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OPENING ADDRESS

by Dr. Moon Taik Shim
Chairman of the Conference

Mr. Gratwick, Admiral Trost , Dr. Sperrazza , honored
speakers , scholars, ladies and gentlemen!

As the Chairman of this Conference, I am pleased to
have the honor , on behalf of the Korean Operations Research
Society and the Military Operations Research Society of
Korea, to welcome you to the Conference , which will he held
here in Hotel Shilla for the next three days. Thank you
for your outstanding response to our invitation .

In recent years several International and Regional
Conferences on Operations Research and Systems Analysis have
been held in the Pacific area . In 1975, the IFORS General
Meeting was held in Tokyo, in 1976 Taipei hosted the Pacific
Conference on Decision Analyses, and last year we had the
International Conference on Systems Modeling in Developing
Countries in Bangkok. These meetings and the Conference
for which we are gathered here in Seoul amply testif y to the
active interest and progress in operations research activities
in the Pacific area .

As you can see in the program , the Conference will
be carried out in six sessions. The overall emphasis is on
searching for ways to enhance our ability to apply opera-
tions research systems analysis techniques to actual
problems. The origin of operations research may be found in
the effort made by the multidiciplinary team of mathemati-
cians, physicians, psychologists , and members of other
profession, to solve military operations problems during
World War II. Since then , operations research techniques
have been applied by both the developed and develop ing
countries, not only to military matters but also to civil
and business management problems. It is interesting to
note that here in Korea, an operations research systems
analysis type model for a socio—technical system existed
already in 1394, at the beginning of Yi dynasty . This model
was called “Kyung Kook Dae Chun”. It included a governmen—
tal organization chart , rules for social life , and plans
for industrial complexes . This model was found to be so
useful for planning that it was actually used for 500 years
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during the Yi Dynasty. Although our ancestors started to
utilize operations research techniques long ago, we did
not develop these techniques further until the military,
some 10 years ago, adopted operations research methods,
created analysis agencies, and a few years ago, organized
the Military Operations Research Society of Korea.

Operations research is now widely used by both
•1 government institutions and business sectors, and the Korea

Operations Research Society has been formed . As a
consequence, the application of operations research systems
analysis methods is gaining increasingly greater accepta—
tnce in Korea.

Ladies and Gentlemen!

I am confident that scholarly and friendly exchange of
-
‘ ideas during the Conference , on the most recent developments

-~~ in the field , will result in practical application of
operations research systems analysis methods to practical
problems. It is a great pleasure for us to be able to
listen to presentations by distinguished analysts on recent

• findings , and to have the opportunity for direct contact
with them for next few days. I sincerely urge all partici-
pants to learn from these outstanding lecturers and exchange
Ldeas with them, in a unified effort to solve some of the
urgent problems confronting our nations.

To those who are here from the government sectors , the
policy and decision makers, the managers , and the military
people , I extending hope tha t the Conference will expand your
understanding of operations research and systems analysis
tools and how these can complement your experience and
judgment, and provide you insights for solving complex
problems.

I hope that this Conference will be a catalyst for ever
—increasing exchange of operations research systems analysis
information among our countries, and further , that a Pacific
Regional Conference will be formed , with meetings held
regularly in the future. May I extend to each of you my
best wishes for a rewarding and satisfying Conference , and
to the participating organizations my sincere appreciation
for their t -inancial and moral support. And from all of us.
our heartft. I t  thanks, for a job well done , to the members
of the Organiziniz Committee who have worked hard to make
this Conference a reality.
Thank you very much.
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CONGRATULATORY ADDRESS

by Dr. Ilyung Sup Cho i

Dr. Shim , Mr. Gratwick , Admiral Trost , Dr. Sperrazza ,
d istinguished speakers , lad ies and gen t lemen!

I t I s a grea t p leasure for  me to address and of f er
congratulations to the Pacific Conference on Operations
Research. Although OR is a relatively new dic ip l ine , we
must give just credit to its great contributions in bring—
ing about improvements in military , civil , and business

- - management areas.

I t is qu ite meaning ful to convence this reg ional
conference in Seoul now , because it is both timely and
appropriate to increase cooperative development among

• Pacific countries . Our reg ion is composed of many
countries with unique characteristics —some are among the
world ’s richest countries while others are still developing ;
a few countries enjoy abundant natural resources , while
others strive hard to earn a liv1nc~ by increasing the
value of materials bought from abroad .

Our histories , the origins of our cultures , and th e
characteristics of our people nay differ , but we all share
the common goal , for a rap id economic development.

Na turall y the policies and method s for achieving a
high econom ic growth rate differ among our countries , but
an exchange of our differing experiences may well he worth
while and rewarding . Through the exchange of ideas and
experiences , one can learn from the failures and successes
of others , and find ways for cooperative efforts that
result in benefits for all of us .

In the past ten years , here in Korea we have achieved
an economic growth rate of over 107 per year . This was
made possible because the primary prerequisites were met—
an adequate educationa l background of our people , and
strong and stable leadership. Opera t ions research me thods
have played a significant role in this progress and in the
impr ovemen t of busine ss management and over a l l  sc ien ti f i c
developmen t in our country.
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Operations research should emphasize the pract ica l .
I t is good to develop new elegan t theories , but it is more
impor tan t to transla te these theor ies into prac tical
methods that can be used by these that bear the respons ibi—
lity for making decisions . The decision makers may be
reluc tan t to appl y new analy tical me thods , no matter how

• effec tive these are touted to be, unless they fully
-: unders tand the work of analys ts, and have conf ide nce in

their me thods .

I am confid ent tha t the presen tations and discussions
you will share during this Conference will help all of you
in your search for solutions to the problems faced by the

- - dec ision makers in your country .

To those who are here from abroad , I ex tend a
spec ially warm welcome . I hope that you will take a good
look at Korea while you are here , enjoy your stay, and
decide to visit us again in the near future.

I would like to express my sincere appreciation to
the IFORS for their support , and salu te the members of
KORS and MORS—K for their dedicated and successful efforts
that have made this Conference a reality.
Thank you very much.
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ABSTRAC’F:

-
. O.R. has had a s ign i f i can t  impact on business and

militaty affairs, particularly in the industrialized
countries. H~~ this success can be replicated in the
developing nations is one of the major challenges
facing the O.R. profession. After describing a brief
history of O.R., potential barriers to the diffusion
of O.R. are highlighted with particular reference to
the developing countries. Several crucial factors
for the successful communication of O.R. are
identified and discussed.



1. Introduction

According to Webster’s New ~~rld d ictionary the major
characteristics of Com..inication include the act of
transmitting; a giving or exchanging of information
signals or messages by talking, gesturing, writing; a
close sympathetic relationship; a means of communi-
cating , spec ifically a system for sending and
receiving messages and finally the art of expressing
ideas especially in writing and speak ing as well as
the science of transmitting information par t icular ly
in symbols.

It is apparent that O.R. has been successful in a
nunber of industrialized countries and this success
has been dependent on effective commu nication.
Whether it is possible to repeat this success in the
developing countries is one of the major problems
facing the profession.

Consideration of the origins of O.R ., and its sub-
sequent extensions will provide a base for con—
sidering its future prospects in both developing and
developed countries.

O.R., l ike mos t successfu l  pro duc ts , shou l d he
expected to have a life—cycle , passing through the
fairly clearly recognizable stages of market devel—
opnent growth, maturity and f i nally , decline.

In the West it has probably reached maturity, the
third stage. Elsewhere, however, there is a sent—
inent that we are barely in the f irst stage, and that
the potential for O.R. is still very oreat. To see
if this potential migh t be realized a g lance at a
very ~ibbreviated history of O.R. and the lessons that
have been learned may show how this accumulated
experience can best be communicated and used else—
where.

• If we look back to the beginnings of O.R. shortly
before World War II the conditions then are
analogous to those existing in many countries today .
Of course , it can be argued that O.R’s beginnings
greatly predate ~~rld War II , but it was dur ing that
period that they became explicitly recognized.

—16—
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2. The Beg inn ings - ~~rld War II

Radar was a new and largely untried forn of warning
aga inst air attack . The Germa n A i r  Force had great
nui~~rical superiority, and radar detection offered
the Rritish Air Force the only mecha ni sm to redress

• this imbalance. The evaluation of radar and analysis
-~~ of its inpact on air operations brought into exist-

ence what we now call O.R. This exercise was the
first ‘conscious ’ activity of applying scientific
thinking to tactical and strategic problems (in the
theatre of war). While it was soon obvious that
scientists, ~.x rking closely with serving officers ,
could make a significant contribution to the decision
making process, they only acted in an advisory role.
The military officer, with his specialized training
in leadership and xiimand, sti l l  f i l l e d  the role of
management and decision maker. Af ter the initial

• success analysing radar , other areas of operations
were considered , and a major advance was the idea
that O.R. m i g h t  be able to predict the Outcome of
future operations and thus influence policy . It is
worthwh ile noting that from the outset the O.R.
teams were mul ti—disciplinary in make—up, th e i r
analysis was done in or near the focus of operations,
and done very quickly.

This was not only for security reasons, bu t al so
because of the nature of problems encountered. For
exanpie, members of the O.R. sections occasionally
went on operational or training missions. ‘he
multidisciplinary team approach of problem solving
utilized the concept of synergy, albeit in an uncon—
scious way. In addition , it must he realized that
there did not exist any methodological basis for
tackling many of the problen~ which arose and discip—
linary boundaries had yet to be created. It meant
that a large pool of resources generated by the
normal education system were tapped and used in a
novel way.

It can be seen that O.R. in its beginn ings was a lnost
exclusively results—oriented; it made an inrrcasurable
contribution to the outcome of World War II. In
f a c t , ‘the failure of the Germans to make use of
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O.R. ’ , wrote Professor Berna l~’~ after the war ,
‘contributed to their defeat, both in their failure
to find counters to enemy weapons and in expending
disproportionate efforts on ~~apons which O . R .  would
have shown to be useless .’

3. Growth of O.R.

As could be expected , d u r i n g  Wor ld  War  I I  the
pract itioners had precious little time to make a
conscious analysis of the methodology of their work
or even to consider recording their experience in
writing. The progress of O.R. during this period was
very rapid and ifuch greater than could be expected
under anything hut the mos t demand i ng and abnormal
times. Initial successes in  the ana lys i s  of radar
and air operations led to the further demand for its
appl ication i n the other arms of the services , in
Pr i ta in , the U.S.A., and their allies.

At the conclusion of the war, OR , in Britain and the
U.S.A. took different paths. In Britain there was an
inm?diate reduction in military expenditures as well
as a pressing need to reconstruct the country’s manu—
facturinq facilities. This led to the release of
O.R. workers into industrial and business organiza-
t ions. In particular, there was a flow of personnel
from the military to the nationalized industries such
as coal, iron and steel , t ransport  and other u t i l -
ities, fly contrast, in the U.S.A. defense spending
was increased a f t e r  Wor ld  W a r  II and thus O.R.
workers in the U .S .A . stayed m a i n l y  in  the m i l i t ary
enviroment. Indus t ry  in the U . S .  did not imxned—
iately perceive the app li .cabili ty of O . R .  to i t s
activities. With the advent of commercially avail-
able computers and rapid economic expansion , the
d i f fu s ion  of O.R. personnel into industry happened at
an accelerating pace only in the l a t e r  50’ s. In
addition, consulting f i rms , un ive r s i t i e s, research
institutes, and governmental agencies built up an
O.R . capability wh ich in turn put additiona l pressure
on industry to make use of these new skills.

The acknowledged and publicized success of O.R. in
World II , together with rapid growth, also encouraged
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many businesses to look for alternative methodologies
in their quest for superior performance. O.R.
offered part of the answer. Its capability to solve
tactica l probles~ had been well proven and caiparableissues of this nature were ident i f ied. As migh t  be
expected, n~ich O.R. methodology became explicit and
theoretical research led to major developments ,

4 including mathematical programming , game theory ,
Monte Carlo simulation , queueincj theory, network
a n a l ysis and CPM . The formation of national
societies was encouraged, journals emerged, books and
a r t i c l e s  were p u b l i s h e d  and f o r m a l  courses a t
universities were established.

One interesting observation is the diversity of sub-
jects and functional areas discussed in the litera-
ture. Moreover, both the professional publications
and national societies have encouraged the extension
of O.R. effort not only in their home countries but
elsewhere. In this way the professional organiza—
tions continue to play an important communications
role in the d i f fus ion  of O.P.

Therefore, by the mid—60’s, a large body of knowledge
and theory had been constructed which has made
extremely valuable contributions to industry, trans-
portation, u t i l i t ies, government agencies and many
other areas. Although still primarily tactical , we
can consider O.R. as having reached a fair stage of
maturity.

4. Maturity

For sane time past, there has been a growing recog-
nit ion of O.R.’s limited contribution to larger
social issues and world affairs . This is partic-
ularly true as far as success in the larger strat—
egical—type probl~~~ even through significant work
has been done in the field of military strategy . In
fact , as early as the mi d—60’s, there was evidence
that sane O.R. groups were facing diminishing returns
in industrial applications. Further, the majority of
published papers appears to be becoming more and more
abstruse and divorced f rom rea l i ty  as t ime passes .
Such “pseudo” sophistication alienates both the O.R.
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practi t ioner and decision maker , and is hav ing  a
regressive iiipact on O.R.’s extension and develop-
ment.

Presently there appears to be a complete dearth of
new approaches with which to tackle sara of the more
pressing problelTs facing the deve loped nations. This
feel ing of dissatisfaction with the current status of
O.R. has been described by Lee~

2 in 1976 :

“There is no doubt that operational research has
diffused into new fields of application during the
past seven years. The extent of this diffusion , has
however, been less than the increases in the numbe r
of the institutions of operational research and their
size would suggest. The evidence of surveys, of jour-
nals and conferences is that intensification — more
people doing the traditional kinds of operational
research in the traditional fields — has been much
more marked than di f fus ion . There are , I think , many
reasons for this , but the most sign i f i c a nt, in my
opinion, is that for years opera tional research has
been living on its intellectual capital. The amount
of qeniune research — the creation of new ideas, new
perspectives upon some significan t aspect of the
behavior of complex socio—economic systems or the
develo~rnerit of powerful new techniques in operationalresearch has been trivial”.

And , more recently by Morse(3) in 1977.

“The pages of Operations Research seem more like
advanced mathematica l texts, than l i k e  those of
journals of physical science”.

It would appear that O.R. is presently at a very
critical stage of its life—cycle. While it may be
premature to assume its decline is inevitable , the
possibility is very real. Just as O.R. came to life
under cataclysmic circumstances, however, so may
similar situations in the develop ing coun t r i e s
encourage a re—birth of O.R. globally.
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5. O.R. in Developing Countries

Introduction

Although it appears that the deve lopnent of O .R .  in
the ~~ st has stopped, the field of prospective O .R .
appl icat ions elsewhere is much more fe r t i l e .  I t
seems evident , however, that  the most i m p o r t a n t
problem facing us are jus t  those tha t  O.R. in the
west has been singularly unsuccessful in addressing ,
e . g .  food s h o r t a g e s , m a t e r i a l s  and energy
management , justice, government and the quality of
life generally . If we think back to O.R. ’s
beginnings, we see that O.R. is or should be much
more than its methodological labels. It is essent-
ially a process or attitude to problem solving that
uses what is available or invents when necessary.
Thus , if O.R. is to continue to be a living and

• growing intellectual endeavour, we must continually
address new problems like those in the developing
countries. In this way we may be useful to them ., as
well as stimulating a renaissance of O.R. in the
West.

If the quantity of publications is any measure, O.R.
in the developing countries is still at the first
stage of its life cycle. There have, however, been
several notable attempts to expedite this process,
inc led ing the I FOI~ ‘75 Conference in I~Dkyo.

The O.R. work to—date in developing countries has
concen tra ted, w i th few exceptions, on approaches
using traditional and standard techniques, w i t h  a
heavy reliance on caiputers. In severa l developing
countries O.R. has been practiced for a number of
years. For example, O.R . was formal ly introduced
into both Egypt and Peru by the late ‘5 0’s al though
traditional industrial engineering was common much
before then. The pervading philosophy fo r  th i s
approach was that since a method had been successful
in one country, it would natura lly also work else-
where. This se~~ to have resul ted in  l it t le  hu t a
relative lack of acceptance. While there has been a
considerable discussion as to the reasons for fail—
ure, and sane prescriptions (Flshafe i (6) and Saqasti
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(7 )) for success, l i t t l e  real progress has  been
reported. It seems to me there are several factors
that may explain why O.R. has not lived up to its
potential.

O.R. came to fruition as a result of ~~rld War I I  in
an operating environment where the cultural , social
and political impacts were largely irrelevant. They
were not consciously considered until ifuch later, and
bela tedly , in the developed countries. They are
responsible for a number of impediments to successful
cawiunications and transfer of technology, and are of
particular concern where ideas and concepts form the
substance of what is to be transferred.

6. Social Barriers

In any society the local value system not only helps
determine what may be done, but because of its per-
vasive influence may affect what can be done. For
example, some societies place greater emphasis on
avo iding failure rather than on rewarding
creativity.

In other countries, even significantly greater f in—
ancial rewards are insufficient to encourage people
to change to work that appears to them to be socially
unacceptable.

The economic system (or lack of it) in sane countries
can have a tremendous impact on the transfer of tech-
nology and there wil l  be usually a paradoxical corn—
bination of both stimulus and restraint. One of the
factors which accelerates the adoption of new tech—

— nologies is the sheer growth in the size and comp-
lexity of organizations. Once a caipany gets to such
a size that it cannot be controlled by a family or
small group then professional managers w ill be
obligatory. These managers may then introduce new
technology in anticipation of achieving a multiplier
effec t  on the available, limited resources.

— 
On the other hand there are economic factors which
inhibit the use of new technologies. O upetition may
be limited in the interests of protecting domestic
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industry. Some cultures place l i t t le  value on labour
efficiency since they are labour—rich. In India the
Government has restricted the supply of computers
because of the genu ine fear of mass ive unemp loyment
resulting fran the displacement of clu’rical labour.
A f i n a l , obv ious point is the scarcity, or even
absence, of owners or man agers wit h the social and
educational background that allows them to accept and
introduce rapid changes.

Personal relationships can also influence the tech-
nology transfer intimately because in an industrial
environment iroup relationships are critical. Each
society has its pecu l iari t ies which  stem from many
sources — social and fam i ly customs and methods of
education. Some emphasize the individual wh ile others
stress qroup activity and achievement , or stron g
family relationships and responsibilities. In Japan,
the reliqious esphasis on the importance of family
and ancestry has been carried over into the economic
enterprise, w i t h  a beneficial impact on p roduc t i v i t y
and worker coupe rat ion.

A fina l aspect of social systems is that of organ-
izational relationships. That is, the way groups of
people interact with each other; whether authority or
collaboration is used to resolve conflict; whether
camtinicat ion among departments is formal or not.

Social factors, if they are ignored , w i l l  in many
cases, lead to the rejection of the technology . In
fact, Ackoff (4 ) goes so far as to suggest that corr-
uption , t ime—wasting and paternalism should be
tackled first since these are the major obstacles to
transferring a soft technology like O.R.

7. Cultural Barriers

One of the most sign i f i c~n aspects of culture, as is
abundantly clear to us in Canada, is language. O.R.
was developed in an Anglo/American environment and as
such the language of ca-munication was English with
all its subtle, concarinitant cultural attachments and
an implicit value system. Elsewhere, even though
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English may be slxken by a large proportion of the
population, it may not be the language of cultural
camunication. In India, Hirxii is a national lang—
uage and is perfect for describing the traditional
culture. It cannot, however, give adequate express—

j ion to modern industrial activities , so Engl ish has
to be used for this.

Therefore , in the diffusion of O.R., in Engl ish ,
there may be barriers to communication implicit in
its language. These barriers involve elements of
semantics, perception and linguistics. We all know
how difficult it is to work through an interpreter
even when the exchange is between people with calpar—
able backg rounds.

In anything except the hard sciences, words can be
considered as symbols which induce a reaction which
varies both with the hearer and w ith the context in
which they are used. There exists the possibility of
an indeterminate number of variations to a spoken
word . Wi th  the hard s c i ences  because  of t h e i r
greater rigour and, more inportantly the ability to
express meaning and re la tionships in ma thema tical
terms , the possibil ity of m is i n t e r p reta ti on is
reduced.

Perception, on the other hand , strongly inf luences
what we say and hear. It varies according to many
factors, including the environment and background.
Although part of the same carpany, labour and mana-
gement do not “see ” the world in an identical
fashion. In add ition , n a t i o n a l i ty,  f u nct ional
importance, and experience can affect perception.
Contrast the ways the French discipline their
children with the Germans or the English. The
English tell naughty children to be ‘good ’ , the
French say be ‘wise ’ and the German , ‘get in step’ .
Functiona l importance may best be illustrated by
noting that in the northern part of my country ,
Eskimos have no single word for “snow” although there
are a number of d i f f e r e n t  words each desc r ib ing
precisely an exact snow condition. Anyone wishing to
communicate must first be able to recognize the
subtle variations in snow conditions. Some people
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perceive minute differences that are not visible to
others for whom the differences are less important.
Final ly , it is clear that past experience acts ,
mostly subconsciously , as a fil ter. In poor light
conditions Westerners perceive a trapezoid as a
rectangle (based on a conception of a right angle
cul ture) wh i lst many A f r i c a ns perce ive the  same
drawing , correctly, as a truncated cone.

Linguistics can be crudely defined as the effect of
language patterns on what is perceived . Different
languages cause their users to dis tinguish exper—
iences d ifferen tly and categorize the i r  perceptions
in different ways. One often hears bilingual and
multilingual people saying how they become a diff—

• erent person with a changed per-onality when they
— caiminicate in different languages.

• Body lan gua ge, or kines ics , is another important
aspect of caiirunication which again varies according
to nationali ty,  even among those with the same spoken
language.

Language is th e most obvious d i f f e r e nce between
cultures and is central to the understand ing of any
country’s culture. Many other elements are relevant,
however, and include aesthetics, educa t ion , religion,
beliefs and attitudes, family and political life. In
one form or another they have considerable impact on
the &~unuunication and transfer of technology and are
the source of many of the difficulties .

8. Political and Relig ious Barriers

The impact of the political env i ronment on technology
transfer tends to be given the most attention, and as
a result is generally seen as a major barrier. The
forthcominq Uni ted Nations Conference on Science and
Technology , to be held in Vienna next September ,
seems to be focussing much of its ~ttent ion on the
topic. What tends to be overlooked is that the
actual environment in which O.R. work is conducted is
not simply a reflection of the national politic s of
the country. It is an amalgam of national, local and

• ins titutional politics , generally with a dash of
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religion mixed in. Success depends on acquir ing a
fee l ing  fo r  the net e f f e c t s  of the pa rt i c u l a r
mix ture, and being responsive to them , ra ther than
accepting global labels. Capitalistic economics,

- j rely ing on the Pritestant work ethic, may well f i r  ~comfor tab le n i c h e in  the mos t egal it a r i a n of
camnines.

9. Fffective ’rransfer of O.R.

Before the diffusion of OR . to another environment
can happen ef f ect ively the re must be some prospec t
that change will b~ accepted. This is most likely in
an- iu where there is a perceived and real need. This
probably means addressing problems concerned with
f ood and population, environmental quality , energy
management, econaiiic developi~ent, the quali ty of l ife
and possibly transportation.

That O.R. ccild aid in these areas , especial ly in
developing countries, se almost a tru ism , espec-
ia l ly as O.R. is basically aimed at imp roving the
e x i s t i n g  o rde r  of t h  m is.  T h i s  s e n t i m e n t  was
expressed by Morse and Brown (5) at the I FORS
Conference in Tokyo, l Y75, H u t  I ~~u l d also advoca te
Morse ’s more fund~nental operating ph ilosophy that
“if we stick to our original aim of matchinq our
models to reality, rather thcn tryinq to make reality
fi t the prepared model, we can contribute in import-
ant ways to many of the serious problems of the
world” . (3)

This, to me, means building on a core of ideas much
like those originated during World War II where the
emphasis was on using simple, hut unfamiliar , logical
models to analyse the structute of a problem. This
is not a reactionary view , nor am I decry ing most
recent advances. I am sii~~ly stressi ng the worth of
the O.R. process as opposed to its manifestations.
This implies tha t the concept of optim a l i ty in  the
traditiona l sense may only rarely be pertinent and
that relying on the application of a proven technique
will not contribute very much.
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-: The economies of many countries are characterized as
being s t i l l  largely  a g r i c u l t u r a l , s u f f e r i n g  f r o m
acute shortaqes of capital and technical  and manaq—
erial expertise, and very vu l nerable to the e x t e r n a l
env i ronmen t .  In  addition , conditions are often
changing rap id ly and u n p r e d i c t a b ly .  Th i s  a f f e c t s
both -That can be done and what has some prospect of
remaining relevant for any length of time.

The most severe constraint to economic developnent is
one of a shortaqe of skilled manpower. Initially ,
this expertize can be imported , hu t  in the longer
run , success or f a i l u r e  w i l l  depend solely on the

- 
- peoples of the country and th e i r  own e f f o r t s .  In

turn , this  impl ies  the need to expand educationa l
- - f ac i l i t i e s  that can develop the ind igenous caipetence

needed to manage the country ’s a f f a i r s .

• In a constrained and frugal env ironment only robust
approaches to problems w i l l  have a chance of being
accepted and understood , especially if l i te racy  is a
problem. I l l i t e racy  makes even a most progressive
man very conservative — he can onl y s t i ck  w i t h  the
methods he knows and can remember.

Robust methods are also p er t inent  because often there
is rare ly time to gather data (even if it is ava i l -
able) and carry out a detailed study before a

~ecision has to be made. The problem then 1- ecomes
one of trading of f  the cost of delay aqainct th~ t of
sub—opt im iza t ion .  There is considerable n-levance ¶ o
Schon ’ s a~~ ument tLi t “ the l i f e  o 1 solut ions to  mos t
cr i t ica l  social prohli’ir~ and orqanizationa l problems
is  shorter  t h a n  th e  t ime r . p ij r 1 to f i n d  t L ’~~r .
Therefore , more and more optimal solutions are ~t i 1 l —
horn. With  t~~ e accelerat inq ra te  of technologica l
and social h m n q  , the expected l i f e  of opt i m a l
~oTut ions and the problems to which they a~~ ly can be
expected ~o continue to ~f -re~ire ” . ( 8)

I t  wou ld also ~~ -en t h a t  the 80/20 r u l e  may a lso he
p er t inent  — the f i r s t  20% of the e f f o r t  or money or

• t ime spent on a prolect usually results in 80% of the
tc~m ’r ~~ ’ ~~ it isfaction with  the work . Acceptance of
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th i s  ph i losophy would cer ta inly improve the O.R.
professional’s u t i l i z a t o n  of h i s  t ime . Even rough
approximations of ten yield dramatic improvements .

In genera l , most of the ‘advanced ’ standard tech-
niques will not he readily applicable for severa l
reasons, including an unsophisticated infra—structure
and lack of access to an adequate caiputer (currently
our chief prop and source of comfort) .  Most import—
ant ly , there w i l l  be insuf f ic ien t  j u s t i f i c a t i o n  for
the ma rg ina l  improvements that these techniques  are
designed to produce.

10. Group Composition

I believe that the O.R .  process is best characterized
by m u l t i - - d i s c i p l i n a r y  team composition , and t h i s
offers  the qreatest l ikelihood of success w i t h  prob—
le~~ that are largely unstructured . It may even be a
t r i f l e  r iat i tud inous to talk of a m u l t i — d i s c i p l i n ar y
group, lu st  as it would be to call for individuals of
h iqh calibre . I t  may be more relevant to say that the
people in an O.R.  group should offer a range of qui te
d i f f e r e n t  backg rounds and experience , and t h a t  they
should have that melanqe of analytical curiosity and
i conocla~ ii tha t  seem.s to have been caim n to many of
the early practitioners.

In addition , local talent should be used as much as
possible.  People a l r ead y involve d h a v e s p e c i a l
expert i se and are likely to be affected most by the
study . Ry making local people part of the group, the
value of team work can he illustrated , and some of
the ideas generated may take root. It is parti-
cul ar ly important to choose the most appropriate
pea~le. Marketing experts have classified farmers
i n to f ive ma lor ca tegor i e s : i nn ova tors , early
adopters , early majori ty ,  late majority and laqqards.
The critical group is the second one — early
adopters. Treating O.P. as the product , i d e n t i f y
th is  grou p an d conce nt rate on commun ica ti ons wi th
them. Project leadership is always important. T h i s
leadership should , preferably , come from w ithin the
country but initially this step often needs the
catalytic assistance of an outsider. NA’I~

) and I FORS ,
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for example , are already at tempting to provide help
in this manner. Countries and orqanizations with
longer experience must he encouraqed to contribu te
assistance, perhaps through a mechanism similar to
the university sabbatical. While they were often
misunderstood and mali gned , the techn iq ues an d
approach of the rel igious mis sionar ies made them

H e f f ect ive communica tor s of nov el and somet i mes
dubious ideas , an d they p rovi de us wi th a very
suitable model.

Developing the awareness and understand ing of the
decision makers is of equal importance to find ing
solutions. Tackling a diversity of projects , w i t h
differing levels of importance and interest , is a
sounder approach than sink ing everything into one
large, h igh profile effort.

- t  11. conclusions

I have a t tempted  to l i n k  the problems of commu n—
icatino OR to both its past his tory and i ts  presen t
env i ronment . O~ can be successfully carvunicated i f
the messaqe concentrates on the fund amentals , and i f
sufficient attention is paid to identifying the
barriers , constraints and distortions that may l i m i t
the tran~~ ission of the message.

Conferences such as this one are , of course, a means
of caimj nication . I have tried to l ive up to my own
precepts today , hut I am very conscious of the f ac t
that , wh i le it may be more blessed to t r a n s m i t  than
to receive , tran~~ i t t i nq  is by far  the easier part .
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The very fact that so many of us are here to partici-
pate in this conference on Operations Research is an
indicator of the importance we attach to this relatively
new and still expanding field. All of us recogniz€ tha t
Operations Research techn iques are especially useful tools
in problem solving in business , Government and the military.
A discussion of the role of Operations Research and the
related field of Systems Analysis in national defense policy

• and programming decision processes seems especiall y appro-
pr i a t e  at  the op ening  session of this conference. As you

- 

~ know , Operations Research as an organized form of research
first found application in the review of individua l military
Weapons system s and their effectiveness just over forty
Years ago . From tha t relatively narrow beg inning has
evolved a discipline whose future exploitation and utilit y
you will explore over the next several days.

I plan to review vt rv briefl y the historic~’l develop-
ment of Operations Research and Systems Anal ysis as tools
in the defense decision—making process . Then, I will give
you an overview of their application to today ’s milit a r y
and defense problem solving by discussing the use of these
techni ques at the headquarters l evel by the United States
Navy , Obviously, in such a brief period , I cannot (-over
all applIcations , specific techniques , or all of the groups
involved in ~uich a comp lex p r o c t~~~~~s.

A review of the historical development of Operations
Research/Systems Ana lysis reveals that the use of t h e  basic
concepts of Operations Research is not new ; it originated
with the first at tempts to ti~ e the scientific approach to
solve probi ‘ms. We are still seeking , through modern
a n a l y s is , to answer the three q u e s t i o n s  posed by John Dewey
In his  examina t ion  of the  problem solving pr o c es s  in l9lO.’l

— What is the problem ?

— What are the alterna t ives?

— Which a l t e r n a t ive is best?

As I noted earlier , Operations Research , as an
organized form of research , began in Grea t Britain in t h e
late 193Os with the review of ind ividual weapons sv~ t ems .

—3 2—



— In 1937 , cIvilian scientists , under the leader—
ship of Sir Robert Watson—Watt , were hired to teach British
mil i ta ry  personnel how to use the newly-.developed radar to
locate enemy ai r c r a f t .

— By 1939 , at the outbreak of the war in Eu rope ,
B r i t a i n  had the nucleus of an Operations Research organi-
zation. As the war progressed , the size and scope of the
s t a f f  expanded . This staff represented many disciplines—
Physical Sciences , Mathematics , Statistics , Biology,
Physiology and othe rs .

— By 1941 , the British Operations Research group
included American scientists who later performed Operations
Research for United States military forces.

• Because of the urgent  need to effectively resolve a
number of strategic and tactical problems and to provide a
basis for decision making , the research conducted by this

• group was broadened to include almost every phase of
milit ary operations , including convoy , anti—submarine
warfare , anti—air warfare and even civil defense operations.
The research on (military) operations gave rise to the
name “Operations Research” (A name Sir Watson—Watt claimed
to have originated).

Following the British lead , Operations Research groups
were established in Australia , Canada , and the United
States .

The first Operations Research activity in the t’n i t e d
States was formed in March 1942 at the Naval Ordnance
Laboratory. It was concerned primaril y with mine warfare;
its work culminated eventually in the aerial mining of
Japanese—controlled waters from Singapore to the Japanese
home islands. The establishment of this group was the
beginning of a rap id growth of Operations Research activity
in the U.S. Navy .

By mid 1942 , the P . S . A i r  Force , then t h e  Air  Corps ,
also formed a prototype group, and , by 1945, had 26
Operations Research groups with over 400 o f f i c e r s , enlisted
personnel and c iv i l ia n anal ys t s .

The U.S .  Arm y did not make as much use of Operations
Resea rch , but by 1944 , it did have a few evaluation groups ,

- 

- primarily concerned with operations in the P a c i f i c .
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At the end of World War II, many U.S. mUitary
Operations Research groups disbanded , but some were
retained or reorganized . A number of former military
analysts began using their skills in Government and various
civilian organizations. The adaptation of Operations
Research techniques to the analysis of business operations
caught on quickly, for in a highly competitive economy,
there is strong impetus to make business and industrial
operations more efficient , and thus, more profitable .

For the U.S. military, there were new problems which
emp hasized the need for  the con tinua tion of Opera tions
Resea rch efforts. It didn ’t take long for quantitative
analysis to become institutionalized within our Department
of Defense . The Navy expanded on the existing Operations
Resea rch Progr am , The Army created the Operat ions Research

[

p Office , administered by Johns Hopkins Univers i ty ,  and the
Air Force was instrumental in the establishment of the
Rand Corporation . Rand ’s efforts to relate Air Force need s
to budget allocations and to fashion strategic concepts
led to use of another concept , Systems Analysis.

Let me turn to definitions for just a moment . The
difference between Operations Research and Systems Analysis
is one of emphasis. Operations Research is used to find
optimum ways to use the resources available to solve the
operational problems encountered . Operations Research
techniques are usually applied to the solution of well
defined problems. Systems Analysis , on the other hand ,is
somewha t less technically oriented and deals with problems
of greater complexity and more uncertainty. It looks at
solutions that might not take effect for several years,
dealing also with overall direction rather tha.’ with the
details of near—term operations. Systems Ana’ isis takes
problems that are not defined and attempts to define them.
Systems Analysis has been said to relate to Operations
Research as strategy relates to tactics. On the other
hand , a classic definition of Operations Analysis (as
opposed to Operations Research) is “a scientific method of
provid ing  executive depar tments  with a quan t i t a t ive  basis
fo r decisions regarding the operations under their
cont rol .  “2

It was not until the early 1960s that Systems Analysis
came of age in the United States Department of Defense, In
January 1961 , Robert S. McNamara became Secretary of Defense
and introduced into the highest levels of the defense
decision process the analyt ical  techni ques which the
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mi l i t a ry  services themselves and their research groups had
pioneered . He named Charles Hitch , a noted economist and
Rhodes scholar , to the post of Defense Comptroller .
Hitch was to initiate major innovations in defense planning,
including heavy reliance on the techniques of Systems
Analysis. In April 1961 , Hitch appointed a young economist ,
Dr. Alain C. Enthoven , to head the Systems Analysis Office
under the Deputy ‘~ssistant Secretary of Defense for
Programming . In 1962 , Enthoven was assigned the new post of
Deputy Assistant Secretary of Defense for Systems Analysis ,
a recognition of the importance Secretar\’ McNamar .’
attributed to this capabilit y .

The use of Systems Analysis in the Department of
Defense had changed sinc e first introduced by Secretary
McNamara. During the McNamara era , the Office of Systems
-~rialvsis primaril y origin a t ed studies and recommendations and

- - reviewed proposed forces and programs. It now tends also
to examine broad strateg ic and economic problems while
still paying attention to the details of weapons selection.
The Department of Defense Sv-~tems Anal ysis Staff is now

• designated as the Office of Defense Program Analysis and
Evaluation.

With tha t historical background in mind , I w i l l  now
move to an area I am most familiar with and the main section
of my remarks— °perations Research/Systems Anal ysis in the
U.S . ~avv , and its role in the decision—making process.

A t the center of the Navy ’s in—house headquarters
level Systems Analysis and Operation s Research capabilit y
is the Systems Analysis Division of the Office of the
Chief of Naval Operations , an organization which I headed
for two and one half Years prior to assuming ms- present
assignment. The role of this organization goes beyond the
specif ic applications of Operations Research and Systems
Analysis techniques , hut , nonetheless , the tasks assigned
are indicative of contributions made by these techniques
to the decision process. The Systems Ana l~ sis Division is
one of three divisions— a Program Planning Division and
a Fiscal Managemen t and Budget Division being the other
two— which are directl y subord inate to the Director , Navy
Program Planning , a seni or Vi ce Ad mi ral who is responsible
for supervising and coordinating the entire Navy program
p lann ing , budget and study effort. His office must ensure
tha t the functions of planning , programming, budgeting
and appra isal are integrated to achieve a balance of
individual programs which lead to a balanced Navy .
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Max imum cu rren t and f utu re capab ili ty and e f fec tiveness
within given fiscal constraints are the principal goals.

The Navy ’ s Systems Analysis Divisio n was es tabl ished
in 1966 , a r e l a t ive ly  recent add i t ion  to the head quarters
organization supporting the Chief of Nava l Operations. T t
was established in order to provide the CNO with a direct

-t capability to evaluate specific Navy programs and to examine
th e effectiveness of alternative programs and proposals.
It plays a major role in long—range mission and program
evaluation and forecasting, in resource alloca ti on and
program formulation , in providing an ongoing overview and
Critical analysis of the progress of new systems develop—
ments and in provid ing background Information for polic\-
level decisions. The Systems Analysis Divthion is a highly
effec t ive and responsive organization which performs a
vi tal role for our Navy. It generates within the Navy a
better understanding of actions necessary to meet competing
req u iremen ts and pr ov ides e f f e c tive presen ta tions o f
requirements and program alternatives to senior decision
makers.

The Division maintains a close liaison with the Program
Anal ysis and Evaluation Office in the  O f f ice of t h e
Secretary of Defense. It works closely with the other
divisions in the CNO ’s organization in coordinating the
overall Navy program planning and study effort. The Systems
Analysis Division coordinates and a ss i s t s  in analysis work
conducted in other Navy staff offices , as well as In
supporting organizations throI~~ Iout the Navy.

The formal statement of responsibility for the
Division enumerates some forty—five functions which are
carried out by the Division. In addition t o  t h e  l i a i s o n  and
assistance mentioned above , the D ivision is involv ed in such
tasks as:

— ~valuating the requirements of current and
future Navy and Marine Corps missions and assessing our
capability to meet assigned tasks.

— Determining programming actions and new
capabilities required to improve mission performance and
capability, including necessary f orce levels , mix of forces ,
specific weapons systems and personnel and support require-
ments.
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— Def ining planning , programm ing and pol icy
issues which must be resolved in order to provide for a
balanced and capable force .

— Developing , reviewing, and refining computer
war gaming models. War gaming techniques are applied to
the analysis of naval warfare tasks and associated tactics
and weapons systems.

— Assessing the threat to the ability of the Navy
to c ar r ’.’ out i t s  miss ion , including identification of
options for meeting this threat.

— Carr~- ing out studies that analyze and validate
functicns such as costing , production schedules , and
contract performance of Navy programs—with emphasis on
major weapons systems .

- Acting as central coordinator for the Depart—
ment of t i le Navy Studies and Analysis Program .

The Navy ’s Operat ions Research and Analysis Program is
also supported strongly by groups in headquarters support
and field organizations. The efforts of these groups are
tailored to support the missions of their parent organiza-
tions and are usually directed to the solution of problems
in s p e c i f i c  mission or weapons systems areas.

Key amon g the Navy ’s analytical support organizations
is the Cen te r  f or Naval Analyses , an independent non—profit
civilian organization operated under contract in support
of the Navy ’s tota l  s tudies  and analysis  e f f o r t .  This
organizat ion provides a dedicated , h i g hly professional
group of analysts with a capacity to undertake comprehei~—
sive analyses of a broad range of military issues , policies
and problems.

Although CNA was not established until the early
1960s , one of its major components , the Operations
Evaluation Group (OEG), is a l ineal descendan t of one of
the first Operations Research groups organized by the Navy
during World War II. The early recognition of the unique
value of the ability of an organization like OEG to provide
an independent , unbiased , scientific view-point paved the
way for general  accep tan ce of Op erat ions Research/Sys tems
Analysis techniques throughout the Navy.
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CN-\ provid es Operations Research in support of the
Navy in a variet y of ways. Its work includes considerations
of both narrow and immedia te  as wel l  as the very broadest
long—range problems of the Navy . R e p r e s e n t a t i v e s  of CNA
work throughout t i l e N a v y , with major force and fleet
commanders , with units such as experimental aircraft
squadrons , as well as in the Office of the Chief of Nava l
Operations (OPNAV) on major studies. CNA ’s work for the
Navy is coordinated through the Systems Anal ysis Division.

Several conditions are essential if an Operations
-
~~ Research or Systems Analysis organization is to  he an

effective and credible contribu tor to  any decision makin g
procesS. The group must have.

— The necessar y personnel , properly trained ,
qualified and mo t ivated .

— The freedom to operate objectively , honest  I v
and independent of any outside influence. There can be
no d irected answers or preconceived s o l u t i o n s .

— The ~roup s leader must have direct access to
senior decision makers for consul tat ion , gu idance  and
prt’sentat ion of results.

These conditions have been met and are major contributor s
to the United Stat e s Navy ’s eff ective and highl y responsive
Systems Anal ysis organization.

The mix of personnel and their back grounds and
qualifications vary with the organization. In the (enter

for Naval Analyses , civilian professionals outnumber the
naval officers by about six t o  one . These civilians are
men and women with advanced degrees in one or more academic
or t e c h n i c a l  f i e l d s ;  man~ have long years of  — r i c t i c a l
expe r ience  in th~’ir  f i e l d s .  The~- have an t - o t a h l  ished
r e p u t a t i o n  for  independence , o b j e c t i v i t y  and credihi l i t v .

The nava l officers in their midst ensure full and accurate
military input to studies and analyses. These milit ary
officers , and their fellows in the Systems Anal y sis
Division , represent the full spectrum of academic and
professional backgrounds. All warfare specialties and
suppo r t i n g  s t a f f  d i s c ip l ines  are r e p r e s e n t e d . Especially
valuable are those officers with a strong operational
background — men who know the f l e et , the shi ps , t l i i- ai r-
craft , the submarines , the weapons systems , and who also
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know in tima tely the env ironmen t in wh ich our :~~ ipment
operates and where our personnel work aud live. The
majority have graduate degrees; at least half have an
advanced degree in the field of Operations Analysis. Of
greatest importance , however , is the fact that each was
selec ted for his current assignment on the basis of
sustained superior professional performance and academic
capab ility.

Our naval officers gain their Operations Research/
Systems Analysis training primarily from two sources. One
source is at the undergraduate level. Since 1959, a

- 
- naval Operations Analysis course has been taught to

-
~ prospective officers at the U .S. Nava l Academy. This

course  do - iot be any means r•roduce experts , hut it does
enable our u t u r e  o f f i c e r s  to have a f a m i l i a r i t y  wi th  the
Subject  e a r l y  in the i r  c ar e e r .  O t h e r  o f f i c e r s  major  in
this field In our civilian universities. The second
source , and the most valuable one , is the graduate program
in Operations Analysis which has been taught at the Naval
Postgradt ate School in ~lonterev , California , since 1951.
This program produces a trained officer who is an
immediatel y usuable asset to the N a v y . Officers
graduating from this curriculum alternate assignments to
operational billets with those jobs requiring a sub—
specialty in Operations Analysis. The program has an
o u t  stand ing r e m i t  at ion—a r ep u ta  t ion that has been enhanced
under the able direction of Dr. Jack Borsting (Provost
and Academic Dean ) and Dr .  David Sc-hradv (Dean of Academic
Planning and Dean of Information and Polic~’ Sciences),
both of whom have had a long association with national
and international Operations Research and Systems Analysis
organlzations. The Naval Postgraduate School maintains a
mil itar v i e w p o i n t  and provides the student with a
thorough survey of tactic al , strategic , procurement and

weapons—system problems .

Personnel in our Navy Operations Research and Systems
Analysis groups are guaranteed the opportunit y te do their
work as objectively and independentl~- as possible. The
President of the Center for Naval Anal yses is guaranteed
independence under the term s of his contract. In the
N av~- , he reports directl y to and responds o n ly  to the
gu idance of the Director , Systems Analysis Division and
to his i m m e d i a t e  superior , the Director Navy Program

Planning . These  two officers , Iii t u r n , enjoy d irect access
to the Vice Chief and t h e Chief  of Naval Operations , thus
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guaranteeing their freedom from any attempts at undue
influence on the part of other staff officers.

U O N C I U S  I ONS

If my presentation has sounded like a sales talk , in
a sense , it is. I believe a viable anal ysis program is a
valuable management t o o l  f o r  a lm o s t  any  l a r g e  organization
militar y , Government , business or lndustr - . Definitive
analysis is essential in t h e defense decision making
process , j u s t  as it is in an enterprise w i m e r e  th ~- bottom
l ine is p r o f i t  or loss. For the U .S .  N av \ , as w i t h  any
military organization , analysis techniques provide •in
invaluable means for insuri ng that we effec t ively use the
assets available under given fiscal or o t h e r  c o n s t r a i n t s .
But , some words of caution :

— Op e r a t i o n s  Resear ch/ Systems Anal ysis is n o t
decis ion making i t s e l f ;  it is simp l\ a tool to be used in
the decision making process.

— Analysis guides and assists hut does not
dominate defense policy and programming decisi on.

— It is one of several , a l b e i t , a v e ry  valuable
tool w h i c h  is useful to the decision maker ,

In the f ina l anal ys i s , decis ion making  is bi ~~ed on

judg~ ent— with the person making t h e  decision wei ghing
a l l  factors and information available and app ly ing know-
led ge g a in e d  th rough  experience in order to r e a c h  t h e
best possible so lu t ion  or d e c i s i on .
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1 .  I N ’F l- h J D( 1C T I O N

DEALIO tI in any Lndeavor is a critical liput . In our pro—
- I t’eJ~~Iofl , MILITARY lEA: tn:;~ REfEARCH , it is the most

critical input . I want to emp h a c i z e , unequivocally , the
requirement for realiotic iri 1 ut data. During these session ;,
you will  hear much about operations research and cyotem

analysis techniques , i-ut I -u n p e c t  there will be very little
on data collect ion , input data and validation L I  resulto.
W i t h o u t  t:eoe elements , OR/ A may be a dangerous t oo l  and

* -
~ can promote many poor decisions . The requirement for

realistic input data is parw::- uLt to the :;ucc ens of t h e
OR/SA community.

Let U~ Ic-ok at the History of - un F r o f e n o i o n .  In the
beginn ing  O i l : A  was called operational r ec eur ch : .  Initially ,
British Olerat ~~OI i : i  r~ :mearch in ~ rI 1 War II wan on radiolo—
cat ion.  The early OR - - mmux~ity it: Brit ain had a dintin et
advantage over t h e  H - - m r ;w i t y  of day . Th ey la d im-
mediate ft-ed ~ uck cx: t Del r tee I ‘‘ - c -  , and ¶ lie - -

~~
-
~ 

- nt ut:i t to
compare analytic re: uIc - - ‘1 . actual real w o r l d  r e s u l ts .
Th ey did ac t  have t h e  luxu ry  I • cut ed met hods and
comj-ut cx’ t echa 1 -;u- -o avai l  i,t ’sl d;~. , I - :‘ • 1 -y made -xl en ci ye
Us e  of real world data in  ‘ c - r t e a  i~~5C5. Are we doing that
t o d ; i v t  I am convia- -od  • hat  h e i r - : ’ JR ~‘A - - ommutli t y is
overcome by t h e  S. L: sticatod -t1 1. - - I;,J - - - -m~ at  -i’ t e c h —
a i que :; availal Ic- t odav and  - c  ‘ lace en u~ h em1diaci S on
the uSe of real uox’ ~i data.

UlIITAI-: Y h~l~ •, 
I ’ . ;

~i-~~ Do :-L~ :~~ck of - - i t l I  ml L~-~ mc disc u s
several examples that I feel  I’~.-t rat i- t I -  necessity to

ret  u r n  t o  th e  dat a collect t - a , rev i ~-w f I a: ;O mi n i vaj ida—
I O i l  pnii S es of OR. The f i r  ~~~ area cons  - rn  5 1 F : -h A’ . I 1N AI -

DFd~ li-J-~-tl-N’T . Ii: thc U.S., as i n most - f our c ui , t r e s , t u e
devel c- pmex it p ro~ r uxi. ar - t aced on oper it  I c -na i  re~ UI r emex: t ii
f r m u l  at ed by t h e  ~~ I tary I-ranches

Ai~ exam ple of a critical requi r -m- -n~ is ro an time 1-etwe en
failure (‘- “: 1-n- for t h -  system . 

‘nTh-n we 
~~~i ’i  l ie d  ‘H ~‘A

(hue ; to • ,r’-e di  f f ~ rer:t tm - st ems ut S- :- 1~ -v l c I Im e ! -J (a radar ,
an engine , axid a D e l  -c: ter) we soon recognized that from an
operatI Ina~ p 

- 
~t 01’ vi ew the or ig inal requirements were

much t o -  ‘ r I n g  -at
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TAB I F: 1. AI l iME Bl-:Th’i-n-:N FAILURE HEi I H F ~tF:N::

- t 1~YTBF
SYSTEM (ii u u o

Ai r Defense Radar 600

&~gine 1200

Hel icop t e r

In th0 case of the air d -fet :se  radar , t h e  orig :u ! I~TBF
was established without analyzing the ;;- i - r at i on  mission and
the realistic eng ag e m en t  re:u-.rem~’n: n . An effort was unoer—
t- - L k ~~- t .  to analyze the  probability f the :ystem teing avail—

- m die as a f u n ot  x c :  of attack time e f e::t’my aircraf t  and the
system MTBF~ diven  a fa:iur~ Lc -u s :- c , varIcu- r ’ j a ir  limes

were also a:;uiycel . : -‘urc I s ho w n  that the c’riginal ~PBF
-- requirement of cOO hour s was to t required.

to 
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The requirement stated for the engine directly impacted
on the expected MTBF for the helicopter . When test results
indicated that the engine could not meet the 1200 hour
requirement , the logical question was how would a change in

-~ the engine requirement influence the availability of the
aircraft for realistically defined missions.

AM SAA initiated an ef for t  t~~~ analyze the mission of the
helicopter. Based on analyses of many mi ss ion  scenarios , it
was determined that the maximum duration of any mission was

3 about 3 hours. Figure 2 ;iiow;; the probability that aix
aircraft is available and successfully completes its mission
as a function of the ~~BF of the aircraft. Significant for
the one and three—hour missions is that a reduction of the

-~~~ or iginal 75—hour MTBF for the hel icopter is not very c r i t i c a l .

10 - ~~~~~~~~~~~~ • ~~t IAMxT,

1 -

OPL t~~~~ MaSION

MIV D~~ )

Figuv. 2 P~o~~~ iIp~y ~bko,~~ a ~~~~~~~ and Svcc.nIulI y ConipIs~.s Mis,.on

interrelationship of the l~TBl- ’ f the engine and heli-
copter was further a n a ly c~-d s i ne  i i -  engine was not meeting
t he  re lairieserO . ‘I ~rom the t i s t i n g  of the helicopter
system it  :1 -a ’ ed that c- ThSi-’ of t , l i e  : st e m  less the engine
wits ~~~ ho~ -: o : :.g thi s into account , t h e  data in Figure
3 were dev~ lo 1 -~ i . ‘The I f i  cant -o 1 u t  here is I hat the
- l’

~~ 
• em ~- “ l H F  being :‘ - i - m d  t - 

50 hours , could i e  met  i f  t h e
-- u:~~ n - ~~’ :- - ¶ ii achieve -al-I i ’ox :rtvit e l y 200 hours MTBF. The
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test results for the engine showed it could easily meet this
requirement and could be changed without impacting total
system availability (Figure 2).

/
~~~~

“

I I I I I IC
o ~~~ 

~~~ 600 S00 5000 1200 l~~~

~ GU MTU

Fç,. 3 H.&op4uu- M~8F l.ss En~us. MT& • eo ~.,

The overall result of these analyses was a change to the
stated requirements as shown in Tahle 2 , and elimination of
fur ther  development ar :d t es t ing  to meet u n r e a li s t i c  require-
ment s. These are only a few examples of where military
OR/SA has and can influence requirements. I urge each of
you to  increase your -tudy e f f o r t s  to influence this most
cri t ical  phase of mi l i tary  development .

TABLE 2. MEAN TIME BE’rWE~~ FAILURE REQUIREMENTS

~ IBF (Hours )

System Or ig ina l  Requirement !-Dodified

Air Defense Radar 600 200

EngIne 1200 1400

Helicopter 75 50
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3. SURVIV ABILITY

Another example, again with  electronic equi pment , where
OR/SA has been applied , but wisuccessfully , concerns the
survivability of shelters. We spend millions of dollars on
electronic gear. Then we house  them in th in  walled shelters
which are highly vulnerable to :ra~~r e at s .  in the U.S., we
have conducted tests and carried out -oxten;;ive analyses to
quantify the benefits of additional ballistic protection.
We have conducted fu l l  scale verification tests to support
cur analytic conclusions . Figure 1 4 shown the improvement in
survivability of a standard shelter as a fund ion of weight
of balli:tic protection.

60-

~ffiCAL

U-

C’ I I I

0 300 ~000 ~500 2000 2500
W!IGHT O~ ARMOR PROYKIION. POu.~~

FIqir. 4. Sur~tivobiIity Ina~os. r~ C
3 System tla1dsn.d Shelter.
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I raise this case because I feel this type application of
simple, straight forward OR/SA supported by realistic data
offers tremendous opportunity for future success as new
equipment becomes more expensive, more complex and requires
longer development cycles.

I cannot stress too strongly the need to address surviv-
ability . OR/SA can provide significant guidance and insight
in this area. We can identify realistic ways to improve
survivability through equipment modifications and tactical
usage. I urge you to accept this challenge.

14. WEAPON DESIGN AND EVALUATION

Now let us address the area of weapon design and evalua—
tion. In the U.S. we have two general classes of targets —

air and ground targets. As one might expect , the design ,
development and estimated utility of weapons are very much a
function of the defeat criteria. I question how realistic
our kill criteria are.

In the case of air targets we have several criteria , but
the two most widely used are:

A—Kill An aircraft falls out of manned control in less
than 5 minutes.

K—Kill An aircraft falls out of manned control in less
than 30 seconds.

These criteria were developed after World War II to allow
the OR/SA people to conduct vulnerability assessments.
There was little consideration given to the realistic battle-
field environment, the threat and desired results. These
criteria have been used for over 30 years to compare the
relative effectiveness of systems.

However, when these criteria start to dictate design of
weapon systems, I become alarmed. Usually we state a
requirement for a K-Kill at long ranges for an air defense
gun which leads to a large caliber system . It is driven by
the desire to produce a K—Kill before an enemy aircraft can
drop its ordnance.

An investigation of combat data indicates that aircraft
attacking ground targets, need not be catastrophicaUy
destroyed. We point out that the mere presence of air de-
fense guns, degrades delivery accuracy of air delivered
ordn ance and also results in aircraft damaged that do not
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return. Table 3 shows the relative accuracy of air de—
livered ordnance experienced by the U.S. in Vietnam for no
air defense, light and heavy defends. The degraded accuracy
has a significant effect on the damage level produced.

TABLE 3. ACCURACY OF AIR DELIVERED ORDNANCE

Air Defense Relative Accuracy

None 1.0

Light 1.5

Heavy 3.1

Of equal or greater importance is the fact that aircraft
that are hit, but not necessarily killed, have difficulty in
completing their  mi ssion , and require repair time. In
Vietnam we found that of the aircraft hit by 23mm and 37mm
projectiles and not killed , over 50 percent aborted the
mission. For some aircraft hit that returned to base ,
repair time in excess of 30 days occurred.

So , I qu- stion whether or not the K—kill criteria is
realistic when a large numerical threat exists , and large
caliber systems have limited rates of fire and present
greater logistical burdens. t,us , to realistically deter-
mine the characteri sti cs of a system , we must go far beyond
the single statement of a kill criteria.

In the case of air—to-~ ir mi ssiles , again the desire for
a K-kill is leading to greater sophistication in warhead
desi gn , fuzing and guidance in an environment of reduced
weight for missiles.

I urge the OR/SA conmuunity not to accept blindly the cri—
teria developed in the past , but concentrate on analyzing
the real world situation and apply or develop appropriate
criteria. The threat , technology and operational require-
ments of today are entirely different from those of WW II
and must be reflected in the criteria we use for evaluation.
Although I ’ve only discussed air targets the same arguments
hold for ground targets.
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5.  ~~~~~~~~~~~~ CON LFd~~CiOSS

Another critical factor to consider is the environment .
Given a weapon or weapon system: for evaluation , the environ-
:s~-nt in which it is to perform is a basic , critical con—
si~it -r ’it~ Today in the U.S. we have come to depend on
sophisticated and accurate systems . The OR/SA community has
done many s’ uiies in support of decisions on laser guided
( -~‘O1 i~ d-JlEAP), .mart RomL s, cit-ct rL - optical (MAVERICK) and
wir~~uided (Tow ) systems .

How realistic are thc~ t ’ analysest Un t i l  the 197 3 Arab!
Israeli W r , I ::u:t say they were not very realistic.  he
ex t e ns i v e  use of guided systems in l~ I ~, s -rn; tt- us to re—
h-urn the lessons on the use of smoke. hi th e  U.S. con—
:iderable effort is being exjam i oi to quantify the effects
of smoke , dust , and poor weather . I hope we have n- -~ gone
too far on precision systems!

Going tack to the Vietnam War , again reminds me of how
the ~h-’ - .~A oommui itv lacked realism in its treatment of ~Le
envi ronment .  We t radi t ional ly evaluated weapons in -j en
t e r r a i n , however , in Vietnam we had marsh grass and rain

The OR/ SA conmu n i ty  had generated data recommending usage
f weapons and fuses based on the open terrain. Needless to

say , the dat a base did not apply and as a result we launched
a very aggressive data c-ooiecti~ n program.

Today we have a much ~~-tter data base for realistic
assessm -nt of weapons. But as weapon designs change and
become mere s- p l . s t icated , these data t-ase must be updated.
Otherwise , OR/SA in  the weapons area could mislead the
dec ision maker.

Before leaving this area, I raise a word of caution . In
accepting data on new systems or analyses on systems, we
must take into accou~.t the impact of the particular environ-
ment considered and the appropriate operational application .

• 6 .  LO G I S T I C S  SUPPORT

Now , after a system is fielded — how about its logistical
:urj-e-tI The most e f fec t i v e  :vstem is useless in the field
if it cannot be supported. The logistical support system is
very complex and costly. OR/~’A can definitely make a signif—
Icant contribution in this area, however , to date very
limi ’ - .1 application of -R/SA has been seer~.
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In the U.S. considerable emphasis is being placed on
spare parts provisioning — for both nominal wearout and
combat damage. Again , a review of Vietnam combat data has
led us to relearn the lesson that the spare parts required
for combat are mu-c L different than those required in peace-
time operations.

— This i~; illustrated very clearly by examining damage to
armored vehicles. When an armored vehicle is damaged by a
threat weapon, the wiring harness suffers damage. We do not
stock wiring harness because they d0 not wearout in peace—
time . Another example is the fuel cell in hel icopter : . The
fuel cell represents a large presented area on the heli-
copter and is frequently damaged in combat. In the U.S. we
stock very few fuel cells — again because they do not wear—
out.

We have not performed too well in the logistical area. A
significant study effort is required to address realis-
tically the required logistical support for key systems. In
addit ion , reliable data collection efforts are required . To
improve the dat a base , special sample data collection pro-
grams are established. Also , ANSAA has a unique mission of
sending teams to the field to investigate the performance of
equipment and as a result identifies problem areas for
future investigation. These investigations range from
redesign to maintenance of equipment as well as identifying
requirements for changes in TO&E*, training and support.
There is a great deal of money , time and resources devoted
to new developments , new technology — but not that much
money and resources dedicated toward improving f ie lded
equ ipment . Why not? That is what my field liaison program
accomplishes — IMPROVING FIELDED EQUIIO~ffNT. This program
thrives on realism. We do not rely on reports , or on sur-
veys — we rely on “face—toface” contact with the soldier in
the field. The program offers an excellent check on equip-
ment performance in the hands of the soldier versus proving
ground assessments of performance.

7. SUMMARY

I have attempted to provide you my thoughts on areas
where I think OR/SA needs increased emphasis. In summary,
we must concentrat e on a well balanced and realistic ap-
proach supported by reasonable data from many sources. Too
much emphas is on one element , too much emphasis on computer
techniques , too much emphasis on complex simulations can all
lead to misleading results.

*Table of Organization and Equi pment
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I think ~h -  OR/SA “ il it i t ~~ ai proaci. w il l  L~~~e (s -at ~~~ ‘

realism if -
~~~~ r -m -;h to ax~;il’;si~ is a cycli cal :

I:iv i’~ is o re - tic t i ’.-c mo P-li , :u~ - s t  ed ~-y -int i mid :ts. A
Key to - uc - -s . is to take it i’ ;-in . a(e of  f ~ ei operat i Ors
I ~c1uding -c - o i l-at i i i  a colleeti:..

Let us r iser , r i 5  l f l t  -r it l ‘n: ht - st- trc ii — ~~~ is
Oper it I onsI 0- : 
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