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Preface

This research was performed to survey and extend the computer
resources supporting graduate operations research education at
the Air Force Institute of Technology (AFIT). 1If the research or the
suggestions make using the computer a little easier or more productive
for future graduate operations research students, tﬁen I will be
satisfied.

I wish to thank Dr. Edward J. Dunne, Jr. for his suggestions and
assistance. Also my thanks go to Bill and Molly Bustaré for their
helpfulness throughout the AFIT program. And finally, my total
appreciation and gratitude for my wife, Joy, who provided constant

encouragement and support especially during the thesis preparation.
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ABSTRACT

“The historical relationship between operations research and the
computer was developed u-ing a search of the literature. The historical
data was compiled into a timeline and bibliography. The analysis of the
historical data concluded that operations research and the computer are
in a synergistic relationship where developments in either field enhance #
the other field.

From the historical background and from the literature, a model 1
of computer support for graduate operations research education was Q
developed. The checklist based upon this model was used to evaluate 4
portions of the Air Force Institute of Technology's Graduate Operations
Research program.

After the results of a literature search on problem formulation

was presented, a proposal for an automated method for algorithm selec- 4

tion was developed./?
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SURVEY AND EXTENSION OF AFIT
COMPUTER RESOURCES TO SUPPORT

GRADUATE OPERATIONS RESEARCH EDUCATION

I. INTRODUCTION

., the computer has assisted the development
and/or implementation of most of the OR methods
in use today. It is clear to most that OR is
vitally dependent upon the computer, for without
it OR would be reduced to a theoretical science
rather than the ever expanding field that it is."
Dr. Billy E. Gillett (Ref 19:12)

The computer's role in higher education has become more important
every year. In 1967 the United States President's Advisory Committee
emphasized the critical need for our education system to use the
computer in all aspects of education (Ref 49). The National Science
Foundation in 1970 held the conference, '"Computers in Instruction:
Their Future for Higher Education." Again the growing role of the
computer and its potential for improving the quality of education was
ernhasized (Ref 32). Here at the Air Force Institute of Technology
(AFIT) in the Graduate Operations Research (GOR) program there is an
emphasis on practical applications using the computer (Ref 3:40).

Almost all authorities agree there is a relationship between com-
puter sciences and Operations Research. Dr. Billy E. Gillett, for
example, believes that the computer has a vital role which is increasing
all the time, but it is very difficult to define and properly explain.

However for the Operations Research analyst it is important that the

computer's role in analysis be understood. The question which spawned




this thesis is this, "What is the computer's relationship to the

operations research analyst?".

Background
From reading and discussions it has become apparent that the com-
puter is iavolved in the operations research analysis from problem
formulation to selling the results. From the AFIT GOR students, in-
formation was received which described several of the computer inter-
actions upon them. Several members of the AFIT faculty were interviewed
using the questionnaire in Appendix A. The following is a list of some
of those early observations.
1. The computer is tough to use.
2. The right program is hard to find.
3. The program documentation is hard to understand.
4. The right documentation cannot be found when needed.
5. There is too much printed material about the computer
and its programs.
6. There are no programs to help the classroom learning.
7. "I only use one program for all my work since it is the
one 1 understand."
8. There is a need for programs to support classroom training.
9. Each person had a personal model for the '"perfect" computer
support for operations research.
The computer's role was perceived by most faculty and students
to be either the solution to all the problems or the cause of all

the analyst's problems. The role of the computer has to be somewhere




in between so the following hypothesis comes from these early observa-
tions of the computer's role. The computer and operations research
have a synergistic relationship so that advances in either area often
produce advances in the other without further effort. Further, as
this relationship is understood, it may become possible to define the
"ideal' model of computer support for the operations research analyst.

Simply because most of the mathematical methods and models used
in operations research are implemented with a computer, we can say that
there is a relationship between operations research and the computer.
However a more exact definition of this relationship is necessary to
determine how to train and use both operations research analysts and
computer specialists. The first place to look for this definition is
in history.

There is very little written on the historical background of how
operations resecarch and computer science came together. A possible
reason for the lack of documentation is the relative youth of both
fields. Both operations research and the modern electronic computer
are products of World War II, or seem to be at first look. Another
possible reason for the lack of documentation is simply that there are
few people trained in both operations research and computer science.
And in this small group, only a very few are willing to research and
write on history when there are more pressing problems around them.

There is a known value to history. It provides for us a perspec-
tive for our view of the present. And in operations research and com-
puter science an awareness of past efforts provides an analyst with an

appreciation of other possible ways to approach his specific problems.




Statement of the Problem

The preceding information leads to the following fourpart statement
of the problem.

First there is a need for a model of the relationship between the
computer and operations research. And this model needs to be narrowed
and refined until we arrive at a more specific model describing the
relationship between the computer and operations research in the edu-
cation of operations research analysts. The model needs to be based
upon historical facts, current operations research education, and
future projected operations research needs.

Second, the model of computer support for operations research
education should be specifically applied to AFIT and the GOR program.
From this application of the model to AFIT, both strengths and weaknesses
can be detected. And items which need to be strengthened can be
identified and scheduled for improvement.

Third, for the AFIT GOR student there is a need for a handbook/
compendium specifically concerned with the computer resources available
for the analysis of operations research type problems. It should be
brief and helpful, almost a guide book, since for most of the resources
which are available there is an excess of written information once you
can find it.

Fourth, since problem formulation and selection of the 'best'
computer algorithm is such a key area for the analyst, the handbook
could be more useful if it included a method for selection of the

'best' algorithm to solve a specific given problem.
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Objectives
The objective of the thesis is to survey and extend the AFIT
computer resources for the operations research discipline. As this
objective is quite broad the following supporting objectives state
the scope and limit of the thesis effort.
1. Develop a historical perspective of the nature
of the relationship between operations research
and computer science. This provides a foundation
for the model of computer support for operations
research.
2. Develop a model for computer support in terms of
needs and opportunities for use in the operations
research curriculum at AFIT.
3. Derermine the computer support presently available
for operations research at AFIT and evaluate it
against the model.
4. Determine the greatest need for algorithms in AFIT
operations research curriculum and attempt to
extend the AFIT computer resources at this point.
5. Organize and document the resulting operations
research computer support resources in a 'users
manual' for AFIT GOR students.
6. Develop a heuristic approach to the problem of
selection of the 'best method' of solving operations
research problems.

The thesis effort will be restricted to those algorithms and
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operations research methods which are currently taught in the graduate

operations research programs at AFIT. Any new programming effort will

be designed to help the user learn a solution method or understand how

an algorithm works.




II. METHODOLOGY

Data Requirements

The data gathering phase of this thesis is primarily a literature
search of the various libraries available to AFIT. It will include
the following procedures:

1. Examine the AFIT curriculum and other curriculums in opera-
tions research and determine what computer support has been
used or might be used in the near future.

2. Review the last two years graduate operations research and
systems management theses and obtain the actual computer
resources used in thesis preparation.

3. Survey the various libraries which are at AFIT to find the
computer resources which would support operations research
applications and to locate the descriptions of the various
algorithms used in operations research applications at AFIT.

4. Search the literature for historical information concerning
the relationship between operations research and computer
science.

5. Collect information on problem formulation and selection of

'best algorithm'.

Treatment of Data and Analysis

The analysis and application of the data will be as follows:
1. The historical data will be compiled into a time line to
show the interrelationship between operations research and com-

puter science.




Based on the historical relationship a model will be proposed
to explain the interaction between operations research and
computer science at the graduate education level.

Using the model, areas of the AFIT computer resources which
need additional programming effort will be determined and one
or more will be selected for additional programming.

The information about the AFIT computer resources which support
operations research will be compiled into a handbook/compenidum.
A decision methodology for solution method selection will be
attempted based upon the types of problems found in the field

of operations research.

Order of Presentation

The information which follows in this thesis is presented in the

following order:

L

- —

A discussion of the relationship between operations research
and computer science as based upon the historical literature
searcﬁ.

A description of the model to describe operations research
and computer science at the graduate level and a discussion
of AFIT against that model.

A discussion of the user handbook and how the information
contained in it can be used.

A brief discussion of the programming efforts associated with
this thesis clearly pointing out what was accomplished and
what are the logical next extensions.

A discussion of the 'best algorithm' selection methodology

8




There will be several appendices attached to the thesis. They
include:

1. Interview questions and the associated cover letter.

N

Operations research and computer timeline and bibliography.
3. GOR Computer Support User's Guide
4. List of available operations research algorithms with

bibliography references.




III. HISTORICAL RELATIONSHIP BETWEEN OPERATIONS

RESEARCH AND COMPUTERS

Introduction

It is often said that those who do not know history are doomed
to repeat it and the operations research analyst is not an exception
to this. The historical relationship between operations research and
the computer can provide additional perspective on the present. As
the richness of the historical backgrounds for operations research and
computer science was examined the different phases of the relationship
between them unfolded. 1In this chapter the brief discussions of the
development of operations research, the development of the computer,
the computer's effect upon operations research, operations research's
effect upon the computer, and the synergistic relationship of opera-
tions research and the computer will just use brief extracts from the

time line and bibliography contained in Appendix B.

Development of Operations Research

It was not until World War II that the term 'operations research'
or 'operational research' was coined. It was used to describe a form
of scientific problem solving as applied to operational problems in
a war time environment (Ref 39). Yet there are instances of scientific
problem solving in the operational environment much earlier.

There is Archimedes, often considered the greatest mathematician
of antiquity, who at Syracuse in 215 B.C. analyzed the problem of the
Roman seige and provided operational solutions which kept the Romans
at bay until 212 B.C. He improved upon the existing catapults and

10
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developed a 'burning glass' which kept the Romans from approaching
the city (Ref 15). Archimedes was killed when the city was taken
by the Romans storming the walls.

In the 1700's, the Marquis de Vaubon, Louis XIV's Marshal of
France, throughout his entire career applied the scientific method to
operational situations and improved the use of existing weapons. It
is of interest to note that the problems were not difficult to solve
but the Marquis de Vaubon was often unsuccessful in getting the results
of analysis implemented by others (Ref 45). J

Charles Babbage wrote the book, On the Economy of Machinery and

Manfactures, where he did a detailed analysis of the production of {
pins in England. Charles Babbage also analyzed the post office and
suggested the penny-post as the most efficient method of pricing.
His work was very much in the format of the current systems analysis
efforts (Ref 11,38).

Fredrich William Lanchester and Thomas Edison both did analytical

work during World War 1 and for the most part very few of their efforts
were used by the civilian or military leadership (Ref 18). The methods
of analysis and sophistication of the equations of conflict remained
static until World War II. P.M.S Blackett with what was known as
"Blackett's Circus'" was the first to use the scientific method to
analyze and solve operational problems and then to actually have them
implemented on a regular basis. The radar and convoy problems are
the two most famous (Ref 39).

The scientific method developed as it solved problems and had the

solutions implemented. When the solutions are not implemented then the

11
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methods for solution develop very slowly if at all.

Development of the Computer

It was during World War I1 that the modern electronic computer
was finally developed; however there were attempts to build computers
much earlier. It was Gottfried Wilhelm Liebniz that built a four-
function mechanical calculator in 1694. This calculator is considered
the first one of its kind to work correctly. Liebniz's purpose in
building it was to assist the work of his father an accountant. 1In
spite of his efforts the device was never successful commercially.

In 1812 Charles Babbage proposed the building of a difference
machine which would be capable of automatically calculating tables.
The motivation behind this machine was Babbage's horror at the number
of errors in the hand-produced mathematical tables of his day. In
1834 Charles Babbage proposed an analytical engine which for all
purposes would have been the mechanical equivalent of the electronic
computer. During his lifetime neither machine was finished for many
reasons, but primarily for the reason that there was no demand for
the capabilities of the computer in 1834.

It was World War II and the need for ballistic tables in the
United States Army which provided the motivation to build an electronic
computer (Ref 32). The ENIAC System, proposed by J. Presper Eckert and
John W. Mauchley, became the first electronic computer actually used.

The history of the development of the electronic computer illus-
trates the slow evolution of a device or invention when there is no

demand for it. The computer is an invention which had to wait until

12
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there was a need or problem serious enough to justify the costs neces-

sary for its development.

The Computer's Effect upon Operations Research

When the typesof operations research problems implemented upon
the computer are examined, especially the early programming efforts
it is observed that the current ability of the computer will affect
the type and magnitude of the problems attempted.

There are four areas where the computer has had the strongest
effect upon operations research. Three of these can be considered
inherent characteristics of the computer and one of them is a result
of these characteristics.

First the speed of the electronic computer affected the type
of problems attempted. At RAND one of their early computers was
used to perform ballistic missile calculations and literally it did
in minutes what before had required months to complete by hand (Ref
24).

Second the accuracy of the computer has greatly affected the
type of problems implemented. It is recognized that the computer
is limited by the accuracy of the programs entered into it; however
it normally does not make internal math mistakes as humans often do.
As an illustration, at RAND in the same set of missile calculations
it was discovered that the previous sets of ballistic tables were
incorrect due to errors entered into in the "by hand" calculations.
The effect of the computer's accuracy and speed upon the operations

research type of problems can be best appreciated by any analyst who

13




has to do any matrix mathematics even with two by two matrices. It is
very difficult to do the necessary arithmetical manipulations by hand
without error and maintain any required level of speed.

Third, the storage capacity of the computer has affected the
problems attempted. Because the computer can store the intermediate
values in a calculation the analyst discovers that the problems can
often be described in terms of the original data and the final desired
answers. The characteristics of the electronic computer provide the
capabilities in terms of speed, accuracy, and storage capacity to go
from the original data to the final answer when correctly programmed.

Fourth, the development of Monte Carlo methods which were a direct
result of the unique characteristics of the computer became the basis
for computer aided simulation. Simulation with Monte Carlo methods
has become one of the most important tools for the operations research
analyst (Ref 39).

The computer's effect upon operations research and many other
fields is that the current abilities of the computers available affect

the type and magnitude of the problems attempted.

Operations Research's Effect upon the Computer

Like the development of the scientific method, operations research
is very sensitive to the present needs. The types of needs will affect
the types of solution methods which are developed and these in turn
have affected the development of the computer.

For example, in World War Il the problem of cryptoanalysis and

the associated mathematical methods forced the development of EDSAC

14

- - i A T—




_— e .

at Cambridge (Ref 44). 1In the United States the problems in crypto-
analysis and in intelligence in general caused the development of new
computers. Samuel Snyder in "Influence of U.S. Cryptographic Organiza-
tion on the Digital Computer Industry'" clearly shows the major techno-
logical results (Ref 44). For example, the first use of drum memory
in the U.S., first completely transistorized computer in the U.S., and
the first completely automated tape library in the U.S. were all developed
for the National Security Agency.

The need for military simulations has affected the development
of the computer. The need to do extensive simulations emphasized the
need for faster and more efficient machines. An early use of the
computer for simulation was Dr. Enrico Fermi's extensive use of Monte
Carlo techniques in simulations while developing nuclear weapons
(Ref 39). Myren Tribus in his article, "Observations on Computer
Simulation in the Civilian Concerns of Government', commented on how
simulation was made practical by the abilities of the modern computer
(Ref 48). He also suggested that the future development and use of
the computer would be affected by the use of simulation by decision
makers. The very real affect of simulation upon the computer industry
can be seen by the current use of simulation in the planning of the
new computer systems. An example of this is in Richard Brice and J. C.

Browne's article in the August 1978 issue of The Communication of the ACM.

The article is devoted to the use of simulation to develop scheduling
systems for multiprogrammed multiprocessor computer systems (Ref 6:78).
The work of George Dantzig with the Scientific Computation of

Optimum Programs studies dealt with the computer implementation of

15
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linear programming systems and numerical analysis. A major result
was the impetus to develop computers which could handie large data
structures and that were faster in doing mathematical computations.
The CDC 6600 family of computers and the IBM 360 series are just two
of many resulting from the demand for speed and size.

Dr. George Dantzigs work is a good example of the effect that
operations research has upon the computer. The development of the
linear model and in particular the simplex method (Ref 17) generated
a need for a computer which could actually solve this type of problem.

In summary, one of the effects that operations research had upon
the computer is that the types of problems which were being formulated

due to the new analytical tools produced a demand for computer systems

capable of solving them.

The Synergistic Relationship of Operations Research and the Computer

Operations research and computer science are in a synergistic
relationship where developments in one field cause more developments
in the other field. This current relationship could be considered

cylical in nature with the following cycle:

Obtain or develop a new ability
or theory in either operations
research or in computers

Attempt to solve a new
or larger problem.

Have the demand for a solution
become strong enough to justify
new _research

Solve the new or larger probleé}
and implement the solution

Discover larger or
tougher problems.

Figure 1. Operations Research and Computer Science Cycle of Development

16
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In the early years of the computer and operations research it was

seen by those involved that both fields were interrelated and that

developments in one would affect the other. Dr. J. von Neumann wrote

the following in 1951:

We can now make computing so much more efficient,
fast, and flexible that it should be possible to

use the new computers to supply the needed heuristic
hints. This should ultimately lead to important
analytical insights. (Ref 20:297)

Along with Dr. J. von Neumann, who is one of the early innovators in

both operations research and computer science, L. J. Comrie wrote in
1946, "1f the machine is to justify its existence, it must be used
to explore fields in which the numerical labor has so far been pro-
hibitive' (Ref 20:113).

This fact is still recognized by the current researchers in these
fields. E. S. Buffa wrote in his book, "Today, however, the computer
has made possible new quasi-analytic and heuristic search techniques"
(Ref 8:102). Dr. Billy E. Gillett made this current relationship very
clear in his book. In the concluding portion of his introductory
chapter it is stated, "Of course, the concurrent development of the

digital computer is credited with the rapid progress of OR in this

country" (Ref 19:2).

Conclusion

Both the operations research analyst and the computer science
specialist could benefit from a historical perspective of the past
development of both fields.

Especially would the operations research

analyst benefit since without the computer there are very few problems

L7
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of any magnitude which would be attempted today. Dr. Phillip Morse

voiced this in the book Operations Research for Public Systems, 1967.

When dealing with large and complex systems, the
operations research group often involves the as-
sistance of a high-speed computing machine. In

many cases the operation is too complicated to

be able to be expressed in a system of equations
which can be solved with paper and pencil. (Ref 35:3)

In 1974, in the first issue of Computers and Operations Research,

Joseph H. Engel focused very clearly the key lessons taught by history
about the relationship between the computer and operations research.

To return to my main theme, we may now see how com-
puters enter the picture. Computers are a powerful
tool to be used by Operation Researchers or Systems
Engineers in solving important societal problems.
We can't begin to tackle complex problems without
computers. You all know the reasons: speed, ac-—
curacy, and the ability to process huge quantities

of data. (Ref 14:6)
He made several important points. First that the purpose of operations
research is to solve problems and second, that the computer is needed
to solve many of these problems which are too complex to attempt without
LE.
Every operations research analyst probably will have contact with
a computer in his career of problem solving. The analyst's effective-

ness could be enhanced by an awareness of the computer and its abilities

to solve problems in the operations research field.

18
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IV. MODEL OF COMPUTER SUPPORT FOR GRADUATE

OPERATIONS RESEARCH EDUCATION

Introduction

The purpose of this chapter is to present a verbal model of the
computer support for graduate operations research education. The
model needs to have both historical and contemporary justification
for its existence. This will be given in the first three sections
where the areas of interest in operations research, the computer usage
in graduate operations research programs, and the availability of com-
puter algorithms are discussed. The model itself will then be developed
by presenting a series of models which start very general and then pro-
gressively specify the exact environment of the computer support for
graduate operations research education model. Finally, the verbal
model of computer support for graduate operations research education
will be transformed into a checklist to aid in evaluating the AFIT GOR
computer support.

A model of computer support for operations research is needed for
many reasons. First, the model could assist in the planning of future
acquisition of computer resources. Second, the model may have implica-
tions for the structure of the academic curriculum itself.. And third,
a model may provide another tool to help manage the computer resources

supporting the graduate operations research program.

Operations Research Areas of Interest

Some authors divide operations research according to the steps

19
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used in applying operations research to individual projects. The
classical, often stated, operations research process is the following:
"l. Formulate the problem
2. Construct a mathematical model
3. Derive a solution from the model
4. Test the model and the solution derived from it
5. Establish controls over the solution
6. Put the solution to work" (Ref 46:766)
In the same article T. Bernard Tate sees "five essential ingredients"
in operations research.
"l. Maintaining good client relations
2. Generating many alternatives
3. Conducting approximate appraisals
4. Modelling rigorously
5. Managing effectively" (Ref 46:770)
He goes on to subdivide operations research projects into 78 different
steps. This viewpoint of operations research as a process is one way
to identify the areas of interest in operations research.

The other common division of operations research is that of the
various tools and techniques used in operations research. This type of
division is found in many operations research textbooks. The following
table summarizes the amount of space devoted to different topics in
three common textbooks and one reference book. The numbers represent

a percentage of the tutorial portion of the book.

20
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TABLE I

Distribution of Space used per Topic

Topic

Linear Programming
Pert/CPM

Dynamic Programming
Game Theory
Statistics

Queuing

Inventory

Markov Processes
Reliability
Decision Analysis
Simulation

Integer Programming

Nonlinear Programming

Ethics

As a Percentage of the Text.

Classical Optimization

Heuristics
Sequencing
Regression

Misc.

e —————— e S Y

Text
Hillier Budnick Gillett Eiselt
Ref 8 Ref 60 Ref 84 Ref 80
32.5 27.5 10.5 21
5] 7 3 27.5
0] 5 10
3 5 10
10.5 5.5 1
13 6.5 7.5 2.5
8.5 6 10 3.5
6 6 5
2.5
3 6 3 3
5.5 8.5 5.5
3.5 5 19.5 13.5
2 5 8
il
1250
4
D9 4.5
10
1
1007 1007 100% 100%
21




Other textbooks show similar topics in their coverage of opera-
tions research. Two observations are made from the table. First,
linear programming is a large portion of each text and if the integer
programming is included with linear programming then 30 percent or more
of each text is devoted to this topic. There may be a historical
reason for this in that linear programming as Dr. George Dantzig form-
ulated it in 1947 was intended to be a very practical tool for the
manager. It has been widely applied and therefore is accorded an im-
portant place in the textbooks.

As the undergraduate and graduate operations research programs
divide operations research it appears from the catalog and course
descriptions that most divisions are similar to the divisions used in
the textbooks. George A. Johnson, of the University of Connecticut
described this usual approach as "integration of tools topics' and he
contrasted this with his proposal for "integration of tools concepts
with functional area topics'" (Ref 28:786). 1In his proposed curriculum
those courses teaching the use of techniques would include application
of the techniques to the same set of case studies. Each technique
may be applied to multiple cases studies. Interesting enough, Bernard
Tate at the London University uses this technique to organize the
individual courses he teaches (Ref 46:778).

The actual content of the courses taught at the different schools
with operations research courses has not been given a thorough analysis.
In this thesis the weaknesses of using the school catalogs to determine
course content was recognized. It was assumed that AFIT GOR is a

typical curriculum and its division of operations research was examined.
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In the AFIT resident programs which are operations research
related, we see the following division in instructional content (Ref 3).
The following table only includes the graduate level courses because
the actual undergraduate courses taken vary more depending upon student

training prior to AFIT.

TABLE II
Graduate Quarter Hours of Instruction in AFIT Programs

Graduate Program

Operations Systems Strategic and

Academic Area Research Management Tactical Sciences
Mathematics 9 6 10
Accounting 3 6

Management 3 . 16

Economics 12 6

OR Techniques 15 6 16

Thesis 1:2 12 12

Writing 2 2 2

Weapons 37

It is observed that there are no graduate level history or computer
science courses in any of the programs.

The manner in which the ultimate users of operations research
analysts divide the topics of operations research is not well documented.
There are several studies available. First, the E. Turban Study,
summarized in the first chapter of Hillier and Lieberman's text, con-
cluded that 73 percent of the frequency of use was in statistical

analysis, simulation, and linear programming (Ref 25:6). Second,
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from "The Utility of Certain Curriculum Topics to Operations Research
Practitioners'" the authors report that 59 percent of the utility is

in the same three general techniques (Ref 42:744). Third, in 1977,

Thad B. Green and others from Mississippi State University did a survey
of quantitative techniques used in production/operations management.
While this was not exactly intended to evaluate all.techniques usually
considered operations research techniques, similar results were seen.
Since the data was collected and analyzed in a different fashion the same
percentages are not available. However, seven topics which were deter-
mined to receive moderate or heavier usage better than half of the time
were time series analysis, inventory models, statistical sampling,
regression and correlation, linear programming, network analysis, and

analysis of variance (Ref 22:671).

Computer Usage in Graduate Operations Research Programs

There are two reasons for the use of the computer in graduate
operations research education. First, historically the solution
methods have developed only as the computer's abilities were enhanced.
I1f the timeline in Appendix B is examined, especially in the years
after World War II, it is observed that the acceleration of computer
development was paralleled by the rapid expansion of operations research
techniques. This was especially true as both disciplines were actually
applied to real world problems. This leads to the second reason. Most
current problems solved with the techniques taught in operations re-
search require the computer's assistance. The computer has become a

valuable tool for the operations research analyst.
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Different operations research graduate programs in different
universities use the computer in varying amounts. Different college
catalogs provided an overview of this. For example, Stanford Univer-
sity described their operations research facility as having dedicated
remote terminals with FORTRAN being the main language used. Interest-
ing though, the Stanford University catalog implies that actual pro-
gramming is only done by doctoral students and that the master's
level student is only a casual user of the computer.

In other schools the following computer usages were noted from
the college catalogs. The Illinois Institute of Technology uses GPSS
for simulation and FORTRAN for other applications such as linear pro-
gramming and inventory problems. The Ceorgia Institute of Technology
catalog describes much the same usage of the computer.

At AFIT the curricula, facilities, and personnel were available to
be examined personally. 1In an interview of faculty members, they were
asked which computer resources are used.in the academic courses.
Faculty members were also asked which computer resources they have
used in personal research projects. The interview questions were very
subjective in nature and a copy of the questions used is in Appendix A.
Theses from Graduate Operations Research and Graduate Systems Manage-
ment (GSM) for 1976 through 1977 were also examined to determine which
resources were used by those students. In addition the author of this
thesis was exposed personally to various computer resources during
academic curriculum of the Craduate Operations Research Program, GOR-78D.

This information is summarized in the following table.
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Use of AFIT Computer Resources

Area Computer Resource Used In

Academic Courses Faculty Research GOR/GSM Theses GOR-78D

Computer  (number of (number of (number of Curriculum
Resource courses) instructors)¥* theses)** (X if used)
FORTRAN 4! 4 10 X

SPSS 4 3 6 X
OMNITAB 2 3 4 X
DYNAMO 2 2 0 X
SIMSCRIPT 1 1 3 X
LPKODE 2 1 0 X

IMSL 1. I 0 X

BDM 1 0 0

GPSS 1 0 1

BASIC 1 1 0

Q-GERT 1 X

%

Total number of instructors interviewed was 11.

*% Total number of Theses reviewed was 47.

In addition to the resources on this table some members of GOR-78D

have used additional computer resources available on the CYBER system.
All of the preceding computer resources can be considered program-

ming languages for the GOR student, except for LPKODE, BDM, and IMSL

which are precompiled programs or subroutines which are used to solve
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certain specific problem types. LPKODE solves small linear programming
problems. IMSL and BDM contain mathematical routines for statistical
and optimization applications. The latter two require a certain level
of FORTRAN programming proficiency to use successfully.

AFIT has many computer resources which could be considered as
supporting the operations research program. They range from hardware
such as Calcomp, the Zeta Plotter, INTERCOM terminals, and batch

facilities to additional software such as the packages just discussed.

Summary of Computer Algorithms Available

When the question is asked, 'What operations research computer-
supported algorithms are available?", then the correct answer is,

"How large is your budget?". 1In a real sense you can purchase any
specific ability that you want if you are willing to pay the cost.

The algorithms which are common usually include linear programming
packages, regression analysis often with very powerful statistical tests
included, and statistical packages which do a variety of tests. These
algorithms tend to be very general in approach and can be applied to a
variety of problems. There are many areas of operations research where
the computer algorithms which have been written only solve a very nar-
row class of problems. Examples of this are simulation programs where
each different problem is often a new program. In Appendix D is a
list of algorithms with their location in the literature which were
considered to possibly bLe useful in operations research graduate

education.
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Development of the Model's Environment

In order to focus upon a narrow model it is instructive to first

see the perspective in the larger models which conceptually surround it
The operations research analyst's relationship to operations research

and computer science is pictured by the first model.

Computer
Science's
Known

-~ Abilities &

. Resources/

The
Analyst's
Knowledge
Skill

Operations
_ Research; it's
Tools, Techniques
ethods, & Theori

s

Figure 2. The Environment Model

In this model the environment includes everything external to the

analyst, computer science, and operations research. The analyst's

circle includes all of the training, background, and skills and is

28

.




constantly expanding. This expansion will continue as long as the
analyst is alive since all of life's experiences result in gaining
information about the environment. The circle with computer science
is also expanding as the experts in that filed add to the known

store of knowledge. This circle also includes developments in the

area of hardware. The last circle is for operations research and

it also is expanding as new tools, techniques, and theories are developed.

Each of the circles intersectswith the other two circles. An
example is SIMSCRIPT which is both a programming language and a tool
for operations research in simulation. Where the analyst intersects
with the other two circles visually describes the area of operations
research or computer science knowledge that the analyst has mastered.

The portion of this model in which we are most interested is the
shaded area where the analyst, computer, and operations research
intersect. While this has been drawn as a Venn Diagram it must be
realized that each of the individual boundaries is dynamic and con-
stantly changes as the analyst, computer science, and/or operations
research grow and develop.

Since operations research depends upon the computer, the following

variations of the above model due to an analyst's training could be

undesirable.
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Analyst

Analyst

e

Figure 3. Variations of Environment Model

In figure A the analyst has neither operations research (OR) or
computer science (C.S.) available to him. This is clearly undesirable.
However Figures 3-B and 3-7 may be more common and they represent the

extremes of approaching the computer and operations research in analysts.
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Figure C is more properly the computer specialist who becomes an
analyst without any operations research training. Figure D is also
undesirable. It is morc difficult to spot since the analyst is
conversant with both computer science and operations research. Yet,
without the overlap of the areas of knowledge, any analysis is going
to be done using either computer skills or operations research skills
but not both. The preceding figures are strongly idealized, but they
point out the importance of the education system in producing the
desired abilities in the analyst.

This second model may help show the role of graduate or training
in the overall educational environment. It is adapted from J.J.

McDonald's article in the 1977 Operations Research Quarterly, Vol. 28

5

3,ii. (Ref 33:617).

Postgraduate Research
0.R. i
Undergraduate Courses -
e = Application

Areas

Post Experience

Education ‘—&*__T

U O ———

Figure 4. The Present Educational Structure

He discusses the flows between the educational parts of his model.
He notes that the bulk of current operations research education is

currently done at the postgraduate and post-experience levels.
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The last model helps define the role of computer support for opera-

tions research graduate education. Computer support is shown with the

other factors supporting graduate operations research.
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GRADUATE EDUCATION ENVIRONMENT

Curriculum
Math
Statistics
Management
Economics
Students Operations Research
Theory
"‘—“—‘> Techniques *—"N
History
Computer Programming
Other

!

Graduatds

Internal

Channels

Faculty of

Size
Skills
Background

Control,

Communication,

lComputer Resources Coordination,

and Feedback

ry o

LEjbrary Resources

lAdministrativg Structure

IPhysical Facility

;

Other Studeﬁts

Tl

lpther Factors

///4 Controls and
Modifications
as Feedback
from Graduates
and the Users
of Graduates

| — - PRSI e ——— i ——— VPRSIV T—— esos e ————————
Figure 5. Graduate Operations Research Education
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The role that computer resources have in the graduate operations
research education depends upon internal and external forces. In this
medel each of the factors has the internal channel of control, com-
munication, coordination, and feedback providing input and output of
information about its role. We can speculate that the strongest
factors in the internal channel are curriculum and faculty. Internal
factors will be partially responsible for defining the role that
computer resources will have in the graduate operations research program.

The external forces act upon all of the factors of the graduate
education environment. The quality of the students, especially with
regard to prior computer experience, will have definite impact upon
ti.e computer support for graduate operations research educations. Also
the feedback from graduates and their supervisors will help define the
role each of the factors in the graduate education environment, including
computer support.

This last model will focus upon computer support for graduate
operations research education. It will be presented in an outline format.
There will be a short explanation of key or potentially confusing entries
in the outline. The structure of this model is an attempt to define
the set of items which belong to the model. The exact interrelationships
between entries in this model will not be explored deeply.

The outline is divided into two main sections; pétential support and
actual support. Potential support includes all of the software, hardware,
personnel, and plans which could be used to support operations research.
An item is identified as potential support if it could be used in the

training of an operations research analyst. Being identified as potential
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support is descriptive and not prescriptive. Actual support are the

items which are actually used by the graduate operations research

education program.

Model of Computer Support for

Graduate Operations

Research Education

I. Potential Support

A. Software —--

these are the programs which make the computer
work for the different users.

1. Operating System

these are the programs which assist the user in
running programs and make many of the common

jobs which use the computer easy to do. Examples
include the Cyber Control Language, UPDATE, COPY
utilities, the EDITOR on INTERCOM, and others.

2. High Level Languages

these are the programs which allow the user to
write application programs in the languages
such as FORTRAN or BASIC.

3. Applications Programs

these are programs or subroutines which are ready
to run as soon as the program is given the correct
data to begin. An example of this is any of the
IMSL routines.

4. Documentation of Software and Textbooks

B. Hardware --

these are handouts, guides, etc., which explain
the operating system, high level languages, and
application programs so that the user is able
to understand the programs needed to solve each
problem solved using the computer.

these include the all of the things involved with
the computer which are considered 'permanent'.

1. Computer

this is the actual machine available for use.

a. Speed

e v ——

this is how fast the computer does calculations
and how fast the user normally gets a response
from the computer either from a batch job returned
or from a time-sharing terminal with interactive
responses.

35




——

b. Accuracy
-- this is a measure of how many significant digits of
data normally can be stored.

c. Size of the System
-- this is the number of individuals or organizations
that use the computer.

2. Peripheral Devices
-- these are the items connected to the computer which
in general allow it to communicate with the user.

a. Classical Input/Output
-- these are the card reader, line printer, card punch,
and paper tape reader and punch.

b. Graphical Devices
-- these are the plotters which use pen on paper such
as Calcomp, the terminals of varying degrees of
sophistication, and the microfilm plotters.

c. Remote Terminals
-- these are the consoles which allow the user to have
timesharing access to the computer with other users.

3. Mass Storage
-- these include the different devices which can be used
to store large amounts of data. An example is magnetic
tape.

a. Size
-- this is a measure of how much can be stored on
the different mass storage devices.

b. Speed ‘
-- this is a measure of how fast information which has
been stored in the mass storage device can be recalled.

c. Accuracy
-- this is a measure of how reliable the different mass
storage mediums are.

d. Ease of Use
-- this is a subjective measure of how simple it is for
the user to use the different mass storage devices
in an individual program application.

4. Physical Facility
-- this is the place where the computer is located and
the places where the users interact with the computer
system. '
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a. Location
-- this is some measure of how convenient the computers

location is for the user.

b. Size
-- this is a measure of how much room the computer and

the user are provided.

c¢. Work and Study Space

C. Personnel--

this is a measure of how much space is available
near or at the computer center for the work and

study which will result from using the computer

in operations research.

they include all the personnel associated with AFIT
that are involved with the computer. They do not
have to be assigned to AFIT.

1. Computer Experts

they are individuals with the specific knowledge
and training to understand the different computer
resources. They are primarily experts in the
operating systems, high level languages, and
hardware capabilities.

2. Operations Research Applications Experts

they are individuals with the specific knowledge
about the different applications programs used in
the graduate operations research education program.
Their abilities may be very specific, knowing only
about the application of a single computer resource
to an operations research problem.

3. Interface Experts

D. Plans -

1. Computer

S s S ——

they are either computer specialists with training

in operations research or operations research
analysts who have a thorough understanding of the
computer resources. Their role is that of being

able to communicate with both the computer specialist
and with the operations research specialist.

these include the results of planning for the
operations research graduate program, the management
of the computer resources, and the relationships
between the computer resources and operations
research. These include present operating plans

and future plans.

these areas of planning include management, support,
acquisition, and removal of items in one of the
following categories.
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d.

2. Curr

e.

i —

Software
Hardware
Personnel
Plans

iculum and Computer

-- these are the plans that detail how specific
computer resources will be used to support academic
objectives.

Operating Systems
-- these plans detail which operating system programs
the GOR student should be trained to use.

Application Programs

-- these plans will detail which application programs
the GOR student should be trained to use. The GOR
should also be able to interpret the results of
that application program.

High Level Languages

-- these plans will detail which high level languages
the GOR student should learn. The plans will also
specify at what point in the program the language
is to be learned and then applied to operations
rescarch problems.

Documentation

-- these plans will detail how the supporting documenta-
tion for the computer resources supporting operations
research is to be maintained. This has to include
some method of monitoring what documentation is
maintained in the AFIT library.

Needed Abilities or Programs

-- these plans will detail how the needed computer
resources will be obtained. These plans should
also substantiate the need for the new resources.

Relationships Between Academic Courses

-- these plans will detail how the computer resources
learned and used in one course of the curriculum
will aid the learning objectives in another course
of the curriculum. These plans will show how the
use of the computer resources in the graduate
operations research program is related to the
progress of the operations research curriculum
program during the 18 months.
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IT. Actual Support
-- this is a description of how the potential support
is actually used.

A. Faculty -- these are the AFIT instructors who teach any of
the required courses for the Graduate Operations
Research Program.

1. Training
-- this is the training actually given faculty members
on the computer resources which support operations
research.

2. Use of Computer Support
-- this is the actual use the faculty members make of
the computer resources supporting operations
research. This includes both classroom and personal
research.

3. Evaluation
-— this is the actual measurement of how well the
training in and use of computer support by the
faculty correlates to the plans defined in the
potential section. Comment: Having no plan and
doing no evaluation is a type of planning and
evaluation.

B. Students -- these are the students assigned to the Graduate
Operations Research Program at AFIT.

1. Training
-- this is the training actually given GOR students
about the computer resources supporting operations
research.

2. Use of Computer Support
-- this is the actual use the GOR students make of
the computer resources supporting operations
research. This includes both classroom assign-
ments and thesis research.

3. Evaluation

-- this is the actu- measurement of how well the
training in a ° e of computer support by the
GOR students correlates to the plans defined in
the potential section. Also this includes the
measurement of how well the AFIT training supports
the users of AFIT graduates. Comment: Having no
plan and doing no evaluation is a type of planning
and evaluation.
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Evaluation of AFIT GOR's Computer Support

This evaluation will be done using a checklist based directly upon
the model developed in the previous section. The information used to
measure AFIT GOR's computer support is very subjective. This informa-
tion comes from the faculty interviews and from personal experience
as the only member of GOR-78D with an undergraduate degree in computer
science. During the preparation of this thesis the suggestions, com-
plaints, and comments of other students became another source of

subjective information on present computer support. There is a copy

of this checklist in Appendix F.

Each item of the checklist is given one of three subjective ratings:

1. Not rated-for those items either not evaluated or for which
there was no data.
2. Positive factor-for those items which seemed to provide proper
support for graduate operations research education.
3. Negative factor-for those items which did not seem to provide
proper support for graduate operations research education.
After each rating is the source of the data used, and if more comments

are needed then a footnote following the checklist is used.
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k.

Item or
Section

TABLE 1V

Checklist for Evaluating Computer Support for
Graduate Operations Research Education

Not
Rate

|

Positive
Factor

Negé?}Qe
Factor

Data
Source

Footnote
Reference

Potential Support

A. Software

1. Operating
Systems

2. High Level
Languages

3. Applications
Programs

% - ?ocumenta‘
10n

B. Hardware

1. Computer

a.

Speed

Accuracy

Size of
System

2. Peripheral
Devices

a.

Classical
Input/Out-
put

Graphical
Devices

Remote
Terminals
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Students
Faculty
Faculty

Students
Faculty

Students




TABLE IV (cont)

Item or Not Positive |Negative Data Footnote

Section Rated Factor Factor Source Reference
3. Mass Storage

a. Size X

b. Speed X

¢. Accuracy X

d. Ease of Students

Use X Faculty 4

4. Physical

Facility

a. Location X Students 5

b. Size X

c¢. Work and

Study X Students 6
Space

C. Personnel

1. Computer
Experts X 9

2. Operations
Research
Applications
Experts X )

3. Interface
Experts X 9

D. Plans

1. Computer

a. Software X 10
p—"
b. Hardware X 10
c¢. Personnel X 10
d. Plans X 10
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Item or
Section

2%

d.

TABLE 1V (cont)

Not
Rated

Positive
Factor

Negative
Factor

Data
Source

Footnote
Reference

Curriculum
& Computer

Operating
System

X

Applicatioq
Programs

¥

High Level
Languages

Pocumvnta—
10N

Needed
Abilities
or Pro-
grams

Relation-
ships
Between
Academic
Courses

IT. Actual Support

A. Faculty

1. Training

puter
Support

3. Evaluation

B. Students

1. Training

2. Use
puter Support

3. Evaluation

- . - ———

Use

of Com-

of Com-
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Faculty
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N

9, }

Footnotes for Table TV

The need for linear programming algorithms at AFIT was
expressed by several of the faculty members. 1t can
be expanded to several different types of algorithms
desired.

a. Linear programming algorithms which support the class-
room instruction.

b. Linear programming algorithms which can handle very
large problems.

Also the faculty expressed a desire for an integer programming
algorithm as well as other types of algorithms which would
illustrate the solution of some of the classic operations research

type of problems.

Some of the faculty desired more or better documentation. From
the students point of view it was usually a problem of either
not being able to find the documentation or not being able to

use 1it.

This was a common student comment about the turnaround time for
a submitted card deck. This subject alone would make an interesting

research project.

The difficulty of using mass storage was expressed by both faculty
and students. After further questioning it appeared to be more of

a problem in education.

Having the computer terminals available in the academic building

1s very convenient.
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6.
7
8.
.
|
10.
3
.
. -

Several students have expressed a desire for more work and study

space to be available in key punch and computer terminal area.

In light of the relationship between operations research and the
computer there should be some kind of a training program for
showing the new faculty member the potential computer resources
which support operations research at AFIT. This could be of value

both in the classroom and in personal research.

Students desired more training in the following areas:
a. Cyber Control Language and related systems commands.
b. Mass storage and how to use it.
c. Structured programming techniques.

d. How to plan large data structures and how to use them.

Although there were some comments about the need for certain types
of pcl.'s()nn(-l, these blocks were not rated because the measure

of what is correct was not definable. A graduate operations
research program using any amount of computer resources needs

all three types of personnel, but exactly what is the right

amount has not been defined.

These blocks were not rated because no information was gathered

about this item.
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From the evaluation of AFIT GOR's computer support using the
previous checklist two items were selected for further research.
First, in Chapter V a guide will be discussed which may help the
documentation problem. Second, in Chapter VI the need for application

programs to solve linear programming problems is discussed.
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V. AFIT OPERATIONS RESEARCH COMPUTER SUPPORT USER'S GUIDE

Introduction

From the evaluation of the AFIT computer support of operations
research there was a perceived need for more or different documentation.
In this chapter,the ideal user's guide to operations research computer
support will be defined first. Then the limitations which the AFIT
environment puts upon such a guide will be discussed. Finally the

ucer's guide contained in Appendix C to this thesis will be described.

Ideal User's Guide

The ideal user's guide would contain complete documentation on
all computer resources which support the graduate operations research
program. All the information would be contained in a single volume
which would be of readable size. The volume must contain the detail
and technical preciseness necessary in a reference manual for advanced
operations research applications of the computer support. The user's
guide must also be easy to read and very straightforward for the novice
user who has limited computer experience and has a simple application
needing a quick solution.

It becomes clear that the ideal user's guide may have several
mutually exclusive characteristics. It may be possible with future
technology to achieve such a document with electronic assistance.
However as long as the user's guide is limited to the printed page

then there are limitations to developing a user's guide.

Limitations to Developing the User's Guide

The limitations to the development of a user's guide are due to
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three factors: the data, the user, and the author.

The data limitation upon a user's guide is due to the large
amount of documentation which must be analyzed and incorporated into
a user's guide. In the AFIT engineering school computer room alone
there are about eight feet of manuals on the system. There are over
twenty thousand pages of material which must be searched for items
which are classified as computer support for graduate operations
research. Also there is additional documentation.contained in the
library, in textbooks used in various courses, in department and course
handouts, and in the personal expertise of the computer support personnel.
It would be a large project just to catalog all of the data sources
without attempting to analyze the contents. Because of the volume of
information, the duplicate, conflicting, or missing information will be
hard to handle.

The user limitation upon the user's guide is due to the large
differences between potential users. Different backgrounds and levels
of abilities will mean that any specific level of detail or difficulty
will be édequate only for a portion of the possible users. The graduate
operations research student who has never used a computer may need
different material from the experienced computer user. Also the
potential user is less likely to read, study, or use a large document.

The author limitation upon the user's guide is due to the limited
resources of a single individual or organization to both write and
maintain the user's guide. The task of producing an extensive user's
guide is put in perspective when it is realized that SPSS for example
is maintained by a group of several schools under contract from the

company distributing SPSS. SPSS is just one of many computer resources
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which need to be documented in an operations research computer support
guide. However the task of producing the initial version of a user's

guide 1s just a beginning since the larger job will be the maintaining
the document in a current and usable form.

The 'ideal user's guide' possibly is not feasible for even a large
organization with nearly unlimited resources. It was recognized early
that any attempt at an extensive document during this thesis effort
was not possible. Several formats for organizing information were
considered. The first would have been close to the ideal document.’

It would have included complete user's information with extended qx;mples
of the computer resources applied to sample problems. If each‘résource
description and example would be limited to just ten pages theﬁ with

the first one hundred resources the user's guide is one thouéand pages
in length.

The next proposed format for the user's guiéewcégsidered using
the computer for the collection, update, ‘and display of the required
information. Besides the difficulty of implementation, if the user's
guide is only accessed by using the computer then possibly the GOR
students who need the user's guide the most will use it the least.

The final format for the user's guide is a version of an annotated

bibliography. It will be described and discussed in the next section.

Description of User's Guide

The User's Guide is similar in format to an annotated bibliography
with the resources divided into five categories. The following is a

brief dercription of each category.

49




1. System These items are large hardware and/or software
systems which either by concept or usage can be considered
a single resource. An example is the CYBER 74 INTERCOM system.

2. Operating System Resources These will be the programs which

are specific to the computer system. An example is the Cyber
Control Language.

3. General Languages These are the different high level languages

which are available that could be important to the GOR student.
An example is FORTRAN 1V.

4. Problem Solving Languages These are specific high level

languages or programs which are designed to solve only a
narrow subset of problem types. An example is SPSS.

5. Application Programs These are programs which solve a specific

problem. They are not a language but usually a program or
proceduic where the data is input and the final answer is
output. An example is the IMSL package of subroutines.

Each of the five categories will become a section of the user's
guide. This will allow for quick énd easy addition or deletion of
entries. The beginning of the guide will be an index for quick
reference to anyentry. Each specific entry will have three parts.
First the resource name which will be the common name or title of the
resource. Second, there will be a short description of the benefit
that this resource could have for the GOR student. And finally, the
third part will be a bibliography for the location of the documentation
for this specific resource.

After the user's guide is complete, its distribution could include
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all of the GOR, GSM, and GST students at AFIT. Copies could also be
provided to the faculty and any other person doing operations research
type of work at AFIT. The user's guide would also need to be reviewed
regularly for currency and relevancy. This could be done by a survey
of outgoing graduates to discover exactly what resources were used.
Then this could be compared with the contents of the user's guide.

The user's guide will not be a large document, and attempts to make
it a large comprehensive document should be resisted since the purpose
of the user's guide is to be a sort of shopping list for computer
resources. This will aid the operations researcher in choosing the

'best' resource.
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VI. PROGRAMMING EFFORT

Needed Program

From the evaluation of the AFIT computer resources in Chapter 1V,
there was a need identified for several specific programs. Onc of these
programs would be for a linear programming program which is easier to
use than those available now. Also the related problem of solving
integer programming problems with our resources was suggested by thé
faculty interviews. And finally interest was indicated in a series of
programs designed to augment the classroom teaching of the different
operations research techniques. In the following sections each of these

subjects will be addressed.

Linear Programming Algorithms

The first problem was how to make linear programming easier for
the GCOR student. The present computer resource used by the GOR student
for solving linear programming problems o- the computer is a program
called LPKODE. 1t has been difficult to use due to changes in the program
which were not documented in the handouts available for the user. Also
some of the user information about LPKODE was not current regarding its
capabilities. The history of LPKODE and its present capabilities were
examined in order to update the documentation and make it easier for
the GOR student to use.

LPKODE was brought to AFIT by an instructor about 10 years ago.
The program was obtained because of the excellent ‘sensitivity analysis

built into the output of the program. LPKODE is still very useful
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today for the same reason, especially for academic uses of linear
programming in graduate operations research course assignments. LPKODE
has been considered difficult to use because of three problems. First

the input decks seem to be difficult to setup because of the use of

fixed format. Second, LPKODE does not solve transportation, integer,
and mixed integer problems as the present documentation implied. Third,
LPKODE would only solve one linear programming problem at a time. This

made multiple problems difficult to solve since they required multiple
runs of the LPKODE program.

The first and second problems were handled at the same time.
A new handout describing how to set up an LPKODE data deck was written
using one of the problems out of Hillier and Lieberman's textbook as
an example. The handout makes it very clear that the only type of
problem that LPKODE will solve is the linear programming problem.
It will not do integer or mixed integer programming problems. It
was discovered that LPKODE has never been '"fixed" to do those types
of problems‘since it was brought to AFIT. The programming documenta-
tion for LPKODE does not ~xist and, since the program itself is without
internal documentation, possibly the quickest way to obtain the ability
to do integer and mixed integer problems is either to buy or write a
new program.

The third problem with LPKODE was easy to change. The necessary
CO TO statement and corrected exit from the program were added so now
the user just puts the additional data decks after the first one in
order to do multiple problems. Also, internal to the LPKODE source

code, documentation was added describing exactly what was changed and why.
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LPKODE Preprocessor

Because LPKODE has strict data formating rules, a program which
would aid the user in setting up a linear programming problem was
attempted. A sample run of the program is in Appendix G. The basic
concept was to allow the user to describe the linear programming problem
using an interactive program which would build the correct data deck

for the LPKODE program.

The program is limited to 25 or fewer constraints and 25 or fewer
variables. It works for setting up linear programming problems. However,
many options of the program were not implemented because of time con-
straints.

There is available on the CREATE system a program called UHELP
which assists the set up and execution of linear programming problems.

It might be possible to have that program converted to run on the CYBER
14.
The concept of a preprocessor to help set up and execute problems

will be discussed again in the last section of this chapter.
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Integer Programming

Since LPKODE does not do integer or mixed integer programming
problems it would be useful to have this capability. The CREATE
system which is accessible from the School of Systems and Logistics
has "a program called INTLP which will solve small integer or mixed
integer problems. It is limited to 14 or fewer variables and 16 or fewer
constraints. The program is interactive with the user and requires
a good knowledge of the different methods of solving integer programming

problems. This program is documented in Time Sharing Applications

Library Guide, Volume III - Industry by Honeywell Information Systems,

Inc., (December 1972). Multiple copies of this and other Honeywell
documentation are located in the School of Systems and Logistics library.

If AFIT desires to have integer or mixed integer programming
algorithms available on the CYBER 74 system, then a program must be
purchased or written. Control Data Corporation has available for
purchase APEX 111 which solves linear programming problems. It can
handle integer or mixed integer problems. It also can solve large
problems (over 9000 variables). APEX IIT would require the user to
learn a set of instructions for problem setup and solution.

The other choice is to have the integer/mixed integer programming
program written at AFIT. There are several algorithms located in dif-
ferent textbooks which might simplify the programming effort. The
different programs found during the literature search for this thesis
are located in Appendix D. An integer/mixed integer algorithm contained
in the book by Claude McMillan was loaded into the CYBER 74 (Ref 34:474-

492). 1t worked for small problems. Since this algorithm is a branch
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and bound technique it used large amounts of computer time for larger
problems. However a useful algorithm for GOR student's needs would be

one that solved integer programming problems with several methods.

Other Application Programs

There was some interest in programs which could aid the teaching
of operations research techniques in the academic classroom. Again. a
possible source for the algorithms is the current literature. Many
of the programs found are for very specific or complex applications.
Some of the programs or algorithms which were found are in Appendix D.
These are the ones which appeared to be most useful for the GOR student.

Stanley J. Larimer's March 1978 AFIT thesis presented the develop-
ment of the interactive computer program called TOTAL (Ref 29). While
this program is designed for the electrical engineering graduate students,
the same type of program could be developed for the GOR students. Larimer
wrote the program which interfaced ten large programs which were already
being used by the electrical cngineering'students. The TOTAL program 1is
very successful and from conversations with the electrical engineering
students it is used in both course work and in thesis work.

The GOR program could use a similar type of program. However,
unlike the electrical engineering program, the operations research pro-
gram does not have a current library of programs which the GOR students
use on a regular basis. Aftcer such a library of programs is developed
and the curriculum course work makes regular use of them, then an inter-

active program similar to TOTAL could be very useful.

i
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VIT. ALGORITHM SELECTION METHODOLOGY

Introduction

Problem formulation is considered a key issue in most textbooks
and articles dealing with the operations research process. Albert
Einstein is reported to have stated that the proper formulation of a
problem was even more essential than its solution (Ref 41:25). 1In the

textbook, Principles of Operations Research for Management, the authors

stat e

The most critical concept in problem formulation is the
process of explicitly and unambiguously stating the
essentials of a problem: relevant variables and param-
eters, constraints or restriclions, and surrogate cri-
teria or objective functions. The explicit statement

of the problem represents our "blueprint" which guides
us as we "build" our problem solution. Without the
blueprint, the chances of achieving a match between
problem solution and basic criteria are sharply reduced.
(Ref 7:8)

Perhaps the process of problem formulation could be broken down into
the following steps as illustrated by the flowchart in Figure 6. As the
flowchart is examined, two infinite loops are observed. First the
analyst may be overwhelmed in data and be unable to recognize that
there is a problem. Second, after a problem is observed, the analyst
may not be able to formulate the problem so that it can be solved. In

other words, the problem as observed cannot be formulated as one of the

problem types which this analyst is able to solve.
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Figure 6. Flowchart of the Problem Formulation Step in the Operations
Research Process.
In this chapter the second potential infinite loop will be
examined more closely. First, a sect’on on the background and

importance of problem formulation. This will be followed by sections
on some of the current methods of recognizing the correct problem
type. Then there will be a section where some methods attempted
during this thesis will be documented with problems which prevented

development of a method to solve this problem. Last there will be a
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short discussion of a potential method to approach this problem using

an interactive computey program.

Background

The task of recognizing a solvable problem in the data |;ruvi<1\".
to the analyst has been around for years. 1In chapter three the his-
torical relationship between operations research and the computer was
presented. If the time line in Appendix B is examined, possibly it
could be concluded that problems were only solved when an individual
could both recognize that there was a problem and correctly formulate
it. Charles Babbage with his analysis of the British post office
pricing policy is a good example of this. The post office had been
losing money so the problem was obvious, yet it was Babbage's ability
to formulate it that enabled a viable solution to be presented. The
solution of pricing the delivery of mail by its size and weight and not
by the delivery distance was implemented with profitable results (Ref
1H 5

Also the early work of the World War II operations research teams
contains many illustrations of the study of data for a problem which
was then formulated and solved. This ability is still needed by the
present day operations research analyst. T. Bernard Tate in his 1977
article related that he has found operations research students having
difficulty structuring problems into a rccognizable formulation which
could be solved (Ref 46:772). 1In the last chapter of Frederick S.

Hillier and Gerald J. Lieberman's book, Operations Research, the

importance of problem formulation is stressed. In fact key motivation
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"It is

for correct problem formulation is contained in this sentence.
difficult to extract the 'right' answer from the 'wrong' problem!" (Ref
25:739)

This problem that analysts face was highlighted at a Panel Session
of the Joint National Meeting of the Institute of Management Sciences
and the Operations Research Society of America, November 17-19, 1975.
David Kassing, President of the Center for Naval Analyses, stated in an
abstract of his remarks the following:

To be effective as a practicing management scientist,
the analyst must work on the problem the policy-maker
faces. This means that he must first identify the
problem and then select the technique to use. Un-
fortunately, the emphasis on technique in today's OR
curricula often leads the new practitioner to define
the problem in terms of the techniques he has been
taught. More often than not, none apply directly.
It would be helpful, therefore, if students were
assigned a variety of unstructured problems and left
to their own devices in analyzing them.'" (Ref 40:112)
At that same Panel Session there were others who expressed the same
concern about the ability to formulate correctly the problem given.

In Interfaces on February 1978, Robert J. Graham of La Salle
College again expresses the need for good problem formulation. However,
he suggests that the root of the problem is the lack of methods for
problem identification (Ref 21:82). So this leads to the question,

what work has been done on the development of methods of problem

identification? This will be the subject of the next section.

Published Methods of Problem Identification

After a search of the literature, the methods of problem identifi-

cation can be designated as either descriptive or prescriptive in
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philosophy. The format of each method's presentation is usually in one

of the following types.

1. Lists or catalogues of information

2. Tree structures of the information or of the decision process
3. Flowcharts usually of the decision process

4. Tables of information or decision choices

A brief discussion of each of the above formats will follow. During
each discussion some of the actual occurrences in the literature of

these formats will be referenced.

Lists and Catalogues. This is the most common method of presenting

the different methods of problem solution. The lists or catalogues vary
in size from just a part of a page to entire books devoted to lists of

methods. 1In Dr. Billy E. Gillett's text, Introduction to Operations

Research, three pages in the introduction is used for a typical version
of the short list. He divides operations research problems into these
eight major categories.

1. Sequencing

2. Allocation

3. Routing

4. Replacement

5. Inventory

6. Queueing

7. Competitive

8. Search (Ref 19:3)

Then Dr. Gillett provides a short description of each category. 1In this
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text, as with most other textbooks using the list or catalogue format,
the rest of the book is devoted to details on each of these subjects.

In the book, Principles of Operations Research for Management,

(1977) operations research models are presented in an organization
called by the authors '"Taxonomy of OR Models'". The following outline

is adapted directly from the figure in that textbook.

OPERATIONS RESEARCH MODELS
I. Deterministic
A. Nonline;r Optimization
1. Classical Methods
2. Search Methods
3. Nonlinear Programming
B. Linear Optimization
1. Linear Programming
2. Transportation
3. Assignment
4. 1Integer Programming
5. 0-1 Programming
6. Networks
7. Goal Programming
II. Hybrid
1. Dynamic Programming
2. Inventory
3. Simulation
4. PERT-CPM

5. Heuristics
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IIE. Stochastie

1. Stochastic Programming
2. Queuing
3. Stochastic Processes

4. Decision Theory
5. Game Theory (Ref 7:18)
The authors then give a brief verbal description of the interrelation-
ships among the different model types.
The most extensive catalog of operations research methods found

during the literature search is Operations Research Handbook by Horst A.

Eiselt and Helmut Von Frajer. The authors presume a certain level of
mathematical expertise on the reader's part, and this appears to be a
fine reference text. The authors present over one hundred different
operations research algorithms covering the same categories as are
found in the usual textbooks. Two items make this catalog of special
interest. First each algorithm is presented in the following format

as explained in the book's preface.

a) Hypotheses: Here the problem is formulated and
the prerequisites are explained.

b) Principle: Briefly the general concept is presented.
¢) Description: In this section each step of the
algorithm or method is explained
in a standard format.
d) Example: For each paragraph [ﬁote: paragraph
is the authors' word for algorithm]
an example is completely solved.
(Ref 13:5)

The examples make this list of methods most valuable. They are

simple enough to go through with pencil and paper yét they illustrate
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clearly the method under discussion. The second item which makes this
reference book valuable is the extensive bibliography. It includes
references which have not been translated into English.

All of the listsor catalogs which were found in the literature
search were descriptive in nature. This may be due to the nature of
a list or catalog since there is normally no provision for choices or

selections based upon some criteria.

Tree Structures. This format of presenting information is usually

used in a descriptive fashion in the literature to show the relationships
between the different operations research methodsor algorithms. The

very simple ones are similar to the lists; just the format of presenta-
tion has been changed. An example of this is the classification of
models given by Dr. Jay W. Forrester at the beginning of Chapter four of

Industrial Dynamics (Ref 132:49). The most detailed descriptive tree

found was in Thomas L. Saaty's article, "Operations Research: Some
Contributions to Mathematics'. This tree is up to eleven levels deep
with one to five branches at each level. This tree structure is devoted
to methods of optimization and is itself an excellent taxonomy of
classical optimization. A

Tree structures, like lists, provide few examples of prescriptive
trees. A possible reason for this is that the tree structure can grow
very large with just a few levels and choices at each level. This is
reflected in the literature as the prescriptive trees are on a very
specific topic. An example of a binary type tree is the decision process

flowchart in the Vroom-Yetton model. While the authors call it a flow-

chart, it is a binary decision tree. This tree does not deal with
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operations research material; however it shows clearly that ten levels
of a binary tree--even when not a full tree--will fill an entire page
with the presentation (Ref 30:426).

The most detailed prescriptive tree that dealt with an operations

research related topic was the booklet, A Guide for Selecting Statistical

Techniques for Analyzing Social Science Data. While this booklet was

oriented to analytical tools available with a specific computer statistics
package, the booklet has a good bibliography and the decision tree is

very readable (Ref 4).

Flowcharts. Throughout the literature there are many small flowcharts
illustrating different decision processes. However there are few that
deal with broad areas of operations research. The largest flowchart

found is in Robert E. Shannon's book, "Systems Simulation, the Art and

Science. This flowchart is designed to help the user select the 'best'

simulation programming language based upon the characteristics of the
problem. The flowchart and associated discussion consist of twelve very
useful pages (Ref 41:121). This flowchart uses the standard symbols for
programmer's flowcharts. Because decisions are inherent to flowcharts,
it was no surprise that all those found in the literature were pre-

scriptive in nature.

Tables. Information becomes very compact when presented in a
table. 1In spite of this seeming advantage, there are few examples of
tables used in the literature to aid in the choice of a correct algorithm
to solve an operations research problcm. The best example found is

in the opening pages of W. J. Conover's book, Practical Nonparametric
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Statistics, 1971. This table deals with choosing the appropriate
nonparametric test given the type of sample obtained and the type of
hypothesis to be tested (Ref 9:xii). The rest of the textbook is
devoted to detailed explanations of each of the items referenced

in this table.

Thesis Attempted Algorithm Selection Methodology

After a survey of the literature, it becomes very clear that the
number of different methods which have been used to solve operations
research problems is very large. The following table is a list of the
different types of operations research problems identified in some of
the current literature. There are duplicates on the list as different
authors make different divisions as to the types of problems. Also,
no definition as to the meaning of each method will be given since

authors sometimes differ in defining the problem types. This list may

not be exhaustive, and it is possible to have missed some key technique

or problem type used in operations research. The following table has

63 entries.
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TABLE V

Types of Operations Research Problems

Allocation

Assembly Line Balancing
Assignment

Bayesian Decision Models
Big M Method

Binary Linear Programming
Branch and Bound Method
Budget Problems
Classical Optimization
Competitive Model

Convex Programming

CPM

Cutting Plane Method
Decision Theory/Analysis
Deterministic Models
Discrete Programming
Dynamic Programming
Fixed Charge Problems
Came Theory

Geometric Programming
Goal Programming

Graph Theory

Heuristics

Hybrid (deterministic and
stochastic)

Implicit Enumeration
Integer Programming
Inventory

Knapsack Problems
LaGrange Multipliers
Linear Optimization
Linear Programming

Markov Chains

Matching Problems
Mixed/Integer Programming
Networks

Nonlinear Optimization
Nonlinear Programming
Parametric Linear Programming
PERT

Plant Location Models
Portfolio Models
Quadratic Programming
Queuing

Random Numbers

Regression Analysis
Reliability

Replacement Models
Routing

Scheduling

Search (for information or decision)

Search Methods (nonlinear)
Sensitivity Analysis
Separable Programming
Sequencing

Set Covering

Simulation

Stochastic Processes
Stochastic Programming
Transportation
Transshipment
Traveling Salesman
Utility Models/Theory

Zero-One Programming

(Ref 1,7,12,13,19,34,37,47)

67




Since a prescriptive method to classify the different type of
problems is the desired goal, a table of characteristics of opera-
tions research problems was generated.

These characteristics were

selected from those used in the literature.

TABLE VI

Characteristics of Operations Research Problems

Absorbins States
Accessible States
Additivity
Aperiodic States
Competition
Conflict
Constraints
Linear
Nonlinear
Multiple
Controllable Variables
Deterministic Process
Divisibility
Duality
Effectiveness to be Optimized
Equality Constraints
Expected Cost
Finite Resources
Flow Information
Geometry
Inequality Constraints
Infinite States
Integer Restriction
Interval Data
Iterative Solution

Linear Process

Nominal Data
Nonlinear Process
Objective Function
Linear
Nonlinear
Multiple
One to One Assignment
Optimal Route
Ordinal Data
Policy Decisions
Proportionality
Random Process
Random Variables as Parameters
Recursive Relationships
Risk
"Rules of Thumb"
Sequence or Order Important
Stages of System
States of System
Stochastic Process
Stock Levels
Time-Cost Tradeoffs
Uncertainty
Uncontrollable Variables

Waiting Lines




This table is included to show the overlapping and generalized
nature of problems made possible by these characteristics. Also the
characteristics sometimes are so specific for a certain type of
operations research problem that if the user understands the character-
istic, then the user also probably knows if that is the technique to
use. Conversely it cannot be assumed that the characteristics for
unfamiliar problem types would be understood by the user.

Determining the format for displaying thc information so that
the user could choose the best algorithm for a specific problem
became the next difficulty. 1In searching the literature for possible
formats to display the information, the 1967 text by Carl E. Gregory
was an excellent source. In a chapter on organizing data the following

table was found.

TABLE VII

List of Alternate Ways of Organizing Data (Ref 23:99)

Abstracts Flow charts
Algorithms Graphs
Analogies Guides
Bisociations Handbooks
Blueprints Illustrations
Books Interfaced independent variables
Catalogues Interpolations
Charts Linear programs
Classifications: Listings
Attributes: FRELEV
Manuals
Energy Maps
Physical Mathematical models
Physiological Matriz structures:
Psychological

e S - Bisections
Sociological

Freezing
Cultural Fusions
Economic Juxtapositions

69




Ethnic

Functional
Geographic
Historical

Levels

Objectives )
Phases

Political
Rankings

Spatial relations
Time lines

Compilations
Condensations
Conjunctions of differences
Descriptions
Diagrams

Digital analogues
Drawings

Dynamic graphs
Enlargements
Facsimiles

Files:

Alphabet
Binary number systems
Chronology
Clipping
Color

Key punch
Magnetic
Memory bank
Notching
Number

Size
Subject
Tapes

Matrix algebra
Overlays
Synthesis
Trisections

Milestones

Miniatures

Mock-ups

Models

Morphological formats
Multidimensional scaling
Multifactorial correlation
Nomographs

Outlines

Paradigms

Patterns

Photographs
Pictographs

Pictures

Q—-sorts

Reports

Rescarch models
Schedules

Schemata

Semantic differentials
Sequential programs
Simulations
Specifications
Statements

Syllabi systems

Tables

Trial balances

Varied 7 x 7 technique applications

When the large number of operations research methods and character-
istics is considered, an immediate problem becomes evident. Any method
of display which would be usable for the GOR student could be a very
large document. The format which is easiest for the novice to use is
the flowchart. This is because the decisions are faced one at a time
and the final square of the flowchart is the needed answer. TFor a flow-
chart to be useful the detail needs to be similar to the simulation
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language selection flowchart in Shannon's book. I[f the number of
operations research problem types could be reduced to 25 and the

number of characteristics limited to 25, then such a flowchart would

would still be very large. If the order of the characteristics is not
25
important, then the number of decision points in the flowchart is 2

and if tue order of the characteristics is important, then the upper
limit on the number of decision points is 25 factorial. Either docu-
ment is going to be too large for practical use.

The other problem which makes an 1bsolute set of rules for choosing
an appropriate algorithm difficult is the many variations to each of
the previously given problem types. For example in linear programming
it is possible to approximate nonlinear objective or constraint functions.
Many of the other methods allow spcecial modifications to each of them
for the solving of special classes of problems.

Finally it becomes obvious that for any selection method to be
useful, more than just the name of the solution technique or problem
type is neceded. The document containing the selection methods either
needs extensive explanation of each method or a very thorough bibliography
of information on each of the problem types and their solution. Since
the number of methods is so large and amount of information needed is
great, a possible method of implementing an algorithm selection method-
ology would be to use the computer in an interactive mode to aid in the

decision process. This will be discussed in the next section.

The use of the computer to assist in the management of information
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is not a new concept; however the fol owing possible interactive computer

program would be new.
sideration of automated
TOTAL was the interacti
Larimer at AFIT in 1978
engineering department
problems. However the
to be able to use TOTAL
called ANIMAL (Ref 10).

cither the computer to

)r for the player to gu

The program was able to

Two other existing programs prompted the con-
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for
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gue

€S58S

1¢

gori hm selection. The first program is TOTAL.
computer program done as a thesis effort by

This program is heavily used by the electrical
the formulation and solution of numerous

r must already know what the problem type is

The second program is an interactive game

his game written at Dartmouth College allowed

ss the animal that the player was thinking of
the animal that the computer had selected.

arn new animals and the characteristice which

distinguish them frou the previously known animals.

With both of those programs and with the potential size of the data

base in mind, the structure

in Figure 7 is proposed.
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The proposed program could be useful for both students and researchers.
If the data base was kept up to date on the current literature in the
field of operations research relating to each of the problem types,
then this alone could be very useful.

This automated algorithm is in two distinct parts as shown by the
flow diagram. 1In the first part only the selection of the appropriate
problem type, when given the characteristics of a current problem, is
being implemented. The ability to update the data base is needed as
the field of operations research will continue to grow. The information
stored in the data base could pe modified to include information on what
problem types can currently be solved with the available computer re-
sources. This data base may be a problem since the bibliography could
be very large. However, for an implementation of this program to assist
graduate operations research education, the only references necessary
are those actually available at the school.

Both parts of the automated algorithm are needed for it to be useful;
since, if all the program can do is guess at the problem type then the
user is provided only the possible problem type and maybe some bibliog-
raphy references. The second part of the program will allow the user to
input his numerical data which describes the problem and to analyze the
results to see if they are meaningful. This could be very useful in a
graduate operations research program to train students in recognizing
problem types when given a description of a situation. Since the computer
is used for the dirty work of getting actual numerical answers, there
may be more time available to expand the types of problems attempted

during a course.
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Potential Problems. There are at least three problems in the

actual development of this program. First the physical size of the

data base may be a problem. While the problem types and characteristics
will not require much storage space, the bibliography may require a
great deal of storage space if a complete bibliography is maintained.
Second, actually describing the different problem types so that they
can be individually differentiated may be the most difficult part of

the project. This is where the use of a program which can 'learn'

the proper set of characteristics which describe each of the different
problem types might be very useful. The problem of describing the
distinct set of characteristics which delineate a specific problem type
is complicated by the use of a variety of different and similar terms

by the authors in the literature. The program could be less useful

for those users who learned a different set of operations research terms
and definitions. Third, there does not exist a set of user oriented
application programs for the operations research type of problems which
are in current and active use at AFIT. This was discussed in Chapter

V.
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VIII. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

There were three major efforts in this thesis. These results were
the development of a historical relationship between operations research
and the computer, the development of a model describing the computer
support for graduate operations research education, and the development
of a proposed method of selecting the '"best'" algorithm.

The historical relationship between operations research and the
computer was developed using a search of the literature. The historical
information was collected and compiled into a time line and bibliography
which is in Appendix B. The time line was analyzed to determine the
relationship between these fields. Since developments in either field
have enhanced the abilities of the other field, this relationship may be
characterized as synergistic.

The model of computer support for graduate operations research educa-
tion used a literature search to collect current information on educational
models. The model of computer support for graduate operations research
education was defined and a checklist developed to assist in the evalua-
tion of an actual graduate operations research program. Finally, the Air
Force Institute of Technology's Graduate Operations Research Program
was evaluated using the checklist.

The method of selecting the '"best'" algorithm began with a literature
survey of current developments in the field. After examining the dif-
ficulties of a manual method, a proposal for an automated method for

algorithm selection was developed.




Also, during the thesis effort there were several other items
attempted. The guide to using LPKODE, A linear programming program,
was written and is in Appendix E. The User's Guide to AFIT GOR's
Computer Support was written and is in Appendix C. Finally during the
literature search, algorithms which could apply to operations research

were compiled, and a copy of this is in Appendix D.

Conclusions

The three major conclusions of this research effort are as follows:

1. There is a historical relationship between operations research
and the computer. And an understanding of this relationship
will help the operations research analyst in approaching
contemporary problems.

2. The model of computer support for graduate operations research
education could be useful for managers in either operations
research education or in computer support of education.

3. The problem of selecting the "best" algorithm is very complex
and may require the use of a computer to handle the data

and search for the 'best'" algorithm.

Recommendations

Most of these recommendations could be potential thesis topics.
Some of these recommendations were planned as a part of this research,
but most derived from areas of this thesis which needed more research.
Unfortunately time is not an unlimited resource; so, hopefully someone

else might find these recommendations useful.

1. Conduct and analyze a survey of operations research analysts
77
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in the United States Air Force to determine the types of problems
actually being faced and the degree of reliance on computer support.

A related survey to this would be to attempt to determine what the
analysts' supervisors wanted the analysts working for them to be able
to do. The results from these surveys could have a strong impact upon
the curriculum of graduate operations research programs in many schools
including AFIT.

2. Conduct a search of the literature for potential case studies
which could be used in the graduate operations research program. Since
there are several texts of industrial case studies, this would be more
useful if limited to the military uses of operations research. From the
records of World War II there may be several very valuable case studies.
Potential problems here could include classified data and missing data
due to the deaths of key individuals.

3. Conduct a search of the literature case studies in the ethics
of analysis. This could be narrowed to a historical study of how the
military operations research analyst's work is used by the different
facets of the military and civilian community.

4. Implement the program discussed in Chapter VII. This could be
done at different levels of sophistication depending upon the desired
end result. This would require a large amount of application software
to be written to solve the different problem types.

5. Conduct a cost effectiveness study on the feasibility of the
Aeronautical Systems Division purchasing APEX III for the CYBER 74

computer system. APEX III is the Control Data Corporation's program

for the solution of linear programming problems. It can solve
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integer and mixed/integer programming problems. It is able to solve
large linear programming problems of approximately 9,000 variables.

6. Develop a series of programmable calculator programs to
support the graduate operations research program at AFIT.

7. Develop a measurement device based upon the model in Chapter
IV of computer support for graduate operations research education. It
could include both surveys, interviews, and quantitative measures. This
could be applied to several graduate operations research programs in an
attempt to verify the model.

8. Develop a measurement device based upon the Graduate Operations
Research Education model of Chapter IV, Figure 5. Probably to get enough
data all of the graduate education program would have to be used as a
sample. This research could quantify the internal relationships in the
graduate education environments and perhkaps be related to the various
organizational climate studies.

9. Develop a library of applications programs which solve many
operations research techniques. This could be done as course work
or as a series of different theses depending upon the difficulty of the

techniques implemented.
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INTERVIEW QUESTIONS AND ASSOCIATED COVER LETTER
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For this interview a very broad definition of operations research
will be used. Operations research includes for this interview at least
the following: economics, econometrics, statistics, simulation, and
classical mathematical approaches.

L. What Operations Research curriculum courses have you taught?

o

What AFIT computer resources did these courses require the
graduate operations research student to use?

3. What computer resources if available would enhance the learning
in these courses? (algorithms, programs, subroutines, types
of problems which could be solved by the computer)

4. What AFIT computer resources have you used for personal research
here at AFIT?

5. Do you have any algorithms or programs which the operations
research curriculum could use if generally available?

6. When you consider the currently available AFIT computer
resources which support operations research, which routines,
programs, software, hardware, etc., do you consider the most
valuable? Please list your first through fifth choice.

o)

w W

7. 1If only three additional algorithms could be added to the
AFIT computer resources supporting operations research, then
what three would you choose in order of preference?

L.
Ly
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REPLY TO
ATTN OF:

SUBJECT :

TO

DEPARTMENT OF THE AIR FORCE
Air Force Institute of Technology (AU)

Wright-Patterson Air Force Base, Ohio 45433

ENA/Capt Robert M. Schumacher/GOR-78D (Box 4285)

Interview Questions

1. The purpose of this letter is to transmit the questions
for the scheduled interview. The results of the interview
will be used to complete thesis requirements of the Graduate
Operations Research Program.

2. The interview questions are attached so that you can
preview them before the interview. The interview results
will be summarized and only on questions number five would
you be personally identified. Thank you for your assistance.

ROBERT M. SCHUMACHER
Captain, USAF
GOR-78D
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APPENDIX B

OPERATIONS RESEARCH AND COMPUTER TIMELINE AND BTBLIOGRAPHY

The timeline is followed by the bibliography. The entries in
the timeline were selected because they were felt to have a key role
in the development of both fields. Each timeline c¢ncry has one or
more reference numbers which are indexed to the bibliography so that
the reader could examine the sources used for this timeline. A few
of the timeline entries reference a zero bibliography entry. This
entry does not exist in the bibliography since they are references
to The Bible. These few timeline entries contain the exact reference

at the end of the specific entry.

The timeline and the bibliography were generated using the CYBER
7% computer system with some simple FORTRAN programs. Since there is

no ability to underline, the convention adopted was to put two slashes
at the start of underlining and then twc more slashes at the end of
underlining.

Example:

The Bible would be in the bibliography as //THE BIBLE//
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