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I. INTRODUCTION

The formation of a Continuum Mechanics Center (CMC) at the
Ballistic Research Laboratory (BRL) to study, evaluate, and develop large
hydrodynamics, solid mechanics, particle transport, and heat transfer
computer codes presented an excellent opportunity to simultaneously
generate a data base containing information on systems of partial
differential equations and their solutions.

A questionnaire (Appendix I) was developed and sent to a number of
BRL scientists soliciting information regarding codes of interest. The
response furnished data on 20 codes and led to the formation of a data
base from which significant information can be derived.

CREATABASE, a commercial data base analysis system marketed by . 18
Daniel Analytical Services Corporation (DANALYT) of Houston, Texas, was
used to store data for retrieval. CREATABASE is a relational 2’3 data
base system, written in FORTRAN, which runs on the UNIVAC 1100 series 1
computers. i

Queries are made using English-like statements and may be made in a
batch or interactive processing mode. The output for each mode is slightly
different. CREATABASE affords little in the way of report generation; that
is, formatted output. CREATABASE does, however, offer the user the capa- :
bility of outputting all or any part of the data on an auxiliary file which ’
the user can then process in any fashior desired, including report formats.

Sixty-two descriptors form the total domain of the current data base.
It offers the user an accessible and easily used tool for ascertaining
characteristics and capabilities of certain computer codes at BRL. Infor-
mation such as the code's applications, numerical method, spatial
geometry, equation(s) of state and reports dealing with the code and its
performance, as well as 32 other items, are included in the data base. How-
ever, specific data about solutions of equations such as subroutine names
in which various processes occur, the actual equations solved, or anomalies
of systems of equations in a particular code do not now constitute a part
of the data base. Although this information should be available in a
user's manual, a more accessible information source is desirable. As the
data base develops such items will be considered as possiblities for in-
clusion. ;

JECNTApET

2 Codd, E.F., "A Relational Model of Data for Large Shared Data Banks,"
Communications of the Association for Computing Machinery, 13, No. 6,
June 1970.

3 Date, C.J., An Introduction to Data Base Systems, Addison-Wesley,
NY, 1976.
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Adding new information on codes already in the data base and
cataloging other codes are a continuing part of the CMC's activities.
In addition, new commands to allow easier querying are being added to~
the CREATABASE system.

II. THE CREATABASE SYSTEM

CREATABASE is a relational data base analysis system; that is, all
of the data which forms the data base exists in tabular form. The
columns are formally called descriptors (domains or sets in relational
terms) and contain all of the states which comprise that descriptor.
For example, a descriptor might be MAXIMUM SPATIAL DIMENSIONALITY and
contain as states ONE DIMENSIONAL, TWO DIMENSIONAL, AND THREE DIMENSIONAL.
Rows are formally called records (n-tuples or relations) and are formed
by selecting one of the possible states from each descriptor. See
Figure 1 as an example of an input record (note that two successive commas
indicate there is no data for that entry).

CREATABASE is a compiler, written in FORTRAN, that takes statements
written in an English-like language, interprets them and executes them.
The program is very compact requiring only 21,000 words of storage, yet
is modular consisting of 42 subroutines.

There are 56 commands in CREATABASE which fall into seven command
categories (see Figure 2). Since an explanation for each command appears
elsewhere (see Reference 1) the commands will not be discussed in great
detail here. It should be noted, however, that a data base can be
created and queried with as few as four commands.

CREATABASE does not have an extensive report generation capability.
It does indicate how many hits or matches have occurred and what per-
centage of the data base the number of hits represent. This statistical
information can be used for designing further queries and to check the
validity of the data base itself.

In addition, CREATABASE does allow any or all of the data in the data
base to be cuiput onto a file for further processing during that execution
or at a later time. This selective retrieval of data for future use is a
most useful tool for scientific processing. Several independent programs
exist to assist the user in reformatting data for his special applications.
The user then has great control over the subsequent handling of his data
in addition to the capabilities provided by the system itself. The user
may interface his data with graphics, simulation, statistical, or reports
generation packages. The user may also interface CREATABASE with other
data base management packages, for example, using CREATABASE for the pur-
pose of collecting and refining data and the other packages for elegant
output forms. :
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GENERAL_COIiHANDS
SHORT DICTIONARY STRUCTURE TOP=TRUE LITERAL STOP

DICTIONARY STRUCTURE TOP=FALSE MNORMAL  LOAD
READ STORED COMMANDS PARAMETER DEMAND  ID
DESCRIPTOR SEQUENCE MEMO BATCH

DEFINE MORE DESCRIPTORS
REDEFINE DESCRIPTORS

| | DEFINITION COIMANDS :
; DEF INE DESCRIPTORS Y _READ DATA FILE

¥ WRITE DATA FILE '
CONPILATION COMIANDS MODIFICATION COMIADS |
COMPILE iAND PRlNT;FROM | CORRECTION ) |
RECOMPILE (AND PRINT) FROM .| DELETE RECORDS |
PURGE DESCRIPTORS |
DECIMAL=FREE POSITION PURGE COMPRESSED FILE
CODE=NAME SEQUENCE
¥
SELECTIVE RETRIEVAL OF DATA SUBSET
HOLD=TRUE DESCEND=TRUE
HOLD=FALSE DESCEND=FALSE
DUPLICATESSTRUE  CUT OFF ISOLATIONS
DUPLICATES=FALSE
REWIND BINARY UNIT
F y
SUBSET BIUARY FILE PRINTOUT |
PRINT ‘
INPUT TO MODULES RT AN }
SORT AND INPUT TO MODULES} o . T
DOME=TRUE TTES  CANCEL=TRUE e g MIN-MAX
DUMP=FALSE CANCEL=FALSE SR BONEE e INDENT
BINARY
FILE PRINTOUT
3
v [
END

EXTERNAL MODULES

Figure 2, The CREATABASE Commands and Command Categories
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The following describes briefly how a CREATABASE data base is
assembled and queried.

The user determines his own descriptor names which may be up to
126 characters long. Descriptors are used to represent both numeric and
alphanumeric data but a descriptor may only represent one type of data.
A numeric descriptor may represent a range of numbers and carry additional
identifying information (a label). An alphanumeric descriptor may be in
either of two forms; it may represent a series of states all of which are
predetermined (coded descriptors), or it may represent an open ended
series of states (name descriptors). Coded descriptors are preferable
for alphanumeric data as they require fewer computer storage cells.

Once the descriptors have been defined, data are input using one of
three forms. The first and most common is card input. Input in this
fashion is in free format and may be accomplished in a batch or inter-
active processing mode. The second input mode uses a formatted file
whereby the user indicates the number of characters in the input string.
The third input mode uses a CREATABASE file which is in a highly coded,
densely packed format. A CREATABASE file generally is used when the
user wishes to operate on a subfile which he has previously created
(output) on another execution, or earlier in the current execution.

Once the data has been input it may be examined using general and
printout commands shown in Figure 2. If there are errors, these may be
corrected using the modification or subset binary file commands. One
might correct the data base by reentering the entire data base as well.

After the data are corrected, the data base is ready to be queried.
Queries are accomplished using general, selective retrieval, subset binary
file, and printout commands (see Figure 2). At the heart of the querying
commands are the two printout commands PRINT and HOW MANY. Commands from
the other query categories allow manipulations of the data so that the
specific queries may be answered by the PRINT and HOW MANY commands. In
addition, output may be generated using the subset binary file commands.

CREATABASE has full Boolean logic capability ("and", "or" and 'not'")
which can be used with the modification, selective retrieval, subset
binary file, and printout commands. Using Boolean logic one may retrieve
any datum contained in the data base.

The general form of the output commands is a descriptor list (the
desired output) followed by a Boolean expression. A Boolean expression
is a concatenation of quantifiers using the Boolean operators '"and", 'or"
and "not". A quantifier has the form descriptor name, followed by a
descriptor value (state).
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Samples of CREATABASE queries and the resulting output are shown
in Section V.

In addition to Reference 1, an annotated guide* and two samples of
CREATABASE runs® are most helpful for using and understanding the CREATA-
BASE commands and their interactions. The cited references, while
forming a complete set of CREATABASE system documents, are terse and make
the use of the system seem more complicated than it is. Of course,
quite complex interactions can be obtained through the use of CREATABASE
and the UNIVAC EXEC 8 operating system. Such interactions, while
noted, will not be discussed here.

III. THE CONTINUUM MECHANICS CENTER DATA BASE

Data for the CMC data base was gathered using the questionnaire
shown in Appendix I. Questionnaires were sent to a number of BRL
scientists who supplied data which were then used to define the descriptors
(state names) for the data base. Sixty-two descriptors (see Figure 3)
were used to describe the data. The data base was designed so that each
record of data provided information for one code. The descriptors are
divided into several broad categories: those dealing with (i) the type of
problems treated by the code; for example, descriptors 8, 9, 10, 15, 16, 17,
18, 24, 28, 29, 31, 32, 34, 36, 37, (ii) the characteristics of the code;
for example, descriptors 1, 2, 5, 6, 7, 11, 12, 13, 14, 19, 20, 21, 22, 23,
25, 26, 27, 30, 33, 35, 38, 39, 40, and (iii) people and reports connected
with the code; for example, descriptors, 3, 4, 41-62.

Queries are often initially made on certain descriptors to determine
which code(s) can perform a desired type of calculation. Subsequent
queries can then be made to obtain more detailed information concerning
these codes. (For an example set of queéries, see Section V). Furthermore,
other data bases can be generated from the current data base; for example,
if the data base becomes very large, one consisting only of reports deal-
ing with the codes may become desirable.

The data base which is stored in 35,000 words on the UNIVAC 1108
computer currently contains data for 20 codes (see Appendix II). Although
there are now only 20 records in the data base significant information

% Dpaniel Analytical Services Corporation, '"''Primer" for ''The CREATABASE
Module'" of An Integrated Data Base Analysis System: Level U-4A,"
Houston, TX, August 1976.

Daniel Analytical Services Corporation, "An Illustrative Check Deck for
"The CREATABASE Module'" of An Integrated Data Base Analysis System:
Level U-4A," Houston, TX, August 1976.
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Figure 3. The Sixty-Two Descriptors Used for the Continuum Mechanics
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can be extracted (see Section V). Future plans include expanding the data
base to include more codes and more reports. However, this data base will
not become a bibliography for different hydrocodes.

IV. USING THE DATA BASE

The data base is operational on the UNIVAC 1108 computer at
Edgewood. As such, it runs under the EXEC 8 operating system. This
section will provide the user the means to sign onto the computer, in-
voke the CREATABASE system, and gain access to the data base. It is highly
recommended that users copy the data base files onto their own files be-
fore using the system. If this is impractical, the user must not invoke
any commands which would modify the data base; that is, the user must
not use any of the definition, modification, or compilation commands.

The following describes BATCH mode operation. To sign onto the
computer the command in card column 1 is:

@RUN IDENTIFICATION, ACCOUNT NUMBER, CMCLIB, TIME, PAGES OF OUTPUT.

The user must make arrangements for obtaining an account number. CMCLIB
is the project name for the CMC CREATABASE data base. The next instruction
(card column 1) is:

@MISD*CAB.CAB CMDIC1.D, CMCMP1.C .

The MISD*CAB.CAB invokes the CREATABASE system; CMDIC1.D is the file
containing the descriptor attributes (logical unit 9; see Reference 1) and
CMCMP1.C is the file containing the compressed data (logical unit 12).

At this time control passes from the UNIVAC EXEC 8 operating system
to CREATABASE. You are ready to query the data base using any of the
permissible command categories: general, selective retrieval, subset
binary, or printout. A familiarity with the CREATABASE system is helpful
to minimize the time spent in designing queries and auxiliary output
(using the subset binary file operations). CREATABASE commands are free
form; that is, there are no card column restrictions as to where commands
can be placed. The normal CREATABASE separator is the comma and the normal
command terminator is the asterisk. Not all CREATABASE commands need a
terminator; however, the user is unburdened by using a terminator on all
commands. The user has the option of changing the separator and terminator
if he so desires.

* If files CMDICL or CMCMP1l are not available do an @ASG,A filename
for either or both missing files.




When one has finished his CREATABASE operations, control is given
back to the UNIVAC system with the following command (card column 1):

@FIN
This command will provide time and cost information to the user.

If the user wishes to query CREATABASE using the interactive mode,
several additional commands are necessary. First, the user must dial up
and be given access to the computer. Next, before using the RUN statement,
the user must identify himself using a site identification. Site identi-
fications are easily obtained and are well marked on hard wired terminals.
After the site ID has been entered and the computer has acknowledged it,
the procedure is as described above. At the conclusion of the terminal
execution, after the @FIN command has been issued, the user must issue
an @@TERM and wait for the terminal or modem light to go out.

Additional aids for the user are the commands CNTRL Z to erase the
last character typed if a mistake was made and €@X TIO to interrupt out-
put when a query is producing too much output. Greater knowledge of the
EXEC 8 operating system and CREATABASE only enhances the skill of the
user and enables him to do more complicated operations. However, the
information presented here is sufficient to query the data base.

V. SAMPLE QUERIES AND OUTPUTS

This section will show several typical queries and the instructions
used prior to the queries so that the user has the proper information
for querying at his disposal. A complete list of the 62 descriptors in
the CMC data base can be obtained by using the following command:

>SHORT DICTIONARY STRUCTURE*
SHORT DICTIONARY STRUCTURE*

Notice that the command is echoed back to the user which accounts for
the repeated line of output. The output of this command is given in
Figure 3. The individual states of any descriptor can easily be deter-
mined; for example, the states of the descriptors GENERAL NUMERICAL
METHOD, MAXIMUM SPATIAL DIMENSIONALITY, SPATIAL GEOMETRY and TYPE
OF FLUID FLOW, are obtained by the following command:

>DESCRIPTOR SEQUENCE 12, 15, 16, 32*
DESCRIPTOR SEQUENCE 12, 15, 16, 32*
>DICTIONARY STRUCTURE*

DICTIONARY STRUCTURE*
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CODE
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GENERAL NUMERICAL METHOD
OPTION CODE NUMBER OF CHARACTERS IN LONGEST STATE

NAME

FINITE DIFFERENCE

FINITE ELEMENT

MONTE CARLO

FINITE DIFFERENCE/FINITE ELEMENT

MAXIMUM SPATIAL DIMENSIONALITY
" OPTION CODE NUMBER OF CHARACTERS IN LONGEST STATE

NAME

ONE DIMENSIONAL
TWO DIMENSIONAL
THREE DIMENSIONAL

SPATIAL GEOMETRY
OPTION CODE NUMBER OF CHARACTERS IN LONGEST STATE

NAME

RECTANGULAR

CYLINDRICAL

SPHERICAL
RECTANGULAR/CYLINDRICAL
RECTANGULAR/SPHERICAL
CYLINDRICAL/SPHERICAL
RECTANGULAR/CYLINDRICAL/SPHERICAL
SPECIAL TREATMENT

TYPE OF FLUID FLOW
OPTION CODE NUMBER OF CHARACTERS IN LONGEST STATE

NAME

INVISCID COMPRESSIBLE
VISCID COMPRESSIBLE
INVISCID INCOMPRESSIBLE °
VISCID INCOMPRESSIBLE
NONE

14

The DESCRIPTOR SEQUENCE command used in conjunction with DICTIONARY

; STRUCTURE command restricts output of the DICTIONARY STRUCTURE command
4 to just those descriptors whose sequence numbers appear in the former.
3 The DICTIONARY STRUCTURE COMMAND prints the name and complete speci-

fication of the requested descriptors. The output of these commands
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The user can now make an intelligent query as to number of codes in
the data base which use a finite difference method and which calculate
i two dimensional cylindrical inviscid compressible flows.

e

>HOW MANY HAVE GENERAL NUMERICAL METHOD,FINITE DIFFERENCE AND
3 HOW MANY HAVE GENERAL NUMERICAL METHOD,FINITE DIFFERENCE AND
>MAXIMUM SPATIAL DIMENSIONALITY,TWO DIMENSIONAL AND

MAXIMUM SPATTAL DIMENSIONALITY,TWO DIMENSIONAL AND
>TYPE OF FLUID FLOW,INVISCID COMPRESSIBLE AND

TYPE OF FLUID FLOW,INVISCID COMPRESSIBLE AND
>SPATIAL GEOMETRY,CYLINDRICAL*

SPATIAL GEOMETRY,CYLINDRICAL*

The response for this query is:

ISOLATIONS TOTAL PERCENTAGE ,
2 20 10.00 ]

PITOTIR W ; D

Notice that the number of hits, the total number of data base items
and the percentage of hits to total items is always displayed.

b

Now wishing to see the code names for the two codes satisfying the
above query we ask:

Gl Lo

>PRINT CODE NAME FOR WITH HOLD*
PRINT CODE NAME FOR WITH HOLD*

G

The HOLD instruction is used so that the long Boolean expression need
not be repeated. The result of this query is:

] BLAST
LASXPT

; ISOLATIONS TOTAL PERCENTAGE
2 20 10.00

Finally, wishing to see more information about the codes BLAST and
LASXPT, we issue the following sequence of commands:

>INDENT 0*
- j INDENT 0*

‘ >PRINT 1,2,3,4, 3,44 FOR WITH 1,BLAST OR

b PRINT 1,2,3,4, 3,44 FOR WITH 1,BLAST OR

1 . >1,LASXPT* ;
l,LASXPT* i

(ﬂm
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The INDENT O command instructs the system to indent zero spaces
(no indentation) between outputs. The PRINT command illustrates that
the numeric value of a descriptor may be used in place of its name. The
& results of these instructions are:

BLAST J
' UNSTEADY/ 2D/EULERIAN/SINGLE MATERIAL/FINITE DIFFERENCE/COMPRESSIBLE FLUID ‘
CALCULATION OF MUZZLE BLAST FLOW FIELDS/TP-4155 PICATINNY ARSENAL/AD881 d
523/DEC 1970
T D TAYLOR
FORTRAN
OPERATIONAL/EASY TO RUN
MUZZLE BLAST CALCULATIONS
PERFECT GAS LAW
REFLECTIVE/FREE-SLIP
70 by 70
NONE
C K ZOLTANI
1
EVALUATION OF THE COMPUTER CODE BLAST DORF HELP AND HEMP FOR SUITABILITY
OF UNDEREXPANDED JET FLOW CALCULATION BRL1659
C K ZOLTANI
LASXPT
NONEQUILIBRIUM/RADIATION-HYDRODYNAMICS/ATMOSPHERIC TRANSPORT AND RESPONSE/
PLASMA CHEMISTRY/LASER PLASMA/LASER TARGET
THE BRL NONEQUILIBRIUM LASER PLASMA-TARGET INTERACTION CODE/BRL DRAFT REPORT
JOSEPH LACETERA
FORTRAN
P OPERATIONAL/COMPLICATED TO RUN
. LASER PLASMA INTERACTIONS
PERFECT GAS LAW s
3 TRANSMITTIVE/MOVING J
50 BY 5 -
NONEQUILIBRIUM
JOSEPH LACETERA/CONTINUUM MECHANICS CENTER/BRL/APG MD/301 278 4353
2 i
LASXPT 1 PLASMA INTERACTIONS/BRL DRAFT REPORT ;
JOSEPH LACETERA !

e adnc ""!WF"7i~vn1;;7""ﬁ

T

by ISOLATIONS TOTAL PERCENTAGE .
: 2 20 10.00

These examples have been constructed as an illustrative group and are
not meant to be complete or portray all of the capabilities of the system.
For example, the reverse numerical and alphabetical sorting capabilities
have not been shown.




VI. DISCUSSION

This report deals with the CMC's computer code data base which uses
CREATABASE, a relational data base analysis system. Besides describing
the data base, the manner in which it is accessed and queried is also
explained and corresponding examples are given.

CMC personnel are not only the designers of the data base but also
are its primary users. Care and maintenance of the data base is one of
the CMC's functions. In addition to ensuring correctness of the current
data, the center will add new data as it becomes available. Such data
is not limited to that defined by the current 62 descriptors since new
descriptors will be added as required. No attempt will be made to make
the data base a complete reference system for all codes. However, the
CMC will consider and catalog not only the most promising, but also the
most used codes.

In addition to the data base itself, the CREATABASE system must
undergo change and not remain a static inflexible tool. One area in
which CREATABASE can be improved is that of subtabling. The amalgama-
tion of like descriptors (for example, authors) into a single descriptor
will allow for easier querying and new relations to be formed. For
instance, the output of a query involving an author may produce his co-
authors for a single reference or all his co-authors for all his published
works. Furthermore, short queries involving a single amalgamated
descriptor are preferable to long descriptor lists or Boolean expressions.
Finally, the amalgamated descriptor will alleviate some of the need for
handling subset binary files through the fortuitous production of infor-
mation. Another area in which CREATABASE can be improved involves
limited alphanumeric searching for name descriptors. Such a change would
not only extend the textual capabilities of CREATABASE but free the user
from entering artificial data for several types of applications and/or
exactly specifying a descriptor state in the Boolean expression. The
form for this extension should also provide for a range of values rather
than a specific state. Other improvements of CREATABASE are possible;
however, the two items listed above will make this system even better.

Finally, the use of this data base is encouraged as an information

retrieval system. Furthermore, comments ‘and suggestions on its structure
and contents are welcome.

ACKNOWLEDGEMENT

The authors wish to thank Daniel Analytical Services Corporation for
permission to publish Figure 2.




APPENDIX I. QUESTIONNAIRE USED TO GATHER DATA
BASE DATA




s

1.

4.

S.

7.

. 10.

11.

The name of the code (acronym plus its meaning) is .

List the following information on the user's manual:

Author(s)
Address of Authors
Title

Report Number
Date cf Publication .

Code is operational on the following computers:
CDC 7600 UNIVAC 1108 BRLESC

The following people are knowledgeable in the code's use:

Primary application of the code is .
Second spplication of the code is .
Tertiary application of the code is .

The type of mesh used is

Eulerian Lagrangian Eulerian & Lagrangian unknown.

The code uses the following general numerical wethod:

finite difference finite element Monte Carlo

The code uses the following particular numerical method:

chnuctct‘.l.uics Lax-Wendroff random walk Galerkin multipass integral

The order of the numerical scheme is
not applicable . unknown.

The code performs unsteady calculation: yes no.

The code can treat the following spatial geometry(ies):

rectangular cylindrical spherical.
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12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

The code can treat the following spatial dimensionality:

one two three.

List the variables computed directly from the transport equations.

The code can use the following equations of state:

Tillotson perfect gas law BRLGRAY JWL CHARTD PUFF

The code can apply the following types of boundary conditions:

r‘f lective transmittive non-slip free-slip moving

free surface

The maximum grid size for the code is by

The code has the following type of rezoning capability:

automatic manual none unknown

The code does the following type of radiation transport

equilibrium non-equilibrium none

The code does the following type of energy deposition:
time-independent time-dependent none unknown

The code does the following type of chemical reactionms:

equilibrium non-equilibrium none

The code does the following type of atomic reactions:

equilibrium non-equilibrium : none unknown
The code calculates material response: yes no.

The code treats solids as an elastic plastic:

yes no not applicable unknown .
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24,

25.

26.

27.

28.

29.

3.

The code has an interface capability:

yes no not applicable unknown.

The code can handle (number of) different materials.

The code treats the following types of fluid flow:

inviscid compressible viscous compressible inviscid incompressible

viscous incompressible none unknown.

The code treats shocks by the following method:

artificial viscosity shock fitting

none not applicable.

m code solves the following equations:

conservation of mass conservation of momentum conservation of energy

Boltsmann's equation .

The code is written in the following computer language(s):
FORTRAN ALGOL APL .

The code has the following special features:

strength option tracer particles combustion option sliplines

The following reports contain information relating to the code itself or
the code's performance. For such reports give author(s), report number(s),
and title(s) or key words. The total description per report should te less
than 120 characters including blanks.

1.

2.

3.

4.




-~

C L aade sy

32. Describe the salient features of the code in less :m 120 characters; for
example,
HELP: unsteady, 2D, Eulerian, multi-material, finite difference, integral
formulation, solid and compressible fluid applications.

33. Please list any pertinent computer code properties omitted and any other comments.

e % =
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