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FOREWORD

Contract F33615-83-C-3232, entitled "Automated Strength-Aeroelastic
Design of Aerospace Structures," was initiated by the Analysis and
Optimization Branch (FIBR) of the Air Force Wright Aeronautical Laboratories.
The objective of this contract was to develop a computer procedure which can
assist significantly in the preliminary automated design of aerospace struc-
tures. This report, which is one of a four-volume final report, is a User's

Manual for the delivered computer procedure.

Northrop Corporation, Aircraft Division, was the primary contractor
for this program with Universal Analytics, Inc. (UAI) and Kaman AviDyne acting
as subcontractors. The principal contributors to this r¢port were: D. J.
Neill, Project Co-Principal investigator, E. H. Johnson, the overall Program
Manager at Northrop and D. L. Herendeen, the Project Manager at UAI. R. E.
Blauvelt and E. S. Saether at Northrop also contributed to the writing of this

report.

Capt. R. A. Canfield was the Air Force Project Manager while Dr. V.
B. Venkayya initiated the program at the Air Force and provided overall
program direction. The work reported on in this report was performed from Ol
July 1983 through 31 December 1987.
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SECTION I

(v v

INTRODUCTION

This User's Manual is one of four manuals documenting the ASTROS
(Automated STRuctural Optimization System). The other three are the Applica-

tions Manual, the Programmer’s Manual and the Theoretical Manual. The Appli-

cations and Theoretical Manuals indicate the range of capabilities of the
ASTROS system while the Programmer's Manual is provided to give details of the
internal workings of the engineering modules. The User's Manual provides a .!
complete description o. the user interface to the ASTROS system in order to
facilitate the preparation of input data. It introduces the features of the
ASTROS system that enable the user to direct this software system and docu-
ments the mechanisms by which the user can communicate with the system. It is
assumed that the reader is familiar, from a study of the Theoretical Manual, !J
with the engineering capabilities of the ASTROS system and is using this
manual to deifine the form of the particular input that directs the system to
perform a desired function. This manual is intended to provide the user with
. a convenient reference for all forms of input to the system and is therefore !J'
organized along the same lines as the input data stream. The discussion of
each topic is brief and as generic as possible with the detailed documentation

isolated in the appendices. Information on ASTROS output formats is also

. "

provided.

This manual is directed toward the engineer/designer/analyst who is
using ASTROS to perform engineering design or analysis. While ASTROS is
perfectly capable of performing many tasks not explicitly supported in the
standard execution, the user must know the engineering software in considera- .
ble detail to direct the procedure to perform these alternative functions.
The mechanisms by which these more advanced features are invoked are included

in this manual but no attempt is made to provide sufficient information to the

K )

user to generate new analysis features or to grossly modify the existing

capabilities of the system. These more advanced topics are treated in the
Programmer’s and Application Manuals which document the individual modules in {

the system and their interactions. Rudimentary (and typical) modifications to

Q.

the execution sequence and changes to execution parameters are discussed in

detail in this manual.




Machine and installation dependent aspects of ASTROS are also com
tained in the Application and Programmer's Manuals rather than in the User’s
Manual. Only those machine dependency issues that are logically related te
the preparation of the input are discussed in the User’s Manual. Machine
dependencies in the input are limited to the naming conventions for the rum
time data base file(s) and the parameters that can be us:! on the ASSICN
DATABASE entry. Other machine dependencies are handled as part of the instal
lation of the system on each particular host machine. These issues are
documented in the Programmer’s Manual since they are relevant only to the

"system manager," not to the "user."

It will be apparent to many readers that the NASTRAN structural
analysis system was used as a guide in the design of the ASTROS procedure.
Both NASTRAN and ASTROS comprise large scale, finite element structural
analysis in executive driven software systems. Therefore, many of the input
and output features are similar. NASTRAN h:s become an industry standard in
finite element structural analysis with many pre- and post-processors devel-
oped around NASTRAN data. In order to facilitate acceptance and use of the
ASTROS procedure, NASTRAN compatibility was considered desirable in many
areas. As a result, manvy aspects of the ASTROS input are similar in form or
purpose to those in NASTRAN and, in many other cases, the same nomenclature
has been adopted. Therefore, in some instances in this document, ASTRCS input
will be compared and contrasted to NASTRAN input in order to present a concise
picture of the ASTROS input and to assist the reader familiar with NASTRAN in
making the connection to the equivalent item in ASTROS. Although familiarity
with NASTRAN is not a prerequisite to understanding the ASTROS documentation,
sufficient numbers of potential ASTROS users are expected to be familiar with
the NASTRAN system to justify the sometimes casual reference to NASTRAN

features.

Section II contains a description of the ASTROS input file with the
remaining Sections III through VI organized to parallel the input file struc-
ture. Within each section, the function of the particular input packet is
presented along with illustrations of how the data are prepared. Each packet
is described in a generic fashion so as to indicate how the sophisticated user

can make use of the more advanced features of the system without cluttering

. e e e i ot
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the discussion with details of the input structures. The detailed documenta-
tion of the separate input structures of the data packet are in an accompany-
ing appendix. This form of user’s documentation enables this manual to be
useful as a guide to the beginning user as well as a reference for the experi-

enced user.

In Section VII, following the input stream descriptions, the output
features of the ASTROS system are documented. While these features are
selected through directives in the input data stream, they are sufficiently
numerous and complex to justify a separate section devoted solely to output
requests. The output capabilities of the system are described in very general
terms while the output requests available for each analysis discipline and
optimization feature are documented in detail. Most output 1is selected
through Solution Control directives that are documented in Section V, but some
are selected through modifications to the executive (MAPOL) sequence. Section
VII documents all of the output utilities available to the user through MAPOL
directives and gives several examples of modifying the MAPOL sequence to
obtain additional output. Other features are described in the MAPOL Program-

mer’'s Manual.

Many examples of user input are used throughout this document and the
appendices. In order to ease the burden of interpretation, the following
conventions will be used in the examples unless otherwise noted.

MAPOL NOGO Capital letters indicate that the phrase must
appear exactly as shown

MAPOL params Lower case symbols act as generic place
holders indicating that an option or options
can or must be included

GO Symbol(s) enclosed in braces ( ) are optional
MAPOL If more than one symbol is available they
NOGO be stacked in vector notation with any

defaults denoted by underlines.

INCLUDE <filename> A required symbol 1is enclosed in angle
brackets. 1If the angle brackets surround an
option list, at least one of the available
options must be selected.

BEGIN ~ BULK The caret (+) is used to signify a required
blank space.




T

In some cases, the appendices represent standalone documents with

their own conventions that may differ from those in the main body.
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SECTION II

THE INPUT DATA STREAM

The ASTROS wuser directs the system through an input data stream
composed of a command to attach the ASTROS run time data base followed by
multiple data packets. Each packet contains a set of related date providing
the information needed to execute the ASTROS procedure. The packets begin
with a keyword indicating the nature of the data within the packet and termi-
nate with an ending keyword or with the start of the next data packet. All
the packets in the input data stream are optional, although the order in which
they must appear is fixed. The purpose of this section is to document the
structure of the input data stream. Detailed documentation of the data within

each data packet is then presented in separate sections.

Figure 1 shows the general form of the input data stream. The first
non-blank record of the input file must be the ASSIGN DATABASE entry. This
command enables the user to attach the run time data base file(s) that are
used during the execution of the ASTROS procedure. There are four optional
data packets following the ASSIGN DATABASE entry which, if they are present,
must appear in the order shown. The first is the DEBUG packet which contains
"debug" commands to control or select specific actions within the executive
and data base management systems. The second packet is the MAPOL packet
containing the executive system control directives consisting of efither a
standalone MAPOL program or EDIT commands to modify the standard MAPOL pro-
gram. If the MAPOL packet is absent, the unmodified standard MAPOL sequence
directs the execution. The Solution Control commands appear in the third
optional packet denoted by the keyword SOLUTION. These commands select the
engineering data to be used in each subcase from the set of data provided in
the fourth and final data packet: the BULK DATA packet. The BULK DATA packet
contains the engineering data describing the finite element structural model,
the aerodynamic model(s), and the design model, as well as all the data needed
to perform the specific analysis and/or optimization tasks. The MAPOL,
SOLUTION and BULK DATA packets are analogous to the NASTRAN executive control,

case control and bulk data decks, respectively.
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Any number of leading blank lines

ASSIGN DATABASE name password status params

' -
' DEBUG '
]
]
g DEBUG directives :
= it L O SO :
Ty S T B T T L R T et e W ]
d MAPOL { option - list } or EDIT { option - list } :
: '
: MAPOL program or EDIT commands :
] ]
: :
Tl L B sl R B et '
] ]
' SOLUTION :
' ;
s Solution Control Directives :
: :
T T =T i R e R )
' BEGIN BULK '
] ]
L} ]
: Bulk Data Entries .
" :
] . [}
] [}
] ¢ 1
] » ]
] ]
. ENDDATA Optional Bulk Data Terminator ;
] ]
Figure 1. Structure of the ASTROS Input Data Stream




In interpreting the input data stream, ASTROS recognizes the keywords
shown in Table 1. These keywords must begin in the first column and have the
structure shown. In some cases the keyword is also a command line that makes
up part of the data packet which it initiates. 1In these cases, the command
parameters are documented in the User’s Manual section discussing the details
of the associated data packet. For example, the MAPOL keyword is part of a
command that directs the MAPOL compiler to take certain actions. The detailed
discussion of the MAPOL command is therefore contained in the MAPOL Program-
mer’'s Manual (Appendix B of this report) and in Section IV.

TABLE 1. KEYWORDS RECOGNIZED BY THE INPUT STREAM INTERPRETER

KEYWORD DEFINITION

ASSIGN DATABASE Identifies the run-time data base files

DEBUG Initiates the DEBUG Packet

MAPOL Command line which initiates a MAPOL packet containing
a complete, user defined MAPOL program.

EDIT Command line which initiates a MAPOL packet containing
edit commands modifying the standard executive sequence.

SOLUTION Initiates the SOLUTION CONTROL packet.

BEGIN (BULK) Initiates the BULK DATA packet.

ENDDATA Optionally terminates the BULK DATA packet.

INCLUDE ?irects ASTROS to include input data from additional
iles.

Two keyword commands are related only to the input data stream and not
to the data within a packet. These are the ASSIGN DATABASE and the INCLUDE

commands. Each of these is discussed in detail in the following subsections.

2.1 THE_ASSIGN DATABASE ENTRY

The first line of the ASTROS input data stream must be the ASSIGN
DATABASE entry. This entry identifies the run time data base files to be used
in the current ASTROS execution and specifies certain parameters associated
with the files. The format of this entry is:

e et e
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ASSIGN DATABASE <dbname> <password> <status> {params)

where,

dbname is a name identifying the run time data base files
(maximum of 8 characters)

password is a user assigned password for the data base files
(maximum of 8 characters)

status is the status of the data base files. Must be either
OLD, NEW or TEMP

params are optional (installation dependent) parameters e.g.,
DBLKSIZE = n, IBLKSIZE = n, etc.

The entries on the ASSIGN DATABASE command are NOT keyword controlled and so

must be input in the order shown. They can be separated by any number of

blank characters or commas but must reside on one physical record of the input

data stream. Note that two commas do not imply that a parameter is missing;

instead, the second comma will be ignored. Two equivalent examples are shown

below:
ASSIGN DATABASE, ASTSC, KIMBERLY, OLD
ASSIGN DATABASE ASTSC KIMBERLY OLD

Figure 2 is provided to illustrate the function of the ASSIGN DATABASE entry.
In the case shown, the installation dependent parameter VOL has been imple-
mented which allows selection of the physical device on which the requested
file(s) DBl reside.

The optional "params” on the ASSIGN DATABASE entry may or may not be
keyword controlled and are installation dependent. They provide a mechanism
for the user to direct machine or installation dependent file operations to be
performed by the ASTROS procedure. At each site, the installation of the code
involves a definition of these parameters and the form they must take. The
ASTROS procedure is currently functional on five host systems: IBM 370
series, Perkin Elmer 30XX series, VAX/VMS and MicroVMS, VAX/Ultrix and CRAY.
Appendix A documents the installation dependent ASSIGN DATABASE parameters for
most of these systems as defined by the ASTROS system installer at each site.
The Programmer’s Manual contains the detailed description of how these and

other machine dependent parameters are defined.
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$DISK1:
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ASSIGN DATABASE DB1 KIMBERLY OLD VOL = $DISK1:

Figure 2. Function of the ASSIGN DATABASE Entry
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2.2 THE INCLUDE DIRECTIVE

The input data stream typically resides in a single file, but the user
can direct the input stream interpreter to include other files through the use
of the INCLUDE directive in the primary input stream. The format of the
INCLUDE command is:

INCLUDE <filename>
where,

filename is a name identifying the file to be included
(maximum of 72 characters).

The filename, which is used in a FORTRAN open statement, must satisfy the
requirements of the particular host system for file names. Beyond this
restriction, the user is free to have any set of contiguous non-blank charac-
ters in the filename. In order to avoid the possibility of an infinite
recursion, there 1is a restriction on the include feature that no INCLUDE
statement can appear in a file that is being included. For example, if the
file "TENBAR" 1is being included, it may not itself contain an INCLUDE
directive. The input stream interpreter will terminate with an appropriate

error message if this should occur.

The INCLUDE directive can appear anywhere in the input stream after
the ASSIGN DATABASE entry. The ASSIGN DATABASE must always appear as the
first non-blank line in order to allow the use of the run time data base in
the subsequent input stream interpretation. A single data packet can be split
among included files or an INCLUDE file may contain parts of multiple data
packets. The input interpreter merely replaces the INCLUDE directive with the
data contained in the named file so the only requirement is that the input
stream that results from the combination of all INCLUDE’s have the form of a
normal input stream. The INCLUDE feature can be very useful in certain
circumstances. For example, a special user developed MAPOL sequence can be
stored and externally maintained from the files containing the engineering
data for particular runs; or, conversely, the bulk data representing a large
model can be included into the file containing the solution control

directives.

10
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SECTION III

THE DEBUG PACKET

The debug packet represents a legitimization of a development tool and
is intended to be used primarily by those responsible for maintaining the
software. The debug packet provides the system programmer with the means to
invoke or control certain executive and data base management system functions
that are helpful in tracking the ASTROS execution and/or testing the executive
and data base management system software. However, because some of the debug
options can be useful to the general user, the debug packet is fully document-
ed in the User’s Manual rather than in the Programmer’s Manual. This section
documents each of the debug options and indicates how the option can be useful
in debugging the ASTROS procedure. Emphasis is placed on those debug options

that are of interest to the general user.

The debug packet is initiated by the keyword DEBUG, which must appear
alone on the line of the input stream that follows the ASSIGN DATABASE entry
and that precedes any other data packet. Following the initiator, any number
of debug lines can be included in the data stream. Each debug command line
can be composed of a number of debug commands, appearing in any order, sepa-
rated by blanks or commas. The DEBUG packet is terminated when a new  data
packet initiator, or the end of the input stream, is encountered. Most debug
commands consist of single keywords which toggle flags activating the debug
functions. The appearance of these debug keywords is all that is required to
activate the option, Other debug commands select that a flag take on a

particular value. These commands have the form:
<command> = <value>

There can be any number of blanks between the end of the command keyword, the
value and the equal sign, but neither the command nor the value can contain
imbedded blanks. Any errors in the debug packet input will result in warnings
but will not terminate the execution and the erroneous command will be ig-

nored.

Table 2 shows the list of keywords that can be included in the DEBUG

packet. The debug commands are grouped into executive system and data base

11
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TABLE 2. ASTROS DEBUG PACKET COMMANDS

EXECUTIVE SYSTEM DEBUGS
KEYWORD DESCRIPTION
MSTACK MAPOL stack output.
MEXEC Execution debugs for the MAPOL code.
MOBJ Object code debugs for the MAPOL compilation.
MTRACE MAPOL instruction trace output.
MATRIX Large matrix utility trace.

DATA BASE/MEMORY MANAGEMENT DEBUGS

KEYWORD DESCRIPTION

TRACE Data base call tracing.

EVENT Data base event tracing.

BUFFER Data base buffer dump.

IOSTAT=<parm> Data base input/output tracing. <parm> is either FULL
for a complete trace and statistical summary or SUM to
limit the output to the summary of I/0 statistics.

ENTITY=<name> Specifies the name of a data base entity which limits
the TRACE, EVENT, BUFFER, and IOSTAT-FULL options to be
active only when the named entity is open.

CALLSTAT Compiles a summary of data base calling statistics for
output on termination of the execution.

NOCOREDIR Stores the data base directories on the
data base files rather than in memory.

MEMORY Memory management call tracing and checksum.

12
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management system debugs. Each of these groups is described in greater detail

in the following subsections.

311 EXECUTIVE SYSTEM DEBUG COMMANDS

The first four executive system keywords in Table 2 are intended to
assist the system programmer in following the actions of the MAPOL compiler
and execution monitor. As such, they are of limited value to the general
user. The MATRIX option, however, can be useful in tracking the execution of
the MAPOL program. It echoes the matrix utility calls for all matrix opera-
tions that are in the MAPOL sequence. For example, if the MAPOL program

includes the expression:
[A] := TRANS( [B] ) * (C] + [D];

the MATRIX trace echoes the resultant call to the MPYAD large matrix utility
with the arguments shown in detail. This trace can be very useful in deter-
mining which particular MAPOL instruction is being executed when a problem
occurs. Large MAPOL programs with many loops and a large number of matrix
expressions can be debugged quite simply using the MATRIX trace. All MAPOL
statements that result in calls to any of the large matrix utilities (e.g.,
PARTN, MERGE, MPYAD, MXADD, etc.) are echoed.

3.2 DATA BASE AND MEMORY MANAGER DEBUG COMMANDS

The data base management system has a number of debug options which
can be divided into three categories: trace options, control options and
memory manager options. The first group in Table 2 contains a number of
tracing options: TRACE, EVENT, BUFFER, and IOSTAT. The IOSTAT keyword
selects either a FULL tracing or a SUMmary. The first three of these options
and the IOSTAT=FULL option are further controlled by the ENTITY option which
completes the first group of keywords. Note: the tracing keywords generate
an overwhelming amount of data which are often of limited use unless the user
is familiar with the internal structure of the data base files. The ENTITY
keyword limits the activation of the tracing options to those times when the
named data base matrix, relation or unstructured entity is open. If no entity
specification is made, the traces are active for all data base operations. In
addition to their role in debugging the data base software, the trace options
provide a useful means of debugging the interface between a user written

module and the data base.
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The data base control options CALLSTAT and NOCOREDIR provide user
control over two internal data base functions. The CALLSTAT option compiles a
summary of the number of calls made to each data base subroutine. This
summary, in combination with the IOSTAT option, provides statistics on the
number of data base operations in the execution. The NOCOREDIR option is made
available for machines with limited core memory resources. If NOCOREDIR is
selected, the data base manager stores the data base directories on the data
base files rather than in core. This can substantially reduce the data base
memo: ' requirements at the cost of increasing the number of input/output

operations.

The last "group” of data base debug options consists of the MEMORY
command. This option causes an echo of all the memory management calls made
in the modules. The user can then track the ASTROS execution into the engi-
neering modules themselves. In addition to the echo, the MEMORY option
invokes a "checksum"” operation whicﬁ checks for the integrity of the memory
block headers on every memory manager operation. If the checksum fails, a
message is written to the effect that a block header has been overwritten.
This option is very effective in uncovering errors in engineering modules that

make use of dynamic memory allocation.
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SECTION IV

THE EXECUTIVE SYSTEM (MAPOL PACKET)

The ASTROS system is an executive controlled software procedure. One
of the functions of the ASTROS executive system, described in detail in
Reference 1, is to determine the sequence in which the modules of the proce-
dure are invoked. For ASTROS, the Matrix Abstraction Problem Oriented Lan-
guage (MAPOL) has been developed to perform this executive system task. The
MAPOL language has its conceptual roots in the Direct Matrix Abstraction
Program (DMAP) capability developed for the NASTRAN structural analysis system
(Reference 2). The DMAP "language,"” used to create NASTRAN’s solution algo-
rithms is very crude; however, it has been a major factor in extending the
life cycle of the software. It provided a simple method of installing new
code and functional capabilities into the system and afforded the user an
opportunity to interact with the software. MAPOL provides the same advantages
to the ASTROS system and represents a considerable advance over DMAP in that
MAPOL is a structured, procedural language that directly supports high order
matrix operations, manipulation of data base entities and complex data types.
Moreover, the syntax of the language looks much like that of any scientific
programming language and so is easily learned by anyone who knows FORTRAN or

PASCAL.

From the user’s point of view, ASTROS is directed by a sequence of
control statements "coded” in the MAPOL ianguage just as a NASTRAN rigid
format is coded in the DMAP "language."” The executive system within ASTROS
compiles the MAPOL program and executes the resultant "ASTROS machine code"
which directs the execution of the ASTROS procedure. (Note that ASTROS is NOT
written in MAPOL, only the executive control algorithm is written in the MAPOL
language. In fact, ANSI standard FORTRAN was used to write the compiler for
MAPOL and all the engineering software of the ASTROS system.) This control
language allows the user to manipulate the software system in many ways to
tailor the available capabilities to perform particular tasks. At a higher
level of sophistication, the user may add modules to the system or replace
modules that already exist. Obviously, some of these features require a
knowledge of the ASTROS system that is beyond the scope of the User’s Manual.

Those features that require detailed information are more fully discussed in

15
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the Programmer’s Manual but their existence is emphasized here in order to

introduce the user to the flexibility that the executive system provides.

The remainder of this section serves two functions. First, it
presents the mechanics of the MAPOL packet and second, it presents the
standard MAPOL sequence that has been developed to direct the optimization and
analysis tasks for which ASTROS has been designed. The potential of the
executive system to tailor the ASTROS procedure will be explored in this
discussion of the standard sequence. In support of this section, Appendix B
is a standilone document that presents the MAPOL language, its syntax and
features while Appendix C contains an annotated copy of the ASTROS standard
executive sequence. It cannot be overemphasized that, while the capabilities
implemented in the ASTROS software are significant, the true power embodied in
the ASTadS sSystem 1is its immense flexibility, largely provided by the

executive system and its MAPOL language.

The MAPOL packet is initiated either by the keyword MAPOL or the
keyword EDIT and is terminated upon encountering the SOLUTION CONTROL packet,
the BULK DATA packet or the end of the input stream. In addition, each of the
initiator keyword commands act as directives to the MAPOL compiler to take
specific actions. The exact form of the MAPOL and EDIT commands is:

MAPOL { GO } { LIST or EDIT { GO } { LIST }
NOGOj |NOLIST NOGO) {NOLIST
where:
GO/NOGO selects whether the MAPOL program is to be execut-
: ed after compilation.
LIST/NOLIST selects whether the MAPOL source code is to be

written to the output file.

The MAPOL command is followed by a MAPOL program which can be any syntactical-
ly complete set of MAPOL statements as described in the MAPOL Programmer’s
Manual (Appencix B). The EDIT command indicates that the MAPOL packet will
consist of edit commands that insert, delete or replace lines of the standard

executive sequence.
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4.1 THE MAPOL PROGRAM

If the MAPOL packet begins with the MAPOL command line, the compiler
assumes that the remaining statements in the packet constitute a complete
MAPOL program. That program can be any set of MAPOL statements that satisfy
the rules of the language as presented in Appendix B. The program can call
any of a number of intrinsic functions (including most of the common FORTRAN
intrinsic functions) and any of the "engineering" utilities and modules that
have been defined to the compiler. The user can access these modules in any
desired order, subject only to limits imposed by the engineering modules
themselves. In addition, the user can write special purpose modules and
define them to the compiler through the SYSTEM GENERATION (SYSGEN) program
discussed in the Programmer’'s Manual. Thus, a wide range of tasks can be

performed using the ASTROS system in combination with a user’s MAPOL program.

The MAPOL language can be read and written easily by anyone familiar
with a scientific programming language. This feature opens the advantages of
the executive system to the average user without requiring specialized knowl-
edge in computer science or requiring effort to learn a radically different
programming language. The user will often find the simplicity and power of
the MAPOL language enables many tasks to be performed using the ASTROS system

that are not explicitly supported in the standard executive sequence.
4.2 MAPOL EDIT COMMANDS

If the MAPOL packet begins with the EDIT command line, the compiler
assumes that the remainder of the packet (if any) is composed of MAPOL edit
commands and new MAPOL statements that modify the standard executive sequence.
The set of edit commands is given in Table 3 (and in Appendix B). They allow
the user to insert, delete and replace lines of the standard MAPOL sequence.
All the edit commands reference a line number or range of line numbers. The
line numbers are those in a compiled listing of the standard MAPOL sequence
which is written as part of the system generation task. When editing the
standard sequence, the user is cautioned to obtain the most recent listing
either from the SYSGEN output or by executing ASTROS with an input stream
containing only an ASSIGN DATABASE entry and the one line MAPOL packet:

EDIT LIST NOGO

17
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This input stream will result in an output file containing the current listing

of the standard executive sequence.

TABLE 3. MAPOL EDIT COMMANDS

STATEMENT FUNCTION
EDIT Modify the standard solution.
DELETE a[,b] Remove lines a through b inclusive.
REPLACE a[,b]) Remove lines a through b inclusive and

replace with following lines.

INSERT a Insert the lines following the command
after line a.

4.3 DARD EXE \') UENCE

As previously mentioned, the MAPOL language has its conceptual roots
in the DMAP "language." To allow the user of NASTRAN to perform certain
predefined analyses, a set of “rigid formats" or DMAP algorithms were written,
alleviating the user of the need to learn the details of the control language.
Each rigid format allowed the user to perform analyses in a different
engineering discipline; for example, static structural analyses, normal modes
analyses, or transient analyses. In a similar manner, a standard executive
sequence or MAPOL algorithm has been developed for the ASTROS system which
supports all the engineering disciplines and optimization features of the
procedure. Unlike the multiple DMAP rigid formats, however, there is a single
MAPOL sequence that supports all the available engineering disciplines as well
as optimization. This fundamental difference 1is necessary to permit

multidisciplinary optimization.

One consequence of having a single multidisciplinary algorithm is that
the standard sequence appears to be very complicated. The purpose of this
subsection is to present the internal structure and flow of the standard MAPOL
sequence, thereby providing the user with sufficient information to tailor the
standard sequence to suit individual needs. The discussion in this section

will be general to provide the necessary overview and to introduce the
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concepts embodied in the standard sequence. Modifications to the standard
sequence are presented primarily in terms of capabilities, but the presen-
tation is supported by examples that represent both simple and more complex
modifications. Appendix C supplements this discussion with a detailed line-
by-line presentation of the standard executive sequence. The reader is also
referred to the Programmer’s Manual for information on the addition of modules

to the ASTROS engineering library.

4.4 STANDARD EXECUTIVE SEQUENCE STRUCTURE

The standard MAPOL sequence consists of two major components:
the variable declarations and the solution algorithm. The solution algorithm
can be further divided into preface modules, the optimization segment and the
final analysis segment. The declaration segment declares all variables used
in the MAPOL sequence. This includes all integer and real scalar variables as
well as high order variables: relations, matrices and unstructured data base
entities. Within the solution algorithm, the preface modules comprise a group
of engineering modules exercised prior to the boundary condition loops to
perform a number of system initialization tasks; e.g., loads generation and
the computation of invariant aerodynamic matrices. The separate optimization
and analysis segments consist of a loop on the number of (optimization or
analysis) boundary conditions in the current execution. In the optimization
segment, a second boundary condition loop is performed to obtain the sensitiv-
ities of active boundary condition dependent constraints in preparation for

the optimization task.

Figures 3 and 4 juxtapose the standard algorithm structure and a flow
chart showing how multidisciplinary optimization is performed in ASTROS. It
is readily apparent that the structure of the standard MAPOL sequence has been
determined by the requirement to perform multidisciplinary optimization. Each
of the segments of the standard sequence are discussed in greater detail in

the following subsections.
4.4,1 MAPOL Declarations

MAPOL is a strongly typed language that requires all variables used in
a program unit (either the main program or a procedure) to be declared. This
applies to both simple variables like real and integer scalar or array varia-
bles and to high order variables (like MATRIX) that refer to data base enti-

ties. The first several hundred lines of the standard sequence consist solely
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L Initialization (PREFACE) Segment

WHILE NOT CONVERGED DO

For Each Boundary Condition Do
Discipline 1

Subcase1 ———P Constraints
Subcase2 ——P Constraints

Discipine2

End Do

.

r
Select Active Constraints

Foreach Active Boundary Condition Do
Active Discipiine 1

vaeDIs::blnez

End Do
.

Active Subcase 1 —§ Constraint Sensiivities
Active Subcase2 —¥ Constraint Sensitiviies

J

and Constraint Sensitivitles

Re-Design Based on Current Active Constraints

)

END DO

For Each Boundary Condition Do

Disciphine 1

Subcase 1
Subcase 2
Discipline 2

End Do

.

=~

J

ANALYSIS
> PHASE

SENSITIVITY
> PHASE

OPTIMIZATION
PHASE

Figurc 3. Structurc of the Standard MAPOL Sequence.
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of these variable declarations. Tables 4 and 5 show the list of scalar
parameters used in the standard MAPOL sequence. These parameters, set in
engineering modules or in the MAPOL sequence, are used as logic control flags
and/or arguments to the engineering modules. The tables provide a brief
description of each variable and a list of modules (where applicable) that use
the parameter. For a description of all the variables used as arguments of
the engineering modules, the reader is referred to the ASTROS Programmer’s
Manual. Note that all of these variables can be directly modified within the
MAPOL algorithm at the user’s discretion. A discussion of those parameters
that the user is most likely to want to modify is given in Subsection 4.4.3,

but the experienced user is free to change any variable in the MAPOL sequence.

Higher order variables fall into two categories: MAPOL entities and
HIDDEN entities. MAPOL entities are those that actually appear in the MAPOL
sequence while HIDDEN entities are those that are declared but do not subse-
quently appear in the sequence. Their declaration ensures that the corre-
sponding data base entity is created and can be used by engineering modules
without requiring the entity name to appear in the argument list. HIDDEN
entities are typically those that contain the raw data needed by many modules;
e.g. geometry data and connectivity data. The declarations of the higher
order variables have been arranged to place logically related entities
together. Several of the matrix entities, it should be noted, are subscripted
(e.g. [KLLINV(8)}). The subscripted matrix entity allows the ASTROS procedure
to perform multiple analyses in several boundary conditions and retain the
information needed to compute the sensitivities of the active constraints
retained from each of these boundary conditions. The ASTROS executive system
generates a name for each subscripted variable and that name is used by all
the engineering modules receiving the subscripted entity name as an argument.
The actual data base entity name need not be known. This does, however,
impose the following restriction: a subscripted entity may not be used as a
HIDDEN entity in any engineering module; it must appear in the calling list
for the module because only the executive system knows the actual name of the
data base entity corresponding to the current subscript value. 1In the stan-
dard sequence, provision has been made for up to eight boundary conditions,
but the user can change the declared number of subscripts to match the re-

quired number of boundary conditions.
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TABLE 4. REAL SCALAR PARAMETERS IN THE STANDARD SEQUENCE

NAME MODULES DESCRIPTION

ALPHA FSD Exponential move limit for fully stressed de-
sign. (Def = 0.90)

BQDP BLASTFIT, others |Dynamic pressure value used in the current
3 nuclear blast subcase. Output from BLASTFIT,
used subsequently in MAPOL expressions.

CNVRGLIM |DESIGN, FSD Convergence test limit specifying the maximum 3
percent objective change for the approximate l.
problem to be considered converged. (Def=0.50)

CTL ACTCON, DESIGN, Criteria for denoting a constraint to be
FSD active in determining convergence in ACTCON.
If value > CTL, the constraint is active. Set j
in DESIGN or in FSD. L |
CTLMIN ACTCON, DESIGN, Criteria for denoting a constraint to be
FSD feasible in determining convergence in ACTCON.

If maximum constraint value < CTLMIN, the de-
sign is feasible. Set in DESIGN or in FSD.

|
. EPS ACTCON Criteria used in ACTCON for selecting active :
constraints. All constraints with values ’
greater than EPS will be retained.
(Def = -0.10, also see NRFAC)

FMAX GDR1, GDR2 The maximum frequency value associated with the -
NEIV eigenvalues computed for dynamic reduction
in the current boundary condition.

MOVLIM DESIGN, MAKDFV, A move limit applied to the physical design

TCEVAL variable (V) for mathematical programming meth-
8 ods. The move is: V/MOVLIM < V < V % MOVLIM. L
(Def = 2.0, MOVLIM must be > 1.0)

o}

NRFAC ACTCON Criteria used in ACTCON for selecting active
constraints. At least NRFAC times NDV (see
Table 5) constraints will be retained.

(Def = 3.0, also see EPS)

i@

QDP BDCASE, others Dynamic pressure value used in the current
steady aeroelastic subcase. Output from BDCASE
used subsequently in MAPOL expressions and
modules.
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TABLE 5.

NOTE:

INTEGER SCALAR PARAMETERS IN THE STANDARD SEQUENCE

All logic flags are zero if "false" and non-zero (either

equal to 1 or a counter) if "true."

NAME

MODULES

DESCRIPTION

ADC

AFC

BBLAST

BC

BDFR

BDRSP

BDTR

BDYN

BFLUTR

BGUST

ABOUND

ABOUND

ABOUND, FREQSENS

ABOUND, FLUTSENS

BDCASE

N/A

BDCASE

BDCASE

BDCASE

BDCASE

BDCASE

BDCASE

Logic flag equal to one if there are active
aeroelastic constraints in the active boundary
condition.

Logic flag equal to one if the current boundary
condition is "active" for sensitivity analysis.

Logic flag equal to the number of active
frequency constraints in the current active
boundary condition.

Logic flag equal to the number of active
flutter constraints in the current active
boundary condition.

Logic flag equal to one if there are any nu-
clear blast subcases in the current boundary
{:ondition.

RYoundary condition loop counter.

Lugic flag equal to one if there are any direct
frequency response subcases in the current
boundary condition.

Logic flag equal to one if there are either
transient or frequency response disciplines
in the current boundary condition.

Llogic flag equal to one if there are any direct
tidnsient response subcases in the current
boundary condition.

Logic flag equal to one if there are any dy-
namic analyses(flutter, transient or frequency)
in the current boundary condition.

Logic flag equal to one if there are any
flutter analyses in the current boundary
condition.

Logic flag equal to one if there are any gust
loads for either transient or frequency disci-
plines in the current boundary condition.

SRR VS SR
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TABLE 5. INTEGER SCALAR PARAMETERS IN THE STANDARD SEQUENCE (Continued)

NOTE: All logic flags are zero if "false" and non-zero (either
equal to 1 or a counter) if "true."

NAME MODULES DESCRIPTION
BLOAD BDCASE Logic flag equal to one if there are any me-
s chanical, thermal or gravity static applied

loads in the current boundary condition.

- BMASS BDCASE Logic flag equal to one if the disciplines
within the boundary condition require reduction
of the mass matrix.

BMFR BDCASE Logic flag equal to one if there are any modal
frequency response subcases in the current
boundary condition.

BMODES BDCASE Logic flag equal to one if there are disci-
plines that require that a normal modes analy-
sis be performed.

BMTR BDCASE Logic flag equal to one if there are any modal
' transient response subcases in the current
boundary condition.

BSAERO BDCASE Logic flag equal to one if there are any steady
aeroelastic subcases in the current boundary ]
condition.

K|

CONVERGE |ACTCON, DESIGN, |Global optimization convergence flag. If zero,
FSD then not converged; if one, then the approxi-
mate problem converged; if two, then global
convergence has been reached.

s DDFLG DDLOAD Logic flag equal to one if the current statics o
subcases contain design dependent (gravity or
thermal) loads.

FSDFLG FSD Logic flag equal to one if the current itera-
tion is to be performed using the fully :
stressed design option. L q

GNORM GDR3 The sum of LJSET and LKSET.

GSIZE IFP, others The number of structural degrees of freedom in
the model. Output from IFP and subsequently
used in many modules. 5

i )

GSIZEN GDR4 "GSIZE" modified subject to dynamic reduction.
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TABLE 5. INTEGER SCALAR PARAMETERS IN THE STANDARD SEQUENCE (Continued)

NOTE: All logic flags are zero if "false” and non-zero (either
equal to 1 or a counter) if "true.”

NAME MODULES DESCRIPTION

HSIZE FLUTTRAN, OFPEDR, |[Number of eigenvectors extracted by the REIG
REIG module.

LJSET GDR1, GDR2, GDR3, |Number of degrees of freedom in the j-set in
GDR4 dynamic reduction.

LKSET GDR1, GDR2, GDR3, |Number of degrees of freedom in the k-set in
GDR4 dynamic reduction.

MAXFSD FSD Parameter set in the MAPOL sequence indicating

the number of leading FSD cycles to be per-
formed if FSD is selected. (Def=3, MAXFSD <=
MAXITER)

MAXITER ACTCON Parameter set in the MAPOL sequence indicating
the maximum number of resizing cycles that are
to be performed. (Def = 15)

MINDEX ABOUND, AEROSENS, |The index value for the Mach number dependent
BDCASE, PFAERO subscripted steady aerodynamic matrices. Typi-
cally has a value used to select the proper
matrices for the current boundary condition.

NACSD ABOUND The number of active stress and displacement
constraints in the current active boundary con-
dition. Used to select either the virtual load
or gradient method in sensitivity analysis.

NAE ABOUND, AEROSENS |The number of aeroelastic effectiveness con-
straints in the current active boundary condi-
tion.

NAERO PFAERO A looping counter in PFAERO that is set on the

first pass. It is equal to the number of dis-
tinct Mach numbers appearing in aeroelastic
trim conditions in the Bulk Data packet.

NAU ABOUND, AEROSENS [The number of active static load conditions in
the current active boundary condition. Initial-
ly includes pseudo-loads for aeroelastic ef-
fectiveness constraints. They are then sub-
tracted in the AEROSENS module.
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TABLE 5. INTEGER SCALAR PARAMETERS IN THE STANDARD SEQUENCE (Continued)

NOTE: All logic flags are zero if "false" and non-zero (either
equal to 1 or a counter) if "true."

NAME MODULES DESCRIPTION

NAUE ABOUND, AEROSENS |The number of active pseudo-load conditions
associated with active aeroelastic effective-
ness constraints.

NBNDCOND | SOLUTION The total number of boundary conditions in the
solution control packet. Equal to the number
of optimization boundary conditions plus the
number of analysis boundary conditions.

NDV MAKEST, others The number of global design variables in the
design model. Set by MAKEST and used in many
subsequent modules.

NEG1 N/A A variable having the value of negative one
(-1). Used in FBS and GFBS large matrix
utilities.

NEIV GDR1, GDR2 An output from GDR1l indicating the number of

eigenvalues below the maximum frequency speci-
fied for dynamic reduction.

NGDR BOUND Logic flag equal to negative one if dynamic
reduction is selected for the current boundary
condition.

NITER N/A The current optimization iteration number.

NMPC BOUND, ABOUND Logic flag equal to the number of degrees of

freedom in the multipoint constraint set for
the current boundary condition.

NOMIT BOUND, ABOUND Logic flag equal to the number of omitted de-
grees of freedom in the current boundary con-
dition.

NRSET BOUND, ABOUND Logic flag equal to the number of support de-
grees of freedom in the current boundary con-
dition.

NSPC BOUND, ABOUND Logic flag equal to the number of single point

constraint degrees of freedom in the current
boundary condition.
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TABLE 5. INTEGER SCALAR PARAMETERS IN THE STANDARD SEQUENCE (Concluded)

NOTE: All logic flags are zero if "false” and non-zero (either
equal to 1 or a counter) if "true."

NAME MODULES DESCRIPTION
NUMOPTBC |SOLUTION The number of optimization boundary conditions
in the solution control packet. -
OPSTRAT DESIGN, FSD, The optimization strategy selected in the so-
SOLUTION lution control. N
SYM BDCASE A control flag denoting whether the symmetric

(SYM=1) or antisymmetric (SYM=-1) steady aero-
elastic matrices are to be used in the current
boundary condition.

TRMTYP ABOUND, BDCASE, A control flag denoting the type of trim se-
others lected for the current steady aeroelastic sub-
cases. Output from either BDCASE (analysis)
or ABOUND (sensitivity) and used in many sub-
sequent modules.

TRMTYP = 0 no trim

TRMTYP = 1 1lift only trim

TRMTYP = 2 lift/pitch trim

4.4.2 tio orith #

Finite element analysis, which forms the core of the ASTROS system,
requires the manipulation of large matrices. The MAPOL control language was
designed with this requirement in mind and, therefore, is able to directly
support the manipulation of matrices. Consequently, the majority of the MAPOL 5
sequence consists of matrix equations. The algorithmic nature of the MAPOL i
syntax allows the reader to follow these matrix operations fairly easily, and

the notation roughly follows that used in the Theoretical Manual. Therefore,

the focus of this section will be the description of modules called by the i
MAPOL sequence.
There are a number of engineering and utility modules called to
perform tasks associated with the several analysis disciplines supported by
the ASTROS system. Section 4.4.2.1 lists the modules defined to the ASTROS . g
executive system and provides a brief description of each. Not all of these
28
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modules appear in the standard solution sequence, but are included in the
table to ensure its completeness and usefulness in modifying the standard
sequence. The use of these modules is discussed in mor> detail in the
section on modifying the standard MAPOL sequence and are more fully documented
in the Programmer’s Manual. Brief descriptions of the remaining segments of
the standard algorithm follow. Coupled with the inherent readability of MAPOL
syntax, they provide a reasonably complete picture of the flow through the

standard sequence.

4.4.2.1 MAPQL Engineering and Utility Modules

This section contains a brief description of each of the MAPOL
addressable modules defined to the ASTROS executive system. The intrinsic
mathematical functions of the MAPOL language are not included. In some cases,
the MAPOL calling list for particular modules has optional arguments for extra
printed output or other special actions. Where these optional arguments do
not appear in the standard sequence, the arguments are shown in lower case

letters.
MAPOL ENGINEERING MODULE: ABOUND

Purpose: Generates flags for the current boundary condition
during the sensitivity calculation. These are then
returned to the executive sequence to direct the
execution of the required sensitivity analyses.

Calling Sequence:
CALL ABOUND ( BC, ABC, PCA, NAU, NACSD, [PGA], ADC, AFC, AAC,
TRMTYP, MINDEX, NAE, NAUE, PAE, NMPC, NSPC, NOMIT,
NRSET, NGDR, [UG(BC)] );

MAPOL ENGINEERING MODULE: ACTCON

Purpose: Determines whether the design task has converged. If
the optimization has not converged, this module selects
which constraints are to be included in the current
redesign. On termination or print request, this routine
computes the values of the local design variables.

Calling Sequence:

CALL ACTCON ( NITER, MAXITER, NRFAC, NDV, EPS, CONVERGE, CTL,
CTLMIN, [AMAT] );:
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MAPOL ENGINEERING MODULE:  AEROSENS

Purpose: Computes the sensitivities of active strength con-
straints and/or aeroelastic effectiveness constraints
for active steady aeroelastic optimization boundary
conditions.

Calling Sequence:

CALL AEROSENS (BC, TRMTYP, MINDEX, NDV, NAU, NAE, NAUE, PAE, (DK1lV],
[DRHS], [K1112(BC)], [K21(BC)]), [RHS(BC)], [LHS(BC)],
[PAR(BC)], [DUAV), [PGA), [DDELDV], [AMAT] );

ING ULE: AMP

Purpose: Computes the discipline dependent unsteady aerodynamic
matrices for flutter, gust and blast analyses.

Calling Sequence:
CALL AMP ( (AJJTL), ([D1JK]), (D2JK], ([SKJ], [QKKL], [QKJL],
(QJL], [ajjde], print );

MAPOL ENGINEERING MODULE: BDCASE

Purpose: Generates flags for the current boundary condition
during the analysis phase. These are then returned to
the executive sequence to direct the execution of the
required analyses.

Calling Sequence:
CALL BDCASE ( BC, BLOAD, BMASS, BMODES, BSAERO, QDP, MINDEX, SYM,
TRMTYP, BFLUTR, BDYN, BDRSP, BDTR, BMTR, BDFR, BMFR,
BGUST, BBLAST );

MAPOL _ENGINEERING MODULE: BLASTDRV

Purpose: Performs the response of an aircraft to a nuclear
blast. Computes modal displacements, velocities and
accelerations.

Calling Sequence:
CALL BLASTDRV ( BC, (GENM), [GENK], [GENFA), [GENQL), [DELB],
[URDB], [DWNWSH), [SLPMOD), [ELAS], [UBLASTI]);

RING MODULE: BLASTFIT
Purpose: Computes the interpolated time domain steady state and
time dependent unsteady aerodynamic influence coeffi-
cients for blast analyses.
Calling Sequence:
CALL BLASTFIT ( BC, [QJJL], [MATTR], [MATSS] )

30

a2



NES

e | v s ey DA

T TN

BT

MAPOL,_ENGINEERING MODULE: BLASTRIM
Purpose: Performs a trim analysis of an aircraft in order to
establish initial conditions for a nuclear blast

response calculation.

Calling Sequence:
CALL BLASTRIM ( BC, [DELM], [MRR(BC)], (URDB], [DELB] );

MAPOL ENGINEERING MODULE: BOUND

Purpose: Returns flags to the MAPOL sequence that define the
matrix reduction path for the current boundary condi-
tion.

Calling Sequence:
CALL BOUND (BC, NMPC, NSPC, NOMIT, NRSET, NGDR );

MAPOL ENGINEERING MODULE: DCEVAL

Purpose: Evaluates displacement constraints in the current
boundary condition.

Calling Sequence:
CALL DCEVAL ( BC, [UG(BC)] );

MAPOL ENGINEERING MODULE: DDLOAD

Purpose: Computes the sensitivities of design dependent 1loads
for active boundary conditions.

Calling Sequence:
CALL DDLOAD ( NDV, GSIZE, BC, DDFLG, [PGA], [DPVJ] );

MAPOL ENGINEKRING MODULE: DESIGN

Purpose: Performs redesign by math programming methods based on
the current set of active constraints and constraint
sensitivities.

Calling Sequence:
CALL DESIGN ( CONVERGE, MOVLIM, CNVRGLIM, CTL, CTLMIN, OPSTRAT,
NUMOPTBC, [AMAT]), print );
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MAPOL ENGINEERING MODULE:  DMA

Purpose: Assembles the direct and/or modal stiffness, mass and/
or damping matrices including extra point degrees of
freedom for dynamic analysis disciplines.

Calling Sequence:
CALL DMA ( BC, GSIZE, [MAA], [KaA], [TMN(BC)], [GSUBO(BC)],
NGDR, LAMBDA, [PHIA], ([MDD], [BDD], [KDDT], [KDDF],
[MHH(BC)], [BHH], [KHHT], [KHHF(BC)] );

MAPOL ENGINEERING MODULE:  DYNLOAD
Purpose: Assembles the direct and/or modal time and/or frequency

dependent loads 1including extra point degrees of
freedom for dynamic response disciplines.

Calling Sequence:
CALL DYNLOAD ( BC, GSIZE, [TMN(BC)], [GSUBO(BC)], NGDR, [PHIA],
(QHJL], (PDT], [PDF] );

L _ENG G : DYNRSP
Purpose: tomputes the direct or modal displacements, velocities
and accelerations for transient and frequency
analyses.

Calling Sequence:
CALL DYNRSP (BC, [MDD], [BDD], [KDDT], [KDDF], ([MHH(BC)], [BHH],
[KHHT], [KHHF(BC)], [PDT], [PDF}, [QHHL(BC)], (UTRANA],
[UFREQA], [UTRANI], [UFREQI], [UTRANE], [UFREQE] );

ENGIN NG MO : EDR

Purpose: Computes the stresses, strains, grid point forces and
strain energies for elements selected for output for
the current boundary condition.

Calling Sequence:
CALL EDR ( NUMOPTBC, BC, NITER, NDV, GSIZE, EOSUMMRY, EODISC,
[UG(BC)], {uG(BC)], [blug], [UTRANG], [UFREQG],
[PHIG(BC)] );
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G RING MO : EMA1
Purpose: Assembles the element stiffness and mass matrices

(stored in the KELM and MELM entities) into the design
sensitivity matrices DKVI, DMVI.

Calling Sequence:
CALL EMA1 ( NDV, GMKCT, DKVI, GMMCT, DMVI );

MAPOL ENGINEERING MODULE: EMA2
Purpose: Assembles the element stiffness and mass matrix sensi-

tivities (stored in the DKVI and DMVI entities) into
the global stiffness and mass matrices for the current
design iteration.

Calling Sequence:
CALL EMA2 ( GSIZE, [KGG], [MGG], niter );

MAPOL ENGINEERING MODULE: EMG

Purpose: Computes the element stiffness, mass, thermal load and
stress component sensitivities for all structural
elements.

Calling Sequence:
CALL EMG  ( NDV, GSIZE );
MAPOL UTILITY MODULE: EXIT

Purpose: Terminates the execution of the MAPOL sequence. Useful
to terminate modified MAPOL sequences.

Calling Sequence:
CALL EXIT,
MAPOL ENGINEERING MODULE:  FCEVAL

Purpose: Evaluates the current value of all frequency con-
straints.

Calling Sequence:
CALL FCEVAL ( BC, LAMBDA );
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MAPOL ENGINEERING MODULE:  FLUTSENS

Purpose: Computes the sensitivities of active flutter con-
straints in the current active boundary condition.

Calling Sequence:
CALL FLUTSENS ( BC, GSIZE, NDV, [QHHL(BC)], [MHH(BC)]), [KHHF(BC)],
[PHIG(BC)], [(AMAT] );

MAPOL ENGINEERING MODULE:  FLUTTRAN

Purpose: Performs flutter analyses in the current boundary
condition and evaluates any flutter constraints if it
is an optimization boundary condition with applied
flutter constraints.

Calling Sequence:
CALL FLUTTRAN ( BC, [QHHL(BC)], LAMBDA, HSIZE, [MHH(BC)], [KHHF(BC)],
print );

MAPOL ENGINEERING MODULE: FREDUCE

Purpose: Reduces the f-set stiffness, mass and/or loads matrix
to the a-set if there are omitted degrees of freedom.

Calling Sequence:
CALL FREDUCE ( ([KFF], [PF), [PFOA(BC)], bsaero, [KOOINV(BC)],
[koou(bc)], [kao(bc)], [GSUBO(BC)], [KAA], [PA], [PO]);

MAPOL ENGINEERING MODULE:  FREQSENS

Purpose: Computes the sensitivities of active frequency con-
straints in the current active boundary condition.

Calling Sequence:
CALL FREQSENS ( BC, ADC, NDV, [PHIG(BC)], [AMAT] );

MAPOL ENGINEERING MODULE:  FSD

Purpose: Performs redesign by a fully stressed design method
(Stress Ratio Algorithm) based on the set of applied
stress constraints. All other applied constraints are
ignored.

Calling Sequence:

CALL FSD ( NDV, NITER, MAXFSD, OPSTRAT, ALPHA, FSDFLG, CNVRGLIM,
CONVERGE, CTL, CTLMIN );
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MAPOL ENGINEERING MODULE:  GDR1

Purpose: Computes the shifted stiffness matrix and the rigid
body transformation matrix [GGO] to be used in Phase 2
of Generalized Dynamic Reduction.

Calling Sequence:
CALL GDR1 ( [KOO], [MOO], ([KSOO], [GGO], LKSET, LIJSET, NEIV,

NMAX, BC );
(0] G ULE: GDR2
Purpose: Computes the orthogonal basis [PHIOK] for the general

Krylov subspace to be used in Phase 3 of Ceneralized
Dynamic Reduction.

Calling Sequence:
CALL GRD2  ([LSOO], [MOO], (PHIOK], LKSET, LJSET, NEIV, NMAX, BC);
OL_EN G MODULE: GDR3

Purpose: Computes the transformation matrix [GSUBO] for General-
ized Dynamic Reduction.

. Calling Sequence:
CALL GDR3 ( [KOO], [KOA], [MGG], [PHIOK], [TMN(BC)], [GGO],
[PGMN(BC)], [PNSF(BC)], [PFOA(BC)}), [GSUBO(BC)], LKSET,
LIJSET, NOMIT, NRSET, GNORM, BC );

MAPOL ENGINEERING MODULE: GDR4

Purpose: Computes transformations between displacement sets
useful for data recovery from Generalized Dynamic
Reduction.

Calling Sequence:
CALL GDR4 ( BC, GSIZE, GSIZEN, LKSET, LJSET, NUMOPTBC, NBNDCOND,
[GDRGO(BC)], not used , not used, not used, not used,
not used, [PARL(BC)] );

MAPOL ENGINEERING MODULE: GREDUCE
Purpose: Reduces the symmetric g-set stiffness, mass or loads
matrix to the n-set if there are multipoint constraints

in the boundary condition.

Calling Sequence:
CALL GREDUCE ( [KGG], (pg], [PGMN(BC)], [TMN(BC)], [KNN], [pn] );
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MAPOL ENGINEERING MODULE:  GTLOAD

Purpose: Assembles the current static applied loads matrix for
any statics subcases in the current boundary condition
from the constant simple load vectors and the design
dependent load sensitivities.

Calling Sequence:
CALL GTLOAD ( BC, GSIZE, NLOADS, (PG] );

G G_MODULE: IFP
Purpose: Reads the Bulk Data File and loads the input data into
relations. Computes the external coordinate system
transformation matrices and creates the basic grid
point data.

Calling Sequence:
CALL IFP ( GSIZE, sort, echo );

NGINEERING MODULE: INERTIA

Purpose: Computes the rigid body accelerations for static
analyses with inertia relief.

Calling Sequence:
CALL INERTIA ( [LHS(BC)], [RHS(BC)], [AR] );

G G ULE: LODGEN
Purpose: Assembles the simple load vectors and simple 1load
sengitivities for all applied loads in the Bulk Data
File.

Calling Sequence:
CALL LODGEN ( GSIZE );

G MODULE:  MAKDFU
Purpose: Assembles the sensitivities to the displacements of
active stress and displacement constraints in the

current active boundary condition.

Calling Sequence:
CALL MAKDUF ( BC, GSIZE, [DFDU] );
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MAPOL ENGINEERING MODULE: MAKDFV

Purpose: Assembles the sensitivities of active thickness con-
straints.

Calling Sequence:
CALL MAKDFV ( NDV, [AMAT], MOVLIM );

MAPOL._ENGINEERING MODULE: MAKDVU

Purpose: Multiplies the stiffness or mass design sensitivities
by the active displacements or accelerations.

Calling Sequence:
CALL MAKDVU ( NDV, (UGA], [DKUG], GMKCT, DKVI );

MAPOL ENGINEERING MODULE: MAKEST

Purpose: Generates the element summary relational entities for
all structural elements. Determines the design varia-
ble linking and generates sensitivities for any thick-
ness constraints.

Calling Sequence:
CALL MAKEST ( NDV );

MAPOL ENGINEERING MODULE: MRAMAT

Purpose: Assembles the constraint sensitivity matrix from the
sensitivity matrices formed by MAKDFU and the sensitiv-
ities of the displacements for active static load
conditions in the current active boundary condition.

Calling Sequence:
CALL MKAMAT ( [AMAT), [DFDUF], (DUFV], PCA, [PGA] );

MAPOL ENGINEERING MODULE: MKUSET

Purpose: Generates the structural set definition entity USET for
each boundary condition and forms the partitioning
vectors and transformation matrices used in matrix
reduction.

Calling Sequence:

CALL MKUSET (BC,  GSIZE, [YS(BC)], [TMN(BC) ], [PGMN(BC) ],
[PNSF(BC)], [PFOA(BC)], [PARL(BC)] );
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MAPOL ENGINEERING MODULE:  NREDUCE

Purpose: Reduces the symmetric n-set stiffness, mass or loads
matrix to the f-set if there are single point con-
straints in the boundary condition.

Calling Sequence:

CALL NREDUCE ( [KNN], [PN], [PNSF(BC)], [YS(BC)], [KFF], [KFS],
[KSS], [PF] );

MAPOL VTILITY MODULE:  NULLMAT

Purpose: Breaks data base equivalences from previous boundary
conditions.

Calling Sequence:
CALL NULIMAT ( [matrix 1], [matrix 2], ... [matrix 10] );

MAPOL ENGINEERING MODULE:  OFPDISP

Purpose: Prints selected displacements, velocities and/or
accelerations from any analyses in the current boundary
condition. ’

Calling Sequence:
CALL OFPDISP ( NUMOPTBC, BC, NITER, GSIZE, [UG(BC)], [AG(BC)],
TRMTYP, [UG(BC)], [AG(BC)], [blug], [blue], [UTRANG],
[UTRANE], [UFREQG], [UFREQE], LAMBDA, [PHIG(BC)] );

G 1 ODULE: OFPEDR
Purpose: Prints selected element stress, strain, force and/or
strain energies from any analyses in the current

boundary condition.

Calling Sequence:
CALL OFPEDR ( BC, HSIZE, NITER, TRMTYP );

MAPOL ENGINEERING MODULE:  OFPLOAD
Purpose: Prints selected applied external loads from any analy-

ses in the current boundary condition.
Calling Sequence:

CALL OFPLOAD ( NUMOPTBC, BC, NITER, C3IZE, [PG], TRMTYP, QDP,
[GTKG), [AIRFRC(MINDEX)], [DELTA] );
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MAPOL, ENGINEERING MODULE:  PFAERO

Purpose: Performs preface aerodynamic processing for both steady
and unsteady aerodynamics and aerostructural interpola-
tion.

Calling Sequence:
CALL PFAERO (GSIZE, [AICMAT (MINDEX) ], [AATICMAT (MINDEX) ] ,
[AIRFRC(MINDEX)], MINDEX, NAERO, [GTKG), [GSTKG),
(UGTKG), [AJJTL), (D1KJ), [D2JK], [SKJ], print );

MAPOL ENGINEERING MODULE:  PFBULK

Purpose: Performs a number of preface operations to form addi-
tional collections of data. The following entities are
created or modified in this module:

TEMP,TEMPD to form GRIDTEMP
DCONDSP to form DCENT

DLONLY to form UDLOLY

FREQ, FREQl

FREQ2 to form FREQL

DMIG to form named entity
TF to form TFDATA

IC to form ICDATA
TSTEP to form OTL
SOLUTION

CONTROL to form EOSUMMRY, EODISC and GPFELEM

Calling Sequence:
CALL PFBULK ( GSIZE, EOSUMMRY, EODISC, GPFELEM );

(0] N G MOD:! : QHHLGEN

Purpose: Computes the discipline dependent unsteady aerodynamic
matrices for flutter, gust and/or blast analyses in the
modal structural system.

Calling Sequence:
CALL QHHLGEN ( BC, |[QKKL), [QKJL), [UGTKA]), |[(PHIA], [(PHIKH],
[QHHL(BC)], [QHJL] );

UTILI ULE: RECEND
Purpose: Terminates setting conditions on a MAPOL relational
access.

Calling Sequence:
CALL RECEND ( Relation name );
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MAROL ENCINEERING MODULE: RECOVA

Purpose: Recovers the f-set displacements or accelerations if
there are omitted degrees of freedom.

Calling Sequence:

CALL RECOVA ( (UA), [PO]), [GSUBO(BC)], nrset, [aa)], [ifm(bc)],
bsaero, [KOOINV(BC)], [koou(bc)], [PFOA(BC)], [UF) ):

MAPOL ENGINEERING MODULE: REIG

Purpose: Computes the eigenvalues and eigenvectors of the system
as directed by the boundary METHOD selection.

Calling Sequence:

CALL REIG ( BC, [KAA), [MAA], [mrr(bc)], [d(bc)], LAMBDA, [PHIA],
(MII], HSIZE );

MAPOL UTILITY MODULE: RELCND

2urpose: Sets conditions on attribute values for MAPOL retrieval
of relational entities.

Calling Sequence:
CALL RELCND ( Relation name, Attribute name, Operator, value )

MAPOL UTILITY MODULE:  RELADD

Purpose: Adds a tuple to an entity opened with RELUSE.
Calling Sequence:
CALL RELADD ( Relation name );

MAPOL UTILITY MODULE:  RELEND

Purpose: Closes an entity opened from the MAPOL sequence using
RELUSE.

Calling Sequence:
CALL RELEND ( Relation name );

MAPOL UTILITY MODULE:  RELGET

Purpose: Retrieves a relational tuple into execution memory for
a relation opened for use in the MAPOL sequence.

Calling Sequence:
CALL RELGET ( Relation name, Status );
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MODULE : RELUPD

Purpose: Performs a relational update from execution memory of a
tuple retrieved using RELGET.

Calling Sequence:
CALL RELUPD ( Relation name);

MAPOL UTILITY MODULE: RELUSE

Purpose: Opens a relational entity for access from the executive
sequence.

Calling Sequence:
CALL RELUSE ( Relation name, Number of tuples, Status );

MAPOL ENGINEERING MODULE: SAERO

Purpose: Solves the trim equation for steady aeroelastic trim
analyses. Computes the rigid and flexible stability
coefficients for steady aeroelastic analyses and the
aerodynamic effectiveness constraints for optimization.

Calling Sequence:
CALL SAERO ( BC, [LHS(BC)], [RHS(BC)], [AR], [DELTA], NRHS, [P2],
[MRR(BC)] );

MAPOL, ENGINEERING MODULE: SCEVAL

Purpose: Computes the stress and/or strain constraint values for
the statics or steady aeroelastic trim analyses in the
current boundary condition.

Calling Sequence:
CALL SCEVAL ( BC, [GLBSIG], [UG(BC)], TRMTYP, print );
MAPOL, ENGINEERING MODULE: SOLUTION
Purpose: Interprets the solution control packet, forms the CASE
entity and outputs certain key parameters to the

executive sequence.

Calling Sequence:
CALL SOLUTION ( NUMOPTBC, NBNDCOND, OPSTRAT );
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MAPOL ENGINEERING MODULE: TCEVAL

Purpose: Computes the current values of thickness constraints
for this optimization iteration. Flushes certain
entities for reuse in the current iteration including:

CONST, LAMBDA, CLAMBDA

Calling Sequence:
CALL TCEVAL ( MOVLIM );

MAPOL UTILITY MODULE:  USETPRT

Purpose: Prints the structural set definition table from the
USET entity for the specified boundary condition.

Calling Sequence:
CALL USETPRT ( BC );
U DULE:  UTGPRT

Purpose: Prints several specific matrix entities in an inter-
pretable form. The entities supported are:

[DKUG], [DMUG], [DPVJ], [DUG], [DPGV], {DU3V]

and
[DPTHVI), {DPGRVI)

and
[PG)

and
[DFDU]

Calling Sequence:
CALL UTGPRT ( BC, [matl), [mat2], ... [matlO] );

MAPROL UTILITY MODULE:  UTMPRT

Purpose: To print any matrix entity. There are two "methods:"
(1) method = 0, expand each matrix column to contain
one string starting with the first
non-zero term and ending with the last
(2) method > 0, print only the non-zero terms in each
column.

Calling Sequence:
CALL UTMPRT ( method, [matl], [mat2], ... [matlO] );
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MAPOL ENGINEERING MODULE: YSMERGE
Purpose: A special purpose merge utility for merging YS-like
vectors (vectors of enforced displacements) into ]
matrices for data recovery. If the YS argument is L |
blank, null vectors are merged. If DYNFLG is non-zero -
the matrix UF is assumed to have the form of a dynamic
response matrix (3 columns per subcase: displacement,
velocity and acceleration).
Calling Sequence: - o
CALL YSMERGE ( [UN], [ys(bc)], [UF}, [PNSF(BC)}, dynflg );
4.4.2.2 The Preface Segment
In the context of optimization, it is obvious that invariant data .1'
should be computed only once and reused subsequently for each iteration. This i
is the underlying principle involved in the determination of which modules
constitute preface modules. In each instance, the data generated are
invariant with respect to the design variables. 0}

OL_UTIL MOD : UTRPRT

Purpose: To print any relational entity. Only the first twelve
attributes are printed and character attributes must be
eight characters in length or they will be ignored.

Calling Sequence:
CALL UTRPRT ( rell, rel2, ... rell0O );

MAPOL UTILITY MODULE: UTUPRT

Purpose: To print any unstructured entity. There are four
"types" supported:

(1) type < 0 prints only the record length (in single

precision words) of each record in the

entity.

(2) type = 0 prints each record using an integer
format.

(3) type = 1 prints each record using a real single ]
precision format. o

(4) type = 2 prints each record using a double preci-
sion format.

Calling Sequence:
CALL UTUPRT ( UNSTRUCT, type );
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The preface segment begins with a call to the solution control inter-
preter to determine the number and types of analyses to be performed. The
input file processor (IFP) is then called, followed by modules to form basic
data collections required for all analyses. The element connection data and
element matrices are then formed as well as the simple loads and load sensi-
tivities. If any aerodynamic analyses are requested in the solution control,
the PFAERO and AMP modules are called to create the aerodynamic matrices

required for the aeroelastic analysis.
4.4.2.3 Anal Opt ation Segments

The remainder of the MAPOL algorithm consists of the optimization and
analysis segments, Any particular boundary condition 1is either an
optimization boundary condition (implying that the quantities computed in the
disciplines selected in the solution control are constrained and that the
structure is to be optimized subject to those constraints) or an analysis
boundary condition. The design of the ASTROS system requires that all
optimization boundary conditions precede any analysis boundary conditions.
The analysis segment (labeled the "final analysis") is intended to follow an
optimization with analyses in disciplines whose output values are not con-
strained but are of interest to the designer. It also provides the user with
an opportunity to view additional output not desired within the optimization
loop. Finally, the analysis segment can be used on a standalone basis to

perform any desired analyses.

Both the optimization and analysis segments begin with a loop on the
number of boundary conditions. They differ only in the respect that the
analysis segment does not have calls to constraint evaluation modules and the
optimization segment has a convergence test outside the analysis boundary
condition 1loop. The first step in these loops is to assemble the global
stiffness and/or mass matrices and, if needed, the global loads matrix. If
the boundary condition includes a steady aerodynamic analysis, the appropriate
matrices (computed in the preface segment) are retrieved for use within the
analysis phase. Following these tasks, there are several BLOCK IF statements
on the varjous dependent structural sets. In executing each block, the
required matrix partitions and reductions are performed. Once the reduced

matrices have been obtained for the analyses being performed within the loop,
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the lowest level response quantities (e.g. displacements, eigenvalues, etc.)
are computed. Following the solution, the execution proceeds through another
group of dependent set BLOCK IF’s to recover the solution vectors to the
global set. At this point, the analysis segment is completed with calls to
the output file processor modules to compute and output high level response

quantities (e.g. stresses).

In the optimization phase of the optimization segment, the ACTCON
module determines the status of the global convergence flag CONVERGE and, if
the optimization is not complete, the redesign task is performed. Two
redesign methods are supported by the standard sequence and selected through
the Solution Control. If the option for Fully Stressed Design (FSD) is
selected, the redesign is performed in the FSD modules. The alternative
method employs mathematical programming methods that require sensitivity
information. “In this case, the sensitivities of the active constraints

(chosen by ACTCON based on the NRFAC and EPS parameters) are computed.

The sensitivities of the active constraints which are explicit func-
tions of the design variables are computed first. Then the second boundary
condition loop within the optimization segment begins. The ABOUND routine
determines the types of active constraints in each boundary condition and
outputs logic flags to control the subsequent sensitivity computations. Then
boundary condition dependent constraints which are explicit functions of the
design variables (frequency and flutter) are computed. Next, the sensitivi-
ties of the constraints to the displacements for those constraints which are
explicit functions of the displacements (stress and displacement constraints,
for example) are computed using the MAKDFU module. For these types of con-
straints, the product of the stiffness sensitivities and the displacements and
the product of the mass sensitivities and the displacements and accelerations
are also computed and modified appropriately to account for design dependent
loads and inertia relief. The resulting matrix is then reduced and used to
solve for the sensitivities of the displacements to the design variables.
This matrix is recovered to the free displacement set in a manner similar to
the recovery of the outputs in the analysis phase of the optimization segment.

The final module within the boundary condition loop for sensitivity evaluation
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is MKAMAT. Within this module the constraint sensitivities to the design
variables are formed from the product of the constraint and displacement

sensitivity matrices previously obtained.

After all the active optimization boundary conditions have been
processed, the DESIGN module is called. The approximate design problem is
arranged for use by the optimizer and is solved using the strategy selected
in the solution control. Following convergence of the approximate problem,
execution returns to the top of the optimization loop and a complete reanaly-
sis for all the boundary conditions is performed. Once completed, the ACTCON
module determines if the global problem is converged and, if so, sets the
global convergence flag to 2 causing the execution to pass to the top of the

analysis segment.

If any analysis boundary conditions exist, they will be processed in a
manner similar to the analysis phase of the optimization segment. After
performing the requested final analyses (if any) the executive system

terminates the ASTROS execution.
4.4.3 t tandard OL_Sequence

The standard MAPOL sequence is provided to allow a user to run the
ASTROS system without detailed knowledge of the MAPOL language or the standard
sequence. There is not, however, any requirement that the standard sequence
be used. The MAPOL Programmer’s Manual (Appendix B) outlines the procedure
for writing a valid MAPOL sequence, and any series of syntactically correct
MAPOL statements may be used to direct the ASTROS procedure. All the engi-
neering, utility and matrix manipulation modules shown in Section 4.4.2.1 are
available to any MAPOL sequence used to direct the system. In addition, there
are a number of intrinsic functions such as SIN and ABS that are also availa-
ble. Their use is detailed in the MAPOL Programmer's Manual. The sophisti-
cated MAPOL user is thus provided with a very flexible control language to
manipulate the ASTROS system. This subsection describes simple modifications
to the standard algorithm to print out additional data items, to fine tune the
optimization algorithm and to restore an ASTROS analysis that was partially
executed on a previous run. No set of examples, however, can possible indi-
cate the full range of available capabilities; the user is therefore cautioned

not to be overly constrained by this discussion.
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In order to avoid vast quantities of output and to limit the execution
time, the standard output is kept to a minimum. Several utilities, listed in
Section 4.4.2.1, can, however, be inserted in the standard sequence to output
data stored on the data base. 1In addition, a utility has been written to
print out the structural set definition table to aid in the debugging of the
structural model. The UTMPRT, UTGPRT, UTRPRT and UTUPRT print utilities dump
the contents of specified data base entities to the user’s output file. These
can be used anywhere in the MAPOL sequence after the specified entity has been
filled with data. The USETPRT utility provides the user with the ability to
print the structural set definition table (USET) in a format which aids in
debugging the structural model -- a useful utility if the structural model is
reasonably complex. These utilities provide the user with some simple tools
to allow closer interaction with the data stored on the data base and to

provide capability to more closely track the execution.

The print utilities provide data visability without modifying the
basic execution of the standard sequence. At a slightly more complex level,
the user might desire to fine tune the optimization procedure or to track the
iterations of the optimizer more closely. Tables 4 and 5 in Subsection 4.4.1
include a number of parameters which are used by ASTROS to direct the
optimization. Any of these parameters can be changed by the user at any point
in the MAPOL sequence. For example, the MOVLIM parameter (which is
initialized in the MAPOL sequence) could be changed to a different value after
the fifth iteration by pl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>