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NATIONAL PRODUCTIVITY COUNCIL

The National Productivity Council is an autonomous organisation regis-
wered as a Society.  Representatives ol Government, emplovers, workers and
various other intevests participate in its working, Established in 1938, the
Council conduets its activities in collaboration with institutions and organisations
interested in the Productivity drive, 45 Local Producrivity Councils have been
established practicallv all over the country and work as the spearhead of the

productivity movement.

The purpose of NPC is to stimulate productivity consciousness in the coun-
wry and to provide services with a view to maximising the utilisation of available
resources ol men, machines, materials and power: o wage war against wasle;
t6 help secure for the people of the country a better and higher standard of living.
To this end, NPC collects and disseminates information about techniques and
procedures of productivity,  In collaboration with Local Productivity Councils
snd various institulions and organisations it organises and conducts training pro-
aramnies for various levels of management in the subjects of productivity. [t
has also organised an Advisare Service for industries to facilitate the introduction

ol productivity techniques,

NPC publications include pamphlets, leaflets and Reports of Productiviey
Teams., NP utilises audio-visual media of films, radio and exhibitions for
propagating the concept and techniques of productivity.  Through these mediu
NPC seeks to carry the message of productivity and to create the appropriate
climate for increasing national productivity, This Journalis an etfort in the

same direction.

‘The Jownal bears a nominal price of Rs. 3,00 per issue and is available at
Al NPC offices.  Annual subscription (Rs. 12,00 to be sent by cheque in favour
of National Productivits Council, New Delhi) is inclusive ol postuge,  Subscrip-

tion for three years, however, can be paid at the concessional rate of Rs. 32,00,

Opinions expressed in signed articles are those of the authors and do not

necessarily reflect the views off NPCL

Unless otherwise stated, all material in the Journal may be freely quoted
or reprinted, but acknowledgement is requested, together with a copy of the

sublication conta'ning the quotation or reprist.
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Three Jawans of like ideals: Jawan on the front, Jawan in the factory and

Jawan in the field. Born to enjoy the liberty of a free country, they are now
face to face with the duty of protecting liberty. Together a hard-hitting force:

protaction combined with production: a force no power on earth can conquer.
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In factories sudden darkness can cause injury
and damage to machinery. Emergency light-
ing is the obvious safeguard—and that'swhere
Keepalite comes into its own. Keepalite is an
automatic emergency lighting system employ-
ing lead-acid storage batteries which are auto-
matically triggered into operation by the aciu-

al mains fatlure. Modern mecthods of control
and ‘trickle’ charging mecan that Keepalite
equipment has outstandingly long life and
requires mimmum of maintenance. That's
why architects everywhere specify Keepalite
as sure inexpensive protection for factories,
hospitals, schools, barks and public places.

KEEPALITE

AUTOMATIC EMERGENCY LIGHTING EQUIPMENT
~a product of Chloride and Exide Batteries (Eastern) Limited.
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A few recent Opinions
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. .2 quite outstanding publication”
—Aberdeen Productivity Committee
“It is a very well brought out Journal....”
—HC Sarin (ICS) Additional Secretary, Ministry of Defence
. contains very useful data. . . highly appreciated by staff and students alike’.
~—CGandhi Smarak Nidhi, Varanasi

.very interesting.  Some of the articles are really of commendable value.”
—>5Subratesh Ghosh, Calcutta University.

13

. Excellent is the only common word that comes to my mind...."
—Editor, Trade Digest

The Question-Answer Service

We have introduced NPC Question-Answer Service to Ict the rcader ask us
questions to which we in the NPC would try to find answers.  This is really a sort of
a feeler to find out what ihe veaders actually want,  We now feel encouraged to make a request
for specific directions in which the readers of this Journal would like us to move.

NPC Values Readers’ Opinion About This Journal

“The readers make the Journal what it is. They are invited to comment unreservedly
on the pattern of the Journal and we shall make it what they want it to be, because Producti-
vity means essentially nothing but the sovereignty of the Consumer....” (Extract from
the leading article, NPC PRODUCTIVITY Journal Vol. III No. 5 & 6, page 723).

It is essential to get the reaction of the persons, who read the NPC PRODUCTI-
VITY Journal. Hence this request to answer the following questions :
I How do you like this Journal? What is your over-all impression ?
II  Which do vou consider the best items, so far published ?
IIT  Which are the items, which, in your opinion, need not be included ?
IV Any suggestions for improving the quality of this Journal ?
—



Sri HVR lengar, the New Chairman of NPC

Born 1902, Sri lengar was selecied lor the 1CS in 1926; has Leld several distiu-
guished positions in the serviee of the State, culminating i the Governorship of the
Reserve Bauk (1937-62): has done ploneering work in Productivity, Planning, the
S et e Eronucring : iy Lallang
Framing of the Constitution; has been intimately associated with the ofhcial work
of the Prime Minister ere.

WHY PRODUCTIVITY IS LOW !

“....a very serious inhibiting factor is the jungle of red-tape in which
we have got enmeshed. This has steadily become worse and worse. ...
decisions take an unconscionably long time to take; that even when they

are taken, they are subject to further processing... as a general rule, co-
ordination is inadequate. Occasionally also, there are complaints of ar-
rogance and rudeness. No one asks for obsequiousness..

from Sre HU'R Tengar™s article i the Comtiner e Aumeal Nwiber
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Operations Research

which Operations Research has been applied to practically the whole range

of industry, large scgments of commerce, transport, service facilities, even
the dark recesses of administration : all this indicates how productivity has got on
into the current of social change, for Operations Research, despite its mystical
aura, its mathematical mask, its intimacy with military logistics, is nothing
else, in reality, but an integrated application of productivity techniques.

The Blackett Circus

That is exactly how it was born out of the imperative necessities of the War.
The organisers of World War 11—Franklin D Roosevelt, Churchill, Eisenhower—
soon found out that war had really ceased to be a mere soldier’s business: it meant
an intimately coordinated working of men from several disciplines: Atomic
Physics, Chemistry, Biology, Aeronautics, Industrial Management, to mention
only a few. Scientists from different disciplines were organised into O.R. Teams,
which were addressed initially to optimising the use of resources!. Prof
Blackett?, the distinguished British scientist, called upon to help by the Allied
Command, brought in a number of scientists, popularly called THE BLAckeTT
Circus: a title significant in its implication regarding the methodology of
O.R. Fundamentally, it is the application of the scientific method through an Inter-
Disciplinary Approach.

EMERGING TROM WORLD War IT As A mystigue, the manner and the rate at

War & post-War

When the War was over, men in industry, who had been intimately
associated with Deferce Mobilisation and who had seen or at least heard of
O.R. Tedms attacking problems such as Target Svstems, Effectiveness of
Bombing Operations, War Time Inventories, Communication in Warfare, Utili-
sation of Training Aircraft, Reconnaissance, Convoy Routing : these men in
industry began to feel that if the battles of large scale war could he successfully
won through O.R., it would be an excellent technique for larpe scale business,
befuddled by the mass of data and the near-impossibility of coordinating by
traditional methods, the different technologies with the findings of market
specialists, the economists, the sociologists, the human relations experts and
many others, who were swarming into industry without the managerial personnel
knowing, not only how to storm their Lrains, but to make them work together
for maximising the total gains from the point of view of the concern, as also of the

See NPC PRODUCTIVITY Journal, Vol IIL, No. 5 & 6, page 1007: article on
Operations Rescarch by Ackoff & Arnoff,

‘He was recently here at the invitation of the Government of India in connection with
the work of the National Physical Laboratory.,

185



186 THE INFINITE RANGE

community. It was realised that as between the ends of large scale war and
large scale business-—viz., the optimisation of the desired output from given
resources—there were no essential differences; hence large corporations like the
RAND, intimately associated with the US Air Force, began undertaking, on a
fairly extensive scale, not only practical but fundamental research in O.R. We
have drawn heavily upon their published resources, as also on the massive
literature published by the various international and national societies of
Operations Research that have come into existence in the post-war period.

The Emergency

Quite a large volume of literature on O.R. is still concerned with war
experience and war problems: A study of combat stress in Korea®; A Monte-
Carlo Model for Military Analysis'; Some Military Applications of the
Theory of Games’; A Missile Allocation Problem®: A Lancaster Model of
Guerrilla Warfare™: to cite only a few of the recent researches in the applicaticn
of O.R. to military problems. Because of the Emergency, we have drawn
extensively upon this extremely rich material, supplemented by the good work
that has been done in the Research & Development Division of the Ministry
.of Defence, the Defence Science Laboratory etc.

The Infinite Range

Though still dominated by Defence—for the world is full of war—O.R.
now extends over the whole range of what are popularly classed as economic
activities, as may be seen from a sampling of a recent periodical on O.R.:
Operations Analysis of Locating High-Speed Runaway Exits, The Dynamics of
Brand Loyalty, Alternative Bilateral Monopoly Models, Queueing for Gaps in
High Flow Traffic Streams, A Generalised Network Approach to the Planning
& Scheduling of a Rescarch Programme, Strategy of Data Selection for Adaptive
Automation, Least-Cost Allocation of Reliability Investment, A Decision
Problem with a Dcadline, Optimum Preventive Maintenance Policies, A Dual
Labelling Method for the Hitchcock Problem, O.R. in Health Services; Relation
between the Travelling-Salesman and the Longest Path Problems; PERT as an
Analytical Aid for Programme Planning; Oprimal Capacity Scheduling : these

again arc only a few examples of the almost infinite range of the present appli-
cations of O.R.

O.R. in India

The Digest of this literature, in connection with the processing of this
Special Issue, has been really a sort of tiberal education for us in the National
Productivity Council, It will be recalled that NPC organised a special session
on O.R., as an integral part of our Productivity Personnel Conference, to which
a reference has been made by a writer in this Journal. However, when s
Special Issue was planned last year, it was considered to be difficult to muster up
sufficient material from within the country for effective presentation of the work

$Bio-Social Research in O.R. Stanley W Davis. fRichard E Zimmerman. #Second
International Conference on O.R. *Harry J Piccariello {Journal of the O.R. Society of America,
Nov.-Dec.'62), *8J Deitchman.
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being done in India in the ficld of O.R. The response has been encouraging :
in fact, it i3 worthwhile recording the excellent and widespread work being done
through O.R. methodology, not only in Defence and the Railways and private
establishments like the Burmah Shell but also the various Institutes of Technology,
the Central Food Technological Research Institute, the Fuel Rescarch Institute,
the Institute of Science, Bangalore, the Council of Scientific & Industrial
Research, the Ahmedabad Textile Industrial Research Association, the Depart-
ments of Mathematics and of Business Management at the varjous universities
in India: these again are only a few of the institutions and establishments,
which are resorting to O.R. techniques, not only as 4 short-term Strategy for trouble-
shooting but also for long-range programming.

Planning & O.R.

It is probably not sufficiently known that the Draft Framework for the
Second Plan was evolved by O.R. techniques.  In the Approach of Operational
Rescarch to Planning in India, Prof, Mahalanolis, who has bLeen intimately
associated with the subject, has remarked 1 “I have been all the time using the
approach of operational research with a view to gelting seme hroad idea of the
strategy of planning. In 1953 an Operational Rescarch Unit {ORU) was
established in the Indian Statistical Institute which made it possible to start
some preliminary studies cn planning. I may explain why I have been using the
phrase ‘operational research’ in relation to planning in India. Our aimn is to solve
the problem of poverty, that is, to find a feasible method of bringing about a continuing
econmnte development of the country. Tt would be necessarv to use much scientific
and technical knowledge and also to organise continuing research at various
levels for this purpose.  But research is not our primary objective. .. ... The
distinction is important, In my view our studies have the primary aim of solving
a particular problem (and not of doing any theoretical research for its own sake).
This is why I have used the phrase ‘operational research’ in the present connexion.
We are speaking of India and suggesting methods which we think are practicable
under Indian conditions. I have tried to set up a conceptual framework which
would be of help for practical purposes; and I have used certain statistical
methods to solve our problem. 1 have used them as a scaffolding lo be dismantled
as soon as their purpose has heen served. There is, of course, much need of
theoretical thinking and researches; but so far we have been primarily concerned
with practical issues, that is, with operational {as distinguished from theorelical)
research.,....”

Mathematical Scaffolding

Prof. Mahalanobis’s remarks throw a significant light on the mathematical
framework within which the language of O.R. is usually expressed : the mathe-
matical models are only a scaffolding to be dismantled as soon as their purpesc is
served.  The fact of the matter is that the digesting and presentation (for eflective
decision-making) of the enormous and complex information needed for the
efticient conduct of large scale business, operating within a mobile and tremendous
framework of money and markets and policies, require urgently the ‘simpli-
fication’ techniques of mathematics, aided by statistical sampling and designing,
electronic computors, digitors and the like, The new methods in mathematical
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programming—Linear, non-Linear, Quadratic Programming—are only™ 2
means to an end—an essential means for summarising of complex data’—but
still & means to an cnd : the end being the making of the best choice—the most
productive or optimum choice—among the various alternative dispositions ol
resources.

The Scientific Method

This ‘optimisation of resources’—whichis the cssence of productivity and
the core of O.R.—is the ancient economic problem of the choice hetween alter-
natives.y It is the approach of O.R. that is original and significant, To quote

"LeRoy A Brothers (whose article on Opecrations Analysis in the US Air Foree,
appears in this issue of the Journal) : “Operations are considered as an entity.
The subject matter studied is not the equipment used, nor the morale of tke
participants, nor the physical properties of the output; it is the combination of
these in total, as an cconomic process. And operations so conceived are subject
to analysis by the mental processes and the methodologies which we have come to
associate with the research work of the physicist, the chemist, and the biologist-—
what has come to be called the scientific method.”

The Strategy of Productivity

The fact of the matter is that modern industry is in continuous necd ofa
strategy on account of two concentric complexities : an inner complex systera,
called a factory or a firm, operatjig within a complex environment of government
policies, markets, technologies. “The factory or the firm, appearing to the external
world zs a single unified system, is in itself a complex world of money, mes,
materials and machines; and the techniques of Operations Research such as
Lincar Programming constitute a strategy by which managements steer their
way to a ratienal, optimum, productive use of resources. As claborated by
the Farl of Halsbury in the thesis with which this Journal begins—from Flato
to the Linear Programme—the technigues of Operations Research can be appiied to
“society as a whole and ask how ils performance can be optimised.”’xThis, of course, is
LOOKING TOO FAR AHEAD. At present, it would pay di\'ide)r(lds if we were to
adopt Operations Rescarch as The Strategy of Productivity.

3¢ the sophisticated mathematical ability required for the solution of complex
problems involving many variables.....”" Florence N Trefethen: History of Operations

Research.
YWoempan much of standard economic analysis is linear programming” : Foreward to Lin-ar
Programming & Economic Analysis {RAND series).  Those intcrested may  also read Prof.

Baumol's Econcmic Theory & Operations Analysis.

«Tgg many try te communicate with words alone......



From Plato to the Linear Programmet

The Earl of Halsbury*

The USA and the UK have been aptly described as two great nations

divided by a common language.

It is indeed true that we do not always

use words in the same sense and I shall therefore be at pains to ensure
that ne misunderstanding arises therefrom. Operational research (as ] under-
stand it) is concerned with optimizing the performance of a system regarded
as given for the purposes of the problem.

3 ISTORICALLY, the first problem to re-
H ceive the name of Operations Research
was concerned with how to set the
time fuse of a bomb to be dropped from an
aircraft onto a submarine. It was solved by
my friend and colleague Professor Blackett?,
who showed that the fuse should be set to
explode on impact and not, as the Roval
Navy and Air Force believed it should be
set, to explode after a delay period, The
bomb, the aircraft, and the submarine were
regarded as standards; the setting of the
fuse was the only recognized variable.

There is however another sense in which
the word is used; namely, to denote analysis
of an operation required to be performed in
order to design equipment or procedure that
will meet a user specification. It is not
always clear in which cf these two senses the
words “‘operations research™ are used and
there is a connection between them that can
be seen in the following way.

*The Right Honourable, The Earl of Halsbury, is
Managing Director of the National Research Develop-
ment Corporation, London.

tFournal of the Operations Research Society of Amevica,
Vol. 3, No, 3 pp. 239-54.

+Professor Blackett’s is probably the earliest name
associated with the literature of operational research.
His two papers, “Scientists at the Operational Level”
(1941) and "“A Note on Certain Aspects of the Metho-
dology of Operational Research” (1943} have been
published as addenda to his article, “Operational
Rescarch,” in 7The Advancement of Science, Vol. 5,
No. 17 (April 1948).

If, instead of regarding the aircraft as
given, we allow it to range over all the air
force, we enlarge the field of inquiry by the
inclusion of an extra clement of variability.
For lack of a better word I call this an
adjunction. I select this word in particular
by analogy with the extension of the field
of rational numbers to the field of an
algebraic number by “adjunction’ thereto

of some algebraic mark such as /2.

If then to the resources of an air force we
adjoin the resources of the aeronautical
industry, our problem becomes a wider
one—that represented by the alternative
definition of the words ‘“‘operational re-
search’; namely, how to design and produce
the best aircraft for dropping bombs on
submarines.

I shall be concerned in this paper with a
still wider field of operational research, a
field standing in relation to any single
operational study that might be proposed,
somewhat as the complex number field
stands to any finite number ring. This
problem arises when we consider society as a
whole and ask how its performance can be optimized.
The field of inquiry cannot be extended by
any process of adjunction; it is already as
wide as it can be and embraces all there is,

Having dealt in this way with definitions
I want to plunge backwards into history for
a few minutes by inviting you to think of the

189



190

religious wars of the seventeenth century.
That centiuv wrs an age of fie 'ce intolerance
znd o astonishing preoccupation with the
minutize of form lized creeds, beliefs, and
practices that arouse today only the coolest
of inte-est, if any at all. The mntolerances
played a critic:! role in the carly history of
Euvropean mnd British settlements in the New
World. The issues on which intolerance
was displived now find us somewhot baffled.
Not only in the United States but clsewhere,
Catholic and Fpiscopzlinn, Buptist and
Presbyterinn, Q 1zker and Freethinker, heve
come to live over the grenter part of the
world in a harmonious socinl intercourse
that no difference of creed is any longer
capable of disrupting. You have ounly to
rexd in history of the fierce passions aroused
three hundied veirs ago by controversies
over the permissibility of surplices or the
idolatrous st1ius of lecterns, together with
the neurstic anxicty siate into which the
sound of & chnrch bell had the power to
throw Gentge Fox, to ponder forthwith on
why we hove changed, Why have these
grounds for intolerance ceesed to matter
though their substance hos remtined un-
changed 2 It is not as if the participants
have merged their differences.  The differ-
ences rem:in; they have merely ceased to
appear os important as they once did. Why?

The comtent of a human sccial or historical
situation is always richer than verbal enalysis can
display®. Rerlity is like a tangled skein of
threads.  With infinite patience the analyst
dissects one thread out of the bundle and is
delighted to observe a causal nexus between
its prets. We thus reach truth but never
The Truth, The reaiity invariably bristles
with mn ¢ detail than can be apprehended
as a whole.

A reason {not the reason, accordingly) for
the trans'tion from the intolerance of the
seventecnth to the tolerance of the eighteentl,
nineteentl, and twentieth centurics was the
light shed uvpon the controversies by the
cooling and hezling torch of rational science.
When Locke and Hume were pinpointing
the shaky foundations of all those philoso-

*Ttalics ours throughout.
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phical beliefs that the controversialists held
in common, it was difficult to becorne excited
about the marginalia that divided them,
While the heavens were opening their
immediate beauty to all men under the stage
management of Galileo and Newton it was
diMcult to become excited about the length
of a surplice or the shape of a lectern.

The issues about which men were at one
time preparcd to cut one another’s throats
to the greater glory of heaven, ceasec to be
a cause for bloodshed and intolerance and
were transformed into differences of opinion
that were at most discussed in the schools and
finally congealed into social habits to which
it was ill-mannered to refer openly at a
dinner party. Inthe final result, relormation
and counter-reformation ceased to be political
conspiracies and their adherents becare sects
prepared to agree to differ,

Though the world was the gainer thereby,
man’s prejudiced nature merely found other
outlets for his aggression. Passing forward
instead of backward three hundred years in
time to the present day, we find the world
once more bitterly divided on matters of
creedd and belief. Once more men are
prepared to torture and murder in the name
of what their misgotten prejudices conceive
to he truth, and in the light of past experience
it seems natural to inquire whether the issues
that now divide rich and poor, nationalist
and imperialist, coloured man and European,
communist and bourgeois, will seem as fiery
three hundred years from now as they do
teday. Should that be the case, will the
cooling and healing light of science and
rational inquiry be seen to have pliyed its
part in the process and do we have it in our
power as scientists, not to take part in the
controversics, but to shed light upen them

so that men may see themselves more
objectively, more clearly, and with less
passion; can we make a positive and

conscious rather than an unconseious contri-
hution to the ending of the long tale of man’s
inhumanity to man ?

During the last three hundred years those
who practice what we call democracy have
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learned many lessons from experience.
Finding that power in the hands of an
absolute monarch supported by a corrupt
court was insufferable, we had to learn that
an absolute government sustained by the
sovereign authority of a corrupt parliament
was no less objectionable. When the bribery
and corruption that resulted from the break-
down of the traditional system of farming
offices was placed under control and an honest
and incorruptible civil service was hrought
into being as a worldwide standard of
efficient administration, we learned to our
dismty that the problem had but shifted
elsewhere and that a sovercign nation whip-
ped up to a fever of spurious nationalism by
a corrupt press was just as much of a public
menace as any that had preceded it. We
live in the midst of these tronbles today and,
as is common, the issues have erystallized
into two broad patterns resulting historically
from the age-old problem of the rich and
the poor, the haves and the have-nots,
whether we conceive them in terms of the
underprivileged individual or the technically
and socially backward nations of the Orient
and the African continent.

In the controversy between rich and poor
that is at the heart of all the issues that
vex us, there lies a danger that society may
again be rent by onc of those destructive
wars [rom the most recent of which we are
Just emerging, and all those who, like myself,
hope to sce peaceful reasonableness establish-
ed as the permanent and normal relationship
between man and man are more than
justified in dreading its outbreak. A contri-
butory cause to such an outbreak could be
a corroding lack of self:confidence among
the guardians of civilization’s heritage turning
upon the question of whether their own houvse
is truly in order. It is this factor that has
given rise to that most dreaded of phenomena,
the fifth erlumnist in our midst, the overtly trusted
individual who is nonetheless at heart in sympathy
with the other side. What gencrates him we
do not entirely know, but so long as our own
society is susceptible of honest criticism, the
factors that render it vulnerable must play
at least some role in doing so.  In secking to
put our own house firmly in order we shall
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therefore be making a contribution to our
strength and, as scientists, our contributions
to doing so must surely rest upon analysis
rather than partisanship.

I am myself forcibly impressed by the
contribution that the techniques of the
simulator and the analogue computer have
mde to thought in the field of economics.
What a mess economics was when I was a much
Jounger man than I am today | Quot homines, tot
sententiae, seemed to havebeen the prevailing
state of affairs since time immemorial. There
was, it was true, a mathematician called Keynes
whe claimed fo understand the insiability of the
trade cycle, but how could one expect bankers to
read mathematics ?

History has strange revenges and produces
equally strange re-evaluations and assess-
ments. 1 often speculate in this context
whether FD Roosevelt’s stature in history
will loom great, not as the man who was
four times President of the United States,
nor as the President who saw the United
States out of the great slump of 1929-31,
into World War 11, and nearly out the other
side, but as the man who first gave the
Keynesian theory of economic control an
oppertunity to be tried out and be discussed
at the highest level by practical men, who
were forced to cope with and understand
it by having to live with it.

While these things transpired in the social
world of events, electrical engineers were
quietly experimenting with feedback ampli-
fiers and designing methods of controlling
them based upon and understanding of the
conditions for their stability; out of this
understanding grew a nomenclature and out
of the nomenclature 2 means of non-mathe-
matical presentation of the phenomena
involved.

I do not know who the genius was that
first perceived the trade cycle as no more
than the consequences of a feedback loop,
and applied elcetrical engineering termino-
logy to economics as it had previously been
applied to acoustics.

What is certain is that we have in England
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at the National Physical Laborarory a
simulator that will demonstrate Keynestan’
theory to the non-mathematician. The
spectator can raise the bank rate on one dial
setting and watch the consequences thereofl
upen  unemplovment represented by a
calibrated wvolt- or ammeter at another
point of the instrument. He can couple
two of these simulated systems together in an
importer-exporter  relationship and watch
the eflect of a tariff bharrier upon their
reciprocal trading. Having thrown the
pair into oscillation by some such device he
can play with the controls in an endeavour
to restore stability and, on failing to achieve
it, can be shown by the demonstrator how
to do so.

Controversizl cconomics are not possible
under these circumstances: one cannot be
partisan with respect to the reading of an
instrument. One cannot exaggerate the
importance of a factor, admittedly real, when
the svstem obstinatelv proves itself to be
parameter-insensitive in the face of that
factor.

The consequence of this approach is that the
temperature of discussion on all such maiters is
reduced to a level somewhat below fever heat.
When the tumult and the shouting subside
one is lelt with a solid, comforting, but rather
simple core of truth. Contrel of the trade
cycle is more sensitive to early and accurate
measurement of stock and work in progress
than to any other factor. If information on
that one point were available with a three-
monthly instead of a six-monthly time lag,
the feedback systems need never become
unstable, and local fluctuations could be
readily damped out by the control mecha-
nism. “‘What a simple answer to what a lot
of fuss,” one feels inclined to comment !
Yes, but with how much labour was that
simple solution won |

May it not be that there are other matters
upon which science may shed light of an
equally important character ? 1 propose to
discuss one such matter here; namely,
economic and social justice, or the distri-
bution of the wealth of society conceived as

a problem in linear programming, It is
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evidently very relevant to the historical and
political considerations with which I dealt
carlier.

Plato in The Republic likened a city ruled
by justice to a man ruledby his inteliect.
In reaching this analogy he drew many
comparisons with alternative forms of rule,
showing that other factors such as passion or
cupidity would render & man and a city
less pertectly fit to deal with their respective
environments.

This case he argued with more attention
to persuasion than to the semantic and
logical niceties that sould appea. to a
modern analyst, and ks conelustons, if taken
seriously. are yepellent.  His ity siete is a
totalitarian and monolithic one governcd by an
aristocracy. This corresponds with the man
governed by his intellect. In contrast a
democratic state of affairs is argued to be the
worst imaginable as it would correspond
with a man ruled by his passions, In
rejecting Plato’s conclusions we mus? never-
theless recognize an  acceptable  feature
running through his arguments. The man
who is only hungry for wealth does not in
fact attain it in stable form; the ruination
of all components of his nature but one
frustrates the satisfaction of the one remain-
ing, It is equally true of the man who
is governed by his appetites and passions.
The man who wants only wealth, cnfy food,
enly love, only health never in fact attains it
with any measure of permanence. The man
governed by his intellect is in some sense truly
endowed with zll that his intellect had
acquiesced in abandoning. In this sense
Plito’s aristocrat has sought the Kingdom

of Heaven and all the other good things
have been added. Running through ‘The
Republic’ we therefore encounter an  underlying

theme based upon an optimum performance resulling
[from a controlied compromise.

The economists of the last century per-
ceived that this truth applied n some way
to the distribution of wealth in society. The
complexity ol the subject matter bewildered
them, however, and their conclusions became
involved with other issues on which there was
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insufficient knowledge available for opinions
to be adequately formulated.

One of these was represented by Malthus’
views on population pressure, which were
put forward as a Law of Nuture but which,

ccnlogists now tell us, must, if true, be an.

exception to a Law of Nature. Malthus
stated that cvery population presses on its
food supply, whereasmost ccologists consider
that no population ever presscs on its food supply.
If man does 50, as in present-day India, it is part
of his mariyrdom. not a conscquence of any law
writ farge in the Book of Naturc,

Since the ecological facts are not very
widely known, T think it may be permissible
to describe this sort of situation in a little
more detail, notwithstanding the risk of
irrelevancy. In the first place anyone who
visits a Nature Reserve is struck Dby the
Bolance of Nature. In the Great Parks in
Alfrica, for insiance, the grass is as lush as
the aridity permits, the antelopes are fat
and lions arc sleck.  The populations in fact
are ngot pressing on their food supply,  Sone-
thing else is holding them in check. What
could be the basis for this extra factor ?
Some recent experiments give a clue as to
the direction in which it should be looked for.,
The overcrowding of ficld mice increases
their frequency of encounter exactly as an
increase in the density of a gas produces an
increase in the number of molecular collisions
persecond. On the nccasion of an encounter
between males a process of agaressivedisplay
takes place which is Nature’s substitute for
an actual combat for possession of the female.
With a rise in the frequency of encounter
there is a rise in the frequency of aggressive
display among males and at a critical point
this appears to react on the nervous system,
possibly through the medium of the pituitary,
with the result that the production of an
essential sex hormone is inhibited and the
males become sterile.  The population there-
fore falls sharply in the next generation.

This is co unlike the Malthustan description
of population pressure that it scems worth
recording. What appears to be the case
is that Nature has introduced a safety
mechanism to ensure that the population
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shall not press on its food supply. There are,
of course, exceptions to this, particularly in
the casc of animals that hunt in packs. The
hungry wolf pack will kill out a whole district
and then starve. This, however, seems to
be the case of a natural mechanism going
astray rather than the operation of a natural
faw. 'The Malthusian law is, therefore, not
a Law of Nature but an exception thereto.
Tt applies to man because man uniguely among
the hicher animals has the power to violate instinet
through the exercise of intelligence, misdirected
and misapplied. These considerations illus-
trate how incomplete some of the early
nineteenth century approaches were to the
sort of problems that they attempted to study
in this field.  This criticism, of course, could
be made of any pioneer. Whereas, however,
the general public is reasonably well aware
of the progress made in physics since the
nineteenth century, progress in ecology seems
to have attracted less publicity with the result
that opinions that are a hundred vears out
of date have become frozen into the general
pattern of our thought,

A second issue upon which the economists
of the nineteenth century became confused
was fhe extent te which the immense complexity
of human affairs prevents their administration in
detail. They accordingly overvalued the
merits of any system in which a man, by
acting in his self interest, subserved the
statistical interest of his neighbour. In the
most liberal of modern societies, however,
we have found it necessary and possible to
interfere far more with human affairs in
detail than the classical economists contem-
plated.

Thev justified the wealth of the rich,
obtained  through the wvarious market
mechanisms that they recognized, not
because the virtues of the wealthy entitled
them to spend it, but because it was in excess
of what they could reasonably spend and
therefore was capitalized and used to
industrizlize the nation and thereby support
a growing population at a standard of living
that could be supported in no way excepl
by industrialization. I do not think I
need to elaborate the analogy this bears to
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the current of thought underlying Plate’s in
The Republic.

You will appreciate then that the problem
—as a problem in optimizing a perform-
ance—of distributing society’s wealth among
its members is not a new one. A modern
treztment of the subject can therefore but
repeat what has been said before cxcept in
50 far as a new tool of analysis has presented
itsell. I believe that such a tool does in
fact lie to our hand.

“What is wrong with the rich is idleness; what
is wrong with ihe poor 15 powerly,” sald George
Bernard Shaw. Like many epigrammatists
he combined a superficial triviality with a
profound truth to get a stage effect. I have
met many rich men, and few of them have
been idle. I have on my travels seen many
poor men and their condition is only too
obvious, Regard poverty then as inflicting some
sort of damage upon the productive resources of the
community and you will be introducing the
factor that the nineteenth century ignored.
By damage, I do not merely mean that
maldistribution of purchasing powers that
destabilizes an economy. We all recognize
that a high level of preduction of consumer
goads must be accompanied by a high level
of purchasing power distributed to the wage
earner, who is wage ecarner in one trade and
consumer in the next, if the goods are to be
bought. That is only true, however, of a
given rate of investment. Provided that
profits are expended upon capital goods for
the benefit of the future, a low wage policy
need not entail economic instability of the
kind to which I havereferred.

I mean by damage something much more
positive: the damage that comes from
poverty regarded as a focus of ignorance, super-
stition, and disease.  Four hundred miilions of
peasants in India are rushing headlong upon
a food crisis that must sooner or later
accomplish their downfall in tragic circum-
stances because they are below the level of
cducation at which they are accessible to
propaganda on family limitation, In the
United States, techniques of automation are
progressing to the point where yet one more
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step will soon be taken in the elimination of
the manual labourer by upgrading him
to a control engincer. Poverly and automation
are incompaiibles, inasmuch as ignorance is a
concomitant of the former. Psvchiatrists
grade their psychiatrics according towhether

"they are accessible or inaccess’ble to com-

munication. Secietv will increasingly grade
its poor in the same way,

Thus, to the extent that education and
specialization are functions of leisure and
wealth, essential to high productivity, a
low consumption by the poor individual is
a damage inflicted upon society whose
productive resources are reduced thereby.
Society cannot push the investment rate up
so that consumption is pressed down to the
point where the standard of living of
irdividuals and groups ceases to rise and
thereby menaces their educational and
cultural progress.

I will now endeavour to give these thoughts
a simple mathematical form. Let us start

with the fundamental equation of an
economy :
P =C +1I

Production=Consumption+ Investment.

Production P and Consumption ¢ are
themselves sums of individual production
and consumption. Symbolically,

P=%y 1 ] summed over the k=1,2,....n,
=Yy ¢k J} members of socicty.

According to the view I have expressed
above, the production of the ktt individual
is a function of his personal consumption.
We do not vet know what this function 13
going to be lke, and I will discuss it later on.
For the time being we write simply

Fx=pr (x); P=Z% px (e -

Consider next a state of affairs, somewhnt
un-American, [ admit, in which total
consumption is a constant, and ir which
there is a real positive investment such that

P>C
If the society under consideration were

technically progressive, this state o’ affairs
would permit economic progress as well.
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The problem before us then is to maximize

P=3ty (x); Zex=C, constant,
subject to some assumption as to the nature
of the functions gy (¢) in individual cases.

The solution at constant € will give the
conditions that maximize the investment of
the community, [, and therefore lead to the
result we seck—the most rapid expansion of
the economy. The problem as stated is a
somewhat artificial one and ignores time
dependence, equally with competition bet-
ween consumption and investment for a
given value of P. Its only value is that it
serves as the simplest peg on which to hang
a discussion of the function pi.

P

e o o e — o —— an -
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life, but if he is a delinquent the demage he
inflicts on society becomes greater as his
consumption increases. At a value  of
¢=ce the (p, ¢} line cuts the line f=¢. This
m~arks the breck-even point £ af which the
individunl is earning his keep bt contiibut-
ing nothing to the invesiment of society.

At tmgs, the (p, ¢) line tirns over, society
obtaining no further benclit from increased
consumption by the individual whose
standard of cultural and educational life has
grown to the point where he is getting a
maximum benefit from the adventrges of
living in a socicty. A Emit is renched at
¢l where the (p, ¢ ) line again cresses the line
f=cuet L. At 2 consu-
mption  above  this
I'm't, the individual
again fails to earn his
keep.

L

Normal

individual

The perpendicular
distancefrom the seems-
ental {p,c) line OEALL
to the g=line fzlling
within the shaded area
gives o measure of the
invesiment  resulting
fiom mnintaining an
individinlat any point
on the significant part

L of the (g, ¢) line EALL,

]

i

[

i { 1
njury 10 Society t
by on Individual |
at Subsistence |
1

Level

Delinguent ndi-~

This figzure shows a somewhat simplified
model of these functions; it gives an indica-
tion of how the problem might be appro-
ached.

The two axes of coordinates represent
bx and ¢x, respectively. The injury caused
by poverty 1o society 15 regarded as negative
production and the hmit of this damnge is
regarded as that associated with an indivi-
dual at bare subsistence levi] ¢. Above
¢z the individual’s production rises, if he
responds normally to the rewards of social

Thie curve is charac-
terized by four para-
meters or their equi-
valents; nomely, the
coordin~tes  of  the
points O( gy, ¢ ) and

Mfy. o).

These will in general differ for each indi-
vidual in society each of whom is characte-
rized by personal values of £y, €. po. €5

The preblem then consists of placing ezch
individual at some ‘working point’ on his
personal curve so o8 to moximze the sums
of personal prodiction on the hasis of a
fixed total of individual consumpiion.

A number of solutions, some of them
trivial, then nrise neen~ding as t0 whether

C< =07>£kfcﬁ)n:};l{(‘ce)k! Ek:cmax,\k
or Sy el i
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It is clear that a problem so complex can
only lead to approximate solutions. Ve
cannot do more than build models and test them;
but they can be honest models and the solutions
to which they lead can be true solutions.
We cannot convert our sums into integrals
because of lack of knowledge, nor can we
sum over the billions of members of society
because of the impossibility of computing
the answers. We could, however, break
socicty down into a relatively small number
of groups and evaluate our sums over the
groups. This would, of course, limit the
interest of the answer but we could test the
sensitivitv of the solution to the approxi-
mations made in particular cases.

Even so, the number of groups into which
an honest model would require to be divided
would entail the use of a digital computer in
order to evzluate the solution in a particular
case and the existence of different tvpes of
non-linear cutofls wonld make the problem
of some intercst to the mathematician and
the programmer.

The concept of a saint as a non-linear
discontinuity may be theologically novel,
but the class of such men would have to be
represented by conditions in which, below
subsistence level, they would starve sooner
than hurt a fly, let alone their fellow men or
society, while at or above subsistence level
they would confer a constant benefit upon
the society in which they lve.

The man whose productivity ceases to
rise above a caitain level of consumption
because his interests become engaged in other
matters such as his social or cultural life,
would represent another instance of a limit.

It is of iaterest to note that many of the
classes of society inte which man could be
divided have been the subject of extensive
social study and many statistical facts are
known relating to them. In the case of a
time-dependent moadel, each such class of
individual would reguire to be the subject
of assumptions relating his productivity at
time ¢ to his consumption up to time ¢ and
his expectation thereof from time ¢ forwards
into the future. In many cases one could
use known statistical data In such a model.

Under these conditions we should also
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have to consicder the tvpe who will work
hard for a period to accumulate a minimum
sum enabling him to retire early and devote
the remainder of his life to water-colour
painting.  This would be a further instance
of a non-lincarity. ‘

There is, however, one element " which
but little is known but upon which the
interest of the solution and the contribution
it could make to social thought would very
largely turn.  'Thatis the clement represen-
ted by a certain quality of indivicual vari-
ahility that we denote by referring io anyvene
at one end of a certain specirum as a fligh
Energy Individual und at the other end as a
Low Encrgy Iudicidual. 1 believe that the
psvchologists’  investigations  are  lagging
rather badly in this field and I would like to
draw some altention to this point because
it is the one vpon which the social contro-
versies of our lime so very largely turn,

I expect vou think vou know what I mean
by a “High Energy Individual,” but vou
would he hard put to it 1o give any definition
of what we really do mean.  Like the elcphant,
a high energy individual is easy fo recognize but
difficult to define.

I have in my mind a syndrome of which
the component elements are an unlimited
appetite for more of whatever hz:ppens to
be of current personal interest; a ready
overflow from  one sphere of iiterest to
another, so that any activity whose fulfilment
is blocked in one channel is readily diverted
into ancther; a firmly though sometimes
transiently held sense of purpose; and a
vigorous, and sometimes ruthless, eflective-
ness in attaining the end of that purpose.
I have painted in words the portrait of my
high energy individual but I have affixed
no name to the portrait. Is he to be a
big-shot gangster or an archhithop 7 Is
he to be the constructive head of a big
administrative machine or the partly social,
partly anti-social, millionaire whose mixed
benefit and damage to society poctraved in
the pages of Dreiser or Sinclaie Lewis leave
one baflled 2nd unsuccessful in the search
for a true appraisal or assessment 7 How-
ever we detine him, or however we assess
him, he is the man the controversy is about,
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Our lincar trogramme will contain no constituent
of social or political Intcrest unless we somehow
tnclude him as an element in its solulion.

The soctal crities of the late nineteenth
and early twenticth century saw clearly how
the Jow energy individual was exploited by
the hizh. Their successars, who have
watched society transfirmed by the post-war
crop of welfure states with which Furope
has been experimrenting, have so far given
us no equally dramatic picture  of the
frustration ol the high energy individual by
the low.  Norwill thev ever do so, inasmuch
as the sufforinus of the poor and underprivileged
have a natural human and dramatic valne, which
the irritations of an cxecutive vice-president
faced with 2 crazy tax law have nnt and
never can have, It is not to literature to
which we can look to delineate this problem
as one of interest, and vet it is of the greatest

importance to uny lilelhke  model of an
economy that is construcied.

Personally T would like to drop the
conception of a  high energy individual

altogether in favour of something quanti-
tative. I suspect that the component of
performance that we describe as “high
energy’’ could be dealt with on quantitative
lines by compuring the performance of one
individual with another before and after
administering benzedrine to the one, and a
barbiturate to the other. A man’s B or
“benzobarb index™ would be the amount of
benzedrine or barbiturate necessarv to raise
or depress his performance to  that of a
standard individual. The necessity for
barbiturate would be expressed by a positive
B, that for benzedrine by a negative B.
When the experimental basis for the indices
had been established one would be in a
position to obtain frequency curves taken
over the population. This may strike you
as somewhat science fictional, but it is at
least in keeping with the spirit of experimental
psychology following a tradition established
by the various 1Q’s and Spearman factors
that have gradually replaced onr more
commonsensical notions of  “intelligence”
and “talent™. T offer it as a humble sugges-
tion to the psvchologists.
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There is a body in England called the
National Institute of Industrial Psychology
of which I am Chairman. This gives me a
ringsidle seat, as it were, in the councils of
those who are planning work for the future.
1 am struck, not only in the Institute of
which I am Chairman but in other and
similar institntes, by a tendenev to shy away
from problems that scem to plunge too decp
and by way of compensation to concentrate
investigational resources on inquiries that
can with reascnable certainty be guaranteed
to produce a correlation coceflicient between
something and something else.  These
deeper aspects of the subject need “‘getting
up from down under” and being enlivened
with a more controversial note.

Anyone concerned with the planning of
science 15 aware of this tendency. In one
sense I am against the planning  of science,
inasmich as its most spectacular successes
have been achieved by the freely operating
human spirit. But when science leaves the
universities and enters industry or govern-
ment service, some provision has to be made
for a plan. One invariably finds that
inquiry tends to concentrate itsell into a
number of blind alleys in which subjects
that retain an intellectual interest for the
inquirer are explored in ever minuter detail
after they have reached the diminishing
returns portion of the cffort-reward graph.
If one accepts Freud’s view that the mind has
an intrinsic resistance o self-exploration, it would
be understandable that with each tendency
reinforcing the other, experimental psycho-
logy will be very prone to the type of marginal
concentration that I have depicted.

I am therefore interested in bringing some
pressure to hear upon the psvchologists and
social scientists to persuade them to look at
the hovizon where automatic computing machines
are standing waiting for what I misht call the
social paramecters to be punched on therr input
tapes. At present the psvchologists, sociolo-
gists, and cconomists are unware of the
facilities awaiting them. If anvone were to
write down a few linear programmes cn
the lines that I have sketched herein, he
would very soon become aware of the
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difficutty of entering re~l figures into the
equations. Bringing some pressure to bear
on our sociolnrical colleagues will, T am
sure, be beneficial,

To summarize what T have tried to explain :
A facility presented by the modern type of
digital computing m~chine is that, errers
and omissions cxcepted, it can repent the
same operation over and over again, varving
the parameters and testing for sensitivity
thercto. Analysis of social factors by reasonably
open-minded beople who approach their problems
in a spirit of intelligent agnosticism discloses a
multiplicity of causally operating phenomena that
mosl investigators would agree exist, at least.
Controversy arises when we try to assess
their relative imnortance.  Is the faictor on
which Professor 7 is working going to affect
the result by an order of mrgnitude or as
a small perturbution?  We have little
meons of ascerthining, and experiment=l
calculations in tems  of a madel have
hitherto been so 1nborions thit no one wo'ld
have dremmed of attemnting them, The
ability of antomtic comouting m>chines to
tackle work of this churacter  somewhat
chanaes that situation.  ¥e have it in our
power to build arithmetica] mndels of our
myketing and distribnting systems and to
test their propertics under a wide variety of
assumntions. Provided we are content that
our model of society is broken down into no
more than, say, 400 groups, the mchines to
which T have been referring will cope
satisfrctorily  with  the problems involved in
optimizing some feature of the whole, such as
productivity, about which we care to make
one assumniion per group, relating (say)
production to consumption. I see no rexson
whyv the grezter pirt of these 400 groups
should not be one-m:n groips consisting of
individunls, lewving the miss of society to
be represented by a few grouns: an under-
privileged gronp ar sehsistence level, together
with gro-ips of unsk’lled workers, sem’-skilled
workers, minnzers, and professionnl closses,
One cotld then exam'ne in  detail the
perturbation cvised by an injection of some
390 individu:ls with exceptionnl charac-
teristics and power for good and evil under
different conditions and assumptions—the
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mn~thematical equivalent of a sociological
novel.

What is it that one hopes to see emerge
from such studies? For my own part, a
reduction in the temperature of debate is
what [ hope to see. Let it be granted that
socicty has its Goulds and its Vanderbilts,
its Al Capones and its Henry Fords, and that
both types m1y be blended in the controver-
sial fizure of a Rocke'eller with his monopoly
practices on the one hand and his charitable
benefactions on the other.  Can one control
the Joy Goulds and the Al Crpones without
at the same time frustrating the Vanderbilts
and the Fords? If we break up the Rockefeller
monopolies, who provides the Rockefelier endow-
ments 7 How much real power have we to
benefit society by putting its high energy
individuals under control ?

When I look back on the history of
England and the United States over the
quarter of a century represented by my adult
lifetime, I perceive on my side of the Atlantic
a growing reconciliation with socia'ist ideals
and practices, accompanied by a cognate
recoznition of their limitations. On the
American side I find an ever more passionate
adherence to the doctrine of {rec enterprise
while the volume of paper controls and red
tape in which the Americans are entangled
grows to dimensions just as preposterous
as it threatens to do in England, e seem
to have evolved on surprisingly similar lines
in spite of inspiration by verv dissimilar
doctrines. What are we both really
plaving at ? This is the point at which,
under our present dispensation, rewson
politely yawns and hands the tiller tc passion.
What we need is knowledge.  Just as electri-
cal engincerine techniques have shed light
on the theory of cconomic stability and Von
Neumann’s theory of games is shedding light
on th= true nature of a market, so [ believe
that linear programming can shed light on
what we can hope to achieve by ditferent
methods of distributing  wealth among
competing groups in the community.

The Colombo Plan is a rather simple
examnle of a two-component svstem. The
wealth of Amecrica, Britain, Canada, and
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some other countries is being shared with the
bickward nations of the East. This gesture
arises partly from altruism and partly from
self-interest inasmuch as it is hoped to arrest
the sprexd of communist doctrines thereby.
Ow'ny to the immense number of Qriental
peosple involved, any literal sharing out of
welth wold so reduce the standard of living
in the United States that its power to assist
woild be permainently crippled. Common
sense sugzests that there must be a limit to
wht cin be done if altruism and self-interest
are not to defeat their own purposes.

That the conclnsions of a mathematical
annlysis sho1ld reinforce common sense will
no doubt be welcome to taxpayers !

The need for shedding light upon our
distribition of weilth becomes ever more
clewr as eollective bargaining on conscious
lines replices controls by the impersonal
m ket rate of the last century. A socialisg
o sem’-socialist o-der such as pievails over
m 1ch of Weastern Earone runs into inescap-
able d'ffizilties when fixing rates between
d.fferent skills, Every year in England about
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five billion dollars worth of increased wealth
becomes available foi wage increases or
increased capital formation. Who is to
get it ¥ The unions cannot agree among
themselves. There is no market mechanism
with its imperfect but impersonal contiol;
the mirket mechanism  having been
abolished, no principle has emerged to
replace it. Equalitarianism is in practice
rejected, and so negotiations flounder along
from year to year while proponents of this
pay rise or that pay rise argue endlessly
about the consequences of moves in a game
that they only dimly understand. Not-
withstanding the differences in our philose-
phies T do not believe that the situation in the
United States is notably different from that
in England | What we need is light, the
light that only a rational approach can shed.
The instrument of illumination is, however,
in our hinds, though the paurameters must
be suppiied by others. If this analysis
results in but one operational analyst and
ons social scientist getting together and

making a beginning, it will not have bheen
written in vain.




This Foggy Area

Russell L, Ackofl*

Operations researchers are no different than their consumers in en: important
regard @ they do not like 1o have their own decision-processes subjected to scientific
studv. They resent the inurusion of others into tiis foggy arca, and they are disinclined

to illuminate the subject with seli~consciousness.

Yt operations researchers should

be the first to recegnize the value of a critical examination of decision procedures,
others or their own. 1t is apparent that scicntists have no mare justification in their

plea, ‘Leave my unconscious alonc’, than docs anyone else.

Can it be that this dis-

inclination to self-examination is based on the fear of uncovering hitherlo unknown inefficiencies ?
If so, there is certainly nothing for the operativns rescarcher to be ashamed of,
particularly since he, unlike his consumers, can take credit for his own improvement.

UCH of the recent probings into the
methods of science have been done by
philoscphers, most of whom have been

so detached from actual reseavch that their
results have been held in disrepute by
scientists. On the other hand, most of
that small number of scientists who have
probed this domain have been amateurs wheo
have proceeded in blissful ignorance of the
important philosophical analyses of enquiry
which were conducted in the past, Con-
temporary scientists are continuously  re-
discovering the ideas of TPlato, Aristotle,
Descartes, Spinoza, Leibniz, Locke, Berke-
lev, Hume, Kant, Mill and the other great
methodological analysts of the past.

It has only been in this century that the
possibility of studying scientific research
scientifically has been scriously entertained.
Qperations researchers, it scems to me, are
unicuely equipped to contribute to such
studies. There are two reasons for this:

First, the major problem in the develop-
ment of an adequate methodology for science
has derived from the lack of objective and
quantitative criteria for evaluating alter-

*Case Institute of Technology, Cleveland, Ohlle,
USA,

native research procedures. As a conse-
quence, convenience and associated rationali-
zations rather than rationality have pervaded.
For example, given a sample of datr drawn
from a population jrorm which an estimate of
a population’s parpmeter is to be derived,
what estimation procedure should be used ?
The most commeonly used criteria are ‘least
squares’ and ‘maximum likelihood'. Con-
sider anly the former for illustrative purposes.
It was developed because of its mathematical
simplicity. Tt assumes, however, that the
costs of error are independent of their sign
znd that they are a quadratic function of
error-magnitude.

In OR, perhaps for the first time, we
can expose the falsity of these assumpiions
and measurc the costs of making them. We
can do this because the models used in OR
can also be used to derive cost-of-error
functions for each parameter in a model.
This opens up the possibility of developing
estimation procedures which minimize some
function of the cost of errors due to csti-
mation.

The general situation, of which the
estimation prohlem is enly an instance, 15
that models of a consumer’s decisions can
be used as a basis for generating models of
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the research decisions which are involved
in solving the consumer’s problem. Put
another way, operations rescarchers have the
skill and information necessary in many cases
for constructing models of research operations
and for optimizing them or approximating
such optima.

Secondly, because the operations researcher
knows or estimates the ohjectives involved
in a problem, he can cstimate the costs
associated with various rescarch procedures
i terms of their consequences on  the
decisions being researched and, hence, on
the ultimate performance of the system
mvolved. The abilitv to do this may well
equip the operations researcher to determine
what procedures should be used in so-called
‘pure’ research, where the uses of the findingzs
and their consequences are not known.
That is, he may be able to determine how
the pure researcher should ‘hedge’ acainst
the possible uses to which his results may
be pur,

Many operations researchers tend to be

ACKOFF 201
more interested in the techniques than in
methods; that is, in
consumer’s  problems rather than in how to
solve his own research probiems. This
emphasis is not difficult to understand.
more attention to methodological problems
than has been given to date is required if
OR is to develop as rapidly as possible, and
certainly if it is to become 4 unique scientific
activity, Scientific disciplines are distingui-
shed by both the aspects of phenomena which
their practitioners  study  {their subject
matter) and the methodology which equips
them to study this subject matter more
eflectively than anyone else can.

The ellectiveness of operations research
can be permitted to increase by reliancefon
luck. intuition, and the unconscious abilities
of its practitioners, or it can be based on the
sell-conscious direction of their efforts ancd
abilities to the development of better ways
to study the operations of systems. I, for
one, prefer the latter approach and so,
appavently, do my colleagues,

$
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Science & Operations Research

J Sayer Minas*

The theoretical-practical distinction is an old and pervasive one. Its history
is traced briefly in this paper, with particular attention given to its effect on the
development of the sciences. It is shown hew the practical disciplines came 10 he
regarded as Iving outside the domain of science altogether.  The recent development
of operations research (as well as the other action or policy sciences) seems 1o
represent a break with this rradiden.  Alternative ways of interpreting this develop-
ment are ciscussed in the context of the main contemporary philosophic schools and
their respective views of the practical disciplines.  Some of the implications of these
schools for science gvnerally and for operations research specifically are brought cut.
In particular, the question of the status of policy recommendations ur value state-
tnents is discussed from the point of view of logical positi-ism, ntuitionism, and experi-

mentalim.

RISTOTLE, who is responsible for the
majority of our common sense distinc-
tions, distinguished amoneg three kinds

of activitv: (1} theoretical {2) productive
and /3) practical. He characterized cach
of these by certain aims and by certain
disciplines that pursued these aims. The
aim of the theoretical disciplines (e.g., phy-
sics and chemistryv} he said to be knowledge,
of the productive disciplines {e.g., politics,
economics, and ethics; prudential behaviour,
Aristotle thought of all three types of dis-
ciplines as science,  Since the Renaissance,
however, the theoretical and producnve
disciplines have come to be regarded as pure
and applied science, while the practical
ones are thought of as arts or skills rather
than as science.

It is not difficult to understand hosw this
dichotomy between arts and sciences develop-
ed historically. During the Renaissance,
political, religious, and social pressures made
it safe for the scientist to investigate only
those phenomena that were not directly
connected with commonly accepted beliefs.
In a culture which threatened the lives of
believers in even the heliocentric theory it

*The Case Ipstitute of Technology, Cleveland,
Chio, USA.

is not surprising that there was little svstematic
scientific study of politics and ethics,

Scientists and philosophers svere not content
merely to accept the social pressures that
forced the exclusion of consideration of values
{from science; they felt compelled to justufy
the separation of values from science.  Kant
accomplished this in the middlz of the
eighteenth century.  He explicitly separated
the pure and the practical in his Critiques
of Pure and Practical Reason on the basis of
what he claimed to be an inherent difference
between their respective subject matter,
method and faculty of the mind.

Since then, the traditional scieices have
developed under increased social support;
between them and the practical -disciplines
there has appeared a widening and leepening
chasm into which mankind may altimately
fall and vanish. Today economics, so-called
‘political science’, and ethics are primarily
harboured in schools of administration and
humanity, Seldom is work in these areas
rewarded with a degree 1n science.

As a result of these social pressares, what
science did in effect was to restrict itself to
questions whose answers either had no
perceptible application or were to he applied
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in a way that was clearly not the responsi-
bility of the scientist. The scientist could
not be held accountable for the use to which
his results were put. Practical or policy
problems, on the other hand, were thase for
which the solver could be held responsible
for the use made of his solution,

Into this atmosphere of a legally separated
household, operations research  {and the
other action, or policy sciences) appeared,
apparently daring to combine in successful
wedlock the disparate practical and pure-
applied  disciplines. Furthermore,  its
practitioners openly accept responsibility
for the solutions they provide. This develop-
ment is much more revolutionary than
many realize; its significance is not yet com-
pletely appreciated.

There are several ways of rationalizing
this violation of scientific tradition, First,
it may be argued that the apparent break
with tradition is only illusory and that in
fact the only responsibility the policy scientist
18 assuming is substantially the same as
scientists have traditionally assumed. Se-
cond, it may be argued that in operations
research extra-scientific considerations are
involved, as they have always been, but
that they now play a more important role
in science’s activity. Finally, it may be
argued that ultimately policy questions are
as amenable to scientific study as are theore-
tical ones, and that, furthermore, considera-
tion of these questions is essential to the
development of pure and applied science.

These three reactions to the involvement
of operations research are projections of the
three dominant philosophical positions of
our day. The relevance of these philosophies
to the role and status of policy sciences is
most clearly revealed in their positions
regarding the nature of questions of value,
The relationship between questions of value
and policy decisions is apparent; there are
no alternative ways of using a policy, and
hence he who recommends it is responsible
for its effect on the values of those who are
involved. It is thus worth examining what
cach of these philosophies has to say about
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the methodology of answering questions of
value.

The first of these positions we wish to
consider is Jogical positivism, which in one
or another of its forms is probably the most
widely held philosophic view of science.
Among its more prominent proponents are
R Carnap, AJ Aver, and CL Stevenson; it
derives from the eighteenth century Scottish
philosopher David Hume, stepping along its
way to borrow heavily from Bertrand Russell
and Ludwig Wittgenstein.  According. to
the positivists, in order for a sentence to be
meaningful (i.e., to be either true or false)
it must either be a statement of logic or
mathematics or else confirmable or discon-
firmable on the basis of immediate, sensory
experience.  The formal sciences are devoted
to the analysis of the first class of sentences;
the second class constitutes the subject matter
of the natural sciences. The propositions
of the physical sclences, in this view, are to
be analysed into their elementary components;
each of these components represents a single
elementary, or atomic, experience, and can
thus be verified or falsified by an appeal to
imsmediate experience, and can thus be
verified. A great deal of analysis has been
devoted to the reduction of complex sentences
to their elementary forms; similarly, much
effort has been devoted to the attempt to
identify the set of similarly atomic experiences
that is required by the theory. Both of
these activities have led to grave difficulties;
it is doubtful that a general reduction scheme
can be found. Likewise, the existence of
atomic experiences appears to be an untenable
psychological hypothesis,

For our purposes, however, the important
aspect of positivism is treatment of recom-
mendations. A recommendation may be
cast in the form of an imperative, ‘You ought
to do x’ The analysis positivists give to
imperatives is two-fold. In the first case,
“You ought to do #° is taken to involve an
implicit reference to some state of affairs,
A. Then the original sentence may be
taken to be equivalent to the hypothetical
‘If you want 4, then you ought to do #,
which will be true or false depending on
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whether or not x is efficient for 4. Assuming
that you do want 4 and that x is efficient for
A, then the imperative ‘You ought to do &’
is true. Because of these two assumptions,
this analvsis is called the hypothetical one.
Now, clearly, this hvpothetical use of recom-
mendations is a common one, but just
as clearly there is another one as well.  With
respect to this non-hypothetical use (i.e,
the categorical use) of imperatives, *You
ought to do »” means either "x is eflicient for
A and 4 is actuallv good ({or vou)® or ‘doing
x is inherently obligatory {fur you)’. For
the positivist, in ncither of these cases 1s
the sentence either true or false. For me
to say ‘d is actually good (lor you)’ is for
me to say ‘I approve of A (for vou;; do so
likewise.” And for me to sav ‘doing x is
inherently chligatory ifor vou)’ is for me to
say ‘I approve of ‘vour; doing x; do so
likewise’, What distinguishes  categorical
from hvpothetical recommendation, on the
positivistic view, thern, is that the former
are essentiallv exhortative.  Since exhorta-
tions arec neither wtue nor false fie., are
meaningless’, they may not be investigated
in any scientific manner.

The implications for operations research
are obvious. The evaluation of decision-
making must always be hyvpothetical,  The
aperations research scientist merely comes
up with recommendations that it so-and-so
is done, such-and-such will result;  he may
not enquire into whether such-and-such
is actually wvaluable or good.  Answering
this guestion lies outside the scope of the
rescarch, Presumably, it 1s up to the sponsor
to tell us what he wants; we must take his
estimate of what is good. It is possible to
maintain consistently this position, and it is
actually held, at least verbally, by many re-
scarch workers.  On the other hand, there is
some question as to whether 1t is consistent
with the practice of operations research and
whether the highly restricted character of
operations research that rvesults from it is
desirable.

First, in many cases sponsors of operations
rescarch projects are able to state  their
objectives only in rather vague generalities
if at all.  As Hitch has pointed out, “Appro-
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priate and operationally meaningful objec-
tives for OR must in general be developed
as a product of the OR analysis; while they
must be consistent with ‘higher level’
obiectives, thev cannot be simply deduced
from them. If we begin with tentative
objectives, feedbacks from the analysis are
likely to require their modification or replace-
ment”. Frequently, in attempting to analyse
loose statements of objectives we are forced
to consider the kind of complex technical
issues with which the sponsor may bhe so
unfamiliar as to be unable to respond effec-
tively, For example, while the chiective may
be loosely stated as ‘to maximize profit’,
it is often necessary todistinguish arong : ‘to
maximize expected profit’, ‘to minimize the
probability of profit below a certain level’,
‘to mininize the variance of average profit
from period to period’, etc., etc. Thus it
appears that the research worker is, in many
cases, unable to avoid having a hand in
formulating the objectives. The extent to
which his role in formulating them, can, or
should remain at the purely descriptive level
is a complex issue which cannot he decided
here. It is clear, however, that ¢t present
the research activity does have an eifect on
sponsor’s objectives and that the research
worker who chooses to disregard this effect
is in a real sense conducting research
irresponsibly,

Second, the positivistic conception  of
operations rescarch, as well as ol science
generally, is confronted with a fundamental
problem in the methodology of inference.
As s well known, inference-making 15 a
risky business.  For example, the criterion
for selecting a procedure for cstimating a
parameter on the hasis of a sample makes
certain assumptions regarding the cost of
crrors.  The positivistically oriented metho-
dologist may try to avnid making explicit such
assumptions; he may tacitly assume a criterton
that presupposes such costs to be svmmetric
and quadratically  distributed.  The point
here is not that such assumptions arc wrong,
although in many cases they clzarly are,
but rather that thev are value assumptions.
Are they to be regarded as representing the
system of approval of the scientist, individual-
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ly or collectively > When this question is
raised, the positivist tends to hedge by asser-
ting that cstimates of parameters are also
hypothetical. That is, when using a least-
squares estimate, for example, the scientist
must prefix his cstimate of the parameter
with the qualification “if the eost of crror is
a quadratic function of the magnitude of the
error’.  Even the so-called pure scientist
seeks to minimize some function of the error
of his estimates. ‘The question is: “What
function ought to e minimized ?* The
answer that in the absence of anv information
alout costs one ought to minimize the sim-
plest function of ervor that does not appear
to be o priori ridicrulous is so reminiscent of
the Principle of Sufficient Ignorance in
the history of probability theory as to need
no further eomment,

On the positivistic view, then, science may
not attempt to answer {categorical) value
questions. It may make only hypothetical
recommendations.  Further, since most, if
not all, of our seientific knowledge is inferen-
tial, science may make only hypothetical
statements of fact. And in this case  the
hypothesis is a value-statement.  Accordingly,
cven the aim of the theoretical disciplines,
knowledge, may be pursued only bv pre-
supposing answers to cerlain questions of
value, certain practical questions.

In contrast to positivism and its preoccupa-
tion with problems of scientific method, the
second school in our survey has devoted little
attention to its relationship with science, and
is conscquently relatively unfamiliar to most
scientists. This school, which 1 propose
to call intuitonism, is actuslly a cluster of
viewpoints regarding the methodology of
answering {categoricul} questions of value.
The characteristics common 1o these view-
points arc: (l} that {categorical) value-
statements are capable ol being true or
false (i.c., are meaningful), and {2 that 1he
method appropriate for dealing with such
staternents is cssentiallv @ prioristic and s
thus distinct from the methods cmploved in
the natural sciences. A new rcalm different
from that of natural phenomena {or at least
from the realm of natural phenomena as
studied by science) is introduced. It is for
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this reason that those who like to consider
themselves as ‘hard-headed’ and ‘scientific’
generally regard intuitionism as “soft-headed’
and ‘metaphysical’.

Frequently, intuitionism takes a quasi-
deductive form. ‘That is, the set of value-
statements is regarded as forming a kind
of deductive svstem, the axioms of which
are given to us by intuition or by revelation.
Thus it is supposed to be self-evident thatone
ought to keep one’s promises or it is supposed
1o be revealed to us  that killing is wrong.
We are familiar with also similar arguments
in favour of using the maximization of ex-
pected value as a ¢riterion or the criterion of
minimax.

Other versions of Intnitionism lack even
this degree of svstemacity; value properties
in any given case are thought to be immedia-
tely perceived or recognized. For example
the conteiporary  intuitienist GE Moare
asserts that the sentence A is good’ is like
‘B i3 yellow’ in that both predicates are
simple and unanalyzable.  But whereas the
recognition of the property of yellow is
associated with some sensory organ, the
recognition of the property ol good is extra
Or Nnon-sensory. In  vyet other versions,
commaon-sense replaces intuition or revelation.

The difliculties associated with such a
priort theories are numerous and well known.
To how many must a proposition be selfe
evident or revealed in order for it to  be
accepted 2 When two mutually inconsistent
propositions are revealed or intuited, how is
consistency to be restored?  ete., ete. Aside
from these questions, however, a major defect
of such theorics, cspecially the deductive
types, 1s that all too often thev have nothing
relevant to sayv. For example, even if the
Decalogue be accepted on g prieri grounds,
in what way is it of anv use to the decision-
maker confronted with the problem of setting
safety standards ?  Although such thcories
have quite a long historv, even their contem-
porary advocates {c.g., HA Prichard, D
Ross, and AC Ewing) seem quite unpertur-
bed about this state of alTairs.

The point here is not that the method of
intuition, or self-evidence, or common-sense
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is to be discarded. Rather it is that such
methods must be integrated with the total
organization of the research. The difficulty
with the programme of intuitionism is that
since the realm in which intuition is supposed
to operate is closed off from the natural
realm investigable by science, such  an
integration is impossible. Fundamentally,
this implies that there cxists a certain class
of decision-processes that are inherently
exempt from scientific enquiry.  Thus, the
concept of control in this area becomes
empty.

Experimentalism, the third view In our sur-
vey, has itsroots in_pragmatism as developed
in the works of CS Peirce, William James,
and John Dewey and is developed most
fully in the works of EA Singer.

One of the distinguishing features of
this point of view Is its rejection of
the theoretical-practical distinction. It
will be remembered that for both posi-
tivism and  intuitionism knowledge and
action are regarded as mnot only distinct
but also as investigable by totally disparate
disciplines, They differ primarily on the
hasis of whether the practical diciplines are
to be taken as cognitive or non-cognitive.
As we have seen in the critique of positivism,
when pressed, this view insists that even our
knowledge of the physical world must
remain hypothetical. What experimentalism
asserts here is that the job of detaching the
antecedent (ie., confirming the hypothesis)

" must be assumed by science. In order to
do this job, a science of values isrequired.
Unlike the earlier forms of pragmatism that
assumed a relativistic attitude toward such
a science, experimentalism insists that it is
necessary to make evaluations with respect
to a criterion of progress that is not comple-
tely reducible to the values of particular
individuals or groups. Thus, for the
experimentalistically  oriented operations
research worker, the categorical imperative
‘You ought to do #* is not only meaningful
but is also potentially contirmed or discon-
firmed on a scientific basis.

A second important characteristic  of
experimentalism is  its non-hierarchical
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ordering of the individual sciences. According
to positivism, the sciences are ordered on
a scale of ‘fundamentalness’. The most
fundamental sciences are the formal ones:
logic and mathematics. Next comes physics,
then chemistry, and so on up the ladder.
Somewhere near the top (or perhaps a
tittle bit off the ladder altogether) are
the social sciences. The 1idea of this
hierarchy is that each science presupposes
none of the results of those above it. The
contention of experimentalism is that no
such hierarchy exists, It argues that even
though psychology is above physics on the
positivistic ladder,  the methocology  of
physics makes psychological presuopositions,
for example, in determining the magnitude
of the observer errorin taking readings. In
fact, the experimentalist claims that all
problemsof science are interrelated in such
a way that enquiry in any branch of science
presupposes results from every other branch
of science, The rationale for these claims
has been developed in detail, and so will
not be gone into here. It is interesting to
note how this last claim is related to the
concept of interdisciplinary research. A
number of arguments for such research have
been made. TFor example, one case is
that an interdisciplinary team is needed
to identify the special discipline into which
a problem falls, but that once the identifica-
tion has been made the problem can be
turned over to workers in thar discipline.
A second case is that the application of the
methods and approaches of one discipline
to a problem in another is often fruitful, and
thus an interdisciplinary team is a useful
device for effecting such cross-pollination.
Thirdly, it is oftenargued that problems,
at least of the type encountered in operations
research, do not occur within disziplines but
rather across them. Thus an interdiscipli-
nary team is essential in order deal with
such problems. Finally, the strongest case
is the one that relies on the claim of the ex-
perimentalist, that in order to maximize
research control all the discinlines must
cooperate. This is nat because of the nature
of the problem at which the research is
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orginally aimed but rather because of the
nature of the sciences themselves,

The purpose of this paper has been to
raise some of the philosophic issues associated
with the existence of action or policy sciences
such as operations research. It was under-
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taken in the belief that all too often in discus-
sions of operations research, its status, and
methodology, appeals have been made to
onc or another philosophical view in order
to justify a given point without an awareness
of all the other points that would have to be
accepted on that view,
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Usha fans are the cholce of
millions in 40 countries around
the world for their quality
and precision engineering.
Manufactured by the skilled
craftsmen  in  the World's
Largestsingle unit Fan Factory,
Usha Fans enjoy the highest
sale in [ndia.

When you buy a fan you can
confidently buy an Usha ... it
is the most popular fan on sale
to-day.

All ceiling fans are fitted with
double ball bearings to ensure
fong trouble free service.




War & Technology

Donald E Marlowe*

The interaction between war and technology would be a fascinating field for

exploration by a scientifically minded historian.

progress by our state of industrialisation

To the extent that we measure

, it seems lkely that we would regard war
as a period of stimulus, rather than of retrogression.

Certainly many concepis

which might require decades 1o flourish in more peaceable times are brought te an

early bloom through the forced measures required for national defenee.

such was

the case int the ficlds of operations rescarch and  systems simulation. The sced was
there (for cxample, the Theory of Games was deviloped as early as 1928, and certain
tentative steps towards the cruanisation of mathematical maoxlels of complex systems
had been attempied, but socicty isell is not sufliciently orgabised, nor its ohjectives

sufficicntly simple in peacetime to encourage the growth ot this new art.

Mankind

has been formed in the habit of looking to the movements of the plancts or the entrails
of birds. rather shan to matrix algebra, for the solution of predictive probicms.

AR time is more demanding of its sootl-
savers, and in all countries there soon
developed a feeling that the methods

which had proved successlul in the post-action
analysis of physical experiments could, rather
straightforwardly, be applied to the pre-
dictive analvsis of the performance of man-
macline systerns. At fiest this restriction
was felt to be necessary, since the machine
introduced many limiting parameters mto
the equations which were felt to contribute
substantially to the accuracy of the predic-
tion. Only with more experience was it
learned that man himself, at least “‘en masse”,
was perhiaps as limited as his machines.

Beginning with the work of Rowe, in
England, and Johnson, in the United States,
svsterns analysis and  operations research
were taken up by nearly all major operational
commands on hoth sides of the conflict.
Before the end ol the World War 1I, the
advantages of applying the scientific method
to military operational problems were well
understood. It was inevitable that men who
had felt the power of these methods would
seek to apply them to the problems of the

* Dean, School of Engincering and Architecture,
The Catholic University of America

post-war world.  And, indeed, the time was
ripe for such a move, "The war had contri-
buted to the formation of aggregations of
ceonomic might on a scale quite unloreseen
in the previous quarter centuy.  Lhe
billion dollar corporation was no longer a
raritv, and governments grew in comparable
manner. The optimum organisation  of
these vast endeavours wis, and still 5, a
most pressing problem.

Where the intuitive genius of the super-
manager sufficed for a simpler world, it now
seems wise to attempt a mathematical model
of these great enterprises, the analysis of
which may guide the manager in his critical
decisions.  The development of stch models
is, of itself, a scientific task of the first
magenitude, and has occupied some of our
best minds for the last decade.

Prof. Dimitris N Chorafas's work on
Operations Research for Industrial Manage-
ment represents some of our most advanced
thinking in the field today. The advent of
the large-scale computer has made possible
the development of more compleated (and
thus more  realistic) models, while the
solutions can still bz obtained on 2 reasonable
time schedule.
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Operations Analysis
in the US Air Force

Leroy A Brothers*

This is an example of operations research from the author’s early

World War I experience.

In 1943, three operations analysts assigned to

the Ninth Bomber Command in North Africa were faced with the problem
that arose from the fact that German fighter pilots appeared to have no
respect whatsoever for the gunners in the bombers of the Command. The
author was not one of these analysts—he came into the story later.

HE B-24, then a heavy bomber, was
heing used in North Africa in World
War I1. It had .30 caliber machine
guns in turrets in its nose, its tail, its waists,
and in a top twrret. All guns were hand-
operated and aimed by eye; modern fire
control mechanisms were not used in these
airplanes,  Aiming rules were provided so
that the gunners would know where to
point the guns to hit the targets. Either
the gunners did not know the rules or the
rules were bad.

The analysts assigned to this problem soon
recognized that it was a simple matter of
relative velocities : those of the bomber, the
projectile, and the fighter. The problem
was one of figuring out the three paths so
that, at the right time, the projectile and
the fighter would mect.

Examination showed that the gunnery
manuals were based on good theory, but
that the instructions which told the gunners
how to aim their yuns were too complex
to expect the gunners to remember under
stress of air combat.  As a result, they had
forgotten about the rules and had been
relying on common sense. Anvone who
has gone duck hunting knows that he must

* Headquarters, United States Air Force, Washing-
ton, D.C., and former President of the Operations
Rescarch Society of America
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“lead’ the duck in aiming so that the shot
will hit the duck as he moves along the path
of his flight, It turned out that the B-24
gunners were “leading” the fighters—and
this was just exactly the wrong thing to do.
Leading the lighter, as one would leadga
duck, neglected the velocity of the bomber;
the correct procedure was to alm apparently
behind the attacking fighter, The analysts
invented a catch-phrase for this: they told
the gunner to “lead toward your own tail™.
This meant that every gunner, regardless of
which gun position he was manning, should
peint his guns directly at the attacking
fighter, then move them off toward the tail
of his own airplane before firing. The
analysts devised some simpie aiming rules
that later were given to all gunners in the
form of a well illustrated manual. It was
possible to illustrate only four situations;
the gunners were asked to memorize these
four pictures, and to interpolate {or situations
Letween the four.

It 15 historv now that when the new rules
were put into use the German fighter pilots
soon learned to respect our gunners, With
slight modifications the new rules were
adopted fur general use throughout the Air
Force and by the Navy and the Marine
Corps.

This happened just as T was ready to take
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off for India in late 1943 for my first assign-
ment as an operations analyst in the Air
Torce. 8o I took along a copy of the manual,
thinking that the bombers in Southeast Asia
might be having the same trouble. Sure
enough, they were ! T loaned my copy of
the manual 1o the plans officer a4t our
headquarters. He showed it to the commander
of the Tenth Air Force when he came to
our headguarters on a visit.  Later, when
1 was scheduled to visit the Tenth Air Force,
1 went in to see the plans officer to get my
little book and to find out what the gencral
thought of it. To my surprise the reply
was, “He didn’t like it at all. He just
doesn’t believe it

“Well, thats just [ine. Now I've got a
problem. I'll go down and convince him.
Where is mv little book 2 He didn’t have
it. The seneral had taken it with him,
So I didn't even have the manual that showed
what should he done, On the {light from
New Delhi to Caleutta, T spent several hours
trying to figure out whait 1 should say 1o
the general in order to convince him that
the new aiming rules were right and that
what his gunners were doing was wrong,
Finally T figured it out and T was sure 1
could convince him. | would take him out
on the parade eround of his headquarters
(an old headquarters of the Brinsh army)
and ask him to do the following:

First, stand on the ground and throw rocks
at a passing jeep—he'd see he had to lead
as in duck hunting.

Second, ride in a moving truck and throw
rocks at a stationary objccl such as a post
or trec wunk—he’d see he had 0 “lead
toward his tail,” the rear of the truck,

Third, ride in the moving wuck (the
bomber, and throw rocks at the jeep ‘the
fighter) as it attacked the truck from a variety
of directions—he’d sec he had to “lead
toward his own tail” every time.

This would be operations analysis of the
Fighest ovder |

You can imagine my disappointment upon
my arrival at the Tenth Air Force to learn
that the general did not disagree with the
new rules, On the contrary, he had repro-
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duced the manual and distributed it to all
his gunners. So my problem went out the
window.

Seriously, I claim that this incident—the
development of the new manual, not the
evaporation of my  problem— ilhustrates
operations rescarch at its bhest. For here
an operalion iwas improved by a study that led
to recommendations for change withoui requiring
elther the introduction of new equibment or the
mudification  of existing  equipment; only  the
method of operation wwas changed.

‘The first Air Force operations analysts
went to Iingland in September 1842 o work
with the Lighth Bomber Command, which
luter became the Lighth Air Force. They
were greeted by the commanding general
with the question, “How can I put twice as
many bombs on my targets ?*° Tt is interest-
g to note that the general did not ask
such questions as, “"How can I improve
bombardier  training 27 “How can 1
reduce combat losses 27 “How can 1
mcrease the payvlead my aircraft can carry 77
or any other ol a large number of questions
he could have asked dealing with the specifics
of his mission. Instead, he took the broad
view of lhis overall  task-—which was to
place bombs on enemy targets—anc simply
asked how to achieve greater eflectiveness
in carrying out his mission. This was and
13 typical of the guestions brought to opera-
tions analysts. They arc often of major
importance, of great magnitude and difficulty,
and manv times they are stated n quite
vague  terms, by scleuntific  standards,
Nevertheless, they offer the analysis great
opportunities to make major improvements
i the ellectiveness of the Air Foren.

The new analysts were somewlat non-
plussed Dby the question but  recognized at
once that, in cftect, the genvral had given them
the whole bomber command as their liberatory.
With practically ne knowledge of military
matters among them, they set to work to
understand the bombardment operation as
it was being carried out by the Eightl Bommber
Command. This required a considerable
period of time and was accomplished by
studying in detail and at first hand all phases
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of the operation, from initial planning to the
assessment of the completed mission. They
learned from the commanding general
himself, from his staff officers, from the
commanders of the operating groups and
squadrons, and from the junior officers and
airmen who flew most of the missions.

It soon became apparent that there were
many factors affecting the placement of
bombs on targets, such as:

(I} Bombing accuracy: the accuracy
of the delivery of the bombs from the aircraft
to the target;

{2)  Weapon selection : the choice of the
bomb-fuse combination judged best for the
particular target;

{3) Enemy opposition: the
and effectiveness of enemy
including defending fighters,
artillery, and passive defences;

{4} Battle damage and losses : our losscs
and damage from encmy action;

(5) Flight procedures: those followed on
the actual mission, such as whether to attack
by single aircraft or by formations, what
speeds and altitudes to use, ete.;

{6) Intelligence: information available
from a varicty of sources about encmy
targets, disposition of his forces, etc.;

intensity
opposition,
anti-aircraft

{7) Training methods: whether our
crews were adequately trained and, if not,
how to achieve adequate training

Each of these factors clearly had an
influence on the mission of the bomber
command. Fach of them was worthy of
study and would require a major effort by
the analysts. It was decided to select from
ameng them so that the initial effort of the
analysts could be placed on the one that
appeared likely to be the most lucrative at
the time and for the particular group of
analysts available. Bombing accuracy was
chosen for the initial subject of study; it
was studied intensively from then until the
end of the war. Later, as the operations
analysis section grew, all the other factors
{and many others) camc under study.

The FEighth Bomber Command was
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bombing at that period of the war in forma-
tions of B-17°s and B-24’s ranging from 19
to 36 aircraft. Many such formations were
used to attack a single target where such
a force was judged to be required, Each
formation attempted to release all of its
bombs at the same time so that the homb
fall from a formation formed a pattern on
the ground. Each aircraft carried a number
of bombs with the result that the bomb pattern
from asingle formation covered anappreciable
area on the ground.

The analysts” first task was to select a
measure of effectiveness of the bombing.
The measure of ellectiveness nceessarily
had to be something that actually could
be measured objectively and that had a real
relationship to the  desired effect of the
attack; namely, to achieve damage to the
target that would have military value, It
was also Important that the measure of
cffectiveness be easily visualized in its relation-
ship to the purpese of the mission and that
it be capable of being related to the physical
factors affecting the bombing. This latter
was necessary if the analysts were to be
successful in recommending means of im-
proving the bombing. After long study
in which many possible measures of effec-
tiveness were considered, it was decided to
use as the measure of effectiveness the per-
centage of bombs falling within 1,000 feet
of the assigned aiming point.

The next step was to isolate as many as
possible of the factors thought to affect the
percentage of bombs within 1,000 fect of the
aiming point. The following is a list of
such factors: (1} size and type of formation;
(2) number of independent aimings per
formation; (3) selection of lead hombardiers;
(4) training of bombardiers; (3} selection
of aiming point; (6} briefing material and
procedures; (7} tactics on bomb run, inclu-
ding speed and altitude; (8) target identi-
fication; (%) enemy opposition, active and
passive; (10) counter-measures, encmy and
friendly; (11) cruise control procedures:
{12} weather; (13} many others.

As can be seen, some of these factors were
under the control of the attacking force while



214 OPERATIONS ANALYSIS IN THE US$ AIR FORCE

others were beyond its control. In general,
it is more productive to work on the factors
over which the attacking force has control.

The analysts soon found that the combat
data normally rocorded and reported by the
combat units were inadequate for the pur-
pose of operations analysis. Accordingly
they set about the task of devising means of
obtaining adequate data. They found that
some of the attacking bombers carried
cameras mounted vertically to take photo-
graphs of thebomb falls, primarily for intel-
ligence and  publicity  purposcs. They
recommended that additional cameras be
carried so that each formation would have
a high probability of recording its own bomb
fall.” They recommended that the cameras
be set in operation at the instant of bomb
release and that they take a series of photo-
graphs of the bombs falling and striking the
ground. These photographs were called
strike photos. To obtain  them it was
necessary for the formation to fy straight
and level over the target rather than to
turn aside as soon as bombs were released.
Undoubtedly this resulted in additional
battle damage and losses but courageous
commanders decided that the information
obtained probably would result in sufficient
improvement in the bombing that it actually
would save aircralt in the long run. In
addition to the photographic record each
formation was asked to supply bombing
data : number of aircraft in the formation,
dimensions of formation, number of bombs
carricd and how they were fused, altitude
and air speed over the target, wind and
weather conditions, enemy opposition, etc.

The next step was to decide what to
measure from the photographs. After much
study and experimentation it was decided
to measure the size of the homb pattern
from each formation and the aiming error of
each pattern. The definition of the pattern
evolved to be a rectangle with two sides
parallel to the direction of flicht ol the
formation and two sides at right angles
to this track. The rectangle was to contain
an arbitrary percentage of the total number
of bombs dropped by the formation. The
aiming error was then defined as the distance

from the centre of this rectangle to the
assigned aiming point.  Defining the
pattern as a rectangle had great advantages
from the standpoint of measurement and
calculation, an important matter, as the
measurement of these photographs soon
became a tremendous task occupying the
full time of a number of airmen. Each
such simplification as this was thoroughly
tested to see that it did not introduce unac-
ceptably large errors in the results of the
analysis. With the pattern size and aiming
error known it was easy to compute the
percentage of bombs within 1,000 feet of
the aiming point.

Soon after the data began to become
available the analysts did several exploratory
analyses, the primary purpose of which was
to deterinine how much sophistication was
warranted. As is generally the case in
analyzing combat operations, it proved to
be desirable to keep the analysis preeedures
extremely simple; the data from combat
operations are rarely sufficiently precise
to justify the use of sophisticated or complex
mathematical  treatment. After rather
exhaustive examination of the distribution
of the bombs within the pattern it was
decided that the most sensible assumption
to make was that the bombs were distributed
uniformly  within the pattern. Mean
values of pattern sizes and aiming errors
proved to be useful and adequate for the
purposes of the analysis. A term that
proved to be very useful was the circular
probable error (CEP), which was defined as
the radius of a circle centred on the assigned
aiming point and containing half of the
impact points.

As the results of the analyses became
available they were published in mimeogra-
phed form and distributed to staff agencies
and bombardment units. The operating
groups and squadrons were ranked 1n these
publications in the order of the magnitude
of their bombing errors, with the unit
having the largest percentage of its bombs
within 1,000 feet of the assigned aiming
point listed first. The publication of the
rankings of the units soon resulted in the
development of a very spirited competition
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among the units. It is said that the units
with the larger errors sent their spies into
the camps of the units with smaller errors
to learn what the more successful units were
doing to improve their bombing. This
competition alone undoubtedly resuited in
a considerable improvement in the bombing
of all umits,

The analysts themselves made manv
suggestions that they hoped would result in
improvement. Many of their suggestions
were accepted and tried out in combat;
most of them did result in improvement in
bombing accuracy.  Figure below shows the
progress of the Eighth Air Force bombing
accuracy from 1942 to 1944, Tt will be
noted that the figure has plotted along its
horizontal edges the sides of square patterns
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in feet. The actual patterns on the ground
were generally irregular in shape although,
as has been noted hefore, they had been
measured on the photographs as rectangles.
These rectangular patterns must be converted
to squares of equivalent area in order to
use the chart. Plotted along the wvertical
sides of the figure are the CLP’s of pattern
centres, in feet. The contours in the figure
show the percentage of bombs within 1,000
feet of the aiming point. The jagged line,
lettered A to G, shows the progress of the
Eighth Air Force during the period,

Point A represents an estimate of the
performance of the Eighth Air Force in 1942,
Data were inadequate for the determination
of a reliable figure but the patterns often
were over one mile long and it was estimated
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that something less than 15 percent of the
bombs were falling within 1,000 fcet of the
assigned aiming point.

Point B represents the first reliable record
and shows shightly less than 20 percent of
the bombs within 1,000 feet of the aiming
point. The patterns actually averaged 4,600
feet in length and 2,600 feet in width; the
CEP of pattern centres was 1,180 feet.  Ag
this time the Eighth Air Force was bombing
from formations that consisted of some 18
or more aircraft. For defensive purposes
these aircraft did not fly in a horizontal plane
but were stacked up vertically with some
flving several hundred feet higher than
others. One aircraft was designated as the
lead aircralt and all others were supposed
to hold their positions in the formation,
‘The practice at that time was for the lead
bombardicr to aim his bombs in such a way
that the whole pattern of bombs from the
formation would centre about the so-called
aiming point. The bombardier in each
other aircraft also aimed and rcleased his
own hombs. ‘Therefore each bombardicr
had to select some point on the ground, not
necessarily a well-defined point, which in
his judgment swould result in the whole
pattern from the whole formation being
compact and hitting the target—a difficule
judgment indeed !

The analysts, in  thinking about the
difficuldes facing the individual bombardiers,
suggested that it might pay to put the best
bhombardicr in the lead airplane and let him
aim the whole pattern of bombs in such a
way that it would centre around the assigned
aiming point. This would require that no
other bombardiers actually sight  their
bombs; they would simply rclease their
bombs when thev saw the bombs begin to
fall from the lead aircraft.  This still would
not result in a simultancous release of bombs
as it was clear that the aircraft flying lower
than the lead airerafi would see the bombs
falling from the lead airerafi carlier than
would the aircraft fiving higher than the
lead aireraft.  However, it was thought that
bombing on the leader, as it was called,
would result in reducing the size of the
patterns, The suggestion was followed and

IN THE US AIR FORCE

the results are shown at Point C. Slightly
more than 25 percent fell within 1,000 feet
of the aiming point and the CEP of pattern
cenires improved slightly, from 1,180 to
1,130 feet. Therc was a very great improve-
ment in the length of the patterns, aropping
from 4,600 to 3,200 feet. There was a
slight reduction in the width of patterns
from 2,600 to 2,300 feet.

Aost of the bombs dropped by the Eivhth
Air Foree in World War Il ranged in size
from approximately 100 ro 1,000 pounds.
Each airplane could carry a number
of bomhs of these sizes. The aircraft were
cquipped with a mechanism that would

release the bombs with a fime interval
between each two  bombs, This time
interval could be varied. Dwuing  the

perind discussed thus [ar, the practce of the
Air Force was to set the interval between
hombs such that the whole train of bombs
falling from a single aircraft would string
out several hundred feet on the gronnd, with -
a considerable distance between bombs.
By controlling the length of the train and
the interval hetween bombs it was possible
to assure a high probability of getting at
least onc hit on a target if the train of bombs
fell across the target.  The analvsts obscrved
that with patterns approximately one-half
mile on a side the density of bombs within the
pattern was relatively small; also, th.r damage
being achieved was undesivably  small.
They recommended that the interval hetween
honibs be made a minimum, called minimum
intervalometer. It was also  possible to
release all bombs at once, called salve.  The
analvsts suggested that it might be worth-
while to salvo the bombs,  Some commmanders
tricd minimum intervalometer and  some
tried salvo. The results arve shown at point
D, with 37epercent within 1,00 fect and
the CEP of pattern centres 820 feet. The
pattern lenath dropped from 3,200 to 2,600
{eet and the pattern width from 2,500 to
2,900 feet.

The competition among the bombard-
ment units and the stimulus of the improve-
ments resulting from the analysts’ suggestions
created a great deal of intercst throughout
the Eighth Air Force in improving bombing
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accuracy. Suggestions for improvements
came from commanders of groups and
squadrons, from staff officers, and from air
crews themselves. Many things were tried
and a great many of them had useful
results. There is no full documentation of this
period although there was a general improve-
ment in the bombing. A great deal of
interest and concern centred around the
question of salvo bombing, There was some
evidence that occasional salvo releases
{simultaneous release of all bombs in the
bomb bay) caused the bombs to bump into
each other just beneath the aircraft, with the
result that on at least a few occasions the
bombs exploded and caused the loss of some
aircraft. The analysts were asked to deter-
mine the difference in effect of minimum
intervalometer and salvo, This was done
and the results are shown at points E and F.
E represents minimum intervalometer and
F represents salvo. As can be seen, saivo
bombing resulted in somewhat better bombing
than minimum intervalometer. The patterns
were approximately square, being 1,900
feet on a side with minimum intervalometer
and 1,700 feet on a side with salvo bombing,
The CEP of pattern centres was 940 feet for
minimum intervalometer and 740 feet for
salvo, with about 42 percent of the bombs
within 1,000 feet for minimum intervalometer
and approximately 55 percent for salvo
bombing. In spite of this advantage of
salvo over minimum intervalometer most
commanders refused to allow salvo bombing.

Point G resulted when the Eighth Air
rorce began to use formations of 12 to 14
aircraft rather than the larger formations.
There was an increase in the percentage of
bombs within 1,000 feet to something more
than 60 percent but, strangely enough, it
was from a reduction in the aiming error
rather thaun in pattern size, as can be seen
from the vertical line connecting F and G.

One preductive suggestion made by the
analysts is interesting although I don’t know
“tere its results appear on the chart.
During the course of the analysis, when the
analysts were thinking of practically nothing
sIse but their problem, it occurred to them
* the width of the pattern was not con-
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trolled by the bombardier. They reasoned
that excessively wide patterns were probably
due to the failure of the pilots to fly exactly
parallel paths while on the bomb run. It
is clear that a difference in heading of the
aircraft in a single formation of as little as
a few degrees would result in the bombs
separating by a considerable amount as they
travelled from an altitude of 20,000 to 25,000
feet down to the ground. Wher this was
called to the attention of the commanders
they assembled their pilots and lectured them
on precision formation flying, with the results
that the pattern widths were promptly re-
duced,

To summarize the results of the bombing
accuracy analysis it scems fair to say that
the efforts of the analysts, and practically
everybody else in the Eighth Air Force,
resuited in a much greater improvement than
the commanding general asked for in his
original request, namely, “...twice as
many hombs on my targets”., The actual
improvement was from an estimated figure
of less than 15 percent within 1,000 feet of
the assigned aiming point to something better
than 60 percent.

As the number of analysts in the Eighth
Air Force Operations Analysis Section in-
creased it was possible to study many other
parts of the bombardment operation. Several
analysts spent full time studying the problems
connected with the selection of weapons for
the targets. They analysed the results of
German bombing of British targets and the
results of the Allied bombing of targets in
Germany and the occupied countries. They
also studied the results of test programmes
from proving grounds and other places. As
a result they began to accumulate a reasonably
good body of data relating bomb size, type
and fusing with effects on targets, It was
possible to determine that the best way to
attack certain types of industrial installations
was to damage the roof structure sufficiently
so that it would fall and achieve the desired
damage to the contents of the buildings.
In other cases it was desirable to uproot the
columns and to upset and disturb the founda-
tions of heavy machines. In the first case
it was desirable to have the bombs explode
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at about the level of the bottom chord of
the roof trusses. This would require a
fuse that would be initiated by the roofing
material and would have a delay of approxi-
mately one-hundredth of a second.  In the
second casc it was desirable to have the
bombs go through the building and penetrate
the earth under the building before exploding.
This required a fuse of considerably greater
delay. By analysing the effects of weapons
on targets on a continuing basis the analysts
were able to derive some general principles
and to meake specific recommendations
regarding the selection of weapons for targets.

By studving the enemy tactics it was
possible for the analvsts 1o recommend
configurations for the formations that would
result in the best defence against enemy
fighters. From detailed studies of our
formations and enemy tactics it was possible
for the analysts to devise rules for assigning
responsibility among the gunners in a whole
formation so as to optimuze the defence of
the formation as a whole. This necessarily
had to be a continuing study as the cnemy
was quite adept at changing tactics to
counter changes in ours,

Other analysts made exhaustive studies of
battle damage and losses. It was possible
from these studies to determine which parts
of the airplane were most vulnerable, where
armour should be placed to protect crew
members, the need foradditional gunsin the
aircraft, and Improved tactics. These
studies resulted in a considerable reduction
in our combat losses.

Studies were made of the causes of opera-
tional losses not from enemy action. Early
in the war the Eighth Air Force lost a good
many aircraft when they ran out of gasoline
and were forced to ditch in the Channel
returning from missions. Gasoline consump-
tion studies showed that there were consider-
able differences in  gasoline consumption
among the various aircraft in a single forma-
tion. The lead aircraft, logically, used less
than the others (because all others had to
jockey to hold position in the formation) but
there was great variation in the amount of
gasoline used, This pointed to the need for
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standardized cruise control procedures, Flight
engineers were given specific guidance regar-
ding the settings of the various control
mechanisms on the engines. These studies
not only resulted in a reduction in the number
of aircraft lost by ditching but also reduced
the amount of gasoline required by a sufficient
factor to enable an increase in the bomb load.

By adding together the improvements
resulting from all these studies and many
others, it is safe to say that the overall in-
crease in bombs on targef was well over 1,000
Dbercent.

Following the rather spectacular success
nf operations analysis in the Fighth Air
Force there was a rapid growth of the use of
analysts throughout the Air Force during
World War II. There were a total of 26
operations analysis sections during World
War TI, including one with eack combat
air force, and a total of some 275 operations
analysts.

I'd like now fo give vou brief descriptions
of a few additional examples of cperations
analysis in the US Air Force, During the
planning ol the first low level bombing attack
against the Ploesti oil fields during World
War II, there was considerable concern
over the possibility of the bombers flying into
the cables of barrage balloons that were
known to be in use at the target.  An analyst
at the Fifteenth Air Force made some calcula-
tions and predicted that if this happened the
balloon cable would break before the aircraft
wing would shear off. There was rather
dramatic proof that his calculations were
correct when aircraft returned from the mis-
sion with the imprint of balloon cables in the
leading edges of their wings, ©One pilot
didn’t realize he had struck a cable until he
saw the evidence after he was safely on
the ground at his home base.

At one time the Fifteenth Air Force was
considering an attack on a target that consist-
ed of underground oil storage tanks, When
it received intelligence indicating that the
underground tanks were covered by extremely
heavy reinforced concrete slabs plus 10 to
15 feet of carth there was some doubt that
the bombs would penetrate this barrier and
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reach the target; accordingly consideration
was given to abandoning the plans to attack
the target. Again, after making a few
calculations, an analyst pointed out that a
structure as deseribed that would really
protect the underground storage tank would
cost much more than the tank plus the oil.
It was reasoned that there was no such
protection and that the intelligence was
deliberately faked in the hope that the atrack
would not be made. On the bhasis of this
study the attack was made and was quite
successful,

The B-2%9's of the Twenticth Air Force
in World War II were plagued by engine
fires. An operations analyst made exhaustive
studies of the B-29 engine fires in the course
of which he discovered that the material used
in the aufomatic fire extinguisher built into
the engines actually combined with the
magnesium in the engines to intensify the
fires rather than to put them out. This
resulted in immediate changes in operating
procedures and later changes in engine
construction, with a large reduction in the
damage and losses resulting from engine
fires.

Because of its success during World War
11, operations research has been continued in
the US Air Force. Significant work has been
done by operations analysts in recent years
in the Air Defence Command. These
analysts have studied intensively the problem
of the air defence of the Continental United
States. One of the problems they have
worked on with considerable success is that
of the identification of aircraft approaching
the east and west coasts of the United States
from over the seas. A detailed description
of these studies and of their results is not

possible due to the security classification of

the work; however, it is fair to say that the
results of the identification study have been
quite as spectacular as much of the World
War 1l work—the identification problem
has almost been eliminated.

Operations analvsts at the Air Proving
Ground Command in recent years have been
outstandingly successful in assisting their
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command to umprove its capability to carry
out its mission. The major job of the command
is to test Air Force equipment, from aircraft
to airmen’s gloves, to determine operational
suitability. The analvsts have contributed
much to the improvement of the testing
operations, introducing scientific design and
analysis of experiments, recommending
improved data recording and processing, and
recommending better selection and training
of project officers for tests.  Another category
of problems on which the analysts have wark-
ed has dealt with the management of the
command : reduction in manpower, more
efficient use of personnel, more efficient
organization, more eflicient production of
reports.

Another field of activity of operations
analvsts in the postwar Air Force, about
which little can be said, is the analysis of the
effect of the atomic bomb on the Air Force's
mission and its capability to carry out its
mission.  Operations analysts at the Strategic
Air Command, the Special Weapons Centre,
and at Headquarters, US Air Force, have
been quite successful in this field of activity.

A great deal of the cflfort of operations
analysts assigned to Headquarters, US Air
Force, in the postwar vears has been directed
toward assisting the war planners in devising
and reviewing war plans. Not only have
the analysts assisted the planners in making
quantitative estimates of such things as
probable atirition and probable bombing
accuracy in possible future campaigns, but
major effort has gone into the development
of techniques for quantitative planning, Here
again, it is fair to say that considerable
progress has been made,

In conclusion, it seems worth while to
see if a defnition of operations research can
be derived from the examples I have given
you.

Certainly, operations research  is, as
Herrmann and Magee have stated, research
on operations, Also, I think it may be
concluded that operations research is a scientific
activify and therefore is best carried out by
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people with scientific  training. Studies
should be quantitative if possible.

Since operations analysts are called upon
to study a wide variety of problems and
problems of great scope and magnitude it
is desirable to have as many of the sciences
as practicable represented in an operations
research group.

Experience has shown that such problems
as I have described yield to solubion most eastly
when the disciplines of several sciences are brought
to bear on them. Thus operations research
is team research.
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Operations research is an advisory function;
its job is to influence decisions, not to make
them. The operations research group must
not let itself get trapped into doing ordinary
staff work.

If you accept the examples 1 have given
you, as reasonably good examples of opera-
tions research, you must then accept my thesis
that the simplest possible methods should
be used. Operations analysis deals with
very real and practical problems, the problems
of operating officials with responsibility for
decisive action,

BUSINESS AS USUAL

« A strange aura of unreality seems to prevail... More than three months have
passed since the Chinese lacnched their large-scale attack in NEFA and Ladakh.
Daring this period, even more massive than the Chinese attack has been the
torrent of words exhorting the people of this country to speed up their defence
mobilisation and prepare for the switchover to a war economy ... . the economic
motto for the future is to consist of strong exhortations to the people: produce
mare, consume less, serve more, waste less, work more, talk less ... otherwise

the prescription is business as usual. ”

—The Capital (Caleatia)




ASTCALLY, this research was concerned

Defence and Development in Less

Developed Countries
Charles Wolf

The RAND Corporation*, with which the author is associated and where impor-
tant investigations in Defence Operations Research have been conducted for several
years, organised a significant set of simulated games in military logistics so as to maxi-
mise the output in terms of US {oreign policy objectives of the investments of the US
Government by way of economic and military assistance to underdeveloped countries,
particularly those on the Sino-Soviet periphery. Case studies were conducted on
the basis of the situations as they obtain in Viet-Nam and Iran; but the research
was broadly intended to cover the whole of the South East Asia region, consisting
of Burma, India, Indoncsia, Korea, Pukistan, Philippines and Viet-Namt. Here
we have reproduced extracts from the author's excellent article published in the
latest issue of the Journal of the Operations Research Society of America : minus,
of course, its political overtones, We have necessarily 1o look “at problems from our
point of view, our aim being to optimise the returns from our investments and those
of our friends in our economic and military developments, in terms of our own
foreign policy objectives.

with developing a methodology, and
attempting to apply it, to answer the
following question: How can military assis-

* Santa Monica, California TSA.

tance, and the structure of defence forces
and budgets in the underdeveloped countries,
be modified so as to yield about equivalent
military eflectiveness, and vet generate sub-

t Economic statistics were built up in support of the thesis.  Below is reproduced one of the significant
tables in which Gd is defence expenditure, GA'F the gross national product, G the total government expenditure,
Gi the investment on government account and J, the gross investment.

Comparison between Defence Expenditures, National Product, Government Expenditures,
and Investment (in percent)

Country GdI GNP Gdi 7 Gd'I Gd'Gi
Burma ais .. 10 38 53 161
India} 2 15 14 39
Indonesia 5 4} em 160
Korea 8 35 - 103
Pakistan 4 31 46 82
Philippincs 2 15 — 34
Viet-ham 9 39 81 —
X=6 X=30 X=54 =124
Med 5 Med 34 Med 53 Med 82

I These statistics are based on 1959-60 Budget estimates. The Budget estimates of the Government of India
for 1963-64 would make a material difference to the ratios worked out here.
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stantially improved economic and political
side-effects 7 Underlying the question as
formulated was the notion that comparing
and evaluating alternative military pro-
grammes—both military aid programmes
and domestiz defence programmes in the
underdeveloped countries—requires a multi-
dimensional set of performance measures:
economic and political, as well as military.
For the military performance measures, we
relied on war games. comparing outcomes in
terms of area occupied in a supulated rime
period, or the time required to occupy or
defend a stipulated arca, casualtics, and
material and property damage. Yor the
economic performance measures, we Com-
pared the effects of alternative military
programmes on operating costs of the defence
establishment, on public capifal formation, and
on skill formation through technical military
training programmes. And for the political
performance measures, we used more or less
informed judgment and conjecture, concern-
ing the likelv reactions of key peolitical groups
and of the public, in the countries under
study, to various programme alternatives.

The method we developed had five separate
SthS &

1. We first drew up alternative pro-
grammes for spending the same hypothetical
budget. The programunes were designed to
be of equal cost, but they were significantly
different in their content. One programme,
which we might call the ‘A’ programme,
generally stressed fairly large, conventionally-
armed and trained forces, following rather
closely the lines of recent military aid prog-
rammes and force structures in the major
underdevcloped recipient countries. The
other programme, which we may call *B’,
consisted of smaller, more lightly-armed
forces, with the savings resulting from these
reductions used hypothetically for expanding
internal sccurity forces, increasing ground
and air mobility, providing additional ground
and airficld installations intended to facilitate
effective mobilisation of all resources if this
should be necessary and, finally, expanding
the technical training of military manpower.

In effect, the same budget was hypotheti-
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cally expended in different ways, under the
‘A’ and ‘B’ programmes, for initial equip-
ment fi.e., force improvement); for four-
year replacement, operating, and spare-parts
costs (i.e., force maintenance); for military
construction; and for military training at
home and abroad. Standard cost factors
were used for equipment, Tnaintenance, and
training costs, and generous estimates were
made for the construction costs of roads,
airficlds, and other infrastructures in the
countries under study where accurate ex-
perience factors were not availabls.

2. The second step consisted of formulat-
ing a more or less credible range of threats,
covering differing levels of violence including
a larger scale invasion. The threats were
sketched out in game scenarios that gave
the game players a set of initial conditions
to start from, as well as a plausible sequence
of hvpothetical events through which these
conditions might have evolved.

The scenarios projected evenzs several
vears into the future in order to allow time
for the hypothetical ‘A’ and ‘B’ programmes
to he carried out, While effort was devoted
to making these projections sufficiently
realistic to motivate the play, detailed
‘realism’ was not the primary consideration
in the design and choice of scenarios. FThe
scenarios were kept at a fairly macroscopic
level, and details, to provide a semblance of
added realism, were excluded if they were
judged to be inessential to the  games’
purpose. Instead, the primary considera-
tion in formulating the scenarios was their
relevance to the games purpose from the
standpoint of spanning the differing levels-
of-violence needed to test the military per-
formance of the contrasting programmes.

3. Next, the research group, consisting
of two teams of senior retired military officers,
and a control team, conducted the pame
operations, using the military resources
available to them to try to achieve objectives
specified in the game scenarios, which were
then played seriatim. The order-of-battle
and logistic support resources were markedly
different under the two programmes, and
these differences were made known to the



opposite team. In formulating strategy and
carrylng out operations, our team used, in
sequence, the two different force-and<acilities
packages represented by the ‘A’ and B’
programmes, while the enemy team used
his “hest’ strategy against each of the alter-
natives.

4. In the fourth step, we evaluated
military performance of the alternative
packages primarily in terms of the time,
arca, and casualty measurcs mentioned
before. Occasionally, we also  evaluated
military performance in terms of the bargain-
mng positicn of the respeetive teams when
game hostlities were terminated, and the
relative probability that a partcular contin-
gency would have broken out at all, depend-
ing on whether "X’ or ‘B’ had been 1mmple-
mented in the pregame years. The evalu-
ation  technique wused standard planning
factors and simple quantitative models where
they were applicable ie.g., for assessing
air-to-air combat, the effects  of interdiction
attacks, movement of ground forces etc.),
but relied on discussion and experienced
judgment where they were not. In com-
parison with other man-machine simulations,
this one placed relatively heavy reliance on
men rather than machines.

In conducting and evaluating the game,
play was divided into segments or phases,
usually based on convenient blocks of time
or space. Each phase was plaved under
both of the programme assumptions before
either of them was evaluated. The reason
for this was to minimize the feedback that
would have distorted the results if one
programme had been played and evaluated
before the other was inminated.

It is worth noting that the evaluation was
less concerned with the absolute outcomes
{i.e.. who ‘won’ or ‘lost’, and by how
much ?) than with comparative outcomes (i.e.,
how did programme ‘A’ perform compared
to programme ‘B’ 7). For reasons that
should be intuitively clear, one can have
more confidence in the comparative outcomes
than in the absolute cutcomes of an exercise
of this sort, because gruss estimating errors
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m evaluating outcomes are likely to be
correlated between the two programmes.

5. Finally, independent of the war games,
we conducted a separate evaluation of the
economic and political side-effects of the
two different, but equal costing programmes,
‘A’ and ‘B’. The purpose of the economic
evaluation was to provide a quantitative
indication of differences between the two
programmes in their cffects on economic
development in the countries studied. The
purpose of the more gencral political assess-
ment was to get at least a qualitative indi-
cation of how the alternative programmes
would be likely to be reccived by key groups
and individuals comprising the leadership
of these countries.

In making the economic comparisons, as
mentioned  earlier, we concentrated on
differences between the ‘A’ and ‘B’ pro-
grammes in opcrating costs and hence in
budgetary impact, in the quantity of joint-
use civil-military capital facilities constructed
during the hypothetical pregame period, and,
finally, in the numbers of skilled technicians
trained. These  economic  performance
measures are admittedly incomplete and only
partly relevant. They leave aside, for
example, the question of the productivity for
the civilian economy of the joint-use capital
facilities constructed under the ‘A’ and ‘B’
programmes, and hence their effect  on
economic growth. Similarly, they do not
include a measure of the preductivity of
technical training, such as the increase in
expected lifetime earnings resulting from
the technical training in military schools
received under the two programmes, another
factor of considerable importance for econo-
mic development. Exploration of these
additional and more sophisticated economic
performance measures would have been
possible and certainly relevant for the
comparisons being made, at some added
cost in time and manpower. ‘

What were the results of these comparisons?
Let me first consider the general nature of
our findings with respect to comparative
military performance. First, we found that,
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between the two fairly sharply contrasting,
but still technically tenable programmes,
the differences in military effectiveness were
reither large nor uniform. In the three-hy-
two matrix (i.c., each of the two programmes
in each of the three differing levels-of-violence}
which summarized our military outcomes for
Viet-Nam and Iran, it turned out that one
programme produced somewhat better mili-
tary performance in one contingency at one
level-of-violence, while the other programme
did somewhat better in another contingency.
But, more important, the magnitude of these
differences cid not appear to be very large
in any case. In the aggregate, given a
reasonably responsible and informed formu-
lation of the contrasting alternatives, factors
that were not affected by the programme
changes we made (e.g., the terrain, the size
of the existing road net, the distance of a
major road junction from the border, the
loyalty of the indigenous population, etc.)
seemed to dominate most of the factors that
were affected by the programme changes
(e.z., the size and equipment of forces, and
the types of facilities).

It should be emphasized that this latter
generalization applies only to the stated
assumption that we were comparing alter-
natives that, though sharply contrasting, still
represented.  responsible  and technically
tenable changes. This does not imply that
changes in forces and facilities do not matter;
but rather that, if these changes arve judi-
ciously designed, they seem to trade off
against each other at fairly reasonable rates,
leaving military performance  somewhat
better in somc contingencies and somewhat
worse in others, hut not drastically different
in any coutingency. In this sense, the
factors which were not affected by the pro-
gramme changes tended to have a dominant
and pervasive eflect that made the over-all
results more similar than different.

Second, we found that the general techni-
que of trying to design a package of forces
and facilities to meet a range of threats, rather
than a single most-likely threat, made
considerahle sense. The military posture
that performed most effectively in  one
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contingency, for example, in the major
invasion contingency, did not prove to be
most effective in the lower violence contin-
gencies.

Third, we found that, while sharp improve-
ments in military effectiveness did not seem
possible within existing budget levels, there
appeared to be opportunities for realizing

modest  improvements by some  specific
changes in the force-facilities mix in the
underdeveloped couhtries. Such  specific

changes related to internal security forces,
mobility, reconnaissance, and at least some
of the illustrative ‘infrastructures.’

With this summary of the military per-
formance and evaluation, what can be said
about the cconomic and political side-effects
of the programme altcrnatives 7 Not
surprisingly, the so-called ‘I’ programmes
(which sacrificed large ground forces in
favour of smaller, more mobhile, technically
trained forces with additional supporting
facilities like roads, airfields, harbour and
communication facilities) showed clear domi-
nance over the ‘A’ programme from an
economic point of view. Operatng costs,
and hence budgetary requirements, were
lowered, thereby freeing resources for
devclopmental purposes—at least in princi-
ple. Contributions to ‘social overhead’
capital were cnhanced under the ‘B’ pro-
gramme. And finally, the output of trained
manpower was increased hecause of the
additional allowance of military aid funds
for this purpose. The significance of these
economic findings is clearly enhanced by
the fact that the military comparison did not
exhibit dominance for cither programme
alternative. In this, as in many other
decisinn-making problems, it scems to make
sense to base choice on sccondary criteria,
when the primary criteria, i.¢,, m this case,
military effectiveness, do not show clear
dominance for a particular alternative.

A few general comments on th: methods
that was developed and used in this work
should be added. Probably the first point
to note is that many parts of the method
were judgmental and imprecise, and the
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conclusions should be interpreted in this
light.

Nevertheless, the type of judgmental
evaluation we applied has serious limitations.
The most serious is its susceptibility to
distortion by human errors. Another is that
it is expensive, and ‘labour-intensive’, requir-
ing a fairlv large number of experienced
military and non-military analysts, Conse-
quently, it reduces the sensitivity testing that
could be done, using many different assump-
tions about the unknown parameters, if the
problem could be computerized to a greater
extent.

Probably the strongest merit of the
methodology used is that it enabled us to
Jjoin military, political, and economic factors
in the analysis, rather than focusing on only
one of these alone. In the analysis of major
public policy questions, it is worth paying
some price in imprecision to gain the benefits
of such systems—analytical, interdisciplinary
rescarch.

With this abbreviated description of both
the method and the principal findings of our
study of less-developed countries, a few
observations concerning its relevance 1o
contemporary international affairs should be
added. The past fifteen or sixteen years
have produced more ‘sovereign’ nations by
a factor of three or four than any similar
period 1n history. The quality or ‘mood’
accompanying their attainment of indepen-
dence is complex, hard to categorize, and
fluid, The notion of ‘protest’ against
Western societies, which is often stressed in
discussions of the subject, is certainly part
of the quality of this revolutionary outburst
protest particularly against foreign rule,
privilege, and arrogance.

In trying to use, direct, and channclize
the energy embodied in this elan of protest,
the new countries are faced with a’ massive
array of difficult and often conflicting pro-
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blems, external and internal; military and
non-military, Many of the new countries
face real and serious external military threats
to their survival. If they concentrate on
meeting and deterring the external military
threat, and allocate their resources accor-
dingly, they may become vulnerable to inter-
nal immobilisme, stagnation, discontent etc.

The internal and non-military problems
that they face are no less, and often are more,
hazardous for the survival of the new
countries: investment and technical short-
ages, lack of skilled manpower, population
overabundance, natural-resource  poverty,
traditional and cultural inertia, and so on.
If, on the other hand, the new countries
concentrate their cnergy and resources on the
internal problems, they can become vulner-
able to overt military pressure. India may
be cited as a case in point. How to maintain
a judicious and dynamic balance between
measures to counter both the external and
the internal threats, with a view toward
survival and wvitality, is a dilemma that is
especially pertinent in the emergence of the
new countries.

There is no easy or formulary answer to
finding the proper balance between measures
to counter internal and external vulnerabili-
ties. But part of the analytical technique
for finding better answers, and modifying
them as the environment changes, is suggested
by the kind of multidimensional systerns
analysis that was applied in the military
assistance evaluation study. In analysing
how to meet military vulnerabilities and
threats, decisions and allocations can be
improved by explicitly considering  the
differential non-mifitary eifects of various alter-
natives. 1If this concept is applied, it should
become possible to derive consequential
economic and social benefits from military
aid programmes and facilittes—benefits that
the new countries, or many of the principal
ones, critically need to draw on.



OR in Defence
Major General BD Kapur*®

The British were the pioncers in developing techniques of operations research
in World War II. It was Prof. PMS Blackettf the eminent physicist and mathemati-
cian, who led a group of scientists and service officers in intreducing radar into the
field. By carcful analysis the scientists worked out as perfect a plan as possible which
covered the location of the radar sets, communications between stations and fighter
bascs. and cven the methods for upkeep and repair.  Such a system, which would
normally have taken months to work out by trail-and-error method, was achicved in
a comparatively short time.  This brought quick recognition to the scientific effeetive-
ness of Operations Rescarch and it came to he applicd to many other tasks, For
example, the mass bombing raids were the result of OR conclusions, whose implemen-
tation greatly inereased the effectiveness of bombing resources with a smaller per-

centage of wastage in terms of plans lost etc.

INGE the last war, operations research has
become a well known subject in defence
and has spread its activities into civil

organizations as well. The UK has over
2,000 OR workers, besides an International
Federation of Operations Research Societies
with 15 countries as members, In the
USA, its growth has been rapid and
widespread. It is particularly of interest to
note its impact on defence. Tor the Army,
an Operations Research Office has operated
since the end of the last war under the ad-
ministrative control of the John Hopkins
University. 1 visited the OR Office in 1858.
In addition to senior scientists of mixed and
varied disciplines, retired SENIor army
officers were emploved to form an integrated
team with the scientists, The ORO team
sent a large number of their scientific contin-
gents to the Korean theatre, not only to
make a study of the operations but also to
examine specific problems of the commanders
in the field. One of the studies led to the
conclusion that the Air Force should use
E-29, a heavy bomber, for close troops
*Chief Controller of Rescarch & Development, Min-

istry of Defence,
tProf. Blackett was recently here.

Nobel Prize in 1948 for Physics.

He was awarded
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support. The Air Force theught it swould be
very wasteful to use a heavy homber for a
ground control joby, but when the OR team
pointed out by night, B-29 was the only
plane which carried the essential navigating
and radar equipment to spot them.

Another OR study led to significant con-
clusions regarding psvchological warfare in
Korea. Sending of propaganda znd surren-
der leaflets to North Korea did net prove
effective because many of the North Koreans
could not read. The OR team worked out
new material, illustrated with pirtures, and
small planes equipped with loud speakers
flew over enemv lines talking to soldiers to
surrender.

Among the major studies which were
carried out in the Korean War by the OR
group, was one concerned with the actual
operations of war, the effectiveness of weapon
systems, the Chinese tactics and such other
related problems as logistics and the study
of the load on the soldier. These were all
hased on long painstaking interviews under
stress of operations and certainly involved
risk of death,

In 1962, I visited the Air Force Operations
Analvsis Division at the RAND Corporation,
California (Rescarch & Devclopment)—
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this has been humorously called as Research
and no Dezelopment because no development
work 1s done there. RAND 1is the most
fascinating organization, I have ever visited.
An independent organization  with 80
percent of the budget being found from the
Air Force, it has a total research staff
numbering 730 people. The scope of work
in so far as the Air Force is concerned, covers
“future air force weapons and  cquipment
and the strategies for their use in both offence
and defence. ... These include accurate
estimates of future weapon developments,
future human capabilitics and behaviour, as
well as the economic costs and the social and
political impact of cach possible system.”

Typical problems tackled by RAND are :(—

Design of aireraft wing swith superior
aerodynamic performance at supersonic
speecls,

Design of advanced manned bombers.

Use of bervllium and other materials for
reducing the weight of aircraft missiles.

Physiological eflect of weightlessness.

Tactical usefulness of vertical or shot take-
off aircraft,

Performance analysis and evaluation of
ground effect machines.

It is significant that OR studies at the
RAND include rescarch in limited war in
South-cast Asia.

As in the case of the Air Force, the Navy,
who call its OR as “"Operations  Analysis”,
farms out its problems to Massachusetts
Institute of Technology (MIT).

Perhaps it is not realised by many, includ-
ing defence officers, that in War the officers
are usually too encumbered with their duties
of command and administration to be able
to analyse operations in order to learn ways
of improving in the future, Also, such
analysis requires expericnce in statistical
methods, knowledge of the laws of probability
and familiarity with the techniques for
reaching reasonably valid conclusions from
masses of 1nconclusive data. Scientists
acquire this experience as a part of their
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training. Thus operations research  has a
tremendous value in the field of military operations.
The cperations study is carried out not only
of our own forces but also of the enemy
forces. On the other hand, the effectiveness
of @ weapons system is related to the organi-
zation and the tactical concepts emploved.
Change of weapons can lead to change in
organization and change in tactics. For
optmum utilization of weapons, therefore,
the study has to be integrated and all-
embracing.

Having surveved the growth and import-
ance of research in other countries, it
would be of interest to examine its impact on
defence in India. Recently at alecture, a
foreign expert stated that a sceptical manag-
ing director of a firm defined OR as ‘‘an
expensive way of inviting insults from
inexperienced people half vour age”. Any
chiel executive who is not sofd to the concept
of OR cannot have different reactions.
However, in the Defence Ministty, we have
set up OR organizations, both to work on
theorctical aspects with a view to evolving
new scientific techniques and also to apply
the techniques to problems in the field. The
Delence Science Laboratory, Delhi has a
section concerned with theoretical studies.
It has also assisted in certain limited applied
OR studies. In addition to this organiza-
tion, a Weapons Fvaluation Systems Group
is concerned with the study of the eflective-
ness of weapon svstems  co-related to the
tactics of their employment and the organi-
zational structure required for their eflective
utilization. This group is being enlarged
to undertake major studies. OR field teams
have also been formed in the Army and Air
Force to study specific problems in the
operational areas.

In the Armed Services there is a never-
ending stream of problems for OR to tackle.
The investigations mav cover such studies
as the anti-aircraft defensive systems, weight
load carriage problems of the soldier,
accuracy of artillery and of guided missiles
and psychological warfare.

There is another aspect on which OR can
work and that 1s on questions such as *“‘what
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is the best way_to use the weapons and equip-
ment we have 7’ Or to determine the
operational characteristics of a new rifle or
any other new weapon.

OR workers are a mixed lot of soldiers and
scientists of wvaried disciplines: Physics,
mathematics, statistics, psvchology, biology,
even economici. The training of OR as a
team is most essential and can only develop
through studies embarked on as a group.

Atv this juncture, in the present state of
the nation when military preparedness has

OR IN DEFENCE

become absolutely vital, OR research can
make a major contribution to the national
military security. Improving its weapons
and weapoen systems, developing techniques
for their employment and assessing the
effectiveness of existing systems, are important
studies for OR. Its main aim always 1s
the maximization of the effectiveness of the
Forces with available resources and this
could cover a wide field for cvaluation:
efliciency in weapons use, in tactics and 1in
strategy. And thus the role of operations
research may be regarded as vital to the defence of
the country.

PRODUCTIVITY
THE ONLY ANSWER TO THE CHALLENGE FROM CHINA

“. ... The challenge from China is a major challenge, and it can be met only by
continuous and hard work, We cannot face such situations by raising slogans or

by cursing or abusing the enemy.

If we do only this and not put in the effort that

is required, we would only be cheating ourseives. The United States and the
Soviet Union are considered to be the two mightiest nations of the world. But
hehind their physical strength lies the efforts of their people on farms and in

factories. ...

planned and scientific basis.. ..

Those who shout loudly against the Chinese without doing anything
to meet the challenge seem to me to be suffering from a fear complex,
needed today is a strong will and hard work. ...

What is
Defence must be organised on a

What is necessary is that people should be

trained in defence. I do not like the idea of hiding ourselves in holes like rabbits ”

——FJawaharlal  Nehu



In the workshop, the
Wolf WD2c Heavy
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dn every modern Industrial enterprise, there
s a man who specialises in buying. He is a
man of experience and is constantly posted
with infermation on the performance of the
products he buys. He demands an uncom-
promising standard of quality —whether in
machinery, raw materials, accessories or other
€quipment,

Dunlop products are sure to interest such a
discriminating buyer,

the man

whose
business

1S buying

Tyres and Tubes for automoblfes,
aircraft, earthmoving and conse
truction equipment, tractors,
animal drawn vehicles, trolleys,
barrows; Accessories, repair and
retread materials; Cycle Rims ;
Conveyor, Vee and Transmission
Belts ; Braided Hoses; Irdustrial
Adhesives; Dunlepilld cusnjoning.

@o} DUNLOP



FACT has a host

of products to offer:

~...in the service of agriculture

Factamfos, (Ammonium Phosphate 16:20)
Ammonium sulphate, Super phosphate and
NPK fertiliser mixtures

- ...in the service of industry

Anhydrous ammonia, Sulphuric acid,
Sulphur dioxide and Ammonium chloride

In 1960, the company completed the first stage i
of its expansion programme involving a capital #
outlay of Rs. 3 crores. And quickly, in its wake, i
followed the Rs. 2 crores—second stage which

has, also, been completed the highlight of which

is the installation of a ‘Texaco’ oil gasification

plant using naptha as feedstock. Now, the much

more ambitious third stage involving an outlay

of around 11 crores is on !

FAC | THE FERTILISERS AND CHEMICALS, TRAVANCORE LIMITED

. ) Regd. Office: Eloor, Udyogamandal P.O., Kerala State.
= St in the fleld!




Mathematics and Management Decisions

~ Rao Sahib D Srinivasan

The solution of manggement problems often requires a choice to be

made between alternative courses of action.

In recent yédars there has

been an increased interest in the use of mathematical aids to making such

decisions.

OW does any one ever manage to take
a decision in the real world ? The
manager has to face three major
problems (1) the multiplicity of factors
which may bear on the ‘decision” (2) the
complexity of relationships subsisting between
these factors and (3) the likelihood that this,
whole delicate structure would be animated
less by predictable movements than by
random perturbations,

Before a genuine attempt at a decision
can be made

(4) the decision-taker has to list himself
the factors he believes to be relevant; and
he will set aside certain other factors
considered irrclevant or hecause the task
of taking them inte account istoo great.
(5) the decision-taker has to reflect on the
connection that exists between these factors;
some of these may be quite straightforward;
there may be a linear relationship between
the number of machines and output of a
shop; while the connection between output
and profit is likely to be quite determinable
although aggressively non-linear; other relation-
ships much more subtle, involving judgment
about imponderables (such as ‘morale’)
that are diflicult to measure (6) but the
major cause of the trouble is the third
difficulty already mentioned : random fluctu-
ations in supply, demand, consistency of a
product, and so on.

The decision-maker deals with these by
what he calls experience. More specifically
he is relying on his brain to estimate and
compare probabilities in ways of which he
can rarely give a conscious account.

The whole process by which z manager
prepares to take a decision is one in which
he builds himself a ‘model’ of the situation
in which he finds himself; and ‘model’ {is
the word a scientist would use. It makes
a useful label for the representation of the
situation the decision-taker employs, however
formal on the one hand and irtuitive on
the other,

It should be stressed that no one can take
a decision about the actual situation; for, he
never has enough information. He really
takes a decision about the model of the situation;
and the quality of the decision depends very
directly upon the adequacy of the meodel,
An understanding of the situatian, which
ignores major facters, misconstrues key
relationships, or assumes deterministic be-
haviour in real-life flux of events, is a
defective model, which will lead to defective
judgments.

Business and industry employ professional
medel builders to provide mocels of the
situation which will aid management deci-
sion. To employ a scientist for this purpose,
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or a team of professional experts, is to
use operational research: the Operational
Research team includes scientists of many
discipiines {and they may appear to be
strange bed-fellows} and the reason for this
is the business or the industry which takes
the help of the ‘OR’ team does not want
to lnse a valuable model in a given situation
for want of enough learning to recognise it;
and the *‘OR’ team as a result of cross
fertilisation of scientific ideas produces the
hest model in the end. We also sometimes
call ‘OR’ the science of decision: it should,
however, be made clear there is no intention
to abrogate the function of management;
but, only to make available to management,
a rational basis for decisions about matters
that are ‘decidable’ (in the language of the
logician).

‘Basis for decision’ implies that the
quantitative aspects are not the whole story
in most management decisions. Many other
aspects can also enter viz. trade trends,
politics, traditions, and other aspects often
important and impossible to express in
numbers (like ‘morale’}. It is the responsi-
bility of the management to add these factors
to the quantitative basis provided by
Operations Analysis. The word ‘Opera-
tions’ in the definition implies to some extent
a rcpetition of some action or some part of
an action. The repetitive factor in the usual
operation is fhe factor that makes it amenable
to scientific analysis.

The arcas of Operations Rescarch can be
summarised under the headings of Probability
theory, Symbolic logic, Decision theory,
Queueing  theory, Linear and Dynamic
Programming, Information theory, Game
theory, and Monte-Carlo  techniques.
Mathematical/Statistical tools are extensively
employed for various reasons: ‘Sampling’
guides the rescarcher in data collection;
and statistical inference can tell whether or
not an apparent relationship is truly signi-
ficant or the result of a chance. Statistical
relationship tells us whether or not relation-
ships exist, while correlation and regression
analysis tells us the extent of relationship.
Very recently multiple regression is being
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used in business in complex problems where
many factors and their relationships with
each other have to be studied.

Linear programming mecthod reduces
the complex mathematics to simple arith-
metic pointing the way to maximum profits.
LP is also a decision-making tool; for an
ideal decision-making situartion for manage-
ment arises under two basic heads: (i) the
management should know how much man-
power, capital, floor space, equipment, and
inventories are available. In other words
it should have an accurate measure of its
productive resources in terms of demand
and (i') it must have knowledge to assess
how much profit or other measurable benefits
it could obtain by using a unit of these
resources for each available opportunity.
Evaluating the benefit or profit that should
come f{rom apportioning or allocating
available resources to different opportunities,
LP provides a ‘better way’ of handling
information used in making decisions.

DPynamic programming is a newly
developed mathematical technique which is
useful in many types of decision problems.
The method of dynamic programming is
based on mathematical notion of recursion.
The definition of dynamic programming is
somewhat vague and it isa technique difficult
for a non-mathematician to comprehend; but
it is a tool designed for the solution of pro-
blems, which are characterised by a common
feature namely they involve sequence of
decisions in multi-stage processes.

Queueing theory deals with the formation
of queues, waiting lines etc. The formation
and disappearance of queues requires to be
studied as an advanced topic in the field of
mathematical probability. It is a little diffi-
cult {for the non-mathematician to compre-
hend its niceties. However a person expased
to the concept of a queue is able to recognise
the broad aress where this theory couid be
applied and readily available (or that could
be made available) tables can be utilised
for the solution of problems—that can adapt
itself to the theory and its mathematical
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models. In these cases complex mathematics
is reduced to simple arithmetic.

Mathematics has been turned from the
physical world to the affairs of men: €CONOMmIC
and military affairs. OR in fact originated
with the World War, 1939-1945. The main
concern then for the scientists was with
‘strategy’, and with the application of
scientific method to the problem of what
to do, and how to do it when faced with an
enemy. .n industry fpresents many Jfeatures
of the battlefield, For example, a manager
(military commander) may wish to stock-
pile products (shells) in order to tackle a
market {to lay down fire). The size of the
stock will basically depend upon the ‘stochas-
tics process of manufacture (armament
supply) and the expected rate of supplies
(fire), But now there happens to be a
competitor {an enemy) with good market
research (intelligence service). He plans
his attack or forms a strategy based upon the
desirability of taking his action when the
other side stocks are low. Competitive
situations like this are characterised by the
fact that two or more individuals are making
decisions in situations that involve conflicting
interest and in which the outcome is control-
led by the decisions of all parties involved.
Many conflict situations of the tvpe are
present in economic, social, political, indus-
trial, or military problems. When the war
time strategic problems appeared, and later
industrial problems of strategy, this work
proved to be the basis of advanced thinking;
and the approach to these problems utilised
the ‘minimax’ principle, which has its funda-
mental idea the ‘minimization of maximum
less.” This led to the development of a
branch of mathematics known as game
theory.

‘stochastic processes’

For a non-mathematician this is a term
rather difficult to understand.  Yet its field of
application is constantly expanding in
physical sciences. in engineering, and in
indusiry, Some of the newer applications of
probability theory to ‘stochastic models’ in
industry are the storage and service problems.

MATHEMATICS & MANAGEMENT DECISIONS

The word stochastic comes from the Greck
word, meaning to ‘aim’. Our industrial
behaviour, once we leave the procuction line
itself, has only one general aim, which it §
usually attains—more or less, soorer or later,
The methods of getting these are the
‘Stochastic Processes’. These arc the major
factors, planning, communicating, maintain-
ing, and so on; above all, stocks and flow.
These are the organic features of the factory.
If the factory does not really opcrate as an
organic whole, it is because we de not under-
stand the stochastic behaviour of these vital
features. ‘Stochastic Models” in the hands
of OR can provide this understanding.

simulation and monte-carlo method

This technique with great promise for
research has grown rapidly in recent vears
largely because of the availability of clectro-

nic computers. It was greatly used in
inventory systems, production scheduling
system, and waiting line problems.  Recently

the technique is  used to ‘simulate’ a
business in a manner which will lead to a
new understanding of the functicnal relation-
ships involved. Simulation is essentially a
working analogy: analogy means similarity of
properties or relations without identity.
When we are able to visualise analogous
systems, mcasurements/observations in one
may be used to predict the react:on of others.
The technique is to take ar established
‘model’ and the ‘model’ is operated/simulated
by OR much as a game of bridge is simulated
when all the hands are spread out on the
table, and a ‘mndel” game is played with all
the risks and chances taken into account.
This is really a scientific procedure, because
the model 1s in action, although real life
element of chance is now beirg introduced
by a randomising technique instead of
through statistics; this technique is known
by the facetious name Monte-Carlo method,
a most useful technique which can be put
into use by hand (and in really vast problems,
by an electronic computer). Its technique
can be understood by people who do not
understand mathematics. If they can see
the model working and produc ng its answers
they can obtain a real insight into the
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organic flow the model depicts. Hence it is

a great advantage,

cybernetics

Like the game theory the Information or
Communication theory isa product of the
Second World War. Tie theory owes its
origin to Norbert Weiner; and his basic
contribution was to recognise the Communi-
cation of information as a problem in
statistics; and it is his belief (his Cybernetics)
“that any organisation is held together by
the possession of means for the acquisition of
the wuse, retention, transmission of infor-
mation”. The information theory has there-
fore profound implications for all who handle
information i.e., ecvery one, including
machines. This takes us to the subject of
automation. The ‘Cybernctic model’ ma-
chine will improve industrial contrel beyond
recognition, because 1t will be perfectly
adapted to its task, without strain, without
fatigue, without boredom, and release men
from these tedious tasks for better things.
Cybernetics is not a model for OR in
industry. It is, however, a new scientific
and industrial target of immense potential,
Cybernetics will join with atemic energy in
reshaping the world, and OR, industry’s best
tool and Cybernctics’ only mechanism, for
working towards this future: OR is thus
being crystallised into Cybernetics : and their
offspring are the ‘Systems Analysis, and
Systems Engineering’,

For the purpose of OR, ‘system’ means an
organised working total, a group of interdepen-
dent elements united by a common objective.
But OR is w~Nor Systemns Lngineering.
Systems Engineering is the art and science
by which nature, men, machines are arrang-
ed to form an assemblage united by an
interaction and in dependence, to create
products from nature materials and energy
sources. Svsierns  Engineering  aims  at
strategic objective analysis, judgment,
synthesis, and rational design of a complete

235

and usually complex system. Operations
Research is concerned with tactical objective
analysis of present and future operations,
providing quantitative finding for manage-
ment decisions,

The American approach to Operations
Research differs significantly from the British.
The experts from the United States were
concerned with the elaboration of its techni-
que, and with the study of large working
systems with their ramifications, than with
the practical case studies and applications in
which British are interested. Operation
researchers in India have a much bigger
chance to penetrate in our industries than
their counterparts either in the USA or the
UK. OR men in India have a more important
job to do, provided they do not flourish
in the mystiques too far. Certainly much
of what is talked, and occasionally practised
under the name of Scieniific Management
suffers from wooliness of thinking and a prefer-
ence of abstract nouns rather than quantities.
One tncidental role of Operationgl Research in
India is to thin out the rosy verbal floag and stimu-
late hard thinking as well as offering its own,
more recondite mathematical approach to
the functioning of productive organisations,

The annual rate of growth in terms of real
product over the years of the last three
pians is approximately only 1 percent,
India, standing perhaps the last of the
countries, if their progress is also listed.
This is an intolerable state of affairs. We have
within this country technical brains, managerial
experience, and skilled crafismen that are second
to none. We have the power to double our
rate of growth. To achieve this geal, how-
ever, three things are needed: (1} a proper
Government plan for efficiency and growth.
(Our five-year plans approach the definition).
(2) a genuine determination by management
to set its house in order. (3) a readiness on
the part of organised labour to eliminate all
forms of restrictive practices, given reason-
able safeguards.

$

?



Production with Optimum Decisions’

DV Gulatif

Fvery production process can conceptually be thought of as certain resources
entering into 2 process, and then resulting in some products which in turn are associated
with profits, Optimum utilization of available resources coupled with sound decisions

about the type and

quantity of products result in increased profits.

Operations

Research mecthodology has made significant contributons in the field of decision

making.

Such decisions may concern optimum machine utilization, product mix,

service {acilities in relation to waiting, machine scheduling, inventory, etc. Here,

the author has given the cutlines of a maj

or OR technique: Linear Programming,

illustrating how 1t helped in optimising cutput and profits in an Indian foundry.

INEAR programming enables gains
being optimised, particularly in con-
cerns performing multiple activities

with limited resources. Based on the assump-
tion of linearity between the activities and
resources, input-output co-efficients are work-
ed out, which are then used to set up various
constraints and an objective function, Cons-
traints are expressions in the form of
mathematical linear Inequalities. Linear
Programming requires equalities rather than
inequalities. The inequalities are, there-
fore, transformed into cqualities, by adding
non-negative numbers, which in the language
of linear programming are known as “slack
variables”. An inequality representing a
constraint a; X, +2,X,+a,X;%b, on adding
a slack variable ‘d’ will read as

a4;X,Fa%,+ayX,+d=b

Assuming the capacity of a machine as
100 man-hours and the production program-
me of the items (A,B,C) taking 92 hours
in all at the respective M/C input per unit
in man-hours, the balance of (100-92=) 8
man-hours is nothing but slack. Having
known the constraints and the objective
function, a mathematical computing techni-

® The author is indebted to the Chief Adviser, Factories,
for permitting the use of work done at the Produc-
tivity Centre, Bombay.

t Productivity Officer, Office of the Chief Adviser,
¥actorivs, New Delhi.

que (Simplex Method) is used o get the
solution. Based on these ideas, a produc-
tion programming problem of a foundry was
tackled.

This foundry caters to the needs of some
of the leading industrial undertakings in the
country. Before the study was undertaken,
the foundry was manufacturing about 500
different types of castings varying in weight
from 1 to 3000 lbs. The various resources
going into the making of these castingsgwere
calculated in detail.

The foundry had a network cf 13 cranes
spread over heavy, fly-wheel and medium
sections and it was considered that ample
crane capacity was available. Oven capa-
city was also not considered to be a bottle-
neck.

The objective was to formulate a policy
for management for taking decisions regard-
ing acceptance of manufacturing orders or
in simple words, how best to use the resources
and the process, to classify and select the
products to be manufactured in order to
maximise the profits. In consultation with
the management, the castings they were
manufacturing, were classified into  six
groups {X, to Xg). The input-output
ratios of the warious restricted resources
were determined in conformity with the
statistical principles.
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TABLE OF INPUT RATIOS

Serial Products X, X, X X, X, X,
Number Description
1. Molten Metal Input Ratio (lbs) 37.30 203 356 519 1179 1982
2.  Moulding Input Ratio (Man-hrs) 1.63 4.41 0.91 5.55 13.40 16.88
3. Core Making Input Ratio 0.30 1.32 0.25 6.39 16.00 19.00
{man-hours)
4. Input Ratio of area for light 2,37
castings (sq. tt.)
5. Input Ratio of area for Medium 5.91
castings (sq. ft.)
6. Input Ratio of area for Fly-wheel 25.00
castings {sq. ft.)
7. Input Ratios of areca for Heavy 16.71 33.29 50.49
castings {sq. ft.)
The above input-ratios were used to
develop the following effective constraints :—  Product X X, X, X % X
Molten Metal Capacity
(A} 37.3X; + 203X, + 356X, + 519X,  Per Unit

1179%X,+1982X, 91,200
Moulding Capacity

(B) 1.63X,+4.41%,4+0.91X,--5,85X,-
13,403+ 16.88,X. <730
Core Making Capacity

(C) 0.30X,41.32X,1-0.25X,4-6 39X, +
16.00X,+19.00X, €250
Light Section Area

(D) 2.37X,<£2700

Medium Section Area
(E) 250X,4-630
Fly-wheel Section
{(F)y 25.0X,+ 1588
Heavy Section Area
(G) 16.71N,-+33.29N,4+50.49X, < 4410
The foliowing table gives the per unit
profit figures whicl were used to develop the
objective function. R=1.86X-+10.15X,+

28.15X,+32. 69X, + 88. 42N, 4 145. 65X,

Profit (Rs.) 1.86 10.15 28.15 32.69 88.42 148.65

Slack variables were added to the cons-
traints (A) to (G) and then these linear
equalities, alongwith the objective function
were cast into a simplex table and solved.

The optimum solution showed that by
producing 12 castings of X, 64 of X, and
185 of X, (not requiring cores) and 75 of X,
(moulds prepared or machine) would increase
the daily profits by 141 percent, leaving
a slack of 22570 Ibs. of metal and 6335 sq. ft.
of working arca. This was however, not a
practicable solution, from the management’s
point of view, because of market limitations
for X; and X,

In consultation with the management
X X5 and X, were limited to 2, 3 and 30
units  respectively.  With the balance re-
gources, new constraints were developed and
simplex technique used to evaluate X, X,
and X,, maximising the profits. The
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following programme was then obtained :-—

X;=161 (including not requiring ~ X,;=0
cores and M/C moulded)

X,=107 X;=3

X,=50 Xe=2

This arrangement would increase the daily
profits by 68 percent, leaving a slack of
38,226 lbs of metal and 6,865 sq. ft. of
working area.

Considering the availability of metal, it
was decided to augment the profits further
by manufacturing the most common products,
ie., X, X, and X,;. Fresh equations were

OPTIMUM DECISIONS

This indicated an increase in profits by
188 percent and employment of a few more
core and mould makers.

Based on the above manufacturing pro-
gramme, management could now formulate
a definite policy for deciding about the
acceptance of manufacturing ovders from
their consumers. The use of lnear pro-
gramming can also be made in many other
situations where the aim is to combine
activities and resources in such a way as to
optimise the overall effectiveness, e.g.
1. Job assignment 2. Transportation 3. Pur-
chasing etc. Fxperience shows that highly
beneficial results are obtained, if the techni-

developed and solved, which resulted in the que is used to tackle problems of wide

following final programme. magnitude. Similarly, there are many other

X,—165 (including not requiring  X,—67 cifective techniques of Operations Rescarch

cores and M/C moulded) which enable management to take  sound

‘ decistons in complex situations, to bring

Xo=107 X;=3 about overall effectiveness, which is the
X;=50 Xg=2 essenice of productivity.

e ———

“What your work would he—I do not know how much mercantile experience

you have really had.
must beg one thing of you, my dear chap.

You have been loafing a bit, so far—am I right?...... I

In your position as brother of the head

of the house, you will actually have a superior position to the others; but I do not
need to tell you that you will impress them far more by behaving like their equal
and doing your duty, than you will by making use of privileges and taking liberties.
Are you willing to keep office hours and observe appearances?....”

Jrom Buddenbrooks




Experimental Designs
in Operations Research

Iyer & Ray*

In view of the rapid scientific advances in varicus felds, it is nccessary that
industrial techniques and methods should be modified from time to time in order
to put industry on a competitive basis. This would require constant operations
research at factory level on methods of production, materials and machines, efficiency
of labour, management, etc. Each of these is affected by several factors at various
stages of production. To obtain information on these points a large number of
trials is required. This would take a good deal of time, and by the time the results
arc available for developmental purposes, there is danger that they might become
chsolete. This situation can be avoided and the cost of experiment can be kept at
a reasonably low level by using experimental designs recently developed for biological

and industrial experiments. Such designs have the advantage that the errors will
be low. In this note we give some of the important designs which ¢an be profitably
used for experiments in operations research in

investigation stage.

HE principle of this design is that the
error of the experiments can be reduced
by arranging the experiments on the

same machine 50 as to have all the treatments
combination tried on all the machines and
in all the phases of the experiments. This
is achieved by using a number of orthogonal
squares and forming Graeco Latin Squares.
Two orthogonal squares involving five treat-
ments each are given here. By super-
imposing these two squares we get a Graeco
Latin Square in which all the (ireek and
Latin letters occur along both rows and
columns,

Such designs have been used for many
types of experiments in industry.

Balanced Incomplete Block Designs

If the number of treatments is large it
may not be possible to complete the trials
in a plant in a reasonable time, In such
cases, experimental error can be reduced by
using a balanced incomplete block design.
In this design every pair of treatments is

*Defence Science Laboratory, Delhi
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tried in a number of blocks which is the same
for all possible pairs, For four treatments
Ty, T,, Ty and T, a design is given below.
In this design it will be noted that any pair
of treatments, say T; & T,, occurs in two
plants out of four.

Ist Plant 2nd Plant  3rd Plant 4th Plant
T, T, Ty T,
Tl T‘ T:l T3
Ty T Ty T,
YOUDEN SQUARE:
The Latin square would require the

aumber of treatments to be the same as the
number of subjects or plants to he investi-
gated. In case where it is not possible, we
can use a modification of the Latin square.
A Youden square resembles a Latin square

EXPERIMENTAL DESIGNS

with one or more rows missing and retains
the property of a Latin square by eliminating

some trends which would otherwise inflate
the estimate of experimental error. The
simplest of these is obtained by omit-

ting one row or one column of a Latin
square.

Fractional Factorial Experiments

In many industrial experiments a complete
investigation of some of the urfavourable
levels for one or more factors is not of
practical interest. Besides, we may be more
interested in obtaining the trends at different
levels. In such cases the principle of
fractional experimentation cnables us to
reduce the cost of lahour of experimentation
by concentrating on important combinations,
which can be used for obtaining the oftimum
level by interpolation.*

*The details of these designs and their analysis
have been given in the book “On th: design and
analysis of Industrial Experiment” by Davies.

?

WORK STUDY OF BUCKINGHAM PALACE!

In his televised broadcast from Guildhall on November 14, which had been

recorded earlier Prince Philip said:

‘To emphasise the vital importance we
p po

attach to the iden behind the National Productivity Year the Queen has arranged
for a Work Study investigation into every department of her household.”

The investigation will begin early
as well as Buckingham Palace and exten

next year.
d to such departments as the Master of the

It will affect Windsor Castle

Household, the Crown Equerry, the Lord Chamberlain, and the offices of the

Private Secretary and the Queen’s Treasurer.

An undertaking has heen given that

10 one will lose his job, but that any reduction decided upon will be effected
through not filling vacancies as they arise,



Computers and Operational Research
Stafford Beer*

HE area of contact between computer technology and operational research is very
T large. 'We should, however, beware of getting bogged down in endless discussion
of computer activities on mathematical programming. I will risk saying that
providing genuinely operational research can succeed In mapping real life on to the matrices
of the mathematicians, and the multifarious aims of an industrial activity on to their opti-
mizing functional, then the computer calculation is a relatively trivial problem. It is a
glib supposition that wherever computers are at work, there OR is done. Unfortunately
this is far from true; and many computer installations are less worthwhile than they might
be for want of an OR approach to the problems with which they deal. We should of course
study the more profound relationship between computers and OR : how 1s lifc made different
for each of these fields because of the existence of the other ?

What happens to QR because there are computers 7 The answer to this is certainly
aot that the OR scientist can now undertake a vast amount of arithmetic that he would not
otherwise have been able to tackle,  For one thing, he is often better off without this arithmetic
anyway——calculation is no substitute for cerebration. More importantly, the OR man is the last
person who should place the emphasis on the arithmetic of computers, and the first  to consider
them as engines of logic. A computer is an undifferentiated set of logical relationships in  which
OR can mirror the structure of its real-life problems.

This is what simulation really does. It is not enough to think of simulation as a
statistical procedure by which runs of sampled events are constructed experimentally. In
their paper, Owen and Tocher bring out this structural element of simulation. Concentra-
tion on this feature has resulted in a General Simulation Programme, a programme whose
generality derives from an adequate treatment of form as distinct frozn  content.  This is

. real OR, of a kind which becomes practicable because of and through the computer.

A programme of this kind provides a language by which to talk ‘simulation’ with the
computer, and it is not difficult to translate an actual situation into this language. But the
programmer does have to learn the conventions: a kind of autocode is involved. As with
any other computer application, however, the nearer the code can be brought to conven-
tional language, the more readily can the programme be exploited.

*United Steel Companies, Sheffield, UK.

“....I was in charge of an analogue computer for some time, one of my students

told me. I am still appalled by the number of businessmen who helieve that
the machine was in charge of me.”

—Peter Druzher
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New Methods in Mathematical Programfning

George B Dantzig*

T is a real mystery that a field that is so full of applications to evervday problems had
created so little scientific interest in the pre-war period. Historically, planning i this
world of uncertainty has traditionally endowed these in authority with the ‘wisdom’ to decide among

undecidables.  Curiously the less clearlv the objectives were stated, the more impressive it
seems were the means chosen by those in autherity to carry out these objectives. Indeed,
the ohserving have discovered that the means somchow became the objectives. However,
in the last twenty to thirty years many of the obstacles that made planning an authoritarian
task rather than a scientific task have been overcome. These are fist, the formulation of
objectives and familiar relationships in mathematical terms; second, the development of
reporting systems and the systematizing of statistical information so that basic data was at
hand; third, techniques for solutions of the mathematical models were developed (i.e. theory,
numerical analysis, electronic computers}. As aresult in the last decade operations research
—and in particular linear programming-—has become possible on an ever-increasing scale,
I do not believe there will be any slacking of effort.  Indeed, 1 believe students of the art of
decision-making are about to witness the start of an explosion.

To be precise, the period 1947 to 1958 has been marked by intense development
of ideas built closcly around the central problem of linear programming. In the last two
vears these ideas have been extended to a broad area that goes by the title mathematical
programming. In the next few years we can expect each of the fields—network theory, infeger

programming, non-linear programming, programming under unccriainly-—to become major research
areas.

*Rand Corporation, California

‘What is success? It is an inner, indescribable force, resourcefulness, power
of vision; a conscicusness that I am, by my mere existence, exerting pressure
on the movement of life about me. It is my belief in the adaptability of life to my
own ends. Fortune and success lie with ourselves. We must hold them firmly—
deep within us. For as soon as something begins to slip, to relax, to get tired,
within us, then everything without us will rebel and struggle to withdraw from
our influence.

- - Themas AMann
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Linear Programming and Game Theory

Dorfman & Samuelson

At any time, an ecenomy has at its disposal given quantities of various
factors of production and a number of tasks to which those factors can he
devoted, These factors of production can be allocated to the different
tasks, generally, in a large number of different ways, and the results will

VArY.

There is no more frequent problem in ecomomic analysis than the

inquiry into the characteristics of the ‘best’ allocation in situations of this

kind.

L have just outlined a rudimentary
problem in welfare economics or in
the theory of production. It is also a
problem in !near cconomics, the word ‘lincar’
being introduced to call attention to the fact
that the basic restrictions in the problem take
the form of the simplest of all rmathematical
functions. In this case the restrictions state
that the total amount of anv factor devoted
to all tasks must not exceed the total amount
available; mathematically each restriction
is a simple sum.

This illustration suggests that many familiar
problems in cconemics full within the scope
of linear economics. Like Moliere’s M
Jourdain and his prose, economists have been
doing linear economics for more than forty
vears without being conscious of it. Until
recently economists have passed over the
linear aspects of their problems as obvious,
trivial, and uninteresting, But in the last
decade the stone which the builders rejected
has become the headstone of the corner.
New methods of analysis have been develop-
ed that depend heavily on the linear charac-
teristics of economic problems and, indeed,
accentuate them. The most flourishing of
these methods are linear programming,
mput-output analysis, and game theory.

These three branches of linear economics

originated scparately and only gradually
grew together. The first to he :developed
was game thcory, the central theorem of
which was announced by John von Neumann
mn 1928, The main impact of game theory
on economics was delaved, however, until
the publication of Theery of CGames and
Feonomic Behariour in 1944, Briefly stated,
the theory of games rests on the notion that
there is a close analogy between parlour games
of skill, on the one hand, and conlict situa-
tions in cconomic, political, and military
life, on the other. In any of these situations
there are a number of participants with
incompatible objectives, and the extent to
which each participant attains his objective
depends upon what all the participants do.
The problem faced by each particpant is to
lay his plans so as to take account of the
actions of his opponents, each of whom, of
course, is laying his own plans so as to take
account of the first participant’s actions,
Thus each participant must surmise what
each of his opponents will expect him to do
and how these opponents will react to these
expectations,

It was von Neumann’s remarkab’ec achieve-
ment to demonstrate that something definite
can he said about such a welter of cross-
purposes and psvchological interactions,
He showed that under certain assumptions,
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DORFMAN & SAMUELSON

which we shall have to examine, each partici-
pant can act so as to be guaranteed at least
a certain minimum gain (or maximum [oss).
When each participant acts so as to secure
his minimum guearanteed return, then he
prevents his opponents from attaining any
more than their minimum guaranteeable
gains. Thus the minimum gains become
the actual gains, and the actions and returns
for all participants are determinate.

The implications of this theorv for
economics are evident. It holds out the
hope of banishing oligopolistic indeterminacy

from economic situations in which von
Neumann's assumptions are satisfied. The
military implications are also evident, And,

it turns out, there are important implications
for statistical theorv as well.  Since 1944 the
development ol these three fields of appli-
cation of game theory has gone forward
actively.

Input-output analvsis was the second of
the three branches of linear economics to
appear. Leontief published the first clear
statement of the method in 1936 and a full
exposition in 1941, Input-output analysis
is based on the idea that a very considerable
proporiton of the effort of amadern economy
is devoted to the productionof intermediate
goods, and the output of intermediate goods
1s closely linked to the output of final products.
A change in the ocutput of any final product
{say automobiles) implies changes in the
outputs of the intermediate goods {copper,
glass, steel, etc., including automobiles) used
in preducing that final product and, indeed,
in producing goods used in producing that
final product, and so on,

In its original wversion, input-output
analysis dealt with an entirely closed econo-
mic system—one in which all goods were
intermediate goods, consumables being re-
garded as the intermediate goods needed in
the production of personal services. Equili-
brium in such a system exists when the outputs
of the various products are in balance in the
sense that just enough of ecach is produced to
meet the mnput requirements of all the others.
The specification of this balance and its pric-
ing implications was Leontief 's first objective.
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Beginning with World War 1I, interest
has shifted to a different view of Leontief’s
model, In this view final demand is regarded
as being exogenously determined, and input-
output analysis 1s used to find levels of
activity in the various sectors of the economy
consistent with the specified pattern of final
demand. For example, Cornfield, Evans,
and Hoflenberg have computed employment
levels in the various sectors and, hence, total
emplovment consequent upon a presumed
pattern of final demand, and Leontief has
estimated the extent to which {luctuations in
foreign trade influenced activity in various
domestic sectors.  The input-output model,
obwviously, lends itself well to mobilization
planning and planaing for economic develop-
ment,

The last of the three branches of linear
economics to originate was linear program-
ming. Linear programming was developed
by George B Dantzig in 1947 as a technique
for planning the diversified activities of the
US Air Force. The problem solved by
Dantzig has important similarities to the one
studied by Leontief. In any operating
period the Air Force has certain goals to
achieve, and its various activities of procure-
ment, recruitment, maintenance, training
etc., are intended to serve those goals. The
relationship between goals and activities in
an Air Force plan is analogous to the relation-
ship between final products and industrial-
sector outputs in Leontief’s model; in each
case there is an end-means connection, The
novelty in Dantzig’s problem arises from the
fact that in Leontiel’s scheme there is only
a single set of sector ocutput levels that is
consistent with a specified pattern of final
products, while in Air Force planning, or in
planning for any similar organization, there
are generally found to be several different
plans that fulfil the goals. Thus a criterion
15 needed for deciding which of these
satisfactory plans is best, and a procedure is
needed for actually finding the best plan.

This problem is an instance of the kind of
optimising that has long been familiar to
economics. Traditionally it is solved by
setting up a production function and deter-
mining that arrangement of production which
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vields the desired outputs at lowest cost or
which conforms to some other criterion of
superiority. This approach cannot be
applied to the Air Force, or to any other
organization made up of numerous compeo-
nents, because it is impossible to write down
a global production function relating the
final products to the original inputs. Instead
it is necessary to consider a number (perhaps
large) of interconnected partial production
functions, one for each type of activity in
the organization. The technique of linear
programming is designed to handle this type
of problem.

The solution of the linear programming
problem for the Air Force stimulated two
lines of development. First was the appli-
cation of the technique to managerial plan-
ning in other contexts. A group at the
Carnegie Institute of Technologv took the
lead in this direction, Second, a number of
cconomists, with TC Koopmans perhaps in
the forefront, began exploring the impli-
cations of the new approach for economic
theory generally, We regard linear pro-
gramming as a flexible and powerful tool
of economic analysis and hope that the
applications to be presented below justify
our position,

These are the three major branches of

LINEAR PROGRAMMING AND GAME THEORY

linear economics. The relationship between
mput-output analysis and linear program-
ming is evident. Input-output analysis may
be thought of as a special case of linear
programming in which there is no scope for
choice once the desired pattern of final
outputs has heen determined,

The connection of these two with game
theory is more obscure. Indeed, with the

sketches given of the problems handled
by the three techniques, it may seem
surprising that there 1s anv relationship,

and, as a matter of history, the connection
was not perceived for some time after the
individual problems and their solutions
were well known. The connection resides
in the fact that the mathematical structures
of linear programming and of game theory
are practically identical. Is this a pure
coincidence ?  Probably it does not pay to
searchi for an economic interpretation. It
may make the connection seem less mys-
terious if we put it this way: Both game
theory and linear programming are appli-
cations of the same branch of mathematics—
the analysis of linear inequalities—a branch
which has many other applications as well,
hoth in and out of economics. The connec-
tion is analogous with the conneciion bet-
ween the growth of investments at compound
interest  and Malthusian  population
theory,

f ]

L

“....It is all a matter of population density: the Irish are 100 to the square mile;
the English about 700... My point is this: really, modern industry, the antomation
which we dare not install here, does not call for millions of machine-slaves.
Eire (Ireland) is starting her industrial revolution at a time when the machines
can enrich all while enslaving none. Whereas to us it means the spectre of mass
unemployment and the dreadful stizma ‘redundant’.”

—Edward Hyams in the Irish Diary



Linear Programming

MV Gopalan*

N industry may pose a production

problem involving a series of current and

sequential operations with either fixed
or alternative inputs and limiting capacities.
Linear Programming is a method of planning
wherein an ohjective function is either
minimised or maximised satisfving also the
several restrictions posed hy the problem.
Linear Programming deals with that class
of programming problems for which all
relations among the variables are linear.
The relations must be linear both in the
constraints and in the function to be
optimised. The general linear programming
problem can be described as follows:

Given a set of n linear inequalities or
equations in r variables, it is desired to find
non-negative values of these variables which
will satisfy the constraints and maximise or
minimise some linear function of the
variables. To speak in terms of symbols,
we have n linear inequalities or equations in
r variables of the form
i=12.. ., n;

<
afl xytapxyt.. apxrg bl:

We are to find the values of the variables

*Indian Institute of Technology, Bombav.

x)50, satislving the above conditions and
maximising or minimising a linear function
of the form

Z:Clxl"{“. s .+Cng

The simplex method is an algebraic
procedure which through a series of repeti-
tive operations progressively approaches and
ultimately reaches an optimum solution.
Many kinds of problems may be placed into
a framework of Linear Programming.
Methods less tedious than the simplex method
have also been developed. It must be noted
that the linear programming model is only an
approximate representation of the real world.
The model shouid not be utilised where it
is imapplicable. In industrial applications,
the transportation method has been applied
to a greater extent than the simplex method.

The theory of Markov Processes has been
applied to tackle problems in Operations
Research (for example, in the theory of
queues). Statistical Decision theory plays
a key role in determining optimal procedures
with allowances for uncertainties in nature,
The MNlathematical theory of Information
developed by Shannon and N Wiener has
been applied to many a  problem of
engineering Importance.

‘. . . time’s flight is fabulous: yet

method teaches you to save it. ..

bi]

— Dy, Fanst
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The Linear Programming
and Economic Analysis

Samuelson & Solow

Is linear programming something new or just a new name for old

methods ?

Does it help in analyzing economic and business problems ?

Can it solve practical problems ? The RAND Corporation, a private
research corporation, whose primary contract is with the United States
Air Force, has found linear programming expedient in practical problems

and fruitful in analytic procedure.

In part this is simply the result of the

fact that much of standard economic analysis is linear programming,

N 1951, RAND and the Cowles FFound-
I ation for Research in Economics jointly

sponsored Activity Analysis of Production and
Allscation, a book that dealt with the mathe-
matical and computational features of linecar
programming. The thesis presented here
emphasising the economic interpretation of
linear programming has also been prepared
under the auspices of RAND*.

Linear programming has been one of the
most important postwar developments in
economic theory. Its growth has been
particularly rapid, thanks to the joint efforts
of mathematicians, business and defence
administrators, statisticians, and economists.
Yet the ecoenomist who wants to learn how
linear programming is related to traditional
economic theory can nowhere find a compre-
hensive treatment of its many facets. The
thesis on which the authors have worked
gives the economist, who knows existing
economic theory but who does not pretend
to be an accomplished mathematician, a
broad introduction to the theory of lincar
programming, or, as it is sometimes called,

*For a fuller exposition of the theory please see
authors’ book on Linear Programming & Economic
Analysis published by AMcGraw-Hill Book Company,
Inc., New York.

activity analvsis. [t hopes also to be useful
to the practitioner of managerial economics,
and possibly to provide the growing body of
mathematicians interested in programming
problems with insights into the vast hody of
modern cconomic theory.,

When asked by the RAND Corporation
to undertake this work, we agreed to avoid
higher mathematics. We planned to stress
the economic aspects of the problem, paving
attention to practical problems of computa-
tion and giving important concrete appli-
cations but laying no stress on them. So
vast has the theory become that we have had
to be selective, reluctantly deciding to omit
many interesting topics and applications.
Thus, we have not dealt with the :mportant
role of linear-programming concepts in
statistical decision theory.

On the other hand, we have gone into the
extensive interrelations between the cele-
brated von Neumann theory of games and
linear programming, particularly since every
economist will want to know the inter-
relations between game theory and traditional
cconomic theories of duopoly and bilateral
monopoly.  And modern economists will be
interested in the interrelations between linear
programming and modern welfare economics
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and the insights that linear programming
gives into the determinateness of Walrasian
equilibrium—as perfected by the recent
works of K Arrow, G Debreu, LW McKenzie,
and others,

Linear Programming & Economic Analysis
can zlso serve as an expository introduction
to the student interested in the Leontief
theory of input-output, which has played so
important z role in the last twenty years.
Similarly, we have treated extensively pro-
blems of dynamic linear programming, not
only because of their intrinsic interest but
also because of their vital connections with
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the economist’s theory of capital—that most
difficult field of modern economic theory.
Had we more space and time at our disposal
we might have added some material sum-
marizing the related ‘dynamic programming’
methods of Richard Bellman, also developed
at RAND*,

* These are extracts taken from the foreword and
the preface to the authors’ work on Linear Program-
ming and Economic Analysis, printed here with
a view to create interest among readers on the intri-
guing connection that has developed between these
two disciplines, not popularly associated together
except among academicians,

Standardization
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Application of Dynamic Programming
to Maximum Stock Capacity

E Ventura®*

HE problem raised was initially to find the optimum capacity level of a warchouse.
This warehouse is used as a starting-point for the dispatch to customers and receives
its supplies from a factory, located several hundred miles away.

In order to find the optimum capacity level of the warehouse (strategical decision)
rules must first be established for the inventory policy itself (tactical decision).

The cost function includes: The cost of transportation by the usual way (waterways)
from the factory to the warchouse; a known cost of depletion (stock-out} which is the cost of
transportation by the abnormal and costly way (railroads) from the factory to the warehouse;
a cost for stocks cxceeding the capacity level; handling cost; financial inventory costs.

The cost function is to be minimized through the choice of the decision variable,
ie, the quantity C; which is requested from the waterways companies at the
beginning of month i,

The state variable is the inventory level, S;, at the end of the preceding month.

The random variables are of two kinds :

(1) Orders from customers for the month ¢, say X; (a gaussian variable, the
parameters of which , X, have been found by a statistical analysis).

(2) The quantity Q; actually transported from the factory to the warchouse,
which may be equal to or less than C;, depending, among other factors, upon the
favourable or unfavourable meteorological conditions prevailing during month ..

No a priory assumption has been made in the model as to the inventory policy; neither
a maximum stock level nor a two-bin system has been postulated from the start, The only
rule is to take a decision at the beginning of each month, according to the knowr stock level
at that time, as to the quantity to be asked from the waterways companies as the transport
target. The objective is to minimize the expected total cost for all the periods to come,

No hypothesis as to the stationariness of the system has been made, as is generally
done in the classical OR literature.

The methods of dynamic programming which have been used here, lead 1o the

determination of an optimum function F through the formula
min
Fi () =" L (T, 8) + otFia (Si2) }

where F; (8;) is the value of the objective cost function for the i periods to come, S, is the
stock level at the start of month #; L; (¥4, §,) is the expected cost for month i, with stock §;
and decision variable ¥ ,=5;+C;; ol is the discount rate (< 1).

It is shown that a linear function F; (5;) is a solution of the equation; this leads to
the determination of the optimum value ¥; of the decision variable T,

These rules once established, that is once we have established the set of the ¥"; from
which to substract the known §; at the beginning of each month, a simulation made for
diflerent values of the stock capacity of the warchouse, leads to the solution of the problem
raised initiaily. It has been shown that no increase of capacity was needed provided that
the rules are followed. The solution has been applied by the firm concerned,

#Sepro, Paris, France.
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Dynamic Programming and the
Calculus of Variations

Stuart E Dreyfus*

ROBLEMS in the Calculus of Variations can be viewed as multi-stage decision
problems of a continuous type. Therefore they can be characterized by the func-
tional equation of dynamic programming. The functional equation approach

vields, quite readily, formal derivations of such classical necessary conditions of the Calculus
of Variations as the Euler-Lagrange equations and the Weierstrass and Legendre conditions.
It also reproduces the multiplier rule for the more general ‘problem of Bolza’. This new
approach also leads to easy and natural physical interpretation of the Lagrange multipliers
often introduced to solve variational problems.

More important, dynamic programming vields a computational algorithm for varia-
tional problems which is not greatly complicated by inequality constraints nor subject to
the stability difficulties associated with the numerical solution of the non-linear mixed
boundary value problems generated by the classical variational approach. The existence
of a usable computational algorithm for both discrete and continuous variational problems
is of great importance in operations research, since economic, as well as engineering, problems
often possess variational formulations.

*#The RAND Corporation, California, USA.

The River of Productivity
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Adaptive System Models

Merrill M Flood*

R should and will direct more of its attention to the development of adaptive svstems,
and to systems that are so designed that they learn from past experiences in such a wav
as to modify their future behaviour and thus continually improve their performance.

There are a number of mathematical theories, and other developments, that help to show
how to design and operate adaptive systems that ‘earn as they learn’.  Systematic experi-
mentation, guided by concepts from some of the available theories, can even now help in the
design of very complex productive organizations: for example, management gaming and
system simulation are useful experimental techniques. It seems to be a bit too early to
expect many OR applications of automata theory, but the time /s ripe for greater use of
stochastic approximation and heuristical problem-solving techniques.

OR has been concerned with the design and management of a wide variety of man-
machine systems. Some systems studied have been extremely complex, such as an entire
industrial firm or an entire national defence establishment. Some systems studied have
been relatively simple, such as the procedures and devices for operating a small inventory
control system.

OR experience has already shown that certain now familiar models are useful in
studying both the very complex and the very simple. For example, the same mathematical
queueing model has been used to analyse the workings of a small telephone exchange and
the scheduling of a large industrial enterprise. There are similar examples of the varsatility
of other pepular OR models, including mathematical programming, statistical decision
theory, information theory, and servo-mechanism theory,

There are several newer models and theories that show promise for future OR
applications, but theyv are not vet proved widely applicable. Among these are gam= theory,
stochastic learning theory, organization theory, theory of teams, stochastic approximation,
and automata theory. There are also newly named developments—-such as artificial
intelligence, cybernetics, management gaming and simulation, heuristic problem-solvers,
and self-organizing automata—that excite the imagination and stimulate the endeavour of
OR people, but developments that have not yet found widespread application.

Several of these newer models and theories stress the dynamic stochastic adaptive
aspects of the complex man-machine systems being designed, or managed. Some of these
developments need to be studied in terms of their potential for future OR studies with special
stress on learning and adaptation aspects of such systems.

*Mental Health Research Insutute, The University of Michigan, TUSA,
——— e

“As I see it, no one can make a man safe but himself.”
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The Nature and Importance of Models

Henry H Albers*

FYYHE basic approach of operations research is to construct a model of the decisional
problem under consideration. A model represents some aspects of an existing
thing, event, structure, or process. Models can be classified into three categories:

iconic, analogue, and symbolic. An iconic model is a scaled reproduction of the essential
features of that which it represents. Tov automobiles, model airplanes, and globes are
exarples of this tvpe of model.  Analogue models portray various propertics of something
by a different set of propertics. For example, solid and broken lines are often used on a
map to indicate the kind of surfacing that can be found on the roads. Contour lines are
used to show the nature of the terrain found in the area encompassed by the map. The
lines and other symbols of an analogue model take the place of the scaled reproductions
of an iconic model, Models can he used to determine the most efficient layout and the
nature of material flow. Thev also facilitate the study of comprehensive and complex
situations. As Karl W Deutsch has pointed out:

‘The only alternative to their use would be an  attempt to “grasp directly” the
structure or process 10 be understood; that is to say, to match it completely point
for point. This is manifestly impossible. We use maps or anatomical atlases
precisely because we cannot carry complete countrics or complete human  bodies
in our heads.

Symbolic or mathematical models can be used to predict consequences to the extent
that the logic of mathematics corresponds in some degree to the dynamics of the “reality™
it represents. Pure mathematics is a completely abstract svstem concerned with number,
quantity, spatial relationships, and other tvpes of logical conceptions. *“The certainty of
mathematics,” to use the words of Allfred North Whitehead, “depends upon its complete
abstract generality, But we can have no a firieri certainty that we are right in believing
that the observed entities in the concrete universe form a particular instance of what falls
under our general reasoning, The models of pure mathematics are not directly concerned
with empirical problems, and the results do not necessarily reflect “reality”. The models
of applied mathematics are directlv concerned with “realitv” and are attempts to derive
practical caonclusions by the use of abstract mathematical reasoning. ‘The basic process
hegins with abstractions from *‘reality”* which are then subjected to mathematical analysis.
The mathematically derived conclusions are then related to “reality,” and an attempt
is made to predict the behaviour of the real thing or process.

*Associate Professor of Management, State University of Iowa, USA.
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A Record Storage Model and its
Information Retrieval Strategy

B Gluss*

UPPOSE an information storage model is set up in such a way that each record in
the filing system is defined by an A-digit binary number which is stored on magnetic
tape that may be used as input to a digital computer. The tapes are placed in

separate classcs. which for convenience we shall call rooms.  In order to retrieve a particular
record or set of records, two types ol search may be made: (a) a search for a specilic tape
in a specific room, and (b) sorts of the tape upon various digits or groups of digits using
the computer. Using this model, an information retrieval problem is considered whose
objective is to find an approximately optimal strategy for retrieving the desired record or
set of records at a minimal expected cost.  The strategy defines the rules for determining
the order in which searches of tvpes {(a) and (b) are made. Assuming ccrtain cost and
probability parameters, four successive approximations in policy space can be made and
their reiative worths determined by Monte Carlo sirrulations of the process.

Further possibilities for increasing the efliciencies of storage models thamselves, to
increase the efliciency of storage and retrieval, are discussed in a {uller paper read by the
author at the Second Internationat Conference on Operational Research.

With the present-day tendency towards the amassing of vast amounts f data, and
with the advent of the high-speed magnetic-tape-input digital computer, it scems natural
to consider information storage systems in which the data are stored an masznetic 1apes
and in which the retrieval is performed by processing these tapes through a corrputer.  The
problems then arise as to how the data should be stored on the tapes and  wha: procedures,
or strategies, should be used to retrieve any required record or group of records. The
author has elsewhere suggested a method of deriving optimal retrieval strategics given
parameters of the costs of searching and processing the paramezers ol the probabilities of the
required record being on the various tapes in the storage system ; the method  of storage is
assumed, and the cost and probability parametcrs will depend upon it

*Armour Research Foundation of Tlinvis Institute of Technology, USA,

As you walk around your departinent, imagine for the moment that you’re
somebody else.

258



Models as Approximations

Glen D Camp*

ODELS are approximate representations of reality. AModel approximations, as here
used, are the conceptual and other qualitative approximations made in formulating
mathematical models of operations, in contrast to any mathematical approximations

which may be made, 4fter a model 15 formulated, in solving it and in determining the
sensitivity of its solution to errors in input data and managerial control variables. They
mnclude the definition of the supposedly significant variables and, by implication, the rejection
of all others as insignificant; the definition of quantitative measures of “cost’ and ‘value’;
etc.

They permit intangilles and other conceptual complexities to be collected at the
highest leve! for critical scrutiny, mstead of permitting these to diffuse to lower levels where
essential features may be obscured by purely mathematical or technical complications. By
making it possible to formulate tractable and sharply defined mathematical models, they
permit precise quantitative work to be done within a well-defined framework of tentative
assumptions, and the results of such work often throw light back to the conceptual complexi-
ties by determining the sensitivity of these results to different model approximations. This
and other conceivable methods of determining the structure and effects of model approxi-
mations here have been explored in a fuller paper, where some possibly fruitful directions
for further work have also been suggested. These latter include the beginning of a classi-
fication scheme for model approximations {aggregation, fuidization, quantization, ignoring
constraints, imposing artificial constraints, etc.)

*(Case Institute of Technology, Cleveland, Ohio, USA.

In a recent visit to this country, Sir Charles Goodeve of the British Iron &
Steel Research Association, described Operational Research as “the most expensive
way of inviting insults from inexperienced people half your age.”
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On Models in Operations Research

MP Sastry*

Constructing a model, stochastic or otherwise, can rightly be described as the

key function of an operational researcher.

A model is an objective representation of

some aspects of a problem by means of a structure enabling theoretical subjective
manipulations aimed at answering certain questions ahout the problem. This repre-
sentation which attempts to establish a correspondence between the problem and
the rational thought can certainly be realised by forming a model such as in equations
immediately related to an operation in queueing theory, storage theory, farm incomes

and so on.

For deriving solutions from models, when it is not possible to derive

exact solutions, a particular application of random sampling called Monte-Carlo
technique can be used with advantage for getting solutions,

N this article I wish to deal in particular
I with storage models and make a
passing reference to farm
models.  The theorv of dams and
systems was lirst given by PAP
in 1954 in the form of a stochastic
The discrete model considered by Moran
can bricfly be stated as given below: Far
a finite dam of capacity K, with random
imput X, during time t-1, having a
distribution fp;), 1=o0, | with a
finite release namely min [Zy, +X;_;, M]
made just before time t, where the dam
content Zy [0€7; < K-\ specified at
times t [t==0,1,...... ] Irv the equation

Zi=min [Li+Z¢ . K] —min [Ziy+
N, M1, M<K-M, the dam equa-
tions are given by :

income
storage
Moran
model,

Po=Pa (pot+ .- +py)=-Py (pot .. Fpr_y)—
......-—,-PM pu

Pi=Po Pugy+.-0 -0, FPy pr+Payy po

Pi_w=Ps (p};:—‘. o — Py (PR v s s

’:#P};_\( (ps[+ L and Pl.__\1+1_ o= Pemad]

where (Py) 1=0,1,...... is the stable distri-

bution of Z; ‘{ Zt} and ‘{Zt—:—ht} are known
to be Markov chains. Thus it is easy to

#Sri Venkateswara University, Tirupati (AP

2

formulate equations for the stationary pro-
bability distributions of Z; and Z;+-X; in
terms of discrete mput distribution.  Moran
(1936} considered continuous input distri-
butions, but now the solution of the stable
distribution of Z; is found to deperd on the
solution of an integral equation which
is not easy to solve. Thercfore ke used a
one parameter discrete distributicn as an
approximation to the continuous iaput and
obtained an approximate solution hased on
it.  In this context a two parameter discrete
approximation for any unimodel continuous
distribution was employed and more accurate
solutions obtained for Moran’s ecquations,
DG EKendall, HE Daniels, J Gani, NU
Prabhu and others took interest in the basic
model and carried on further work. DG
Kendall has found out the time interval
before such a dam runs dry, wher its initial
content is known. | Gani has given a
detailed comparison between the provi-
sioning theory and dam theory. He has
considered the general storage funciion S{t)
defined at the time t by S\t)fl(t' —Dit)—
¥it), where I(t}, Dft), and F{t) are mput
output and overflow functions respectivelyv,
He has made use of Pitts results relating to
the thecry of provisioning in his work on
dam contents and applied Moran’s method
of solutions of dam equations in working
out preblems of provisioning. ! Gani and
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MP SASTRY

NU Prabhu have considered 7y as a con-
tinuous variate defined for continuous time
and worked out the time-dependent distri-
bution function f{Z,t) of the content of an
infinite dam, fed by a poisson input and with
steady continuous release ceasing only when
it becomes empty. It is of interest to point
out that Moran and Gani got solution of
dam equations by using Monte-Carlo
method.

In recent times a further study has been
made regarding the various uses to which
Moran’s basic idea can bhe put to. Many
authors so far used constant release rule in
traming dam or storage equations. Moran’s
stochastic model for dam contents is
generalised in a manner suitable for variable
release rules and models are formed to ex-
plain the stable distribution of Foreign
Exchange Balances of India.
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Very little is known about the distribution
of rural incomes particularly in India. Any
model explaining the nature of distri-
bution of incomes is of particular use.
The author has elsewhere explammed the
distribution of farm incomes of agricultural
households in Nagarjuna Sagar Project area
of Andhra Pradesh. A censored truncated
(CT—) exponential distribution is proposed
as a model explaining the distribution. The
parameters of the model are estimated using
the methods developed by the author for
estimating the parameters ol Censored
Truncated distributions. The model is
also tested. Inthe above study only incomes
of a particular area are considered, It
may be observed that if a model can be
proposed for incomes for the entire country,
1t will be very useful for conducting opera-
tions research on income patterns and
savings potential.

THE MOST UNPRODUCTIVE WASTE

In a message sent to the Congress on March 13, 1963, the US President,
Mr. Kennedy referred to Unemployment as America’s Problem Number I:

“ . .although American economy was becoming more efficient, it was less
able to provide jobs for a constantly increasing labour force and population. We

cannot accept this situation.
fringes of poverty and worse.
individual can. Without measure,
that of unemployment.”

There are 32 million Americans who are still on the
A nation can waste its resources as surely as an
the greatest waste we experience today is
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Role of Operations Research
in Management

NP Rao*

Operations Research is the technique which enables executives to

take correct and prompt decisions.

Models with which operations research

is associated have to be so designed as to be capable of rapid evaluation,
enabling management to know how a given process will respond to select
changes in the factors under control, without waiting for the event to

actually happen.

HE function of management includes
planning, organising, staffing, forccast-
ing, coordinating, communicating,

controlling and the like. In all these fields,
operations research is of great value. It is
particularly helpful in the fields of product
design and development: specification  and
acceptance of materials; inventory contrel;
inspection and guality control of raw materials
and finished goods; marketing; demand
analysis; and consumer reaction,

The tools of operations research are known
by several technical names: Correlation
theory/analysis; probability; queueing; linear
programming; inventory theory; servo-
mechanisms; information theory; actuaries;
and game theory.  These are illustrated
below :

Correlation theory: how much business
do we expect our firm to handle in 1963, 1965,
1968 and 1970 ?  All businesses are affected
by a number of variables of which the busi-
nessmen know by experience, which are the
most important for their concern. By
correlation techniques it is possible to evaluate
their relative importance and to construct
a mathematical expression explaining the
movement ir the series. Substituting assumed
future values for the variables, it enables
a forecast being made on future trends.

*Editor, Defence Science Lab Journal, N. Delhi.

Probability: the theory of probability
based on sampling, enables judgments being
made with regard 10 a whole pepulation on
the basis of a scientific selection of a cross-
section of the population. It is also possible
through probability ealculations to evaluate
a given occurrence as to its significance.
Quality control is itself an application of
the theory of probability. It is also helpful
in evaluating current events and forecasting
the future; e.g. in developing alternative
proposals for merit awards; for accident
prevention; in solving personnel problems;
replacement of equipment; maintenance of
stores; staffing of tool rooms; warehouses,
and loading platforms.

Queneing : queucing is itsell a particular
application of the theorv of probability. It
is emploved in order to obtain the optimum
solution in cases of irregular demand for
service facilities and to minimisz waiting and
idle time as also the total cost; as for example,
in repair shops for vehicles, telephone switch-
ing, air lines and rail road traffic, machine
break-down, cafeteria etc.

Linear programming: another promi-
nent technique of operations research, linear
programming, is employed where the objective
s to maximise profit, efficiency and output,
which are subject to certain limitations due
to government policies, business fluctuations,
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storage space, and availability of raw mate-
rials. This technique has been found useful in
the fields of purchasing and store-keeping. It
enables management to reduce transportation
costs, to allocate purchases amongst different
suppliers, to site depots, to make a certain
part or to buy it from outside.

Inventory theory: the inventory theory
is also useful in the solution of production and
purchasing problems. It is known as the
‘Economic Lot Size Theory’. Selective
inventory control involves the classification
of repetitive stores according to their value
(ABC analysis}, nature, rate of consumption,
lead time and ease (or difficulty) of availabili-
ty. Economic order quantity is determined
CA
2K
the annual requirement in rupees, N number
of orders per annum, C carrying cost in
percentage per year and K ordering cost
(per order).  Average Inventory=3}A/N

2. KN=C(}A/N)

Servo-mechanisms: this is essentially
the utilisation of feedback of current data,

by the formula: N = , when A is
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designed as a self-correcting device to the
mathematical formulae. It enables manage-
ment to moderate costly swings in the pro-
duction cycle due to fluctuating demand.

Information theory: the information
theory, closely related to the communication
theory, and applied largely to the fields of
management and engineering, is based on the
volume of knowledge and information
available within a certain concern, and the
communications huilt up.

Actuaries: the actuarial science has also
been found useful in the field of operations
research. Normally used in the fields of
group insurance, depreciation rates and the
like, it can also be used to develop a cheaper
product to last, for example, 10 or 15 years,
when a company is producing a higher cost
product to last 40 years, knowing fully well
that it stays in use for not more than 10 years.

Last but not the least, there is the Game
Theory in the armoury of operations research,
based on ‘opposite strategies’. This has
become particularly fashionable in recent
times...

Let us pull together



Operations Research : an aid to
Decision-making
VK Bhalla*

Decision-making, the most important function of management, has
been rendered extremely difficult because of the multiplicity of the factors
involved in taking a decision. Great attention has therefore to be paid to
this decision-making process, particularly because managerial decisions
involve commitments for the future. The making of a decision requires
a clear understanding of the whole problem, of the factors involved, followed
by a formulation of various alternative solutions, weighment of the risks
involved in each solution, and finally the choice of the appropriate solution,
being on balance the most advantageous for the concern. This in short
is Operations Research designed to make decision-making a rational

process.

HE normal stages in an OR 1nvestigation
are: 1. Formulation of the problem,
defining the scope of investigation and

determining the specific goals to be achieved.
The quantitative measure of efficiency rela-
ting to each objective must be defined to the
extent possible. 2. Determination of the
factors which affect the operational situation,
whether these are controllable, as also their
inter-dependence. 3.  Determining  the
changes that can be made in the situation.
4, The construction of a model of the
operational situation. 5. The solution of
the model and its application for making
decisions.

The term *modcl’ does not imply a physical
or a mechanical model; very often it is a
purely mathcmatical one constructed in
order to analyse problems with the use of
such techniques as statistical analysis or
linear programming ctc.

Take the case, for instance, of servicing
facilities at a petrol filling station. Here the
customers arrive at irregular intervals and
at times create a ‘queueing’ or ‘waiting line’
problem. What is the ‘optimum’ number of

*Burmah-Shell, New Declhi.

facilities required to meet the rush trade and
achieve maximum customer satisfaction,
involving least waste of expenditure on an
unnecessarily large number of facilities ?

This problem is capable of solution by a
statistical approach leading to a probability
prediction of the effects of a decision along
with the risks involved.

Another type of problem that lends itself
to an OR approach is of finding the best
distribution pattern. Say, we have several
production centres which supply wvarious
warchouses which in turn supply different
consumption centres. What should be the
pattern of distribution for achieving lowest
cost, commensurate with maintaining opti-
mum stock levels at warchouses ? In solving
a problem of this kind a set of equations can
be formulated to represent the situation.
Mathematical techniques are available for
solving this set of equations giving various
alternate solutions as well as the optimum
solution which automatically gives the course
of action involving maximum effectiveness,

Although the value of OR as a technique
for solving such problems has been well
proven yet the application of the technique
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has not been as widespread as it could be,
Being new, and also somewhat difficult to
understand, the technique is suspect.
Managements naturally find it difficult to
have faith in something they do not clearly
comprehend. Even when they do decide
to go in for OR they do not always know how
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to derive the maximum benefits. Introduc-

tion of OR in an organisation is therefore
generally opposed by managers. But wher-
ever this opposition has been overcome,
results have been very satisfactory, for OR has
so much to offer as an aid to decision-
making.
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Description of Simulation Studies

MP Barnett*

We need a powerful language in which simulation studies may be
described. Simulations of non-discrete systems (such as river networks
and oil refineries) represent a very important class of problems, but in
general the histories of such systems can be approximated by discrete
processes, so that the problem of descriptive languages is similar to that

of the discrete case.

The use of uniform time intervals is more common

in the simulation of systems that really are continuous and is adopted
in the work of the writer concerned with river problems.

N the writer’s experience of simulating
complex econometric systems, appre-
ciable effort is often needed to produce

the highly resolved description of the study,
in which tests and actions and the topology
of flows are expressed sequentially in simple
standardized statements. Inone particular
study, a river systemm and a policy o be
adopted in its operation were described first
in the style of a literate administrator, then
in a sequence of non-mathematical but highly
stylized English sentences, then in a sequence
of mixed algebraic and stylized English
sentences and then as a Fortran IT source
programme. The transition from the second
of these representations to the third was
trivial, involving little more than a substi-
tution of symbols for words; the transition
from the third to the fourth was equally
trivial, requiring just transliteration to a
simplified typography. Most effort was
needed to transform the first representation
into the second. Moreover, the first re-
presentation was much more concise than the
others. The provision of programmes that
will encode such concise descriptions seemns
of considerable importance in making
computer simulations available to a larger

#Solid State and Molecular Theory  Group,
Muawchusetts Institute of Techaology, USA.

group of workers, in expediting simulation
studies, and in easing the traflic problem
if such studies are to be communicated fre-
quently to very large computers from remote
input stations. The encoding by the
computer of such descriptions is by no means
trivial, representing a significant subset of
the language translation problem. An
approach that the writer is adopting, it is
hoped successfully, makes use of a ‘boot-
strapping’ process, that depends to a large
extent on programimes that can scan texts,
and delimit and analyze patterns of symbols
of very varied types. These scanning pro-
grammes arc used to decode sentences of a
simple structure, and which describe indivi-
dual processes that can be exccuted by the
computer. Procedures are being set out in
this simple sentence structure that transform
into the same sentence structure texts that are
expressed in a rather morz complicated
stylization. This latter stylization is used
to describe procedures for simplifying texts
that are still more complicated and so forth.
An important consequence of this study has
been the insight it has provided into the
characteristics of a class 6f machines radically
different from present-day computers that
would be particularly suited to this and other
types of activity, that are dominated by
pattern recognition and analysis, Y
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The Automatic Programming of Simulations

Tocher & Owen*

The effective extension of simulation techniques demands the use of
computers and the provision of automatic coding aids. The author has
elsewhere outlined a programme of work which had contributed to this
extension by devising a simulation language which can be subjected to

antomatic coding by a Ferranti

‘Pegasus’ Computer.

A master pro-

gramme has been written which executes the coded statements within a
common structure applying to all simulation experiments.

HE structure depends on representing the
plant as a collection of machines in
various states. A change of state of

any machineis an ‘event’, and the programme
predicts successive events and changes the
plant state accordingly. The predictions are
based on a series of logical rules concerning
the necessary states of machines for processes
to commence, and uses sampling techniques
to determine their conclusion. The simula-
tion language is designed for describing
the logical rules.

Experience so far with this scheme indicates
a substantial saving of time in writing and
testing computer simulations, with no severe
loss of running speed. It has been found
flexible enough to deal with a wide range of
different problems.

Simulation is an old and trusted tool of the
operational research worker. During World
War II, and since then in all the spheres of
activity of OR, it has been used alongside a
growing range of analytical techniques.
The arrival of electronic digital computers
has relieved much of the tedium of carrying
out simulations, and in consequence the
method is being applied in highly complex
situations.

*The United Steel Companies Ltd., Sheffield, UK.

Often, the use of simulation is criticized,
and the common excuse is that existing
analvtical methods do not cater for the
particular complexities of a given problem.
It is usually admitted that if a realistic and
soluble mathematical model of the problem
could be formulated, this would be preferred
to an approach by simulation. 'There is,
however, a more positive argument for the
use of simulation. We take the view that
scientific method hinges upon experiment,
and that if one cannot cxperiment with a
live industrial system one can still derive
great benefit from experimenting with a
model of that system. Thus simulation, if
it can be carried out with sufficient realism
derived from close observation of the plant,
is 2 means of obtaining experimental material,
It rarely solves a problem; but it frequently
enables the central problem in a complex
situation to be identified, and  perhaps
formulated in mathematical terms.

If OR is to use the technique of simulation
experiments, a huge volume of work must
somechow be mechanized. It is not enough
to have a computer to carry out the simula-
tion itself, for the construction of programmes
to take into account the complexities of
the problems we are interested in will itself
be an almost overwhelming task for each
new simulation. o
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Application of Queueing Theory
to Production Problems

NK Jaiswal*

HE efficiency of large scale undertakings
T like telephone, road transport, railways,

shipping, air services, repair workshops,
factories, big shopping centres etc. depends
largely or their service organisation, This
service involves a stream of incoming units
and a flow of outgoing ones, after service.
If the arrivals and service times are of deter-
ministic type, the behaviour of the system
can be casily determined. However, if there
are variations in the regularity of arrivals
or in the length of time required to service
a unit or both, and these variations are of a
probabilistic nature, the system fluctuates
and the problem of determining the various
measures associated with the queueing process
such as the length of the queue, the waiting
time of a customer etc. becomes more complex
and needs the theory of Stochastic Processes
for its analysis, This theory so developed
helps us in predicting the behaviour of a dynamic
system under variations in the regularity of
arrivals and service and thus enables us in
designing a system for optimal performance
under given conditions, which is the basic
purpose of any Operational Research study.

Some of the important problems relating
to industry and production, where such
studies are helpful are the following: A
problem which frequently occurs in factories,
repair workshops etc. is to determine the
number of service channels needed to meet

*Defence Science Laboratory, Delhi.

tFinite Queueing Tahles, Hazelwood, Wiley;
Delay Tables, Descloux, McGraw Hill have been
provided from which one can directly read the
solution.

a given demand, most economically. Con-
sider for example a situation in which there
are 10 welders connected to a power system,
Each welder operates independently of the
others. The average time of each welding
operation is 8 seconds and besween each
welding there is an average time of 72
seconds. A welder will have te wait if he
finds the channels preoccupied and conse-
quently has to remain idle. The cost of
this delay for the welders is to be computed
and is to be measured against the cost of
providing more service channels, From
the tablest, we find, for examgle, that for
this problem when

no. of service channelsl, average delay=13.44 secs.
no. of service channel=2, average delay= 1,32 secs.

no. of service channel=3, average delay= .16 sec.

Assuming that it costs & Rs./sec for a
welder to wait (this cost includes slower
production as well as pay cost) the amount
of money that one can save by having two
channels instead of one is obviously=
(13.44—1.52) b==Rs. 11.92 4. Hence if
the cost per second of providing one more
channel is less than 11.92 4, the management
may improve by having one more channel
but if it 35 less than 11.92 4, the management
in spite of the fact, that the welders wait, will
find it more profitable to employ only one
channel.

Another problem which is mathematically
stmilar but operationally different from the
one given above is more commonly known
as the Simple Machine Interference problem.
An operator i3 assigned a set of machines to
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look after. If a machine fails whenever
another machine is receiving attention of the
operator, the first machine has to wait
resulting in loss of production. The likeli-
hood of a machine having to wait can be
reduced if the operator is assigned a fewer
number of machines, but in that case, the
operator will be idle for a larger fraction of
time. The following table will make this
point clear.

Number of Operative Rate of
machines assigned  utilisation production
to an operator per machine

6 .602 .815

a8 .756 .769

10 871 .708
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A balance between the operative utilisation
and the rate of production is to be made
keeping in view the costs associated with the
operator and the machine idle time. Such
type of situations commonly occur in textile
industries notably in spinning, winding, and
weaving sections and in many other indus-
tries where an operator is assigned a set of
machines like thread cutting or wire drawing
machines etc. Many interesting industrial

situations of the type mentioned above have
been tackled by the help of this theory and
has helped managements in maintaining an
optimal efficient service system.




Control of Production
Andrew Vazsonyi*

E here deal with an area of production control where OR techniques have not yet
been extensively applied, but where a great need exists today. Specifically, it is the
problem of the day-to-day or hour-to-hour control of a manufacturing complex.

When the manager of a simple manufacturing process is confronted with a problem he
usually consults a few figures, charts and makes a decision. His solution to the preblem
might not be optimum, but is probably ‘reasonable’. OR has been suceessful 1c come up
with optimum solutions and to provide more efficient control. However, in compiex produc-
tion systems the manager and his associates have lost ‘visibility’, and in spite of the fact that a great
deal of data is collected, processed, and presented, decisions must often be made without
adequate guides. While OR has been successful in some of the aggregate problems,
relatively little progress has been made in the important area of detaited control.

One of the stumbling blocks in this field has been the difficulty of defining optima.
A solution to this dilemma might be obtained by abandoning the search for ostima and
search simply for ‘good’ solutions. Some of the recent ‘heuristic’ efforts in connection with
gamcs can serve as illustrations of the possibilities here.

The heuristic approach might also alleviate some of the apparently insurmountable
mathematical difficulties that one encounters in many production control prob.crus.

A further difficulty in this field stems from the fact that the technology cf clectronic
computers has not provided yet the man-machine inleraction needed in the control of production.
The manager and his associates are playing a giant ‘game’ and need information on a real-
time basis. Data on the ‘state’ of the business needs to be coliected, processed, ard displayed
automatically. Managers must be able to place and retrieve information at will and conduct
data-processing tasks when needed.  What we need here is to extend the manager’s capa-
bilities in dealing with production control.

*Ramc»Wuoidr-idge*Canoga Park, California, USA.

DO IT BY PRODUCTIVITY

s, __ 1 entirely reject the Madison Avenue Weltanschauugen that you achieve
things by advertising, publicity and public relations.”

—Lapital's  Dilchur’s Diary
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Production Control Problem
Melese & Barache

HE authors have in a fuller paper dealt with a dozen cases of production control for
firms of different levels in size and activity. It appeared in every case that one of
the chief concerns of industrialists and operational researchers was to state the

problem clearly. Here we are concerned with the analysis of factors which rmust orientate
rescarch work and condition the problems. A survey of these factors must come before
any attempt of solution.

So, it Is necessary to answer these three fundamental questions :

What are the problems at stake and the aims to strive for ?  (Isita problem of taking
structural options, of finding a method for everyday administration or of [inding some means
of control ?)

According to what criteria must we establish a discrimination between the possible
choices (technical, commercial or both} ?

At what level must the problem be stated ? (What are the units of time and of
production to adopt, what is the precision to look for, for the best results ?)

In order to answer these questions, it is necessary to analyse the specific factors of the
firm, i.e., the type of market, the type of production, the trading policy, the manufacturing
process organization,

We are then in a position to state the problem in realistic terms. The importance of
the consumer’s point of view needs to be stressed, which is not so much the desire to admire
the elegance of a mathematical solution as to have a realistic and efficient implementation,

4
V

“Talk of taxation destroying incentive for higher productivity should he
deprecated and the entreprencur should regard himself as a commission agent
for natonal wealth.”

—CD  Deshmukh
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Operations Research &

the Inventory Problem

RS Chadda®

Operations Research is a scientific method of providing esecutive
departments with a quantitative basis for decisions regarding the operations

under their control.

These scientific methods, techniques and tools of

Operations Research were applied, for the first time, to military problems
arising during World War II. Later, they were extended to several fields

including business, industry and civil government,

Some of the business

and industrial problems tackled by OR inventory, allocation, gueueing,

replacement vs. maintenance problem etc.

This article deals with the

application of OR to the inventory problem.

HE inventory problem is to decide how
much of stores should the management
produce or procure. In the ahsence

of scientific analysis, decisions as to the
quantities to be ordered are taken according
to subjective judgment or intuition or even
whims of the Purchasc Manager rather than
according to the requirements of the situation.
Take the case of a company that has decided
on an ad kac basis to buy every item of stores
4 times a vear. In other words, the re-order
quantity is 3 months’ supply for all stores
items. Taking a sample of three items with
different levels of annual consumption, their
average working inventory is worked out in
the following table:

arnual ~ numberof order  average working
consump orders quantily  invenlory
twllls. Rs. Rs.
Adtern 30,000 4 7,300 3,750
B-item 3,000 4 750 375
C-item 300 4 75 37
Total 12 Rs. 4,162

Keeping the same number of orders per
year, namelyv, 12, inventories can be reduced

*Deputy Secretary, Committee on Plan Projects

by 39% merely by adjusting the number
of orders per year and the order quantity
per order according to the usage value of
the items, as is illustrated in the table below :

annual  rmumber  order  azercge working

consump of orders quantity inveniory

‘w;’\s. Rs, Rs.
A-item 30,000 8 3,750 1,875
B-item 3,000 3 1,000 500
C-itemn 300 1 300 150
Total 12 2,525
The right approach‘to the inventory

problem requires, first of all, an assessment
of all the relevant factors. What happens
when we stock items of stores 7 Stores take
up space, and must therefore bear a share
of the rent charges. They represent money
unavailable for other uses and must ‘herefore
bear a share of the interest charges. They
involve such other holding costs as handling,
insurance, depreciation and obsolescence.
The sum total of these costs, compendiously
known as the fnventory-carrying-cost, s consider-
able and an argument for hand-o-mouth
buying. But what is the cost of hand-to-
mouth buying ? First, there is a cost of
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processing a purchase order every time goods
are neceded. Secondly, transportation for
the goods ordered has to be paid for. Third-
ly, there is iIncreased inspection cost on
incoming materials, These constitute ‘order-
ing costs’ which rise with a rise in the
frequency of orders. There is an inverse
relationship between inventory-carrying-cost
_and ordering cost. If purchases are made
infrequently and, therefore, in large quanti-
ties, inventory-carrying-costs are large hut
ordering costs are small. If, on the other
hand, purchases are made very frequently,
and, thercfore, in small quantities, inventory-
carrying-costs go down but, at the same time,
ordering costs rise high. To he able to
find the optimum order quantity, it is
necessary, thercfore, to balance these two
opposing costs.

The economic order quantity of an item
must possess two characteristics: it should
avoid or at least minimise shortages and it
should result in the lowest possible overall
cost, On the basis that no shortages arc to
be allowed so that there is no shortage or idle
time cost to be considered, the determination
of the economic order quantity of an jtem
involves the calculation and balancing of only
the inventory-carrying-costs and the ordering
costs, If A=annual usage in rupees, S=cost
of placing an order (for purchased goods)
or set up cost (for manufactured goods),
I=percentage of total inventory value spent
annually to maintain inventory, and Q=
economic lot size or order quantity,

SxA
Q

mventory-carrying-cost = % x I, and
SA | IQ
o) ey 5
The total cost may be minimised by

differentiating the cost function and putting
the result equal to zero. That gives

For Q= »\/ 2?5 , ordering cost is equal to

buying cost =

total cost =
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inventory-carrying-cost, and each

- \/ SAI

2

Two kinds of criticisms are generally voiced
against this and other mathematical formulae.
Furstly, it is suggested that since a formula
is only as reliable as the factors entering into
it, it is hardly worthwhile using a formula
when the correct values of its factors are not
known and cannot easily be computed. Tor
example, if the values of S and I in the
above formula are not precisely known, the
formula s of little value. It must be re-
membered, however, that a formula can be
an effective decision-making tool even in
circumstances in which the values assigned
to its factors represent no more than approxi-
mations. A formula reveals the proper
relationship among the various factors and
is, to that extent, of considerable value. The

formula Q = for example, reveals

—_—iy

that when annual usage (A) increases four
times, the optimum order quantity (Q) is
merely doubled but not quadrupled. In
the absence of the formula, one may be
tempted to increase the order quantity in
the same proportion in which the usage rises.
Moreover, the total cost curve is flat about
the optimum point so that even a substantial
error in order size leads only to a fractional
increase in cost, For the order quantity
between 65 and 135 percent of the optimum,
the cost change is less than 10 percent.
Accordingly, it does not make much of a
difference even if the factors are not exactly
correct. 8o long as we weave them inio their
correct relationship, we are very mear the best
resulls,

The second type of criticism relates to the
difficulty of using the formula. It is argued
that stores personnel do not possess the skiil
to use the formula, and, even if they do,
they simply do not have the time to make
calculations for all of the items in stock.
To that, the answer is that the use of the
formula s much simpler and easier than
might appear at first sight. Since ordering
cost_and carrying charges vary only with the
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number of orders and with the value of
purchases and not with the nature of the
itemn to be purchased, it is not nccessary to
calculate the economic order quantity for
each and every individual item. For
everyday use, it is possible to incorporate
economic order quantity data for different
levels of annual usage into tables which need
not be changed so long as the values of §
and I remain the same.

The phrase ‘basis for decisions’ in the
definition of OR implies that the guantitative
aspects are not the whole story in executive decisions.
This is as true of the formula worked out
above as of any other quantitative basis
provided by OR. Suppose the annual con-

OPERATIONS RESEARCH & INVENTORY PROBLEM

sumption of an item is small and the economic
order quantity formula indicates 6 months’
purchase at a time, but the shelf-life of the
item is only 2 months or so. The Purchase
Manager will limit the order quantity to
2 months’ supply. There may be other
limitations, as, for example, of storage space,
finance, ete. which may dictate purchases in
quantities lower than the best according to
the formula. Equally, there may arise situ-
ations in which it would be both essential and
desirable to exceed economic order guantities.
The formula takes account of the ordinary
cost factors but the executive deciding on the
quantities to buy must also take account of
extraordinary limiting factors and compelling
situations.

BEST OF EVERYTHING

A British Embassy official in Washington, preparing to receive Winston
Churchill for a visit, told the old story of an embassy aide who was once asked
about Mr, Churchill’s preferences in food and drink. “Mr. Churchill’s tastes are
very simple, 7 the aide replied quickly. “He is easily pleased with the best of

everything.”



The Scope of Inventory Control

Eliezer Naddor*

UR professional journals publish a great
O number of papers on inventory control,
Almost every OR group whether in
business, industry, or government, has an
inventory project on its list.  Special courses
entitled production and inventory control,
inventory systems, industrial and production
controls, etc., are now being offered in
American Universitics. There is even a
claim that,

‘More operations research has heen
directed towards inventory control than
toward any other problem area in
business and industry.’

Yet, in spite of all this great activity, there
does not secm to be a universal agreement on
the scope of inventory control.

Practically every production system in-
volves inventories in one form or another.
Inventories are also frequently invelved in
many other systems: transportation, allo-
cation, queueing, replacement, etc. In
these systems inventories usually refer to
materials and products in stock. There are
still other systems involving inventories,
though not of the kind that the everyday
usage of the word implies. In some respects,
for example, the following may be considered
inventories: men in Armed Forces; ste-
wardesses In airlines; red blood cells in the
spleen; a budget appropriation etc.

Control problems also cover a rather
wide range: record keeping of receipts and
withdrawals; accounting (fi.fo.,Lifo., etc.);
layout and searching; overages and short-

*The John Hopkins University, Baltimore, USA,

ages; taxes, insurance, storage; financing;

etc.

Should inventory control be assumed to
deal with all these systems and control
problems ?

Let us see what some authorities have to
say on this:

In the paper of Dvorerzky, KiErer, aNp
Worrowirz, ‘“The Inventory Problem’, the
authors state:

‘The inventory problem is the general
problem of what quantities of goods to stock
In anticipation of future demand. Loss is
caused by inability to supply demand or by
stocking goods for which there is no demand I”

SiMox and Hovr, in their review article
on the control of inventories and production,
classify research wark in the ficld, as of 1954,
as follows:

(1} Ordering  decisions: procurement of
raw materials, parts ordered by an assembly
department in a factory, orders of a ware-
house on factory; (2) Production rate decisions -
determination of size of work force, number
of working hours, overtime policy, and the
like for a factory or department; (3) Schedul-
ing decisions : determination of which orders
are to be processed through a manufacturing
operation, and in what sequence,

Under this classification it would seem
that the inventory problem, as defined by
Dvoretzky, Kiefer, ‘and Wolfowitz, would
fall in the first class. The examples given
by them and their subsequent paper, clearly

indicate this.
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Acxory, in his paper on “The Development
of Operations Research as a Science’, in
discussing ‘prototype’ processes or systems
which seem to have emerged within Opera-
tions Research, says:

‘By an inventory process Operations Re-
search has come to mean a process involving
one or both of the following decisions: {a;
how manv (or much) to order (i.e., produce
or purchase), and (b) when to order. These
decisions involve the halancing of inventory
carrying costs, against one or more of the
following : order or run set-up costs, shortage

or delay costs, and cost associated with
changing the level of production or pur-
chasing.’

Ackoff thus considers the ‘Ordering

Decisions’ and some of the ‘Production Rate
Decisiorns’ of Simon and Holt as ‘Inventory
Processes’.

The above definitions and classifications
seem to be the only ones available in the OR
literature, To these the author would like
to add the following more specific definitions :
(a) Inventory is an amount in storage.
(4} Inventory is measured in quantity units:
Ib, parts, etc.  (¢) Inventory may be either
positive or negative. Positive inventory, or
overage, refers to an amount not in use.
Negative inventory, or shorfage, refers to an
unavailable amount for which there is
immediate use.  (d) Inventory is, in general,
a function of time. For a specific item both
an overage and a shortage cannot occur at
the same moment of time. (¢} Inventory
increases or decreases depending on replenish-
ments (input) or withdrawals (output). (f)
An inventory control system is a system in
which replenishments can be controlled.
{z) An inventory control system is charac-
terized by three groups of criteria depending
on: (i) overages:; (ii} shortages; (iii} re-

ELIFZER NADDOR

plenishments. A criterion is either a cons-
traint or function to be minimized (or maxi-
mized) : Overage criteria are usually
carrying costs, maximum inventories, obsole-
scence costs, etc. Shortage criteria are
usually stock-out costs, probability  of
occurrence of shortages, etc. Replenishment
criteria vary considerably from system to
system. Some criteria are: set-up  CoSts,
ordering costs, purchasing costs (quantity
discounts), labour costs andjor availability,
etc. (B Inventory Control deals with
methods of replenishment and their cffect
on overage, shortage, and replenishment
criteria,

There are a number of systems which
satisfy the above definitions but which are
not usually thought of as inventory control
systems

In a production control system, for
example, one also deals witk methods of
replenishment and their effect on overages,
shortages, and replenishment criteria. The
distinction is in the degree of emphasis on
criteria. In an inventory control system all
the three criteria are equally significant. In
a production control system the most signi-
ficant are the replenishment criteria.

In queueing problems, as ancther example,
replenishments may be considered as the
types and numbers of channels, and the rates
of service in the channels; overages may be
considered as idle channels and shortages the
waiting lines. However, here emphasis is
on the shortage criteria primarily.

The three criteria which ideatify inventory
control systems also arise in other systems:
allocation, sequencing, replacement, etc.
In each one of these other systems, however,
the emphasis is on some specific criteria, and
this distinguishes them from inventory control
systems.

—_——————

It is harder to observe people than to ohserve things. ..






The Measurement of Human Factors

RH Collcutt*

Operational Research

is concerned with describing and analysing

systems for the purpose of advising on the consequences of various ways
of specifying and operating them. They may bhe industrial, military, or
administrative and will asually involve both men and machines ; this
implies that the behaviour of men as integral elements of the systems is
anderstood and susceptible to measurement.

SSUMPTION are made as to how both
A the men and the machines will react
when large or small scale alterations
are made to the system or when one system
is substituted for another. Such assumptions
T will designate Type 1, and ] think it will be
agreed that in view of our gross ignorance
about the actnal behaviour of the ‘man’
component in these sysiems, the wvalidity of
many ol the assumptions made in practice
is open to grave doubt.

Even if there were no doubts about these
Tvpe 1 assumptions there is alsn another set,
perhaps equally shaky, which are made when
the results of a study are presented to manage-
ment, to the decision-makers. These Type
2 assumptions concern the anticipated re-
action of the decision-maker to the report
and the recommendations it may contain.
There is usually a tacit assumption that since
the solutions are rational and logical to the
analyst they will by the same count be
pessuasive to the recipient of the advice.
In mv own experience, however, 1 have found
this expectation not to be fully Justified;
there is an embarrassing proportion of
occasions when management have ignored or

. reacted in an unexpected way to advice
whose portent was obvious to me.

Worrying about these two  types of
assumptions in our work has for a long time

* Operational Rescarch Department, British Iron &
Steel Research Association, UK.

been an occupational disease of the OR
analyst.  Sweeping aside inconvenient doubts
was perhaps justified in the —past by the
Progress we were making in the exploration
of other areas of our subject, the results of
which had vet to be thoroughlyv tested on a
wide front.  In the course of the expansion
of our activities in the last few years we have,
however, [requently been exposed  to the
cold douche of realily in that things don’t
always work out as we thovght they would.
There is probably a scrions  gap in our
armoury on the measurement of human
factors.

It has been obvious that not very much is
known, but it is equally obvicus that there
are many who are enthusiastically taking up
the challenge and are proposing and under-
taking many imporiant and interesting ex-
periments. It 15 at this stage necessary to
know whether enough of the total OR effort
is devoted to human factors, how the specia-
Lized techniques developed by operational
research might be applied in this field and
to what extent background knowledge of the
decision-making process by individuals and
by groups (c.g.. committees) is a necessary
element in an OR man’s experience.

In this context Revans’ study is particularly
interesting in that it deals with situations
where machine aspects are negligible—
hospitals. It is, however, olvious that for
¢ward sister’ one could write ‘foreman’, for
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‘disposal of patients’ {(an intriguingly ambi-
guous expression) one could write ‘output’;
in other words, some at least of the principles
and techniques cmployed in this study should
be transferable from the hospital to an
industrial or a military context. In my
opinion there are to date far too few studies
of this kind and far too few OR people
involved in ventures of this diflicult nature,
which could materially improve the accuracy
of our forecasts regarding the behaviour of
systems. In fact, {rom the point of view
of the wviability of OR the problem of
understanding and catering for the behaviour
of decision-makers is to my mind far more
tmportant than the claboration and evolution
of even more sophisticated techniques.

Another contribution which may be
mentioned here is thai of Faverge who has
discussed subjective probability with special
reference to industrial accident prevention,
a sphere in which operational research has
long been active. However, T don’t think
the reference to accidents should divert our
attention from Faverge’s main theme, subjec-
tive probability ; accidents are, as he points
out, emotion-cvoking cvents, and in this
context I think his concept has implications
which go far beyond this particular field.
Obviously there is an application to manage-
ment decision-making, I think it would be
agreed that the OR report is based essentially
on the notion of objective probability,
and it is at the Managerial Committee
meeting or in the individual Manager’s head
that objective probability stutements are
confronted with the subjective probability
structure built up within the one or several
brains by past experience, My own experi-
ence certainly  seems to bear out what
Faverge implic : namely that in cases of
conflict betwr .n subjective and objective
probability it is the tendency for the latter
to lose out.

285

To some extent Churchman and Ratoosh’s
fascinating study, although they regard it as
preliminary and incomplete, is comple-
mentary to Favergein that their experiments
appear to suggest how relatively weak is the
mmnpact of objective assessment when confront-
ed with subjectively conceived structures.
It occurs to me in this connection that we
might learn from the psychologists’ studies of
skill. They suggest that—certainly in so-
called manual operations—timing is the all
important factor. Perhaps fiming has as
vital a part to play in the OR man’s skill,
especially at the reporting stage. If, as I
think to be the case, there is such a thing as
social skill, a skill in communicating with
others, is there not good reason to suppose
that timing is as vital as in manual skillers ?

Most people would probably be willing to
admit that their actions are often coloured
by cmotion; few would be ready to allow
that their thought processes are not logical.
But, just as OR men are convinced of the
Ingic of their thought processes (and possibly
of their being governed Ly objective probabi-
lity) so too are management. Porter and
McLean’s paper suggests in effect that both
partics may be mistaken; they attempt to
put logical thinking to the test of experiment
and show what a surprisingly elaborate and
subtle accomplishment it really is. We
would be wise not to rely on its automatic
occurrence either in ourselves or in manage-
ments,

I feel that not enough attention has been
paid by OR people to the ‘human factor’
in many of their problems, I believe we
have a lot to learn from the work done in
experimental psychology, the results of which
may be vital to the success of our own
endeavours. I believe also that experi-
mental psychology may well benefit by
contact with the ideas emanating from the
development of operational research.



Organisations & Goal Revisions

C West Churchman*

Operations research can be viewed not only as an attempt to solve
prablems via research methods but also to develop new problems and to
establish the importance of these within an organisation,

E begin with a briel characterization
W of an organization within a means—
ends schema. This is not so much a
definition as 2 set of minimal specifications
which any group called an organization must
satisfv. We then consider an important subs-
class of organizations whose goal structure
is such that to survive they must create new
problems. We end by suggesting the frame-
work of research which such organizations
require for their long-range planning.
Briefly, the minimal conditions for the
existence of an organization are taken to be
the division of labour among members of
a group in such a way that the members
pursue goals which are supposed to aid in
the accomplishment of the overall goals of
the organization.

More
pertain :

specifically, the following must

‘a) An organization is a group of
people (b} The group at any moment
of time is pursuing a set of goals
(¢) The goals are aspects of states of
nature at various future points of
time (d} The group at any moment
of time has alternative policies which
it can adopt (e) A policy is a descrip-
tion of that part of the potential
behaviour of the entire group which
is relevant to the goals () Any given
policy can be subdivided in such a
way that the subdivisions are des-
criptions of potential behaviour of a
*Institute of Industrial Relations, University of Cali-
fornia, USA.

subgroup of the organisation (g
Each subdivision of a policy can be
vicwed as a purposive act relative to
a set of goals (h) Each subgroup is
motivated to a certain degree to
pursue the subgroup goals (i) There
is a way to estimate the effectiveness
of any organizational design {j) An
organisational design is a particular
subdivision of the policy and degree
of motivation of the subgroups for
their goals.

ideal-seeking organisations

We now consider an important class of
organizations. These are the groups which
are committed to long-range goals. Put
otherwise, they are groups for whom inde-
finite survival is an overriding goal. But
‘survival’ does not mean the continued exis-
tence of a group with a certain name and
rules of membership. Rather the survival
of the group occurs only if the group conti-
nues to pursue the same kinds of objectives.
More specifically, an organisation will be
called ‘ideal-seeking’ if its history and prospect
can be viewed as the pursuit of an unattain-
able objective and its practical policies over
specific time spans can be viewed as segments
of an endless chain of approximations to an
ideal.

In detail :

(k) The policies of an organization can be
defined in terms of specific time spans {lI) The
goals of the policies are potential outcomes
which may occur at the end of the time span
(m) Consider two adjacent time spans T,
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and 7,; in ideal-seeking organizations the
effectiveness of a policy in T, is partially
measured in terms of its contribution to the
effcctiveness of policies in T, (thus, one goal
T, is to maximize the eflectiveness of the
best practical policy in T,) (n}) Consider a
sequence of time spans T3, T,....7Tm.
The goals of each time span support the
goals in T if the maximally eflective policies
in each time span T; {j<m) produce an
increase in the eflectiveness of the best policy
in Tw {0) An ideal is the limit of a sct of
goals of a supporting sequence which is un-
attainable, but can he approximated within
any prescribed limit (p) An organization is
ideal-secking if its goals in any time span can
be viewed as the maximal support of the
policies of the next time span and if the goals
of all m past time spans can be taken as the
first m terms in the approximations of an
ideal. {q) An ideal-secking organization
survives, if, and only if, it can be construed
as pursuing the same ideal.

goal change

We turn now to the consideration of the
creation of new goals, 'The above account
makes it clear that in each subsequent time
span at least some of the practical goals of an
organization must change. The problem is
to ascertain how this change ought to take
place. An example may help to make the
nature of the problem clear.

A company makes a five-year plan in
which one of the goals 15 to attain 109, of
the market. Suppose at the end of the time
period this goal has been attained. Then
the company must re-evaluate the goal re-
lative to the next period. It ‘knows how’ to
attain 109% of the market in the situation
which pertained in the first period. Should
it rest content with this goal, or should it
modify it ? The ideal is probably not one
of attaining 1009} of the market even if this
could be approximated. Its ideal may be
instead to attain only 10% of the market in
any situation that may pertain. If this is
the case, then its goals in the next period may
be defined in terms of other aspects of the
business, e.g., in terms of a change in its
research-and-development goals.
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aggrandizement vs. refinement

This illustration suggests two aspects of
the study of ideal-seeking organizations, both
of which are important. One is the weak-
ness of studving organizational survival in
terms of maximizing along an infinite scale
‘e.g., maximizing profit, power, personnel,
gross assets, etc.). The other is the fact that
the ability to attain a geal with complete
success is a sign that some of the goals of the
organization need to be changed in the next
planning period.

It is possible to construe the goals of an
organization over its historv as attempts to
add increments to an endless pile. Such
a construction will not satisfy the conditions
of ideal-seeking which has been imposed
above, because the goals do not approximate
any ideal. We differentiate hetween viewing
an organization in terms of aggrandizement
(adding increments endlessly) and refine-
ment (approximating an ideal).

We pose the following two assertions: (r)
All organizations whose policies over an
indefinitely long series of time spans can be
viewed as aggrandizements can also be
viewed as refinements. (s) Viewing the
policies as refinements better enables the
researcher (and manager) to ascertain what
goals ought to be changed in the next time
span.

I feel some uncertainty about both of
these assertions, of course. Their defence
lies in an analogy with scientific progress.
Science apparently can be construed as an
ideal-seeking activity. At times its goals
have been stated in terms of aggrandizement
e.g., to add increments of knowledge. But
I believe that the study of the problems of
scientific method can be far more fruitfully
carried out if we view the goals in terms of
refinement (precision) : to make each estimate
(measurement or forecast} more precise.

success as minimal learning

Suppose an organization has attained a
goal. Suppose, furthermore, that the re-
lative frequency of successful attainment by
a given policy in a specific situation is
virtually one. But suppose the ideal is to
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attain the goal no matter what situation
pertains (e.g. even though thereis a recession,
or a depletion of a certain resource). Dut
suppose also that in the next period the
situation remains essentially the same. If
the same set of goals are pursued by the same
policies the organisation will learn noth'ng
additional about the way to attain the goal
in other situations. But suppose that during
the next period it attempts a more difficult
problem relative to which its success is not
certain. If this problem is a refinement of
the previous problem, then it may very well
be that a shift in goals is desirable. Such
a shift might maximize the cffectiveness of
the optimal policy in some later time period,
Hence :

{t) If in a given time period the organi-
zation is completely successful in the pursuit
of a goal, then this is a sign that the goal
should be changed and further refinement
should be sought instead.

Thus, a company which successfully
markets a product in one period will turn to
product differentiation in the next. Tt will
do this even at the risk of losing its market
share for the undifferentiated product. It
does this in order to ‘survive’ te., to learn
how to succeed even though conditions
change.

Put otherwise, the pathway to successful
forecasts is not the extrapelation of past
sales records into the future. This primitive
form of logical induction 1is as naive 1n
business as it is in science. In the scientific
laboratory if we observe the same reaction
over and over, then this is a sign that we
should make the experiment more difficult,
Otherwise we have no assurance that the
reaction will reoccur. But if we refine the
experiment, e.g., by measuring the response
out to one more decimal place, then the

GOAL REVISIONS

success of the first series of testsis a conse-
quence of the refined model attained by the
second series. In the same way, one sound
way of forecasting a market relative to a
business goal 1s to try to accomplish something
much more diflicult.

conclusion

In order to bring the discussion into focus,
the following consequences should be noted:
{(i) Organizations which wish to  survive
must try to create new problems, not merely
solve old ones. With respect to operations
research, this means that research for top
management should not be concetved as the
scarch for plans that will optimize with
respect  to  ‘given’ obhjectives. Rescarch
should also take the form of search for means
to decrease intercst in old goals and create
interest in ncw ones.

(i1} The policy of optimal goal revision is
not casy to determine, and an iil-conceived
policy may lead to considerable social losses.

There is much to be said, for example,
against the goal revision policies of some of
our lurger companies which have led to
expansion after expansion, and the suppres-
sion of smaller enterprises, [abour movements,
and other manifestations of sociil freedom.
The solution is not simply a routine of adding
increments to total asset or total personnel,
because this kind of goal revision is sterile
or clse ethically bad., Ultimately certain
kinds of routine expansion and merger lead
to legal retaliations which partially destroy
the organization and therefore thwart its
survival aims. But companies ought not
to rely on legal sanctions to keep them from
following undesirable policies of goal
revision. The problem s to find a way
to grow in refinement without incurring a
senseless and dangerous obesity.



Human Performance
in the Solution of Logical Problems

Porter* & McLeant

HE authors have tried to work out a method of assessing the ability of human operators
to solve logical problems. The class of problems under consideration can be
defined symbolically in terms of two-valued logical statements, when the operator

acts essentially in a decision-taking role in their solution. A logical problem-solving
machine (e.z., logical computer), of the tvpe first developed by McCallum and Smith, was
adapted for the experiments, providing a suitable method of presenting information to the
operator concerning his past and present performance in the goal-secking process. In
etfect, the situations which were investigated correspond to feedback processes in which
the operator provided the monitoring action. Some preliminary results suggest that the
operators combine deductive reasoning and intuition in seeking solutions, although it has
not been found possible to rationalize their rules of behaviour except in the most general
way. It is considered that experiments of this type will have increasing value in the study
of the controllability of complex processes.

The study of the behaviour of human operators as clements in feedback control systems
has atiracted considerable attention, and important information concerning the nature of
the motor response of operators in carrying out ‘target tracking’ tasks has been obtained.
And the work of Hick on ‘choice reaction-times’ has appreciably facilitated these studies by
introducing the concept of the information-handling capacity of human operators regarded
as complex communication channels, But these investigations, although essentially goal-
seeking in nature, do not require much logical reasoning, i.e., decision-taking, on the part
of the operators. Indeed, it is most improbable that gocd tracking ability is correlated with
good reasoning ability.

*College of Engineering, University of Saskatchewan, Canada.
tResearch Division, Ferranti-Packart Electric Ltd,, Toronto, Canada.

I like to see the Governor now and then
And take good care to keep relations civil
I’s decent in the first of gentlemen

To speak so friendly, even to the devil !

—from the Soliloquy of Mephistophelzs
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Innovation in Group Behaviour

Churchman & Ratoosh*

Implementation of its conclusions is an important, but neglected, part of
operations research. In another paper. the authors have described experiments
simulating implementation in small greups whoe are instructed to run a business firm
s0 as to maximize the firm’s profit. Certain decisions must be made for each
simulated operating period.  After several such periods the group is supplied with
a report which claims, correctly, 1o present a fairly simple method of making the
optimal decisions. The group’s reception of the report is then analvzed as a function
of the structure of the group, the personalities invelved and their roles, the origin
and the form of the report, and the svstem of information transmission within the

Arm.

HE experiments were intended to suggest
problems for investigation in larger
organizations rather than to arrive at

definitive conclusions, and in this the work
appears promising, No group yet studied
has accepted the report, and the reasons
given are similar to those encountered in
larger organizations.

From these studies, we see that the most
subtle aspect of implementation lies in the
concept of understanding. A man does not
necessarily understand a sclution even though
he has been given good reason for 1t. He
may adopt a solution because of time pressure
or other stresses, but if he lacks understand-
ing he will naturally be inclined to try other
possibilities, We are coming to feel that
our studies to date indicate the need for a
much deeper analysis of the concept of under-
standing and for a series of experiments in
which methods of developing understanding
of solutions can be tested. Some of these

¥Institute of Industrial Relations,
California, USA.

University  of

experiments mav be a good deal simpler than
the ones we have conducted to date, and
others will undoubtedly be much more
complicated.

One result of our experience s that we
have come to feel that studies fike this that
attempt to investigate phenomera of large
organizations, in spite of their sceming arti-
ficiality and lack of realism, capture extremely
well the complexities actualiy  existing 1n
large operating organizations. As & matter
of fact, that is precisely the defect of these studies:
they are foo realistic.  The problems of large-
scale orgamzation seem to bhe imaged so
truthfully in these small groups that an
analysis of our results 1s almost as complex
as a study of a large operating system: we
find a lack of time on the part of the decision-
makers; lack of an over-all perspective;
too much attention paid to irreevant data
{e.g., the profit made on the operating
statement); an inclination to deviate from
an adopted policy; nervous tensions of the
managers; reluctance to feel the common
bonds of mutual understanding. PP

... What is uttered from the heart alone

will win the heart of others to your own , .’

—oethe
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Linear Programming in Textile Industry

JN Kapur*

TEXTILE Mill has L looms and S spindles. The spindles are capable of producing

both rough and fine varn and the looms can weave both types of cloth.  Some of the

yarn produced by the spindles is used in the mill and the rest is sold out. In casc of
shortage of yarn for the looms, it can be bought from other spinning mills. The problem
is to alfot spindles and looms to fine and coarse varieties so as to maximize profits

Let
b, be the number of spindles required to produce fine yarn for one loom,
b, be the number of spindles required to produce coarse yarn for one Joom,
p: be the profit when a loom and its associates spindles prepare fine cloth for one
daY;
p. be the profit when a loom and its associates spindles  prepare coarss cloth for
one day,
ps be the profit when a spindle spins fine yarn for one day,
pe be the profit when a spindle spins coarse yarn for one day,
x  be the number of looms allotted to fine cloth production,
be the number of spindles allotted to fine yarn production,
z be the profit function,
then

z = pyx + Py (L—x) 4 (y—byx) ps + [(S—y)—bs (L—x}] py
= x (py—Ps—bips + bape) + y(Pa—ps) +Pl—pS—Db.Lpy,
has to be maximized subject to
x20; L—x>0; y2bx; S—y>b, (L—x)

We have to consider nine different possibilities viz.

1: S>bL,S>bL; II: S>WbL, S=h,L; 11T :

IV : S=WhL, S>h,L; V: S=ibL, S=bL; VI

VI : S<bL,S>bL; VIH: S<bL, S=hl; IX :

We consider these in turn

CASE 1 S>bL, 5>b,L

*Indian Institute of Technology, Kanpur
296

S>byL, S<b,L;
S=b,L, S<h,L;
S<b,L, S<b,L
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In this case inequalities (2) can be represented geometrically as follows :

The shaded area represents all possible feasible
solutions and according to the theory of linear
programming, the optimal solution will be given by
the points A, B, C or D.

Solution A means x=0, v=0 so that all looms
and all spindles have to be allotted to coarse cloth
and yarn production; the coarse yarn of S—b,L
spindles has to be sold out.

Solution B means x=L, y=h,L so that all looms
have to be allotted to fine cloth production and the
extra 8—b; L spindles have to he used for producing
coarse yarn for export.

Solution C means x=L, y=S8 so that all looms
have to be allotted to fine cloth production and all
looms to fine yarn production,

Solution D means x=0, y=S—b,. so that
FIG.1 all looms have to be allotted to coarse cloth produc-
o tion and the extra yarn capacity has to be used for

producing fine yarn for sale,
The optimal solution will depend on the signs of
P=(pi—b, pa) — (p;—bapy), Q=ps—p, (4
? 0 according as the profit on using a loom and associated spindles on fine cloth is greater

P

than, equal to or less than the profit on using a loom and associated spindles in coarse cloth
production.

Q? 0 according as the profit on using a spindle for fine yarn is greater than equal to or less
than the profit on using it for coarse Varm.

Remembering the above interpretation of solutions A, B, C, D and of the signs of
P and Q, we have the following nine cases

Subcase Signs of P and QO Optimal Solution
1-1 P>0, Q>0 C
1-2 P>0, Q=0 Any point on line B C
. Aif P+b, Q<0
1-3 P>0, Q<0 { Bif Pib O>0
1-4 P=0, Q>0 C
1-5 P=0, Q=0 Any point in shaded region
1-6 P=0, Q<0 A
) Cif P+b 0
1-7 P<0, Q>0 5 D if Pibﬁ%&o
1-8 P<O, Q=0 Any point on line A D
1-9 P<0, Q<0 A
CASE N S>bL, S=b,L

In this case solutions A and D coincide, otherwise the result of Case I holds
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o Tt ok 7%
by b-s /
i
G 2. e S5
CASE I S>h,L, S<b,L

In this case the shaded area gives feasible solutions and the optimal sclutions are
given by B, C and E. Solution E corresponds to

g PS5 by(bL—8)
T Thy=b;, 7T T by by

(3

In this case, the following subcases arise :

Subcase Signs of P and QQ Optimal Solution
31 P>0, Q0 c
32 P>0, Q=0 Any pointon B C
: B if P+h0<0
33 P>0, Q<0 { Eif Pib0O>0
3.4 P=0, Q0 C
3.5 P=0, =0 Any point in /A BCE
3.6 P=0, Q<0 E
Cif P4+b,Q>0

3.7 P<0, 0 i

<D B2 % E if P4b,Q<0
3.8 P<0, Q=0 E
3.9 P<0, Q<0 F

CASE IV 5=b,L, §>b,L

In this case solutions B and C in Fig. 1 {pre-page) coincide, otherwise the solution
of Case T hold
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coincide i.e. the optimal solution is

x=L, y=b,L
Ay

B

Flc.5
CASE VII  S<bL, S>bL

JN KAPUR 299
CASE V S=bL, S=bh,L

In this case lines AB and CD coincide
and any point on line AB s a feasible solution.

Also

z=={p;—p;) x+tpg L
If P1> P the optimal solution is B
If P1 <D, the optimal solution is A
If PL1=P: anv point on AB gives an

optimal solution

CASE VI S=b,L, S<b,L

The only feasible and therefore optimal
solution is given by points B and € which

FIG &

In this case the shaded area in Fig. 6 gives feasible solutions and the optimal solutions

are given by A, D, F.

Solution I' corresponds to
_B—D,L

; . y(S—hyL)
L Li—by’ ° 7 bi—b,

= .. (6)
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The following subcases arise :

Subcase Signs of P and () Optimal Solution
.
7.1 P>0, Q>0 F
7.2 P>0, Q=0 F
Fif P+ Q>0
7.3 P>0, Q<0 {A it Pb,Q =0
7.4 P=0, Q>0 ¥
7.5 P=0, Q=0 Any pointin shaded region
7.6 P=0, Q<0 A
Fif P+b,Q>0
#:1 P<0, Q>0 {D if P++b,Q=0
7.8 P<0, Q=0 Any point on AD
7.9 P<0, Q<0 A

CASE VIII  S<bL, S=b,L

The only feasible and therefore optimal solution is x=0, y=0 i.e. solution "A
which coincides with solution D.

CASE IX  S<bL, S<b,L

There is no feasible sclution in which all the looms can be used with the yarn produced
in the mill. In this case some varn has to be bought from outside and pj, 2, represent
the losses per spindle due to buying yarn from outside rather than spinning 1t inside the
mill and let yarn equivalent to z fine spindles and u coarse spindles be purchased, then

z=P1X-+py(L—x)—pszz—pyu i {7}
also
byx—z+by{L—x)—u=3§ .. (&)
byx—z =, ‘. {9
so that
2= P1X+ P LX)} —Pa(bx—y)—py[ by (L—x}—(S—y)]
or

2=x (p1—ps—b1ps+bep,) +y(pP3—py) + Pl +5Sp,—bgp, L - (10)

Thus the objective function is the same, but inequality constraints are changed.
These are

x20, L—x30, byx>y»0, S—y>b,{L—x) Lo

The feasible solutions are given by the shaded area in Tig. 7 and the feasible solutions
can be C, G or H where

Cis x=L, y=5 (12)
G i x=L, y=0 {13)
H is =l — 5 y=0 (14)

by’
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AY The following subcases arise :
8 Subcase Signs of P and Q) Optimal Solution
9.1 P>0, G>M0 C
9.2 Px0, Q=0 Any point in CG
9.3 P>0, Q<0 G
9.4 P=0, Q>0 C
A % 9.5  P=0, Q-0  Any point in the shaded region
9.6 P=0, Q<0 Any point in GH
C if P+bh, Q=0
9i.d P<0 3 z
2 <h Q>0 §H i Pab, Q <0
9.3 P<0, Q=0 H
FlG.7 9.9  P<0, Q<0 H
KEY FOR THE TABLE (page 302)
Solution  Looms for Looms for Spindles for Spindles for
fine cloth coarse cloth fine yarn coarse yarn
A 0 L 0 5
B L 0 b,L S5—bL
C L 0 S 0
D 0 L 5—hb,L b,L
E,F  (hL—5)/(hy~-b1) (S—DbiL}/{by—Dby) Dby{bL—S)/(by—by) by(S—bL}i(by—b,)
G L 0 0 5
S S
H L—— — 0 5
b, by
A point on BC L 0 between by'T between 0 and
and § S—b,L
A point on AD 0 L less than b,L greater than
S—b,L
A point on GH
S
between Lt-B; between b 0 S
and L and 0

When P=0, =0, all feasible solutions give the same profit and are therefore optimal.
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Operations Research in the Textile Industry

N Subramaniam®*

The aim of Operations Research is to help Management decide, scienti-

fically, its policy and action.
in the textile industry.

This article indicates some OR applications
In this conmnection, it would be of interest to note

that one of the early applications of Linear Programming was made in an

Indian textile mill.

MAJOR decision which textile manage-
ment Las to make periodically relates
to what fabuics to produce and in what

quantities. Alwernative courses of action are
considered, keeping one eve on the total profit
to the firm and the other on the sales potential
of the fabries and the machinery avatlable
for the production of quantitics decided upon.
Whatever the process of reaching the final
decision, no questions are usunily asked as to
whether the decision was the best under the
circumstances. The reason is not lar to
seck. A betrer soiution than the one alrcady
reached 1s not often obvious, Operations
Research has developed methods by which
through a systematic process the best decision
is reached with a guarantee that it is the
best.t It has been reported that the use of
such Operations Research known  techni-
ques as, for example, Lincar Programming,
in American Industry has led to increases in
profit of 10 to 20 percent.  Additional
advantages claimed as a result of OR have
been to aid top management by making plan-
ning sessions a routine affair, making it easy
for them to redirect promodon efforts into
worthwhile channels ctc,

*Ahmedabad Textile Industry’s
ciation.

$Usually, Operations Research scholars de not put
it in such categorical language. OR, so they say,
furnishes the basis (as also the techniques) for such
an all-round ordering of total resources so as to create
conditions, which lead in a determined manner to
an optimusation of over-all results. (Editor)

Rescarch  Asso-

Certain featurgs of Operations Research
mav be nowed with reference to this apph-
cation of OR in producion planning. The
goal is to reach decisions whiel can be imjile-
mented wilh the greatest advantage to the
concern.  In between, the first step is the
conceptualisation of the real problem in
terms of a mathematical model and  the
second is the use of the model for decision-
making, OR is schematically illustrated
on the next page.

Another area where OR has heen used in
the textile industry is the field of inventory.
A textile mill has to keep Inventories for a
variety of rcasons. Somctimes customers
require delivery in less time than it takes to
manufacture. Secondly, seasonal  fluctu-
ations in sales mav be sharp and a mill does
not have sufficient capacity to meet high
demands. Lastly, a mill may have to main-
tzin a reasonably constant level of employ-
ment all through the vear despite fall :n
demand for some of its products, The preblem
before the management is to determine how
much goods to produce in anticipation of
customer orders so as to minimise losses
arising out of distress sales at the end of the
season while providing adequate inventories
to meet customer demands.  In solving this
problem, metheds for measuring the chance
that cloth manufactured for inventory is sold
before the end of the scason are used.

The British Cotton Industry Research
Association was given a problem by a dirm,
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burdened with large stocks on hand for a
considcrable length of time and of simul-
taneous shortages of some cloths as a result
of limitations on the production capacities
available. Analysis of the demand for
various types ol cloth enabled reduction being
cffected in stock-holding costs, Decisions on
stock levels which would result in minimum
costs or maximum profits, when costs were
associated with both stock-holding and short-
ages, were also reached through usc of mathe-
matical models,

Yet another area of applicability of OR
is in the purchase of raw materials. Manage-
ment has to decide on purchases to meet
production schedules. As a gencral rule it
buys at least what it needs immediately,
Also, if it feels that the market price is high
it buys the very minimum with which it can
carry on. At lower prices, it gets more than
is necessary to meet immediate nceds. The
management decisions in this aren are (1)
What price to buy at ? (2) Hoew much to buy
at ruling prices ?

OR has provided methods for reaching
decisions of this type in a systematic
manner.

As prices increase a mill that has booked
its capacity well ahead of time finds that more
profitable business has to be refused because
of delivery difficultics. OR methods have
been applied te establish price levels (for
specific sorts} at which offers to buy are
rejected.  Such  levels are  available  for
successive points of time. American indus-
try is reported to have derived considerable
benefits by working out such policies,

OR in textile industry has been a very
recent activity.,  Pioneering work has been
done by a firm of Accountants in America
by the name of Arthur Andersen & Co.
The Cotton Board Productivity Centre and
the Shirley Institute in UK are doing much
to popularise OR approach in soiving textile
management problems. In our own industry
this activity has only begun. o0

Sir Frederick Bouman suggested that the hangman showed too
great a consideration for murderers about to die: ‘Before they

are hanged, they should be flogged.’
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Operations Research in Textiles

RM Phatarfod*

Unlike Statistical Quality Control, Operations Research has not been
widely applied in the Indian Textile Industry, the main reason being the

lack of competent and trained

operations research workers.

It is for

this purpose, SASMIRA organized lasi year a training course in operations

research for textile industry,
this year.

and proposes to organise another course
Operations research has a vital role to play in textile industry.

The following paper outlines some of the techniques of operations research
which have been used in the textile industries of the advanced countries
and which can be used to advantage in the Indian Textile Industry.

N the textile industry, as in other
_[ industrics, operations research can be
applied both at the industrial engineer-
g level and the manazement level.  Indus-
trial engineering problems are relatively
restricted in scope, whereas management
problems mayv be almost unlimited in scope,
The latter, mav, for instance include com-
plete sales, production and stock policy of a
company having scveral mills.

At the management level the most useful
tools of operations research are  Linear
Programming, Inventory Control and Sales
Forecasting, whereas Qcueing Theory and
Evolutionary Operation can be used to
advantage bv  the industrial engineer.
Linear programming in a textile mill 1s
particularly useful in the coordinating of
sales goals with productive capacity, so that
the combined eflorts of selling and producing
will fead to an optimized result in terms of
final mill profit; hence a mill producing a large
vartety of sorts can cffectively use linear programming
Sor profit planning, The rcasons for this are
as [ollows :

1. Each sort of fabric affects, very diffe-
rently, the productive capacity of the various
mill processing departments : some  sorts
require more time for carding, roving and

*Head of the Suatistics & Productivity Division, Silk
& Art Silk Mills’ Research Association, Bombay.

spinning whereas others require more weav-
ing and fiaishing time,

2. Each sort has a different market poten-
tial and p-ofit margin, Often a sort with
good profit margin may be uneconomical to
produce in large quntities, if its productive
requirements in carding, drawing, roving,
spinning or weaving tend to create bottle-
necks in one or several stages of processing.
Linear programming evaluates the elements of pro-
duction facilities, profit margins and market poten-
tial with regard lo each style. From this evalua-
tion an optimum production combination
yvielding maximum over-all profit, can be
obtained.

Sales anticipation curves as an aid in
management’s coordination of sales, produc-
tion schedules and inventory build-ups can
be of great use in the texiile industry. The
henefits, obtained from the use of sales
anticipation curves in management planning
vary, however, with market factors. The
sales anticipation curves aid in planning
production and building up inventories in
such a manner as will minimise undine cxcess
or embarrassing shortages ot stock. Analysis
of natterns and trends from past salesrecords
will often vield valuable guidance to future
action, policy and decisions. At the indus-
trial engineering level, an industry’s technical
preblems cannot be solved entirely in the
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laboratory; thev must be studied through fo
the point of application in the factery, Operations
research comes as a handy tool for this study.

In the textile industry, OR has taken seve-
ral forms,

Tirst, there is the mill experiment.  The
best mixing of cotton [or a given yarn, the
best roller setiings to use, the best size Lo
put on the warp, the best speed  rutios,
tension. twists and other variables cannot be
specilied accurately by general research doe
at some cenfrul mstitute. The results of the
general research give some suldance buat
final results nuist take Bio aceount particular
conclitions at the individual mill; hence
Systematic mill exporinents  ave oneecssazy, A
systematic procedure, which heips the mill
man in his process researci: to find the boest
setiings s the relatively new technicue of
“Eoolutionary  Oneration™ oy EVOD, o
short, orlginated by GEP Box fin Tmperial
Chermnicel Industries and nsed in the manu-
facture of svnthetic fihres. In subsecuent
processing (spinning, weaving and hnishing)

OPERATIONS RESEARCH IN TEXTILES

profitable applications of EVOP have just
begun to be explored. The programme
involves the Intioduction of routines for
systematic emall changes in the levels at
which process variables are held,  After
each set of changes, the ellects on quality,
waste, vield and prodection wre reviewed.
Based on this review further chanves are
planned. aimed at gradually “widcing the
process tawards these mudlivariable adjustments
that legd to (he attainable optimum.

Sccondly. the Theory of Chuenes has divect
anplication 0 the probiem of Nuachine
Intericrence, which oceurs wherever one
operative attends to o number of machines
which stop independentty so that if two stop
togeiher one has to wait {ur atteation.  In
textile Industry, this occurs m spinning
operation, and in winding and weaving see-
tions.  Knowledoe of thie Theory of Qieues
cnabldes one 1o woive such problems oy the
number of spindles per operative for a parti-
cular count of yarn, the number of looms per
weaver for a particular sort cte. PR

Know Thyself!




OR Technique in Engineering Factory

MSK Eswaran*

Operation Research is the application of scientific method to the study of alterna-
tives in & problem situation with a view to providing a quantitative basis for arriving
at an optimal solution in terms of a destred target. Tt 1s an organized actvity with
a more or less definite methodology of attacking new problems and finding solutions.
In OR, a clinical approach is neeessary in order to solve the problem in the right
perspective. Henee the emphasis 1s on scisntiiic method, on the use of quantitative
data, on targets and on the determination of the optimum nieans of reaching the

target,

OR, of course, uses matheratics,

but it is not a branch of mathematics.

Tt urilises the results of time and motion study, but it is not elliciency enginecring. It

introdices new cquipments, but it is not an adjunct of a devclopment theory.

more than Quality Control.

PERATION Rescarch helps in taking
hasic decisions as to the extent to which
qualite can be sacrificed in the interest

of cost savings, the level of product perform-
ance required by competitive factors, and
the need for quick production and delivery.
OIR has also heen confused with systems
engineering. 'The Jatter deals primarily with
changes in equipment models whercas the
operations znalyst is primarily interested in
making procedural changes. Systems en-
gincering aims at development of components,
changes in design aud alteration or perfection
in the existing model.  Operations Rescarch
deals with problems relating to organisation
and methods pertaining to operational
problems.

While OR uses all productivity techniques,
it has also developed its own techniques, of
which the brightest is Linear Programming,
It is based upon the assumption that a lincar
or straight line relationship exists hetween
variazbles and that the limits of variation can
be well determined. In a production line,
factors like units of output per machine, per
hour, direct labour cost per unit of output

*(Cost Accountant & Statistician,
Calcutta,

JK Business Lid,,

It is

and the number of operations to be carried
on for making a component may have linear
refationships, within certain limits, such as
machine capacity ete.  Linear programming
helps (i} organise the facts and iniormation
about a problem; (i) analyse all possi-
ble alternative solutions to the problem;
(iii) select the right course to follow under
particular conditions; (iv) plan the definite
steps in order to arrive at better results; and
(v) remodify and re-evaluate the plan for
changed conditions.

The uscfulness of Linear Programming
may be illustrated from a concrete example :
factory produces two products. LEach pro-
duct requires processing in two departments
i.e., a press shop and a {inishing shop.

The rclevant data are as follows:—

Capacities per day in units

product press finishing  contribution
shop shop margin
plunit
X 300 180 Rs. 3,00
or
Y 150 300 Rs. 3.75
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The limiting factor for Product Y is Material.
Owing to this limiting factor, maximum
production of Y per day will be 120, The
objective is to find out the product combi-
nation that maximizes tolal contribution
margin. The cquation that can be derived
from the data will be
3.00X43.57Y = TCM (Total Contribu-
tion Margin) and this has to be maximized.
The basic relationships can be depicted
by the incquations as under:
: 2X4+Y <100 percent
of capacity
: 3X+5Y <100 percent
of capacity

Press Shop
Finishing Shop

Material shortage for
Product Y : Y= 90 Units per day
Because negative
production is
impossible : Y >20and A0
Algebraically the optimum result can be got
by working with the coordinates of the
polygon. The Dbasic steps are:-—
(a} Start with a possible combination
(b} Compute the profit

OR TECHNIQUE IN ENGINEERING FACTORY

It should not be taken for granted that
production of Y should be maximized owing
to its greater margin per unit, The reason-
ing should be based on the limiting factor.
The key to the optimal solution rests on the
relative rates of substitution and profitability
per unit (hour or day) of productive capacity,
Examining the graph it can be found out
that at coordinate points (129, 83) we get
the optimum solution.

LINEAR PROGRAMMING - A GRAPHIC APPROACH

!00[
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£ b

E

{c) Shift to another possible combination F;EQ,ETFOT (. TR PRESS SHOP
to find out whether it will improve oo s, ?'\\ < CONSTRANT
the result obtained by {b). Kcep on £ S T
shifting from coordinate to another o N n B
coordinate untl no further improve- J j 83 e
ment 15 possible, RRRIULE grnepegTigh Ay s
Combination
Test Coordinate  Product Product Total contribution margin
Order points X ¥
1 0,0 0 0 Rs. 3,060 (M4+3.75 (O)== 0
2 0,120 0 120 3.00 {H+3.75 (120)=450
3 30,120 30 120 3.00 (30)4-3.75 (120} =540
4 129,85 129 85 3.00 (129)+4-3.75 (83)=705.75*
5 180,0 120 0 3.00 {180)+3.75 (0)=540

*Optimum result



Operations Research & Steel Industry

R Gopalkrishnan*

Operations Research is a subject very difficult to define precisely:
some managemtent officials term it as a wonder drug whereas others decry
it as a charlatan cloaked in mathematical parameters. It has been called
quantitative cornmonsense. . .art of giving bad answers to problems to which
otherwise worse answers are given, In recent times Operations Research
has emerged as a powerful tool to effective decision-making. Changing
economic pressures, increasingly complex technological developments, and
the more intricate labour relations have all forced executives to look up
to  Operations Research for effective, efficient and harmonious functioning
of organisation. Operations Research gives a real opportunity to consolidate
all the segments of operation from production and research to accounting

and industrial engineering.

N the basic industry of the making,
I shaping and treating of steel, Operations
Rescarch has varied applications.  Even
though most of the problems demand the
use of computers, for day-to-day business,
ordinary paperwork provides reasonably
good results.  The observations here pertain
to the steel industry, but they can be applied
to any industry with sirmilar problems.

The operation of a steel mill has been
taken as a sample problem, Certain type
of steel has to be made from various kinds of
raw materials and has to be processed
through hot rolling, cold rolling, annecaling,
normalising  and other operations. To
arrive at an optimal programming, all
possible permutations and combinations of
the operations and materials  have to be
studied simultaneously. By taking the cost
factor as the objective, the following can be
taken as the restrictions imposed on the
process. 1. Limiting capacity of the
operational facility 2. Minimum amount
needed for each product 3. Quality and
guantity requirements 4. Delivery require-

* Junior Engineer, Rourkela Steel Plant, Rourkela;
Member, Operational Research Society of India

ments 5. Limitations on fucl availability
and 6. Limitations on raw material
availability.

The development of an optimum burden
for the production of pig iron in a blast
furnace is an interesting linear programming
problem. This is a Diet Aix problem where
the objective is the end preduct: pig iron
of rigid chemical composition and this has
to be derived from an appropriate mixture
of ron ore, coke, limestone, etc. This
problem is also associated with another
important feature: the conversion of iron
bearing input materials into pig iron and
slag. The iron ore used for the purpose
possesses different characteristics. This makes
the demand for the corresponding require-
ments of coke and limestone,  Therefore
the common unit required for this preblem
is the “amount of ore required per ton of hot
mctal”.  To arrive at this figure of “ore
per ton of hot metal”, it is essential to know
about the iron and manganese content of
the ore. From the iron plus manganese
content of the hot metal and from the
assumed reduction of manganese into the hot
metal (which can be got by experience),
the theoretical amount of iron ore required
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for producing a ton of hot metal can be
arrived at. To this theoretical amount, an
assumed excess of about 259%, 1s to be added
for the fluc losses,  Thisis to be supplemented
further hy another 29 for efliciency loss,
Thus the amount of ore per ton of hot metal
is obtained.

Nenw, for every input of ore, the corres-
ponding amounts of ecoke and lhmestone
have to be obtained.  'These can be obtained
from the coke rate of the furnace and by
Flints method. ‘Then the coke rate hastobe
adjusted for change in sizy volume and ove
fines. Final correction is to he applied for
other materials in arriving at the coke rate.

From metallurzical caleulations, amount of
flux (limestone) can be readily  obtained.
‘The next siep is to ind the cost per ton of
hot metal, ‘This consists of the totz] sum of
the cost of iron ore, coke rate and limcstone.
Similarly, costs are determined for cther
tvpes ol ores.

Having arrived at the costs ol various
tvpes of ores with predetermined metallural-
cal properties, one can readily obtain the

OPERATIONS RESEARCH & STEEL INDUSTRY

optimum loading of the blast furnace so as
to produce pig iron of suitable specificztions
at the lowest cost,

The metallurgical  requirements of the
pig iron and the availability of certain ores
can also be included in the problem. The
former will hielp to evaluate the restriction
on production, whereas the latter can
evaluate the price structure of the various
ores, This problem can Dbe solved by
Simplex techuique and the major purtion of
the work is the formulation of the problem.
The collection and  determination of the
data needed constitute a major task but the
final solution is very casy to aclieve.

In addition to the abeve, the demand
for slag cars and ludlles for blust furnaces,
moulds in steelmelting shops, wagens for
shipping and other problems can be solved
bv the proper use ol Operations Research.

Operations Rescarch enhances the adept-
ness of an executive to make optimum
decisions Dy providing him the necessary
ancl adequate scientific data,

“Nirvette rather than malevolence seems to characterize the handling of

personncl affairs . . . ¥



OR in Fuel Research

A Ghoshal*

If Operations Research be viewed as the science of problem solving
by applying available scientific methods we would find that
scientists and engineers of all disciplines do some form of OR in their
everyday work. In fact, “we often recognize important work as operations
research only after it is done”}. This paper gives a resume of some of the
work done on OR in fuel research, especially in India, but none of the work
reported was recognized as OR when it was done.

HEL problem of how best to forecast the
energy requirements of the country
was studied at the CFRI. There are

two methods of forecasting the energy re-
quirements of the country as a whole viz.
{1} by relating total encrgy (commercial)
consumption to national income (at 1915-49
prices} and the index of industrial production
on the basis of the past data and predicting
future requirements from the regression
equation on the assumption of stipulated
levels of the national income and index of
production; (ii) by computing the encrov
consumption per unit of production for
different items of production, and hence to
calculate the total energy requirement on the
basis of production levels in industry, agricul-
ture, domestic sector, etc, Both the approa-
ches have been attempted by the CRT I,
On the assumption that the index of indus-
trial production increases at the rate of 10
percent p.a. the requirements of cnergy
{commercial) for 1965-66 and 1970-71 came
out to be 193 million tons coal e.g. and 242
million tons coal equivalent, If, however,
the index increased at the rate of 13 percent
p.a. the requirements of commercial energy
would be 200 million tons coal equivalent in
[965-66 and 230 million tons coal equiva-
lent in 1970-71. By following the sccond
approach, the cnergy consumption for

*Central Fuel Research Institute, Dhanbad.

tFlood, MM, Presidential Address CRSA, Operations
Research (10) 1962, p 423.
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producing broad units of production in
different industries was obtained; e.g. for
producing tons of ingots the consumption of
cnergy is of the order of 1.8 to 2.0 tons of
energy of which 80 percent is contributed
by coal; for producing 100 tons of wheat
flour 11 to 12 tons of energy are consumed;
for producing 1000 Ib. of vara in a cotton
textile mill, about 1.7 tons of cnergy are
consumed, etc. A detailed cnergy survey
has been proposed to collect  information
directly from factorics. A complete picture
of the material content of different items of
production is the first prerequisite for indus-
trial planning; the data over a number of
vears gives us an idea of the productivity in
the industries concerned.

investigations at pilot plants

Various statistical investigations are done
at the pilot plants to assess the effects of
different factors on the products and to
ascertain how most economically experi-
ments can be conducted, In the experi-
mental coke ovens there are three ovens of
different widths, viz. 14 inches, 16 inches
and 18 inches. An investigation was done
to see whether the width of the oven affected
the properties of coke produced cut of the
same variety of coal. At each oven 19
replicate tests were done, and from the results
obtained an analysis of variance was perform-
ed. It was found that the width of the
oven did not aflect the physical property of
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coke. To ascertain whether this inference
is general, more such investigations should
be done on different coals,

Another problem was to ascertain the
minimum number of revolutions to be given
to a mixture of coal blends (for the manufac-
ture of coke) in a mixer such that mixing
was efficient. It was found from the designed
experiments that it was uneconomic to make
more than 50 revolutions, because further
revolutions did not add significantly to the
efficiency of mixing.

optimization problems

In industrial planning, it is required to
solve many optimization problems. For
example, a problem is to allocate washed
coking coal from & washerics to 6 steel plants
by the end of the Third Plan, in such a
manner that the cost involved in transporting
coals is the minimum, This problem can
be tackled with the help of lincar program-
ming. In thereal problem, there are various
quality restrictions arising from the fact that
coals of specified quality are used in cach
steel plant and secondly, there may be
restrictions on certain routes. Lastly, the
production of & washeries is insufficient to
supply the requirements of steel plants, so
it is necessarv to install another washery in
a suitable localitv. The complex problem of
allocaiing coals from washeries to steel plants
with all restrictions in view and of selecting
an optimum site of the ninth washery can
be solved by the Simplex method. Since
this method involves a number of equations

OR IN FUEL RESEARCH

which can be solved only with the help of
a large computer, a somewhat simplified
version of the problem was worked out by
the transportation method. With proper
adjustment, the transportation mecthoc can
also take into account the restrictions, and
it can also be used to decide the optimum
site of a plant. With programmes of apid
industrialization in the future, the usefulness
of such optimization studies has greatly
increased.

storage problems

Fundamental studies have been made at
the CFRI on the mathematics of operations
research, especially in the theories of storage
and queues. In the industries there are
various storage problems which can be salved
through a mathematical approach. Al big
plants, e.g., stecl plants, cokeries, washeries,
etc., are required to provide adequate storage
capacity for their raw materials and products.
Generally the decision to provide new storage
capacity has to be based on relatively subjec-
tive information. The determination of the
optimum storage capacity can be formulated
as a storage problem depending on the
distributions of the input and the output.
In the absence of analytical solutions, such
problems can be solved by simulation on an
electrenic computer. Monte-Carlo simulalion
is 1o generale data by random sampling from
specified distributions, e.g., exponential, gamma,
normal etc., both for input and cutput tems.
These data are used to forecast what would
happen with various trial capacities, and
hence it is possible to decide the optimum
capacity.

Soon after Theodore Roosevelt started on a lon hunting trip to Africa, a

notice was posted in the New York Stock Exchange.

“expects every lion to do its duty.”

“Wall Street,” It read,



OR in Road Transport
GK Sani*

Operational Research is generally defined as the application of scienti-
fic methods to the problems of operational efficiency. In transport the
technique was first evolved during the Second World War with particular re-
ference to aircraft operation. It was extensively applied to the problems of
road traffic congestions in the UK and the USA and suitable models have been
suggested to meet the traffic congestion in relation to width, length, curvature
and crossing of the roads by Tanner (1961} and Miller (1961). Operational
research has also been applied in London Transport for studying passenger
habits, the incidence of breakdowns of buses and accidents and in the
economy of fuel consumption. An account of these studies is given by
Menzler (1953}, In India practically no work has heen done on the applica-
tion of operational research to road transport problems except by Jaiswal
(1961) who investigated theorctically the methods of forming Queues at the

bus stops.

N India it is only after the 2nd World
War that nationalised road transport
services have sprung up in diflerent

States and today nearly one-third of the flect
of passenger buses has been nationalised,
With the growth of nationalised road
transport, problems of standardisation,
rationalisation and co-ordination have come
up involving investigations and studies in
the various aspects of road transport
operations. For solving some of these
problems, the need for operational research
is keenly felt. It is proposed to indicate
here the scope of operational research for
eflecting economy and improving efficiency
in the road transport services operated by
the different States in India.

maximum utilisation

Scheduling and linear programming are
often resorted to in operational rescarch.
For effective utilisation of the fleet not only
the maximum number of wvehicles are
required to be put on road leaving the
minimum for repairs and maintenance and

*}cad of the Statistical Department, Maharashtra
State Road Transport Corporation, Bombay

for emergencies like accidents and break-
downs but each vehicle should be made to
operate maximum milcage during the day.
The index of maximum utilisation is, there-
fore, given in terms of seat miles produced
for carrying the traffic in respect of passenger
transport and in terms of ton miles in respect
of goods transport. For achieving the
maximum utilisation of the fleet, the techni-
que of link diagrams is employed wherein
scheduling of buses {from depots is so
arranged as to meet adequately the traffic
necds at various points of the routes and,
at the same time, to obtain maximum mileage
from each vehicle during a day. Simul-
taneously, with the scheduling of wvehicles,
linking of crew duties should also be arranged
in such a way as to get maximum utilisation
within the limitation of time prescribed by
the labour laws, Thus the technique of
scheduling and linking of vehicles and crews
1s of vital importance for achieving cconomic
results 1 read transport operations. The
higher utilisation of vehicles not enly reduces
the capital cost butit contributes towards
reduction in the overhecad cost on interest,
insurance, taxes and other overheads.
During the process of linking, problems some-
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times arise tha: in attempting to increase
vehicle utilisation, crew utilisation gets
lowered and zice versa.  Similarly, increased
utihisation of vehicles sometimes may result
in lowering the load factor or vice versa. In
such cases the relative economics of the
constants involved has to be wcighed for
achieving the most cconomic results.  Thus
the maximum utilisation of vehicles and
crews is of utmost importance for higher
productivity in road transport.

design of experiments

When moere than one quality of material
is available in the market, problems often
crop up to sclect a quality which wouid
give the hest performance under a given
set of operating conditions. Particularly in
road transport various makes of vehicles,
tyres, [ubricatine oils, camel backs for
retreading  of tvres, cte. are available
Testing of quality {rom the same manufac-
turer periodically is necessary in view of
increasing use of indigenous material in
manufacturing processes.  For selection of
the best material, experimental tests on
sclentific basis have to be cmploved. Tech-
nique of design of experiment developed by
Prof RA Fisher could be usclfully employed
in such cases. In the Maharashtra State
Road "Transport Corporation, controlled
experiments designed for studying compara-
tive performance of svchicles of diflerent
makes and tvres of diflferent manufacturers
are in progress. In the conduct of such
experiments, considerable precautions have
to be taken to maintain comparability of
data over a peried and to conform 1o the
normal operating conditions.  Another ex-
periment to assess the cost of operation on
different tvpes of road surface has also been
conducted by the Maharashira State Road
Transport Cerporation.  The data obtained
from these experiments are analysed by the
technique of ““Analysis of Variance” for
selecting a quality with significantly superior
performance.

sampling technique

Sampling technique has also to be resorted
to on occasicns to tackle ad hoc problems of

ROAD TRANSPORT

the Management. Traflic surveys on a
sample basis have often to be undertaken for
assessing the intensity of traflic on a road
or in a region for planning the optimum
requirement of vehicles.  Origin destination
surveys are carried out in bigger citizs for
determining the pattern and the mode of
travel of people. Sampling technique is
also applied for studying the financial impli-
cation of varving fare structure and lreight
structure on the earnings of o road transport
organisation.

technical research

The economic utilisatinn of material used
in transport industry such as fuel, oils, tyres,
spare parts, assemblies etc. 15 of vital impor-
tance for achieving eflicient operitions.
OR in the fuel system s necessary to reduce
fuel consumnption, such as eptimum condJitions
for maximwin productivity from fuel with
regard to speed, road surface, load factor,
driving technique, air temperature, wind,
bumidity, conditions of tyres, etc.; admix-
ture of petrol and H.S.1D., tvpe of luel for
power unit in relition to variable incidence
of taxes and duties.  Effect of degree of the
viscosity of lubricating oil, road safety
micasures, improved methods of vehicle and
tyre maintenance, evolution of bus body
designs economical and most suited to diffe-
rent types of climatic conditions in India,
evolution of suitable types of paints under
different wcather conditions, standardisa-
tion of equipments, components ard auto
parts tor the depots and workshops, are some
of the problems which need to be investigat-
cd in the laboratery scale and confirm the
results on the field scale.  Testing of materia
in a laboratery for its quality before rejecting
any sub-standard material is also necessary
for getting the best resulis.  The conference
of All India State Transport Undertakings
at Mahabaleshwar in October 1962 decided
tn establish a central institute for conducting
research on road transport problems.

defence needs

In the context of defence in relation to
Sino-Indian border, operation of automobile
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vehicles at high altitudes and extremely low
temperature may present some difficulties.
These need to be tackled by Operational
Research in regard to the systems of fuel, oils,
radiator, etc. It is expected that these are
being attended to, in the Defence Lahbora-
tories.

inventory control

Suitable models have been suggested for
the Inventory processes for the purchase
and sales organisations in UK & USA. In
road transport, large quantities ol auto parts,
tyres, lubricants and batteries are required
to be purchased for the maintenance of a large
fleet by nationalised road transport under-
takings in India. Suitable inventory models
need to be evolved for stocking, purchasing
and distribution of auto parts and other
stores to various operating units.  For
deciding this policy, the pattern of consump-
tion of stores, for different makes of vehicles
at different stages of the life of vehicles under
different types of road conditions obtainable
in India, has got to be assessed precisely for
regulating the supply of parts and reducing
the stock-holding to the economic minimum.
There is a need for evolution of suitable
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inventory processes lo tackle this problem.
The importance of this needs no emphasis for
reducing the burden on foreign exchange in
India.

work studies

The technique of works studies has often
to be resorted to in the workshops of the road
transport undertakings. In the automobile
workshops where the work of body building
and reconditioning of vehicles and assemblies
is carried out, work study can effectively be
undertaken for saving in manhours and in-
creasing production.  In the Central Work-
shop of the Maharashtra State Road Trans-
port Corporation at Dapodi, some work
studies have been undertaken for increasing
production and reducing the cost of produc-
tion.

The ahbove are some of the problems which
need to be tackled through operational re-
search in the road transport system in India.
With the growing need of road transport on
a large scale, both for civil and defence re-
quirements, there is considerable scope for
operational research for improving the eco-
nomy and efficiency of the road transport
operations in India, e e

Communication!
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Development of Operational Research

Rahman* & Venkatesam?

Operational Research, as has been aptly described by Ellis Johnsen
‘has established jtself as an activity that can and does bring new attitudes,

new concepts and new techniques of research.

The fields it has come to

cover are wide and range from warfare to problems of productivity, indos-
trial programming, even national planning.

T would be diflicult to say exactly when
and where this new branch of science
developed. It can, however, be safely

stated to begin as a distinet attitude during
World War II, when pressed by the strong
attack of the Germans, the Allies on hoth
sides of the Atlantce, started looking at
science, as a weapon to help them to win
the war. More than any other, four British
Scientists were responsible for the develop-
ment of the subject and for the beginning
of what could be termed as the invasion of
the slide rule in the armyv, These were
Blackett, Bernal, Zuckerman and Williams.
It would be worthwhile to mention in brief
their work.

Prof. Blackett’s work began at the instance
of General Pile in 1940 when a discrepancy
was noticed mn the performance at the testing
stations and the gunsites of the radar equip-
ment. This observation became the basis
of operational studies of weapons in general
to know their effectiveness, Later in 1941
Prof. Blackett took up the problem of
detection of submarines by the radar equip-
ment and the anti-submarine warfare,

Prof. Bernal's work was connected swith
civil defence and aimed at evaluating bomb
damage. He began the collection of
comprchensive data on damage and carried
"Hlstory of qcu.nr:f: Unit, CSIR, New Delhi.

+Central Foed Technological
Mysore.

Research  Institute,

out i systematic analysis of it.  An interest-
ing feature of this study was the collection
of data through field observers, through
interviews of survivors, to make a proper
assessment of damage.

Prof. Zuckerman’s work related to esti-
mating the casualtics of bombing. He
worked out the ratio between the number
of casualties and the bomb load dropped.
It may sound a bit odd that such a study
was found necessary to be carried out during
the war time, but its real significance lies in
mmproving the population: morale by reducing
the exaggerated fear of large scale bombing,

Professor Williams® work relate¢ to the
combating of the U-boat menace. He found
that the depth charges, exploding at 100 feet
depth were particularly ineflective, and the
lethal range was about 20 feet.  This
knowledge was arrived at by the analysis
of data collected for this purpose and
included such factors such as sighting the
U-beat, the time taken to release the bomb,
the time taken by the charge 1w travel
towards the target, the manocuvrability
of the submarine during this time, and the
behaviour of the charge. This led to the
development of a new depth charge and the
firing pistol, which raised the efficiency of
anti-submarine attack to 400 —700 percent.

These examples could be multiplicd from
the other side of the atlantic, but suffice
tn say that by before TE day a teial of 365
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scleniists were eorking in  various capacities

in operational research for the army.

In America the initial experience and
ideas of men like Conant, Vannevar Bush
and those of the Air Force personnel who
were stationed in UK were concretised in
the letter of General Arnold In 1942 recom-
mending to all commanding gencrals io
form operations analvsis group. By VJ day
26 such groups with some 400 scientists were
working with the US Air Force.

With the end of war, the problems of
peace bhegan ww be approached with the
same attitude. Teo begin with, it was feht
that the role of operational research was to
supply the management with quantitative
dati to arrive at executive decisions.  How-
ever, as has been pointed out by Trefethen,
the development of operational rescarch in
the UK and the USA {ollowed different lines.
Dr. Trefethen has rather rightlv pointed out
that due to the existence of Industrial Con-
sultants in America, a certain tradifion of
quality control and time and motion studies,
the newness of operational research as
contrasted with the UK, it was not fully
appreciated and this became a hinderance
in away.

The major work in the UK was carried
out at the Shirlev Institute on cotton industry
and boot and shoe industryv, railroad and
strect transportation problems and coal
industry. The success of this work led to
the further development of operational
research in industry with the result that
now over 40 groups are werking in industry in

the UK,

The other reason for the success of opera-
tional research in the UK 15 that industries
as a whole, instead of individual factories,
were covered, which engendered a general-
ised outlonk and laid the {foundation of
industrial change and progress. In America,
the limitation of work in individual factories
came in the way of publication of results of
research due to the fear of benchiung the
competitors. Over-specialisation  and  ex-
tremc mathematical treatment mayv  also
have becn another contributory factor,
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Besides its use in industry, the new
technique was also utilised 1 a number
ol socio-economic problems which came up
after the war. Operational rescarch has
come to be used in a very large number of
arcas such as problems of traffic, question
of deciding a suitable fare structure for
public transport, or industrial process like
ore-handling. It is also being utilised in
problems of manufacture such as how much
of store 1s to be maintained, to determine the
quantities of raw material and their phasing
for a particular quantum of production,
and the question of sales and production.

Its use has now extended to academic
sphieres, such as the problems of communi-
cation of information, socio-economic fields
and national planaing. The real develop-
ment of operational research in the national
field was carried out by Prof. Mahalanobis
in India when he used it in national planning.

The beginning of  operational rescarch
in India dates back to the establishment of
a unit of operational rescarch in 1949 at
the Regional Rescarch Laboratory, Hydera-
bad. It was soon followed by the establish-
ment of working groups in Defence and
the first industrial utilisation was by the
Ahmedabad Textile Industrial Research
Association Laboratorv.  This was followed
by its uilisation by Prof. Mahalanobis in
the Planning Comrmission.

The utilisation of operational research
by the laboratory at Hyderabad and Prof.
Mahalanobis represent new lines in the field
of its application, and represent the most
tmportant contribution of India to its
international development. The former re-
lated to scientific research and its correlation
with industry and the latter to national
planning,

The contribution of Defence Science
Organisation, under Dr, DS Kothari, has
been significant particularly in the field of
organisation. It has organised two confe-
rences of experts from the aveas of Defence,
Science and Industry. It has also taken an
active part in the organisation of the
Operational Research Society of India in
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1955, The Scciety has been functioning
with many units in different cities and is
affiliated to the World  Federation of
Operational Research  Socictics. It has
tricd to bring home to industry the impor-
tance of operational research. It has also
collected data about the work done in
different industries, academic and industrial
mnstitutions in India on operational research,
and the facilities available in different places,

DEVELOPMENT QF OR

The utilization of operational research
m India is of the utmost significance,  As
Russell Ackoff put it, unless operational
rescarch i3 utilised, the industrial and
technical mistakes commuirted elsewhere are
likely to be repeated. Further, a country
which is faced with imited resources has no
other alternative but to use operational
rescarch  for their efficient and efective
utilisation.

A man was arrested on the charge of robbing another of his watch.
There was so little evidence, however that the judge quickly said : “Discharged.”
The prisoner stood still in the dock, amazed at being given his freedom so

soon, “You are discharged,” repeated the judge.

“You can go.” Still no word

from the prisoner, who stood staring at the judge. “Don’t you understand ?
You have been acquitted. You are free. Get out!” shouted the judge., “Well,”
stammered the man, “do I have to give him back his watch,”



OR in India

HC Arora*

There has been in recent years an increasing awareness of the impor-

tance of OR in India. A seminar

on OR was conducted in Bangalore in

Jan-Feb 1957 by Mr. RL Ackoff, the distinguished international authority
on Operations Research. This stimulated OR workers to start an erganisa-
tion. Accordingly, the OR Association of Bangalore was established in
March 1957. The Operational Research Society of India was formed in
mid-1957. The Society was unanimously elected to the membership of the
International Federation of Operational Research Societies {IFORS) Paris,

on 1st January 1960.

HIS institutional development has led
T to systematic interest in OR in India.
A technical scssion of OR was
arranged as a part of the Third Defence
Science Conference held in Delhi 1o April

1954. The first conference on OR was
held in Delhi in 1939. A symposium on
OR was organised at the 48th Indian
Science Congress, Roorkee, 1961, The

Operational Research Society of India assists
teaching institutions and business organi-
sations in organising short-term and regular
training courses in OR. 'The Producsiviry
Centre, Ministry of Labour and Employ-
ment, has developed training programmes
and organised some scminars on OR.
Special Reorganisation Unit of the Ministry
of Finance, Organisation & Methods Division
of the Cabinet Secretariat and Committee
on Plan Projects of the Planning Commission
have included lectures on OR in thear
training programmes. The importance
being now given to OR in India can be
realised from the fact that the Central
Government have appointed an adviser
on QR to the Q&M Division, Cabinct
Secretariat.  Courses  for training OR
workers have becn initiated in manv
technical institutions: Indian Institute of
*Statistician, Indian
teation, New Delhi.

Institute of Public Adminis-

Terhnology, Kharagpur, Indian Institute of
Sciences, Bangalore, Indian Statistical Insti-
tute, Caleutta etc.  Department of Mathe-
matics and Statistics, Delhi University,
has started giving courses on OR as an
optional paper to MA  (Maths.) students
since August 1962. The new Institute of
Management at Calcutta proposes to have
an OR Department. NPC has also de-
voted some serious attention to the problem
of initiating training in OR. The Indian
Conference of Productivity Personnel arrang-
ed by NPC during May 1962 set up a group
of 12 persons to examine the question of
introducing OR in Indian industry. The
group has rccommended that NPC may
assist any of the institutions, which are
organising OR  training programmes or
which may like to do so {including profes-
sional bodics like the Institute of Costs and
Waorks Aeccountants and the universities or
industrial rescarch institutions) by obtaining
the services of suitable specialists.  Further,
NPC programmes include training abroad
in OR methods in such specialist institutions
as the Case Institute of Technology, Cleve-
land, Ohio, USA, and the British Iren and
Steel Research Association,

The Indian Institute of Agricubtural
Research (ICAR) has used OR techniques
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in rinderpest eradication scheme (mass
vaccination of cattle and buflaloes). After
analyzing the rclevant data collected for
assessing the progress of the campaign with
a view to improving the eficiency and
economy of ficld work and controlling the
efficiency of a large scale operational pro-
gramme, the study hus concluded that the
smallest party of workers is gencrally the
best and considering the normal litre of
vaccine produced at 1VRI, its production
costs and cost of {illing an ampoule. it is
preferable to have ampoules of half and one-
fourth the normal size,

Data collected from a large number of
wheat producing districts in India have been
subjected to OR  weamment. The model
m relation to the food problem suggests
that amount of wheat esported from  a
district not only depends on the price level
(conventional economic theory) but also
on the amount of surplus wheat. A small
operational rescarch unit has been consti-
tuted in the Central Food Technological
Research Institute. To begin with only
limited studies are being carried out covering
the production efficiency  as  related to
technological problems. Two preliminary
studies tn pineapple and orange scgment
processes have been undertaken to gain the
confidence of the industry as well as famili-
arise rescarch workers for further stuclies.
Besides, these studics reveal some relationships
on the size of the frujt and the total output
and also the effect of seasonal variations in
the output which can help increase producti-
vity.

The Regional  Research
Hyderabad (CSIR} has been using OR
methods since 1949, An important part
of the work of its OR Unit is to study and
bring about internal co-ordination between
research, administrative and auxiliary
services in the laboratore. The OR Unit
also studies the elfret of varinus policy
decisions on the progress and direction of
rescarch and assists the executive in arriving
at decision. Lately, the laboratory has
carricd out OR studies in the field of utili-
sation of cotton seed and its hy-products.

Labaratory,

OR IN INDIA

Prof DS Kothari initiated the study of
OR in defence problems as early as 1949
when he was Scientific Adviser te  the
Ministry of Defence. OR field stucics are
being carried out at the Statistics and
Operations Research Division of the Defence
Science Laboratorv. Considerable theorcti-
cal research has been undertaken on problems
in queueing theory., The Naval Research
Group situated at the luboratory premises
is engaged in the cconomic retention period
of surplus stores ete.  Somc practical work
in weapons allocation and  evaluation is
going on in the Weapon Evaluation Group
and the Defence Science Laboratory,

As regards private industry in India, one
or two major industrial and business concerns
have made a beginning by havine OR
scientists on their staff. To mention one
example only. the management rescarch
unit of the Tata Iron & Steel Co. Lid.,
Jamshedpur have undertaken some OR
studics. 'The practical application of social
and industrial psychology was brouzht out
in AK  Rice’s celebrated  Ahniedabad
experiment, which raised production and
reduced scrap in Calico Mills,  Field investi-
gations dealing with factory lay-out problems,
work-in-progress, inventory problems, etc.
arc being progressed by the Procuctivity
Centre of the Government of India. A
number of OR studies have been carried
out in Indian industries in Bombay: in u
foundry regarding capacity assignment and
product-mix and in an enginecring workshop
regarding materials handling problems and
the significance of materials handling with
regard to the overall eflectiveness of work
organisation in a crane utilisation siudy.

In the field of planning, pioneering work
has been done hy Prof PC Mahalanobis. *
He has identified the problem of a'location
of resources in developmeut planning as
one of the most fruitful Lelds for apslication
of OR mcthods. He has introduced the
approach of OR to planning in India. The
part plaved by OR models for planning in
India was indicated in his paper presented

*Member, Planning Commission
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at the Second International Conference on
OR in September, 1960. It may not be out
of place to mention here that Regnar Frisch
and J Sandec have used linear programming
for solving problems in India, both making
use of input-output tables constructed at the
Indian Statistical Institute. This line of work
may prove to be of considerable practical
value, when more statistical data becomes
available.

The techno-economic surveys carried ont
by the National Council of Applied Economic
Research use in a way some of the OK
techniques for planning purposes.  The
greatest asset of OR approach to planning
in India lies in breaking down Dbarriers
between different disciplines and providing
teams working together to produce better
solutions.,

OR is being used in Railways, Waiting or
queucing problems of passengers for tickets
at booking windows or trains gueueing
up in marshalling yard, waiting to be sorted

out are tackled by OR techniques. In 1952
Mughalsarai junction became a  serious
bottleneck in the movement of coal in

northern India. A piece of OR carried out
in the field showed that every time a train
was broken up on the hump of the marshalling
vard, the shunting engine had to return
from the erest of the hump to the rear of the
next train by a clear line before it could
commence the next shunting operation and
this took at least 10 to 12 minutes between
the marshalling of two successive trains.
By providing a second overlapping shunting
cngine in the rear of the next train it was
possible to reduce this interval to a minute
or two. In this way the humping capacity
of the yard was amplihied by over 30 percent,
New norms of speed have been evolved to
appraise performance of railways on the
basis of OR analysis.
thousands of pairs of points between which
traffic could bhe moved hy the two-roures—:
Patna and Mokamch—Dby grouping into
seven zones of constant load dilferences,
made it possible to assess the overall difference
between the quanta of traflic hauls by the
two routes and provided a basis for a rational

A rational study of
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choice of Mokameh site for the location of
the Rajendra Bridge on the Ganga.

The average load of an empty train has
been raised frem about 70 to 84 wagons by
studying the problem of traffic flow in the
Karanpura coalfields of the Eastern Railway
and overcoming the diflicultics of sending
light engines to bring empties as also the
capacity limitations of single lines to allow
the movement of required number of
empiles.

The extensive rationalisation of the loading
and marshalling in bulk, has enabled the
flow 1o be regulated without bunching and
congestion which used to occur previously:
coal for the three power houses in Caleutta
which was moved piecemeal is now collected
into one train in Andal Yard by pooling
the wagons of all the power houses. The
train is then consigned to the power house
nominated having regard to its requirements,
wagons already on hand awaiting release
ete.

The Indian Statistical Institute and the
Indian Standards Institution have taken
several measures for the promotion and
development of Statistical Quality Control
(SOC) which is one of the important techni-
ques of OR. It has helped many factories
to reduce wastage, re-work, scrap and to
improve the quality of manufactured products
and the efliciency of machines and operations,
etc. The adoption of this technique in India
is growing. The Committee on Plan Pro-
jects of the Planning Commission is exploring
the possibilities of introducing it in public
enterprises,

The OR Group sct up recently by NPC
has suggested that the following problems
may be taken up for investigation in India
with the help of OR techniques: (2) Rail-
way Wagon turn-around, marshalling vard
operations, freight tram routing (4) Opera-
tion of multipurpose dam reservoirs (¢)
Determination of optimum mining  limits
(d} Luocation of depots, and warehouses of
large distributing agencies  (¢)  Defining
operations and process control in the jute
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and chemical industries ete {f) Distribution
of coal from various sources to different
consumption centres {g) Production-smooth-
ing probiems in the steel and enginecring
tnclustrics.

OR in India is in an carly stage and needs

“In operating an investment policy, Labour shounld rely heavily on

CR IN INDIA ’

careful nursing and attention frem all
directions so that the scattered work done
here and there 15 coordinated togcther and
further experiences gained to develop it
mto a body of systematised knowledze and
techniques for solving  different problems
thrown up by the process of development,

a ffth

pillar -the nationalized sector of industry—which should cease to be a desperate
instrument for restraining demand and become a dynamic lever for promoting
growth. .. Finally, there should be what might be termed a ‘control pillar’-.a
deliberate and planned increase in the gquality of our national manpower, ahove

all at the highest level...”

~The New Statesman



Operations Research—an Attitude
or a Method

Srinagabhushana & Ramanna*

There is 3 Jot of glamour attached to the title *'Operations Research™.  Clearly
copeeived, OR is nothing but “multi-dimensional industral engineering” : multi-
dimensional in approach: multi-dimensional in the problem attacked; multi-dimensional
in the techniques employed and multi-dimensional in the technicians attackirg the
preblem. The big question belore us is as to whether, at a time when even the less
sophisticated techniques such as Work Study and suggestion schemes are not fully
absorbed, we should hurry into such a bighly sophisucated technique calling forth
such a complex multi-directional appreoach, wherein the lag between application and
results would be considerable, Even in the more advaneed countries operations
rescarch is not yet a common-place technique. How about less advanced arcas ?
Loocked at thus, Operations Research provides the best area of conflict between the

bulls and the bears of the Productivity-technique-stock-exchange,

N a decveloping economy, which in fact
means a deficiency economy where every-
thing is in short supply and anything

sells almost at any cost, there is hardly
a powerful urge or incentive to use any
modern management or organization techni-
ques. In some cases their existence itself
is not appreciated and much less the need
for it realised. No wonder then that it is
not recognised by many that it is precisely
in the circumstances in which we are placed
that Operations Research and similar techni-
ques are of the greatest assistance because
1t is nccessary that the use of every available
facility should be optimised with a view to
get maximum national benefit.  This refers
to problems of distribution like electricity,
rail and road transport, location of industry,
maovement of goods, mine prospecting and
many problems of the kind, taking the
country as a whole, as well as to industrial
undertakings,

*QOperations Rescarch Association, Bangalore

The history of Operations Rescarch has
shown that it is in a sense a war baby : it is
sheer necessity that forced nations to evoke
this comprchensive scheme of operation
under the stress of struggle. Communica-
tions system, servo-mechanism have all come
to play a prominent partin modern Defence
and Offence. Our complacency in this
behalf has been seriously disturbed by the
logic of bitter events, It is, therefore,
necessary that every available technique
should be pressed into service so that the
best use is made in quick time of all resources
and services enabling us to speak soon from
strength-—physical, moral and  spiritual.
It is necessary to bring to the notice of the
Port Trusts, Railways, Road Transport
Services, distribution  centres  ete.  what
Operations Research can do and how it should
be utilised so that the returns fo the nation are
maximised. A f{lexible plan should be drawn
so that quick changes could be made according
to needs.  In Planning, in adjusting resources
to results and in a variety of other matters
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of national importance Operations Research
could be of great practical value, The first
step, however, is to arouse Qperations Research
consciousness among  those  charged  with
responsibility for  organisation, planning,
administration and management.

While there are productive techniques of
which the couuntey is becoming  slowly but
steadily conscious,  Operations Research
being a combination ol disciplines Is more

comprebensive hoth in  conception  and
execution and therefore it olten takes tine
to reach solations and vield results.  This

very fact itself attaches great significance to
Operations Research as a method which
embraces several phases of a problem,

One approach to the problem would be
to ook upon Operations Research ay purely academic
until such time that the less sophisticated
techniques are absorbed with an accelerated
tempo; and develop operations rescarch in
the various associations of management and
productivity councils in a somewhat academntc
manner for the sake of building up knowledge.
No technique can tor long be the idol of its
hero worshippers unless backed by constant—
if not increasing audience. This perhaps
will he the difficulty for operations research
unless an area of practical application 1s
found as progress 1s made.  And its practi-
cal application today s of the highest
importance,

Another approach would be to select one
or two or three delinite places for application,
where we would be ensured of the {ullest
cooperation, until returns come.  There
could, perhaps, be ne better area to this than
the National Producticity Council itself. 'The
qucstion for the Productivity Council would
then be as o how Dest to utilise i#ts financial
resources so as to maximise the growth of
the productivity movement, this problem
being viewed purely from the operations
resecarch angle,  Perhaps, nothing less will
provide a Letter solution than to start at the
above point, publish the results of the benchits
obtained, and go further into the different
areas.

Yet another practical approach is to look
upon the subject as one needed for the develop-

OPERATIONS RESEARCH—-AN ATTITUDE OR A METHOD

ment of an attitude. The very study of
operations research gives an orientation to
the thinking of management personnel in
the right direction. Just as disciplines in
Humanities and Sciences are essentially
needed to develop a full bloomed civil ser-
vant, in which capacity he varely uses directly
the knowledeze of the subjects of such orevious
stucly, so the study of operations research is
a must for the development of a fuli-fiedged
executive,

Yet another approach to the subject during
the developmental period could be the
single man with multi-personality asproach.
Perhups, this is a difficult thing to conceive
of at the present moment. The way it
would be worked out would be on the
ollowing lines: A Manager with a broad
edncation in Psveholoey, Economics, Statistics
and the theory of general maragement
including organisation structure, policies,
planning and controls would, when ke took
up the problem of framing a broad model,
take one aspect ol a problem at a ame and
work himsclf up so that his personality
predominates for the moment in the broad
discipline, For example, in the computation
of an incentive model, while eonsidering the
psvcholoagical aspect the Manager would
forget that he knows anything more than

Psvchiology. He would assume  for  the
moment that he has been a Psvchologist
called into the plant. He woull discuss

the question with Psychologists, thus allowing
the psychelogical aspect of his knowledge
to predominate over the other  aspects.
Similarly when he took up the economic
characteristics, he would work homself up
to assume the role of an economic survey
expert called into the plant.  But th's requires
determination and, in a lighter way, could
be thrown out as ridiculous.

‘The coming 10 a decision on the basis of
the above alternatives would depend on:
(1) the question of development in managerial
techniques already reached by the plant;
(2) the nature of the urgency nof results
needed; in other words, the extent of lag that
could be allowed between the initialion and the
results; (3) the enthusiasm for the subject
iself.



SRINAGABHUSHANA & RAMANNA 397
There are certain plants in India already @ FEncouraging existing organisations ulilising manage-
: ] g AEeh. Kt ment techniques to develop Operations Research
attemptmg to apply Operatlons_ researcn, outlook
such plants are few.; an.d even in t-hcse plants g Providing problems which would demonstrate to
the extent of application is restricted. On the differeni managements the value of operations
the basis of the above it would be most research
desivable that during the process of develop- @ Tinding funds to move this activily to success
t the followi ) R b is made to the rluring the initial stages without an expectation of
ment the following approach is made any compensation
subject : ® Cotting of one or two foreign experts to run
_ . ; programme fur the above groups, in addition to
®  Seuting up of a group of I}’]‘-‘”Ple 1”1“‘1"3_5“‘}[ 1:11, peras others that ay be interested at the ime
s aL - three places in India S : ’
Yoty tescanchyan wol oF £e B @ ‘laking up one or two problems in the public
® Co-ordinating the work of this group with the utility undertakings like T ransport and providing
already cxisting Operations Rescarch  Associations facilities for the above group in conjunction with
if any ’ the expert to provide solution ty the problems.
e

“I want my nephew to start at the bottom - so I’'m
putting him in charge of you"



On Flegance in Operations Research

David B Hertz*

The examination of elegant work is proper in the study of methodology.
Operations research is a science directed at determining certain kinds of
societal relations and developing means of deciding on courses of action

in a social environment,
its innate characteristics.

The work in the field can be examined to expose
The work described by operations researchers

is that of exploring the role of decision processes in social units, finding
relationships, describing these in terms of systems or parts thereof, which

have technological stability, developing, constructing,

experiments.

PERATIONS researchers are led to
various tempting avenues, nonce of

which scems elegant. Mathematical
hypothescs, where non-measurable quantities
are proposcd as being mathematically related,
or the converse, non-definable operators
relating measurable quantitics; minimizing
the fact that operations research deals with
social decisions; and finally, emphasis on
measuring are among such paths. It must
be recognized that inclegant work s not
necessarily wrong, uscless, Or CVern UNIMportant.
Whenn OR work is done professionally by
a good craftsman in the field who uses
imagination and avoids fetishism of method
and technique, there will occasionally
emerge that beauty which his fellow scientist
calls elegance.

At the First International Conference on
Operational Rescarch it was suggested by
Churchman, Goodeve, and others that OR
might be used to find out what was meant by
the scientific method and what was the proper

*Arthur Andersen & Co., New York, USA

and conducting

use of science and scicntific mranpower.
Sir Charles Goodeve pointed out that, since
the nincteenth century, science had been
selling itsell on the hasis of technical achieve-
ments and the method by which these were
accomplished was not being  questioned.
He added that the rise of operation: | research
once more makes the question urgent.
It scems quite proper at this Second Inter-
national Conference to examine what has
been done in published work in operations
rescarch in a critical sense and determine
whether or not we can lay bare at least some
of the characteristics of the cnterprise in
which we are commenly engaged. In
particular, I am interested in finding out
something about the methodology used in
achicving solutions to operations rescarch
problems, and cspecially methodsyhich scem
particularly appropriate to the solution of a
significant problem. Where the methods
produce results which evoke a response of
considerable admiration, for their depth,
clarvity, refinement, and perhaps zenerality,
the work itself may be called elegant. e

«1f the norm is death, you kave to be perverse to be alive... b
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An Introduction to Systems Analysis

Stanford L Optner*

Today, there is no general systems theory which has been applied to
business. In almost all institutions, business is taught much as it always
has been. It is among our most undisciplined areas of knowledge and has

exhibited slow, uninspired improvement over the last fifty years.

Our

future business managers are being taught vocational skills in the absence
of “‘think processes” which would equip them far better for reality problems.
A "think process” in this context would be 2 taol of analysis or synthesis
which would enable the competent executive to solve his problems with a
high degree of reliability. General systems theory supplies such a vehicle.

HE need for a general systems theory has
become increasingly evident. Some com-
panies are so large they are no longer

understandable in the simple, descriptive
terms of their formative vears, As a result,
corporate objectives frequently work at cross
purposcs with current policies.  The typical
executive is forced to attack his problems as
if they were an endless number of special
cases. What is needed are gencral concepts
about the nature of business operations that
would assist him to abstract the properties
of an individual problem. A tool of this
kind would make the problems of business
more accessible to the analyst,

Our expanded industrial technological
frontiers have not been reinforced by the
development of large numbers of business
trained, technically oriented personnel.
Industry needs more men who have the
combination of a good general education,
business experience in more than one field,
and supplementary training in some academic
discipline. These broadly equipped persons
would be well prepared to attack today’s

massive corporate problems, It is true that
many companies send their executives back
to school for short-term refreshers or orien-
tation in new flields. This activity un-
doubtedly increases managerial capability.
However, the absence of general theories in
business penalizes executives who would like
to find a frame of reference through which
they could do more effective problem analysis
and decision-making.

The superticially similar characteristics of
systems have naturally led rescarchers to
apply the fools of scientific disciplines in less
disciplined fields of endeavour, Sociology,
anthropology, history, economics, and politi-
cal science are arcas of study coming under
the scrutiny of specialists who have exposure
to more than one field of knowledge. These
specialists are searching for general theories
to improve the organization of knowledge
about a particular area of study. TFor a
pertinent example, my recent work in the
area of city planning? has demonstrated the
usefulness of the systems approach; reaction
to this material indicates that systems analysis
has some usefulness for professional planners.

*Consultant in Systems FEngineering and data processing, Stanford L Optner and associates; member

of the instructional = staff, Engincering Extension, University
eXposition, please read the author's book on Systems

Prentice-Hall, Ine. Englewood Clifs, NJ.

Analysis

Los Angeles. For fuiler
published by

of California at
for Business Management,

TStanford L Optner, Report on the Feasibility of Electronic Data Processing in City Planning, to the
Department of Gity Planning, City of Los Angeles, 19530,
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My effort to attack the problem of a
rencral svstems theory in the business
management ficld began in 1936 with the
development of case material for an extension
course to be oflered at the University of
California at Los Angeles. Subsequent to
this, the opportunity to test the uselulness
of a svstems appioach in business became
possible in a variety of industrial problems
which T encountered as a consultant. In
addition to providing a useful frame of
reference in complex problem areas, the
systemis approach became a powerful analytic
tool in problem identification and problem

SYSTEMS ANALYSIS

means of understanding and applying the
fundamentals of systems analvsis in the
business environment.

In a relatively few vears, computers have
caused a major revelution in data processing.
Wherever data is to be processed, svstems
analysis becomes a major consideration,
After the first rush of electronic dizziness, it
has become evident that the ecffective design
of systermns is still the fundamental require-
ment of successful computer applications.
Computers have had a special impact on the
growth characteristics ol industry, The use
of electronics has tended to force companies

solving. It has, however, to be confessed  towards ceniralization of data processing,
that we have only begun to explore the although decentralization is taking place in
possibilitics of a general systems theory for  manufacturing, engincering and mdrl\etmg
business. We have vet to evolve a practical  areas.

——————

PRODUCTIVITY AT HOME!



Operational Research

RS Varma*

Operational Research is today recognized as an Applied Science con-
<cerned with a Jarge number of diverse human activities. To he Precise, an
operation uses some valuable resources like men, money, machines, time,
effort, etc. The outcome of the operation has also some value, An Opera-
tional Research worker is required (i} to minimise the input value for a
specific output, or/and (ii) to maxzimise the output value for a specific input
or and (i) to maximise some function of these values, for example, the
profit function (difference between output and input values) or return-on-

investment function (ratio of output and input values},

UITE a large number of definitions of
Operational Research have been given
from time to time. The latest T have

come across mav he quoted here :

“Operational Research is the attack of modern
"Science on Complex Problems arising in the direction
and maragement of large systems of men, machines,
materials and mowvey in industry, business, govern-
ment and defence. The distinctive approach is to
-develop 2 scientific model of the system, incorporating
-‘measurements of factors such as chance and risk, with
which to predict and compare the outcomes of alter-
nate decisions, strategics or controls. The purpose
is to help Management determine its policy and
-actions scientifically.”

In fact, Operations Research has to deal
with the interplay of various sciences like
Physics, Chemistry, Mathematics, Biology,
Statsstics, Engineering, also Lconomics and
the other social sciences. It cannot, there-
fore, be called an organized body of
knowledge in the same sense as any of the
subjects mentioned above. Operations Re-
Search has to measure @ complex process in a
dynamic state and accordingly a person making
observations mayv change his usual methods
and zlso his rate of working, Here we are
reminded o Heisenberg’s  Uncertainty

*Professor & Head of the Department of Mathe-
matics & Statisties, University of Delhi.

+September 1962 Tssue of the Operational Rescarch
‘Quarterly (London).

t1ltalics ours.

Principle: “when an Electron is observed,
the action of the observing instruments themselves
wlerferes with the behaviour under obsercation”.$
It is preferable, therefore, to take into account
indirect measurements of fact; hence the
use of Mathematical & Statistical techniques
affords a most powerful and efficient method
for tackling problems of Operational Re-
search.

Operational Research had its birth in a
military context and, undoubtediy, it plays an
important role in military problems, both in peace
time and during war. Apart from this, it
has to face the problems of industry and
management. However, Operational Re-
scarch has today to meet the ever-growing
needs of various human activities. The
exploration of space may present still more
complicated human requirements.

In India, a major Operational Research effort
is needed in the field of education—primary,
secondary and university. We are likely
to get a good dividend, if some scientists
who know the ABC of Operational Research
are asked to devote themsclves exclusively
to each of these aspects. The work on these
lines mav probably throw licht on the vexed
prablem of the wastage of scienlists in the country.
Sgalw, there is the necessity of developing
and promoting industrial acceptance of
Operational Research. In fact, we should
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have a unit of Operationsl Research in every
major factory and industrial concern in
India. Finally a matter of national impor-
tance and urgency today is the study of
Operations Rescarch in civil defence.

Any complex systemn has always a certain
number of paramcters which determine the
system. These parameters may not be
accurately known and hence we have to
estimate them by probabilistic considerations.
It is well-known that all processes in business
involve uncertainty. Statistical —methods
are, therefore, widely used in Operational
Rescarch. This does not, however, mean
that every Operational Research problem
involves the usc of Statistics. Linear Pro-
gramming is mostly a deterministic  technique.
Stochastic processes have recently been of
very great use in Operational Research.

We mav, perhaps, say that Science, Enginser-
ing & Economics double in about seven to eight
years’ time. With this tremendous growth
in these basic suljects, Operations Rescarch,
dealing with the intcraction: of these, has
naturally to extend its frontiers of appli-
cability to meet the growing complexity of
human activitiecs. I will here quote some
examples {rom the Science of Mathematics.
There is 2an urgency to have a deeper under-
standing of communication and decision
through human organization and this brings
us to the important branch of Mathematics
or Operational Rescarch, namely “Infor-
mation Theory”. Il we go a step further,
we come to Cybernetics, whichis the “Science
of Control and Communication in the animal
and machine”. All forms of behaviour in
so far as they are regular or delerminate or
reproductive come within the orbit of
Cybernetics. To enable us to have models

OPERATIONAL RESEARCH

for the analysis and synthesis of many
complex man-machine systems, Automata
theory and the language of automata are
necessary. Linear graphs and other topological
methods as also combinatorial Algebra are being
increasingly used in scheduling and programming
situations. Today, the demand for better
computational methods for solving problems
on computing machines has tremendously
increased the field of numerical analysis.
Many problems connccted with circuits,
allocation, etc. can be represented in terms
of Boolian Algebra,  Servomechanism theory
and differential equations serve as a model
of a more precise and uscful representations
of management concepts. Although, a good
deal of work has been done on each of the
above topics in Mathematics or Operations
Research, still there is the necessity of very
intensive study if we want to come to a stage
of development for quick management
applications.

How are then we to meet our require-
ments ?  The first and foremost task 1s the
training of suitable persons in Operational
Research.  Attributes like ability to work
with people, ability and willingness to make
decisions, the development of irtegrity and
a sense of responsibility for the profession
chosen, have to be developed. The Case
Institute of Technology, Cleveland, Ohio,
has given a good lead in this task. Besides
the venture at other places in India, Mathe-
matics of Operational Research is now being
taught at the M.A/MLSc. stage in the
Department of Mathematics & Statistics of
the Delhi University. Also quite a large
number of teachers and students are currently
engaged in basic research in this important
branch of Applied Science.

What we think we see — both in people and in things — is often only am

assumption.. ..



Fraud & Operations Research

ITH the aim of applving a mathematical method to the problem of fraud prevention,

a very straightforward approach has been adopted : during a given interval of time

the administration and its customers are likened to two players; the customers have

a probability p of being checked and the administration a probability ¢ of being faced with
a fraudulent person; tie unit cost of checking is a constaut ¢, the sum risked is x, and if the
fraud is discovered, the penalty is 7, a function of x {mare particularly y will be & times x,

5

h being a parameter).
If one takes into account the finite reaction time of the playvers, one is led to alternate
‘massive’ controls and ‘light” controls {in order to keep both fraud and the cost of controls

within reasonable limits) and to define an intermediate optimum. This supposes that the

effect of controls on fraud is an adequate Markov process. -
On the whole it appears that anti-fraud measures do not derive from the various
sampling theories, but from much more recent theories of operational research, o

SAFETY —‘
FIRST
P,

“1I don’t know why I hired you in the first
place, Edwards ! — you’re all thpmbs !”
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Operations Research

HC Arora*

OR is a modern approach to decision.making.

It is difficult to say

when OR actually began but its central concept was developed during

World War 11,

Since then OR studies in every sphere of human activity

e.g. business, industry, social sciences etc. have made great strides in the
industrially advanced countries during the last two decades.

R both as a concept and as an approach
has been demed in narrow as well as
brroad terms. OR 1s the artack of mod-

ernscience on complex problems in the direc-
tion and managemaent of large svstems of men,
machines, materials and money m mdustry,
business, zovernment =nd defence. The
distinctive approach is to develop o scientific
model of e svetem, Incorporating measure-
ments of factors sueh as chance and risk,
with a view to predict ond to compare the
outcomes of alternative decisions, strategies
or centrols,  The purpose is to help manage-
ment determine 1ts policy  and  actions
scientifieally.

OR is neither some form of black magic
nor & panacca for management problems,

nor is it intended to replace the battery of

tools: accounting, econometrics, marketing
research, O & M, quality control, scientific
management, svstems or industrial engineer-
ing, statistics, work study and the ike. OR
can me:n many things to manv pcople.
There arc many commen but not fully valid
impressions about OR.

It is concerned with an essentially practical
aim : optimising the performance of a system
regarded as given for the purpose of the
problem. 1t is onlv a scientific appreach
for making better decisions. It is prescrip-
tive, not descriptive, It prepares for action.

*Statistician, Indian Institute of Public Adminis-
wation, New Delhi

Some distinguishing characteristics of OR
arc stressed such as: use of a team, rigorous
training as a pure scientist, lgnorzuce about
a problem; study of operations as a whole
and building a model.

Some OR methods have proved to be
very uscful because they have provided re-
warding results at rcasonable costs while
others are still in development stage.  These
methods have two fundamental points in
common ; their ulttmate goal anc the basic
pattern they follow, The ultimate goal of
OR is to measure the relative worth of alter-
natives on the basis of accurate est/mates and
to provide the executive with a razional basis
for mukineg  decisions with  precise  data,
rather than on the basis of intufion, OR
does this by providing the tools by which
several alternatives may he testzd and by
using models {mathematical ete.. for deter-
mining the most desirahle alternative, OR -
uses special procedures designzd to  be
cffective for the class of problems by which
it is cemfronted.  Its basic patter is divided
into the following six phases:

{17 formulating the
objectives

problem and defining ihe

{ii) constructing a model (mathemetical ete.) to
represent the system under study

i)

{iv}

deriving a solution from the model

testing the model and the solution derived there-
from

(v} establishing control over the sclution

{vi) putting the solution to work : implementation
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Important techniques include: linear or
non-linear programming, resource allocation
madels, waiting or queueing and sequencing
maodels, systems theory, replacement theory,
game theory, and competitive models, inven-
tory models, simulation and Alonte-Carlo
techniques and information theory,

The model of the business as a svstem is
oricuted to thinking in terms of inputs,
process and outputs.  This perception ol the
business often lcads to a better grasp of the
most eflective combination of inputs (o
achieve desired outputs, the organisationa!

processes involved and the functioning of

the whele ecnterprise as an entity at its
optimum level of perfornuince,

An operations researcher not only studies
the whole of a problem but tries to under-
stand how the specific problem fits into the
larger background. OR people are scientists,
not cxperts.  Particularly useful in OR is a
man wheo is broad rather than deep, who is
competent in one or more specialties (like
mathematics, statistics ete.}  but  whose
interest transcends his own specialisation and
whao likes to combine different ideas to form
the sort of synthesis that approximates any
situation n the real world. What is required
is an enquiring mind with the ability to
detach itself from the problem and to under-
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stand the interactions of different kinds of
factors and information.

Applications of OR are largely successful
when  dealing with  problems  involving
certiinties or repetitive processes.  OR can
deal with lesssuccess with uncertainties e.g.,
problems involving human molivation or
behaviour. The myor objective of OR is
to improve manacement decision-making,
OR can assist the cxeoutives 1o correct a
troublesome  function  or to make an
operation more cfiective or to communicate
to others the reasous why operations are
running well and even for considering inno-
vations, Tt should be evident Lhat operations
rescarcher with his guantitative tools will
not replace the executive as a decision-mnker,
Execcutives wili still shoulder full responsibility
for making decisions. Through OR, they
will be afforded the comlort of more pertinent
scientific information.  In special situations,
it does offer valuable assistance to decision-
making, by analysis of the problem, develop-
ment and comparison of alternative solutions,
It is often passible to surzgest modes of decision
which are demonstrably superior o the
intuitive method.

Although OR is still a relatively young
discipline, loosely defined, sometimes vaguely
practised, and generazlly hard for a layman
to comprehend, its future appears bright.

“....0ne expects that the Emergency will help strengthen the Administration,
sharpen its tools and malce it more capable of working to schedules and produc-

ing results in tdme....”

(Tarlok Singh—“Yojana®}



The Assembly Line Problem

Kilbridge* & Westert

HE assemlly line problem comprises two scparate sub-problems: (a) the ‘cycle-time
problem’, and (&) the ‘line-balancing problem’.

The cvcle-time problem is to choose the optimum extent to which the assembly task
should be broken down. This is done, to a first approximation, by minimizing the total
of four cost factors: {(a) learning cost; (6] handling-time cost; (¢) balance-delay cost; and
{d) quality-loss cost.  The costs of learning and quality-loss favour shortening the cycle-time,
while the costs of handling and balance delay favour lengthening the cycle-time.

The balancing problem is to apportion the work among the stations of the line as
compactly as possible, while considering the restrictions on the order in which work elements
may be performed, and without exceeding the chosen cyvele-time at any station. Three
kinds of ordering restrictions are considered: (a) restrictions on the ordering of compo-
nents; (b) fixed facilities restrictions; and {¢) restrictions of position. Such restrictions inter-
fere with the commutability of work elements and increase the difficulty of attainirg opti-
mum line balance,

We have worked out a general theory of progressive assembly, suggesting a method
of solving the cvcle-time problem and presenting an heuristic technique for calculating
optimum line balance. The standard technique of assembly in the flow production of
manufactured items is the conveyorised line. Operatives are stationed along the ‘ine, on
which moves the frame of the product being assembled. The total assembly job is broken
down into elements of work and assigned to the various stations of the line. As the product
progresses down the line each operative adds to it his share of the work. The technique is
called ‘progressive assembly’.

Determining the optimum assembly solution, that is, setting up a line for the least-
cost systemn of assembly, is the ‘assembly-line problem’. Tt comprises two separzte sub-
problems which must be solved sequentially:  (a) the ‘cycle-time problem’; and 4} the
‘Itne-balancing problemy’.  ‘I'he cycle-time problem is that of choosing the optimum. extent
1o which the total assemDbly task should be broken down. The balancing problem is to
apportion the work elements among the stations of the line as compactly as possible, while
considering the restrictions on the order in which work elements may be perform:d, and
without exceeding the chosen cycle-time at any station.

*Universizv of Chicago, Chicago, Illinois, USA,
1t Armour Research Foundation, Chicago, Llineis, USA,

——rr— i —————
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Operations Research

SBS Sharma*

During the last 30 to 40 years, scientific developments regarding human
organisations and systems have taken great strides. We take human systems
here as that of man-machine organisations invented and established by one

individual or a group of them.
independent self-growing entities,

These man-machine systems are not
They are linked in various ways to the

economic and cultural climates of a country, nation or society. Many
current problems that have now raised their head are due to this interaction

of men, machines and environments,

URING the Second World War, prob-
lems of War strategy and logistics
posed formidable questions to Generals

and War veterans. These men of war—practi-
cal and quick-acting—are no doubt soaked in
the science and art of warfare. Even for
these men, the immensity and complexity
of the total system of men, machines, money
and materials was simply over-whelming.
"1n.y followed methods based on their
experience and intelligence. No doubt,
better and better ammunition, missiles,
transport, bombers and several other scienti-
fic products were at their disposal. With
all that, the best of war brains failed to solve
effectively many preblems that stared at
them.

At this stage came in the famous Blackeit
Circus of the British War Admiralty.  Prof.
PMS Blackett—the famous Nobel Laureate
Physicist—was called n to solve some major
war field problems, perhaps to the dismay of
many a ‘Practical Genius’: ““What a scientist
capable of only lahoratory experimentation
and dialetics of theoretical interpretation
can do with a specific clear cut praciical war
problem ?”  However, Prof. Blackett orga-
nised a team of scientists consisting of men
from different disciplines like  Physics,
Mathematics, Statistics and Social Sciences.

*Indian Telephone Industries, Bangalore.
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They successfully tackled many of  the
operational problems of the War, and put
forward alternative solutions to the execu-
tives of the War Bureau. Mr. AP Rowe of
the Air Ministry Research Station in UK
christened this work as Operational Research.

After the war, OR moved on te industrial
circles to tackle problems in the different
fields in industry from Marketing to Indus-
trial Location. OR however stands on a
different plane altogether when compared
with the other techniques. The main
difference between OR and other industrial
techniques is two-fold: (i) The ‘Wholistic’
approach and (ii) The ‘team’ approach. The
idea is to view the Company or Industry
as a whole. OR function requires: crossing
out departmental authorities; wvaried collec-
tion of data; rights and powers to go deep
mto problems, perhaps challenging previous
decisions; and takes time to study, interpret
and formulate. For ali these, powerful
management backing, sustained interest and

(nR]
a lively team are necessary.

There are certain misconceptions that OR
studies, methods and problems are terribly
complicated and highly mathematical and
that ordinary people cannot take up problems
of this type and only outstanding scientists
can do it. There is also a confusion of
thinking as to the types of problems that
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could come under OR banner. Leaving
alone the classical developments, the history,
and the methodology, it can be seen that in
industrial conditions, many problems in
which certain novel and unorthodox thinking
are put to use, can be considercd to be
coming under OR, for example, industrial
experimentation with statistical methodo-
logy. One more point is the implication of
the words Operations Research. Perhaps these
particular words may be unfortunate for
orthodox scientists to call this as Science but
it sounds well for industrial men, From
operation warfare to machine shop operations
of milling aud turning, all are operations.
Opcration means action, working, financial
transaction, picce of  surgery, strategic
manoeuvre: and Research means search,
inquiry, endecavour to discover facts by study
or investigation., Looked in these ways,
OR is nothing but applied research as diflerent
from pure resecarch.  Many of the day-to-day
investigational work in Industries is in the
shade of OR. But then, OR lecomes too
diluted to become a Science. It becomes
frivolous ; hence the idea of a structure of
a Science with its own thcories, hypothesis,
and models. OR  in other words gives
theorctical foundation to investigational work
which cnlists the help ofall other sciences like
Economics, Engincering,  Mathematics,
Physics, Statistics, ete. It has a macro-cosmic
approack o problems instead of a restricted
NAarrow, mMicroscopic view.

The great benefit of OR development in
present day is the fact that it provides a
good antidote to modern craze for speciali-
sation. It is ridiculous to think of an ail-
ment in any part as enfirely due to that part

OPERATIONS RESEARCH

only. Hence, a capable investigator (for
that matter, Research worker) looks at the
complaint of part trouble both from the
point of view of the part and also the complete
body.  Approaches like Work Study, Statisti-
cal Quality Control, Production Planning
and Control, Cost Control, Production
Design, Tool Design, Market Research etc.
look at problems from the departmental
point of view but OR brings them all tocether
znd tackles problems from the Company or
body point of view.

One more important impact on industrial
circles due to OR is the leverage given o
scientific and theorctical sophistication,  Indus-
trics in India are far isolated from universities
and research institutions. It is high time
that a liaison is established between institu-
tions of learning and research and industries.
For this to gain momentum, OR is the frst step.

OR is a very fine tool but its actual usage
depends upon the needs of the circumstances,
Where problems can be tackled by intelli-
gence, experience and commonscrse these
sharp tools may be superflucus, Only when
we find that the usual means are not able to
solve our problems, we go in for advanced
sophisticated techniques. In Indian condi-
tions, industrial problems are to be thorough-
ly analysed with correct facts and figures, and
then in many cases straightforward thinking
with commensense, will lead to solutions.
Techniques like Quality Contrcl, Work
Study and Scientific Management are to he
ingrained deep into our industrial systems
and organisations, before we get on to OR
activities. However, we have to keep an
open mind to these new innovations.

#Creating industrial relations which work, requires
as much skill as creating a car that sells,..*




Production Rate Variations and Forecast Errors

Douglas A Bly*

Y repreated simulation of a manufacturing svstem responding to random demands and
operating upon forecasts of thesc demands, the author has in a fuiler papert publish-
cd eslewhere evaluated the combined clfects of management policies regarding

objective inventories, production periods, and restriction on the alteration of production
rates,  The results of the simulation were worked out in terms of average inventories, inven-
tory failurcs, and deviation of production rates for a total of seventy-two combinations of
policies and forecast errors.  From the resalts of these repetitive simulations it was possible’
to observe how the improvement of forecasts would reduce the costs of operating the system
and provide some insight into how varlous combinations of policies would effect the total
system.,

Since exact demands are seldom known very far in advance, most companies find it
necessary 1o carry an inventory of finished goods, The control of inventories in the retail-
ing and wholesaling ficlds and in raw material for manufacturing organizations is rather
thoroughly described in the literature available today.  The processor of raw material into
another form for resale has a somewhat more complex problem than any of the others men-
tioned, since he must not only balance the cost of carrying inventory against the penalty cost
associated with the failure to have goods available but must alse include the cost of altering
the production rate to match consumption. If the manufactured line is broad and the
labour and equipment versatile, then no additional cost may be enountered if' the reduction
of the production rate of one item can be matched to an increasing rate  of another item.
The extent of the flexibility available is a measure of the importance of this factor.

With these factors in mind, we have simulated the operation of a manufacturing system
which plans production on forecasts of future demands, modified by the current inventory
position.  Qur simulated system operated under a varicty of conditicns, some controllable,
such as inventory policy, length of the production cycle and restrictive changes on the altera-
tion of production rates, all hasically expressions of management policies. Other condi-
tions, such as the accuracy of forecasts, are partially controllable, and still other conditions,
such as the arrival of demands, are completely uncontrollable. By simulating the operation
under a considerable variety of combinations, we were able to observe the influence of policy
decisions and, although cost evaluations were not attempted, some economic implications
could probably be gencralized.

*Texas Instruments Incorporated, Dallas, Texas, TSA,
$Paper read at the Second International Conference on Operational Rescarch in France 1960.

—— e r—

“I'm so toxic that the flowers wither when I go into the garden.”
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ig automobile garage or small workshop, the
new Saffire blowpipe is ideal for welding

light gauge sheet metal. its low weight of 283. 50

grams
aluminium shank lessen operator fatigue in repeti-

tive work.

Gas valves of advanced design and six sizes of
copper welding nozzles ensure sensitive flame
control and peak performance throughout the

we

(10 o©zs) and the easy-to-grip fluted

The forward mounted gas controls and
light weight mixer all contribute to
give trouble-free performance over 2
long safe life.

Iding range of mild steel—from "914 mm.

{20 s.w.g.) to 476 mm. {3'16”) thickness. INDIAN OXYGEN LIMITED
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@METTUR DAM, MADRAS @

For hot dip galvanizing of M.S. Angles, Plates, Trans-
mission line towers, Telegraph Posts, pipes, Buckets etc.,
and for fabrication of trusses lor building works, out
door structurals, tanks etc.

GOVT. CERAMIC CENTRE, VRIDHACHALAM
@ MADRAS STATE @

For supply of processed raw materials glazes, colours etc.,
and high quality sanitary ware like wash basins, urinals,
water closets and artistic crockery and decoration ware.

TANNING AND FINISHING UNIT
VINNAMANGALAM (VIA) AMBUR
—g NORTH ARCOT DISTT. @

Servicing facilities to private tanners for the manufacture
of all kinds of leather at different stages also for cold
storage.

ELECTRICAL GOODS UNIT,
INDUSTRIAL ESTATE, GUINDY,
® MADRAS @

For Superior quality copper wires, Super enamelled,
cotton covered insulated and bare copper wires.

GOVERNMENT LOCK UNIT
DINDIGUL @

Supply of pressed components for lock Industry and
supply of D’Lok for Durability appearance and Security.

Please contact
THE SUPERINTENDENTS OF RESPECTIVE UNITS

Issued by

THE DEPARTMENT OF INDUSTRIES AND COMMERCE
GOVERNMENT OF MADRAS



A Company in Trouble

Kenneth C Jasper*

ANY small and medium size companics
M in this eountry often find themselves in

a precarious position. A manufacturer
of Metal Consumer Goods in Northern India
was in this unfortunate position : high sales
activity but ne profit. Matters reached a
stage where a meeting of the Beard of
Directors had to he called to decide whether
the operation should be continucd. The
‘Managing Dircctor was, however, anxious
not only to continue the operation but to
change it over to a profitable basis, if possible,
He, therefore, sought out the services of an
NPC Management Enginecr, who made a
survey of the plant and its operations and
submitted a report, outlining his recommen-
dations for bringing the company on to an
-efficient and profitable basis. The survey
revealed the absence of several basic manage-
ment practices necessary for the efficient
operation of a Manufacturing Plant. Among
these, the most damaging were found to be:

1. Management Shortcomings: The
top management not only lacked technical
knowledge but there was total absence of
known management objectives. The princi-
pal cause of the low morale was the free and
somewhat” autocratic criticism which top
management personnel levelled at the factory
engineering and supervisory stafl.  Often
the criticism was baseless or unwarranted
arising out of the lack of knowledge of what
was involved or required in the production
operation. The top management openiv
cxpressed lack of confidence in the factorv
management stafl and actually interfered
with the manufacturing operations through

*Senior Management Consultant,
attached to NPCG

George Fry ‘l'eam

direct orders to junior factory stafl’ and
even to the workers, in a manner that was
counter to the direction in which the factory
Production Team was heading,

2. Costs & Expense Distribution:
The top management lacked eclementary
knowledee of the principles of cost
and budgetary control. Factory accounts
were burdencd with items of expenditure
which normally should not have heen
chargeable to the factory, This practice
resulted in an abnormal burden or overhead
rate far bevond that considered normal for
the industry and the field in which the
product had to compete. Morcover the
burden rate was [ound to be excessive for the
volume of product being produced.

3. Process Planning: Wher the
operations started some four vears ago the
product was copied from an existing product.
Not then, nor at any time since, has manage-
ment seen the necessity of preparing dotailed
drawings of the individual parts with the
manufacturing tolerances and specifications
spelt out for future reference, direction to the
shop, or control of product cost and guality.

The absence of processing or operational
sheets was also noted. Hence a preat
variation in methods, speeds and feeds as
well as machine routing was apparent. This
resulted in varying production rates in
sclective assembly as well as widely Auctuat-
ing costs,

4. Toeoling: The survey revecled a
complete lack of understanding of the
principles of interchangeability in manu-
tacture. The tools, jigs and fixtures so
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necessary to maintain a high level of effi-
ciency and machine utilisation were also
missing. Due to absence of drawings, very
few dimensions were closely held and
selective or individually fitted assembly was
the order of the day.

5. Production Control: Under the
operating conditions observed there was no
realistic method of production planning and
control. Hence, much time was lost due
to short runs, changes, jobs started without
enough stock to fill the order, ctc.

6. Work Study—Methods Study: The
time requited to do each operation was
not known, so production ratcs varied greatly
from day to dav, as did the unit cost. The
method was left to the operator, who often
varied the sequence, depth of cut, rate of
feed and handling from picce to piece,

The solution to these manifold problems
lay in management becoming truly managers and
using Scientific Management Tools. This
Survey resulted in these specific recommens-
dations:

1. Management Shortcomings:

(a} Management must display confidence
in the staff’ they have selected by
defining the responsibilitics and the
authority Jlecessary to carry out their
responsibilities.  If the present staff
cannot be given this confidence then
Management has the responsibility
of replacing them with persons in
whom Management can have confi-
dence or of training them to perform
as required.

{b) Top Management's responsibility to
the plant function includes the
development of a sound, forward
thinking plan of operation with
known production forecasts, sche-
dules, quotas, objectives and realistic
target dates for their accomplish-
ment. In developing such a pro-
gramme for production, the Plant
Manager and his stafl must be a
party too and an integral part of
the programme,
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{c} Periodic follow-up by Management
and reports by the Plant Manager to
Top Management must be made to
determine progress, as well as problem
areas. 'The follow-up and reporting,
to be worthwhile, must be on the
basis of measured factual data, not
on assumption or conjecture, to be
worthwhile.

2. Cost Determination: 'The estab-
lishment of a standard cost svstem and
operating budget will do much toward
sctting up a true picture of the efficiency of
the factory operations and get a factual
measure of the performance of the plant
management staff. At the same time the
exact cost of the product will be known,
Obviously the standards to be worthwhile
must be measures and not set by comparison
with past performance or some other variable
or intangible data,

It is equally desirable that the Head Office
operations should and can be included in
the budget plan to give the Board an equally
effective  factual check on the overall
operation,

3. Process Planning: An effective
system of process planning must be imple-
mented at once and made the full time res-
ponsibility of a trained Engineer who will
direct, supervise and prepare

{(a) Detailed Engineering drawings of
each part giving (1) Dimensions
(2) Tolerances (3) Finishes (4)
Materials (3) Special information,

(b} Operational, process, route sheets for
each part giving (1) Operational
sequence  (2) Operational instruc-
tions (3) Machine to be used (4)
Tools, jigs, fixtures, both standard
and special (3) Feeds and speeds
(6) Inspection gauges (7) Set up
time (8) Production time in hours
per 100 pieces per operation (9)
Special information,

4. Tooling: Design and build the jigs,
fixtures, cutting tools and inspection gauging
specfiied by the process planner, To achieve
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first : interchangeability; second:
machine utilization and efliciency.

greater

To arrange for tool maintenance, sharpen-
ing, etc. to be performed by (1) one Tool
Grinder instead of by each operator. Tools
will be ground to drawing specifications to
assure repeated maximum performance.

5. Production Control: Design a sys-
tem of production planning and control
which will provide wviszal production control,
scheduling and machine loading. The system
must be designed to utilize as its basis the
operational route sheets, management pro-
duction forecasts, and provide a basis for
inventory control to meet management’s
objectives at a minimum cost.

6. Work Study—Methods Study: The
development of measured production stan-

A COMPANY IN TROUBLE

dards and efficient methods of work is a full-
time responsibility. Hence this function
should be assigned at once. Thz entire
effectiveness of efficient management rests
on this fact finding, data gathering, standards
developing techniques. Future successful
incentive development and apolication
depends entirely on this function.

A sample project applying the principles
of methods study, time studv, process
planning and tooling as recommended reveal-
ed a productivity increase of 2452, and a
reduction in cost of 609%, to be possible.
This would, when applied, turn a loss
operation into a profitable one; especially
when the additional reductions in cost and
overhead arc realised through full imple-
mentation of these management tools.

PRODUCTIVITY ! .
Every Fourth Child born in the World is Chinese !

“How many children have yon ?**

asked the census taker.

“I’ve got three,”

said the citizen. “And that’s all there will ever be.” “What makes you so positive?”

asked the visitor.

“I’Il tell you why there won’t never be but three,”’ said the

man, “It's wrote down in this here book I’m readin’ that every fourth child born

in the world is Chinese.”
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Increase in Productivity

The National Productivity Council has during the last five years of its existence
—the 6th year began on 12 February 1963—done a very large amount of project
work as an integral part of its training programmes. These projects involve a good
deal of rationalisation, simplification and systematization of Production Operations:
the very substantial increase in Productivity thus accomplished has, however, seldom
been publicised. This lack of publicity has two disadvantages that people seldom
come to know of the large volume of ground level work that the NPC has been doing.
Secondly, industrial establishments do not come to know of the very large possibility
of increasing Productivity by small and relatively inexpensive readjustments brought
about on a common sense basis in the working of industrial concerns. Here we have
brought together in summary form some of the projects which the NPC did through
its Regional Dircciorate at Bombay as an integral part of INDUSTRIAL ENGINEERING
IN-PLANT TRAINING PROGRAMME, The course was conducted by Mr RJ Williams,
US-Aid (George Fry) expert attached to NPC and Sri MN Unni Nayar and
8ri HA Jhangiani who werc)ssociated with Mr Williams in conducting the course.

Electronic Equipment

A VARIETY OF clectronic equipment is produced for use in the field of atomic energy.
Production has increased ten-fold during the past five years, creating a need for
placing the production operations on a more systematic basis. Several projects
were undertaken with this end in view, at the Electronics Division of a public sector
establishment,

1.

2.

A modified design has been made to simplify the fabrication and assembly of
a geiger tube stand. Implementation has resulted in a saving of 50 percent
in material cost and 50 percent in assembly time,

The mechanical design of a scintillation head was analyzed with a view toward
simplifying its fabrication. A new design has been wused, resulting in a
reduction in fabrication time of 50 percent together with a 25 percent
reduction in material cost. Other recommendations, to be implemented,
will reduce the material cost by an additional 45 percent.

At the present time instruments produced are intended to be ‘self contained’
units, each operating directly from the mains. However, with increased
cquipment demands from colleges and medical institutions, the need for
standardization of units, eclimination of unnecessary duplicate components,
and for a smaller, cheaper unit became apparent. Using the techniques of
methods study as a guide for designing an improved unit, a more simple and
compact gamma ray spectrameter was drawn up, built, and tested satisfactorily.
It was determined that the cost of the improved unit can be reduced by
20 percent or Rs. 2,000 cach. Annual savings on this unit are determined to
be Rs. 1,50,000.

In the rapid growth of the clectronics production division, no systematic paper-
work procedure has been designed. A study is currently under way to simplify,
clarify and otherwise develop the necessary procedures to operate the organi-
sation effectively.
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Toiletries

AN O ML, in its toiletries section, produced, amonrg other things, hair oils, shampoo,
liquid soap, and glycerine. It was desirous of increasing the production by approximately
100 percent. Production capacity was available, but the bottleneck was in the filing and
packing of the toiletries. Considerable back-tracking and otherwise excessive handling and
delay existed. A revised layout, minimizing the handling was prepared, some operations
were found unnecessary and were thus eliminated. The improved operations will permit
the proposed 100 percent increase in production. Only minor alterations are necessary,
and no major capital expenditure is required.

Dye-stuffs

A stonY was made of the high wastage in a chemical plant producing textile dye-
stuffs. While it was possible to salvage a large portion of each defective batch, it was felt
desirable to find the reasons for spoilage and to climinate these causes as far as possible.
It was determined that a lack of process control was the primary factor. Recommerdations
were made and are being implemented which will lead to a decrease in the loss by an amount
of Rs. 1,80,000 annually,

Humidifiers

A Licur Excrxeering Company manufactures a line of humidifiers and axial fow fans.
Two types of humidifiers were found to account for 68 percent of the production; and
improvements were thercfore sought in the manufacture of these items.  Recommendations
were made, and subsequently implemented, to provide a suitable work-place lavout for
assembly operations, to provide certain jigs and fixtures, and to simplify many operations,
Savings at the rate of Rs. 10,750 annually are being realized.

A machine was designed and built to file the grid tecth on the humidificr. The filing
operation was both a bottleneck operation and one in which it was difficult to maintain
persistent quality., The new machine, buile in the company workshop and chieflv from
scrap materials, does the filing at four times the previous rate. Annual net saving for the
machine is Rs, 8,400. Four additional machines are now being fabricated.

Paper Conversion

A ML converting waste paper to a varicty of finished papers was desirous of ircreasing
production by 100 percent in order to meet market demands. Three major problems
existed, and these were studied as a part of the course project work. The trouble spots
were

1. Handling of raw materials
2. Handling of finished goods

3. Lack of a coordinated scheduling and control programme for production,

After a careful study of materials handling at both the raw material and finished goods
ends, recommendations were made for the use of simple handling equipment to ensure a
smooth and timely flow of materials at double the present rate. In addition, averages of
Rs. 10,400 annually at the raw material end, and Rs. 900 annually at finished goods end
were cffected.  The recommendations are being implemented,



RAILWAY WAGONS 347

Due to a lack of adequate coordination hetween sales, production and maintenance
the full capability of the plant’s production equipment could not be realized. Irregular
production was the result of both inadecuate long range sales planning as well as inadequate
maintenance scheduling. Deliveries were frequently late. A production planning and
control system was devised which would provide the necessary coordination as well as
exercise control over the progress of production. Detailed results are not yet available,
but within the past two months production has increased and late deliveries reduced. It
Is also anticipated that savings will be effected on raw material procurement due to more
careful planning.

Pharmaceuticals

A Puaramaceurical Company manufactures a variety of pharmaceutical specialties.
Two liquid tonics constitute about 60 percent of the total production.  Since they contain
alcohol, they are manufactured, bottled, and cartoned under the direct control of the
State Excise and Prohibition Department. Repeated additions of new manufacturing
equipment in the Bonded Laboratory have made that area an extremely congested section
of the works. The sales godown was likewise ecrowded and there was an excessive amount
of handling noted. Sales were running 20 percent over the previous year,

A study was undertaken to evolve improved handling and storage of finished goods.
Recommendations have been made to handle the finished bottles in groups of ten rather
than singly, to improve the trolley design for greater capacity, to revamp the storage
shelving arrangement, to improve the mode of packing for shipping, and to re-layout the
sales godown.  Most of these recommendations have been implemented.  Savings of the first
year are estimated to be Rs. 1,153,000 with greater savings thereafter.

Railway Wagons

A Ramway Wagons Manufacturing Company, employing approximately 500
emplovees, has gradually grown up in quarters which formerly housed a woodworking
manufacturing concern.  As additional items of equipment were procured they were set up
in whatever space was available, and as a result the lavout has become rather ineflective.
Production costs arc high.

Some iterns of equipment have been rearranged. Stocking racks for materials have
been located ncar some machines. A monorail and trolley track have been installed to
facilitate handling heavy channel members.  Net annual savings due to an improved lavout and
better handling amount fo Rs. 42,000,

A number of method changes have been made.  Punches and dies have been  substi-
tuted for individual drilling operations wherever possible. A required angle section could
not be made from standard stock, but had to be cut, marked, gas cut, chlpped ground,
and drilled. It is now made from flat stock which is punched {8 holes) and cut to length
in one operation, and then bent to the correct angle on a hydraulic press. An improved
welding sequence has been developed for welding brake beams. The annual savings on
such methed changes already implemented amount to Rs, 58,000,

Nationalized Transport

THE Central Workshop of a State Transport Svstem is responsible for furnishing to its
divisions an adequate number of repair assemblies.  The supply position for some assemblis
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has been gradually deteriorating, A study was undertaken to determine ways to increase
the output of electrical assemblies, particularly starters and dynamos. Methods improve-
ments in the reconditioning of starters and dynameos were made with the following results:
1. The four months backlog of starters and dynamos awaiting repair has been eliminated,
2. The rate of output has been increased by 30 percent. Field coil rewinding has been in-
ereased by 500 percent, permitting the workshop to assist other transport systems. 3. Recom-
mendations have been made for improved maintenance procedures at the division level to
extend the life of starters and dynameos and thus reduce the reconditioning requirements.

Structural Steel Fabrication

A StrUcTURAL Steel Fabrication Company fabricates a wvariety of structural steel
units in two main shops, a light fabrication shop and a heavy fabrication shop. In the
former it was desirable to provide for an immediate increase in capacity of 33 percent with
a minimum of expense for additional equipment. 1t was further desired to provide for a
subsequent expansion programme with a 230 percent increase over the present capacity.
This expansion is to take place over the next 4 to 5 years,

A rearrangement of existing cquipment was recommended which reduced handling,
reduced delays, and provided for casier operations. The new layout will not enly provide
for the 33 percent increase, but also provides savings of Rs. 39,300 per year. A lavout, to-
gether with a summary of minimum equipment requirements, has been prepared to pro-
vide for the 230 percentincrease in capacity. This project was undertaken to permit an
orderly expansion with a minimum of disruption,

It is desired 1o establish a production planning and control system for the heavy
fabrication shop. At the present time almost all orders eventually become *rush” orders,
resulting in excessive handling and a compounding of delays. The study is still in progress,
but it is anticipated that a substantial reduction in fabrication time will be mace. This
will give an improved delivery schedule to the customers.

Textiles

SEVERAL projects were undertaken to increase the productivity of materials, :nachines
and labour of a textile mill which had old equipment located in old facilities. With the
application of work study, it has been able to achieve productivity gains in several areas
ranging from 8§ to 166 percent. At the same time wage increases have been made ranging
from 8 to 97 percent.

Projects undertaken included the following :

I. A study of spindle assignments led to the establishment of work standards where
none existed before, Production increases ranging from 22 to 60 percent
have been registered.

2, In colour winding a similar study was made with increases ranging from
30 to 50 percent,

3. A study of the cheese winding indicated that considerable time was being
spent by the operatives in securing fresh yarn. Storage bins holding 100 pounds
of varn were provided under the machines. The same bins held wooden
bobbins and empty pirns. Spindle assignments were increased after methods
study.

Total savings: Rs. 3,20,000 annually.
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In the reeling department it was noted that the speed of the reels could be
increased without an appreciable increase in breakage. At the same time the
varn traverse was reduced which permitted the addition of 10 spindles, or
a 25 percent increase. It is now determined that the machines may be modi-
fied to extend the reels by 2 feet 1o add another extra 10 spindles. This givesa
further increase of 25 percent.

Annual savings at a rate of Rs. 95,000 have already been achieved. After the
existing machines are extended, the additional annual savings will amount
to Rs. 33,700.

The old method of cleaning pirns was a hand operation where a long steel
needle was used to dig the dirt from inside the bobbin, Compressed air is now
used to blow out the dirt. A work station was designed for easy operation.
A productivity increase of 450 percent has resulted.

Another study involved the handling of soft wound cheeses. In the former
method there were frequent delays in the transporting of the cheeses to the
dye-house as well as damage to the cheese. Lleven hand-trucks were built
to facilitate the transport. The cost of the trucks was recovered within four
months with subsequent annual savings of Rs. 7500.

@, The enterprise Is to keep afloat on an even keel; the sea is hath

friend and enemy; and seamanship consists in using the resources
of a traditional manner of behaviour im order to make a friend of every

hostile occasion. ..

Ei)

—Prof. Oakesholt



The Case of XYZ

VKS Menon*

YZ ELECTRONICS Ltd produces devices used in radio and recording equipments.

Tt is mainly a ene product company cven though it makes four varieties to s: tisfy the
slightly different specifications of its four major customers. The company’s accoun-

ting procedures are primitive.  Its sales are handled by one man, It has no purchasing
department and buys on hunch. Also the production manager works as the purchasing agent.
Competition has increased and NY7 does not dare to raise prices. lts profit margin
has been steadily declining even though its sales volume has been goingup.  The situation
1s that the lirm is on the edge of bankruptey.

P

What is the reason for this ?  The production manager is smart, has modern equipment,
good lavout and materials handling facilities.  Plant efficiency is good and wige rates,
comparable.  Treicht is no fuctor, as the product is small and light.  The selling expenses
are low, ton.

Complete analysis of the functioning of XYZ shows one big fault: no inventory
management. Buving patterns are erratic and expensive.  There is no  sales forecasting,
no coordination among sales, purchasing and production. Inventory manacement is an
integral and important function of management and should not be overlooked. Since
periodic sales forecast is a must in inventory control, it was decided that XYZ should have
an annual sales forecast 10 be revised cvery quarter, oftener if necessary.  Boiddes the
forecast, the whole process of production’ planning was analysed to determine correct
inventory levels and materials requirements. Purchasing was to be based on the results
of this analysis. The old buying pattern showed that 12 or 13 separate purchases were
made annually. This meant a high administrative and elerical cost and low discounts.
It was, therelore, decided to make purchases only four times a vear,

The production manager was so much interested in having enough parts always on
hand, to facilitate production, that he usuallv bought too many parts. The production
manager was relieved of the buying function which was then entrusted to the sales manager.

By producing one product instead of four slightly different ones each requirine separate
stocks, the inventories were cut to half and still they were at safe levels. This necessitated
a market survey to see if the same product could be used by all the four customers and the
answer was in the afirmative.

A perpetual inventory set up for maximum and minimum quantities was raintained
for most costly items and for parts which were critical and difficult to procure.

The costs were now down: XYZ could make their prices competitive and still
improve their profit margin. o

*Assistant Director, NPC Regional Dircctorate, Bombay
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An Idea-Page

n

NPC Productivity Journal

We are thinking of introducing an Idea-Page in this Journal, When-
ever you come across a new idea, a new gadget, a new ‘something’ of
productive possibilities, please write a few words to us communicating

the idea {and the source).

HE inauguration of the ‘rpEAs’ page by
the NPC is just another step forward in
which the XNPC hopes to promote

the free interchange of 1DEas with proven
productivity gains.

Each day there are hundreds, if not
thousands, of problems being solved by
engineers and other operating personnel
throughout Indian Industry. Through the
interchange  of  these  problem-solving
‘IDEAS’ or gadgets, other plants having
similar problems may either solve their
problems or be led to the solution through
the thoughts stimulated hy ‘YorkR IDEA’
printed in the NPC Journal.

These ‘IpEas’ may be submitted to the
‘IpEAs EDITOR” of the WPC Journal, who

will select those for publication. Each
“ipEA’ must be submitted on 8"x 11" bond
paper {white), typed, triple spaced, one side
of the page only. (Number all pages).
All explanations must be held within 300
words maximum and accompanied by a
line (inked} drawing on vellum 8"x11%
All unnecessary details must be left out of
both drawing and explanation. Be sure
that all copy submitted is clearly identified
as being yours.

The example printed on next page, has
been taken from the ‘American Society of
Tool and Manufacturing Engineers’ Journal
for October 1962, and is displayed as the
‘inEa’ the NPC wants from the Readers.
Send yours in now 11!

]

“Hard work, high thinking, adventurous excitement, and a great deal more
that forms a part of this or the other person’s spiritual bill of fare, are
within the reach of almost anyone who can dare a little and be patient...”

—RL Stevenson
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A PRODUCTIVE IDEA!

Drill Bushing Always on Shaft Centerline

In this gadget the sclf-centering zction of
a bushing plate is utilized to provide an casy
method of drilling holes through the center
of cytindrical shafts. The plate is sccured by
shoulder screws to two V-blocks which are
free to move laterally between two vise jaws.
In this way shaft centerlines are always
coincidental with the axis of the drill bushing
regardless of shaft diameter.

Pairick Newman
JFamaica, N.Y.

Question Answer Service

Manning for Maintenance in Steel Plant”

Question :

How is manning for maintenance done....The most baffling
problem is the estimation of workload due to breakdown. This
occurs suddenly and unexpectedly. It constitutes a major por-
tion of the workload, sometimes coming npto 50-60 per cent of
workload in a steel plant....] am interested in the mechanics of
analysing and estimating breakdown hours and manning for the
same. I have heard that some advanced statistical methods aze
adopted to do this estimation. I am interested to know about
these methods.

—HN Subba Rao, Bhilai

TWO NPC Experts have given the answers printed below -

(A) Tt is true that the estimation of breakdown maintenance workload is relatively
difficult, as compared to preventive maintenance figures. For this reason the
concentration is usually on preventive maintenance, so that the breakdown maintenance

may be largely eliminated,

*This question is supplementary to the question-answers printed in the last issue of the Journal, page 164.
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However, if the problem is to be approached in the manner of the Operations Research
analyst, then the mere knowledge of breakdown requirements is of lesser importance.
In OR the analysis is concerned with optimums or minimums, in such things as costs, size
of work force and the like. For example, using certain mathematical procedures it
becomes possible to optimize repair crew size; to determine the mean fraction of the time
a repair crew will be busy in the shop with a known number of machines; to determine
whether one or several crews are more economical; and for determining the optimum
period of time for P.M. for different degrees of variability of breakdown-time distribution.

The techniques associated with these determinations are not readily explained in
such 2 short note, but reference to various books of OR will provide fuil details. One of the
best in this respect is “Queues, Inventories and Maintenance’”, by Philip Morse, published
by John Wiley, being a “‘Publication in Operations Research No. 1. Chapter 11 of this
book deals exclusively with the problems vou have stated, and I suggest a reference to that
work. The book is written with an assumption of a rather extensive knowledge of the
queueing theory, and it will be difficult to understand otherwise.

Good luck in your pursuit |
-—Prof. RF Bruckart*

{B) First: 1 would approach the manufacturers of the various items of equip-
ment or the users of similar equipment to find out:

{a) What parts fail.

() What life we may expect or with what regularity can we
expect certain parts to fail. By doing this I would determine
what items I would stock as repair items as well as gain some
idea of the mtaintenance load from a manpower standpoint.

Secondly Being in operation I would employ the Work Sampling technique
to determine my actual manpower requirements, This is the
statistical method normally used in these matters.

Because of the Jengthy and detailed explanation on Work Sampling I suggest attend-
ance in a Work Sampling Course or reference to several good texts on this subject.

—Kenneth C Jasper}

*Industrial Engineering Consultant, NPC
+Senior Management Consultant (US-AID) George Fry Team attached to NPC.

“Ah, if we could only die temporarily !
—Tom Sawgyer
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Forecasting & Control of Costs

MK Rustomji*

There are many companies abroad such as ICI, J Lyons, Dunlops,
Kaiser Steel, Daimler-Benz and National Cash Register Co., which forecast

their profits and ways and means five to

seven years ahead. Forward

thinking and forecasting of this type is not generally done in India because
it is felt that with changing conditions such forecasts would not in any way
reflect the true position in the ycars to come,

ITH the modern techniques of sales,
accounting and industrial engineer-
ing, it is possible to make reasonably

accurate forecasts even as far ahead as seven
years, ‘The forecasts would indicate a trend
and they must undergo a continual process
of revision, say once every six months. The
advantages of making such long-term forecasts
are: firstly it enables Management to know
the profits made by the various divisions of
the company under varving conditions of
sales and production. The Accountant by
means of his techniques can translate all the
forward thinking of Management in terms of
one common factor, money, and give Manage-
ment information about profitebility and
financial requirements. ‘The other advan-
tage is that it enables AManagement to think
well in advance of all the numerous factors
that go towards making a productive unit.
Requirements of clectricity, water, roads,
movement within Works, housing of emplo-
yees, transport of emplovees, training aud
development of executives to meet the ex-
panding neceds of the organisation, can all
be planned ahead sufficiently and action
initiated. TForecasting helps in planning for
capital requirements and for directing the
company’s Research  and  Development
activities, Mlany companies abroad are

*Controller of Accounts, Tata Engineering
Locomotive Company. Jamshedpur; Leader, NPC
Team on Cost Accounting & Financial Control
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spending as much as 5 percent of their
total turnover on Rescarch and Deovelop-
ment and this can only be justified if a
company looks years ahead,

Looking ahead five or ten vears, parti-
cularly in the context of a rapidly expanding
cconomy, also helps to establish ancillary
industries. Forecasting ten vears ahead
should give a guide as to the possible
demands in the vears to come and would
he of help to entreprencurs, setting up new
industrics.

Forecasting is broad and is in general
terms : it cannot be used for control of costs
and control of day-to-day aperations. For
such controls we have Budgets and Standard
Costs. Budgets are for short-term: periods—-
they are usually made a vear ahead ind are
broken down iuto monthly periods when
reports of actual performance are given
against the budgets.

How costs are controlled is illustiated in
the examples which are discussed below.
These examples are mainly from the engineer-
ing industry, but the principles will apply to
most other industrics.

The enst of direct materials is 2n important
element in the total cost of a product; it
might be anvthing [rom 50 to 80 percent of
the total cost.  The Designers who design the
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parts and lay down specifications, the
Methods Engineers who determine the
methods of manufacture and the Material
Planners who work out the material require-
ments making reasonable allowances for
off-cuts and wastages, have an important
part to plav in controlling material costs.
They virtually set np the ‘standard cost’ of
the product and they should be very cost-
conscious, QOnce the standards are set, the
materiais are issued to the shops on pre-
printed requisitions.  However, i’ any cxtra
material is required or if any items are
scrapped during manufacture, they are re-
corded separately. These separate reports
are sent to the Accounts Department and
reports are Dbrought out on ‘excess over
standards’.  This is a ‘built-in’ system of
control.  The tendency today [or controlling
costs 1s to concentrate mainly on exceptions
or variances from planned or standard
quantities.

Tlere are many other aspects of material
control ; ensuring that inventories are kept
as low as possible consistent with the needs
of production, buying at the most economical
rates, making long-term contracts say a year
or two ahead, keeping alert the whole time
for substitute materials which might be
suitable and which might be cheaper.
There is great scope for saving costs by way
of better materials handling.

Industrial Engineers by means of time
and motion study set up performance
standards and determine standard manhours
of each operaticn of work to be done.  The
actual performance of labour is compared
with standards and efficiency figures are
brought eut which enable Management to
keep control over direct labour cost of a
product. The important thing to remember
here is not so much the money cost of direct
labour. The menev cost of direct labour in
a product costing Rs, 31,000 may be only
Rs. 230, Direct labour in most enginecer-
ing factories work on very expensive machine
tools and use very expensive scrvices.  Ifthe
eificiency of a direct workman is say 509, as
against 100%, it means that organisation is
geiting only half the value out of the expen-
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sive machine tool he is working on as against
getting full value.

Overhead expenses such as indirect labour,
indirect materials and administrative costs
are controlled by means of Budgets. Each
section of a Works is made a Budget Centre
and all the costs directly relating to that
Budget Centre over which a Sectional
Officer has control are estimated in advance
and made into a budget after due exami-
nation.  Budgets are macde in consultation
with the departmental officers and  the
accounting control is through reporting the
actual expenditure against these budgets
periodically and examining the reasons for
the variances for taking corrective action.
These Budgetary Control techniques are of
great assistance to Management for decen-
tralising responsibility and authority, which
is so necessary for expausion and yet retaining
control,

In India this is a specially tmportant
element of expenditure, in that the cost
relationship of this type ol labour and staff
to direct labour is much higher than abroad.
This type of expenses is difficult to control
and often goes out of hand. Everyone knows
about the famous Parkinson’s law. There
are no set rules for controlling this expendi-
ture, but many techniques are available to
the Managers [or control of indirect labour,
The Industrial Enginecring Section can
examine the work doue by indirect staff and
set up standard strengths. Another way of
controlling these costs is to develop some
sort or ratio—the number of men in direct
departments to the number of men in
indirect departments. The simplification of
clerical and administrative procedures will
also help in controlling indirect labour costs.
Marks & Spencers in the UK, who are
one of the efficient organisations in the
country, aholished stock records in their
departmental stores and relied instead on a
system of wisual control for re-ordering
purposes. They found that the saving in
many hundreds of clerks working on stock
records far and away offsets the additional
loss which they might incur through not
having records. Perhaps the most effective
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means of checking the rising costs of indirect
labour and expenses is to be very strict about
sanctioning additional staff. An atmosphere
should be created regarding the so-called
non-productive stafl.

The most effective method of controlling
indirect materials and tools is to set standards
of consumption for cach department., These
standards can be set up by examining the
past actuals and by determining budget
allowances for each level of production.  For
major items, Cost Lnginecrs can make a
special study for setting up standards,

What T have tried to illustrate is that every
organisation must have a proper ‘built-in’
system of control. When the svstems and
procedures are organised they should be so
worked out that there is an automatic system

of check and double check from the point
of view of avoiding and highlighting waste
when it does arise, It is much better to
work on such principles as against having
4 poor svstem with an army of aceounts clerks
who mav be able to point out mistakes many
weeks after they have been made. 1t must
also be emphasised that cost-conscirusness
does not only concern the Accounts Depart-
ment.  Cost-consciousness should be in the
thinking, day in and dav out, of all Managers.
Because, in the last analvsis, it is they who
are responsible for setting  standards  for
material, standards for time, for consumption
of indirect material, utilisation of equiprment
ete,  If Manacers are not cost-conscious in
setting up standards or utilisation of material
or ensuring that the efliciency of their men
is at a high level, the Accounts epartment
cannot reilly do very much to rectify matters.

An ignerant precinct worker announced to his ward boss that, ag a reward
for his doorbell-pulling activities for the party, he wanted to be made post-master

of his town.

“No, that kind of job is not for youn,”
“I don’t want to be assistant post-master” the guy replied. “I want

and write,”
to be post-master.”

the boss said. “Why, you can’t read



Costing and Budgetary Control

KB Large

For centuries all that the owner or manager of a business expected his
accountant to tell him was: what he had spent, what he had received, what
he held, what he owed, what he was owed and how much profit he had made.
This was usually an annual exercise and in those leisurely days worked well
enough. Further traders could do a litde costing for themselves, for they
knew what they paid for a thing and could therefore readily decide how much
they must sell it for to make a profit, of course, within the limits set by the

demand-supply/equation.

MONGST the cwliest forms of Cost
Accounts must be the Voyage Accounts
of the Merchant Adventurers.  Quite

obviously an annual account of such a busi-
ness would serve no useful purpoese whatsoever
and the practice was and still is, to make
a separate account for the voyage, to which
were debited all the expenses incwrred in
preparing for and prosecuting that voyage,
the proceeds realised being credited to the
account, the resulting profit, or loss, thus
being shown up. In present day language
such accounts dealt with direct costs only:
there were no overheads to worry about.
Later this system of several merchants com-
bining together to fit out and fill a ship for
a specific voyage gave way to the merchants
selling their goods in a recognised market
abroad and finding a shipowner willing to
transport their goods to that market or to
the country in which that market was situa-
ted. The shipowner continued to maintain
voyage accounts, the credits being only the
freight charged for carrying the merchandise,
but as he had several ships in operation it
became necessary to have some sort of
headquarters for arranging the various
voyages, victualling his ships, securing
cargoes, both outward and return, and gene-
rally organising the whole business. The
expense of these headquarters, as well as the
overscas agents, could not be charged to

any specific voyage and was therefore appor-
tioned over each voyage: in other words,
overhead expenses came into being. Along
with this, shipbuilding developed along
similar lines, and in this process Job Costing
was born.

The Industrial Revolution brought its
own problems. For many years manufactu-
rers were content with an annual account
which showed them the outcome of their
vear’s work. In the early days, the cost of
labour was cheap and so the manufacturer
could judge from his knowledge of what
materials {and their cost) went into the final
product, whether the amount he was obtain-
ing for it was sufficient to give him a
satisfactory profit.  'With the increasing cost
of labour however and more particularly
the increasing competition, it became no
longer sufficient to use this rough and ready
method of deciding if the price offered was
acceptable or not and a more careful system
of ascertaining the cost became necessary.
For many items Job Costing proved too
cumbersome for the several intricate pro-
cesses involved and Process Costing came
into being.

Under this system it is possible to ascertain
the mounting cost of the article as it passes
through one process after another : the system
of costing must follow the progress of the
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article from its raw to its finished state, the
cost of the raw material increasing as wastes
and losses occur in each process and the
cost of passing 1t through each process
steadily mounting in addition. Further-
more, quite frequently, other raw materials
are added as it passes through later pro-
cesses and these too must be added to the
rapidly increasing cost. As costs increased
and more particularly as competition intensi-
fied, it became increasingly necessary to
produce more accurate and detailed cost
accounts so that the cost of each process and
the effect of that process on the increased
cost of raw material was known. As com-
petition further intensified, much business
was rejected because these costs indicated
an uneconomic selling price until it came to
be realised that most of the wastes produced
during the varicus processes had some
value, cither in the business itself or to those
outside it. So these wastes had to be
valued, and a suitable reduction made in
the cost of the processes from which they
were produced.

However, like Time, Competition does
not standstill and it speedily became neces-
sary for further refinements to be made in
the Costing System if business was not to
be rejected owing to an apparently uneco-
nomic price being offered. Managements
came to realise that there were certain
fixed Overhead Expenses which continued
irrespective of the volume of the day-to-
day business (excluding of course changes
necessary to meet permanent expansion or
contraction of the business) and thus was
developed Marginal Costing where each item
sold is regarded as contributing towards the
recovery of these fixed overheads. It was
appreciated that some items yielded a very
much higher profit than others and provided
sufficient of these could be sold, the less
profitable items could still be traded in to
sweill the volume of business and increase
final profits, In this system of costing, only
the Dircct Costs are charged against the
various products and the acceptance or
rejection of the price offered is dependent
upon a careful appreciation of the overall
contribution to fixed Overheads and Profit

COSTING AND BUDGETARY CONTROL

made by all the products dealt ir. Thus
if Product A costs Rs 10,000 to produce but
sells for Rs 15,000; Product B Rs 20,000 and
Rs 25,000 respectively; Product C Rs 15,000
and Rs 17,000 respectivelv: whilst fixed
Overheads are Rs 10,000, it follows that
Product D, if sold at slightly over the actual
cost of production, is bringing in that much
extra profit, whilst at the same time bringing
stocks-in-trade into usc and preventing them,
perhaps, from deteriorating in storage. In
this system the greatest care is necsssary to
ensure that all Direct Costs are charged
against the appropriate product as otherwise
it could easily happen that the item in fact
costs more to produce than it is being sold
for; such costs as special packing or expensive
freight charges or elaborate marketing arran-
gements can be all too easily overlooked,

All the foregoing, however, deals with
ascertaining the cost and profitability of
an item after it has been made and sold,
but before the decision can be tzker whether
to undertake such business, an es.imate of
all these expenses rmust be made and provided
profits are sufficiently large, reasonable
accuracy in such an estimate is sufficient.
Unfortunately, like the poor, competition
is always with us and profit margins are
seldom large and never suflicient so as to
allow of big mistakes in these estimates,  Just
how to prevent such mistakes has exercised
the minds of managements for decades;
dismissing the person responsible for making
the mistake, whilst encouraging others to be
more careful does not redeem the loss already
suffered and in these days of keen competi-
tion a scientilic approach to the problem
has become necessary; hence the system
known as Budgetary Control.

In this system, the complete expense of
running the business is worked cut in advance
and 2 computation made of the resulting
position at the end of the period, usually
one year, Based on this it may be decided
for instance that certain repairs which have
Leen budgeted for will have to be deferred;
the old decor of the Board Room will have
to be put up with for another year or possibly
that it can be brought forward a year ] This
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Budgeted Forecast also reveals the probable
cash position at the end of the period so
that the matter of capital expenditure can
also be controlled. It will be appreciated
however that such a forecast must be most
carefully worked out: rough and ready
estimates are insuflicient. At the same time
it is necessary to cnsure that the figures are
produced sufficiently quickly to be up-to-
date and that the cost of producing them does
not outweigh the advantages obtained,

As its name implies this Budgeted Forecast
18 then treated as a Budget and the various
managers are authorised to  incur ex-
penses within the limits budgeted {or and
provided they do and the sales realise
what has bheen expected, the end result is
assured. Unfortunatcly events seldom work
out so well; unexpected expenses arise—the
delcrred repairs prove to be incapable of
deferment—sales do not come up to expecta-
tions—demands by workers hold up produc-
tion—Goverrment restrictions delay the pur-
chase of materials, and a hundred-and-
onc other things can happen: it is then
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necessary to prepare immediately a revised
Forecast showing what the end result will
be in view of these changed circumstiances.

This budget also is a measure of the per-
formance of those responsible for the various
activitics of the husiness. Having been pre-
pared on the basis of what should happen it
provides a vardstick against what  has
happened. At the same time it provides
cach foreman, manager cte. with control
figures against which  he can  measure
the performance of his own department
almost whilst it is happening.

In conclusion, it must ever be borne in
mind that each husiness develops along its
own lines. Many have been using the various
systemns  described  for manv yvears, though
probably not designated by the names given
to them above. (thers have gone even
further. New namcs arc evolved to desig-
nate ideas and systems which have heen
in practice for very many vecars. Systemns
arc revised to emphasise different aspects
of the Dbusiness: costing and accountancy
must keep pace with the business they serve.

Vol

* None of these costs concern me.”



Productivity through Cost & Budgetary
Controls

MS Srinivasan®

The objective of productivity drive is to achieve cost reduction by
planning for the best use of available resources and facilities at the command
of the enterprise. To achieve the objective of cost reduction and to keep
account of trend of costs and pattern of resource utilisation, budgetary
control and cost control serve as useful tools of productivity.

UDGET is a coordinated plan of action
towards afinal goalenvisaging the acqui-
sition and utilisation of resources. The

objectives of final goals are to be laid down in
advance; the physical resources and monetary
needs are to be determined for physical and
financial planning. Budget thus provides a
programme of balanced needs and a measur-
ing rod for actual performance. Budgetary
control is a means of regulating the activities
with a view to ensure that deviations from
the goals and the expenditures thereof are
minimised except in the context of flexible
business conditions.  Budgeting thus helps
the management to find the most profitable
course of action with minimum financial
outlays and costs.

For the operation of the budgetary control,
certain financial facilities are needed : these
include (!} a satisfactory organisation 'with
fixation of responsibilities matched by
authority (2) adequate accounting and other
statistics (3) research into product develop-
ment, methods of production, material utili-
sation, sales organisation, financing and other
areas of business operations and (4) requisite
machinery in the form of a budgetary control
department, which can draft a coordinated
budget, keep account of progress and analyse
the causes for variations.

*Inwpecting Officer (Costing and Management),
office of the Textile Commissioner, Bombay, formerly,
Specialist at NPC HQ.

In applying the technique of budgetarv
control, it is essential to consider the factors
of periodicity, policy-formulation, developing
details and control means. ‘The factors to
be considered are the rate of turnover,
production period, market conditions, method
of financing, length of accounting periods and
model periods such as seasons and peak
periods. Development of policies for budgets
has to cover elements such as volume of
operations, pricing questions, credit policy,
sales efforts, production methods, product
varieties and patterns, personnel needs,
capital expenditures and financial structure.
The policy formulation is subject to impact
from economic conditions, activities of compe-
titors and reactions of consumers, and has to
be based upon proper interpretation of
information.

The components of a budget are worked
out by grouping together the managerial
personnel and executives concerned at the
point of execution and control. The sales
budget which constitutes the o-igin in the
whole system is to be formulated by a group
consisting of the Sales Manager, the Works
Manager, Financial Contreller and Cost
Accountant in the light of an analysis of the
sales performance and market research data.
The production budget which emanates
from the sales budget is to te drawn in
sufficient detail by the Works Manager and
the Financial Controller. The details relat-
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ing to the material requirements, labour
required and production cost as furnished
by the production budget should form the
basis for the drawing of the detailed material
budget, personnel budget, plant and equip-
ment budget and cost of production and
expenses budget etc. The entire system will
have to be knit into the fabric of a financial
budget which constitutes the basic tool of
control over the financial outlays,

The budgetary control function extends
to all the areas of the business including
production, personnel, sales, finance and
rescarch. The operation of the budgetary
control is to be made eflective by three-fold
measures (i} working out detailed plans
and programmes and scheduling of operations
(if) implementation of budgeted plans and
. (111} obtaining of periodical performance
reports and preparation of budget reviews.
The budget review reports are intended to
highlight the points of deviation with a view
to initiating investigations and devising
corrective measures.

The contributions of the budgetary control
towards increasing productivity are traceable
to the maximum use of plant facilities, the
most economical use of working capital,
prevention of wastage by regulating the
usage of resources, fixation of responstbility
for adhering to schedule of activity and
building up of better coordination. It
compels the management to explore the
possibilities and to plan a course of action
towards continuous increases in productivity,

Cost control implies the regulation of busi-
ness operation by an equation of measured
performance against the costs. As a twin
tool of productivity with budgetary control,
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it provides the basis for executive action
directed towards cost minimisation,

The principles through which the cost
control system operates are five-fold :

* The fitting of the accounting system to  the
organisation so that information on input factors,
expenses and efforts are accumulated at each stage and
responsibilities are identified;

® Classification of the costs and accounts to show the
nature of the expendirure;

* Determination of standards for performance, output
and expenditure.  These yardsticks should be kept
uptodate for measuring actual results;

* A system of periodical reports to throw light on
the problems and findings of cost control;

* A management set-up that would utilise the cost
reports, trace the areas of inefficiency and implement
measures for rectification.

In the matter of these principles, there
should be substantial built-in facilities in
the organisation when cost and budgetary
controls are applied simultaneously,

Cost control operates through a comparison
of actual costs against predetermined
standards in respect of stores, work-in-
progress, parts, hnished products, labour
and material costs, The maintenance of
perpetual inventorics, reporting on labour-
time utilisation and daily reports on produc-
tion and performance are necessary parts
of the system. The standards for material
input in terms of quantities and quality, for
labour performance, for expense details and
rates of operation of machinery and equip-
ment are essential features. It would also be
essential to lay down limits for permissible
variations in performance and quality, wast-
ages, and defectives.  The value of the system
would be realised through a stream of cost
reports and peiformance reports so that the
management should be continuously posted
with the progress towards the goals, o0

“An efficlency expert is a guy whe is smart enongh to tell yon how to
run your business and too smart to start his own.”



Recent Literature on Productivity

Goval, SK, Costing and Cost Control, published by Nicobar
Udvyog Pratisthan Caleutta, 1962, pages 260, price Rs 12.50.

HIS is an excellent addition to the Indian literature on Cost & Budgetary Control.
In a serics of small, well-written chapters, the author has covered practically the whole
rance ror only of Cost & Budgetary Control, but also all other issues and problems
that go along with it.  There is practically no technique of productivity that the avthor has
not in some wayv covered.  Besides, the author has made a pretty successful attempt  at
putting this subject in the enntext of a general analysis of business organisation and manage-
ment.  Technical details of industry, transport and marketing have been given wherever
necessary.  In the introduction the author has tried to put the whole idea of procductivity,
particularly the techniques of Cost & Budgerary Control into the general context of ceonomic
growth, It is & matter of personal pride for us that the NPC PRODUCGCTIVITY Journal
and above all its eminent Chairman, Dr PS Lokanathan, have been quoted to substantiate
the main thesis of the author. The author has emphasised higher productivity and cco-
nomie growth coing together, the importance of the size of the market and the need for cost
consciousness, He has quoted extensively from the convocation speech of the late
Dr JG Ghosh at the Conference of the Indian Institute of Cost & Works Accountants,
Probably one ilustration fom Dr Ghosh’s speech is worth repeating here :—

“I happened to be in a plantation at California run by an intelligent farmer. He
told me that he had in his employ some Sikhi peasants from India and, because of
their capacity for harder and more intelligent work, they had been paid about 10
dollars a day as against 8 dollars which Italian workers were getting. He also told
me that, though thesc peasants would not be getting more than one dollar a day in
the Punjab, he was paving them 10 dollars a day, and in spite of this fact he was able
before the war to send out oranges to the Calcutta market and compete with th: produce
of the Punjab. Iwondered, and was keen on knowing the secret of his success.  There
is no end of labour-saving devices. Manure, insecticides and water were beirg applied
in accordance with the most modern scientific knowledge.  The result was that each
acre of plantation was producing 400 boxes of 230 perfected oranges. There lies the
secret. ‘The productivity per manhour has been increased enormously by modern
technical appliances and the fertility of the soil has been raised to unheard of levels
by scientific management.”

The author has added a swhole chapter on PRODUCTIVITY, which in its economic
and techn’cal details is worth reading. Some facts are also given in this chapter regarding
the functioning of productivity organisations, but the most significant is a quotation from
the deliberations of the 11O meeting :—

“The purely technical components of higher productivity arelike a lifeless mechanism
which depends upon external pressures and attractions to start and to keep it in motion.
There must be forces present in the economy compelling the changes and improve-
ments invelved and attractions which will make those improvements economically
worthwhile”,
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“It is the presence or absence of these forces, pressures and opportunities which
make the difference between a dyvnamic, expanding economy and a stagnant cconomy,
and not the presence or absence of any abstract body of technical or managerial talents,
technique or ‘know-how’.”

The book has a numhber of case studies, a whole appendix on terminclogy of Cost
Accountancy, a bibliography, etc.  Probably, a little editing particularly at the beginning
and at the end and a compressed introduction might have added to the value of this book,
The author is bound to improve it in the revised edition, which he proposes to bring out.
Fwven as it is, no student of Cost & Budgetary Control can afford to do without this hook.
In fact, it 13 a good reference publication for every productivity expert.

WHEN HOUDINI FAILED

Houdini, the magician and escape artist, could get out of any jail, handcuffs, or
straight jacket—all except one, so the story goes.

That one place was a lictle jail in the British Isles. Houdini worked at the cell-
lock for more than two hours. He worked with that terrific speed that usually
unlocked doors in 30 seconds but he could not get the lock to spring.

Finally, tired out by his strenuous efforts, he fell exhausted against the door. It
swung open. It had never been locked.

Life is something like that isn’t it ? We build up in our minds barriers that do
not exist. We lock ourselves up in the jail of failure by doubts and fears that live
in gur imaginations.

Some of us have stopped trying becauvse of past failures. We think there is no
use. We think that the door to success has been locked against us. Maybe if,
instead of sitting down and giving up, we just leaned against the door, it would
swing open.

—— K etiprer



SELF SUFFICIENCY
15
TRUE INDEPENDENCE

In this ¢ra of Electronics, BEL
plays a vital role in the progress
of India.

BEL Equipment, built to exacting
standards, are tendering satisfactory
service to users all over the councry,
BEL strives to make the Nation scll
sufficient in this specialised field.

* Belhaler (Transistor Megaphone) * Broadcast Transmitters

* Broadeast Studio Equipments (AIR) * Mica & Ceramic Capacitors * Valves
* Hearing Aid * Tape Recorders * Transistors.

BHARAT ELECTRONICS LTD.

JALAHALLI BANGALORE-1 3.

I DONATE ORNAMENTS FOR ARMAMENTS l

A pasting problem...

getting you down?

Then switch to the COPROCO

range of adhesives—specially created

in the CORN PRODUCTS Laboratorics

to suit modern needs. From labelling .

to gianming —COPROCO has the .

answer for every adhesive requiremeat. E

There'll be mo pasting problems 4

—when you switch to COPROCO! :
.
H
$

LR L N A R T W W ARy

e e L L L I R R T T L Y I T R T L T Y X Y

Piease send for our booklet

“ Sticking to Facts™ which will
help you greatly in choosing the
right adhesive, Pleasre write to:

CORN PRODUCTS COMPANY
(INDIA) PRIVATE LTD.
P. O. Box 994, Bombay-1



Let us strengthen Defence

By
Determination

Dedication
&

Discipline

Space donated by
SREE SARASWATY PRESS LTD.

CALCUTTA -9

(4
Y /f
FOI" ln};}c P;:éor W!ATHOE% {noor
sound /"\Q\ WATER PROO} q'/'.':/:

performance

h
h

ae
enwed

ssen
[ X1
T

ane
ase

0/

PLAS T MU AT,

CERD W AERL WrE %
snseansbade
enspsavessed

X XX E RN

LE R
dew
asesnsema
FETEET LR X
atssasn et

INSULATED AERIAL WIRES

TESTED by The National Physical Laboratory.
Thousands of these aerials are supplied to All India Radia,

DELTON CABLE COMPANY

3455/3457 DELHI GATE P. 0. BOX No. 1179 DELHI PHONE : 24440
FACTORY : 24 . NAJAFGARM ROAD MEW DELHI. PHOME 5119®




Improved Equipment Utilisation
AA Niazi*

A study to investigate and improve equipment utilization merits
particular attention at this time of emergency. Even otherwise, an improved
machine utilisation has a higher priority in our productivity programme,

N an enaineering industry the cost of o
machine-hour is wsually abour Rs 2,31
and that  of a  labour-hour  only

about Rs. .30, The cost of idle muchine
time can be estimated in context ol the fact
that idle machine time occupies anvwhere
from 13 to 400, of the shift pericdd.  Not
onlv cur machines remain idle fov this period
but the existing methods of work leave ample
scope for improvement.  Take the case ol a

company which has to mect an order of

18,060 pieces per vear, working on a machine
which produces only 10 pieces per hour.
It mav be practicable by some of the me-
thods indicated here to Increase the output
from 10 10 I35 picces per hour.  This means
a saving ol Rs. 1,286 ‘nearly 20%° on ac-
count of machine time and Rs. 257 on
account of savine in labour time. I all
of this 15 paid to labour as incentive, itwould
mean an nerease in
over 219/, Besides saving in terms of money
the company can alse create potentials tor

extra production cquivalent to 314 hours of

work by machine and man. 1t is now com-
mon knowledge that improvements of this
tvpe can casily be brought about by the
techniques of work study : production study,
work sampling, man machine chart, ewc.
These teckniques are designed toestablish the
total cvele time of work; the causes for idle-
ness and contribution of cach cause i terms
of time.  Rectification of the situation by eli-
mination of causes or by reduction in severity
of the cause is mainly a problem of mana-
gerial decision and action, associated with

T #*Asstr. Director, NPU Regional Directorate, Bombay

their emoluments of

better planning, scheduling, mamienance,
incentives, standardization an:d sometimes
throush minor changes in the equipment
itself.  Before, however, these managerial
decisions could be taken, it is essential to
knosw how much, where and why time is lost.
‘The techniques of production study and work
sampling help to provide this information,
The following case studies are illustrative
of the application of these techniques.

The author was associated with o study
made of the operaton of lolding finished cloth
on a machine in a textile mill. - This machine
was producing about 11,000 yirds in o
shift of 8 hows. Five machine shifts and
13 operators were thus engaged t: produce
55,000 yards a dav. Compan.  desired
to step up praduction to 5,000 vards either
by increascd machine vtilization or through
a larger number of machine shifts.  Produc-
tion studyv revealed that stopping machine,
cutting cloth, shifting folded pile 10 folder’s
table and re-starting machire after every
150 vards, mainly accounted for the idleness
of machine. This was substantially reduced
bv increasing the pile of cloth from 1530 w0
300 vards, made possible by a change incam
lever spring t give the mechanism enough
strength to hold 500 vards no a pile. This
obviously increased the duration of the work-
ing of the machine, T'urther, o stool was
provided for the operator to shde cloth on to
it instead of placing it on folder’s table he-
hind.  Operators were also provided with
stools 1o sit on while the machine worked w
reduce their fatigue.  This enabled a further
considerable reduction in the tire spent by
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workers for rest. Such slight modifications
in mechanism and methods enabled cutput
per machine shift to be increased irom
11,000 to 18,000 vards.

Another study in a textile mill again
showed how a simple improvement in organi-
sation could without any nvestment in men
or machines bring the company asum of over
Rs. 19,0000 per vear. In the loomshed of
a textile mill, it was found that about 36 loom
hours were lost in every shift because ot the
machinces stopping while weaver went 1o
sodown to bring weft.  This could be casily
avoided by combining the work ol welr
distribution and empty pirns collection. . The
whole shed was divided into sections with one
man made vesponsible for both collection and
distribution work. He was provided with
a irollev with space tor hoth filled bobhins
Sweft) and empties.  Each man was required
to vo w the central points of his scction of
loomshed.  Weavers nearest to that point
handed over emptics and collected wefl fiom
the worker.  Such simple improvements are
possible over an infinite range of activities
and hold out the maximum hope ler increas-
ed productivity without any  appreciable
investment,

Another method of attacking the problem
of machine utilisation is the construction of
a man-machine chint drawn to give a svie-
chronised graphic representation  of the
activites performed by men and machines
simultaneously during the completion of a
cveleotwork.,  Thischart helpsina thorough
examination of the method enabling it to be
changed by slicht moditications in mecha-
nism, hy provision of appropuriate wools, jigs
and fixnwes or by mere  readjustment of
seqitence o arrive at a better synchronisa-
von.  The theory behind it is extremely
simple @ An operator does quite a good deal
of work {mzke ready ete.; while the machine
isnotworking,  Thisis what we call external
work. Then there 1s internal work whickh 1s
done by the operator within machine time :
mav be relazed to work ol that machine orto
the operation of another machine.  Time for
which a machine is actually working—doing
what it is designed to do—i.e. turning, pres-
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sing, cutting, weaving, mixing and so on, is
machine time. The cvcle time is composed
of the total external work plus machine
time. Obviously il the cvele time itself
could be reduced, machine utilisation will
antematicaily inerease. This could be done
by conversion of external into mernal work,
climination or simplification of some part
of external work ete. Baling of cloth ina
textile mill with help of a press, six persons
and a scale will serve to illustrate use of man-
machine chart. ‘Two operators, in observed
situation, brought small packs of cloth from
the stamping section and the clerk weighed
them,  Four men worked on the press, two
on each side. Thev prepared the bottom
and 1op coverings, placed the packs on press,
operated the press machine and removed
the bale alter stizchizy and strapping it. Bot-
tom covering was formed of wooden plank,
heavy hessian, a ehatad, light hessian piece
and lastly polvthelene. Top covering con-
sisted ol the smme materials but the sequence
of plicement was naturally reversed.  All
the activities were carried on simultanecusly
andl 1t was neccssary o find how they syn-
chronised belore any tttempt could be made
at improvement.  The man-machine chart
was prepared which showed that the machine
was utilised for only 637, of the cvele time,
5370, of the cvele time heing consumed in
preparation ol beotrom  and top-coverings
fexternal work'. It was further found thar
{ov preparation of one bale packs were formed
into a bale at 4 places. The chart also in-
dicated imbalance in the workload of ope-
rators.  The situation ndicated potentia-
lities of improvement by provision of a new
troiley. The  suegestion by company
engineer for keeping covering material in
voll torm on a stand with spring cutters needs
attention.  This requires a modification in
design ot wooden plank and use of bitumi-
nous paper instead ol chatal. Details of
working on this case would be:
One man moves the truck to a place,
between press and stamping department,
puts a wooden plank on lorks, draws
bottom covering in the form of mulu-
layer sheets from rolls, stretches on plank
and cuts it at desired length. The truck
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is then moved to stamping department
where he loads packs on the bottom cover-
ing. Top covering is placed in a similar
manner when the trolley comes towards
the scale. For weighment the trolley is
moved on the scale, which is sunk to
ground. The truck is then moved to
the press, forks shovelling the bale to the
press as the press platform rises up
to receive it. The truck is taken
cut and goes on 1o repeat the same
operation.

This manner of working would mean that
the press will be used entirely for the purpose

IMPROVED EQUIPMENT UTILISATION

of pressing. The cycle time for prepara-
tion of one bale can be reduced from 274
to 164 seconds (increase of productivity by
40%). It also relieves two operators to be
put on some other job.

The case studies described above show the
power of these techniques to detect spheres
tor improvement which appear considerable
throughout the industrial economy of this
country. A systematic and continaous adop-
tion of these techniques among others would
help in a fuller utilisation of resources, so
urgently called for at this time of defence
mobilisation.

HOW FOREMEN CAN CONTROL COSTS
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Equipment Utilisation Control

MN Gupta*

Threat to our frontiers has raised the importance of equipment utili-

zation.

Unfortunately too much emphasis is iaid by management on labour

productivity. Though it cannot be denied that labour productivity plays a
very important part, the importance of equipment productivity ete. cannot
be ignored. To augment our production especially defence production
without letting other industries suffer, the capacity available by bettexr plant
utilisation should be made use of. Import of any equipment at this stage
will mean considerable drain on foreign exchange required for defence

purposes.

ROPER planning of work programme
should be done before a particular
job is run so that plant and workers

can be kept supplied with jobs without having
to wait. This wiill avoid waste of time due
to lack of work, lack of materials, lack of
tools, jigs, etc. To make the advanced
planning successful, maintenance of proper
contro! on inventories corresponding to
the current level of production is essential
so as to avoid machines going idle for want
of materials, tools, etc.

Although quality control does not directly
help in better utilization, yet improved
quality, less rework of defective parts and
fewer rejections improve equipment utiliza-
tion. Besides reduced overall cost of inspec-
tion, it can be known whether the process
is under control, and corrective measures
can be taken before many defective parts
are produced. This will lead to better
machine utilization.

To have maximum equipment utilization,
the capacities of different machines doing
the same work should balance. Method
Study, to eliminate all the unnecessary opera-
tions and Time Study, to fix standard times
for various operations, are necessary to
increase plant productivity and to balance

#Chief Industrial Engineer, Kesoram Rayon, Tribeni.

operations, Machine utilisation can be
further improved by proper incentive plans.

Invariably cycle time for any operation
consists of productive time and unproductive
time like loading and unloading, fixing job
etc. The lesser the unproductive time the
mere is the equipment utilisation. Use of
proper attachments on machines will lessen
unproductive times while use of correct
tools, speeds, feeds etc.  will help in reducing
productive time.

Piant layout plays a very important part
in balancing out operation times and depart-
mental loads. By carefully planning the
lavout and by suitable selection of materials
handling equipment, production bottlenecks
limiting equipment capacities can be removed.

Last but not the least important is morale
prevailing in the shops. Strikes, go-slow
techniques etc. are great detriments in ob-
taining optimum plant utilisation, There
is no substitute for good morale and management
by rational thinking and sympathetic outlook
towards labour can develop morale in the
shops.

The total time taken by an equipment to
complete a given job is the sum of setting
time and actual operation time. Ideal
equipment utilization demands the setting
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time to be reduced to o minimum consistent
with the need to keep down the investment
in jigs and fixtures to a ninimum, The
most cconomic lot size considering the overall
economics ol the process should be determined
hefore equipment capacity can be calculated.

The most mportant element, however,
m equipment  uilization,  is preventive
mainicnance.  The majority of  durable
equipment requires during its service lile
a flow of mamtenance expenditure which
as a rule rises considerably and irregularly
with its age end use. It the maintenance of
ecquipment is not done carvcfully, service
life of the cquipment is reduced considerably,
and 1t becomes more and more uneconomical
W operate the eguipinent d4s time gocs o,
Further, in a dyvnumic age like ours, the
cquipment mayv  becomne  obsolete®  oven
when the equipment is not phvsically detevio-
rated o the point of replacement. Thus the
economic service lile of the equipment which
would be the actual Life also is not the same
as the estimated one and i veneral it is

*The economics of this factor would logicallv work

out rather anomatocsly. If o large part of equip-

ment is likely o hecome absolete rapidhe, it would

he cconon ical to use it reckbessly ! CEdi

EQUIPMENT UTILIZATION CONTROL

alwavs less. For economic production,
equipment should be used for its economic
life only, which can be known througl: break-
down analysis or usc of MAPL {formula
etc. which takes into account maintenance
costs, production costs and other -elevant
factors.

In the end T mav add that as the manage-
meitt gets more enlightened, the control of
cquipnient utilisation in our factones will
receive the attendon 1t deserves. What is
advocated is not attention to this aspect to
the exclusion ot any other, but a halanced
attention to every aspect of industrial activity,
of which the control of equipment u.lisation
forms Ct‘l‘tainly il illlp()l'[ﬂnl I}ﬁl'l—l’nucll
more important than what 1s sugg-sted by
the attention itis recelving at present  Aparnt
from the advantages which will acerue divectly
from this control, it will contribute indirvectly
towards increasing the efliciency of industry
by eliminating wastelulness from s opera-
nou. It will further lead te o sireamlined
Jow of production.  Streambived  human
relations depend 1o o considerab e extent
upon this low and cousequenily the morale
of the factory also is allecred .nditectly by
cifective vontrol of equipment utilisation.

e

They do not scem to realise that O and M or Work Study are not poultices to be
slapped on a trouble spot now and again, but 1o be used as specialists to diagnose
trouble and then to prescribe the proper remedies.

Earact feon Time and Motion Siudy’



Vendor Quality Control

Naunihal Singh*

In the US economy, a very large number of industrial concerns manu-

facture a comparatively small part
final assembly of the products,

of the components that enter into the
which bear their trade name.

Their

theory is : “Vendors must be treated as part of our manufacturing organisa-

tion.”

On zccount of mass production and the extraordinary complexities

of new product lines (missiles, aircraft, clecironics, etc] this practice of
drawing for components on a number of outside concerns, involves a con-
formance to guality specifications that would not be possible without vendor

quality control.

N purchasing on a large scale from
outside, the most crucial factor is the
price: not the guoted price, but the

total true cost to the user, which should
include cost of inspection and material
review, cost of contacting Vendors, the
associated production problems and delays,
user complaints and difficulties ete. In the
USA, vendors are therefore rated on Quality,
Delivery, Potential Performance etc. They
are all siatistically indexed so that the user
knows the true cost of dealing with each one
of them. Fair practices are laid down:
apart from normal commercial ethics, the
user provides clear and detailed specifica-
tions, offers technical advice etc; and the
vendor maintains quality control facilities
to ensure (prompt) delivery consistent to
specifications, makes efforts at constant
quality improvement and is progressively
eflicient in operation, ensuring competitive
cost to the User.

In case of major procurement items,
multiple sources are stimulated to ensure
quality supplies at competitive prices. 1t
is advisable to do the following for profitable
Vendor Selcction :

Use existing inspection in assessing the

*Deputy Director, Small Scale Industry, Ministry of
C&1I, New Delhi.

performance of the vendor on items
being currently produced over a
number of lots.

Determine reputation for Quality with
nther customers.

Survey of Vendor’s facilities, potential
and procedures.

Compiling of Approved Vendor list of
current and potential vendors. From
this information the Purchasing Depart-
ment can assess a vendor from a quality
standpoint in addition to price and
dclivery.

In order that this f{unction should be
efficiently performed, a concern must have
a well organised purchasing department of
its own, coordinated in its functioning by a
technicallv staffed quality control group.
Technical ability, however, must go along-
side good pubilic relations in which the group
acts as a conductor, not as an insulator.
Further, while the group must have the basic
authority to ensure continued conformance to
quality, technical matters must continue to
be delegated to appropriate levels. The
engincering department should he drawn
up to the maximum possible extent and there
must be a continuous feedback of inform-
ation. The ‘right of private domain’ 1s
inconsistent with Productivity.
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Industries.
® For Gear Testing & Induction Hardening L&
Equipment. J
® TFor Material Testing Instruments!
® For Pneuymatic, Indicating, Recording and @)
Controlling Gauges & for Dairy Equipment. !
® Ffor Industrial Automatic Control Eqelpmant. | SAUTER
® For Automatic, Hydraulic and Pneumatic
Controllers. LY A A
® for Industrial & Laboratory Furnaces.
® For Special Equipments for Metallurgical
Works, D ' A
® For Non.Destructive Testing of Metals,

TOSHNIWAL BROS. PRIVATE LTD.
198, Jamshedji Tata Road, Bombay-1I. -

Braonches

AJMER » CALGCUTTA « NEW DELH! ¢« MADRAS

=TAR



mechanized
movement
made easy

Because DYNACRAFT
Conveyors are made to
order Our Engineers wiil ad-
vise you how DYNACRAFT
units can be installed

In your factiory even under

present circumstances.

C u st omoewnrs I n
WEST BENGAL » DELHI+ KASHMIR
BIRAR + ORISSA « U, P.« ASSAM

Please write to:-
Concessionaires in Eastern India

M/S. GREAVES COTTON .=
& CO. LTD. 5@3
16 HARE STREET. RALL) HOUSE, \\ Nai’s

CALCUTTA-1, POST BOX NO. 702.

By,

DYNACRAFT
CONVEYORS

Customaeaesrs in

MAHARASTRA » GUJERAT
MADHYA PRADESH
SOUTH INDIA « RAJASTHAN

Ploase write to-
Sole Seliing Agents in India

M/S. GARLICK & CO.
PVT. LTD.

JACOB CIRCLE,
HAINES ROAD, 8OMBAY-1%

ajanta G 123



For Books, Machinery, News, Publicity, Production & Sales Advice,
Representation, Technical Journals, efe.

KOTHARI ORGANISATION
12, INDIE EXCHANGE PLACE, CALCUTTA-1

Controlling :

India-International News
Service

News Service *Press Repre-
sentatives Publicity & Public
Relations Consultants

Kothari Engineering Corpora-
tion
Machinery  Merchants &
Manufacturers Representatives

Kothari Consultants

Management & Technical Con-
sultants

Kothari Publications

Publishers of Who’s Who Series
in India

Compact
A new kind of Local Weekly

Agents For :

Many International Technical
Journals & Reference Works,

Professional & Trade

Current Publications :

Who’s Who in Indian Engineering &

Industry

An indispensable guide to promincnt people
& organisations in all branches of Engincering
& Industry Incorporating a Technical Specia-
lists Register. LEdited by Inpg. H. KOTHARI,
Pounder-Organiser.  Association of Iadian
Engineers (U.K.) & The Fngincers Guild
{India}, Foreword by Padma Fhusan
Prof. M.5. THACKER, Mcmber, Planning
Commission, Govt, of India.
Price : Rs, 30/- (Indian Art Paper)

Rs, 40/- (Foreign Art Paper)

Rs. 2/- Postage,
Organisations in
India
Gives information about leading Scientific,
Professional, Employers & Trade Organisa-
tions of India, Foreword by Mr.G.L. Bansal.
(Price : Rs 3/- or sh. 10/-or § 1.50,

Re. 1/- Postage,

Kothari’s World of Reference Works

Lists important Directories and Relerence
Works throughoutr the World. Edited by
Ing. H. Kothari. Foreword ;v Dr. B. Gopala
Reddi, Minister for Information & Broad-
casting, Govt. of lndia.
{Price : Rs. 5,-orsh, 10/- or § 1.50

Re. 1/- Postage.

Who's Who in Indian Science

Lists Biographical datas of leading Indian
Scientists, Doctors, Engincers, elz.
(Price: Rs. 10/-or £ Lor § 3} (In Pres:

Under Compilation

WHO’S WHO IN
The  National Biographical Roster of India.

INDIA
First & Most

ambitious Project of its kind from the country.

*We Provide Advertisement Facilities in our Publications

LA A A A e oV o
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W

Ready Jor Sale { Manufacturers of : }{

$

DIRECTORY OF SMALL SCALE ; 4
INDUSTRIAL UNITS ‘ Grade I Lathes & Planing L

?‘ Machines k;

) 4

@ ; &

b THE ;

4 3

A Directory lﬁf Srgall Scale Industrial Units ({? BATALA ENBINEERING [:[].r LTD' :
containing valuable and useful information to the ' |,y “, g
Small Scflc Industrialists has been brought out ;’ BATALA I'b.) India ‘}
by the State Department of Industries and Com- { &
merce, Madras, The Directory which is priced % !,
Rs. 4/- only (Postage Extra) contains 360 pages & ’3
giving informarion about 3,000 Industries in the ‘ ® e
Madras State. Copies arc available for sale with % t'
the Manager-cum-Editor, Technical Information @ }
Section, Industrial Estate, Guindy, Madras-z2. ;{ ¢
"i Sole Selling Agents &

® 4 , 4

1Jd Engineering Co., !

Y { Jayems Engineering Co, }

AND COMMERCE 1 BAY.1 b

MADRAS - 5 4 Fort, BOM ) b
&’-o\ve%%‘!%ww¢ﬂzﬂmm7~%%w"

7 y PHDVNE
1SELF CENTRING TRUE CHUCK

TWO-THREE & FOUR JAWS

GRADE ONE [PRRIE Y.




220 KV 800 Amps
Isolator

<
"
T
a
id

High Voltage Equipment & Line Material

PROUDLY PRESENT 220 KV
ISOLATORS & AIR BREAK
SWITCHES

ROBUST DESIGN FOR ENDURING SERVICE

From 11 KV to 220 KV . Current

Ratings wupto 1280 Amps. . interiocked
Grounding Blades e Auxiliary Switches
Mechanical Interiocks ] Electrical

Interlocks L Mcror Cperation e Heavy
duty busbar connectors and clamps etc.

Manufactured by:
HIVELM INDUSTRIES Private Ltd.,
A-5/6, industrial Estate, Guindy, Madras-32, india.
Phone: 80504 . Grams: "HIVELM”



ISI CONVERSION SLIDE

A UNIQUE INSTRUMENT FOR INTER-CONVERSION OF VALUES

MUST for 3!l engineers. de-
A signers and constructors in India
and abroad, wherever inter-
conversion of values fram metric CONVERSION SLIDE
t Ron-metric units or vice-versa is a ' R EEaranht A STMEES
matter of routine.
Suantities Covered Include:
Length -— mile, foot, inch (deci-
mal and fractional ), kilometre,
metre and millimetre.

Areq -— square inch, square foot,
square centimetre and square
metre.

Volume — cubic foot and cubic
metre.

Capacity — gallon (UK} and litre.
Weight — pound, seer, maund,
kilogram and quintal. g =
Pressure & Stress-~pound per St i o emome
square inch, ton per square s oRE '
inch. kilogram per square
centimetre and kilogram per

square millimetre.

Gauges — Birmingham {BG).
British Standard Wire (SWG ),
American Brown & Sharpe [’ 21
( AWG ), and Indian Standard ran binas i
Thicknesses and Diameters of 3 FAAgTASNEn FRTHERST  asemaamiae

Wire, o [} [ S P L

Temperature — Fahrenheit  and .
Centigrade. STANDARDS HSTITUTION
Price — Only Rs 1500 pius postage. - £l o O

PRESSURE
amp

Fer enguiry and order, please write 10!

INDIAN STANDARDS !NSTITUTiON

"NEW DELH!? l

_BRANCH OFFICES 'l_o\?ng_y v “CALCUTTA ~«  MANPUR = W

2 5 ; Py AP il




E. 1. D. — PARRY LTD.

(Incerporated in Englind — The liability of members is limited)

AND
PARRY & COMPANY LIMITED

Sugar
Carbonic-Acid Ga:

THE Industrial- Alcohol
H Chemical
EOI. D.-PARRY | eavy Chemicals

Fertilizers

Fungicides &
G Rou P lll{ur_:gcctlic?dses

o F AL Engméering
k ¥ Confe.c.tionery
- COMPANIES

ST I R .w“!ww«m”‘w < L. Ceram ics

Licuors

Pharmaceuticals

Firre Chemicals

’ .
Essences
Fooed Colcurs
Packaged Consumer
Goods
Estd. 1788

Shipping & Transport

Dare House, Madras



INDUSTRIAL IB ‘ O N CONSULTANTS
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The industrial consultancy services offered by
the group fall under the following headings:—

IN THE PLANT—

PLANT CAPACITY AND LAY-OUTS PRODUCTION PLANNING AND CONTROL
STORES ORGANISATION CONSUMABLE STORES CONTROL
RAW MATERIALS CONTRCL FUEL AND STEAM UTILISATION
TRANSPORTATION METHODS MECHANICAL HANDLING
PRODUCT QUALITY CONTROL OPERATIONAL RESEARCH
WORK STUDY BUDGETARY CONTROLS

VALUATION OF PLANT & BUILDINGS
DESIGN AND ESTIMATES OF EXTENSIONS

ON LABOUR—

METHOD AND WORK STUDY * PRODUCTIVITY INDICES
TIMEKEEPING SYSTEMS WAGE PAYMENT SYSTEMS
JOB EVALUATION WAGE STRUCTURES
PERSONNEL RECORDS LABOUR POLICIES
HUMAN RELATIONS COMMUNICATION
RECRIENTATION LECTURES FOR LABOUR AND SUPERVISION

IN OFFICES—

MANAGEMENT ORGANISATION * EXECUTIVE LEVEL WORK
CLERICAL PROCEDURE * MANAGEMENT CONTROLS
WORK MEASUREMENT * BUDGET FORECASTS
LAYOUT, COMMUNICATIONS AND EQUIPMENT
AND
THE SETTING UP AND TRAINING OF THE
CLIENT'S OWN INDUSTRIAL
ENGINEERING DEPARTMENT
MARKET RESEARCH

PLANNING FOR MODERNISATION AND EXPANSION ©OFf INDUSTRIES
TECHNOLOGICAL STUDIES IN RAW MATERIALS, PROCESS AND PLANT PERFORMANCE

IBCON PRIVATE LIMITED

* R X B P K

LR I R

5 Russel Street, Head Ofhece: ADELPHI, Brady's Building,
CALCUITA 16, 119, Queens Rd., BOMBAY I. M. Gandhi Rd, KANPUR
Geurge Oakes Building, 85, Ward Place,
Sei Nuasimahacajs Square, BANGALORE 2 @ COLOMBO, CEYLON

Also in:
U.K., PAKISIAN. BURMA, IRAQ, CHILE, ARGENTINA,
BRAZIL, MEXICO, AUSTRALIA, HONG KONCG.




Productivity and Pregress go together

to produce...

WIDEST RANGE OF EXHAUST FANS

EVER MANUFACTURED IN INDIA

{INCLUDING ACID FUME PROOF & HIGH TEMPERATURE FANS)

DIRECTLY COUPLED
OR BELT DRIVEN

Large variety of application
in the field of Industrial ventilation

s Prompt deliveries

# Certain sizes available ex-stock

CALCUTTA ...
EXHAUST

CALCUTTA FAN WORKS PRIVATE LTD.
Pioneers and Experts in ventilation Engineering
Head Office : 30, Chowringhee Road, Calcutta-16
CF/PAI3-81 City Sales Office : |9B, Chowringhee Road, Calcutta-}3

Printed and published by Sri DH Butani for the National Productivity Council 38 Golf Links
New Delhi at the National Printing Works, 10 Daryaganj Delhi 6



