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FOREWORD

The research project outlined in this report was completed in the period from
May 1971 to September 1972 under the sponsorship of the Air Force Flight
Dynamics lLaboratory, Air Force Systems Command, Wright-Patterson Air Force
Basc, Ohio. The report was prepared by Aerophysics Research Corporation,
Bellevue, Washington, under Project 1431 and United States Air Force Contract
F33615-71-C-1480. Mr. David T. Johnson, AFFDL/FXG, was the cognizant Air
~orce representative for the study.

This report was authored by D. S. Hague and C. R. Glatt, J. F. MacRae
organized the manuscript. Programming support was supplied by D.A., Watson
and R. T. Jones. The study has lead to a major advance in development
of computer aided design techniques. This report and the study benefit
directly from a number of previous Government-sponsored research studies
including:

USAF contract AF33(616)-6848, for trajectory equation and
program development

USAF contract AF33(657)-8829, for development of the vari-
ational optimization procedure

and program

USAF contract F33615-70-C-1036, for development of a digital
combat optimization and
analysis program

NASA contract NAS 1-10692, for additional development of
the optimal design integration
procedure

NASA contracts NAS 2-3691, NAS for extension of the optimi-

2-4880, NAS 1-9936, NAS 3-13331 zation procedure

and NAS 2-6147

In addition to the development of improved computer aided design techniques,
this project has resulted in considerable extension of the previously available
AFFDL generalized steepest descent and segmented mission analysis computer

programs.

This report was submitted by the authors in November 1972. The technical
report has been reviewed and is approved.
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ABSTRACT

ODIN/MFV is a digital computing system for the synthesis and optimization
of military flight vehicle preliminary designs. The system consists of a
library of technology modules in the form of independent computer programs
and an executive program, DIALOG, which operates on the technology modules.

The technology module library contains programs for estimating all major
military flight vehicle system characteristics, for example, geometry,
aerodynamics, propulsion, inertia and volumetric properties, trajectory
and missions, economics, steady-state aeroelasticity and flutter, and
stability and control. In addition, a generalized system optimization
module, a computer graphics module, and a program precompiler are avail-
able as user aids in the ODIN/MFV program technology module library.

The DIALOG executive program controls the design synthesis and optimization
by operating on the technology module library under control of a user-
specified data input stream. Synthesis procedures in any design simulation
are established by the input data. Hence, any set of vehicle component
matching and sizing loops can be defined. There is no effective limit on
the design sequence '"topology' which may be employed in an ODIN/MFV simu-
lation since the sequence is controlled by input data.

The technology module program library has been established by an extensive
survey of existing computer programs available to the general aerospace
industry. Governmental, industrial, and academic sources for technology
module programs were used in construction of the final program library.
Individual credit for the program sources is acknowledged where possible
in either the technical discussion or the list of references. In certaia
cases extensive modification of source jrograms were made. However, many
source programs are employed in essentially unmodified form.

It should be noted that the ODIN/MFV program provides the designer with a
"building block" approach to vehicle design. The design simulation paral-
lels that now employed in industry; however, the ODIN/MFV permits all
interdisciplinary data interchange to be performed within the computer rather
than by hand outside the computer. This feature allows the designer to
perform more iterations in the vehicle design.

Program operation effectively requires the use of a conventional design
team approach., The design team defines all desired information transfers,
matching loops and sizing required to achieve a satisfactory vehicle design.

The ODIN/MFV program provides the desigaer with a tool for automation of
the vehicle design process which has the ability to retain the full tech-
nical depth associated with current preliminary design analyses.
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SECTION 1

INTRODUCTION

Efficient preliminary design of a modern military flight vehicle involves
the simultaneous satisfaction of all vehicle operational constraints and
optimization of the vehicle's performance. Opcrational constraints and
performance criteria include

Landing and take-off performance

Payload capability

Maximum acceleration and 1ift cocfficient maneuver limits
Mach-altitude flight envelope limits

Thermodynamic constraints

Economics

O an C

For aircraft which will operate near civilian popul.ition centers in times

of peace, there exists an increasing requircment for satisfying environmental
constraints, such as noise and engine exhaust pollution. Optimal design

of a military flight vehicle to these performance and constraint charac-
teristics involves a complex system of nonlinear interdisciplinary trade-
offs. Technology areas to be considered include

Geometry

Acrodynamics
Propulsion

Material stress
Weights
Aeroelasticity
Stability and control
Cost

SR MO 0 T

Military flight vehicle design teams must carefully integrate the require-
ments of these multiple disciplines in order to obtain the best vehicle
configuration for a specified mission spectium.

The aerospace industry has continually encountered increases in vehicle
and mission complexity. In recent years increasing complexity has
tended to force the practicing aerospace cngineer into a relatively small
area of specialization. Thus, the problem of integrating all significant
disciplines entering military flight vehicle design has hecome a major
obstacle to rapid and efficient vehicle design. Efforts to overcome the
design integration problem have resulted in increases in vehicle prelim-
inary design staffs of from 20 to 30 working for several months on the
earliest supersonic aircraft to many hundred working for several year: on
more recent supersonic projects.

The increased effort required to integrate modern vehicles has been discussed

in Reference 1. For example, Refercnce 1 indicates that wind tunnel test
time required for advanced vehicles is rising exponentially with time,

1-1



Figure 1-1. This exponential growth of effort is matched by other areas
such as man hours and computational effort required. Examples are readily
forthcoming. In strength analysis enginecrs' approximate theories are
being replaced by finite clement modeling. In aerodynamics and aeroeclas-
ticity, strip theory is replaced by the use of finite surface theories. In
performance analysis the variational calculus formulation is used in place
of conventional flight handbook calculations. In practice experimental
effort, manpower, and computational effort to achieve a vehicle design are
all rising simultaneously.

The use of more extensive experimental and theoretical analyses can be
justified. Thus, when designing an interceptor the use of variational
calculus techniques, Reference 2, will usually produce a performance esti-
mate which improves on flight handbook performance estimates by 15 to 20
per cent, Reference 3. It is pointed out in Reference 4 that the greatly
increased computational effort required to define this performance gain and
to capitalize upon it in the vehicle design is worthwhile when a significant
vehicle production order is anticipated. Similarly, the increased sophis-
tication of analysis in other areas can be justified in terms of ultimate
system effectiveness,

However, a major obstacle to the usec of more sophisticated analysis emerges
in practice. These analyses require increased specialization among the
design team members and are generally more costly in terms of dollars and
elapsed time. Finally, since each discipline becomes more compartmentalized
as a result of increased specialization, the design integration process
itself becomes more complex.

The increase in design integration complexity is readily visualized in terms
of the trajectory analysis. If the vehicle trajectory is fixed, other
disciplines can examine the design independent of the tirajectory analyst.

If each time a vehicle configuraticn parameter is changed a significant
change to the vehicle's optimal flight path results, then the integration
problem becomes far morc complex. In actuality efficient modern vehicle
design requires the coupling of all major technologies.

The present study was addressed to the t _hnology integration problem, and
an optimal design integration procedure (ODIN) has been devised. This
procedure is based on computer-aided design concepts. The approximate
growth in computational capacities of several representative computers in
solution of typical aerospacc vehicle analyses is presented in Figure 2.
Reference 1 has similarly cutlined the total growth of United States compu-
tational power. The ODIN procedure for military flight vehicles developed
during the present study and the related study of Reference 5 is based on
the premise that the increased computational capacity which has made today's
sophisticated analysis procedures feasible is also capable of greatly
improving vehicle design integration procedures. Achievement of this
improvement in design integration procedures has required

a. Creation of a technology computer program library;



b. Construction of an executive program which allows the
programs within the technology library to communicate
with each other without the necessity for manual inter-
vention in the design analysis;

¢. A generalized method for specification of analysis
sequence including matching and sizing loops; and

d. A method for systematically perturbing design vari-
ables to satisfy operating constraints while opti-
mizing system capability.

The ODIN system developed under the present study and the study of Reference
5 contains all the above features. The system and its operation is
described in Section 2. Description of the technology program library
initially installed at Wright-Patterson Air Force Base follow in Section 3.

This system has also been installed on the CDC CYRERNET system of inter-
locking computers throueh the San Francisco and Seattle Data Centers as
shown in Figure 1-3,
The ODIN system described in this report has been applied to a variety of
military flight vehicle analysis and design integration problems during the
study including

a. Bl bomber performance studies

b. Air-to-air surface missile performance studies

c. Advanced manned interceptor design studies
The most comprehensive problem investigated was the synthesis of an advanced
manned {nterceptor; Figure 1-4 presents three-views of this vehicle as

produced by the ODIN system. Figure 1-5 illustrates the complex system of
technology modules executed to accomplish the synthesis.

1-3
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SECTION 2

STRUCTURE AND OPERATION OF THE OPTIMAL DESIGN
INTEGRATION PROCEDURE FOR MILITARY FLIGHT
VEHICLES, ODIN/MFV

This section describes the Optimal Design Integration Procedure for Military
Flight Vehicles (ODIN/MFV) computational system, its structure, and its
application. The ODIN/MFV computational system contains a library of many
programs which are used as needed for a given problem. The resultant
program run time and core requirements to solve a given problem is, there-
fore, variable depending upon the programs used. Many of the programs
contained in the ODIN/MFV library were developed independently of the
present study, several under previous Government funded studies. The
ODIN/MFV executive control program which allows the independent programs

of the ODIN/MFV library to communicate with each other was developed entirely
within the context of the present study, and the reclated NASA supported
study of Reference 1.

In developing the ODIN/MFV a survev was conducted of existing technology
programs and methodologies which are generally available to the aerospace
industry. Programs surveyed are listed in References 2 through 130. The
ODIN/MFV initial program library was limited to only a few of these programs
due to the limited scope of the present study effort. Other programs may
readily be introduced into the ODIN/MFV by a mino: program modification

as described later in this section.
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2.1 STRUCTURE OF THE ODIN/MFV SYSTEM

The components of the ODIN/MFV system are illustrated in Figure 2.1-1; each
system component exists in the form of one or more independent computer
programs. The preliminary design service elements in Figure 2.1-1 consist
of

Design optimization
Plotter program
Macro Fortran
Report generator

anooe

These modules are described in detail in later sections of the report.
Briefly, the design optimization element is used to perturb the vehicle
design variables in optimization studies. The plotter program element
provides the designer with a plot capability for output. The macro Fortran
module is a Fortran based pre-compiler of general utility in the manipu-
lation of ODIN/MFV program elements and is available mainly as a programming
aid device. The report module enables the user to format his output in

any manner he wishes under input data control without program modification,

Since the ODIN/MFV system comprises more than a quarter of a million Fortran
source cards, some precautions must be taken to provide a usable system
capable of interpretation by designer, engineer, and programmer. The

major such precaution has been the creation of a system which is truly
modular in the sense that it consists of many independent computer programs.
Any one of these programs can be revised, extended, or replaced without
affecting the other program elements of the ODIN/MFV in any way. In conse-
quence, the specialist in a given technology area is ablc to phrase his
analysis of the design without regard for the other technologies involved
other than for the interfaces from and to his discipline and other disci-
plines entering the design.

The final element of the ODIN/MFV is the data base, Figure 2.1-1. This
data base contains all information to be communicated between program
elements. When combined with the nominal input data, it is sufficient to
completely define the problem under study.
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2.2 THE BASIC ODIN/MFV PROGRAM ELEMENTS

The independent program elements which form a basis for the ODIN/MFV
system are written in Fortran. Each program in the system has been
assigned a four to six letter mnemonic for reference purposes and for
operation in the ODIN/MFV system. Table 2.2-1 presents a list of the
basic ODIN/MFV program library and the mmemonics assigned. When con-
structing the sequence of analyses which lead to the synthesis and

optimization of a military flight vehicle, each program must be referred
to by its mnemonic code in the ODIN/MFV system. Mnemonic control of the

elements in the ODIN/MFV program library is discussed in more detail in

later sections.
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TABLE 2.2-1.

PROGRAM
Executive Control Program
Geometric Paneling Program

Hypersonic Arbitrary Body
Aerodynamic Computer Program

Techniques to Evaluate
Design Trade-Offs in Lifting
Re-entry Vehicles

Skin Friction Drag
Zero-Lift Wave Drag
Zero-Lift Wave Drag
Wave Drag at Lift
Wetted Areas
Configuration Plots

Vehicle Synthesis for
Advanced Concepts

Atmospheric Trajectory
Optimization Program
(Version T1II)

Mission Segment Analysis
Program (Version II)

Development & Production
Costs of Aircraft

Program for Improved Cost
Optimization

Swept Strip Aeroelastic
Model

Design § Off-Design Perfor-
mance for Two- and Three-
Spool Turbofans with as
Many as Three Nozzles

Automated Engineering §
Analysis

Macro-Fortran Language for
Development of Precompilers

Independent Plot Program

Quadrilateral Panel Display

MNEMONICS FOR THE BASIC SET OF
ODIN/MFV INDEPENDENT PROGRAM LIBRARY

MNENONIC
DIALOG
PANEL

HABACP
TREND
LRCSF
LRCWDZ
ARPII
LRCWDL

LRCWA
LRCACP

VSAC

ATOP III
NSEG I1
DAPCA
PRICE

SSAM

GENENG I1
AESOP

MAC
PLOTTER
IMAGE

TECHNOLOGY AREA

Executive

Geometry

Aerodynamics
Aerodynamics
Aerodynamics
Aerodynamics
Aerodynamics
Aerodynamics

Aerodynanmics

Aerodynamics

Weights

Trajectory
Mission Analysis
Economics
Economics

Structures

Propulsion
Optimization

Miscellaneous
Miscellaneous

Miscellaneous

2=2=2



2.3 INSTALLATION OF THE ODIN/MFV

The ODIN/MFV can be installed on any CDC 6600 computer which has an oper-
ating system containing the Appendix 1-b system utility routine CCLINK.
These two versions of CCLINK are available in the basic ODIN/MFV library.
Since the ODIN/MFV consists of a library of independent programs, the basic
program library must be installed on the computer before simulations can
begin.

To install the ODIN/MFV program library the sequence of operations depicted
in Figure 2.3-1 must be completed. First, all Fortran source program card
decks must be compiled. Each independently compiled program is then stored
on a tape or disc unit. More than one program may be stored on a given
disc or tape, but each such program must be stored as a separate file. When
all programs including the executive program are stored in this manner,
simulations can begin.

Simulations will involve sequential execution of technology elements in the
ODIN/MFV program library. Basic data for each program element must be set
up in the usual manner for that program operating independently of the
ODIN/MFV. The analyst or team of analysts then defines the sequence of
programs to be executed together with the effect of all design variables on
the input for each program.

The simulation then commences using nominal design variable values. A
common method of running the simulation is to use the optimization

module as the final program element executed in the sequence (other than
the executive program). This program receives the relevent system charac-
teristics which have been evaluated and stored in the interprogram data
base. On the basis of multivariable search algorithms contained within
the optimizer, a perturbed set of control variables are defined replacing
those residing in the data base, and the complete simulation sequence is
repeated. This second simulation defines perturbed system characteristics
to predict another set of design variable perturbations for yet another
simulation. This process is then repeated, Figure 2.3-2, until the
optimum vehicle satisfying all operational constraiits is evolved or

until further gains in system performance are negligible in magnitude.

During the simulation all information required to fully define the problem
at the level of analysis requested is stored in the data base. On

problem completion the data base can be interrogated using a stylized report
generator program to compose a final user-oriented description of the final
design. It should be noted that the data base contains all interprogram
data and that the flow of all data to or from the data base and the program
elements is completely controlled by the executive program.

When a program element is being executed, there is no way that program is
"aware" of the fact that it is performing one analysis function in an



overall vehicle simulation. This is a key element in the modular structure
of the ODIN/MFV. It insures that the analysis function of each program
element in the library can be examined independently of the other analysis
programs. Without this feature examination of the complex interconnections
between analysis modules would become extremely complex and, in view of
the ODIN/MFV's system size, of doubtful validity.

The manner in which the sequence of program elements to be executed is
defined is outlined in Section 2.2. The manner in which interprogram
information is passed between program elements and the data base via the
ODIN/MFV executive program is outlined in Section 2.4.
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NOMINAL DESIGN VARIABLE VALUES AND DESIRED
SEQUENCE OF PROGRAM ELEMLNTS

ODIN/MFV
. DESIGN SIMULATION
EXECUTIVE
PROGRAM 1 [4—1—P1  PROGRAM
l A . DATA BASE
OPTIMIZATION LOOP
PROGRAM 2

!
!

PROGRAM 1 <

!

PROGRAM 1+1

v

PERTURBLD
DESIGN VARI-
ABLE VALUES

SYSTEM PERFORMANCE AND
OPERATIN(, CONSTRAINTS

v

OPTIMIZATION
PROGRAM [

'

REPORT
GENLRATOR  [€@——————

FINAL OPTIMUM DLSICN

FIGURE 2.3-2 SCHEMATIC OF A VEHICLE DESIGN OPTIMIZATION STMULATION
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2.4 SEQUENTIAL INDEPENDENT PROGRAM EXECUTION

Usually the submission of a computation to a digital computer involves the
execution of a single program with possible repetitive evaluation of succes-
sive data cases. In the ODIN/MFV system, submission of a computation

may involve the sequential execution of many programs to obtain a complete
vehicle design synthesis. The gequential execution of many loope through
these programs may be required to obtain an optimal design

2.4.1 Sequential Execution of More Than One Program

On any digital computer the execution of a single program is governed by a
set of control cards which provide instructions to the computer system for
compiling and/or loading the specified program. These control cards, the
Job Control Language or JCL cards, are peculiar to each computer system and
installation. The JCL cards for any computer or installation rarely employ
a user-oriented format. For example, Table 2.4-1 presents typical JCL cards
for an elementary Fortran compilation and execution of the same program on
the CDC 6000 series computer, the IBM 360 series computer, and the UNIVAC
1108. To the user, the JCL, unlike the higher level Fortran language,
tends to be incomprehensible. In the remainder of this section details of
the JCL cards will be omitted. Collectively, any group of JCL cards neces-
sary to execute a given program (program X) will be referred to as "the JCL
to execute program X," and 'the JCL cards to compile program X" (JCL and
JcLe 9.

In actuality to compile and execute the application program X several inde-
pendent programs must be executed in addition. These other independent
programs are all part of the computer operating system. System programs

of this type bear a similar relationship to the computer operating system
as do the independent technology program elements to the ODIN/MFV executive
program, Figure 2.4-1. This analogy forms the basis of the ODIN/MFV:

"The operating system employs independent system utility programs
to compile and execute a given applic. tion program. The ODIN/
MFV program system employs independent application programs to
synthesize a vehicle design."

In this sense, the ODIN/MFV is a newly developed higher order operating
system which carries out the analysis function rather than carrying out the
program compile and execution function.

Now consider the problem of sequential execution of two applications programs.
This can readily be achieved on almost any digital computer. Symbolically,

E E E
JCL(A+B) = JCLA + JCLB
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where the operator + indicates that the JCL for program B is simply placed
behind that of program A and that the operating system operates on the
combined JCL cards, JCL%A+B)'

In general using this notation

E _ E E
(AsBs. .. +N) = JCLy + 9CLy + . o+ JCLy

That is, an arbitrary number of applications programs can be sequentially
executed on practically any major digital computer.

JCL E

This factor forms the basis of the ODIN/MFV; however, in the ODIN/MFV
three additional capabilities are required:

a. The sequential JCuL cards sets must be contrclled by
readily understood higher order commands in view of
the close requirement for designer interaction. This
is achieved by creating an ODIN/MFV Job Control
Language which employs comments such as

JCLY = EXECUTE A
A readily understood command to the computer, there-
fore replaces commands such as those in Table 2.,4-1,

b. The selected sequence of program JCL cards must pe
automatically capable of repetition and revision of

the sequence as the prohlem progresses. Symbolically,
the following equation must be performed:

E
i=ZI’M(JCL(A+B+. . .4N) )i

E+
B

JCLi + JCL ...+JCL;

E E E
+ JCLA + JCLB + ...+JCLN

t + ...+JCL§
wherc M rows of JCL are to be represented on the left
hand side. This capability has been uchieved by creating
the ability to loop through the ODIN/MFV JCL cards using
adcitional user criented control commands as illustrated
for a five program sequence repeated twenty times in
Table 2,4-2, The additional commands are

+ JCLi + JCL

DESIGN POINT 1

LOJP TO POINT I
IF .LT.
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which defines Fortran-like instructions for control of
the design simulation.

The ability to select alternative program execution
sequences based on design dependent logic. For example,
the symbolic operation

% MM

JCLA;
E, =
JCLB, MgM

This type of operation can readily be carried out with
commands of Table 2.4-2 as follows

LOOP TO POINT MA
IF M.GT.MBAR
EXECUTE B

LOOP TO POINT MB
DESIGN POINT MA
EXECUTE A

DESIGN POINT MB

In general, both M and MBAR may be defined in the JCL
as in Table 2.4-2 or alternately either may be a vari-
able computed by any of the application programs. In
the latter case such variables must be defined in the
data base as described in Section 2.5,
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2.4.2 Topology of the General Design Synthesis Calculation

In general the synthesis of military flight vehicles involves a complicated
system of analysis loops for satisfying a varicty of aerodynamic and propul-
sive sizing and matching constraints. It is not possible or necessarily
desirable to rigidly define the topology of the system of computational
loops in the ODIN/MFV. Instcad, the analysis sequence to be performed is
defined by the ODIN/MFV job control language. This technique allows the
vehicle designer complete freedom in specifying the computational sequence;
no limit is placed on the complexity of the analysis.

Any number of loops can be created using the LOOP and conditional IF control
cards and the associated DESIGN control card. Using the symbolic notation

S
=
IPT A
to indicate if the statement S is true go to A, it is apparent that series

loops, nested iterative loops, and combined series and nested loops can be
constructed. Fo. example:

A
51
. 1830 A
E% |8
s
ik Jniﬁn
a. SINGLE LOOP b. TWO SERIES LOOPS
’
A
?r? + A
HTZ» B
<
c. TWO NESTED LOOPS d. TWO SERIES LOOPS AND

TWO NESTED LOOPS

Any number of DESIGN POINTS and IF statement ODIN/MFV control cards
may be introduced into the computational sequence. Computational
time will rise in proportion to the complexity o” the computational

to
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sequence topology, however.
language test differs in form to that of Fortran.
IF V1.LT.V2 ;
IF V1.GT.V2 ;
IF V1.LE.V2 ;
IF V1.GE.V2 ;
IF V1.EQ.V2 ;

IF V1.NE.V2 ;

The IF tests employed encompass the standard
set of six tests in Fortran; although the form of the ODIN/MFV job control

IF(Vl < V2)
IF(V1 > V2)

IF(V1

/A

V2)

IF (V1

v

V2)

IF(VI = V2)

IF(V1 # V2)

The six tests are

As noted previously V1 and V2 are two variables constructed in the ODIN/MFV
job control language or constructed within any independent program in the
synthesis and passed to the data base,
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2.4.3 Communication with the Data Base

The data base is an organized system of variable names and the corresponding
variable values which are maintained by the ODIN/MFV executive program.
Nominally up to 5000 variable names and values may be stored in the data
base., This number of variables may be modified by redefining the data base
size and recompiling the executive program.

The data base file of information is dynamically constructed by the executive
program as the ODIN/MFV simulation proceeds. The file is resident on disc

or tape at the user's option. Construction of the data base involves the
following tasks:

a. Search to see if each variable name encountered has been
allocated a place in the data base

b. If not define the optimal location in the data base for
the variable name and its value

c. Update the variable value
d. Retrieve the variable by name and the associated value.

For example, suppose the vehicle's exposed wing aspect ratio is stored under
the name WEXPAR. Let WEXPAR be computed by program A and subsequently used
by program B. Schematically, this is illustrated in Figure 2.4-2.

Any number of subsequent programs may access WEXPAR or alternately update

this variable. 1In any given simulation the location of WEXPAR will not change
within the data base. In actuality, the programs A, B, C, and D in Figure
2.4-2 do not access the data base directly. All access to and from the data
base is controlled by the ODIN/MFV executive program, as in Figire 2.4-7.
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2.4.4 Data Base Information Transfer System

Data base information transfer is based on a rapid by-name search. Search
speed is obtained by the use of "hash" and''collision' methods, Appendix I-A.
This approach is more cfficient than the more usual linear sequential search
which starts with the first name in the table and proceeds sequentially until
the desired name is located and the correspondiny value is retrieved.

The hash and collision data transfer system operates in the following
idea'ized manner:

1. Take the variable name, say WINGAR, and treat the binary
representation of this word as an integer;

2. Find the remainder vhen the word integer representation
is divided by the number of elements in the data base.
This is equivalent to the Fortran MOD function which is
a very rapid machine operation;

3. Usec the remainder as the nominal location of the variable
within the data base;

4. Check to see if the location is used since more than one
variable name may reduce to this location. If this
location has already been used for another variable name
store the new variable in the next vacant location and
note this location in the data base row originally
searched. Figure 2.4-3, line A, illustrates this process
with one collision. Line B illustrates a double collision
for a name which reduces (hashes) to the same location as
B.

£. The retrieval process operates in the same manner. The
name is hashed to a given nominal retrieval location.
If that location contains the wrong name, the specified
alternate location is searched for the desired name, ctc.
until the desired name is found and the variable value
is retrieved.

In numerical experiments with a 2000 word data base filled approximately 75
per cent, it was found that the average name can be retricved in less than
two attempts (fetches). This would compare with 1000 fetches using a
linear search for information retrieval. In practice using the ODIN/MFV
approximately 9000 values per second are being retrieved on the CDC 6600.

It should be noted that the above description is idealized. Efficient

use of core space within the computer requires a more sophisticated packing
of information in the data base than the three column diagram of Figure
2.4-4. This is particularly true for arrays which, by definition, have one
name but many values. Details of the actual data basc structure are
provided in Reference
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2.4.5 Modifying Program Input to
Communicate with the Data
Base

Development of the ODIN/MFV program system is based on the principle that
independent technology programs without significant modification can be
made to communicate with each other through a data base. By following this
principle a method of communicating data base information into each program
has been devised. No modification to the program input data code is
required by this 7wethod. The input data prepared by the design team however
is modified to indicate data base inputs. The modified data input does

not affect the technology program for the ODIN/MFV executive program but
inspects the data input prior to execution of the technology program and
combines the required data base information with the basic program inputs.
The executive program then prepares automatically a file containing the
modified input format for the technology program and executes that program
in the nominal manner. This is illustrated schematically in Figure 2.4-5.

It should be noted that the technology program may still be executed in the
normal manner as a stand-alone program independent of the ODIN/MFV system.

2.4.5.1 Data Base Communication through Input

Data base information is entered into the technology program input by means
of the special delimiters ", Any data base variable name ma, be
entered bet.een the delimiters. The executive program will replace the
variable name by its value and rewrite a normal card image to replace the
modified input cards. The value is placed within the closed region which
includes the delimiters. Therefore, namelist-like inputs, rigid format
input, and special input procedures can be accomodated by the general input
modification.
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Examples:
A. NAMELIST

A = 'WINGAR",

/B(l) = "Bl"
B.

RIGID FORMAT

/3 "IBAR'4

18.31

"WINGAR'"

6.0%

I5 16 IS

C. SPECIAL INPUT (USED IN ATOP II AND NSEGII, SECTIONS 7.2 and 7.3)

Gl2.4

r///AMASS = ""SUMMAS "

///;TABOI(I) = ""AEROTB"

Gl2.4
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2.4.5.2 Algebraic Operations in Data Base Input

The ODIN/MFV system permits the algebraic manipulation of data base infor-
mation on the modified input cards. Complete details are presented in
Appendix I. Some illustrative examples follow.

Fxamples:
A. CHANGE OF UNITS
AREA = "AREAFT * 144.0"

VKNOTS = "VFPS * 0,593"

This is useiul when independent programs employ differing unit systems.

B. VARIABLE COMBINATION
AREA = "BREDTH * WIDTH/2.0"
AMASS = "VOLUME * RHO"
A general ability to perform arithmetic operations involving up to ten
operations is available.
The Fortran arithmetic operation precedence convention is not followed.

Details are contained in Appendix I, Section 3.

Calculations can be chained by operations such as

>
}

= "B/C + D - E"

-
]

"A+F .., ., etc. "

Thus, an unlimited arithmetic manipulation capability is present in the
ODIN/MFV input procedure.

2.4-10



i o i s

2.4.5.3 Compiling at the Input Level

When extensive computaticns arz required at the input level or computations
involving higher order functions are required, they may be placed in a new
program element and compiled at input time. A special ODIN/MFV control card
provides this capability. The control card is

EXECUTE COMPILER

This card is followed by the new program which is any normal Fortran program.

If desived, the program may include its own subroutine trees. The Fortran
source decks present in the input stream are followed by the second ODIN/MFV
control card

EXECUTE MYPROGRAM

MYPROGRAM is the file name of the compiled program. The methods of Section
2.3.1 can be used to create a design point structure which insures that the
new program is only compiled once and that the compiled program is executed
on successive passes through the input stream; for example

LOOP TO POINT COMPIL
IF J.NE.O
EXECUTE COMPILER

Fortran Source Deck

J=1
DESIGN POINT COMPIL
EXECUTE MYPROGRAM

-----------

-----------
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2.4.6 Communicating Program Output to the Data Base

To communicate selected output of any program to the data base, one modifi-
cation is required in the technology program. This occurs at the program
cxit point or points. The modification consists of writing out a Namelist
file containing the information to be transferred to the data base. Output
file unit is nominally unit 7. For example, to transfer the variables
ANAME, BNAME, CNAME, I1, I2, JNAME and these variable values to the data
base the following modification is required at the exit point.

NAMELIST/DBOUT/ANAME , BNAME ,CNAME, I1, 12, JNAME

WRITE(77,DBOUT)

The ODIN/MFV executive program interrogates unit 77 after the execution of
cach technology program to €ind variable names and values to be entered into
the data base. These names and values are entered into the data base as
described in Section 2.4.5. A schematic of the output of information to

the data basc is presented in Figure 2.4-6.
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COUNT = 0

DESIGN POINT 1
COUNT = COUNT + 1
EXECUTE A

EXECUTE B

Z EXECUTE C
E =
(JCL )t BecaD+E)) EXECUTE D

i=1,20 i
EXECUTE E

LOOP TO POINT 1
IF COUNT .LT. 20

END

TABLE 2.4-2. USE OF THE ODIN/MFV JOB CONTROL LANGUAGL
TO LOOP THROUGH TWENTY SUCCESSIVE EXECUTIONS
OF FIVE SEQUENTIAL PROGRAMS
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BYSTEM
PROGRAM

SYSTEM PROGRAM A B C D
(a) COMPUTER OPEPATING SYSTEM

m

ODIN/MFV
EXECUTIVE
PROGRAM

TECHNOLOGY PROGRAM A B C D E

(b) ODIN/MFV PROGRAM SYSTEM

FIGURE 2.4 -1. ANALOGY BETWEEN OPERATING SYSTEM AND ODIN/MFV SYSTEM
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NAME VALUE

A
< ST, 2.451
B
<
c
<+ —
x DATA BASE
etc,
FIGURE 2.4-2. PROGRAM ACCESS TO DATA BASE

EXECUTIVE 2
X PROGRAM @

PROGRAM
MODULE

DATA BASE

FIGURE 2.4-3, EXECUTIVE PROGRAM CONTROLS ACCESS
TO DATA BASL
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/—-\\/1
I
1 +1
A 1 +2
B FULL FULL I+6 1+3
¢ FULL I+4
A,B,C
FULL I+5
ENTER A VALUE A I+8 I+6
B,C C FUIL 1+7
ENTER B VALUE B I+ 10 I+8
C < FULL I+9
ENTER C VALUE C Lo L0
N m— —
FIGURE 2.4-4. IDEALIZED DATA BASE INFORMATION RETRIEVAL
SYSTEM
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2.5 SUMMARY OF THE ODIN/MFV SYSTEM

The ODIN/MFV system provides a design team with the following capabilities:

1. A basic program library of technology programs for analysis
of military flight vehicle characteristics

2. The ability to rapidly include additional technology programs
in the library

3. A means for automatically transferring and updating infor-
mation between any technology programs in the library

4. The ability to define an arbitrary sequence of calculations
for the analysis of military flight vehicle characteristics
using the program library including computational loops

5. An automated military flight vehicle optimization capability
It follows that the ODIN/MFV has the ability to simulate entirely within the
computer the military flight vehicle preliminary design procedures now employed
in industry. This ability will require the ODIN/MFV design team to have
command of all disciplines entering into military flight vehicle design.

Description of the ODIN/MFV program elements presented by technology area
follows.
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SECTION 3

GEOMETRY

The ODIN/MFV geometry program modules provide three-view, orthographic, and
perspective projection graphical descriptions of the vehicle for off-line
or cathode ray tube plotting devices. The geometry modules also interface
directly with several of the detailed aerodynamic programs of Section 4.
Three programs provide the ODIN/MFV geometry capability:

1. PANEL - provides a simplified input for specifying a
system of quadrilateral elements which cover
the vehicle's surface.

2. IMAGE - displays the panelled vehicle surface computed
by PANEL on plotting devices.

3. LRCACP- is an alternate aircraft configuration surfacc
description and plot package

The first two geometry program modules are closely based on the hypersonic
aerodynamics program of the References 1 and 2 geometry package. The third
program is a Langley Research Center developed plotting pachage which inter-
faces with the aerodynamics programs of References

Construction of separate programs for the geometry definition and graphical

displays provides a generalized vehicle geometric definition and graphical
display available to all technologies.
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3.1 PROGRAM PANEL: A COMPUTER CODE FOR GENERATING
A PANELED AEROSPACE VEHICLE SURFACE DEFINITION

Program PANEL is a general purpose external geometry definition program
developed for use in large scale preliminary design s:mulations. The
PANEL program consists essentially of the geometry subroutines from the
Reference 1 hypersonic aerodynamics program converted to the form of an
independent program. Complete analytic details are available in Ref-
erence 1.

The independent PANEL program produces a vehicle surface definition in the
form of a sequence of quadrilateral panels defined by their four corner
points. The resulting corner point data is acceptable as input to the
original arbitrary hypersonic aerodynamic program of Reference 1. Figure
3.1-1 illustrates the type of surface paneling which is employed in the
program. The data may be readily converted to the form required by other
technology programs in the ODIN/MFV system. This will require the con-
struction of appropriate interface routines. Alternately, parallel scaling
of the PA<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>