 3 - 3 - 3 3 ,, 
I (H]"' .-U1 -t 

x2 2 x3 2 2 3 x4 3 2 2 3 y: XS 3 2 2 3 4 ,5 
..... - 1 ..... X4 Y4 X4Y4 Y4 X4Y4 X4Y4 Y4 X4Y4 X4Y4 X4Y4 X4Y4 X4Y4 X4Y4 fTI N 4 4 4 4 4 .-....... 
fTI w 

x2 3y: XJ 2 4x3 3 3x2,2 3 Sy: 
3: ..... 

0 0 1 0 X4 2y4 0 2x4Y4 0 2x4y4 3x4y4 0 2x4y4 4x4y4 
fTI ....... 4 4 4 4 4 ~ ..... ..... - 2 3 2 2 3 4 Jx2,2 3 0 1 0 -2x4 -Y4 0 -Jx4 -2x4y4 -Y4 0 -4x4 -Jx4y4 -2x4y4 -Y4 0 -sx4 - 4 4 -2x4y4 -Y4 0 

1 2 2 x3 X~5 Xsf~ y: x4 x}s x~~ 3 
y: XS x3/ x2,3 4 

y~ X5 Y5 X5 X5Y5 Y5 s 5 X5Y5 5 5 S S S XsYs 

1 2ys 0 x2 2x5y5 3y~ 0 x3 2 2 3 0 3 2 2 3 4 0 0 0 X5 5 5 2x5y5 3xSyS 4ys 2xSyS 3x5yS 4xSyS Sys 

0 -1 0 -2XS 0 2 2 0 4x3 2 2 3 0 -5x4 Jx2/ 3 -l 0 -ys -Jx5 -2XsfS -Y5 - 5 -3X5Y5 -2Xsf 5 -Y5 s - 5 5 ,2x5y5 5 

1 x2 2 x3 2 2 3 x4 3 x2/ 3 y4 XS x2i x2,3 4 s x6 Y5 6 x6y6 Y6 6 X5Y5 x6y6 Y6 6 x6y6 6 6 x6y6 6 6 6 6 6 6 X5Y5 Y5 

0 0 1 0 2y6 0 x2 2Xfi1& 3y: 0 x3 2 2 3 0 3 2 2 3 
Sy: x6 6 6 2x6y6 3x6y6 4y6 2x6y6 Jx6y6 4X5Y5 

0 -1 0 -2x6 0 3x2 
-2x6y6 -y: 0 -4x3 2 2 ,3 0 -sx4 -Jx2/ 3 -i 0 -y6 - 6 6 -Jx6y6 -2x6y6 - 6 6 6 6 -2x6y6 6 
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5. The matrix [B2] relating curvatures (for plates infinitely rigid in transverse shear) to 

the generalized coordinates in the equation {x1} • [B2] {a}) is given by: (24) 

0 0 0 2 0 0 6x 2y 0 0 12x2 bxy 2i 0 0 20x3 sxi 2i 0 0 

= 0 0 0 0 0 2 0 0 2x by 0 0 2x2 bxy 12y2 0 2x 3 6x2y 12xy2 20i 

0 0 0 0 2 0 0 4x 4y 0 0 6x2 Bxy si 0 0 12x2y 12xy2 8y3 0 

6. The matrix [B1] relating transverse shear strains {y} to the generalized coordinates 

(in the equation {y} • [B1] {a}) is a 2 x 20 matrix whose nonzero elements are as follows: 

s1(1,7) • 6A11 

s1(1,B) • 2~, 

s, (1,9) • 2A32 

s1(1,10) • 6A15 

s, (1, 11) • 24A11 x 

s1(1,12) • 6(A31 x + A11y) 

s1(1,13} • 4(A32x + A31y) 

s, (1. l 4) • 6 ( Al 5x + ~zY) 

s,c,.,s). 24A15y 

s,c,.16). 2 2 -120{A11 + A1~ 21 - o.sA11x) 

B1(l,l 7} • -l 2(AllA32 + A13A34 + A3aA31 + A39A33 + Al1Al6 

2 2 
+ A,sAz, - 0.5~2x - A31XY - o.sA,,y) 

s,c,.,a} • -12 <A,1A15 + A1~2s + A3aA32 + ~9A34 + A1sA31 

2 2 
+ A15A33 - o.sA,sx - A32XY - O.SA31Y) 

B1(1,19). -24{A15A3s + Az5A39 + A15A32 + A15A34 - A15XY - O.SA3zY2) 

s1c1.20) • -12o(A15A16 + A15A25 - o.sA15y2) 

B1(2,7) • 6A21 

B1 (2,8} • 2A33 

8.25-6 {12/31/77) ~-- . ~ .. ". 

(25a) 

(25b) 

(25c) 

(25d) 

(25e) 

(25f) 

(25g) 

(25h) 

(251) 

(25j) 

(25k) 

(251) 

(25m) 

(25n) 

(250) 

(25p) 
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s1(2,9) = 2A34 

s1(2.10) = 6A25 

s1(2,11) = 24~1x 

s1(2,12) = 6(A33x + A21y) 

s1(2,13) = 4(A34X + A3y1) 

s, (2, 14) = 6(A25x + A34y) 

s1(2,1s) = 24A25y 

s1(2,16) .. -120(.A11 Az, + Az3A21 - o.s~1x2) 

s,(2,, 7) = -l 2(Az,A32 + A23A34 + A40A31 + A41A33 + AzsA,, 
2 2 + Az5A21 - O.SA34x - A33xy - O.SA21y) 

s,(2,,a) • -l2(Az,A,s + Az~s + A40A32 + A41A34 + A25A31 

2 2 
+ Az5A33 - O.SA25x - A34xy - O.SAJy) 

s,(2,19) • -24(A15A40 + Az5A41 + A26A32 + Az5A34 - A25xy - O.SA3~2) 

s,(2,20) • -120(A,sA26 + A~s - O.SA25Y
2

) 

where; · 

All • -(J,,o,, + J,20,3) 

A12 • -(J11°12 + J12Dz3) 

A13 • -(J,, 013 + J,2°33) 

A14· • -(J,, 013 + J,2°,2) 

A15 • -(J,1D23 + J12°22) 

A16 • -(J11D33 + J12Dz3) 

A21 • -(J12°11 + J22D13) 

A22 • -(J12D13 + J22Dz3) 

Az3 • -(J12D13 + J22D33) 

Az4 '!' -(J12D13 + J22°12> 

C.25-7 (12/31/77) 

(25q) 

(25r) 

( 25s) 

(25t) 

(25u) 

(25v) 

(25w) 

(25x) 

(25y) 

(25z) 

(25aa) 

( 25bb) 

(25cc) 



Azs = 

A26 = 

A31 = 

A32 .. 

~3 
.. 

A34 .. 
A35 .. 

A36 • 

A37 = 

A39 • 

A39 • 

A40 • 

A41 · • 

STRUCTURAL ELEr1ENT DESCRIPTIONS 

-(J12D23 + J22°22) 

-(J12D33 + J22D23) 

Al4 + ZA13 

A12 + ZA16 

Az4 + 2Az3 

Az2 + 2Azs 

A33 + A11 

A34 + A31 

Azs + A32 

A13 + A14 

A12 + A16 

A23 + Az4 

A22 + A26 

(25cc) 
Con 1 t. 

1. The matrix [83] relating {x2} • the contribution of transverse shear to the vector of 

curvatures, to the generalized coordinates (1n the equation {x,.} • [B3J {a}) is given by; 

s3( 1, 11) • 

s3(1,12) • 

B3(1,13) • 

s3(1,14) • 

B3(1, 16) • 

s3(1,17) • 

B3(1,18) • 

83(1,19) • 

83 (2, 12) • 

s3(2,13) • 

-24A11 

-6A31 

-4A32 

-6A15 

-120A11 x 

-12(A32x + A31y) 

-12(A15x + A3zY) 

-24A15y 

-6A21 

-4A33 

8.25-8 (12/31/77) ---"'- ·-· ·~ . 

(26a) 

(26b) 

(26c) 

(26d) 

(26e) 

(26f) 

(26g) 

(26h) 

(26i) 

(26j) 
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83(2,14) = -6A34 (26k) 

83(2,15) = -24~5 (261) 

83(2, 17) = -12(A33x + ~ly) (26m) 

s3(2, 18) = -12(A34x + A3JY) (26n) 

83(2,19) = -24(A25x + A34y) (260) 

83(2,20) = -120A25y (26p) 

B3(3, 11) = -24A21 
(26q) 

83(3, 12) s: -6(A11 + A33) (26r) 

s3( 3, 13) • -4(A31 + A34) (26s) 

83( 3, 14) s: -S(A32 + ~5) (26t) 

83(3,15) • -24A15 
(26u) 

B3(3,16) • -120A21 x (26v) 

s3(3,17) • -12 [(A34 + ~ 1)x + (A33 + A11 )y] (26w} 

B3(3,18) • - 12 [(Azs + A32)x + (A34 + A31>YJ (26x) 

83(3,19) • -24 [A15x + (A32 + A25)yJ (26y) 

B3(3,20} • -120A15y (26z) 

where; 

All' Al2' ••• and A34 are as given in equations (25cc). 

8. For plates with transverse shear flexibility the modified [H] matrix, [H'], is given by 

subtracting the matrix [81] for each of the six grid points from the respective rows of 

a and e of the grid points in the [HJ matrix. 

9. For plates infinitely rigid in transverse shear, 

[H] l • [H] (27) 

10. The two constraint equations involving _the coefficients a16, a17• a18• a19 and a20 of the 

quintic polynomial for transverse displacement to insure cubic edqe rotation on the 

sloping edges of the triangular element are now entered as the 19th and 20th rows of [H'], 

i.e., the 19th and 20th rows are: 

8.25-9 (12/31/77) _____ .. _ .. _..-. 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 Sb4c (3b 2c3-2b4c) (2bc4-3b3c2) ( c5-4b2c3) -Sbc~ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 5a4c (3a2c3-2a4c) (-2ac4+3a3c2) (c5-4a2c3) 5ac4 

This is now added as the 19th and 20th row of the [H'] matrix to form [H"] matrix. [H"] is 

a 20 x 20 square matrix that is nonsingular. 1 

11. The [H"] matrix is inverted. The first 18 columns of the [H"T 1 matrix is denoted by the 

matrix [H] (Size 20 x 18), i.e., • 

[H] • The first 18 columns of [H"r l (28) 

8.25.3 Stiffness Matrix Calculation for TRPLTl (Subroutines KTRPLS and KTRPLD) 

1. The polynomial expressions, for variation of wand t within the element, are; 

3 r s 
t • E cix 1y i 

i•l 

The values of m1, n1, ri and si are; 

m6 • 0, m., • 3, "'s • 2, mg • 1, m, 0 • 0 

"'ls • 5, m17 • 3, mlS • 2, m19 • 1, m20 • 0 

"1 • 0, n2 • 0, "3 • 1, n4 • 0, "s • 1 

"6 • 2, n, • 0, "s = 1, ng • 2, "10 = 3 

nll • O, n12 • l, "13 • 2• "14 • 3• "15 • 4 

"16 • O, n17 • 2• nlS • 3• "19 • 4• n20 • S 

(29) 

(30) 

(31) 

(32) 

(1) A numerical exoeriment to verifv that [H"l is nonsingular for all practical element sizes is 
described in "New Triangular and Quadrilateral Plate-bending Finite Elements", by R. Narayana­
swami, NASA TN 0-7407, April, 1974. 

8.25-10 (12/31/77) 
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(33) 

( 34) 

The coefficients a1 to a20 are generalized coordinates of the element and can be evaluated 

once the displacement vector is known. 

The coefficients c1, c2, and c3 can be evaluated from the specified thicknesses t 1, t 3 and 

t 5 of the 3 corner grid points and the geometric dimensions of the element: 

I 

where t 1, t, and t 5 are evaluated from the values 11• I3 and 15 respectively. 

The elements of the synmetric portion of the stress-strain matrix [Ge] are denoted by 

611' 612• 613• 622• 623 and 633· 
A formula for the integral of the type xmyn taken over the area of the element is; 

ff xmyn dx dy • F (m,n) • cn+1{am+l - (-b)m+l}. m!n! 
(m + n + 2) 1 

The equation used is the stiffness matrix generation in generalized coordinates for 

plates infinitely rigid in transverse shear is given by: 

n. + n. + sk + sk + sk) + 622n.n. (n. - 1} {n. - 1) F(m,. + mJ. 
1 J 1 2 3 iJ 1 J 

+ rk + rk + rk, n1 + n. + sk + sk + sk - 4} + 
1 2 3 J 1 2 3 

8.25-11 (12/31/77) 
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• (n,. - 1) ) F(m. + m. + rk + rk + rk - 2, n. + nJ. + sk 
1 J 1 2 3 1 1 

+m.+rk +rk +rk -3,n.+n .. +sk +sk +sk -1) 
J 1 2 3 1 J 1 2 3 

+ rk - 1, n. + nj + sk + sk + sk - 3)] 
3 1 l 2 3 

( 39) 

Cont. 

For plates with transverse shear flexibility, the expression for generalized stiffness matrix 

consists not only of the closed form expression but four additional integrals, given below, 

that are evaluated using numerical integration, i.e., 

[Kgen] • [Kgen] (eq. 39) +If cs2JT [D] [83] dx dy 
closed form 

+ff [B3]T [DJ [B2] dx dy +J f [B3JT [DJ [B3] dx dy 

[D] matrix is obtained from the stress-strain matrix [Ge] as 

[D] l (3 3 3 
• - [G ] !: !: !: 12 e i•l j•lk•l 

[G] • Gt• (l OJ 
s O l 

( 40) 

( 41) 

(42) 

where t• is the effective thickness for shear at the integration point and is evaluated from 

the user specified values. TS1, TS3 and TS5. The numerical 1ntegration formulae used are the 

seven-point integration scheme listed in Zienkiewics1 and are given below. 

For a triangle, the integrals of the form; 

(1) 0. C. Zienkiewicz, Finite Element f1ethod on Engineering Science, New York, London, 
McGraw-Hill, 1971. 
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(43) 

where the points (L1, L2 and L3) and the weighting factors are as follows: 

Point Triangular Coordinates Weight, 2Wk 

Ll' L2' L3 

1 1 /3, 1/3, 1/3 0 •. 225 

2 al B1 B1 

3 s, al s, 0.13239415 

4 s, s, al 

5 ~ B2 B2 

6 B2 ~ B2 0.12593928 

7 B2 B2 ~ 

with; 

a1 • 0.05971588 e1 • o.47014206 

a2 • 0.79742699 e2 • 0.101286505 

The stiffness matrix in global coordinates is; 

[k] • [E] [T]T [H]T [k]gen [HJ [T] [E]T (44) 

8.25.4 Mass Matrix Calculation for TRPLTl (Calculated in Stiffness Subroutines KTRPLS and KTRPLD) 

1. Two different mass matrices are used; the lumped mass and the consistent mass. The lumped 

mass matrix is calculated in the same manner as for TRIM6: 

m • i (pV + ~) (45) 

8.25-13 (12/31/77) 
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where 

v, the volume of the element = c1F{O,O) + c2F{l,O) + c3F(O,l) ( 46) 

For each point, the diagonal mass matrix in element coordinates at all the grid points is; 

[m.] = 
1 

0 

0 

0 

m 

0 

i = 1, 2, ... and 6 
0 

0 
0 

so that [Me] the element mass matrix has [mi] matrices arranged diagonally. 

The mass matrix in the global coordinate system is obtained as; 

If the parameter COUPMASS is set by the user, the consistent mass matrix will be formed. 

jth element of the 1th row of generalized mass matrix is given by: 

m.+mj "t"· 
+ ii J J X l Y J dx dy 

The ~ass matrix in ?lobal coordinates is; 

8.25.5 Structural Damping Matrices for the TRPLTl Element 

The structural damping matrices are; 

[K1jJ • ge [kfjJ 
where ge is the structural damping coefficient for the bending material referenced. 

n.2s-14 {12/31/77) 
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The 

{49) 

(SO) 

(51) 
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8.25.6 Stress and Element Force Calculations for the TRPLTl Element(Subroutines STRPll and STRP12 
of Modules S0R2) 

1. STRPll is used to calculate the phase 1 stress-displacement relations. 

Frequent reference will be made to the equations from sections 8.25.2 and 8.25.3. 

The following data are calculated: 

1. [HJ - 20 x 18 Matrix relating generalized coordinates to grid point displacements. 

2. [B2J - 3 x 20 Matrix relating bending curvatures and generalized coordinates. 

3. [B3] - 2 x 20 Matrix relating curvature contribution of transverse shear strains and 

generalized coordinates. 

4. [E] - Element to basic coordinate transfonnation. 

5. [OJ - 3 x 3 Matrix of elastic coefficients relating bending moments and curvatures. 

6. [Gs] - 2 x 2 Matrix relating transverse shear forces and shear strains. 

7. [Ti] - i s 1, 2, .•• , 6 - Global to basic transformatio~s. 

The following calcualtions are perfonned. 

* [SM] is a 3 x 18 matrix; this is split into six 3 x 3 matrix partitions as follows: 

I I I 
cs;J s [s; I s * I . . . I s; 1 

1 j M2I I ~ 

Each of the six matrix partitions is multiplied as follows: 

~1] • E;iJ td [T!) i • 1, 2, ..• , 6 

ts;J • [Gs] [B3] [HJ 

* [S6] is a 2 x 18 matrix; this is split into six 2 x 3 matrix partitions as follows: 

* ~* I * I I *J [SG] • SG I SG I . . . I SG6 
1 I 2 I I 

Each of the six matrix partitions is multiplied as follows: 

i • 1, 2, •.• , 6 

The 5 x 6 matrix [Si] is obtained as; 
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i • 1. 2 •..•• 6 

2. Phase 2 

(a) The vector of forces is computed as 

• 

~here {~t} is th~ theT'T'!al 1110ment vector. If the thennal gradient is specified, 

where {Mt} • - [Ge]{ae} I1T1 
1 

( 59) 

(60) 

(61) 

where Ii is the moment of inertia of the cross section and T' is the thermal gradient at ver-
i 

tex i of the element. 

The stresses and forces are evaluated at the vertices of the element; in addition. the stress­

es are also evaluated at the centroid. The simplification is 1t111de that the thennal moment 

vector at the centroid is the average of that at the vertices. 

(b) With no given temperatures at the stress points, the stresses are then calculated from 

the equations 

a • y 
-V M z 

e Y 
I (6?} 

Mx, Hy• Mxy and I relate to the appropriate points (vertices or centroid}; z values for the 

corner grid points are as those given in the PTRPLT1 card and for the centroid, the z values 

are the top and bottom fibre distances; and Ve is element volume. 
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If mean temperature T
0 

and the gradient T' are specified for the element, and the user speci­

fied temperature Tat the point where outer fiber stresses are calculated is different from 

(TO+ T'Zi), then 

:Yxx;i·il-- _ 
21
i [ :M:xy] [ J [ 

: + .D.1!ol r•z1 + (TD - T~, i • 1, 2 ( 63) 

The principal stresses and angles are calculated using the same fonnu1a as for the membrane 

element TRIMS (section 8.24.6). 

8.25.7 Thermal Load Calculations for the Bendin Elements Subroutine TLODTl TLODT2 and TL0DT3 
of Modu e SSG 

The variation over the surface of the element of the mean temperature, T0, and the thennal 

gradient at a cross section •• T', is assumed as a bilinear ploynomial 

(64) 

. T' • 3 1 pi qi 
!; di X y. (65) 

1•1 

so that the temperature at any point (x, y, z) is T • T
0 

+ T' • 

The constants d; and d1 are evaluated from the values at the vertices and the reference 

temperature T0 of the element: 

d • 
l 

Tola+ To3b 

(a+ 6) 

T1a + T1b T3
1 - T1

1 
d 1 • 1 3 • d 1 • . d 1 1 [Tl dl] 
1 (a + 6) • 2 (a + b) • 3 • c 5 - 1 

It is convenient to define the elements of [Ge]{ae} as 
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(70} 

The thermal load vector in generalized coordinates, {P!en} • will be evaluated in two stages, 
t 

vis •• the closed fonn expression {Pgen}1• due to the vector of curvatures in the absence of 

transverse shear and the numerically integrated expression {P~enJ 2 due to the contribution of 

transverse whear to the vector of curvatures. The ith element of {P~en}l is given by: 

t -1 3 3 3 3 , , 
[{Pgen}l]i = 12 1;: I:: I:: I:: ci i;i ci dj [G11 m1 (mi - 1) F(m1 + r1 ii •1 i 2•1 i 3•1 ·; .. -1 1 2 3 

( 71) 

+ r1 + ri + r1 + pj, n. + s. + s1 + s1 + q. - 2) 
1 2 3 1 11 2 3 J 

I 

t The load vector {Pgen}2 is evaluated using numerical integration of the following expression: 

(72) 

The generalized thennal load vector is 

(73) 

The thennal load vector in global coordinates is 

• (74) 

The forces are placed in the. PG load vector data block. 
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8. 26 TRSHL: SHALLOl-! SHELL TRIANGULAR ELEf:El'IT 

8.26. 1 Input Data for TRSHL Element 

1. EST entries for TRSHL 

Symbol 

EID 

SIL1, .•• SIL6 

e 

Mat IDm 

T1• T3, T5 
Mat IDb 

11, I3, I 5 

Mat IDS 

TS1, TS3, TS5 . 

lJ 

are 

211, 221, 213, 223, 215, 225 

i • 1, • . • 6 

Description 

Element Identification Number 

Scalar indices of connected grid points 

Anisotropic material orientation angle 

Material-Identification Nurrber for me~brane 
behavior 

Membrane thickness at corner grid points 

Material-Identification Nunoer for bending 

Area moments of inertia at corner grid points 

Material-Identification Nuni:>er for transverse 
shear 

Thickness for transverse shear at corner grid 
points 

Nonstructural mass per unit area 

Distances 21 and Z2 for stress calculations at 
three corner grid points 

Local coordinate system numbers 

and location of coordinates· in the 

basic system for the connected grid 

points 

Element te~erature 

2. Coordinate system data 

The numbers Ni' x1, and Zi are used to calculate the 3 by 3 basic-to-global coordinate 

transfonnation matrices T1 for points i • 1, 2, 3, 4, 5 and 6 (via subroutines TRANSD 

or TRANSS). 
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3. Material data 

[G] 3 x 3 stress-strain matrix 

p Mass density 

For mat. ax' ay' axy Thermal expansion coefficients 

TO Reference temperature 

9e Structural damping coefficient 

O't. 0 c• 0 s Stress limits for tension, compression and shear 

For Mat 
IDb 
For r-.at 
IDs 

l 
I 
I 

D 

Gs 

8.26.2 Basic Equation for TRSHL 

3 x 3 bending stress-strain matrix 

Shear coefficient 

The calculations for the TRSHL element are very similar to those of TRIM6 and TRPLT1 (sections 

8.24.2 and 8.25.2 respectively) and therefore, only the essential details are given here. 

The displacement transformation matrix from basic coordinates to in-plane coordinates is 

i1 12 13 0 0 0 

j1 j2 j3 0 0 0 

[E]T • kl k2 k3 0 0 0 ( l) 

0 0 0 1, i2 13 

0 0 0 jl j2 j3 

where 1, j and k are as given by equations (4), (5) and (6) of section 8.25.2. No transverse 

shear effects are considered for the TRSHL element. 

The matrix [H] relating grid point displacements and the generalized coordinates (in the equa­

tionJ~l • [H] {a}) is similar to that for TRIM6 and TRPLTl. The inverse matrix relating 
tw I 

generalized coordinates to the grid point displacement vector is a 32 x 30 matrix and is 

given by 
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-1 
Hl I O I 

I I 
6x6 1 I 

--i--,---
1 H-l I 
I l I 
I 6x6 I 
I I --.,.--i---
1 I H"' 
I I 
I I 20x18 

(2) 

where H1 is a 6 x 6 matrix given in equation (21), section 8.24.2 and H"' is a 20 x 18 matrix 

given in equation (28) of section 8.25.2. 
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8.26.3 Stiffness Matrix Calculation for TRSHL (Subroutine KTSHLS and KTSHLD) 

The polynomial expressions for variation of u, v, wand thickness t within the element are 

32 m. ni 
u = E ai X 1 y 

i•l 
(3) 

32 pi qi 
V • E bi X y 

i•l 
(4) 

3~ V. S. 
w • E . Ci X , y , 

i•l 
(5) 

t • J. d ti u. 
m 4- · i X y l 

i•l 
(6) 

~ 
t ~ I 

b • 4- d 
i•l i 

( 7) 

I I 

The values of m1, n1, p1, q1, v1, s1, t 1, u1, t 1 and u1 are 

mi ( 1 • 1 , 32) : 0, 1 , 0, 2, 1 , 0, 26*0 

' n1(i • 1,32): 0, O, 1, O, 1, 2, 26*0 

p1(i • 1,32): 6*0, 0, 1, 0, 2, 1, 0, 20*0 

qi(i • 1,32): 6*0, 0, o. 1, o. 1, 2, 20*0 
(O) 

v1(i • 1 ,32): 12*0, 0, 1, 0, 2, 1 , 0, 3, 2,1,0,4, 

3, 2, 1 , 0, 5, 3, 2, 1 , 0 

S;(i • 1,32): 12*0, 0, 0, 1, 0, 1 , 2, 0, 1, 2, 3, 0, 

1, 2, 3, 4, 0, 2, 3, 4, 5 

I I 

t1(1 .. 1,3): 0, 1 • O; t :0, l ' 0; ui:O, 0, 1; U;:O, 0, 1 
i 
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The coefficients a .• b. and c. are undetennined parameters such that , , , 
a; = 0 i = 7 to 32 

bi = 0 i = 1 to 6 and 13 to 32 

Ci = 0 i = 1 to 12 

(9) 

a;, i = 1 to 6; b;, i = 7 to 12; and C;• i = 13 to 32 can be determined once the element dis­

placement vector is known. 
I 

The coefficients di and di, i = 1 to 3 are evaluated from the user specified values of the 

membrane thickness and the area moments of inertia, respectively, by equations similar to 

those for TRIM6 and TRPLTl elements. 

The equation used in the stiffness matrix generation in generalized coor~inates is {following 

the procedure outlined in sections 5.8.6 and 5.8.7 of the Theoretical Manual), the jth 

column of the ith row of the generalized stiffness matrix is obtained as 

- h4 mj dk F(mj + r1 + tk - 1, nj + si + uk) 

+ h: dk F(ri + rj + tk' s; + sj + uk>) 

+ 622(qi qj dk F(p; + pj + tk' qi+ qj + Uk - 2> 

- h6 q. dk F(r. + p. + t, Si+ q. + Uk - 1) 
J l J k J 

+ h~ dk F( r i + r j + tk. Si + s j + Uk>) 

+ G33 ( ni nj dk F{m1 + mj + tk' ni + nj + .uk - 2) 

r..26-5 (12/31/77) 

(10) 



STRUCTURAL ELEr-:ENT DESCRIPTIONS 

+ n
1
• pJ. d F(m. + p. + tk - 1, n. + q. + uk - 1) 

k 1 J 1 J 

(10) 

Con I t. 

- h4 q1 dk F(p1 + rj + tk' q1 + sj + uk - 1) 

- hs mj dk F(r1 + mj + tk - l, s1 + nj + uk)) 

+ G13(m1 nj dk F{m1 + mj + tk - l, n1 + nj + uk - 1) 
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+ n. m. dk F(m. + m. + tk - 1, n. + n. + uk - 1) 
l J l J l J 

- h4 p1 dk F(p; + rj + tk - 1. qi+ sj + uk) 

' 
- h5 mj dk F(r1 + mj + tk - 1. s; + "J + uk}) 

+ 623 (q; nj dk F(pi + mj + tk. q1t nj + ~k - 2) 

+ qi pj dk F(P; + pj + tk - 1, qi+ qj + uk - 1) 
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- hs qj dk F(r; + pj + tk. s; + qj + uk - 1)) 

I I I I I 

•F(r.+rj1+tk+tk +t'k -4.si+s.+uk +uk +uk) 
_, l 2 3 J 1 2 3 

+ (4G33 r1 rj s1 sj + G12fr; sj (r; - 1) (sj - 1) 

+ rj S; (rj -1) (s; - l)}) F(ri + rj + tkl + t~2 + t~3 - 2, 

I I I I I I 

+ tk + tk tk - 1, Si+ Sj + Uk + Uk + ~k -3.)..J 
1 2 3 l 2 3 

(10) 

Con't. 

The generalized stiffness matrix can be transfonned to the element and global coordinates by 

transfonnations similar to those for TRIM6. and TRPLTl elements. 

8.26.4 Mass Matrix Calculation for the TRSHL Element Calculated in the stiffness subroutine 
HL and K SHL 

Two different mass matrices are calculated: lumped mass and consistent mass. The calcula­

tions are the same as for TRIM6 and TRPLTl. 

8.26.5 Structural Damping Matrices for the TRSHL Element 

The calculations are similar to those for TRIM6 and TRPLTl elements. 
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8.26.6 Stress and Element Force Calculations for TRSHL Element Subroutines STRSLl, STRSLV 
and STRSL of module SDR2 

The calculations are similar to those of TRIM6 and TRPLT1 elements. 

8.26.7 Thermal Load Calculations for the TRSHL Element (Subroutines TL~DSL of module SSGl) 

The calculations are similar to those for TRIM6 and TRPLTl elements. 

8.26.8 Differential Stiffness Matrix Calculations for the TRSHL Element Subroutine TRSHL of 
module SSGl 

The steps leading to the calculations of the differential stiffness matrix are given in 
Section 7.6 of the Theoretical Manual. 
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8.27 THE R00, C0NR00 ANO TUBE ELEMENTS 

8.27.l Input Data for the R00, TUBE, C0NR0D Elements 

1. The ECPT/EST entries for the R0D and C0NR0D are: 

Symbol 

SILa, SILb 

Na' Xa' Ya' 

Nb' Xb' Yb' 

Mat I. D, 

A 
I 

J 

\J 

C 

z.} 
zb 

Description 

Scalar indices for grid points a and b 

Local coordinate system number and basic 
coordinates of grid points 

Material identification number 

Cross-section area 

Polar inertia 

Nonstructural mass per unit length 

Shear stress coefficient 

Temperature for material properties 

2, The TUBE element has the same characteristics as the R0D except for different 

input properties. The TU~E has d, the outside diameter, and t, the thickness, given. 

The conversion to R00 properties is: 

A • ir(d - t)t 

J • 'tA ((d - t) 2 + t 2 ) 

C • I 
3, Coordinate system data 

Given Na, Xa, Ya, Z~, Nb' Xb' Yb and Zb and the CSTM (Coordinate System Transformation 

Matrices) data block, the 3 by 3 global-to-basic coordinate transfonnation matrices [TaJ and 

[Tb] are calculated using the utility routine TRANSO or TRANSS. 
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4. Material data 

Given the 11 MAT I.D." and \.1• the material routine, MAT, returns the following data: 

E Modulus of Elasticity 

G - Shear Modulus 

\l - Poisson's ratio 

p - Density 

a - Thennal expansion coefficient 

To - Reference temperature 

ge - Structural damping ratio 

C't - Stress limit, tension 

ac Stress limit, compression 

as - Stress limit, shear 

8.27.2 Stiffness Matrix calculation (Subroutines KR@D and KTUBE of Module SMAl) 

l. Calculate the length of menmer, (1): 

2. Calculate a normalized direction vector {n} in basic coordinates: 

n2 
1 • I 

3. Form the extensional stiffness matrix, [01]: 

n2 
l 

[DR.] • ¥- "1 nz 
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4. Fonn the torsional stiffness matrix [Dr]: 

GJ 
= r 

n2 
1 

5. [Ta] and [Tb] are the matrices which transfonn displacement components in the global 

coordinate system to the basic system. 

(4) 

6. Transfonning to global coordinates and combining the results give tt,e partitions of the 

element stiffness matrix: 

T ·O 
' Ta o1 Ta 

[kaa] • -----.------- t 
I T 0 I Ta or Ta 
I 
I 

T T4 01 Tb 0 

[kab] • - -------------- t 

T 0 Ta Dr Tb 

T 
Tb 01 Tb 0 

[kbb] • 
________ ,.. ______ -

• I T 0 I Tb or Tb I 
I 

The element damping matrices are equal to the stiffness matrices times 9e• the structural 

damping coefficient. 

8.27.3 Lumped Mass Matrix Calculation (Subroutines MR0D and MTUBE of Module SMA2) 

The total mass of the element, m, is 

m • pAi + µi • 
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The partitions of the element mass matrix are: 

1 0 

1 
- - - - -·- - - -10 

0 I 0 
I 
I Q 

8.27.4 Element Load Calculations (Subroutines EDTL of Module SSG1) 

The element loading calculations are calculated using the EST data, the element loading 

temperature, T, and the enforced defonnation o. 

1. Calculate 1, {n}, [Ta] and [Tb] as in Section 8.27.2. 

2. Calculate: 

(10) 

(11) 

(12) 

(13) 

EA ·r 

3. {Pa} and {Pb} are placed in the load vector in positions corresponding to points a 

and b, 

8.27.5 Element Stress Calculations (Subroutines SR@Ol and SR002 of Module SOR2) 

The stress functions calculated in phase 1 (Subroutine SR001) are: 

(1x3); 
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E T ( lx3). = - !' {n} [Tb]. 

= GC {n}T [T J { l x3) i R, • b I 

= - :c { n} T [Tb]• (1x3). 

- aE, 

E - !'· 

( 16) 

(17) 

( 18) 

{19) 

(20} 

The miscellaneous constants A, f• T
0

, ot' oc and as are also saved for phase 2 calculations. 

Note J/C is set to zero if C • O. The superscripts t and r denotes translational and 

rotational stress matrices respectively. 

The stress and force values are calculated in phase 2 (Subroutine SR~D2) using the 

displacement vectors {ua} and {ub}' the loading temperature, T, and the enforced defonnation o. 
Note that {u;} and {ur} (1 • a, b} denote the 3 by 1 translational and rotational components of 

{ui}. 

1. Partition 

(21} 

(22} 

2. The stresses are: 

(23) 

(24) 

The margins of safety in tension or compression, M.S.t or M.S.c respectively, are calculated 

as follows: 

If o ~ O then: 
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1 t O't > 0 

Integer II l II a < O or a = O 
t t -

·If a< O, then: define a~ = - iacl· 

a' 
f • 1 I a~ ; 0 

M.S. = 
Integer 11 111

, a • 0 or a~ • 0 

The margin of safety for torsion 

as 

(25) 

{26) 

M.S. • 
m· ,. as> 0 and T; 0 

(26a) 

The fore es a re: 

Integer 11111 
• a < 0 or T • 0 s -

p •. AD ' 

8.27.6 Differential Stiffness Matrix Calculation (Subroutine DR0D of Module OSMG1) 

The data input from the ECPT, MPT and CSTM data blocks are as listed in Section 8.27.1. 

The following variables are calculated in the same manner as those for the stiffness matrix. 

variables (Section 8.27.2). 

n, } 
n2 
n· 3 

1 ength of rod 

The direction cosines of the rod axis (+ from b to a) 
in the basic coordinate system 

The transformation matrices from global coordinates to 
the bas:ic coo·rdinate system at the grid points. 
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Only the linear translational displacements at the grid points are extracted from the 

displacement vector. Call these {u;} and {u;} (3xl single precision vectors.) 

1. Calculate the axial load in the element(+ implies tension): 

.. 
2. A pair of axes perpendicular to the rod axis is constructed. Select the smallest 

component of {n}. Define n; as the component of {n} which is the smallest; let j 

and k be the other two components. Construct {m} such that 

Let 

{y} • 

and 

{z} • 

{m} x {n} 
I {m} x {n} I ' 

{n} X {y} 
j{n} X {y}I ' 

where x denotes the cross product. 

The actual partitions of the differential stiffness matrix relating to displacements 

in global coordinates are: 

F 
[K:a] = ix· [Ta]T [{y}{y}T + {z}{z}T] [Ta] 

-F 
[K~b] = ...!. [Ta]T ({y}{y}T + {z}{z}T] [Tb] 

i 
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The actual 6x6 partitions are formed by expanding: 

~

d I l 
d "aa ' O 

[k J =) ---l--J• etc. aa o , O 
I 

8.27.7 Piecewise Linear Analysis Calculations (Subroutine PSR0D of Module PLA3 and 

Subroutine PKR0D of Module PLA4} 

The additional ECPTNL and ESTNL entries are: 

* t 0 - The previously computed strain value_once re11Dved. 

£* - The previously computed strain value. 

* E - The previously computed modulus of elasticity. 

T* - The previously computed torsional moment (present in the ESTNL entry only). 

(37) 

All of the above values are initially zero with the exception of E*, which is initially the 

original modulus of elasticity present on a MATl card. 

For both stress calculation and stiffness matrix generation, the quantities 1 and{"} 

are generated as in Section 8.27.2. 

Using {~u!} and {Au~}, the 3xl translational displacement vectors, calculate the 

increment of strain: 

£* - £* 0 • 

Define the following terms: 

(current strain); 

(estimated next strain), 
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where y is the ratio of the next load increment to the present load increment. 

We calculate: 

where f is the tabular stress-strain function. (When e* • 0, define a1 • E
0

£1} 

For stiffness matrix generation, the new material properties are: 

E • 

and 

G • E G r 0 1 

0 

where E0 and G
0 

are elastic moduli obtained from the MATl bulk data card via subroutine 

MAT. 

For plastic element stresses and forces the values are: 

a • 

p • Ao,• 

T • §1 ( T • O if C • O or J • O) , 

where 

G* • 
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The new ESTNL and ECPTNL entries are: 

e:;n • e:* (51) 

e:* • e:, (52) n 

E* • 
a2 - al 

(53) n e:2 - e:, • 

T* • T (54) n . 
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8.27.8 Coupled Mass Matrix Calculation (Subroutine MCR0D of Module SMA2) 

1. The length of the element, t, the nonnalized direction vector, {n}, and the mass 

of the element, m, are calculated as in Equations 1 and 2 in Section 8.27.2 and 

Equation 9 in Section 8.27.3, respectively. 

2. The 3 by 3 matrix 

n2 
1 n,n2 n,n3 

[~J = fz n,n2 n2 
2 n2n3 

nln3 n2n3 n2 
3 

is calculated. 

3. The 3 by 3 element mass matrices in basic coordinates are 

and 

0 

m/2 

0 

.OJ 
0 - [~] • 

m/ 

4. In global coordinates, the 6 by 6 mass matrix partitions are: 

~:~::~:::_1-----~-J t O : 0 

for i s a orb, j • a orb, and where [T1J is the global-to-basic coordinate 

transformation ·matrix for point i. 

8.27.9 Thermal Analysis Calculations for the RfD Elements 

(55) 

(56) 

(57) 

(58) 

If a "stiffness" matrix for thermal analysis is to be generated in subroutine KR0D, word 56 

in C0MM0N data block SYSTEM is +l. The length, 1, of the element is calculated as in Section 

8.27.2. The thermal material coefficient, k, is obtained by calling subroutine HMAT, rather 

than MAT. The matrix terms are: 
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For the pivot point, i • 1 or 2: 

For j ; i, 

k A 
Kii • T. 

k A 
K;j • - T. 

The "mass" matrix for thermal analysis is calculated in subroutine MR0D. The thermal 

capacity, Cp, is given by subroutine HMAT. The matrix terms, to be placed in matrix BGG, are: 

. B; i • Cpl'i.. 1 • 1 , 2. 

The heat flux and gradient "stress" recovery is performed by subroutines SDHTFl, SDHTFF, 

and SDHTF2 in module SDR2. In Phase 1, the value His extracted with subroutine HMAT and the 

output is: 

[C] • t [-1 1]. 

In Phase 2, the gradient and flux are: 

6T • [CJ{~~} 

Q • - K,6T 
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9. EIGENVALUE EXTRACTION METHODS 

9.1 DETERMINANT METHOD OF EIGENVALUE EXTRACTION 

NASTRAN contains two double precision versions of the detenninant method. One version 

is for the solution of real eigenvalue problems; and one version is for the solution of complex 

eigenvalue problems. The specifications for both versions are discussed in this document. Real 

arithmetic is used for the real problem, complex for the complex problem. 

9.1.1 Fundamentals of the Determinant Method 

The basic notion employed in the determinant method of eigenvalue extraction is very simple. 

If the elements in a matrix [A] are functions of the operator p, then the determinant of [A] can 

be expressed as: 

( 1) 

where p, p, p ••• pn·are the eigenvalues of the matrix. The value of the determinant 
1 2 3 

vanishes for p • p1, 1 • 1,2, ••• ,n. 

In the determinant method, the determinant is evaluated for trail values of p, selected 

according to some iterative procedure, and a criteria is established to determine when D([A]) 

is sufficiently small or when pis sufficiently close to an eigenvalue. The eigenvector is 

then found by solution of the equation: 

[AJ {u) • o, 

with one of the elements of {u} set to unity. 

9.1.2 Evaluation of Determinant 

The most convenient procedure for evaluating the determinant of a matrix employs the 

triangular decomposition of the matrix: [A] • [L] [UJ where [L] is a lower unit triangle 

(unit values on the diagonal). The determinant of [A] is equal to the product of the 

diagonal tenns of [U]. The matrix [A] may be expressed as 

[A]• -p[M] + [K], 

for real eigenvalue problems and as 
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[A] • p2 [M] + p[B] + [K], 

for complex eigenvalue problems. 

9.1.3 Iteration Algorithm 

Consider a series of determinants D(i) D(i) oCi) evaluated for trial values of the 
k-2' k-1' k 

eigenvalue p • pk_2, pk-l' pk. Then a better approximation to the eigenvalue is obtained 

from the following calculations: 

Let 

J 

Then 

where 

, -2 oCi) o 
k k 

"k+l • 

ft • o(i) " 2 oCi) o 2 + oCi) (t. + o) •k k-2 k - k-1 k k k k • 

The (+)or(-} sign in Equation 10 is selected to minimize the absolute value of "k+l· 

In the case where pk' pk-land pk_2 are a11 ar1bitrar1ly selected initial values (starting 

points), the starting points should be arranged such that 1Dkl!.1Dk-ll!.1Dk_21 and the(+} or 

(-) sign in Equation 10 should be selected to minimize the distance from '~k+l to all 3 

starting points. 

In a real eigenvalue analysis it is possible to calculate a complex "k+l" In order to 
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preclude the use of complex arithmetic in a real eigenvalue analysis problem, only the 

real part cf the Ak+l should be used to estimate a Pk+l• 

9.1.4 Scaling 

In calculating the determinant of [AJ. the determinant is scaled by powers of 10 since 

the accumulated product will rapidly overflow or underflow the floating point size of a 

digital computer. All operations using the determinant are calculated in scaled arithmetic. 

9.1.5 Sweeping of Previously Extracted Eigenvalues 

Once an eigenvalue has been found to satisfactory accuracy. a return to that eigenvalue 

by the iteration algorithm can be prevented by dividing the determinant by the factor (P-P;') 

where P;' is the accepted approximation top in all subsequent calculations. 

Thus: 

0(1) (CA]) • DJ.ill) {12) 

P-P1
1 

should be used in place of D([A)} after the first eigenvalue has been found. In general. the 

reduced detenninant used for finding the 1+15 t eigenvalue is: 

o(i)([A)). o(i-l)([A]). D([A]) 
(P-P;') (p-p 1 ')(P-P1')---(P-P;') 

( 13) 

This sweeping procedure is quite satisfactory provided that all P;' have been calculated to an 

accuracy that is limited only by round-off error. 

For problems in which zero is an eigenvalue. the number of such eigenvalues is specified 

by the user. In using the determinant method, zero eigenvalues should be eliminated from the 

determinant by a preliminary operation, 

o(o)([A]) • D([A]) 
Pm 

where mis the multiplicity of the zero eigenvalue. 
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For problems with conjugate complex eigenvalues (complex eigenvalue analysis with real 

matrices) the conjugates of extracted eigenvalues should also be swept from the determinant. 

Thus 

C \1 > 
D(i)([A]) • D ,. ([A]) ' 

(p•P• I )(p•p, I) 
1 1 

where P;' is the conjugate of P;'• It should be noted that the sweeping equations are in­

determinant for p • P;'· This situation will occur when a root coincides with a starting 

point or a new estimate with a root already extracted. When the first situation occurs, the 

starting point should be moved away trom the root. · When the second situation occurs, Dk+l 

should be set equal to Dk. 

g. l • 6 Convergence Criteria 
' 

( 15) 

Convergence criteria are based on successive values of the increment hk in the estimated 

eigenvalue. No tests on the magnitude of the determinant or any of the diagonal terms of the 

triangular decomposition are necessary or desirable. Wilkinson(l) shows that for hk sufficiently 

small, the magnitude of hk is approximately squared for each successive iteration when using 

Muller's method. This is an extremely rapid rate of convergence. In a very few iterations 

the "zone of indeterminacy" is reached within which hk remains small but exhibits random 

behavior due to round-off error. Wilkinson states that if it is desired to calculate the 

root to the greatest possible precision, the convergence crite~ion ~or accepting pk as a root 

should be: 

( 16) 

The determinant method accepts this advice, tempered by practical considerations. The first 

of these is that Equation 16 may be falsely satisfied during the first few iterations while the 

root tracking algorithm is picking up the "scent". Thus it must, in addition, be required that 

lhkl' lhk_11and lhk_21 be reasonably small. The second practical consideration is that we may 

waste a few iterations.within ~e zone of indeterminacy while waiting for Equation 16 to bi 

satisf1e,. This is avoided by accepting pk if lhkl is sufficiently small. Finally, if the 

number of i_terations becomes exc&ssively large without satisfying a convergence criterion, 

the Determinant Method assumes the existence of one iteration loop, gives up and proceeds to 
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a new set of starting points. 

Figure 1 is a flow diagram of a set of tests which meet the requirements discussed above 

for rea1 eigenvalue problems. The tests are based on calculated values of 'R'l, 'Fi2, and 'R'3 

which are defined as: 

'R'2 • jhkl/ ~ IPkl, 

83 = lhic+1I/~ IPkl, 

where pk• kth estimate of an eigenvalue and hk • pk - Pk-l' 

A similar set of tests is described in Figure 2 for complex eigenvalue problems. In 

this case m, H2 and H3 are defined as: 

R'l • lhk_,1. 

R'2 • lhkl' 

The magnitude of the convergence criterion £Should be selected as a compromise between 

running time and accuracy. Currently £ • 10·11 • If failure occurs because the number of 

iterations exceeds the iteration limit, NIT, for two successive sets of starting points, c 

(17) 

( 18) 

(19) 

(20) 

(21) 

(22} 

is 1ncreased by a factor of 10. If successive pairs of failures still occur,£ is again in­

creased unt11 the number of permissible changes inc is exceeded. The user is informed of the 

reduced precision of the calculations. 

Since eigenvalues are swept out after they are found, all sets of starting points will 

eventually lead to failure by the preliminary range checks or through successive iteration 

failure. When this occurs it is presumed that all eigenvalues within the range of interest have 

been found and the calculations are halted. If for some reason this does not occur the 

calculation must still be halted. The one remaining avenue for the computer to continue 

calculations indefinitely is if it continues to find roots. To block this avenue, the calcula-
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• 
tions are stopped if the number of roots found exceeds the maximum number of NEVM' As a 

safeguard the order in which the roots are found is indicated tc the user. 

9 .1 . 7 Extraction of Eigenvectors 

Once an approximate eigenvalue Pj has been accepted, the eigenvector is determined by 

back substitution into the previously .computed triangular decomposition of [A{p;}J. Now since .. 
(23} 

we work only with [U(pj)]. Because partial pivoting (row interchanges) have been used, the last 

diagonal term in [U(pj)] will normally be the only term with a very small value. The normal 

appearance of [U(pj)] is as "follows, for n • 7: 

' 
X X X X 0 0 0 u, 

X X X X 0 0 u2 

X X X X 0 U3 

X X X X U4 • {O} • (24) 

0 X X X U5 

X X U5 

0 U7 

The terms in the upper right corner are zero due to bandwidth. o is a very small number, The 

eigenvector may be extracted by assigning an arbitrary value (such as 1.0) to u7 and solvin9 

successively for u6, u5 etc., from the preceeding rows. Note that this is equivalent to 

placing a load vector {F} on the right-hand side that is null except for the last term which 

is set equal too. 

Situations may occur in which Unn is not the smallest diagonal tenn. Let Uii be the 

smallest diagonal tenn with i < n. The most common reason for this occurrence is that the 

degrees of freedom ui+l' ui+2 •••• , un are, for some reason, uncoupled to the preceeding degrees 

of freedom. In this case all of the elements in the ;th row of [U(pj)J will be very small 

as shown for i • 4, n • 7: 
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X X X X 0 0 0 u, 

X X X X 0 0 ·u2 

X X X X 0 U3 

cS ... cS .. s 01ti o .. U4 = {Q}. (25) 

0 X X X U5 

X X u6 

X U7 

In the event of multiple or pathologically· close eigenvalues two or more rows of [U{pj)J 

will consist of very small values, exhibited below for the very exceptional case where the nth 

row is !!21 very sma 11 : 

X X X X 0 0 0 u, 

X X X X 0 0 u2 

X X X X 0 U3 

cS., .. 0 It 5 cS lti 01t7 U4 • {O} • {26) 

0 X X X U5 

cSu 057 u6 

X U7 

In order to accommodate the exceptional cases described above with the more general case 

of cS • Unn• a full load vector {F} is used for the eigenvector calculations. The load vector 

will also contain elements of the same order of magnitude as the smallest diagonal element of 

the triangularized matrix (U{pj)J in order to prevent digital overflow when the eigenvector 

is calculated. ln addition, a distinct load vector is formed for each eigenvalue to ensure 

that independent eigenvectors are calculated for multiple or pathologically cl~se eigenvalue 

problems. The following equations are used for {F}. For real ei~envalues, we have 

i ; 
1 + ( 1 • ;;) j 

cS(-l)ij 
{27) 
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For complex eigenvalues, 

lol c-1)ij Re(F;) • , , 
1.0 + (1.0 - k) j 

(28) 

Im(F1) • 0.0, (29) 

where o = smallest u11 • j • eigenvalue count, i • ;th element of {F} and n • number of rows. 

There is a possibility that the smallest diagonal element of [UJ may be exactly zero for 

some eigenvalue. This will be the case when the accepted eigenvalue (pj) is exactly equal 

to an eigenvalue of the problem. When this occurs. o • 1.0 x 10·•. The calculated 

eig~nvectors are normalized to a unit maximum real element value. 

' REFERENCE 

1. Wilkinson, J.H., "The Algebraic Eigenvalue Problem", Clarendon Press, Oxford, 1965. 

' 
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Begin Convergence Tests 

I 

Yes 

Yes 

rrhis test forces the routine1 
{to complete two iterations j I . 

No 

No 

Accept Pk as an 
Eigenvalue 

Continue 
Iterations 

Accept Pk as an 
Eigenvalue 

Reject Starting Point 
Set Iteration Failure 

~- Convergence Criterion 

K - I tera ti on Counter 

IC - Criterion Change Counter 

Al• 'Hk-ll /~ 
H2 • lhk j / Jj"i\j 

R3 • jhk+ll ~l~I 

Figure 1. Real eigenvalue problems convergence tests . . 
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Begin Convergence Tests 

/ 
I' 

Yes 

fThis test forces the routinel 
1to canplete two iterations J 

Accept Pic as 
an Eigenvalue 

Continue 
Iterations 

Accept Pk as Reject Starting Point 
an Eigenvalue Set Iteration Failure 

c- Convergence Criterion Hl • lhic.
1
1 

K - Iteration Counter H2 • lh1cl 

IC• Criterion Change Counter HJ• lhic+il 

Figure Z. Complex eigenvalue problems convergence tests 
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9.2 GIVENS METHOD OF EIGENVALUE EXTRACTION 

9.2.1 General 

The most stable methods of solution of eigenproblems for large symmetric matrices are based 

on the tridiagonalization techniques of Givens (Reference 1), Lanczos (Reference 2), and Householder 

(Reference 3) followed by some method of determination of the eigensolution for a tridiagonal matrix. 

The Givens method depends on orthogonal transformations [T] [A] [T]T of a syrrmetric matrix [A] of 

order n x n. An orthogonal transformation is one whose matrix [T] satisfies 

[T] [T]T = [T]T [T] • [I] ( 1) 

The eigenvalues of a matrix are preserved under orthogonal transformation since 

[T] ([A] - A[IJ) [T]T • [T] [A] [T]T - A[I] ( 2) 

and if det ([A] - A[IJ) vanishes, then so does det((T] [A] [T]T - A[IJ) • 

The effect of a series of orthogonal transformations on the eigenvectors of a matrix i.s that 

of a succession of multiplications by orthogonal matrices. For if 

[A] {x} • A{X} (3) 

and if [T1], [T2], .•• , [Tr] are orthogonal matrices then, 

Write {x} • [T1]T [T2JT ••• [Tr-l]T [Tr]T {y}. Then 

[Tr-] [Tr_,] ••• [T2J [T,J [A] [T1JT [T2JT ••• [Tr_,JT [TrJT {y} 

• A[Tr] [Tr-1] ••• [T2] [Tl] [T,JT [T2]T ••• [Tr_,JT [Tr]T {y} 

• A{y} 

It follows that {y} is an eigenvector of the transformed matrix 
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and that [xJ may be obtained from [yJ by 

{x} = [T,JT [T2JT ••• [Tr_,JT [Tr]T {y} 

9.2.2 Reduction to Trianqular Fonn. 

(6) 

Givens method uses orthogonal matrices [T] which are identical with the unit matrix [I] except 

for the four elements 

t.+1 ·+1 = t .. = cosei+l ,j 

l , . , J ,J 

t; +1 ,j • -tj,i+l • sinei+l ,j 

(7) 

The orthogonal transfonnation [TJ [A] [T]T leaves unchanged all the elements of [A] except 

those in the. ;+1th and jth rows and columns, the so-called plane of rotation. 

The four pivotal elements then become ai+l,i+l' aj,j' ai+l.j' and aj,i+l given by 

a;+l ,i+l 
2 i :? . 2 • ai+l,i+l cos ei+l,j + aj,j s n ei+l,j + ai+l,j sin ei+l,j 

I 
and the other elements of the i+lth and jth rows and columns are: 

a. • a . • J ,s s ,J 

Givens chooses ei+l,j such that ai,j will vanish, which happens when 

The Givens' process, which is the calculation of ei+l ,j followed by the orthogonal trans­

fonnation 
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is carried out for r = 1.2 •... with [A(O)J = [A]. the values of i used are 1. 2, 3, ...• (n - 2); 

and for each i, a set of n - i - l such transformations is performed, with j taking values i + 2, 

i + 3, ... , n before the next value of i is used. The result is that elements in the matrix 

positions (1.3), (1.4). ... , (1,n), (2,4), (2,5, ••• , (2,n) •... , (n-2,n) are successively reduced 

to zero, together with their transposes, the (3,1). (4,1), ...• (n,n-2) elements. The final trans­

formation of the set thus reduces the matrix to triple diagonal fonn. 

Wi 1 ki nson ( Reference 4) mod.ifi es the Givens I form by grouping together the ( n - i - 1) trans­

formations which produce zeros in the ;th row and column. This process is particularly advantageous 

when the matrix [A] is so large that the elements cannot all be left in the computing store at one 

time; it requires only n - 2 transfers of the matrix to and from auxiliary storage in place of the 

(n-1) (n-2)/2 transfers required by Givens' method. The met~od requires 4n words for working 

space and these are divided into four groups of n words each. The first {i-1) rows and columns 

play no part in the ;th major step. This step has five main stages: 

1. The ;th row of [A] is transferred t~ the words in group 1. 

2. The values of cosei+l,i+2' sinei+l,i+2 •••• cosei+l,n' sinei+l ,n are computed 

successively from 

cosei+l ,j • 
+ 2 a; . ,J 

sinei+l,j • 

+ 2 a .. 
1 ,J 

where 

a(i+l) 
1, 1+1 • a; ,i+l 

(j) s (ap71)) + 2 a. ·+1 a. j 1 • , , , 1 +1 , . 
The cosei,j may be overwritten on the ai,j' which are no longer required, and the 

sinei+l,j are stored in the group 2 words. 

9.2-3 {12/31/74) 

(12) 

(13) 



. EIGENVALUE EXTRACTION METHODS 

3. The i+lth row is transferred to the words in group 3. Only those elements on and 

above the diagonal are used in this and succeeding rows. 

Fork= i + 2, i + 3, ••. , n in turn, the operations in Stages 4 and 5 are carried out. 

4. The kth row is transferred to the words in group 4. The elements ai+l,i+l' 

ai+R.,k and ak,k are subjected to the row and column operations involving cosei ,k and 

si nei ,k 

For 1 • k + 1, k + 2, ••• , n in turn, the part of the row transformation involving 

cosei+l,k and sinei+T,k is performed on ai+l,R. and ak,R" 

For 1• k + 1, k + 2, •••• n in turn, the part of the column transformation involving 

cosei+l,R. and sinei+l,R. is performed on ai+t,k and ak,.f 

Now all the transfonnations involving the ;th major step have been performed on all 

the elements of row k and on elements i + 2, 1 + 3, ••• , n of row i + 1. 

5. The completed kth row is transferred to the backing store and we return to 4. with 

the next value of k. 

When stages 4 and 5 have been completed for all appropriate values of k, the whole work on 

row i + l has also been completed. The values of cosei+l,k and sinei+l,k fork• i + 2, i + 3, 

... , n and the modified elements of the ;th row (i.e., the first two elements of the codiagonal 

form) are written on auxiliary storage and row i + 1 is transferred to the group 1 words. 

Since the i + 1th row plays the same part in the next major step as did the ;th in the step just 

described, everything is then ready for stage 2 1n the next major step. Stage 1 is, in fact, only 

required in the first major step because the appropriate row is already in the computing store in 

subsequent steps. 

9.2.3 Computation of Eigenvalues for a Tridiagonal Matrix. 

The Q-R transformation of Francis (Reference 5) is an orthogonal transformation (Q JT (A J 
r r 

[Qr] of a matrix [Ar] to give a matrix [Ar+1], the orthogonal matrix [Qr] being such that [Ar] may 

be factored into the product [Qr] [Rr] where [Rr] is an upper triangular matrix. Thus 

( 14) 

and 
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[Ar+l] = [Qr]T [Ar] [Qr] 

= [Qr]T [QR] [Rr] [Qr] 

that is 

(15) 

It fo 11 ows that [Ar+ 1] may be determined· from [A) by perfonni ng in succession the decompos i -

tion of equation (14) and the multiplication of equation (15). Francis has shown that if a matrix 

[A] = [A1J is non-singular, then the limiting case·of [Ar] as r +~will be an upper triangular 

matrix; because eigenvalues are perserved under orthogonal transformation, it follows that the 

diagonal elements of this limiting matrix are the eigenvalues of the original matrix [A]. In the 

case of the synmetric matrices, the matrix [Ar] will, of course, tend to a diagonal fonn as r + ~. 

Ortega and Kaiser (Reference 6) have developed a modification of the Q-R transformation for 

evaluation of eigenvalues of tridiagonal matrices such as those resulting from the application of 

Givens' method. The advantage of this approach over Francis' original method is that the transforma­

tions from [Ar] to [Ar+1J do not require the square rooting associated with the original method. If 

we write 

al b2 

b2 a2 b3 

[Ar] • 

bn-1 8n-l bn 

bn an 

al b2 

b2 a2 b3 

[Ar+l] = 

on 1"n 
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and 

(16) 

and denote the cosine and sine of the ~th rotation by cj and sj' then 

"' 

( 
2 2 ) t 

Pj + bj+l 

j • 1, 2 1 ••• , n - l ( 17) 

• 

where 

( 18) 

j • 31 4, ... , n 

and 

rj • cjpj + sj bj+l I j • 1, 2, ... , n - 1 

rn • Pn 
( 19) 

ql • c, b2 + s, a2 

tj • Sj bj+2 I j • 1, 2, ..• , n - 2 
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On the other hand, from recombination we have 

If we introduce the quantities gj defined by 

gJ. • c. 1 b., 
J- J 

' Then from equations (19) and (20) we have 

- 2 2 
aj • (1 + sj) gj + sj ~j+l , 

- 2 2 2 2 
bj+l • sj (Pj+l + bj+Z) 

i>2 • 2 2 
n sn-1 Pn 

while for the gj and p~ we have 

91 • b1 • a, 
aj 

2 (a.+g.,) gj • - s. 1 J- J J-

p~ • a2 1 

2 ., 2 
p. • g~/c. 1 J J J- if 

if 

j = 2, 3, .•. , n - l 

j = 1,2, ..• ,n-1 

j • 2, 3, ..• , n 

j • 1. 2, .•.• n - 2 

j • 2, 3, •.• , n 

C, l 1 0 J-

(20) 

I (21) 

(22) 

( 23) 

In practice in the method of Ortega and Kaiser convergence of the tridiagonal matrix to a 

diagonal form is speeded up by origin shifting. Wilkinson (Reference 7) has shown that when eigen­

values are real, the best shift strategy is to reduce each diagonal element of [A]. and hence each 

eigenvalue, by an. 
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Another useful device in speeding up the determination of eigenvalues of tridiagonal matrices 

is to partition the matrix [A] into the form 

aj-2 

b. 2 J-

b. 2 J-

a. 1 J-

aj bj 

bj aj+l bj+l 

bm-2 am-1 bm-1 

bm-1 am 

am+l 

In this matrix the lower right hand partition contains no off-diagonal elements so that all 

the diagonal elements are eigenvalues and the ;th row is the next .. lowest in which the term, bj-l, 

below the diagonal vanishes. Now the eigenvalues of the matrix in the central block may be 

obtained separately. In the program implementation of this variant of the Ortega and Kaiser 

method, we write D(I) for the diagonal element a1, 0(I) for the square b;!1 of the off-diagonal 

element, P for p~ and later as P + 0{I), S for the current value of s;:1 and of 1 - c1_~ and S1 

for the previous value of S. 
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Then the algorithm for the first row of the partition is: 

P = O(J) x D(J) 

S = 0(J)/(P + 0(J)) 

Sl = 0.0 

U = S x (D(J) + D(J+l)) 

D(J) = D(J) + U 

and for subsequent rows when I = J + 1, M - 1 

G = D(I) - U 

If s = 1 then P = (1 - S1) x 0(I - 1) 

else P = G2/(1 - S) 

p = P + 0(I) 

0(I-l) • P X S 

Sl • s 

s • 0(1)/P 

u • S x (G + 0(1+1)) 

D(I) = U + G 

(25) 

(26) 

This iteration described by equations (25) and (26) is continued until 0{M-2) vanishes and 

then D(M-1) is an eigenvalue of the shifted matrix. The process is then continued until all the 

eigenvalues of the partitioned matrix have been extracted. 

9.2.4 Detennination of Eigenvectors 

The eigenvector corresponding with any eigenvalue. A• of the codiagonal matrix may be deter-

miAed by solving (n-1) of the equations: 

(27) 
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The most convenient sets of equations to solve are either the first (n - 1) or the last (n - 1); 

if the first (n - 1) equations are used, the solution is obtained by taking x1 to be unity and back 

substituting in the equations to obtain values of x2, x3, ••• , xn. Wilkinson (Reference 7) has shown 

that this method is unstable and has suggested the following approach. The equations may be written 

in the fonn of equation (26) but with right-hand sides b1, b2, ••• , bn. 

These equations are solved by the successive elimination of the variables x1, x2, ••• , xn-l in 

their natural order but taking, as 'pivotal' row at each stage, that equation which has the largest 

coefficient of the variable which 1s being eliminated. At each stage there will be only two equations 

containing that variable. Because the equations are not necessarily used in their natural order the 

resulting equations must be written 

(28) 

though usually many of the r1 will be zero. The c1 are derived ~ram the b1 which may st111 be 

chosen arbitrarily. Wilkinson (Reference 7) shows that if tlie bi are chosen .so that each ci is 

unity, in which case computation of the right hand side is avoided, then there are good reasons for 

expecting that the vector {b} will not be deficient in the eigenvector being calculated. Figures 1 

2 describes the algorithm developed for the solution of equations (27). Figure 1 presents the 

algorithm that sets up the equations in P,Q, and R fo1"111. These equations are then solved by the 

method of Figure 2. 
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In the case of a double eigenvalue, the above method gives one eigenvector {x1}. If we start 

with any {b} orthogonal to {x1} and aoply the previous algorithm convergence to {x2}, the other 

eigenvector, will result. In this case if {x1} is given by 

{ x1 } = { o.1 • o.2 • • · • • o.n} ( 29) 

we may take b as 
n 

{b} = - 1:: (as) / a1 , 1 , 1 , ••• , 1} 
s=2 

( 30) 

In the more general case of multiple eigenvalues, if eigenvectors {x1}, {x2}, .•. , {xm} given 

by 

I 

have been obtained, a starter vector {b} orthogonal to each of these eigenvectors may be obtained by 

taking the components bm+l' bm+2' ••. , bn as unity and solving the simultaneous equations 

{ 31) 

Accumulated rounding errors in the algorithms to obtain the eigenvectors {x1}, {x2}, ... , {xk} 

corresponding with k repeated eigenvalues will result in their not being exactly orthogonal to one 

another. The following Gram-Schmidt algorithm described by Beodwig (Reference 8) will produce an 

orthonormal set of k eigenvectors {y
5

} from the almost orthogonal set {x
5

}: 
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f2.!:.. s • 2, k 

s-1 
{z} .. {x}.:. 1: ({xs}. {yt}) .Yt 

s s t•l 

where I I {z
5

} I I denoted the Euclidean nonn 

~z 2 + z 2 + + z 2 sl s2 ••• sn (32) 

of a vector {zsl, zs2' ... , zsn}' and where ({xs} • {yt}) is the scalar product of the vectors {xs} 

and {yt}. 

Finally, when all the eigenvectors of the tridiagonal matrix have been extracted, the matrix 

multiplications of equation (6) are carried out to obtain the eigenvectors of the original matrix [A]. 

9.2.5 Computer Program Flow 

The procedures described in the preceding sections are broken into computer routines as fo11ows: 

Overal 1 Control 

Tridiagonalize Matrix 

Computation of Eigenvalues 

Computation of Eigenvectors 

VAlVEC 

TRIDI 

QRITER 

WILVEC 

Flow diagrams for VALVEC, TRIDI, QRITER and WILVEC are included here in Figure 3 through 7. 
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pi • X 

Qi. y 

R1 • 0.0 

Yes 

X • qi+l - A - bi+l • Y/X 

y = bi+2 

Yes 

I = 1 

c .• , , 

No 

C • l n 

W = 0 

No 

P; • bi+l 

<'!; • ai+l - A 

R; • - X/P i 

X • Y + Z (qi+l - A) 

y • Zb;+2 

Figure 1. Eigenvalue solution alqorithm equation definition. 
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ITER = 1 
l·J = 1.0 

C; = 1.0; 

i = 1 •••.• n 

V = C . 1015 ~-Y_es~ 
n n 

Yes J • n i.-,.__;..;;.;;;...<' 
No >----e~ J = n - 1 

le • 1 

m • n - 1 - le 

Vm • (Cm - Cl,nVm+l - ~Vm+2)/Pm 

No 
>-----------------.!k•k+l 

Yes 

Figure 2. Eigenvalue solution algorithm equation solution. 
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~1 = IV JI 
C; + V; ; i .. l , ••• ,n 

k • l 

No Yes 

Yes 

Y • ck+l . 
ck+l ·ck+ ck+1IFk 

No 

Iteration Completed -
Convergence Not 

Achieved, 
Possible Error 

ck. v 

Figure 2. Eigenvalue solution algorithm equation solution (Cont'd). 
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VALVEC 

ENTER 

RSTIVV 
Regeneration 
for restart 

Yes 

EIGENVALUE EXTRACTION METHODS 

Set order of 
matrix N 

No No 

Yes 

SMLEIG 

Computes eigenvalues 
for matrices of order 
1 and 2. Also.computes 
eiqenvector for N = 1. 

Tridiagonalization 

Eigenvalue 
computation 

No 

Yes 

TRIDI 
Tridiaqonalizes 

input matrix 

Yes No 

Yes 

QR• 1 QR• 0 

QRITER 
Computes eigenvalues 

for QR• O; 
Reorders eigenvalues 

for QR • 1. 

UILVEC 
Computes eigenvectors 

Write ordered eigenvalues 
on Eigenvalue Su11111ary File 

Figure 3. Subroutine VALVEC - module control. 
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TRIDI 

ENTER 

Assign and 
Rewind 3 
Tapes 

Initialize 
Variables 

Transfonnation 
Subroutines 

No 
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Arouments: 
1. Location of Diagonals and Sines (Area D) 
2. Location of Off Diagonals (Area 0) 
3. Location of Sines 
4. Location of Available Storage 

Initial Transfonna­
tion: Calculate No. 
of Rows of this 
Transfonnation to 
Put on 1st Temo. 
Tape. (Rest of· Rows 
go on Second Temp. 
Tape) 

Read First 2 
Rows of Original 
Matrix onto Areas 

D and 0 

Calculate Sines 
(SIC0 

Subroutines) 

Read as Many 
Rows of Original 
Matrix as will fit 

in Core. 

Write ~ines 
onto 

Data Tape 

No 

if All of the 
Calculated Sines are 
not Zero, Apply 
these Transfonna­
tions to the Rows o 
the Matrix Currently 
i n Core • ( GI V 
Routine) 

Write these Newly 
Transfonned Rows 
ontolst, then 2nd 
Temporary Tape 

Figure 4. Tridiagonalization routine 
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Number = 2 
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Transfonn Rest of 
Matrix: Move Matrix 
Row thats just Been 
Annihilated from Last 
Part of 0 Area to 
Last Part of D Area 

Increase 
Transformation 

Number by l 

Calculate No. of 
Rows of this Trans­
formation to put on 
3rd Temp. Taoe (Rest 
of Rows go on First 
Temp. Tape) 

Read Row We are 
about to Annihilate 
from Temp. Tape 1 or 
2, into Area 0 If 
this was the Last 
Row on Temp. Tape l, 
Rew:ind it. 

Calculate Sines 
(SIC0 Subroutine) 

Write 
Sines onto Data Tape 

' 

EIGENVALUE EXTRACTION METHODS 

Fill Core with as 
Many Rows as Possible 
of Partly Transfonned 
Matrix from Temporary 
Tapes 1, thru 2. Re­
wind Tape when all 
have been Read. 

Apply Transformations 
to those Rows 

which are in Core 

Write these Newly 
Transformed Rows onto 
3rd, then 1st, 
Temporary Tapes 

Yes 

Figure 4. Tridiagonalization routine (continued) 
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Reassign Tape Names 
Old Temp. Tape 1 

New Temp. Tape 2 
Old Temp. Tape 2 

New Temp. Tape 3 
Old Temp. Tape 3 
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All Remaining Rows 
Fit in Core 

Apply Current 
Transformations to 
Rows of Matrix in 
Core if at Least 1 
Sine; O 

No 

Move Row Just 
Annihilated from End of 
Area 0 to End of Area 
D. Increase Transfonna­
tion No. by 1 
Mov.e Row to Annihilate 
into Area 0, 

Calculate Sines 
(SIC0) 

Write Sines 
on Data Tape 

Yes 

Figure 4. Tridiagonalization routine (continued) 
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Yes 

No 

4A Search for decoupled submatrix 
with nonzero off-diaqonals 

4C 

No 

Yes 

46 Perfonn QR iteration 
for eigenvalues 

No 

Reorder eigenvalues 
algebraically in 
ascending order 

Write the ei9envalues 
40 and order found on the 

Eiqenvalue File (LAMA) 

Compute number of 
eigenvalues in given 

frequency ranqe. 
i-----.c RETURN) 

Fiqur'e 5. r,ross logical flow of subroutine QRITER. 
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QRITER 

C ENTER )>-------, ITER = l 

ITER = ITER + 1 

No 

Find the smallest 
diaQonal term 

·Reduce all diaqonals 
by smallest tenn 

Yes 

Yes. 

Perfonn Ortega-Kaiser iteration 
for current tenn ( Eq. 25 and 26 1--------i.-i 

of Theoretical Section) 

Increment to 
next term 

Replace shift 
value to diagonals 

Yes 

ERROR 
Did not converQe 

for this tenn 

Print message 

Figure 6. Subroutine QRITER - eigenvalue iteration. 
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WILVEC 

Enter 

Initialize Max. 
No. Rows that will 
Fit in Core at 
One time. -:-ape 
Names. 

Rewind Tapes 
Current Eigenvalue 

• 0 

Increase Current 
Eigenvalue No. 

by 1 

Determine Parti­
tion of Matrix 
for Current Eigen­
value: KHI • Next 

Off Diagonal 
KL0 • Last Zero 

Off Dia onal 

Eigenvector • 
co, ••• ,o,1,0, ••. ,o) 

N 

EIGENVALUE EXTRACTION METHODS 

Set Current 
Vector• 0 

Set up Simultaneous 
Equations: Calculate 
F,P,Q,R,C for Each 
Row of Partitioned 
Matrix 

Interation No. 
• l 

Solve for 
Eigenvector, Select 
Largest Element 

Normalize Vector 

Recalculate C 

Increase Interation 
Nuni>er by 1 

Yes 

Depopulate 
Vector 

No 

Figure 7. Eigenvector solution subroutine WILVEC 
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y 
L any 

/M_?_r;·_vectors 
~;\~,~ ;o~. ~/· 

No 

Write These Eigen­
vectors onto Temporary 

Tapes for 
Orthogenality Check 

a r 

Yes 

Read Sines 
(Transfonnations) 
from Data Tape, 
Reading Last Row 
of Sines First 

Wri te them onto 
Temp Tape 3, 
Last Row First 

Transfonn Eigenvectors 
of Tridiagonalized 
Matrix 
Eigenvectors of 
Original Matrix 
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Yes 

Read Sines from 
Temp Tape 3 

Write 
Eigenvectors 

onto Data Tape 

. J Yes 

C RETURN ) 

Figure 7. Eigenvector solution subroutine (continued) 
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9.3 INVERSE POWER METHOD WITH SHIFTS 

9.3. 1 Surrrnary of Procedures for Real Eigenvalue Analysis 

The algorithm for finding the eigenvalues and eigenvectors of 

([K] - A(M])[~] = 0 , ( 1 ) 

is given as follows. 

The iteration algorithm is given by the following equations. 

(2) 

(3) 

where Cn is the absolute value of the maximum component of {Wn} and A• A
0 

+ A1• The value of 

1/Cn converges to the shifted ei9envalue, A1, nearest to the shift point A
0 

and {un} converges to 

the corresponding eigenvector. A triangular decomposition is required of the matrix ([K] - A
0

[M]) 

in order to evaluate {Wn} in Equation 2. 

(4) 

The sum over i extends over all previously extracted ei9envectors. 

For each iteration fonn 

(5) 

Compute the normalization factor 

( 6) 

Compute the nonnalized difference of successive trial vectors 

(7) 
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Compute 

(8) 

Compute the approximate eigenvalue 

l an-1 
>-, .. '"a;-. (9) 

For the rapid convergence test, 

( l O) 

where A is a factor less than unity and tis the mass-orthogonality criteria, compute 

( 11) 

For normal convergence, 

l"6,; < A£. • ( 12) 

Compute 

( 13) 

and 

(5 • 
n ( 14) 

For the shift decision test, 

). - A 
h 1.n l,n-1 , .. > t1 • ,n Ro ( 15) 

9.3-2 ( 12/31/77} 



INVERSE POWER METHOD OF EIGENVALUE EXTRACTION 

Compute hl and the estimate of the required number of iterations, k, defined by the equation, 
,n 

k = 
log(~) 

( 16) 

log ( >-2/"1) 

For the >.2 reliability test, 

(17) 

compute 

>. - A 
h 2,n 2,n-1 
2 

• 
,n R

0 

( 18) 

l 

The above equations, along with the proper logic given in Figure l fonn the basis for the 

Inverse Power Method. 

9.3.2 Sunmaty of Procedures for Complex Eigenvalue Analysis 

The procedures for complex eigenvalue analysis are very similar, and in many instances identi­

cal, to those for real eigenvalue analysis. The only major change in the flow diagrams for real 

eigenvalue analysis (Figures 1 and 2} is the calculation of the left eigenvector after passage of the . 
convergence tests. ·Changes in procedure are indicated below according to the nunt>ered blocks in 

Figures 4 and 5. 

1. Compute Distribution of Shift Points 

Regions as specified by the user are set up in the complex plane as shown in Figure 2. There 

may be any number of search regions and the search regions may overlap. Each region is divided 

into square subregions with sides of length 11• The number of subregions is, 

( 19) 

The sum of the subregions, synnetrical with respect to the center of the\original search region, 

redefines the search region as shown in Figure 3. The shift points, Psi' are at the center of each 

subregion. 
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2. Select a Starting Point 

The shift point closest to the origin is used as the first starting point, A
0 

•. Thereafter, 

the next closest shift point is used as A
0

, 

4. Compute One Eigenvalue and One Eigenvector 

See Figures 5 and 6 for this block flow diagram. 

4.1 Decompose Dynamic Matrix 

The matrix to be decomposed is 

(20) 

which is, in general, complex and nonsymmetric and where A
0 

is either a starting point, As• a 

moved starting point, A~, or a shifted shift point, A~. Double-precision arithmetic w1th 

partial pivoting is used. 

4.2 One Vector Iteration 

The iteration algorithm is, for B; O, 

where 

{ii } • f- {wn} , 
n n 

{;j}T{AjMun + Mvn + Bun} 

{$j}T[2AjM + B]{~j} 
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en = largest element (in magnitude) of {wn} , 

{¢j} = previously found eigenvector , 

{~j} = previously found left eigenvector 

Aj = previously found eigenvalue 

A
0 

= shift point . 

The sweeping operation, Equations 24 and 25, is also applied to starting vectors. The sum 

on (j) extends over all previously found eigenvalues. 

For the special case, [BJ• 0, Equation 25 is replaced by 

and Equation 26 is replaced by 

4.3 Convergence Tests (see Figure 6) 

{;j}T[M]{iin} 

{;j}T[M]{~j} • 

· (27) 

The convergence tests are identical to those for real eigenvalue analysis except that 

Fn is fonned in the following manner 

{F n} • .[M + 2X + 1. 
1 

+ 1. 0] {un} 
o l,n-1 2,n-1 

where "l ,.n-l and ,.2,n-l are the eigenvalue estimates of >.1,n and ,.2,n from the previous 

iteration. 

4.8 Compute Left Eigenvector 

Left eigenvectors satisfy the equation 

where Aj is identically equal to the eigenvalue for the given problem, i.e., 
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[A~M + A.B + K]{~.} = 0 . 
J J J 

( 31) 

The left eigenvector ¢j is evaluated after the corresponding right eigenvector, ~j' and 

the eigenvalue, A·, have been found. The procedure is to fonn the lower and upper triangular 
J 

factors [Li] and [Ut] of the dynamic matrix at the accepted value of the eigenvalue, 

(32) 

and then to solve the equation· 

(33) 

for {$j} by forward and backward substitution {see Section 2.3). The excitation vector, {F}, 

may be specified arbitrarily since [U1J is nearly singular. 

5. Have All the Eigenvalues Been Found? 

The answer is "yes 11 if the number of eigenvalues found equals the total number estimated to 

be in the problem. The number found should include conjugate eigenvalues for problems with real 

M, B, and K matrices. The total number estimated to be·in the problem is 

for problems in which [BJ~ 0, and 

for problems in which [BJ• 0, and where 

Neq • number of rows in dynamic matrix 

N
0
M • number of columns of the mass matrix that are null. 

6. Is Eigenvalue Outside Range? (see Figure 3) 

The test is: 
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where Rc is the distance from the starting point As to the corners of the starting point's 

search region, see Figure 3. 

7. Select Next-to-Last Trial Vector as Starting Vector 

a. If there was no shift in finding the previous eigenvalue 

ui+l,o = ui,N-1 

vi+l,o • vi,N-1 • 

b. If there were one or more shifts: Select ui+l,o and vi+l,o equal to the last 

vector before the first shift. 

8. Too Close to Starting Point? 

The criterion is 

Too close 

where 

t • criterion specified by user for convergence 

of eigenvectors (Default value• 10·4) 

Ai • eigenvalue just found 

As • starting point 

Rc • range. 

The value stored in the program for~ is .05. 
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INVPWR 

ENTER 

Initialize 
parameters 

Pick Ao in center of 
search region 

Fonn ([K] - A
0 

[M])(INVPl) 

Decompose ([K] - A
0 

(M]) 
(INVP2) 

Evaluate eigenvalues in 
the region (INVP3) 

No 

Output eigenvalue 
s Ul'IITla ry 

RETURN 

Yes 

Figure 1. Flowchart for Real Inverse Power Method with Shifts 
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INVP3 

No Yes 
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Use previously stored 1-----i 

vector for starting 

ENTER 

Initialize 
parameters 

Orthogonalize 
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Solve for {l,ln} 
(INVFBS • FBSINV) 

Nonnalize vector 
(N0RM1) 
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No 
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starting vector 
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Figure 2.(a) Flowchart for Real Inverse Power Eigenvalue Evaluation 
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Compute 
an-1 
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1,n cnan 

{Fn} c [M] {un} 

an• l{un}T{Fn}I~ 

{un} {un-1} 
{cSu } • - - .-..:.:.~ 

n an an-1 
{cS } {Fn} {Fn-1} 

F = - - -:.:...:-
n an an-1 

No 

Compute 
~n • l{cSun}T{cSFn}I~ 

No Yes 

No 

Set rapid convergence flag 

Figure 2.(b} Flowchart for Real Inverse Power Eigenvalue Evaluation 
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e::2 flag not set 
---------------, 

). - ). 
h = 2.n 2,n-1 
2,n ).

0 

e::2 flag se 

o = minimum ( 
n (1 

No 

Yes 

Rapid convergence ~---------... 
Convergence achieved 

Save). and t 

No 

Yes 

Move shift point 

Set completion flag 

~ETURN 

Set e::2 flag 
). = ). 2,n 2,n-1 

Figure 2.(c) Flowchart for Real Inverse Power Eigenvalue Evaluation 
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Yes 

Yes 

No 

Save current vector 
on scratch file. 
Move An close to 
eigenvalue 

RETURN 

No 

Continue iterating 

Figure 2.(d} Flowchart for Real Inverse Power Eigenvalue Evaluation 
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Imag 

82 ........... ___ ..... _________ ....., 

Region II 

Figure 2. Search regions 
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f 
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search 
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Real 
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Figure 3. Distribution of starting points within a search region. 
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Figure 4. Flowchart for Complex J.nverse Power Method with Shifts 
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Figure 5. Flow diagram for block 4, compute one eigenvalue and one eigenvector 

9.3-15 (7/4/76) 



Exit, Rapid 
Convergence 

... 

Compute 

EIGENVALUE EXTRACTION METHODS 

Convergence Tests 

Yes 

No 

Yes 

Yes 

Enter 

Compute n and A1 

No 

No 

Has £2 Test Failed 
Previously? 

Fail 

Pass 

Yes 

Set~ 

---------
Compute o 

vjij < Ae: No 

Exit. Normal Exit, No 
Convergence Convergence 

Figure 6. Flow diagram for block 4.3, convergence tests 

9.3-16 (12/31/77) 

No 

No 



EIGENVALUE EXTRACTION METHODS 

9.4 THE TRIDIAGONAL REDUCTION (FEER) METHOD 

9.4.1 Background for Real Eigenvalue Analysis 

The Tridiagonal Reduction or FEER Method is an automatic matrix reduction scheme whereby the 

eigenso1utions in the neighborhood of a specified point in the eigenspectrum can be accurately ex­

tracted from a tridiagonal eigenvalue problem whose order is much lower than that of the fu11 pro­

blem. Specifically the order, m, of the reduced problem is never greater than 

m • 2q + 10, ( 1 ) 

where q is the desired number of accurately computed eigenvalues. 

As shown in Section 9.4.3, the Tridiagonal Reduction Method employs only a single initial 

shift of eigenvalues and hence usually requires only one matrix decanposition. It consequently 

tends to be much more efficient than the Inverse Power Method when more than one or two eigensolu­

tions are required. 

The restrictions on the use of the method for real eigenvalue analysis in NASTRAN are as 

follows: 

1. For structural vibration mode applications, the method extracts a preselected number of 

eigenvalues which are closest to a specified shift value, A
0

, rather than computing the 

eigenvalues in a prescribed range. 

2. In buckling problems, a preselected n1111ber of eigenvalues of smallest magnitude are ob­

tained, i.e., no shifting is perfonned. Physically, this implies that the buckling load 

parameters, whether positive or negative, are computed in order of increasing magnitude. 

The real eigenproblem fonnulations associated with the Tridiagonal Reduction Method are pre­

se~ted in Section 9.4.2 and a sunmary of the computational procedures, including flow charts, is 

given in Section 9.4.3. Refer to the Theoretical Manual, Section 10.6, for details concerning 

the development of the relevant equations and numerical criteria. 
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9.4.2 Problem Formulation 

The problem is to find a specified number of real eigenvalues and corresponding eigenvectors 

for 

( 1 ) 

It is further required that these eigensolutions constitute the set lying closest to a speci­

fied point, X
0

, in the eigenspectnnn. 

The definitions of the eigenvalue, xa' the matrices [K] and [M], and their mathematical 

properties, depend on the type of problem being solved within the NASTRAN environment. For real 

analysis, only two separate problem types need be considered; structural vibration and bucklinq 
I 

problems. The matrix definit1ons and mathematical distinctions for these two cases are sumnarized 

in the following table: 

Table 1. Problem Fonnulations 

Problem Quantity Definition 
NASTRAN Most General 

Type Notation Properties 

[KJ Stiffness Matrix - [Kaal Synmetric, non-
analysis set. negative, semidefinite 

matrix 

Structural [MJ Mass Matrix - [Maa] Same Vibration analysis set 
Modes 

Aa 
Square of a ,i circular natural Positive 
frequency 

[K] Stiffness Matrix - [Kaal Symnetric, positive-
analysis set definite matrix 

Differential Stiff- d Symnetric, indefinite 
Buckling [M] ness Matrix - [Kaa] matrix 

analysis set 

Xa Buckling Load •A Positive or negative Parameter 

The essential mathematical d1fferences between the two types of problems center around the 

properties of the [M] matrix, which is non-negative for vibration mode problems, but indefinite 
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for buckling problems, thereby permitting the existence of both positive and negative eigenvalues 

in the latter case. In addition, the stiffness matrix may be singular for vibration problems while 

it is always positive definite in buckling applications, which implies that the buckling analysis 

is perfonned on a kinematically stable structure. 

In su11111ary, the two problems under consideration are of the fonns 

(structural vibrations) (2) 

and 

(buckling) (3) 

Further, if the user requests vibration modes in the neighborhood of a specified frequency, 

w0 , Equation 2 can be written as 

( 4) 

where 

(5) 

and 

>.' • (6) 

The resulting effective stiffness matrix, [KJ, is indefinite in this case, since it possesses both 

positive and negative eigenvalues. · This requires that a non-square root decomposition scheme be 

used in subsequent operations. However, w0 • 0 is taken as a default value, or it may be speci­

fied by the user. In this case, a specified number of natural frequencies starting with the lowest 

will be computed. In order to utilize a more efficient Cholesky decomposition of [K] under these 

conditions, a small negative shift >.
0 

• - a2 is used, yielding 

(7) 

and 

>.' .. w2 + a2. (8) 

It is easy to prove that the resulting effective stiffness matrix [K] is positive-definite 

provided that the system masses generate positive kinetic energy due to any kinematically admiss-
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ible rigid body motions of the structure. This requirement is always satisfied by the mass matrix 

in a physically well posed problem, thereby· allowing a Cholesky square-root decomposition to be 

performed when the roots are computed in the neighborhood of zero. Since no shifting is perfonned 

in buckling problems, the effective stiffness matrix is [K] • [KaaJ, which is always positive­

definite, again pennitting the use of a Cholesky decomposition. 

or 

In any event, a decomposition or factoring of [K] is next performed: 

[KJ • [CJ cc]1, 

(shifted vibration mode problems) 

(buckling problems or vibration 
modes in the neighborhood of 
zero desired) 

where (L] and [C] are lower triangular factors and ['d,] is a d1agonal matrix. 

(9) 

To facilitate computation of eigenvalues closest to the poJnt of interest within the eigen­

spectrum, inverse forms of the eigenvalue problems are employed, as in the Inverse Power Method 

with Shifts. 

The general form of the inverse problem may be written as 

[B]{X} • A[D]yX}, ( 11 ) 

where the above terms are defined as follows: 

Table 2. Inverse Eigenproblem Definitions 

Problem [B] [D] {X} A Type 

1. Shifted 
[M ]((L]-l)T[-d J·1[LJ-1[M J 1 Vibration [Maa] {q,} 2 2 Modes aa - aa 

II) - 11)0 

2. Unshifted I 
Vibration I 

Modes (in [C]-l[M ]((C]-l)T 
[I] 

[C]T{q,} l 
the neighbor- (Identity 

11)2 + a2 aa Matrix) hood of zero 
frequency) 

3. Buckling [CJ-l[Kd ]((C]-l)T [I] I cci {q,} 1 
Modes aa -r 
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9.4.3 Sunmary of Computa-tional Procedures and Flow Charts - Real Eigenvalue Analysis 

Flow diagrams illustrating the computational procedures are shown in Figures 1 and 2. The 

details of each block are sunmarized below. 

1. Calculate Small Negative Shift Parameters, a
2 

In the case of unshifted vibration mode problems a negative shift parameter for removing 

possible singularities is found from: 

where 

a2. • n(l02-t) lkfi I ; m ; 0 
min m1i max ii • 

and 

( 1) 

(2) 

(3) 

kii and m11 are the diagonal elements of [Kaal and [Maal r.espectively, n is the number of {u
8

} 

degrees of freedan, and t is the number of floating decimal digits carried by the computer. 

2. Zero-Out Excessively Small Elements of [M] Matrix {see Table 1, Section 9.4.2} 

a. Compare the magnitudes of all off-diagonal elements of [M) with the corresponding diagonal 

elements to determine whether 

m 
l:::.U.1 ~ 10·2t/3., i " j ; 0 

T t mii • mii 
( 4) 

b. Set m1j • 0.0 for every off-diagonal element satisfying the above criterion. 

3. Establish Tentative Reduced Problem Size 

a. ·Count the number, n, of non-null columns or rows in the above modified [M) matrix and set 

(5) 

where f is the number of previously computed eigensolutions. 
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b. Calculate a tentative size, m, of the reduced eigenproblem from 

m • min[2q + 10, r], (6) 

where 

-q • q - f, (7) 

and q is the total number of accurate eig~nvalues requested by the user, including pre­

viously computed modes. 

If q > r, the program will try to find all existing solutions. 

-4. Construct Factors of [K] Matrix (see Section 9.4.2) 

a. Set 

( i) [KJ • [Kaa - w~MaaJ• (Shifted Vibrat1on 
Mode Problems) 

(8) 

or 

(11) CKJ • [Kaa + a2Maa]' (Unshifted Vibration 
Mode Problems) 

(9) 

or 

( i 11) CKJ • [Kaa]. (Buckling Problems) {l O) 

b. Perform a non-square root decomposition: 

[K] • [LJ[ .. d .. ][L] T (11) 

for case (1), or a Cholesky synmetric decomposition: 

[K] • [C][C]T (12) 

for cases (ii) and (iii), using real arithmetic without pivoting. Save the triangular 

and diagonal factors. If the decomposition for case (i) fails or the decompositions for 

cases {11) and (iii) fail after two increases in a2 by factors of one hundred, then the 

program is aborted because of unremovable stiffness matrix singularities. 
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5. Execute Tridi~gonal Reduction Algorithm (see flow diagram for this block, Figure 2) 

5.1 Initialize the Recurrence Algorithm 

Initialize the vector 1ndex to i = 0 and set 

where {v
0

} is an (nxl) null vector. 

5.2 Generate a Starting or Restart Vector and Set di+l • 0.0 

a. Construct an n-element vector {w} using a pseudo-random number generator. 

b. Solve for an un-normalized trial vector from the equation 

{v;+i > • [BJ{wl. 

where 

[BJ • { [Lr l) T ['cl,r l [Lr l [MaaJ • (case i) 

or 

(case ii) 

or 

(case iii) 

Forward and backward passes are used to perform the above inverse operations. 

c. Normalize the above vector: 

where 

[DJ • [MaaJ, (case i) 

[DJ • [I]. (cases ii and iii) 
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d. Set d1+1 = 0.0 and proceed to block 5.5. 

5.3 Create One Approximate Trial Vector and One Diagonal Coefficient 

The recurrence algorithm is: 

wnere 1 

a .. = {v,.}T[B]{v
1
.}, 

1 I 1 

-
{vi+l} = [B]{v1} - a1, 1{v1} - d

1
{v1_1}, 

a "' [{V,·+1}T[D]{v1+1}]112, 
i+l 

{vt~1} "' ..1_ iv1+1 }, 
a;+1 

[BJ "' [DJ[B], 

-(0) . 
and {vi+l} is an approximation to the new trial vector. 

5.4 First Normalization Test 

The test is 

I- 2-t1 I di+ 1 I ! 1 o a1 , i • 

Pass: Proceed directly to block 5.5. 

( 21 ) 

(22) 

(23) 

(24) 

(25) 

(26) 

Fai 1: 
( 0) Return to Dlock 5.2, generate a new restart vector for {v1+1}, and then proceed 

to block 5.5. 

5.5 Iterate to Obtain Orthogonalized Vector 

-Designate {Xj}, j • 1, fas previously calculated and stored eigenvectors. Perform the 

iterations, 

{ (s+l)} • {vi(+Sl)} -.r [{vJ./[O]{v
1
~Sh]{vj} 

vi+l J=l +• 

f - T · (s) -- l [{XJ.} [D]{v. 
1

}]{X.}; s • 0, 1, 2 ••. , 
j•l 1+ J 

(27) 

until 
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(27) 

and 

(28) 

or 

s "' 14. 

If the ortnogonality criterion, Equation 28, is satisfied, proceed to block 5.6. Other­

wise, set the problem size, m, equal to i and proceed to Exit. 

5.6 Nonna1ize the Orthogonalized Trial Vector 

Compute 
{ (s+l)} 
vi+l 

This is the new orthogonalized and nonnalized trial vector. 

5.7 Second Nonna1ization Test and Creation of Off-Diagonal Coefficient 

a. Compute the next off-diagonal term in the reduced tridiagonal matrix from 

b. Verify whether the following test is met: 

(29) 

(30) 

(31} 

If it has, set i • 1+1 and return to block 5.3 for continuation of the recurrence 

algorithm. If the test fails, set m • i to reduce the problem size and proceed to 

Exit. Only i modes can be obtained since more than r - f modes may have been re­

quested. 

6. Solve Reduced-System Eigenvalue Pro6lem 

a. The coefficients a11 , a22 , •.•. ,. amm and d2, d3, •••• , dm' computed in block 5 are in­

terpreted as the following synrnetric, tridiagonal array: 
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[A] = (32) 

b. The mth order eigenvalue problem 

-
(A]{y} • A{y}, (33) 

-is solved for the eigenvalues, A1, and eigenvectors {y1} using a Q-R algorithm and 

eigenvector computational procedure similar to that described in Sections 10.2.3 and 

10.2.4 of the NASTRAN Theoretical Manual. 

c. The reduced system eigenvectors are normalized so that 

(34) 

7. Compute Maximum Eigenvalue Errors 

a. The maximum absolute relative errors in the computed physical eigenvalues are obtained 

from 

i • 1, m, (35) 

-where dm+l is the last off-diagonal term computed in block 5.3 and Ymi is the last ele-

ment in the vector {y1}. If the physical eigenvalue, J:. + A , corresponds to a rigid 
A o 

body mode, the above computation is invalid and therefore bypassed. A rigid body mode 

is assumed to occur whenever 

11 + A I < ,o-t/3 r o - , 
1 

and is denoted by setting the relative error, E., equal to a flat zero. 
1 
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b. The eigenvalues are processed in order of increasing distance from the center of range 

of interest, A
0

, to detennine whether their associated Ei values meet an acceptable 

relative error tolerance, E, set by the user on the EIGR or EIGB bulk data card (the 

default value is (.001/n) % where n is the order of the stiffness matrix. The first 

eigenvalue not meeting the tolerance test, as well as all subsequent eigenvalues fur­

ther removed from the center of interest, are considered to lack sufficient accuracy 

and are therefore rejected. 

c. Acceptable eigenvalues obtained in the above manner are reordered in terms of increas­

ing physical value for subsequent processing by NASTRAN. 

8. Compute Physical Eigenvalues and Eigenvectors 

' The mathematical eigenvalues, X1, and eigenvectors, {y1}, are converted to physical form as 

fol lows: 

- 1 (buckling problems) (37) A; • - -:- t 

Ai 

-2 • J- - a2 • (unshifted vibration (38) C&li 
Ai mode problems) 

-2 • _1 + 1&12 (shifted vibration (39) ca; t 

X1 o mode problems) 

{ii} • ((Cf1)T[V]{y;}, (buckling or unshifted (40) 
vibration mode problems) 

<i;} • [V]{y;}, (shifted vibration 
mode problems) 

( 41) 

where 

[VJ • ( {vl}' {v2}' ••• , {vm}]. (42) 
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Figure 1. Overall Flow Diagram for Tridiagonal Reduction Method 
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Figure 2. Flow Diagram for Block 5, Execute Tridiagonal Reduction Algorithm 
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9.4.4 Summary of Procedures for Complex Eigenvalue Analysis 

The theory and computational procedures for complex eigenvalue analysis are described in 

Sections 10.6.4 and 10.6.5 of the Theoretical Manual. The major differences, as compared to rea1 

eigenvalue analysis, are: 

1. Left and right bi-orthogonal vectors must be created in the process of constructing the 

reduced tridiagonal matrix. 

2. The reduced tridiagonal ma tr.ix, while symmetric in fonn, is, in general, complex rather 

than real. 

3. The calculated theoretical errors in the computed eigenvalues are estimates rather than 

upper bounds. 

4. The general complex eigenvalue problem is of the fonn 

(Mp2 + Bp + K]{u} • O, (43) 

where [M). [BJ and (K] may be real, complex, synwnetri.c or unsynwnetric, singular or non­

singular. The problem size is doubled when [B] is not null. 

5. Eigensolutions, pi' closest to one or more specified points (shift points) in the complex 

plane are found·. All eigensolutions obtained for previous shift points are swept out of 

the problem to prevent their re-generation when dealing with the current shift point. 
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