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Pre face

This research was performed to survey and extend the computer

resources support ing graduate opera tions research education at

the Air Force Institute of Technology (AFIT). If the research or the

suggestions make using the computer a little easier or ~nore product ive

for future graduate operations research students , then 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 Moll y Bustard for their

hel pfulness throughout the AFIT program. And finall y, my total

apprecia t ion and gra titude for my wife , Joy , who provided constan t

encouragement and support especiall y during the thesis preparation .
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ABSTRACT

The historical relationshi p between operations research and the

computer was developed L~ ing a search of the literature. The historical

data was comp il ed into a timeline and bibliograp hy . The anal ysis of the

historical data concluded that operations research and the computer are

in a synergi stic relationshi p where developments in either field enhance

the other field.

From the historica l background and from the literature, a model

of computer support for graduate operations research education was

developed . The checklist based upon this model was used to evaluate

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—

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 imp lementation of most of the OR methods
in use today. It is clear to most that OR is
v i t a l l y dependent  upon the  computer , for  w i t h o u t
i t  OR would be reduced to a t h e o r e t i c a l  sc ience
r a t h e r  than the  ever expanding f i e l d  t ha t  i t  is. ”
Dr .  B i l l y E .  C i l le t t  (Ref  19:12)

The computer ’ s ro le  in h i gher  e d u c a t i o n  has become more i m p o r t a n t

every  yea r .  In 1967 the  U n i t e d  S ta tes  P re s iden t ’ s Adv i so ry  C o m m i t t e e

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  th e growing role of th e

computer and its potentia l for improving the quality of education was

(r~~:;1sized (Ref 32). Here at the Air Force Institute of Technology

(AFIT) in the Graduate Operations Research (COR) program there is an

emphasis on practical app lications using the computer (Ref 3:40).

Almost all authorities agree there is a relationshi p between com-

puter sciences and Operations Research. Dr. Bill y E. Gi lle tt , for

examp le, believes that the computer has a vital role which is increasing

all th~ time , but it is very diffi cult to define and properl y exp l a in .

However for the Operat ions Research analyst it is important that the

computer ’s role in anal ysis he understood . The question which spawned

1 
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t h i s  t h e s i s  is this , ‘What is  t_ h compu t er ’ s re l a t i o n s h i p  to  the

opera t  ions  r e s ea r c h  an~ l ys i ? ’ .

~~~~~~~ound

From reading and  d i ~~c us s 1 o ns i t  has b ecome a p p a r e n t  t h a t  t h e  com-

p u t e r  ~V S V  9vo lved  in t h e  o p e r a t i o n s  r e sea r ch  an a l ys is  f rom p r o b l em

f o r m u l a t i o n  to selling the results. From the AF1T COR students , in-

formation was received which described several of the computer inter-

actions upon them. Several member s of the AFIT faculty were interviewed

u s i n g  t h e  q u e s t i o n n a i r e  in A p p e n d i x  A.  The f o l l o w i n g  i s  a l i s t  of some

of t hose  ea r l y o b s e r v a t i o n s .

1. The c omp u t e r  is toug h to u s e .

2 .  The r i g h t  program is hard  to f i n d .

3. The program d o c u men t a t i o n  is h a r d  to u n d e r s t a n d .

4 .  The r i g h t  d o c u m e n t a t i o n  c a n n o t  he found  when n e e d e d .

5. There  is too much p r i n t e d  materi al about the c o m p u t e r

and its programs .

6. There are  no programs to hel p the classroom learning.

7.  “ I onl y use  one program for  a l l  my work  s i n ce  i t  i s  tli ~

one I undi r st a n d . ” 
V

8. There is a need for programs to support classroom training.

9. E a c h  person had a personal model for t h e  “perfect ” computer

sup por t  for operations research.

The computer ’s role was perceived by most faculty and students

to be e i t h e r  t h e  s o l u t  ion to a l l  t l~ prob l ems  or t lu  cause  of a l l

t h i  ana l ys t ’ s p rob lems . The r o l e  of t h e  computer  has  to be somewhere

2
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in between , so t h e  f o l l o w i  n~ h y p o t h e s i s  comes f r o m  t h e se  ear l y ob s e r v a —

t ions of t h e  c o m p u t e r ’ s ro le . The c o m p u t e r  and o 1) r a t  ions r e s e a r c h

have a s y n e r g i s t i c  r e l a t i o n s h i p so t h a t  advance s  i n  l i  t l i er  area O ften

produc e  a d v a n c e s  in t he  o t he r  w i t h o u t  f u r t h e r  e f f o r t  . F u r t h e r , as

t h i s  r e l a t i o n s h i p i s  u n d e r s t o o d , i t  may become possibl e to d e f i n e  t he

i d e a l ’  model  of c o m p u t e r  suppor t  for  the o p e r a t i o n s  r e s e a r c h  ana l y s t .

S i m p ly b e c a u se m o s t  of t h e ma th ema t i cal me th ods a n d mode l s used

in op erat  ions  r esea rch  ar e  imp lemented  w i t h  a c o m p u t e r , W I can say t h a t

t h e r e  i s  a r iat  i o n sh i p be tween opera t  ions r e sea r c h  and  the  c omp u t e r .

However  a mor e  e x a c t  d e f i n i t i o n  of t i  is r e l a t i o n s h ip  i s  n e c e s s a r y  to

de t r I u i t e V  how to t r a i n  and use bo th  o p e r a t i o n s  r e s e a r c h  anal ysts and

computer specialists. The first place to look for this definition is

in histor y.

There is very little written on the historical back ground of h ow

operations research and computer science came t o g e t h e r . A possibl e

reason I or the 1,1 1/ of documentation is the relative youth of both

f i l d s .  I l o t h  u p e r a t  ions r e s e a r c h  and t he  mode rn  e l e c t r o n i c  c o m p u t e r

ar products of World War II , or s c m  to he at first look. Another

pos sible reason for (he l a c k  of d o c u m e n t a t i o n  i s  s i m p l y th at t h e r e  are

few peop l e  t r a i n e d  i n  b o t h  o per at  ions  r e s e a r c h  and  c o m p u ter  s c ien c e .

And in thi s sn a i l group, onl y a very few are w i l l i n g  to  r e sea r ch  and

w r i t e  on h i s t o r y  when  t i e r a r e  more p r e s s i n g  p rob l ems  around t i m .

The re  i s  a kn own v a l u e  to  h i s t o r y .  it  p r o v i d e s  fo r  us a perspec-

t i v e  fo r  our v i e w  of t h e  p r e s e n t .  And in operations r e se ar c h  and corn—

p u t e r  s c i e n c e  an a w a r e ne s s  of  pas t  e f f o r t s  prov ides ~n anal yst with an

appreciation of u~~i i e r  possible ways to approach h i s  s p e c i f i c  p r o b l e m s .

-. ~~~~~~~~~~~~~ 
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Statement of the Problem

The precedi ng information leads to the following fourpart statement

of the problem .

First there is a need for a model of t h e relationshi p between t h e

computer and operations research. And this model needs to he narrowed

and refined until we arrive at a more specific model describing the

relationshi p 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 specificall y app lied to AFIT and the GOR program .

From this app li cation 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 i mprovement .

Third , for the AFIT GOR student there is a need for a handbook !

compendium specificall y concerned with the computer resources available

for the anal ysis o operations research type problems. It should be

br i ef and h el pful , 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 ‘bes t ’

computer algorithm is such a key area for the anal yst , the handbook

could be more useful if it included a method for selection of the

‘best ’ algorithm to solve a specific given problem .

4 
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~~j~ c t ives

The objectiv e of the thesis is to survey and extend the AFIT

computer resources for the operations research disci pl ine . As this

objec tive is quite broad the following supporting objectives state

the scope and limit of the thesis effort .

1. Develop a historical perspec t ive of the nature

of the rela tionship be twe en opera t ions research

and computer science. This provides a foundation

for the model of computer support for operations

research.

2 . Develop a model for ~.omputer support in terms of

needs and opportunities for use in the operations

research curriculum at AFIT.

3. D€~ ermine the computer support presentl y 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. V

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

selec t ion of the ‘best method ’ of solving opera t ions

research problems .

The thesis effort will be restricted to those algorithms and

5
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operations research method s which are currentl y taught in the graduate

operations research programs at AFIT. Any new programming effort will

be de signed to hel p the user learn a solution method or understand how

an al gorithm works.

6
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II. METHODOLOGY

Data Requirement s

The data gathering phase of this thesis is primaril y a li tera ture

search of the various libraries available to AFIT. It will include

the following procedures:

I. 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 reso urces which would suppor t opera tions resear ch

app lications and to locate the descriptions of the various

algorithms used in operations research app licat ions at AFIT .

4 . Search the li terature for historical informat ion concer ning

the relationshi p betwee n operat ions 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 da ta will be compiled into a time line to

show the interrelationshi p between operations research and com-

puter science.

7 

- —. .~~. — — - SV ~~~~~~~~_V - _ - - - _._ —V- - ~~~~~~~~_ ____V . S.
-~~- ~~~~~~~~~~~~~~~ 

-.——..- - - -— — —— - - 
. 

V.



—- ~~
- w

2. Based on the historical relationshi p a model w ill be proposed

to explain the interaction between operations research and

computer science at the graduate education level.

3. 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.

4. The in fo rmat ion  about the AFIT computer resources  w h i c h  suppor t

operations resea rch will be compiled into a handbook/compenidurn.

5 . A decision methodology for solution method selection will be

attempted based upon the types of problems found in the field

of opera tions rese arch .

Order of Presentation

The inf ormation which follows in this thes is is pres ented in the

fo llowing order:

1. A discussion of the relationshi p between operations research

- and computer science as based upon the historical literature

search.

2. A description of the model to describe operations research

and computer science at the graduate leve l and a discussion

of AFIT against that model.

3. A discussion of the user handbook and how the information

contained in it can be used.

4. A brief discussion of the programming efforts associated with

this thesis clearly poin ting out what was accomp l ished and

what are the logical next extensions.

5. A discus sion of the ‘bes t algorithm ’ selec tion methodology

8
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There will be several appendices attached to the thesis. They

include:

1. Interview questions and the associated cover letter.

2. Operations research and computer t imeline and bibliography.

3. GOR Computer Support User ’s Guide

4. List of available operations research algori thms wi th

bibli ography references.

9
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III. HISTORICAL RELATIONSHIP BETWEEN OPERATIONS

RESEARCH A1~D COMPUTERS

Introduc t ion

It is often said that those who do not know history are doomed

to repea t it and the operat ions resea rch analyst is not an exception

to this. The historical relationshi p between operations research and

the computer can provide additional perspective on the present . As

the richnes s of the historical back grounds for opera tions research and

computer science was examined the different phases of the relationship

between them unfolded . In this chapter the brief discussions of the

developme nt of opera tions re search , the development of the computer ,

the computer ’s effect upon operations research , operations research ’s

effect upon the computer , and the synerg istic 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 Operat ions Research

It was not until World War II that the term ‘operations research ’

or ‘opera t ional res earch ’ was coined . It was used to describe a form

of scien tific problem solving as app lied to opera t ional problems in

a war time environment (Ref 39). Yet there are instances of scientific

problem solving in the operationa l 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 ‘ b u r n i n g  g l a s s ’ w h i c h  kep t  the  Romans f rom a p p r o a c h i n g

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 ilarshal of

France , throughout his entire career app lied the s c i e n t i f i c  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 anal ysis imp lemented by others (Ref 45).

C h a r l e s  Babbage wrote  the  book , On the Economy of Machinery and

Manfac tures, where he did a detailed analysis of the production of

p ins in England . Charles Babbage also analyzed the post office and

suggested the penny—post as the most efficient method of pri cing.

His work was very much in the format of the current systems anal ysi s

efforts (Ref 11 ,38) .

Fredr ich William Lanches ter and Thomas Edison both did analy t ical

work dur ing Wo rld War I and for the most par t very few of their efforts

were used by the civilian or military leadership (Ref 18). The met hods

of analysis and sophistication of the equations of conflict remained V

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 ac tually have them

imp lemented 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 imp lemented . When the solutions are not imp lemented then the

Il
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m et h o d s  for  se l u t  ion deve lop  ve ry  s lowl y i f  at  a l l .

D ev e lopm en t  of t b ’  Comput er

It was during World War II that the modern electronic computer

was I i tiahl y developed ; however  t h e r e  were attempts to build computers

much e a r l i e r .  I t  was G o t t f r i e d  W i l h e l m  L i e h n i z  t h a t  b u i l t  a four -

function mechanical calculator in 1694. This calculator is considered

the first 00 ~f its kind to work correctl y. Liehniz ’ s purpose in

buildin g it was to assist the work of his father an accountant . In

sp it of his efforts t h e  device was never successful commercially.

In  1812 Charles Babbage proposed the building of a difference

machine which would be capable of automaticall y calculating tables.

T h e  motivation behind this machine was Babbage ’s horror at the number

of errors in t h e  h a n d — p r o d u c e d  m a t h e m a t i c a l  t a b l e s  of h i s  d a y .  In

1834 Charles Ilabbage proposed an anal ytical eng ine which for all

purpos s would have h O  the mechanical equivalent of the electronic

computer. During his lifetime neither machine was finished for many

reasons , bu t  p r i m a r i l y fo r  t h e  reason that t h e r e  was no demand for

t h e  capabilities of the computer in 1834.

It was World War II and the need for ballistic tables in the 
V

tJnit ed States Army which provided the motiv ation to build an electronic

computer (Ref 32). Til l ENIAC S y s t em , proposed by J. Presper Eckert and

John W. Mauchley, became the first electronic computer actuall y used .

Thi• 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. liii computer is an invention which had to wait until

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

sary for its development.

The Computer ’s Effect upon Operations Research

When the t y pe s o f  ope ra t ions  research  problems imp lemented  upon

the computer are examined , esp eciall y the early programming efforts

it is observed t h a t  the c u r r e n t  a b i l i t y  of t he  computer  w i l l  a f f e c t

the type  and m a g n i t u d e  of the  problems a t t e m p t e d .

There are four  areas  where the  computer  has  had the strongest

effect upon operations research. Three of these can he 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 literall y it did

• in minutes what before had required months  to comp l e t e  by hand (R e f

24) .

Second the accuracy of the computer has greatl y affected the

type of problems implemented . It is recognized that the computer

is li mited 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 
V

incorrec t due to error s entered into in the “by hand” calculations.

The effect of the computer ’s accura cy and speed upon the opera tions

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

13
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h a s  to do any m a t r i x  m a t h e m a t i c s  even w i t h  two by two m a t r i c e s .  I t  is

ve ry  d i f f i c u l t  to do t h e  neces sa ry  a r i t h m e t i ca l  mani p u l a t i o n s  b y hand

without error and maintain any requ i red i•evel of speed .

Thi rd , the storage capacity of the computer has affected t h e

problems attempted . Because the computer can store the i n t e r m e d i a t e

values in a calculation the analyst discovers that tie problems can

often be described in terms of the ori ginal 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 correctl y programmed .

Fourth , the development of Monte Carlo methods which were a dir (ct

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 
V

Like the development of the scientific method , operations research

is very sensitive to the present needs. The types of needs will affect

til l types of solution methods which are developed and these in turn

have affected the development of the computer.

For examp le , in World War II the problem of cryptoanal ysis and

the associated mathematical methods forced the development of EDSAC

14
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at ( a m h r  id gt ( N t  4 4 )  . I n  t h e  [ m i  t ed S t a t e s  t h p r o b l e ms  i n  c r y p t o —

ana l y s i s  and in i n t l I i genc e  in  ge n e r a l  caused  t h e  d e v e l o p m en t  of new

computers. Samuel  Snyder in “Influence of U.S. Cryptographic Organiza-

t i o n  on t h e  I)igi tal C o m p u t e r  I n d u s t ry ” clearl y shows t h e  m a j o r  techno-

logical results (Ref 44). For examp le , t h e  first use  of drum memory

in the U .S ., first comp letel y transistorized computer in t h e  m s., and

the first comp letel y automated tape library in the U.S. were all dev ioped

for the National Securit y Agency.

The l i d  for military simulations has a f f e c t e d  t h e  d e v e l op m e n t

of the computer - The need to do extensive s i m u l a t i o n s  emphas  i z l d t h e

need for faster and more efficient machines. An earl y use of the

comput er for simulation was Dr. Enrico Fermi’ s extensive u s e  of Monte

Carlo techni ques in simulations while develop ing nuclear weapons

(Ref 39). Myren Trihus in his article , “Observations on Computer

Simulation in the Civilian Concerns of Government ” , commented on how

simulation was made practical by the abilities of t h e  modern computer

(Ref 48). He also suggested that t h e  fut ir development and us of

the computer would be affected by t h e  u s e  of simulation by decision

makers. The very real affect of simulation upon t h e  c Inh lut er industry

can be seen by the current use of simulation in  ti p lanning of tI~

new computer syst ri s. An examp le of this i s in RiHi-ir d Bric e and J. C.

Browne ’ S art ic l~ in the Augu~ t 1)78 issue of Tilt Communi -i t ion of t i e  M’d .

The articl (- is dcv~ t d  t I  t i use ot simula ti on to develop scheduling

systems for mu ltipr o~ ramnud mu l t i pr o 4 ss r c i l e i t e r  syst -I -i (Re f F :78).

T h e  work  of (,, ,r g V Daut  Z I ~ W L I ,  t h ’ Sc i ~nt i f i c Comput a ion I)

Opt m u m  Progra n e V St lie s 1 . 1  I t WI tb ~ tin comput  r imp1 .m .~ntat ion of

15
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l i n e a r  p ro gr amm i TI ~ s yst  no; and num erical anri l ys is. A ma j i  r a i l  t - 
V

was t h e  impetus t i  d v l o p  compu t e ra  wii t c i i  c o u l d  hand ~e I ar ~y d a t a

c i  ructures and tb - i t wI r fast r in doing m a t h i e m i t  i c a l  c om p u t a t  i o n s .

Tue CDC 6600 I am i  l y of computers and t h e  IBM 3~ () e n s  or  j u s t  two

of many r sultin g f r o m  t h e  demand  for speed and size .

D r .  G o r ~ t D a n t z i g ts work is a good examp le of t i  e f f e c t  t h a t

o p e r a t i o n s  r e s e ar c h  has  upon the  compu te r .  The development of the

l i n e a r  model  and i n  p a r t i c u l a r  t h e  simp lex method (Ref 17) generated

a need for  a c omp u t e r  which could  a c t u a l l y so lve  this type of problem .

In e . n n i a r y ,  one of t i  e f f e c t s  t h a t  o p e r a t i o n s  r e s e a r c h  had upon

t i n  c o m p u t e r  is  t h a t  t h e  t ypes  of p r o b l e m s  w h i c h  w Cr e  b e i n g  f o rm u i at d

du to t i n  new ana l y t i c a l  tools  produced  a demand  fo r  c o m p u t e i  sys tems

capable of solving them .

Thu Synerg istic Relationshi p of Operations Research and the Computer

Op e r a t i o n s  r s a r i and compu te r  s c i e n c e  arc in a synerg istic

r V l a t  i on s h i p  w h e re  dcv lopments in one field cause more  deve l opme n ts

in th e o t h e r  field . T h i s  c u r r e n t  relationsh i p co u ld be cons ide red

cy lical in nat u re wi t h t he  following cycle:

Obtain or develop a new ability
or theory in either operations
research or in cprnp~~~ L~_

kttempt to solve a new
l U a v e  t i e  demand for a solutton

[~L larger problem. —

1
~~ come strong enough to justif y

ic exDens;~~~~~ne: rese;rc th~~~~~~Thr [a~~~~~~~~~~~i~~~
J —

I i ;~u rO 1. Operations Research and Computer Scienc e Cycle of Development

16
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In  i i e a r l y Y V a I _ S  u l  t i e  comp l ie r  an d  op -rat t i e  r n e a r c h  i t  Wil S

5( J) by t h o s e  i n v o l v ed  t h a t  b o t h  f i e l d s  w I - r e  i nt rrelat Vd and that

deve 1 opne n t s in fl V wou i d  a f t c  t t i  othlI r . i)r . J . von Neumann W r i t

t h e  following in 1951:

We can now make comput ing so much  nor e f f i c  i i i ,
fa st , and flexible that it should he possible to
use t b  f l O W  c o m p u t er s  to  supp l y t b -  needed h e u r i s t  ic
hints. This should ultimatel y lead to important
anal ytical insigh t s. (Ref 20:297)

Along wi t h  Dr. J. von N eu m a n n , who is one of t h e  e a r l y i n n o v a t o r s  in

bo th  r ipe  r a t  ions  r s e ar c h  and corn put r Sc i euce  , L . J . ( on ir  i e w r o t e  i n

1946 , “ if ti machine is to justif y its existence , it must 1)0 used

to exp lore field s in which t ue numerical labor has so far h i ~~ pro—

hib iti v ’’ (Ref 20:113).

This fact is still r e c o g n i z e d  by t i curr - nt researchers in ti e-s e

f i e l d s .  E .  S.  B u I f a  w r o t e  i n  h i s  book , ‘‘Today, hl i w v r , t i c o np u t r

:15 ma de p o s s i b l e  new q u a s i — a n a l y t i c  and h e u r i s t i c  s e a r c h  t l V c h i n i qu e s ’’

(Ref 8: 102) . hr. Bill y h . (i I b i t  made  this current relat i o ns h  i p v e r y

cl- a r in his book. In the concluding portion of his introductory

c h a p t e r  i t  i a s t a t  V d , Of course , t h e  c o n c u r  r n  t d v i  opmen t of  t i l l

d i git al c o m p u t e r  i s  c r e d i t e d  w i t h  t h e rap id progress of OR in this

country ” ( R e f  19:2).

C o n c l u s i o n
0

Both t h e of - r a t ions researchi anal yst and th e comput -r science

s p e c i a l i s t  cou ld  b e n e f i t  f rom a h i s t o r i c a l  p r s p e c t iv e  of t he  pas t

development of both ) fields. Esp c iall y would t i -  operations research

analyst benefit s i n c e  w i t h o u t  t he  c o m p u t e r  t h e r e  a r e  very few problems

17
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of any m a g n i t u d e  wh ich i  w o u l d  be at tempted today. (Jr . Ph ill i p Morse

v o i c e d  this in the 1)00k Operations Research for Public Systems, 1967.

When dealing wi thi i ar ~y -  and  c amp ] ox s y s t e m s , t u e
operat ions ri-search group  o f t e n  i n v o l ve s  t i l l - as-

s i s t a n c e  of a h i gh — s p e e d  c o m p u t i n g  m a c h i n e . In
many c a se s  t h e  o p e r a t i o n  is too comp l i c a t e d  to
be able to be expressed in a sy s t e m  of e qu a t i o n s
which can hi- solved with paper and pencil. (Ref 35:3)

In 1974 , in the  first issue of Computcrs and Operatians Research,

Josephi R. Enge l focused very clearl y the key l e s s o n s  t a u gh t  b y h i s t o r y

about tile relat ionship between the computer and operations research.

To return to my main theme , we may now see how corn—
puters enter the p i c t u r e .  Compu te r s  are a p o w e r f u l
tool to be used by Operation Researchers or Systems
Eng ineers in solving important societal problems .
We can ’t begin to tackle comp lex problems without
computers. You all know t ue r easo n s:  speed , ac-
curacy, and the ability to process huge quantities
of d a t a .  (R e f  14:6)

Be made  s e v e r a l  i m p o r t a n t  p o i n t s .  F i r s t  t h a t  t he  purpose  of ope ra t i ons

r i - s i - a r c h  i s  to so lve  problems and second , t h a t  t h e  c o m p u t e r  is needed

to solve many of these problems which a n -  tob comp lex to attempt without

i t .

Every operations research anal yst probabl y w i l l  have contact with

a computer in his career of problem solving. The ana lyst ’s effec tive~

nes s cou ld be enhanc ed by an awareness of t i n  computer and its abilities

to solve prob l ems in the operations research field.

0

.3
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IV. MODEL OF COMPUTER SUPPORT FOR GRADUATE

OPERATIONS RESEARCH EDUCATION

I n t r o d u c t i o n

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 ia 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-

gressivel y specif y the exact environment of the computer support for

graduate operations research education model. Finall y, 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

acq uisition 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 hel p 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 app lying operations research to individual projec ts . The

classical , often stated , operations research proc ess is the following :

“1. 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 a r t i c l e  T. Bern ard  Tate sees “ f i v e  e s sen t i a l  i ng red ien t s”

in ope ra t i ons  research .

“1. M a i n t a i ni n g  good c l i e n t  r e l a t i o n s

2.  G e n e r a t i n g  many a l t e r n a t i v e s

3. Conduct ing approx imate  appra i sa l s

4 . Model l ing  ri gorousl y

5. Manag ing effectivel y” (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 identif y 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

divisi on is found in many operations research textbooks . The following

table summarizes the amount of space devoted to different top ics in

three common textbooks and one reference book . The numbers represent

a perc entage of the tutorial portion of the book.

20
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TABLE I

Distribution of Space used per Top ic

As a Percentage of the Text.

Text
Hillier Budnick Gillett Eiselt

Top ic Ref 8 Ref 60 Ref 84 Ref 80

Linear Programming 32 .5 27.5  10.5 21
Pert/CPM 4.5 7 3 27.5

Dynamic Programming 4.5 5 10

Came Theory 3 5 10
Statistics 10.5 5.5 1

Queuing 13 6.5 7 .5  2 .5
Inventory 8 .5 6 10 3 .5
Markov Processes 6 6 5

Reliabili ty 2.5

Deci sion Analysis 3 6 3 3

Simulation 5.5 8.5 5.5

Integer Programming 3.5 5 19.5 13.5

Nonlinear Programming 2 5 8
Ethics I

Classical Optimization 12.5

Heuristics 4 5.5

Sequencing 5.5 4.5
Regression 10
Misc. 1

100% 100% 100% 100%

21
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Other textbooks show similar top ics in their coverage of opera-

tions research. Two observations are made from the table. First ,

li near programming is a large portion of each text and if the integer

programming is included wi th li near programming then 30 percent or more

of each text is devoted to this top ic. There may be a historical

reason for this in that linear programming as Dr. George Dantzi g form—

ulated it in 1947 was intended to be a very practical tool for the

V manager . It has been widely app lied 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

descri ptions that most divisions are similar to the divisions used in

the textbooks. George A. Johnson , of the University of Connecticut

desc ribed this usual approach as “integration of tools topics” and he

contrasted this with his proposal for “integration of tools concepts

wi th functional area top ics” (Ref 28:786). In his proposed curriculum

those courses teaching the use of techni ques would include app licat ion

of the techniques to the same set of case studies. Each technique

may be app lied to multi ple cases studies. Interesting enough , Bernard

Tate at the London University uses this techni que to organize the

ind ividual courses he teaches (Ref 46:778).

The ac tual content of the courses taught at the different schools

wi th operations research courses has not been g iven 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

typ ical curriculum and its division of operations research was examined .

22
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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 f ollowing table only includes the graduate level courses because

the actual undeigraduate courses taken vary more depending upon student

trai ning prior to AFIT.

TABLE II

Graduate Quarter Hours of Instruction in AFIT Programs

Graduate Program

Operations Systems Strateg ic and
Academic Area Research Management Tactical Sciences

Mathematics 9 6 10

Accounting 3 6

Management 3 16

Ec onom ic s 12 6

OR Te ch n iques 15 6 16

Thesis 12 12 12

Wri t ing 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

anal ysts divide the top ic s of operations research is not well documented .

There are severa l studies available. First , the E. Turban Study ,

summarized in the first chapter of Hillier and Liebernian ’s text , con-

c lud ed tha t 73 percent of the frequency of use was in statistical

anal ysis , simula t ion , and linear programming (Ref 25:6). Second ,
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from “The Utili ty of Certain Curriculum Top ics to Opera t ions 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 S tate University did a survey

of quantitative techni ques used in production/operations management.

While this was not exactl y intended to evaluate all techni ques usuall y

considered operations research techniques , similar results were seen.

Since t h e  da ta 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 , li near programming , network analysi s, and

analysis of variance (Ref 22:671).

Computer Usage in Graduate Operations Research Programs

There are two reasons fo r the use of the computer in gradua te

operations research education . First , his torically the solut ion

methods have developed only as the computer ’ s abilit ies were enhanced .

If the timeline in Appendix B is examined , especially in the year s

af ter World War II , it is observed that the acceleration of computer

development wa s paralleled by the rap id expans ion of opera t ions res earch

techniques. This was especially true as both discip lines were ac tually

app lied to real world problems . This leads to the second reason. Most

curr ent problems solved wi th the techniques taught in operations re-

sear ch requ ire the computer ’s assistance. The computer has become a

valuable tool for the operations research analys t .
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Different operations research graduate programs in different

universities use the computer in vary ing amounts. Different college

catalogs provided an overview of this. For examp le , Stanford Univer-

sity described their operations research facility as having dedica ted

remote terminals with FORTRAN being the main language used . Interest-

ing thoug h , the Stanford University catalog imp lies that actual pro-

gramming is onl y done by doctoral students and that the master ’s

l e v e l  student is onl y 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 app lications such as linear pro—

gramming and inventory problems . The Georgia Institute of Technology V

catalog describes much the same usage of the computer.

At AFIT the curricula , facilities , and personnel were available to

be examined personall y . In an interview of faculty members , they we re

asked which computer resources are used in the academic courses.

Faculty members were also asked which computer resources they have

used in personal research projec ts. 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 expo sed personally to various computer resources during

academic curriculum of the Graduate Operations Research Program , GOR—78D .

This information is summarized in the following table.
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TABLE III

Use of AFIT Computer Resources

Area Compu t er  R e s o u r ce  Us ed  In

Academic Courses Faculty Research GOR/GSM Theses COR—78D
Computer (number of (number of (number of Curriculum
Resource courses) instructors)* th ses)** (x if used)

FORTRAN 1 4 10 X

SPSS 4 3 6 X

OMNI TAB 2 3 4 X

1)YNAMO 2 2 1) X

SIMSCR IPT 1 1 3 X

LPKODE 2 1 0 X

IMSL 1 1 0 X

BDM 1 0 0

CPSS 1 0 1

BASIC 1 1 0

Q-CERT 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 , excep t for LPKODE , HDM , and IMSL

which ar e precomp i l ed program s or subrout ine s which ar e 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 app lications. The latter two require a certain level

of FORTRAN p rogramming  p r o f i c i e n cy  to use s u c c e s s f u l l y .

AFIT bias many computer resources which could he considered as

supporting the operations research program . They range from hardware

such as Calcomp , t u e Zeta Plotter , INTERCOM terminals , and batch

facilities to additional software such as the packages just discussed .

Summary of Computer Al gorithms Available

When the question is asked , “What operations research computer—

supported al gorithms are available?” , then the correct answer is ,

“ilow large is your budget?” . In a real sense you can purchase any

specific ability that you want if you are willing to pay the cost.

The al gorithms which -ire common usuall y include linear programming

packages , regression anal ysis often with very powerful statistical tests

included , and stati st ical packages which do a variety of tests. These

a I ~y ’r  i thi s tend to be very general in approach and can be app lied to a

variety of problems. Tin- ri- -ire many areas of operations research where

t i n -  comp u t e r  al g o r i t h m s  which have been written only solve a very nar—

row class ol problems . Examp les of this are simulation programs where

each di f f-rent problem is often a new program . In App endix D is a

li st of aL’orit ’iims with their location in the literature which were

considered to possib ’y useful in operations research graduate

cducat ion .
f
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V
u 1  -v elopuicot of the  Mode l ’ s E n v i r o n m e n t

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

51k the pt-rspect ive in t u e  lar gi -r models which conceptuall y s u r r o u n d  i t .

Tiit- operat ions r e s e a r c h  anal yst ’ s relationshi p to operat ions ri-s i-a rch

and  computer scien ce is p ictu red by th’- first model.

The - - - \/ . ‘~~// Envir inent

/ Computer 
\
\ \/ The Science ’s

/ Anal yst ’ s Known 
-

\ Mnowled gc~& Abiliti es & 
-~

Skill / V R
V

Operations

- 
Research ; it ’s J

\Tools , Techni ques / V

- , \ - Ie t l i o d s , & Theori

Figure 2. The Environment Model

In this model the environment includes everything external to the

ana l yst , c o m p u t e r  s c i ence , and operation s research. The anal yst ’s 
9

circle includes all of the training , background , and skills and is
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u i ) n s t z l n t  l y expanding. T h i s  e x p a n s i o n  w i l l  c o n t i n u e  as long  as th i-

anal yst is alive since all o f  l i f i- ’s experiences result in gaining

inform ation about t lit- environment. The circl -  with computer science

i s  a l s o  e x p a n d i n g  as t h e  e x p er t s  in t h a t  f i l  i-d add to the known

stori- of knowled ge. This circle also includes developments in the

ark -a of hardware . The last circ ii- is for operations research and

it also is expanding as new tools, techni ques , and theories ark- developed.

Each of the circle s intersectswit li the other two circles. An

ex amp l i -  is  S I M S C R I P T  w h i c h  is  bo t h  a programming language and a tool

fo r  0 1 1k - r a t  i o n s  r e s e a r c h  in s i m u l a t i o n . Where  the  ana l y s t  i n te r s e c t s

with the o th e r  two circles visuall y describes the area of ope r at i on s

ri-search or computer science knowled ge that the anal yst has mastered .

The portion of this model in which we are most interested is the

s’n a d i - d  a r ea  wh ere t h e  anal yst , computer , and o p e r a t i o n s  r esea rch

i n t e r s e c t .  W h i l e  t h i s  has been drawn as a Venn l)iagram it must be

realized that each 1) 1 t h e  i n d i v i d u a l  b o u n d a r i e s  i s  d y n a m i c  and con-

s t a n t ly c h a n g i - s  as the anal yst , c o m p u t e r  science , and/or operations

r s e a r c h i  grow and develop.

Si nc i- op i-r at ens r ( - s e V - l r u l r  d e p e n d s  upon t he  comput i-r, the fo l  lowing

variations of t h u -  above model due to an anal yst ’ s training could be

undes i rab li .

V - ~~-r~~ - - - _ _ _ _ _ _  _ - — — - — - -



ri gu r 3. Variations 1,1 Environment Model

In f i~~ir -  A t he - ana l yst has nei thi er operations ri-search (OR) or

computer science (c.S.) avai lable to hu m. This is clearl y undesirable .

Ft ~
-
V u r s  3—B and 3—~ wity be more common and t i n y represent the

i-xt r,-mk s of approaching th e - computer and operat ions ri-search in analysts.

10
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t i  k r C i s  f l i er - p r o p e r l y t he  c o i n p u t i r  sp ec i a l i  a t  w h o  heco - - ;  i n

a n a l y s t  w i  t h i o u t  any  o p i - r a t  i o n s  r e s i - a r e l i  train i n g .  F i gu r - 1) i s  also

iii i a i r a b l e . I t  i s  nor d i f f i c u l t  to Spo t  s i n ; - - t h e -  — i n a l - a t  i s

con v i - r a - u i i t  w i t h  b o t h  c o m p u t e r  s c i & - r i ( i -  and o p e r a t i o n s  r i - s~-a r - h t .  Yet ,

w i t h o u t  t in - v n i p  o f  t b ~~- areas of Prlo W ii- d g - , any an a l y s i s  i s  g o i n g

t i  be done  u s i n g  - i t l u t - ir  c omp u t e r  s k i l l s  or o p t - r a t  uri s I e i V r u r c i i  ski! i s

b u t  n o t  b o t h  . T h e -  p r i e d  i n g  f i g u r i - s  - k r -  s t ro n g l y i l - i l  j~~_ V h  . hut t i n y

p o i n t  ou t  t h e  i m p o r t a n ce  of t ie - e h i t c a t  ion s y s t k-l!i in  p r o d u c i i -i ; -  t h i -

d - s i n - d  ab i  lit i l -s in t u e  ana l y s t .

Tb is  second  m o d e l  may  i i -  l p show th e r o l e  of g r a d u at i  or t r a i n i n g

in ti ll o v e r a l l  i - d u c a t i i n i . - i l  envi r o n i i - r i t  - I t  i s  a d a p t  i d  f r o m  J . J .

~lc D ona l  d ’ s a r t  i c le in t h e 1977 ~~~~~jiins Res i-arch i (~ua; erl , Vol_- 2~~,

V.~~iJj • ( R i - f  3 3 : b 1 7 ) .

A pp i i  (V at i on

~~~~~~~~~~~~~~~~~~~~~~ Are as

E x p e r i e n c e

L Education 
J4

F i g i t r i -  4 .  The P r i - s i - i i t  tli j c .j t i on a l  S t r u c t u r e

li e  d i  s~~u s s e - s  t h e  flows h i- f Wi - -n t l i i -  educat jonal parts of h i s  model.

l ie n ot e s  t i l l tie - bulk of cV llrreul t operations r e s e a r c h  i i h i i c a tion is

i urn - u t l y done at th iastgradu at i - and post—exp erienc e levi-Is.

11
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The l a s t  mode l  h e l ps d e f i n e  the  r o l l -  of compu te r  s up p o r t  fo r  opera-

t i o n s  r e s e a r c h ,  g r a d u a t e  e du c a t i o n .  Computer  s up p o r t  is Shown with the

o t h e r  f a c to r s  s u pp o r t i n g  g r a d u a t e  o p e r a t i o n s  r e s e a r c h.

-4
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The role that computer resources have in the graduate operations

ri-search education depends upon internal and external forces. In this

n iede l  each of the factors has the internal channe l of control , com-

m u n i c a t i o n , c o o r d i n a t i o n , 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 partiall y responsible for defining the role that

c o m p u t i - I  r i V s n u r c e s  w i l l  hava in the graduate operations research program.

The external forces act upon all of the factors of the graduate

e d u c a t i o n  e n v i r o n m e n t .  The quality of the students , especiall y wi th

regard to pri er computer experience , will have definite impact upon

I. e computer support for graduate operations research educations. Also

t h e feedback from graduates and their supervisors will hel p define the

role each of the factors in the graduate education environment , inc luding

c o m p u t e r  s u p p o r t .

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 interrelationshi ps

between entries in this model will not be exp lored deeply.

The outline is divided into two main sections; potential support and

actual support. Potential support includes all of the software , hardwar e,

pe rson nel , and pla ns 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

34
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support is descri ptive and not p r e s c r i p t i v e .  A c t u a l  support are t h e

items which are actuall y 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

r u n n i n g  programs and make many of the  common
jobs which use the computer easy to do. Examp les
include the Cyber Control Language , UPDATE , COPY
utilities , the EDITOR on INTERCOM , and others.

2 . High Leve l La nguages
—— these are the programs which allow the user to

wri te app lication programs in the languages
such as FORTRAN or BASIC.

3. App lications 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
— — these are handouts , gu ides , etc., which  exp lain

the operating system , hi gh level languages , and
app lication programs so that the user is able
to understand the programs needed to solve each
problem solved using the compute r .

B. Hardware — — 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 -

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

35
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b. Accuracy
—— this is a mea su re of how many sign i f i can t 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 Ca lcomp , the terminals of vary ing degrees of
sophistication , and the microfilm p lotters.

c. Remote Terminals
V —— these are the consoles which allow the user to have

t imesharing access to the  computer  w i t h  o ther  u se r s .

3. Mass Storage—— these include the d i f f e r e n t  devices which can be used
to s tore  large amounts of d a t a .  An examp le is magne t i c
tape .

a. Size—— this is a measure  of how much can be s tored  on
the different mass storage devices.

b. Speed—— t h i s  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 simp le it is for

the  user  to use the different mass storage devices
in an individual program app lication .

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 c o n v e n i e n t  t he  c o m p u t e r s

location is for the user.

b. Size—— t h i s  is a measure  of how much room the  compu te r  and
the  user are p rov ided .

c. Work and Study Space
— — t h i s  is a measure  of how much space i s  a v a i l a b l e

near or at the  computer  c en t e r  for  the  work and
study which will result from using the computer
in operations research.

C. P e r s o n n e l — — they  i n c l u d e  a l l  the  personne l a s s o c i a t e d  w i t h  AFIT
t h a t  are involved w i t h  the c o m p u t e r .  They do not
have to be assigned to AFIT.

1. Computer  E x p e r t s
—— they are  individuals wi th the spec i f ic knowledge

and training to u n d e r s t a n d  the d i f f e r e n t  computer
resources. They are primarily experts in the
operating systems , high level languages , and
hardware capabilities.

2. Operations Research App lications Experts—— they are i n d i v i d u a l s  w i t h  the s p e c i f i c  knowled ge
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 sing le computer resource
to an operations research problem .

3. Interface Experts
— — t hey  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
ab le  to communica t e  w i t h  both  the  compu te r  s p e c i a l i s t
and with the operations research specialist.

D. P l a n s  —— these include the results of p lanning for the
operations research graduate program , the management
of the computer resources , an~ the relationshi ps
between the computer resources and operations
res ear ch . These include pre sent opera t ing plans
and futu re plans.

1. Computer
—— these areas of p lanning include management , support ,

acqu isi tion, and removal of items in one of the
following categories.
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a. Software

b . Hardware

c. Personne l

d . Plans

2. Curriculum and Computer

—— these  are the p lans that detail how specific
computer resources will be used to support academic
o b j e c t i v e s .

a. Operating Systems
—— these p lans detail which operating system programs

the GOR student should be trained to use.

b. App lic ation Programs
—— these plans will detail which appli cat ion program s

the  GOR s t u d e n t  should be t ra ined  to use.  The GOR
should also be able to interpret the results of
that app lication program .

c. High Level Languages—— these p lans will detail which high level languages
the GOR student should learn . The plans will also
specif y at what point in t h e program the language
is to be learned and then app lied to operations
resaarch problems .

d. Documentation
— —  th ese p lans 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 .

e. Needed Abilities or Programs
—— these p lans will de tail how the needed computer

resources will be obtained . These plans should
also substantiate the need for the new resources.

f. Relationshi ps Between Academic Courses
— —  these p lans will detail how the computer re sourc es

learned and used in one course of the curriculum
will aid the learning objectives in another course
of the curriculum . These p lans will show how the
use of the computer resources in the graduate
operations research program is related to the 

V
- progress of the operations research curriculum

program during the 18 months.
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II. Actual Support
—— this is a descri ption of how the potential support

is actuall y 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 actuall y g iven faculty members

on the computer resources which support operations
research.

2. Use of Computer Suppor t—— 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

t r a i n i n g  in and use of computer  suppor t  by the
f a c u l t y  co r r e l a t e s  to the p lans d e f i n e d  in the
potential section. Comment: Having no plan and
doing no evaluation is a type of planning and
evaluation . V

B. S t u d e n t s  — —  t h e s e  a re  the  s t u d e n t s  a s s i g n e d  to t h e  G r a d u a t e
Operations Research Program at AFIT.

1. Training
—— this is the  training a c t u a l ly g iven COR s t u d e n t s

about the computer resources supporting operations 
V

research .

2. Use of Computer Support
— —  t h i s  is the  a c t u a l  use t h e  GOR s t ud e n t s  make  of

t h e  computer resources supporting operations
research . This includes both classroom assi gn-
ments and thesis research.

3. E v a l u a t i o n
— — this is the acti measurement of how well t i e

training in a- e of computer support by t u e
GOR students cot relates to the  p l a n s  d e f i n e d  in
the potential s€:tion . 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 p lanning
and evaluation .
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Evaluation of AFIT COR ’s Computer Support

This evaluation will be done using a checklist based directl y upon

the  model developed in the  p rev ious  s e c t i o n . Thi -  i n f o r m a t i o n  used to

measure AFIT GOR ’s computer support is very subjective . This informa-

tion comes from the faculty interviews and from personal experience

as th e onl y member of GOR—78D wi th an undergraduate degree in computer

science. During the preparation of this thesis the suggestions , com-

p laints , and comments of other students became another source of

subjective inform ation on present computer support. There is a copy

of this checklist in Appendix F.

Each item of the checklist is g iven one of three subjective ratings:

I. 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 .

4
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TABLE IV

Checklist for Evaluating Computer Support for
Graduate Operations Research Education

Item or Not Positive N eg at i v7~ Data Footnote
Section Rated Factor Factor Source Reference

I. Potential Support

A.  S o f t w a r e

1. Operating Students
Sys t ems  

— ___________ _________  
F a c u l t y

2 .  H i gh Level Students
Languages 

— __________  _________  
F a c u l t y

3 . App lications
Programs X F a c u l t y

4. Documenta Students 2tion X
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  - 

F a c u l t y

B . Hardwar e

1. Computer

a . Speed X Students 3

b. Accuracy X

c . Size o f
System X

2. Periph e r a l
Device s

a . Clas sic al
I n p u t / O u t-  X V 

V

put 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

b . Grap hi cal
Devices X

4

c. Remote
Terminals  X 

_ _ _ _ _ _ _ _
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TABLE I V  ( c oo t )

I t  I V I ~I or Ni t  Posit ive Negat iv -  Dat i Font noI-
S e c t  ion  R a t  1 1  F l i  t ) r  Fac to r  Sou r ce  R e t  - r I - f l u e -

3. Mass Stora~-~

a .  S i z e -  X 
_ _ _ _ _  _ _ _ _ _  _______

b. Speed X 
_ _ _ _ _  _ _ _ _ _ _

c. Accurac y X

d. Ease- of Students
I s O  X Fa c u l t y  4

4 . Ph y s i c~i l
I - a c  i li ty

a. Location X —________ S t u d e n t s  5

b .  S i ze- _____ X 
__________  _ _ _ _ _ _ _ _ _

c. Work and
Stud y X Students 6
Space  

_ _ _ _ _ _  ___________ _________

C. Personne l

1. Computer
Expert s______ X 

__________  
9

2. Operations
Research
App lications
Exp er ts______ X 

__________  _________  
9

3. interfac e-
Experts 

— 
X 

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
9

D. Plans

1. Computer

a .  S o f t w a r e  X 10

b. h ardware X 10

c. Personnel X 10

d. Plans X 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

10

42

- . . . - _ V — -  ._~~- — V V — — 
__5V.  - -#



-5--

TA B LE IV ( c en t

I t e m  or Not Positive- N e -~yitive Data Footnote-
S e c t i o n  Rat  c c l  Fac to r  J__F a c tor  Source R e f e r e nce

2. Li rricu lu rn
& Computer

i .  O p e r a t i n g
System X 1(1

b. App l i c a ti c i i~
P r l i L r a n s X 

— - - 

10

c - hi i LI Le ve l
Languag e-s _x  

- - 

10

d . I)oc ~ V n t a _ X 10
I 1 ) 1 1

e . N i - e d e ci
Abilities

Pro—

X 10

[. Rel ation—
sh i i  P S
B et w e e
Academic
Courses X 10

IL . Actu al Support

A. Faculty

1. rr~~ining X Persona l 7

2. Use- of Corn—
pu t e - r
Support X

3. Evaluation X

K . S t 1 1 - n t s

1. Train iei ~ X Students 8
Faculty

2. Use of Corn—
pci t or c ; i ~~

, i  i i — t X

3. i-~v .- m l u - i t ii X
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I - i t  c i t  i V ~~Vi f l  Ta b l e -  IV

1. F le e- ne i l b r  I i n - a r  p rug rans i c i up  a l g o r i t h m s  - i t  A F T T  W a s

-x i e ri - s se- d by se veral of t h e -  f a c u l t y  i c - - he r s .  I t  can

l ie  e xp a n d e d  t e e  c e - y e  r a l  d i  [ f e - r e - n t  ty p e s  of al gor  i t h i n s

u l e  -~ i r e - c l  -

V~~~ Linear progr amming al gorithms which support t i e  c l a s s —
ra in i c c - c t ruc  t i o n .

h .  L i  n e ar  p r o g r a m m i n g  a l por  i t h m s  wh i c h i  c an  h a n d l e -  v ery
1 : ir p e -  p r o b  l e - i c i s

Also the  facult -c ex i ir ecse ei a e l i-s i rc- cu r an i n t e p V r  p rogra in in i ng

a l go r i t h m  as  w e l l  as c u t l e r types of a i t - e c r i thins w h i c h  would

illustrate t i e  solution of some of th~ classic operations r u - s e - a r c h

t ype  of p r o b l e m s .

2. ~;I ) l ? e e  o f  t i c -  faculty desired m o r e -  e r  b e t t e r d o cu me n t a t i o n . From

t h e -  s t u d e n t  -~ p o i n t  of v i e w  i t  ~c. V es u s u a l l y a pro b lem of c c i  t h e c r

no t be i iip ab l e  t I e  f i n d  t h e -  doc iiim- nt at i c c  or not  h e - m i- a b l e -  to

mi sc i t .  V

3. Tb is was a common s t u d e n t  comment about  t h e e -  t u r n a r o u n d  t ii  f o r

a submitted card u l ’ - c k .  T h i c V  s u b j e c t  a l o n e  would  make  an i n t l - r e - s t in g

r e - s e a r c h  p r oj e c t  -

4. The difficulty of using mass stor age- was e x p r e s s e d b y b e i t h  f a c u l t y

and s t u d e n t s .  Aft e r further q u e s t  ioning it a p p e a r - u i  to he- more of

;m probl em in e - u l e i e : a t  ion .

5. Having the compute r terminals availabl e - in t l e e -  academic building

i s  v - r v  c o n v e n i e n t .
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Ic . S e ve r a l  S t u d e n t s  h~~v e x l i  u - - s  c0-d  a d e -  i r e -  f u r  m o r e -  work rind stud y

s l u a c  tea bic a v a i l a b l e  i n  k e y  p u n c h  ar i d  c omp u t e r I - r n i i n a l  a r e - a  -

7. In lig h t  o h  t h e e -  r - l ; i t i o n s b i i p  b e t w e e n  o j e e - r a t  i e e e i c ;  r e c V V - e r c h e  — u i - i  t i e-

c o m pu t  e - r  t h e - r e  sh o u l d  h e -  some kind of a t r a i n i n g  er g-rn far

sh owing t he n e - w  f a c u l t y  r u e - i u e h e - r  t h e -  p o t e n t i a l  c o i u e p i e t  e r  r u - - u i r  e s

w h i c h  s u p p o r t  ope r a t i o n s  r e - s e - r e r c i e  a t  AF I T .  T h e i s  c o u l d  1) 1- of  v a l u e

b o t h  in  t h e -  c l a s s r o om  and  i n  p e - r s e u n a l  r e c - a - ; c r c i e  -

~h . S t u d e - n t c ;  d c - s i r e d  more  t r a i n i n g  i n  t i c - f o l l o w i ng  areas;

a .  Cyber  Con t  rol  L a n g u a g e -  and re lated systems c o m man d s  - 
V

b . M a u c ;  sI  c r : g - - and  how to  u s e -  i t .

c . St r u i c t u r e - u l  pr o g r — e u i e i c e i i lg techni ques.

d .  How t o  p lan l a r g e -  l ; e t a  s t ruc t: uir e-s and h O W  t o  us e them .

I ) A l t h o u g h the re we- r e  s l u i c e  c o mm e n t s  about t i - u i -  n u - e - d  f o r  c : e r ta  in typ e-s

of  p c i - c u e i i i i i l , t h e - s e  b l o c k s  wu - ru- not r a t  i- il he- c aus e - t h e  m e a s u r e

of w h a t  i s  c o r r e c t  w a s  n o t  d e f i n a b l e -  A g r a d u a t e -  o p e r at i o n s

r e - c -a - - e r - i c  p r c e g r : e i c u  u s  i i g  any amount of com p u t e r r e s o u r c e -s ne-eds

all three types of pc -rsonne l , b u t  e x a c t l y what i s  t h e  r i g h t

e ueu it hen s not been d e f i n e d

lb . T h e e -se - blocks w e - r e  n o t  r a t e - i l  I c e - c a u s e -  no i n f o rn a t  i o n  wa s  p :e t h e r d

a b o u t  t h e  i s  i t i - r n  -

1
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h - r ~e ii u t h e  e v a l ua t i o n  of  AFI T ( 0 R  e 
5 c o m p u t e r  s up p o r t  u s i n g  the-

p r e v i o u s  c l c e c k l  i ;;t two i t u n i s  we- r e s e l - - c t e c d  fo r  f u r t h i e r  rese a r c h  -

Fi r s t , iii C hap l - r  V a g u i d e - w i l l  he-  d i s c u s s e d  w h i c h  may h e l p t h e

d o c u i u e - m n t a t  i o n  p r o b l e m  - S e c o n d , i n  C h ap t e r  VI t h e  n e ed  fo r  app l i c a t  ion

p r o g r - e i e s  t o  so lve -  l i n e a r  p r o g r a m m i n g  p rob l ems  i s  d i s c u s s e d .
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V . AFIT OPERATIONS RESEARCH CO MP U T E R SUI’PORT USE P ’ S G U I D E

I n t r o d u c t i o n

From the c-valuation of t i u c -  AFIT c o mp u t e r  suppor t  of o p e r a t i o n s

r e sea r c h  t h e n - was a pe rc - ived need fo r  more or d i f f e r e n t  d o c u m e n t a t i o n .

In this chcapter ,the ideal user ’s guide to operations rese carche computer

support will be defined first. Then the limitations which the AFIT

environment puts upon such a guide will be discussed . Finall y the

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

Ideal User ’s Guide

TI e e  ideal user ’s guide would contain comp lete documentation on

a l l  c o m p u ter  r e s o u r c e s  w h i c h  su p po r t the graduate operations research

p r o g r ;e u i .  A l l  t h e e  i n f o r m a t i o n  would be contained in a sing le volume

w h i c h  would  be of r c -adable  s i z e .  The volume mus t  c o n t a i n  the  detail

and t e c h n i c a l  p r e c i s e n e s s  nece s sa ry  in a r e f e r e n c e  manual  for  advanced

ope r a t i o n s  r- - --e- :e r chi app lications of the computer support. The user ’ s

gu i d e  mus t  a l so  be -asy to read and very  s t r a i gh t f o r w a r d  fo r  the  novice

user  who has limited c o m p u t c - r  e x p e r i e n c e  and h a s  a simp le  app l i ca t ion

n i - c - d i n g  a q u i c k  s o l u t i o n .

It becomes clear thiat the ideal user ’s guide may have several

ri ut uall y exclusive characte cristics. It may be possible with future

t - - c h n o l o g y  to ach ieve  such a document with electronic assistance.

However as long  as the  user ’ s guide  is  l i m i t e d  to the  p r i n t e d  page

t h e n  there ;  arc -  limitations to develop ing a user ’s guide.

Limitations to Develop ing the h l c ; e e r ’ s Guide

The limitations to the development of a user ’s guide are due to
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t h r e e- factors: t I c- data , the user , and the author .

The d a t a  l i m i t a t i o n  upon a u se r ’ s gu ide  is due to t h e -  l a rge

a m o u n t  of d o c u m e n t a t i o n  w h i c h  mus t  he anal yzed and incorporated into

a u s e r ’ s guide . In t he  AFIT eng ineering school computu-r 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

V 
which are classified as computer support for graduate operations

research. Also thee-re is additional documentation contained in the

library, in textbooks used in various courses , in department and course

h and o u t s , and in t h e  personal expertise of the computer support personnel.

It  would  be a large project just to catalog all of t h e  data sources

w i t h o u t  a t t e m p t i n g  to ana lyze the contents. Because of the volume of

information , the dup licate , conflicting , or missing information will be

h a r d  to h a n d l e .

The user l i m i t a t i o n  upon the user ’ s guide  is due to the large

differences between potential users. Different backgrounds and levels

of a b i l i t i e s  w i l l  mean t h a t  any s p e c i f i c  level of de tai l  or di~ ficultj

will be adequate only for a portion of t h e  possible users. The graduate

operations research student ~ho has never used a computer may need

different material from the experienced computer user. Also the

potential user is less likel y to read , stud y, or use a large document.

The author limitation upon the user ’s guide is due to the limited

resources of a sing le ind ividual or organization to both w r i t e  and

maintain the user ’s guide. The task of producing an extensive user ’s

guide i s  put  in p e r s p e c t i v e  when  i t  is realized that SPSS for examp le

is rcaintained 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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w h i c h  need to  be documented in an operations research computer support

guide. h owever the task of producing the initial version of a user ’ s

guide is just a beg inning since the larger job will be the maintaining

the document in a current and usable form .

The ‘ideal user ’s guide ’ possibl y is not feasible for even a large

organization with nearl y unlimited resources. It was recognized earl y

that any attempt at an extensive document during this thesis e ffort

was not possible . Several formats for organizing information were

conside-red . The first would have been close to the ideal document - -

It would have included comp lete user’s information with extended examp les

of the computer resources app lied to samp le problems . If each r esource

description and examp le would be limited to just ten pages then with

the first one hundred resources the user ’s guide is one thousand pages

in length. -
-

The next proposed format for the user ’s guide -cbnsidered using

the computer for the collection , update , and di sp lay of the required

information . Besides the difficulty of imp lementation , if the user ’ s

guide is only accessed by using the computer then possibl y the GOR

students who need the user ’s guide the most will use it the least.

The final format for the aser ’s guide is a version of an annotated

bib i iog ra phy. It will b described and discessed in the next section .

Description of User ’s Guide

The User ’s Guide is similar in format to an annotated bibliogr aphy

with the resources divided into five categories. The- fcllowing is a

brief de - cri ption of each category.
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I
1. System These items are large hardware and/or software

systems which either by concept or usage can be considered

a sing le resource. An examp le is the CYBER 74 INTERCOM system.

2. Operating System Resources These will be the programs which

are specific to the computer sys tem . An examp le is the Cyber

Control Language .

3. General Languages These are the different hi gh level lang uages

which are available that could be important to thi e COR student.

An examp le is FORTRAN IV .

4. Problem Solving Languages These are specific hi gh level

languages or programs which are desi gned to solve only a

narrow subset of problem types. An examp le is SPSS.

5 . App lication Programs These are programs which solve a specific

problem . They are not a language but usually a program or

procedu~ i~ where the data is input and the final answer is

output. An examp le i s th e IMSL package of subroutines.

Each of the five categories will become a section of the user ’s

guide. This will allow for quick and easy addition or deletion of

entries. The beg inning of the guid e wi l l  be an index fo r qu ick

reference to any entry. 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 descri ption of the benefit

that this resource could have for the GOR student. And finall y, the

third pa rt w i l l  be a b ib l iog rap hy for the location of the documentation

for this specific resource.

After the user ’s guide is comp lete , its distribution could include
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all of th ee CUR , GSM , and GST students at AFIT. Cop ies could also be

provided  to t h e -  f a c u l t y  and any  o t her  person doing operations recsearch

t ype  of work a t  AFIT .  Thee user ’ s guide would also need to be reviewed

regularl y for currency and re levancy. This could be- done by a survey

of outgoing graduates to discover exactl y 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 shopp ing list for computer

resources. This will aid the operations researcher in choosing t h e

‘best ’ resource.
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V I .  PROGRAMMING EFFORT

Needed Pro&ram

From the evaluation of t h e  AFIT computer resources in Chapter IV ,

there was a need identified for several specific programs . One of these

programs would be for a l i n e a r  p rogramming  p rogram w h i c h  is eas ie r  to

use than those available now . Also thee- related problem of solving

integer programming problems with our resources was suggested by th e

faculty intericiews . And finall y inter est was indicated in a series of

programs desi gned to augmen t  ti re classroom teaching of the  different

operations research techni ques . In the following sections each of these

subjects will be addressed.

Linear Programming Al gorithms

The first problem was how to make linear programming easier for

the COR student. The present computer resource used by the GOR student

for solving linear programming problems o— the computer is a program

called LPKODE . It 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 brough t 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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t oday  f o r  t h e e  5 .01cc -  re a son , e - sp e ;c i a l l y for acade-ni ic i l S e - C i  of I i  r i - - a r

programming in graduate opt-rations researc h course- assi g n m e n t s .  Lb ’KOI) E

has  b ee -n  c o n s i d e red d i f f i c u l t  to  use because of t h re e - p r o b l e m s . F i r s t

th e- i n p u t  decks s - c - r u m to he- d ifficult to se t u p  b e c a u s e -  of t h e  e l s e -  of

fixed format. Se cond , LPKODE does not  solve transport ation , i nt e g e r .

and mixed in tc-gc- r pr ob l ems as the present documentation imp l i e d . Th i r d ,

LPKODE would onl y solve one linear programming proble m at a time . T h i s

m a d e -  m u l t i p le problems difficult to solve s i n c e  t h e y  r e q u i r e d  m u l t i p le

runs of the LPKODE p rogram .

Thee first and second proble;ms were handled at t h e  same t i m e .

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 examp le. The handout makes it very clear that the o i l y type of

proble mur that LPKODE will solve is the linear programming problem.

It will not do int eger or mixed integer programming problems . It

was discovered that LPKODE has never been “ f i x ed” to do tho e types

o1 problems since it was brought to AFIT. The programming documenta-

tion for LPKODE does not -xist and , since the program itself is without

inte rnal documentation , possibl y the quickest way to obtain the abil ity

to do intege r and mixed integer problems is either to buy or write a

n e w  p r o g r am .

The third problem with LPKODE was easy to change . The necessary

CO TO statement and corrected exit from the program were adde d so now

the u e s e - r  j u s t  p u t s  the idditional data decks after th e- first one in

order to do multip le problems . Also , internal to the LPKODE source 4

code , documentation was added describing exactl y w h at  wa s cha nged and wh y.
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LPKODE Preprocessor

Because LUKODE has strict data forma t ing rul e s , a program which i

would aid t h e ~ ue s e - r in setting up a linear programm ing problem was

a t t - -r-e p t e-ul . A samp le- run of the program is in Appen dix G. The basic

concept was to allow the- use-r to describe the linear programming problem

using an interactive program which would build the correct data deck

fo r  t he  LP KO DE program .

The program is l imited to 25 or fi-wer constraints and 25 or f e w e r

va r i a b l e s .  I t  w o r k s  f o r  s e t t i n g  up l inear  programming  problems . blowever ,

many options of the programn were not imp l emented because of time con-

straints.

There s available on t l e e CREATE system a program called UFIELP

which assists the set  up and execution of linear programming problems .

It migh t be possible to have that program converted to run on the CY13ER

74.

The concept of a preprocessor to help set up and execute problems

w i l l  he d i s c u s s e d  a g a i n  in t h e  l a s t  s e c t i o n  of t h i s  c h a p t e r .

-S
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Intege r Prograirun ing

Since LPKODE does not do i n t eg e r  or mixed integer programming

problems it would be use ;ful to have- this capability. The CREATE

c y s t - n i  w h i c h  is accessible from the School of Systems and Log istics V

has ii program called INTLP which will solve small integer or mixed

inte~- i -r problems . It is limited to 14 or i- -w-:-r variables and 16 or fewer

constraints. The program is interactive with the user and requir e s

a good knowled ge of the different methods of solving integer programming

problems . This program is documented in Time Sharing App lications

L i b r a r y  Guide , Volume III — Industry by Honeywell Information Systems ,

Inc., (December 1972). Multi ple cop ies of this and other Honeywell

doc u m e n t a t i o n  are loca ted  in t h e  Schoo l  of Sy s t e m s  and Log is tics library.

I f  AFIT d c - s i r e - s  to leave int ege r  or mixed in teger  p rog ramming

al g o r i t h m s  a v a i l a b l e  on t h e  CYBER 74 sys t em , t h en a prog r am m u s t  be

p u r c h a s e d  or w r i t t e n .  C o n t r o l  Da ta  C o r p o r a t i o n  has available for

purchase APEX 111 which solves linear programn ing problems . It can

handle integer or mixed integer problems . It also can solve large

prob h e-r- e s (over 9000 variables). APEX III would require the user to

learn a s e t  of instructions for problem setup and solution .

Th e other choice is to have the integer/mixed intege r programming

program written at AFIT . There are several algorithms located in dif-

ferent text ho e~ks which mi ght simp l i f y the programming effort. The

different programs found during thee- literature se~a-ch for this th sis

are located in Appendix I). An integer/mixed integer algorithm contained

in the book by Claude McMillan was loaded into the CYBER 74 (Ref 34:474— 4

492). It worked for small problems . Since this al gorithm is a b r a n c h
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and bound t e c h n i que- it u s e - c l  l a r g e -  a m o u n t s  of c o mp u t e r  t i m e r  f o r  l a rg e r

p r o b l e m s  - l h o w e - v e r  a use f u l  al g o r i t h m  f o r  COR student~ needs would be

one t h a t  s u j l v c V d  i n t e g e r p r o g r a m m i n g  p rob l ems  w i t h  seve r a l  me t h o d s .

O t h e r  A pp l i c a t i o n  Programs

T h e r e  was some i n t e r e s t  in programs w h i c h  could a i d  the  t e a c h i n g

e e l  o~o rat ions r i - s e - a r c h  t e c h n i ques in the  academic  c lass room . A gai n ,  a

p o s s i b l e  s o u r c e-  f o r  t h e e -  al gorithms is the curre nt literatur e . Ninny

of t h e e -  progr amris found are- for very specific or comp lex app lications.

Some of t h e - - p r e u g r a n e s  or a l gorithms which were found are in  A p p e n d i x  0.

T h e - s c -  a r e -  t h e  on es wh i c h appea r ed to be mos t use f u l for  t h e e  (MR s t u d e n t .

S t a i d  C~~~~ J. Lar imui ei ‘ 5 M a rd i  1978 A F I T  t h e si s  p r e s -  n t  id tie c- develop—

mnent of t ! u e  i m l t - n - i c t i v e -  c o mp u t e r  program called TOTAL (Ref 29)- While

the i s  program i s  d c - s i gned  for thee electrical eng i n e e r i n g  g r a d u a t e -  s t u d e n t s .

t h e same type- of program could be developed for the COR students . Larimer

wrote t h e  program me which interfaced ten large programs w lc ich w e l l  alread y

being u~; u - el by tire e- l ectrical eng ineering students. Tire TOTAL program is

very s u c c e s s f u l  and from conversations wit h u t h e  electrical eng inee-ring

s t u d e n t s  i t  is  use d in  both course.- wo rk and in thesis work.

The e- GOR program could ci s c- a similar type of program . Howeve r , 
V

unlike t h e e -  e l e c t r i c a l  engineering program , the- operations research pro-

gram does rot h e a v e -  a curr - -e t lib rary e f p rograms  w h i c h  the  GOR s t u d e n t s

u s e -  on a re g u l a r  b a s i s .  A f t  - i  such  a l i b r a r y  of p r o g r am s  is el i - vt-loped

- end  t h e  c u r r i c u l u m  course  work m a k e s  r e g u l a r  u se- of them , t h e e - i -  an inter— V -

a c t i v e  p r o g r am ru  s i m i l a r  t e e  TOTAL c o u l d  he ve ry  c i s c  h o  1
4
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V I I  . ALGOI~ I T h h M  h :  hJ - . ( : ’J [ON ~i i - .TbhODO LO C Y

n i  i - - h ue  I ion

P r - c h i l e - c e - e r u l e u c i  at  i o n  i s  cons i t h - r e - d  a key i s s u e -  i n  most t e x t  h u o t

and - u t  id e -s eli - a l  m e g  w i t h ,  t h e e -  op e rra t i u e o s  r e - s u - a r c h e  p r o c e s s .  A l  b er t

E i n r e - 1 c - i i r  i s  r e - p e u r t e - e l  I ce have- s~~ e t e - c l  that th e e- p r o p e r  f o r n i m i l a t i o n  of  a

w a s  n e n c o r e  e - e s e - u t j a l  t h a n  i t s  s o l e i t i u m  (ge f 4 l ~~~5 )  In t h e e -

I - - ~~r boo k , Pr i ncjjule -e oh (22~_r Le t io n S  R e s e a r c h  f o r  Managemen t  , t he- authors

S t  :e I e-

The m e , s t  c r i t  i ca l  c o n c e p t  in  u r o h i e m n i  f o r m u l : e t ion i s  t h e
p r o c - s c  e f  e x p l i c i t l y  arid u n a m b i g u o u s l y s t a t i n g  t h e
e s s e n t i a l s  of a p r o b l e m :  re l e v a n t  v:e r- i - i h l e ~ an d  p a r  V C I u

t e r s , c o n s t r a i n t s  or  r e - c t r i n : L i o n s , a nd s t e r r o g - c r e  r i —
e - - n a or  o b j e c t  i v e -  f u n c t  i o ns  - The exp l ic it stat e- e u e - f l t

of t h e e  p r o b l e m  r e p r e s e n t  -n our  “ b l u e p r i n t ” whi i ch guides
u c s  as we 

e~ b u i  i ld ’’  our  p r o b h - n u u  s o l u t  ion  - W i t h o n e t  I ui -
b l u e - p r i n t  , I b e e -  c h a n c e s  of ach  i - - v  i rig a m a t c h  h e - I  w e - -n

p r o b l e m  s olu t  i o n  and  b a s i c  c r i t e r i a  - e r - - s ha r p l y r e - u h e - c e - d .
( Re- f 7 : 8 )

‘- - i  l u - l i eS  t h e e -  e r ue: -s s  oh  p r o b l e m  f o r m u l a t  i o n  c o u l d  he h r ok en  down i n t o

thee- following ste eps as illustrate-el b y t i l e  f l o w c h a r t  i n  F r ; - e e r e -  6 .  As the-

flowc- h ;c rt is e - x : e n n u i  n e c - u ] , two infinite loops are- obse rved - First the

.eme-e l yst may bc overwice lmed in  j a t a  and he u n a b l e  to r e c o g m ’ i z e  t h a t

t l c e - r - - i s  a p r o b l e m .  Second , a l t e r a p r o b l e - i n u  i s  obse rved , t h e e -  amial yst

may m i n t  be abl e - t o h i e r n u u u u l n t e  t h u  pr u l- le m so tbc ;e t it can cc solvc-d . In

o t l e  r words , t h e -  - proh h e - i c e  as observed cannot lee  f e e r i c i  - Ia ted as one- of t h ’

- r - e h l e m  type-s w h i c h  t h i s  ami a lys I i s  a t -  I i -  to solve.
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L~~~~~~~IT
\r e - e e h ’ m l  i ~ e - d ?

u e ~ or 
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~~1t  - - r u e ; e t c -  / Is  t h c i -
way s r i  N 0 /

V~~ s t r u c t u r e -  e.,f ’\
formulate- ~~~~ 

- -  - - 
l i c e  p r o h l e - m

t h i e  p roh i i - e e c .  \ re-Cogmli ze ui ?

F i n - u e r e -  (e . E l o - , c l c - e r t  o f  t h e e -  P r o b l e m  - u r u c e e l at  ion  S t ep  i n  t h e e -  Op er a t  i o n s
R e - - c e -  - i r c i m  P r e r c p s s

In t i e l s  c h a p t e r  t h e -  se cond p e t - - n t  i a l  i n f i n i t e  loop w i l l  be

e - x an m  m~~- uJ m o r e -  c l o s e -  l y - F i r - c t , a sec t ~on on t i r e  ha c- k gr ou n d  and

l i u p e i r t  ance  of p r o b l e m  f o r m n u l a t  i o n .  Tie i s  t i l l  he- f o l  !uu w e-d by s e c t  ion s

on some of t i r e -  corn -nt r ue -I hiocis  of  re c o g n i z i n g  t h e e -  c o r r e c t  p r o h h e - c u e

t y p e - . Then t i e e - r e  w i l l  l e e -  a re -e l ion  whe r e -  s e u m e c e -  m u - h eeds n i t  t e m p t  e d

d u r i ng  th i s t b c e - s  i n-i w i l l  he documeni i - el W i t h e  problem s whe i rh m pre ve nted

i e ve l e 1 e u ue i u t  of a me-- I cod tic  s e c l v , -  t h i s  j e r i e h l cm . l ist t h e - u - - w i l l  be - a
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r b u e u r t  i i  i s c e e s s i e e n  c f  i pot - n t  i r e l u - c t h e - e e l  t c  : i p p r o : e c i e  t b u i c  1 , r e i h i - - u i  using

c l u e  i m c l i  V r act i v i-  C oenrp u I i  - r ~er  u g  r n eu ue  -

Bac - 
~

- I cue uud

T h e  t a s k  of r e - c e r g n j z i u ~~- a s o l v a b l e -  p r o b l e m s  in  t i r e -  l e t  a m c c v  i d - - I

to t h u - -  ;ena lyst i e ; i c h e - i - c e  ar oum i c l  for  y e - a r c  - I n  c b e : e 1 u t  e -r  t i e r e c -  t i e e  h r i s —

o n e - n d  n i - l a t  i o n s h m  i i )  h - I  w e e  o [e r a t e O a S  r e - n e c - hi an d  t i e -  c o m p u t e r  was

p r i V e t c - I .  I i  t h e  t i n u r e -  1 i c r - i n  A p p e u n d i x  B i s  c - x n e n - u i m r e n d , p o s s i b l y i t

c i u u i l d I i -  c e r n r c  lie l i d t h e a t  [ e e u i h l - c rc re  we re  o n l y s o l ve d wbe en an i n d i v i d u a l

e c o u l d  b o h r  r e c o g n i z e -  t h u n e t I h i r e r  wa s  n e p r o b l e m  amid c o r r e c t l y I i i i u c i e e  l a  e

i t .  C l e a n -n ; B .. e h , b a g e  w i t h - i  h i s  nenal ysis e f  t i e -  B r i t  i s l e  e u e s t  o f f i c e -

p r i e  e u u -~ p o l i c y  i s  i good e x a m u r p h e -  - r f  t i c i s .  T i r e -  p or t o f f i c e  h ail h e - i - m i

los i n g  m n r o n i e - 7  s ic  the pro blemrr w a s  o h v i - u u e s  , y e- i t  was Babbage- ‘ s a h i  I i t  y

to f eu r--e uc lat i - i t  t u r d i - n i . - e i u l e d  a v i a b l e -  s o l u t i o m u  to  he- p r e n n t  i - i . The

s e e l u t  i on  of p r i c i n e g  t h e e  d c - l i v e r y  of m a i l  b y i t s  S i z e -  and  we i g h - I  and  n ot

b y t h e e -  d c - h  i v e - r y  d i s t a n c e  W a - ;  im n p l e m n i e e n t e r d  w i  t I n  p r e f i t r c i u l e -  r e - S u e !  t s  ( R e f

I )

A l so t i n e -  e e r l y w o r k  e el the- Wor l d Wa r I I op e r a t i o n s  rc V e r i h e  t e c ~~~u S

c o m e t a i n s  marry  i l l c m s t r ; e t i ons of t b .  - s t u d y oh dat - c f o r  a 1 u r o h l e - — u w h i c h

was t h c e - r r  f eur u ii - c h a t  i - u i  and solve d - T h i s  - c i i i  I i  t y  i s  , t  i l l  u c e e e  d b y t h r e e

p r i c e - c i t  d :e ’ ,- n j e e - r ; e t  ions rm-s - -;ir c h e analyst. T. B e r n a r d  Ta t i -  i n  h i - ;  1 e 7 7

a r t  i - l i -  r e - h a t e d  t i e - it b e e -  u r is  f o u n d  o p i - r n e t i o n s  re- s e- - cri b ; t u de-n e ts l e a v i n g

e l i  f f i i  i i l t y  ccl r u c - L u e n i c e g  pr oble-rirs i n t o  a r c o g m i i z a h l e -  l e ) r m n r u l a t  i o n  which

c u e e l d h e -  so lv e d  ( R i - f  4 6 : 7 7 2 ) .  I n  t h e e -  I n e s t  i b u n d i e t - r  o f  i - n e - e l i - r i c k  S.

h i l l i e r  and (~m-r ;c h eh ~i .  L i c h e n - i  n ’ s hook , ~p~~ _ . e t i u i n s  Re search , tIre-

i m p o r t e m m u - - of  m r o b l e - m n u  f - u r n  c i i i  — i t  m c mi i n ;  s I  r e - s c e - c i  - [ c i  I n i - t  k e y  u n c u t  i v — c t  i on
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l e e  ce err ect prob lem forn i u c e i r e t i o n  is contaier i -e i in t h i s  se u u t e u u C u ~~. ‘‘ I t  i s

e l i ]  f e c u i t  t o  e - x t r : e c t  t h e i r  ‘ n t - u t ’ r e m l sw e - r  fr—on, t h e e -  ‘ n J n i u uu ~ - ’ pr e e h i m n e ! u  (R e - f

~~~: 7  I~~)

T h i s  p r o b l e m  t h a t  a n r e l v s t s  l a c e  n-Iri s h i g h l i g h t - - r i  a t  a P a n e - I  Se s s i o n

of t h e e  J e i n e t  N r e t i o m , a L  M e - e l i n g  of t i n -  I n s t i t u t e -  of M r e n n r g - - n c u e - n t  S c i e n c e - r n

and t h - -  O j c e - r e t  i o n s  Re se r e r c i e  S e i - i - - t y  of A m e r i c a , N i i v e - n u l e u - r  17_ l I , 19 75 .

Dav id Ka ss  i c ~~-, P r - -s  i d e - n t  cc ] tIc - Cc-mite r fo r  N a v a l  A n a l ys i s , s t a t e d  in  a n

abs r nec  t of h i s  r i c e r  r k -n t h u e  - fe  1 l o w i n g :

To h e -  e f f e c t  i v e  as re pract i e i f l p  man ag e -n e c- m i t s c i eritis t ,
t h e e -  ana l y s t  m u n u s t  work  on t h e  p r o b l e n i  t i e r -  h c o l i c y — m a k e r
f a c e - s  . Th i s means t h e a  t h e -  - n u n - n t f i r s t  i d e - n t  i f y t h e e
p r o h h  i - i c c  and  t i r e - n  sd - u I t h e e -  t e c h n i q u e -  to  u s e ,  t In—
f o r t u n a t e l y , t h u  e -  - - n n u p i e r e  s i  S Ofl  t e c h n i q u e -  in  t o d a y ’ s OR
ceirr  i c u e l a  o f t e n  I c - a d s  t i r e  new p ract i t  inne r to d e f i n e -

he- p r o b  l e Sin in I - cci r— of the t ed en ( t u n e  - s hu e h a s  been
t a i e g b u t  M u r e -  o f t e n  t h a n  n ot , none app l y d i r e - c t  l y .
I t w o u l d  h e -  he  1 p f u l  , the-re-fin n - , if st udents we-re-
assi gned a varie r ty of u n s t r u c t u r e d  p r o b l ems an d l e f t
to t i c e i r  own dev i ce s  in anal yzing thr em .” (Ref 40:112)

At t h a t  same P a ne l  Sess ion  th e -r i - were n tbe e -rs who expressed the same

c o n c e r n  a b o u t  t h e e -  a b i l i t y  to  f o r m u l a t e  c o r r e c t l y t h e e -  p r o b l e m  g i v e n .

In In t e r f a c e s  on February 1978 , R o b e r t  J .  G r a h a m  of La S a l l e

Ced lege a g a i n  e x p r e sses  t h e  ne- e d  f o r  goe-l p r o b l e m u c  f o r m u l a t i o n .  h owever ,

h~ su g ge st s the n e t t h e e -  root of t ie u r proh lemn n is the lack of meth ods for

pro hl e r uu i dentification (Re- f 21:82). So t i eis he -ads to  t h e qu estion ,

w h a t  work  has  bee-n  dom ie  on ri ~ - d e v e lo pme e m i t of urue -thods of problem

i d e n t i f i c a t i o n ?  Th i s  w i l l  be- the- subject of tie - - next section .

Publis h ed Methods of P r o h r l e n m  I d e n t i f i c a t i o n

Af te r a search of t i n e -  l i t e r a t u r e , t i e - m c -t h od s  of p rob lem i d en t  i f  i —
-3

c nr t ion can  be d e si g n a t e r d  as e i t h e r  d e - s c n e  p t  i v i -  i c r  l c r e - c c r  ip t i v e  in

6(1
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pl c ilosop he y . TIre- iorm nm at of e - n e c i e n n c e - t h o d  ‘ s pr - s e - n t a t  i o n  is usua l l y i n  one

of ti’e f o l l o w i n g  t y p e - s .

1. Lists or c a t a l o g u es  of information

2 .  T r e e -  s t r u c t u r e - s  of the  i n f o r m a t i o n  or of t h e  ul ision process

~~ • F l o w c h a r t s  u s u a l l y of t i r e  d e c i s i o n  p rocess

‘e .  T a b l e s  of inforuination or d e c i s i o n  choices

A b r i e f  d i s c u s s i o n  of each of L e e -  above formats will follow. Du ring

- a c l i  d i s c u s s i on  s c e n I c -  of tir e a c t u a l  o c c u r r e n c e s  in the  l i t e r a t u re  of

t h e s e  f o r m n a t  s w i l l  be re - f e - r e n c e d .

L i s t s  and Ca ta logues .  T h i s  is the  most common m e t h o d  of p r e s i - n t i n g

t i r e  d i f f e r e n t  m e t h o d s  of problem solution. The lists on c a t a l o g u e s  va r y

in s i z e  f rom j u s t  a p a r t  of a page to  e n t i r e;  boo k s devoted to lists of

n : n - -thods. In Dr. Bill y E. Gillett ’s text , Introduction to  Operations

k- - se - arch ; , three pages in the introduction is used for a typ ical version

of t i re  s h o r t  l i s t .  He; divides eperations research problems into these

eight major categories.

1. Sequencing

2 .  A l l o c a t i o n

3. Routing

4. Rep lacement

5. I n v e n t o r y

6. Queu ing

7. Comn rp et i t  ivi-

8. Search  ( R e f  19 : 3 )

T h e e - m i  Dr - G i l  l e t  t p r o v i d e s  a 9ho r t  d c - s c r i pt  ion of each cat - g e r r y  - In t I n s
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t e x t , as w i t l r  m o s t  r ut l e e r t e x t h o o k s  u s i n ; - , t h e  I i  n - n t or c a t a l o g u e -  f o n n : c a t

t h  e re - s t  of  t h e  book is d e v o t e d to d e t a i l s  ‘n c - r i d e of t l n i - s e -  s u b j e c t s  -

I n  tie e - book , P r i n c i p les of Op e ra t  i o n s  R c s , r n e r c h i  f o r  Management ,

( 1 9 7 7)  o p e r a t i o n s  r e s e a r c h u  m o d e l s  ar e  p r i - s e - n t e d  i n  arc o r g a n i z a t i o n

c a l l e d  icy l i c e -  a ut bi e n r s “Taxonomy of OR Mode l s . The- following outline

is adapted directl y from t I r e  f i gure-  in  t h r a t  t e x t b o o k .

OPERATIONS RESEARC H MODELS

I. Deterministic

A. Nonlinear Optimization

1. Classical Methods

2 .  Search  M e t h o d s

3. Nonlinear Programming

B. Linear Optimization

1. L inea r  Programming

2 .  T ranspo r t a t i o n

3. Assi gnment

4. Integer Programming

5. 0—1 Programming

6. N e t w o r k s

7.  Goal Programming

I I .  H y b r i d

1. Dynamic Programming

2 .  I n v e n t o r y

3. Simulation

4 .  P E R T— C P M  
-e

5. Heuristics
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I I I .  S t c e c l e n i s l i c

1. Stocheas tic Programnning

2. Queuing

3. S t o c h a s t i c  Processes

4.  D e c i s i o n  Theory

5. Game Th eory (Re f 7 :18)

The aut h ors t h e n  g ive a b r i e - f  verba l desc r i p t i o n  of the interrelation—

s h i p s among t h e  d i f f e r e n t  mode l  types.

Thee most extensive catalog of operations research methods found

dui ing the literature search, is Operations Research Handhook by I{orst A.

Eise ;lt and hlelmut 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 re-search al gorithms covering the same categories as are

found in the usual textbooks. Two items make this catalog of special

interest. First erech al gorit irnr is presented in the following format

as exp lained in t h e  book ’s preface.

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

b) Pr inci ple : Br i e f l y the general concept is presented.

c) Descri ption : In this section each step of the
al gorithm or method is exp lained
in a standard format.

d)  Examp le: For each paragraph [Note: paragraph
is the authors’ word for al gorithimj
an examp le is comp letel y solved .
( R ef 13 :5)

The examp les make - - this list of methods most valuable. The~ are

simp le enough to go throug h with pencil and paper y~ t they i l lustra te

63 

~V__ ~~~~
__

~~ ~~~~~~~~~~~~~~ - - — - V  _V___ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V ~~~~~~~~ —-



——-V - .

c l e a r l y t h e e -  m e t h od u n d e r  d i s c u s s i o n . The second i t e m  w h i c h  mrrake r s  t h i s

refe re nce book valuable; is L h 1 e .~ extensive bibliogr c~phy. It inc ludes

c- - i  r - r c - e r c e - s  w hc i cii brave no t  been  t r a n s l a t e d  i n t o  Eng l i s h .

A l l  of  t h e - l i s t s o r  c a t a l o g s  win ch were- found in the l i t e r a t u r e

s e - a r c h  w e - r e - d e - s c r  i p t i v e -  in  n a t u r e .  This may be due to  t h e e  n a t u r e  of

a list ur catalog s i n c e -  tire-re- i s  no rma l l y no p r o v i s i o n  fo r  c l e o i c e - s  or

selections bas ed upon some criteria.

Tree - Struct u res. Th is format of presenting information is usually

used in  a d e s c r i p t i v e -  f a s h i o n  in the literature to show the- relationshi ps

b e t w e -e- n  t i n e  d i f f e r e n t  opera t  ions r e sea rch  methods  or al g o r i t h m s .  The

very sinep le ones are- similar to the lists; just the format of presenta-

tion has bee-n cb ange-d . An exam p le of this is the classification of

n - u e e dc - l s  given by Dr.  Jay W. Forrester at the beg inning of Chapter four of

I n d u s t r i a l  l )y n a m i c s  ( R e f  1 3 2 : 4 9 ) .  The most detailed descri ptive tree

found was in Thomas L. Saaty ’s article , “Operations Research: Some

C o n t r i b u t i o n s  to M a t h e m a t i c s ” . Th is  t ree  is up to eleven levels deep

w i t l u  one to f i v e  b ranc lres  a t  each l e v e l .  Tin s t ree  s t r u c t u r e  is devoted

to methods of optimization and is itself an excellent taxonomy of

classical optimization .

Tre e structures , like lists , provide f e w  examp les of prescrip t ive

t r e e s .  A p o s s i b l e  reason for this is that the- tree structure can grow

very large - with lust a few levels ~nd choices at each level. This is

reflected in the literature as tire prescri ptive trees are on a very

specific topic. An examp le of a binary type Ire-c- 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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uper netions re-se-arch material ; however it shows clearl y that ti-n levels

of a binar y tree——even wine -n not a full tree——will fill an en t i r e -  page

with the presentation (Ref 30:426).

The most detailed prescri ptive tree that dealt with an operations

re-search related top ic was the booklet , A Guide for Selecting Statistical

Techni qties for Anal yzing Social Science l)ata. While t h i s  b o o k l e t was

oriente - h to anal ytical tools available with a specific connputer statistics

package , the booklet has a good bibliograph y and the decision tre e- is

very readable (Ref 4).

Flowcharts. Throughout the literature there are many small flowcharts

ill ustrating different decision processes. However there are f e w  t h a t

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 f l o w c h a r t  and a s s o c i a t e d  d i s c u s s i o n  cons i s t  of twelve very

useful pages (Ref 41:121). This flowchart uses t h e  standard symbols for

programmer ’s flowcharts. Because decisions are m Ic e -re -nt to f l o w c lr a r t s ,

it was no surprise that all those found in the literature were pre—

sc r i ptive in nature .

Tables. Information becomes very compact when presented in a

table. In sp ite o th is seeming advantage , tine-re are few examp les of

tables used in t l n c r  l i t e r a t u r e  to aid in the choice of a corr ect al gorithm

to solve an operations research probl ee n . The best examp le found is

in the opening pages of W. J. Conover ’s hook , Practical Nonparametric
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S t a t i s t i c s,  1971. T h i s  t a b l e  deals with choosing the app inpriate-

nonparamnetric ti-st g iven the  t y p e o f samp l e -  o b t a i n e d and t h e  t y p e  of

hypotinesis to be tested (Ref 9:xii). The r e s t  of t h e e  t e x t b o o k  is

devoted to detailed exp lanations of each of t he  i t e m s  r e f e r e n c e d

i n t in s t a b l e - .

Thesis Attempted Al gorithm Selection Methodology

After a survey of the literature , it becomes very clear that ti-re

number of different methods which have been used to solve operations

re -se-arch 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 dup licates on the list as different

authors make different divisions as to the  types  of problems . Also , 
V

no definition as to the meaning of each method w i l l  be given s ince

authors some t imes differ in defining the problem types. This list may

not be e x h a u s t i v e , and i t  is p o s s i b l e  to have mi s sed  some key t e c h n i que

or p rob lem type  used in  ope r a t i o n s  r e s e a r c h . Tire f o l l o w i n g  t a b l e  has

63 e n t r i e s .

(-

-V.-— -— -V~~~~~ - — —V. 

, 

- V.— —V - - —



-V - V .-~~~ 
~~~~~ 

- .  -V
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Types  of ()pe-rat ions I<e search P r u h l e m s

A l l o c a t i o n  M a t c h i n g  P r o b  I c a nes

A ssen r b  l y Li tie Ba l a n e  in g  M i x e d !  m t  e - g e - r  Preu gramnm i ng

Ass i ‘ e rni e - m i t  N e t w o rks

Bayesian De cision Mode -I n  N online ar Opt imiza tion

B i n  M M e t i c o d  N o n l i n e a r  P r o g r a m m i n g

B i n a r y  L i n e - n c r  P r o g r a m m i n g  P a r a m e t r i c  L i n e a r  P r o g r a m m i n g

B r a n c b c  an d  Bound M e t h o d  PER T

Budget P r o b l e m s  P l a n t  L o c a t i o n  M o d e - I s

C l a s s i c a l  Op t i n n i z a t i e u n  P o r t f o l i o  M o de l s

C o m p e t i t i v e -  M o d e l  Q u a d r a t i c  P r o g r a m u n e i n g .

Convex i r  e u g r  n e u n u n n e  i ng  Qu e u i n g

CPM Random Numbers

Cuttin g Plane Method Regression Anal ysis

D e c i s i o n  T h e o r y / A n a l y s i s R e l i a b i l i t y

Dete r m i n i s t i c  M o d e l s  Rep l a c e - m e - n t  M o d e l s

D i s c r e t e -  P r o g r a m n m n i n g  R o u t i e r g

D v r nanu ic l’ r og ra rnu m i n g  S c l e e d u l  i ng

Fixed Ch:irge- Problems Search (for information or decision)

(‘ounce Theory Se-arch Me-thuods (noni imrear )

(;i -eeme - t ric Programming Sen s i t i v i t y  Anal ysi s

Goal  P r o g r a m m i n g  Ser pa r a b l e -  Pr o gram un nu i m rg

Graph  Th eory S e - q e e e - nc ing

i l i - u j r i s t i c s  S e t  C o v e r i n g  -

h y b r i d  (d cV teru c cin i s t ic and Simu lation
stochuast ie n )

ln p l i c i t  E n u m e r a t i o n  S t o ch a s t i c  P r o c ess e s

inte-ger Programming Stochastic Programming

Inventory Transportat ion

K n ap s a c k  P r o b l e m s  T r a n s s h i p m e n t

LaGrange Multi p liers Traveling S- lesman

Linear Optiun n izat ion U t i l i t y  Models/Th eory

Linear Programming Zero—One Programming

~-i.crkov Chains -

(R e f I ,7,12 ,l3 , I),34 ,37 ,47 )
- 
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Si nce- a prescri ptive method to classif y t h e -  d i f f e r e n t  type of

p r o h l e - m n s  is t h e  d e s i r e - r i  goal , a table of characteristics of opera-

tions researcir p r o h i  ems was gener at ed . T h e e - s e -  c l e a r a c t u - r i s t i c s  wi-re

s e l e c t e d  f r o m  t h o s e  used in t h e e -  l i t e ra t u r e .

TABLE VI

C h a r a c t e r i s t i c s  of Opera t i ons  Research  Problems

Absorbin -’ States Nominal Data

A c c e s s i b l e  S t a t e s  N o n l i n e a r  Process

Additivity Objective Function

A p e r i o d i c  S t a t e s  L iiear

C o m p e t i t i o n  Non l inea r

C~i n f l i c t  M u l t i p le

Con;traints One to One Assi gnment

Linear Optimal Route

Nonlinear Ordinal Data

M u l t i p le P o l i c y  Dec i s ions

C o n t r o l l a b l e  V a r i a b l e s  P r o per t i o n al i ty

Deterministic Process Random Process

D i v i s i b i l i t y  Random Var i ab l e s  as P a r a m e t e r s

D u a l i t y  Recur s ive  R e l a t i o n s h i ps

E f f e c t i ven e s s  to her Optimized Risk

Equ ality Constraints “Rules of Thumb”

Expected Cost Sequence or Order Important

Finite Resources Slages of System

Flow Information States of System

Geome try Stochastic Process

Inequality (onstraints Stock Levels

Infinite States Time—Cost Tradeoffs

I n t e g e r R e s t r i c t  ion P n c e - r t a i n t y  
-

Interval Data i 1 u e n  r ent rollable Variables

Iterative Solution Waiting Lines

Linear h e r, cc ess

68
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Th u s t a b l e  i n ;  i n c l u d e d t o  sh ow t h e e -  o v e rla p p ing  an d g e n e r a l  i z e -d

n a t c i r e -  c) f problems made possible- by t l n e e s c ~ c l r a r a c t e - r i s t  i c s .  A l s o  t ee-

- i n n e r - e r  t c r  i s t  ics - neumnee t i n c u s a re  so s p e c i f i c  fo r  a c e r t a i n  t y p e -  of

ope r:i t ions  re se - e r e - l e  pi 01) 1cm t h at if the use r u n d e r s t a n d s  t h e e -  c h a r n e - t  i r —

i s t  ic , t h e n  the- user  a l s o  p r o b a b l y kee ows i f  t h r a t  is t i r e  t e c h r n i q u n - to

use - C eu r eve r s e - l y i t  ca n n o t  he assumed t h a t  t i e  c h a r a c t  e r i s t  i r s  for

u n f a e n e i l i a r  problem ty p e s  w o u ld  be u n d e r s t o o d  b y th e u s e - r .

Determining tine - f o rma t fo r  d i s p lay i n g  t h e  information so t h a t

t ire u se - r  cou ld  clroose the  bes t  al g o r i t h m  for  a s p e c i f i c  p rob l em

be c ame t i re  nex t  d i f f i c u m l t y .  In s e c a r c h i n g  t he  l i t e r a t u r e  f o r  p o s s i b l e -

f o r m n a t s  to  d i s p lay  t h e  i n f o rr - r a t i o n , t Ire 1967 te x t  b y Ca r l  E.  Gregory

was an e x c e l l e n t  S e c u r e d -  - In a chapter on organizing data the following

table- was found .

TABLE VII

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

A b s t r a c t s  Flow c h a r t s
A l g o r i t h m s  Grap hs
Analog ies Guides
R i s o c i a t i o n s  l landh ooks  -

B l u e p r i n t s  I l l u s t r a t i o n s
Books I n t e r f a c e d  i n d e p e n d e n t  v a r i a b l e - s  V

Catalogue-s Interpolat ions
Cinart s Linear program s
C l a s s i f i c a t i o n s :  L i s t i n g s

Manikins
Attrib utes: M a n u a l s

E u c e r g y  Maps
P b n y s i c a l  Ma thema t i ca l  mo de l s
Ph y s i o l o g i c a l  M a t r i -  s t r u c t u r e s :
Psycholog ical . -B i s e c t i o n sS o c i o l o g i c a l Fr e e z i n g

Cultural Fusions
Economic Juxtaposi~~i ons
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I - t u n i c - Mate ix V- e l p e - h r ; e

Functiona l Overla ys
G e- e g r a p h e  I c  S y m e  t l e e s is
h hi n - n t e c m - c c a l  ‘l’ri e- e e- cti o n s
l e v e l s

- - M i l e - s t  Q f l e - 5Di ) j e c t  l y e - s  - 
. -- M i n i a t u r e sP l e a s e  - s

- . M ock—ups
P01 i t  i c - e l

M e e - i e l~~R o e n k  i m i gs
- - M o r p h o l o g i c a l  f o r r n e a t sSpat e .el m e l a t l o n s  . .  .

- - M ue 1 t id  lm ( -n s  t o n a l  sca l  u n 1~‘1 lucre ; h e  nre s . -M u l t i f a c t o r e a l  c o r r e l a t i o n
Couce p i l a t  ions Nomograp hs
C u c n n e l e - u r s a t  ions Outline- n;
Conjunctions e f  d i f f e - r e - n c e - s  P a r a d ig m s
l)esc r i pt ions P a t t e r n s
D iagraun s  P i c o tog r ap b ns
Di g i t a l  r i n i n e l oguc e s  P i c t o g r a p hs
Drawings Pictce r e - s
h) y n a m i c  p r ap ln s  Q— s o r t s
En i-c r g e  - n e c -  - n t s  R e - p o r t s
Facs i mn i i  Ic - -s R e s e n a r c h e  munodel  s
F i l e - s  : S c i c e d c c l e - s

Sc Ire rn at aA l pieabe t V -
V S e - n e e : e n t . n c d i f f e - r e u t :  i a l s

Be nary rruunhe-r sy s t  - nre s , -

- ~eque -mr t e nil p r o p  m d c ;
C h ron o l o g y  . . 

V

- - - Simulations
Clipping - -

~c i u c - c n f e e ’ a t i o n s
C o l o r  -

~e t a t e m n e n t s
Key punch  . .

hy l l a bi  s ys te-u n c er
Ma gnc e ’ ( ic

Ta b l e - s
Me-n ;e ury h a n k  --

- Trial teal n ec ce e -;
N o t c h i n g  - . . .
Mm m c ,  c u r  Varied 7 x 7 t - - c h u n i q u c -  app l i c a t i o n s

S i z - -
S u b je c t
Tapes

When the Ir e rge- numb V r Of e e l i - rat ons r e - s e - n i  r e - h e  mee t h r e n d s  : e u c u t  c ha r ac  t u - n ~ —

i s t  i cs  i s  c o n s i d e - r ’ - e I , an  inmnr ned i - i t e prc~~~l e - nr u l e e e e u m u n e - s  e v i d c rn t - An y  n e e t h u o d

a!  d i s p l a y  w h i c h  wc ,u ld  be u s a b l e -  f o r  t h e e -  GOB st  e e e l e - u c t  c o u l d  be a very

l am p - document. Tine- foru ..-et w i- ichn is c - n i s i e s t  f o r  t h e  n o v i c e -  to  use

t h e e -  flowchart - Tie i s  i s  b e c a u s e  t h e  d c-c isions ar- fac--d one at a time

and  the- l i n r — e l s q u i r e -  e i f  t h e e -  f h e j w e ’ h e n r r t  is I - - n e e ded answer. ~ar a flow—

ci  rt to be useful the ch i t a i 1 n u e - c - d g  t o  be s imi  I r em h e r  t h i  en i i u u u l a t  ion

71)
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l nec c -~ - c n n -  - - c c  - I c - c  t i - tn I 1 e w c  he - c - l_ i n S I u a u ~m e  u i ‘ s h e r  e e c ! ’  . [ I t i r e  - n u j c . n b c i  - r - c

e d h e e r ne t 1011 cc r e -s c -nc r hc p u rl  l e u n e  t y 1 . e s  ( O c .e l e ]  he r e - e i t i c - - nh I~ee 2’ - end  the-

nunnrbe -r e e l  e i e e ,-~~c t  - m i s t  i c ’s l i m i t - el t e l  21 , t h e - nc s c i c h u  i f l r e w e  I c - - e r t woul d

w c c u l d  c t  i l h  h i -  ve ry  lam p - . I f  t h e e -  ec r ulc-m e ,I t h e e -  c l e ; e rae - tr - j l e n t  ec u i s nm , t

Uc e je-r e t a i n t , t h e e - n  t i n e  n u u r r h c - r  c f  d e c i s i o n  p o i n t s  i n  t h e e -  f l o w c l c a m t  i n - n  2

and i f  l e e r  e c m r i e r o h  t e e  r I c ; e m a e t e - e i s t i c s  is imp ort r e n d  , t i e - - n  t i r e -  u i e l e d - u

l i m e  i t ocr th e e -  ui u i u ne he-r o n  dc -c i s  i o n  points is 2 1 f ad  - i .  i. I r e - u  d r e e e

mur ent i s g e e  m e g  t e e  be t o e ,  l : e r p e -  f ej r practicV ’ei u s e - .

Thee- c t  h e i r proh Ic- u n w h n e e l n  n c - ike- s nor -b solnt e - S c - I  e e l  r c e h e - s  for che oos ierg

— en a ppropri ate- n e l gur i t b i r n u  d i f f i c u l t  i s  t i e r -  ene ni tr y v a r i a t  i o n s  t e e  e - : e e i r  o f

i c e -  p r e v i o u s l y g i v e - m e  p r o h i e - - t yp e-s. Ir or c - x n e u r e j u i  e -  in l i n e - a r  programnmn iing

it i s  p e u s r i h l e -  t c ,  n e p p r o x e n - e t e -  n o n l i n e a r  o b j e c t  i v e -  or r e d d e s t  raint fumac tion s .

M a c r y  e e l  t i c e  r e t  l e e r n e n e t h e o d s  - e l  h o w  n-n p -c i a l  un o d i  f i c . - e t  i o n s  to  e ach r  o f  t i n e - n e c

h e n e ( i c e -  s e c l y j o p  c c l  spe c i a l  c l a s s e s on  p r o b lem s .

F i n n e l l y i t h e - c u n e -s e c h v i e e c e — ;  t h a t  f o r  a n y  se - i c - c t  icun n e e t h e o d  t o  he-

u i s c - f u l ,  Im io r e- t i e : e n e  j u s t  t i m e ’  nam e- of t I n e -  s o lu t  i o n  I e - r - i n n n  i q u m e -  or p r o b l e m

t ype-  i n ;  r u e - u - d e - d .  Thu r h o c c j u n e - i e t  c o n t - e i n i i i g  t h e e -  s e - h e - c t  ion n n e t h e c d n ;  c I t  l e e r

ne eds e ;x t e n s  i v  e l  e e a t  i o n  of c - n i c h e  m - t h e o d  or a v e ry  i e e u m e uc p , i e  h i  h l  i e gr a p h iy

eel i n f r e m n i r V e t  joi n on i - n i c h e  o f  t i e r -  p r o b l e m  t y l d c - e n  n e u n i t i e - - i  m s o l u t  i - e n d  - S i n c e

t h e e  n u m b e r  c e f  mci ’ - t h o d  s i s  so l a r g e -  and n i c e r  r u n t  e e l  i n  fe erma t ion n e - c - e l ,  - c i  i s

g r e - a t  , a p o s s i b l e -  m u e c - t h i o d  of  j u n - e l  - - n c r - n e t  i m u g  r e n d  - e l g o r it  l oin s e l e c t i o n  un n c t lrod

o l e u g y  w c c c j l d  be t e e  m i s c -  t i r e -  couneput - - r i me neil  i n t e r a c t  ivdn  rumod e -  t e e  a i d  i m i  t i r e

d e cision process. Thei s w i l l  h e -  d i s r e e s n ; c -d i n  t h e e -  next s e - c t i o r r .

A i t  c u r l  t e - d  A l g or i  t h m  Sc  l e e r t i on M e t  h od .!2_!_~~p

T ic ’  c e s ’ -  of t h e  c r c p u t . - r  t o  r i s e n  1st in  t h e e -  u i c a u c n e p e - i e u e - m n t  1 i n f o r n e - e t  ion
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i s not  a n e w  c - r e c u r - l e t ; h d r d w e V e ’ n  t i n - -  fe, l ) w i u c g  p o s s i b l e -  m e t  e - n r e r - t i v c -  - e u : c p u t  e r

p r e e r r ; e n c  w o u l d  i r e -  m r c ; w .  Iw o  r e t  l i c e c x c  r e t  i f l i 4  m e ) ’u a ufl s p m c e e n e p t  c - c l  t i n e  t o n —

s l d r - i  c t  i r e n e  e l  c e c i l  e r e e n e t e V u l  e l i - c c  - cm u c’ i e ’ e r t i r e n .  rice- I i  r~~t ~e r o g m a m n n  i ;  TOTAL.

TOTAl. wr e s  t h e e -  i e C t - n  a c t i v e -  c : r e n r c p u t u - r  r u r r p m r e u ; r  ri e r c e -  as - c t i c - - s i s e ’f f e ) r t  b y

L n i r i  at A F I T  i m r  h . eTh . T h i s  p r c .e g r n r n  i s  I c e - n e v i  l y c u e d  b y t i n e -  e l c V e - t r u u r e l

e u c g i n . V c V r i i e ;c d l e ! e e n t u e u e  e m  f o r  thee I e e m r : e e c l n e t  ion and s o i r e t  m e n ’  r n  ruuuru r- .cdis

p r - h e l e n s ,  H e w - y r l i c e -  u s e r u r c r n n L  a l m e- n ec l y k u lo w  w i r a t  t h e - p r o b l e m  t j je e - is

t e e  h e -  n e b l e -  t e u s e -  TOTAL.  T h e e  ; , e - - o u e d  j e ro g r a u n  i n  a n  i m r t r - r n , - i v e -  gamer

c a l l e - e , AN I MAL ( h-t e l  I D ) .  T h n i s  ~- s n u -  w e - i ?  m e - u i  r e t  f t e r t u c e e e e e i l r  C r c ]  I c - p r -  al l r V ~~~ e V r i

e i t h c V c  t h e  i V  r r e c j e e n u  - u  t e e  gu e ss t hr ee , n n n j u ’ c n e h t H e r u t  t i n e ’  p l n i y e - r  was  ( h n i n k i r c p  of

e m  i
V
or  t i r e  p i n - a r  t c c guess t i e r ’  a n i u d d a l  t h u a l  t h e e -  c o m i u p u l  - - u  i c n i d s e l e c t e d  -

Ti ee  I e r r r ; - r a u n e  n -j n es m i d  t e e  I rn  n e w  a n i m u e n e i s  min d tire- c~ , m c r a d r L e r i n-c l icr w l c i c l e

d i s i  i n g u i h e  t h i e mu u  I rc , , .  t h e e  p r e v i o u s l y known air i rec r e l~ - 
V

W i t h  h e r t i ’  u I  t t n e e e ; c -  p r ogr i u r e s  a nd  w i t h  t h u r  r e t  r o t  m e l  s i z e -  of t i n e -  d a L a

L e s t -  i n  mum i mi e l , t i n e  e l  r u c t c n m c  i n  - i ~ - u i n e ’ 7 i n -  p r o p o s e - d .
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The proposed program could be usefu l for both students and researchers.

If the data base was k e p t  up to  d a t e  on t h e  c u rr e n t  l i t e r a t u r e  in the

f i e l d  of o p e r a t i o n s  r e sea rch  r e l a t i n g  to each of the  problem types ,

then  t h i s  a lone could be v e r y  u s e f u l .

Th i s  a u t o m a t e d  al g o r i t h m  is in two d i s t i n c t  p a r t s  as shown by t h e

flow diagram . In the first part onl y the  s e l e c t i o n  of the  a p p r o p r i a t e

problem type , when given the  c h a r a c t e r i s t i c s  of a c u r r e n t  p rob lem , is

bei ng imp lemented. The abilit y to update the data base is needed as

the field of opera t ions  research  w i l l  continue to grow . The information

stored in the data base could ~e modified to i nc lude  information on w h a t

problem types can currentl y be solved with the available computer re-

sources. This data base may be a problem since the bibliograp hy could

be ve ry large. However , for an imp l e m e n t a t i o n  of t h i s  program to assist

graduate operations research educat ion , the  onl y r e f e r e n c e s  necessary

are those actuall y available at the school.

Both  p a r t s  of the  a u t o m a t e d  al gor i thm are needed fo r  ~ t to  be u s e f u l ;

since , if all the program can do is guess at the  problem type then  the

use r  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 arc meaning ful. This could be very useful in a

graduate operations research program to train students in recognizing

problem types when given a descri ption of a situation . Since the computer

is used for t h e  d i r t y  work of getting actual numerical answers , there

may be more t ime available to expand the types of problems attempted 4

during a course.
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P o t e n t i a l  Problems.  There are at leas t  t h r ee  problems i r i  t l : r

actual development of this program . First the physical size of t i c e ’

da t a base may be a problem . Whi le  the  problem types  and c h a r a c t e r i s t i c s

will not require much storage space , the  b i b l i o g r a ph y may r e q u i r e  a

great deal of storage space if a comp le te  b ib l i og raph y i s  maintained .

Second , actually describing the different problem types so that they

can be individ ual l y 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 c h a r a c t e r i s t i c s  which d e s c r i b e  each of the different

problem types  mi ght  be very u s e f u l .  The p rob lem of d e s c r i b i ng  t h e

d i s t i n c t  set of c h a r a c t e r i s t i c s  which  d e l i n e a t e  a sp e c i f i c  problem type

is comp l i c a t e d  b y t h e  use of a v a r i e t y  of d i f f e r e n t  and s i m i l a r  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

app lication programs for the  operation s r e s e a r c h  type of problems which

are in current and active use at AFIT. This  was d i scussed  in Chap te r

V I .
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V I I I .  SUMMARY , CONCLUSIONS . AND RECOM MENDATIONS

Surnunary

There  were  t h r e e  m aj o r  e f f o r t s  in t h i s  t h e s i s .  These r e s u l t s  were

the  development  of a historical relationshi p between ope ra tions  r e s e a r c h

and the computer , the development  of a model  d e s c r i b i n g  the compute r

suppor t  for  g radua te  ope ra t ions  research  e d u c a t i o n , and the deve lopment

of a proposed method  of s e l e c t i n g  t h e  “bes t ” al g o r i t hm.

The historical relationship between operations research and the

computer was developed using a search of the literature. The historical

information was collected and comp iled into a time line and bibliography

which is in Appendix B. The time line was analyzed to determine the

r e l a t i o n s h ip between these  f i e l d s .  Since developments  in e i ther  f i e l d

have enhanced the a b i l i t i e s  of the other field , this relationshi p may be

characterized as synerg istic.

The model of computer support for graduate operations research educa-

t i o n  used  a l i t e r a t u r e  search  to c o l l e c t  c u r r e n t  i n f o r m a t i o n  on e d u c a t i o n a l

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 . Finall y, the Air

Force Institute of Technology ’s Graduate Operations Research Program

was evaluated using the checklist.

The method of se lec t ing  the “best ” al gor i thm began w i t h  a l i t e r a t u r e

survey of c u r r e n t  deve lopments  in the  f i e l d .  A f t e r  examining the dif—

ficulties of a manual method , a proposal for an automated method for

al gorithm selection was developed.
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Al so , during the thesis effort there were several other items

a t t emp ted . The guide to using LPKODE . A linear programming program ,

was w r i t t e n  and is in Appendix  E .  The User ’ s Gu i d e  to AFIT GOR ’ s

Comput er  Suppor t  was w r i t t e n  and is in Appendix  C . Fi na l l y during the

literature search , algorithms which could app ly to operations research

were comp il ed, and a copy of thi s is in App end ix  D .

Conclusions

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

1. There is a historical relationshi p between operations research

and the c o m p u t e r .  And an understanding of this relationshi p

wil l  help the operations research analyst in approaching

con t e m p o r a r y  problems .

2 .  The model  of computer  suppor t  for  g radua te  ope ra t ions  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 comp lex

and may require the use of a computer to handle the data

V and search for the “best ” al gorithm .

Recommendat ions

Most of these recommendations could be potential thesis top ics.

Some of these recommendations were planned as a part of this research ,

but most derived from areas of this thesis which needed more research .

Unfortunatel y time is not an unlimited resource; so , hopef u ll y someone

else  mig h t  f ind  these  recommendat ions  u s e f u l .

1. Conduct and analyze a survey of operations research analys ts
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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 comput r -r support.

A related survey to this would be to attempt to determin e what tine

anal y s t s ’ supervisors wanted the  analysts working for them tee be able

to do. The results from t hese  surveys could have a strong impact upon

the c u r r i c u l u m  of g r a d u a t e  operations research  programs in man~- schools

inc lud ing  AFIT .

2 .  Conduct  a search  of the  l i t e r a t u r e  for  p o t e n t i a l  case s t u d i e s

which could be used in the graduate operations research program . Since

there are several texts of industrial case studies , this would be more

u s e f u l if l i m i t e d  to the  military uses of operations research . From the

records  of World War II the re  may be severa l  very valuable case studies.

P o t e n t i a l  problems here  could  inc lude  c l a s s i f i e d  d a t a  and mi s s ing  data

due to the  dea ths  of key i n d i v i d u a l s ,

3. Conduct  a search of the  l i t e r a t u r e  case s tud ies  in the  e th i c s

of analysis. This could be narrowed to a historical stud y of how the

m i l i t a r y  ope ra t ions  resea rch  anal y s t ’ s work is used by the different

facets of the military and civilian community.

4. Imp lement the program discussed in Chapter VII. This could be

done at different levels of sophistication depending upon the desired

end r e s u l t .  This would r equ i r e  a large amount of app lication software

to be written to solve the different problem types.

5. Conduct a cost effectiveness stud y on the feasibility of the

Aeronautical Systems Division purchasing APEX III fo r 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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in teger  and m i x e d/ i n t e ger  p rogramming  problems . It is able to solve

large linear programming problems of approximatel y 9,000 variables.

6. Develop a series  of programmable  c a l c u l a t o r  programs to

support the  graduate  operations research program at AFIT .

7. Develop a measurement device based upon t h e  model in Chap te r

IV of computer  suppor t  for  g radua te  operat ions  research educa t ion . It

could include both surveys , interviews , and quantitative measures. This

could be app lied to several griduate operations research programs in an

at tempt to v e r i f y the  mode l .

8. Develop a measurement device based upon the Graduate Operations

Research Education model of Chapter IV , Fi gure 5. Probably to get enough

data all of the graduate education program would have to be used as a

samp le.  This research could quantify the internal relationshi ps in the

gradua te  e d u c a t i o n  env i ronments  and perhaps be related to the various

organizational climate studies.

9 . Deve lop a l ib rary of app lications programs which solve many

operations research techniques. This could be done as course work

or as a se r ies  of d i f f e r e n t  theses depending upon the  d i f f i c u l t y  of the

techniques implemented.
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For t h i s  i n t e r v i e w  a ve ry  broad  d e f in i t i o n  ~f o per a t i o n s  r e s e a r c . n
w i l l  be used . Op e r a t i o n s  r e s e a r c h  i n c l u de s  1or t h i s  i n t e r v i e w  at  l eas t
t i n  f o l 1 o w i n ~- :  economics , e c o n o m e t r i c s , st a t i s t i c s , s i m u l a t i o r , and
classical mathematical approaches.

1. What Operations Rese a r c h  c u r r i c u l u m  courses  have you taug h t ?

2. Wha’ AFIT c o m p u t e r  r e s o u r c e s  did  these  courses  r e q u i r e  the
g r a d u a t e  opera t ions  research  s t u d e n t  to use?

3. What computer resources if available would enhance the learning
in t h e se c o u r s e s ?  (a l g o r i t h m s , p rograms , s u b r o u t i n e s , t y p e s
of p rob lems  which  could  be solved by the  compu te r)

4. What AFIT computer resources have you used fo r  persona l  r e s e a r c h
he re  at  AFIT?

5. Do you have any al g o r i t h m s  or programs which  the  op e r a t ir n s
research cur:iculum could use if generall y available?

6. When you cons ide r  the  c u r r e n t i - -  a v a i l a b l e  AFIT computer
resources  which  suppor t  op e r a t i o n s  research , which  rou t ines ,
programs , software , h a r d w a r e , e t c . ,  do you cons ide r  the most
valuable? Please list your first through f i f t h  cho ice .

1.

2 .

3.

4.

5.

7 . I f  onl y t h r e e  a d d i t i o n a l  al gor i thms  could be added to the
AFIT computer resources supporting operations research , then
what t i nre e would you choose in order of preference?

1.

2.

3-
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D F PART ~ ENT OF THE AIR FORCE

Air Force I n s t i t u t e  of Technology  ( A U )
Wri gh t — P a t t e r s o n  A ir For ce Base , Ohio  45433

REPLY TO
A f T N  OF: ENA/Capt Robert M .  Schitnacher/GOR—78D (Box 4285)

SUBJECT : I n t e r v i e w  Q u e s t i o n s

TO -

1. The purpose  of t t e i s  l e t t e r  is to t r a n s m i t  the  q u e s t i o n s
fo r  the  scheduled  i n t e r v ie w . The r e s u l t s  of the i nt e r v i e w
wi l l  be used to comp le te  t h e s i s  r eq u i r e m e n t s  of the  G r a d u a t e
Op e r a t i o n s  R e s e a r c h  Program .

2 . The i n t e r v i e w  q u e s t i on s  are a t t a c h - -d so t ha t  you can
prev iew there b e f o r e  the  i n te r v i e w . The i n t e r v i e w  r e s u l t s
w i l l  be s u m m a r i z e d  and onl y on q u e s t i o n s  nu ’-~ber f i ve  would
you be p e r s o n a l ly i d en t i f i ed . Thank you fo r  your  a s s i s t a n c e .

ROBERT M. SCI-WNACHER
C a p t a i n , USAF
GOR-78D
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V

APPENDIX B

OPERATIONS RESEARCH AND COMPUTER TTM ET INE AND BT~~LIO GRAPHY

The t i m el i ne  is f o l l o w e d  by t h e  b i b l i o g r a ph y .  The- e n t r i e s  in

V 
the t i m e l i n e  w -r o  s e l e c t e d  because  they  we ’- e - f e l t  to have -i key ro le

in the  deve lopment  of b o t h  f i e l d s .  Each t im< l i e .  ~n r y  as one or

more r e f e r e n c e  n u L i h e r s  wh ich  are indexed to t h e  b i b l i o g r a p h y so t ha t

the reader  cou ld examine the  sou :ces used fo r  t h i s  t i m e l i n e . A few

of the t i m e l i n e  e n t r i e s  r e f e r e n c e  a zero bibliograp hy entry. This

e n t r y  does not e x i s t  in the  b i b l i o g r a p hy s ince  t h e y  are  r f e r e n c e s

to The B ib l e .  The se  few t i~ e1 ine ~n t r ies c o n t a i n  the exact  referenc-

at the end o f the s p e c i f i c  e n t r y .

The t~ oel ine and the  b ib l iog rap hy were genera ted  us ing L i e  CYBER

7 e  c - - i p n - t e r  s y s t em w i t h  some simp le FORTRAN programs . Since  the re  is

no a b i li ty  to u n d e r l i n e , the  c o n ven t i o n  adopted was to put two s lashes

at the  s t a r t  o f u n d e r l i n i n g  and then tw~ more s l ashes  at the  end of

unde r l in ing .

Examp le:

The B ible  would  be in the  b i b l i o g r a ph y as I/THE BIBLE/I-
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APPENDIX C

GOR COMPUTER SUPPORT USER ’ S GUIDE

Introduct ion

This is not an exhaustive list of computer support. There are

many resources which could be included. The contents were chosen by

an operations research graduate student whose bachelor ’s degree and

Air Force specialty is computer science. The purpose is to concisel y

identif y the most useful AFIT computer resources.

When onl y the title of a reference is given in the documentation ,

then it is on file in the  computer room on top of the card file

cabinets.

Contents

System

INTERCOM

CREATE

Operating System Resources

CCL

UPDAT E

Genera l  Lang uages

FORTRAN IV

SIMSCRIPT 11.5

Probl em Solv ing  Lang uage s

OMNI TAB I I

SPSS

App lica t ions

IMSL
119
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Operating System Resources

ç,yber Control Language (CCL). This may be the most important

resource. The CCL is very powerful and allows conditional tests ,

unconditional transfers , and co nt rol procedures. For the casual user

of the INTERCOM system CCL is very valuable. With the use of a control

procedure , i t is possible to execute a long string of NOS/BE 1 commands

with a sing le statement. During a thesis , the CCL could save a great

deal of user t ime in those cases where the same sequence of commands

or similar commands are made repeatedly.

Documentation:
NOS/BE 1 Referenc e Manual, pages 5— I to 5—36.

UPDATE. The UPDATE program provides a method to maintain source

program decks. UPDATE would be very useful in any large programm ing

effort. It could be invaluable for a thesis program which has many

areas of coding or declarations common to several routines or programs .

The available options allow the user to manipu la te source code wi th

cha nges , inserts , deletions , cop ies , and purges. The manual is well

written and has several good examples.

Documentation :
UPDATE Refe re nce Manual

ASD Computer Center CDC NOS /BE User ’s Guide

General Languages

FORTRAN IV. The version of FORTRAN IV availabl e at AFIT is very

powerful and has many extensions on the CYBER 74 which can he very

useful. For the GOR student , if you are planning to use the computer

for your thesis or think you m ight , then try to take the Digital

120
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System

INTERCOM. The INTERCOM system provides t ime sharing access to the

Control Data CYBER 74 and CDC 6600 using the terminals located through-

out AFIT. The user may use INTERCOM to either submit and control batch

programs or to use the terminal in an interactive fashion. To use

INTERCOM e f f ect ivel y, you need to understand a source language like

FORTRAN or know how to use an app lication program . It is also important

to be familiar with the NOS/BE 1 operations system and its commands.

Documentation :
INTERCOM Ref erence Man ual

NOS/BE 1 User s Gu id e

NOS/BE Reference Manual

ASD Computer Center CDC NOS/BE User ’s Guide

CREATE. The CREATE system is the computer used at the School of

Systems and Logistics. It can be used in a t ime sharing mode similar

to INTERCOM . The library of available programs is very la rge and well

documented . FORTRAN and BASIC are the two main source languages used

on the CREATE system . Before you write any program to solve an opera-

tions research probl em , espec ia l l y for the thesis , check to see if it

is al r ead y availabl e on the CREATE system.

Documentation :
A Review of Computer Progr ams Relevan t to the
Air Force Institute of Technology, School of
Systems and LoEistics . SLTR 8—74. This document
is available in multip le cop ies in the School of
Sys tems and Log istics Library . It is excellent
and contains detailed information on CREATE .

I.
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Computer Programming I , MA 5.65. This course will equi p you to handle

the large data mani pulation problems often found in operations research

problems. Otherwise , use the FORTRAN IV documentation carefull y s ince

t h e r e  a r o  o f t l ’n  easy  and h ard  ways to do the  same t h i n g .

DOCUMENTAT ION :
FORTRAN Ext ended Version 4 Reference Manual,
This is the key document with all the information
and a copy is in the computer room . I suggest that
i f  you plan to do any thesis programming that you
purchase your own personal copy from the bookstore
so you can mark it up with personal notes.

Other Books. Just look up FORTRAN IV in the library
for lots of programming and language information .

SIMSCRIPT 11.5. This programming language is suited to general

programming , system progranuning, and discrete—event simulation modeling .

The imp lementation of SIMSCRIPT 11.5 on the CYBER 74 is ve ry  e f f i c i e n t

in execution . The language has the “structured if” and dynamic data

management. This means that you can w r i t e  very clear and easy to

understand code. The data structures in this language allow the user

many options not provided in FORTRAN . If you are interested in simula-

tion as :51 possible thesis then take the SIMSCRIPT 11.5 simulation course

earl y.

Documentation :
SI MSCR I PT 11.5 R e f e r e n c e  Handbook ,  C S A . C . I . ,  1976 .

SIMSCRIPT 11.5 User ’s Manual: Control Data Computer
System, C.A .C.I ., 1976.

SIMSCRIPT 11.5 Program ing Language, by K ivia t ,
Vi llanueva , and Markowitz.

Probl em Solv ing  La nguages

OMN ITAB I I .  W h i l e  OMN ITAB II i s  not  a t rue  computer language , i t

122
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appears that way to the user. This language is very usefu l for doing

matrix mani putation with data that has been stored in a data structure

best described as a column oriented worksheet. There are built in

command s to do regression , statistical anal ysis , and many other

specialized scientific functions . OMNITAB II can be very useful and

fast if you have to do matrix operations to a set of data. It is much

quicker than writing a FORTRAN program . See the second reference for

details on how to use disk data files for inpu t and output.

Documentation :
OMNITAB II U ser ’s Reference Manual. This is the key
document and it is well written . The School of Systems
and Log istics ’ library has cop ies. It also can be
purchased from the Superintendent of Documents , U.S.
Government Printing O f f i ce . NBS Technica l  No te 552 .

OMNITAB II Programm ing Mad e Easy fo r Systems Analysts,
SLTR 9—73. This document is also available in the
School of Systems and Logistics ’ lib rary . It is
oriented around using the CREATE system . However
the CYBER 74 OMNITAB II is the same once you start
the program.

SPSS. If you have data which needs to be analyzed using statistical

techni ques, th en SPSS is probabl y the best choice. This is a very exten-

siv e set of tools for the analyst in a sing le program package . SPSS wa s

de s i gned to be able to do multivariate ana lysis techni ques.

Documentation :
Statistical Package for the Social Sciences , by Nie ,
Hull , Jenkins , Ste inbrenner , and Bent.

An In troduc t ion to: App lied Mul t iva r ia te Da ta Anal ys is
Course Notes, by McNich ols. If your thesis uses survey
da ta , then take this course , SM 6.85 .

App lication Programs

IMSL . This is a package of subroutines which do a variety of
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mathematical applications. For the GOR student , when you are forced

to write your own FORTRAN prograiio because you could not find it alread y

written , then the IMSL must be the next p lac o- to look. IMSL may provide

subroutines which can do much of the work in an app lications program .

The most attractive thing about IMSL is that it is constantl y being

improved and maintained. The IMSL r o u t i n e s  are e f f i c i e n t , w e l l  docu-

mented , and easy to use. 
-

D o c u m e n t a t i o n :
IMSL Reference Manual , Volume I and Volume II.

4
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A P P E N D I X  D

LIST OF AVAILABLE OPERAT I ONS RESEARCH ALGORITHMS

WIT h BIBLIOGRAPHY REFERENCES

i n t r o d u c t i o n

The f o r m a t  used i s  l i k e  an index and is easy to u s e .  T h e  numbers

on t h e  r i gh t  hand  S i d ’  a re  the  r e f e r e n c e  number  and page number i f

ava i  l ab  I I ’ .

Th e  b i b l i o g r a p h y is  l oca t ed  at  t he  end of this appendix. Every

il- i . 1  iS a FORTRAN sou rce  l i s t i n g  unless noted otherwise.

Another excellent source of al gorithms is the  1)00k , O p e r a t i o n s

Research Handbook: Standard Al gorithms and Methods , by Horst A. Eiselt

and H e l m u t  Von F r a j e r .  T h i s  book contains 107 different algorithms

in  a c lea r  St ~)—by—!-t ep p r e s en t a t  i o n .

I.
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Ass i gnment

hiungar ian a l ger i thm— ( 5 : 1 2 1 )

Simp lex— max 10 by 10 ( 1 3 : 2 4 4 )

Classic a l Calculus

SOLN—CREATE—fjnd roots of 1 variabl e function (6)

MAXOPT—CREATE—find max of up t o  10 variable function (8)

Z E R O S — C R E A T E — f i n d  r o o t s / e x t r e m a  of bounded f u n c t i o n  ( 6 )

ZXMI N— IMSL—f jnd m m of n—variable function (9)

ZBRENT—IMSL—find b Its of bounded function (9)

Decision Anal ysis

Bayee decision procedure with and without data (5:395)

Bayesi.-e. - anal ysis , max 4 states , 2 actions , 3 ohscrv . (13:432)

Decision making und er u n c e r t a i n t y  max 10 s t a t e s , 10 a l t  ( 13 :546)

Dy n a m i c  P r o g r a m m i n g

I n v e s t m e n t  p rob lem ( 1 3 : 2 5 )

Stagecoa ch problem ( 13 :3 6 )

Jnvcntory problem (13:48)

Equ i pment  r ep l a c e m e n t  p r o b l e m  ( 1 3 : 5 9 )

Economic L i f e

l ) ’ t , e r m i n a t i o n  of e c o n o m i c  l i f e  for  one i tem ( 13 :2 8 4 )

F l o w c h a r t  I ’ r

A CDC prog ram makes  f l o w c h a r t s  of FORTRAN or COBOL ( 16)

Gam : Theory

Brown ’ s al g o r i t h m  fo r  a f i n i t e  m a t r i x  game ( 5 : 4 2 8 )

Integer Programming

INTLP— CREATE—max 14 variables , 16 constraints (8)

Zero—one al gorithm (ll. ’s .!S)

B r a n c h  and hound—Land  and Doi g ( 1 1 : 4 7 4 )

Zero—one  w i t h  imp l i c i t  e n u m e r a t i o n  ( 12 : 1 7 8)

C u t t i n g  P l a n e s , max 30 v a r i a b l e s , 30 constr aints (12:227)

B r a n c h  and bound ( 3 : 7 3 2 )

Imp licit e n u m e r a t i o n  ( 5 : 1 53 )

Comroy ’ s c u t t ing  p l ane  ( 5 : 1 7 3 )

Branch  and h o u n d — E a s t m a n ’ s a l g o r i t h m — t r a v e l i n g  s a l ’ s ( 5 : 7 0 7 )

Rr a n c h  and h o u n d — K o l e s a r ’ s :s l g o r i t !~b :I ” h:1I k p a L k  load ( 5 : 2 2 9 )

12~
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I n v e n t o r y

EOQ model  ( 1 3 : 3 2 7 )
(13 :329)
(13:341)

l ’ o ’ r i s h a b l e s  and v a r i a b l e  demand ( 1 3 : 4 5 4 )

Variable dema nd (13:447)

Lead time with opp ortunity costs , max 8 lead time prob. (13:467)

Probabilistic mode] ( 5 : 5 4 2 )
( 5 :  556 )

I n v e s t m en t  ‘ r eposa l Ana l ys i s

B y e q u i v a l e n t  p r e s e n t  v a l u e , max 5 p r o p o sa l s , 10 ye -irs  ( 1 3 : 2 7 2 )

K n a p s a c k  Prob lem

S ing le d i m e n s i o n  ( 1 1 : 4 7 0 )

Leont io- f Input/Output Anal ysis

P a r t s  requ i rement  , m , n l e s s  t h an  11 ( 1 3 : 1 6 1)

L i n e a r  P rog ramm i ng

LINPR OG-CREATE’- flax 50 variablo-s , 30 c o n s t r a i n t s  ( 8)

L I N P R O — C R E A T E —  max ‘30 v a r i a b le s , 18 c o n s t r a i n t s  ( 8 )

Z X I L P / Z X 2 L P / Z X 3 L P — C Y B E R —  r e v i s e d  s I m p lex ( 9 )

LJ I IE LP—CREATE— max 50 v ar i a b l e s , 25 constraints (4)

Sim p l ex ( 11 :413)

Separable programming problem (11:451)

Si mp lex , max 30 variable s , 30 constraints (12:212)

LP program (3:724)

LI’ program ( 1:353)

Simp lex ( 5 :101)

Simp lex , max 20 variables , 10 constraints (13:206)

MACSY MA — t h i s  is ‘i p rogram w h i c h  can do symbolic math (2)
( 15 )

Markov Chains

An a l y si s ( 5 :585)

1:ItrLx Reduction

G au s s— J o r d o n  m e t h o d  ( 5 : 6 0 6 )

Gauss reduction procedure (13:164)

PER T / CP M

PERT (5 :448)
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CPM ( 1 3:4 0 1)

PERT ( l 3 : - ~12)
PROSE— a c a l c u l u s  based o p t i m i z i n g  l a n g u a g e  ( 14)

Queuing

S i n g l e  queue , s i t i g l o ’  s e r v e r  ( 13:494 )

~l q i t ue , S se r v e r s  ( 5 :4 8 2 )

Arbitrary distribution of the service time (5:493)

Simulation of sing le quc u ’ , sing le server (5:514)

R e g r e s s i o n  A n a l ys is

L a s t  s q u a r e s  pol y n o m i a l  r eg r e s s ion  ( 5 : 3 4 1 )

S imp le l in e a r  r e g r e s s i o n  ( 5 :3 7 5 )

L a s t  squa re s  1 inea r  regress  ion (13:  84)

Forecast by moving averages (l3:~~2)

Forecast by expenential smoothing (13:105)

Forecast by least squares with seasonal variations/tre nd (13 :115)

Sequencing

N jobs th roug h 2 machines  ( 5 : 2 7 5 )

N jobs through 3 machines (5:283)

T r a nsp o r t a t  ion

TRANSPRO—CREATE— max 20 b y 20 ( 8)
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2. Bl ack , AFIT/EN Math Department for detail s

3. Eck , Roger 0. Operation Research for Bu siness , Belmont , California:
W a d s w o r t h  P u b l i s h i n g  Company , I n c . ,  1976 .

4. Flariagon , Gary L. Easy Programming for Managerial App li cations,
U n p u b l i s h e d  R e p o r t .  AF I T School  of Systems and Logisti~~s, April 1974.

5. Gille tt , B i l l y E., PhD. Introduction to Operations Research: A Computer—
Oriented Al gorithmic Approach. New York: McCraw—Hill , Inc., 1976.

6. Honeywell Series 6000/600 Time Sharing App lications Library Guide
Volum e I, Mathematics. Honeywel l  Information Systems , Inc., June 1971.

7.  H o n e y w e l l  Ser ies  6000/600 Time S h a r i n g  App l i c a t i o n s  Library G u i d e
Volume II ,  S t a t i s t i c s .  h oneywel l  I n f o r m a t i o n  Sy s t em s , I n c . ,  June 1971.

8. Honeywell Series 6000/600 Time Sharing App li cat ions Lib rar,y~ Guide
Volume III, Industry . Honeywell Information Systems , Inc., December
1972.

9. IMSL Reference Manual, Volume I and Volume II, Texas : Internationa l
MaLi ,c,~atical and Statistical Library, Inc., 197 7 .

10. Lockett , A. Geoffrey. Resource Allocation for Management, A Mathematical
Programming Approach. Great Britain: Cower Press Limited , 197 6

11 . Nc ”Iilli an , Claude , Jr. ~-7~itbematica l Programming : An Introduction
to the Desi gn and App l i ca t ion of Optima l Decision An4ysis. New York:
John W i l e y  and Sons , I n c . ,  1970.

12. Plane , Donald R. and Claude McMillian , Jr. Discrete Optimization:
Integer Programming and Network Analysis for Management Decisions.
Eng lewood Cliffs , New Jersey: Prentice—Hall , Inc . , 1971.

13. Ramalingam , P., Systen’s Anal ysis for Managerial Decisions, A
Computer App roach. New York : John Wiley and Sons , 1976.

14. Thame S , Joseph , “Computing in Calculus ,” Research/Development 26.5:
24—30 (May 75).
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APPENDIX E

HANDOUT ON THE U SE OF “LPKODE ” FOR LINEAR PROGRAMMIN (;

Introduction

This handout has the following information :

1) Data deck setup

a. Without constraint and variable labels

b. With constraint and variable labels

2) Running from Batch

3) Running f r om INTERCOM

The LPKODE program solves linear programming problems formulated

in the following fa sh io n :

N

1411’] or MAX of Z = C. X .
= ~~1 1

Subject to: 
a1. X . <relation) b1

L 1  

a
k
. X~ <relation~ 

bk

N o t e :  The r e l a t i o n  may be ( ~, ~ , or )

Please observe this allows much easier problem formulation and interpre-

t a t i o n  of t he  r e s u l t s .  You do not have to de t e rmine  the s lacks  or

artificals for LPKODE . For more guidance on formulation see Operations

Research, Second Edition , Hillier and Lieberman .
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Examp le: The modified Wyndor Class Company as

formu lat ed on pag e 65 of H i l l i er and

Lieberman.

MIN of Z = 3 X
1 

+ 5 X
2

S.T . X
1 

< 4

2 X
2 

= 12

3 X
1 

+ 21(
2 

> 18

X1 ,  X
2
- > O

This handout exp lains a subset of the options for LPKODE . For

more information , refer to a handout filed with Major Dunne. However ,

be forewarned that much of that write—up is dated or wrong . LPKODE

will not do integer or mixed integer problems (it never has in its 10+

years at AFIT). It can do transportation problems but the results are

inconsistent. I do not personally recommend the use of the transporta-

tion section of LPKODE .

1) Data Deck Setup

NOTE : LPKODE is ~~~~ strict on inpu t format. Almost all

program crashes are due to wrong formating of the data.

You have two choices on how to make up the data set.

a. Punch cards to get a data deck (Useful for

large problems).

b. Use INTERCOM and EDITOR/CREATE to make up a data

f i l e  (Ca talog or store i t to conserve your

effort).
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Overview of a data set deck

Thi s is the group of cards which 1~~~RIABLE j B S _ç,Qp~~ Qn~j)
make up one set of data. ~~~~~~~~~ -‘ -

f CONSTRAINT LABELS (optiona l) -
LPKODE allows you to run multi p le
data sets if you just put them one 

f’ Right Hand Values and (relations>after another. LPKODE quits when ____________________________________

out of data. ( Cost and Constraint Coeffs (a. .)
)

PARAMETER CARD

TITLE CARD

CARD TYPE : TITLE CARD Format: (6AlO)

Use the first 60 columns of the card for a title of up to

60 c h a r a c t e r s  long . (Do not put  two : ‘ s t o g e t h e r) .

EXAMPLE :

TIlE MODIFIED WYNDOR CLASS COMPANY-—H&L ANS : (2 ,6) Z 3 6  f
~o1 1 ~o1 60

CARD TYPE: PARAMETER CARD Format: (312 ,A3 ,2 12)

~~~ 1~~ 17-8-91 ~~1 ItU
m n OPT MAX or A B

MIN

m: number of rows in the constraint matrix

a: number of columns in the cons t ra in t  m a t r i x  exc luding
any slack and/or artificials.

OPT : Pr i nt Option (choice of output on TAPE 2)

—2 First matrix , last matrix , and each basis

—1 All matrices after each iteration

00 Ori ginal and final matrix only

1 Each basi s

A : MUST BE BLANK

B: Flag for labels

0 No labels in this data set

I Yes labels in this data set
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EXAMPLE :

3 2 O1 M IN 1

~ol 1 ~ol 11

CARD TYPE : Cost and Constraint Coef’s Format: (7(2I2 ,F6.2))

E~~I I S l6~ 111—121 113—1 4 1 - 5 701
i j  a.. i j  a..

ii 1,1

Set of Values

Enter seven or less sets of values per card.

You may order the sets of values in any order.

NOTE : i row number ( 0  for cost coeff C.)
1

j column number (IF 0 then this set of values
( i ,j,a..) is skipped).

Enter —1— 1 for the i and j values after the last
cost or constraint coefficient has been entered .

E XAMPLE :

0001 30002 5
0101 10202 2
0301 3
0302 2—1—1

t
Col 1 Col 20

CARD TYPE : Right h and Values and Relations Format: (I2 ,A2 ,F6 .0)

L~~ 1 15 i01 ill— 12] ~13—l4 l [65 701
j type ,j b. j type . b.

Se t of Val ues

Enter seven or less sets of values per card .

I f  j~~ 0 then that set of values (j, type ., b .) is ski pped.

Enter —l for j after your last set of values.
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The sets of values may be in any order but the j = — l
must be the last number in the sets of data.

NOTE : j row number of the b. value

type . LT —— less than or equal b . or <

CT —— greater than or equal b. or >

ET —— equal to b . or =

b. right hand value (any real or integer which
will fit in the six spaces).

EXAMPLE :

O1LT 4
O2ET 12O3GT 18 -

Col 1 Col 20

CARD TYPE : VARIABLE LABELS Format: (8A8)

I f  you set B = 1. on the PARAMETER card then you MUST include labels.

If you set B = 0 on the PARAMETER card then you MUST NOT include
label cards.

It 81 ~
— — — —  16J 117 24 1  ~49 561

label label label label

label Any string of up to 8 characters or numbers.
You may use any character except

The constraint labels come first as a set. Then the
variable labels are on the next set of cards starting
in column I.

Note: These are two separate sets, and each set must

start on column 1 and continue with continuous

groups of 8 labels per card until the last card

of each set which may have 8 or less labels.
I
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EXAMPLE :

PLANT 1 PLANT 2 PLANT 3
~~~ 1fl CAP #2

Col 1 Col 24

2) Runni ng from Batch

Your deck from beg inning to end is as follows :

Col I

XXX , CM60000. T720l55 ,YOURNA ME ,YOURBOXNUMBER.

ATTACH ,LPKODE .

LPKODE .

ROUTE , TAPE2 , DC PR . TID BB , FID XXX , ST CSB .

7/8/9 (Multi punch card)

Set of data cards as described before (one or more problems).

6/7/8/9 (Orange end of job card)

EXAMPLE :

RMS ,CM60000 . T720 155 ,SCHUMA CHER ,4285.
ATTACH ,LPKODE .
LPKODE .
ROUTE ,TAPE2 ,DC PR ,TID BB ,FID RMS,ST CSB. (optional card for full output)

7/ 8/ 9
THE MODIFIED WYNDOR GLASS COMPANY——H&L ANS : (2,6) Z 3 6
3 2OIMIN 1

OöOl 30002 5
0101 10202 2
0301 3
0302 2—1—1
OILT 4
O2ET 1203GT 18
—1
PLANT 1 PLANT 2 PLANT 3

CAP #1 CAP #2 CAP #3
6/ 7/ 8 / 9

3) Runnj~~ from INTERCOM

LOGIN with the Systems Management ID (T720155) and the assigned
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password .

Next obtain the LPKODE program with this command .

ATTACH , LPKODE .

Now you must either attach your own data set or make one up using
the EDITOR/CREATE . Just remember that the data cards MUST NOT
have sequence numbers when you save the data set into a
temporary filename DATA .

If the data is in a file called DATA and the file is rewound ,
your next command is:

LPKODE ,DAT A .

After the run if you want the full long printout , it is in a file
called TAPE2 , and you can get a copy of it with this command :

ROUTE ,TAPE2 ,DC rPR ,TID BB ,FID=XXX ,ST CSB .

If you do not want  to see a l l  of the t e r m i n a l’ s outpu t w h i l e  the
problem is running, then you can execute the program and put
the output into a temporary file. Use:

LPKODE ,DATA ,TEMP .

Now you ca n ei th er ROUTE or PAGE th e f i l e TEMP .

I
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APPENI ) I X F

CHECKLIST FOR EVALIJATING COMPUTER SUPPORT FOR

GRADUATE OPERATIONS RESEARCH EDUCATION

Item or Not T positive Negative Data
Section Rated I Factor Factor Source

I. Potential Support

A. Software 
_____ _________ —________

1. Operating Systems 
_____ ________ _____

2 . Hi gh Level Languages 
_____ ________ ________

3. App lications Programs 
_____ _________ _________

4. Documentation

B. Hardware

1. Computer

a. Speed

b. Size

c. Accuracy

d . Size of the System

2. Peripheral Devices

a. Classical Input/Output

b. Graphical Devices

c. Remote Terminals

3. Mass Storage

a .  Siz e
b. Speed

c. Accuracy

d. Ease of Use

4 . Ph ysical Facility

a . Loca t ion
b. Size

c. Work and Stud y Space

C. Personnel

1. Computer Experts

2. Operations Research
App lications ~xpeits

3. Interface Experts
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Item or Not Positive f Negative Data
S e c t i o n  Rated Factor ,j Factor j,~~ourc

D. Plans

1. Computer

a. Softwar’-

b . h ardware

c. Persoun,- I

d. Pla ns

2. Curriculum and Computer

a. Operating System 
_____ _______ _________

b . Application Program s

c. Hi gh Level Languages 
- _____ _____

d. Documentation

e . Needed Abilities or
Programs

f. Relationshi ps Between
Academic Courses 

_______-—

II. Actual Support

A. Faculty 
____ _________ ________ -

1. Training 
____ _________ ______ -—

2. Use of Computer Support 
____ _________ _________

3. Evaluation

B. Students

I. Training 
_____ __________ _________

2. Use of Computer Support 
_________

3. Evaluation
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SAMPLE R EI N OF THE LINEAR PROGRAMMING PREPRO CESSOR

The problem which was formulated using the preprocessor is from

h i l l i e r  and Lieherman ’s textbook , ~E~~
ations Research Second Edition ,

on page 65. This problem was also used as an examp le in App en d i x  E .

All of the user inputs have been underlined for clarity.

The last page of this appendix is a listing of the file made

up by this program for LPKODE . It may be compared with the suggested

data deck in Appendix E.
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Tiawan until December 1972. He was then assigned as a nav igation

instructor in Undergraduate Navi gator Training , Mather AFB , California

in the 4 52 nd F l i ght Training Squadron until entering the School of

Eng ineering, Air Force Institute of Technology , in June 1977.

Permanent address : 8017 Harwood Avenue , Northeast
Albuquerque , New Mexico  87110
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