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physics, surveying, mathematics, and an army officer. This group

was the nucleus of operations research groups in the British Army

Mavy, and Air Force.

1.
2

5.

The main characteristics of these groups were:

They contained scientists of varied backgrounds.

They studied system problems in a scientific way, taking
the whole system into consideration.

They used the team approach in tackling the problems.

-~ Some of the problems that were studied during the war

are presented as examples below

1.

Results of antisubmarine attacks from the air were dis-
satisfactory. Changes in either the altitude of the
bombers or the size of the depthbomb 1id not give any
substantial improvement. It was observed during the
study that the submarines were attached while they were
on or near the surface of water. The bombs, however,
were set to explode at lOO/under the water, while their
lethal range was 2dfonly and therefore the chance of
their causing a significant damage to the U.Boats was
very slim. The research group recommended that the .
anti-submarine bombs be set to explode at a depth 20—2;
below the surface of water, The bombing efficiency was

reported by the Royal Navy to increase 400% and by the
R.A.F. to increase 700%.

2« One of the questions confronting the Royal Navy was:-—
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"What is the optimum size of a merchant convay for minimum
losses and minimum patrol requirements ? "As the patrol
increased, losses decreased. But it was not possible To
provide more patrolling airplanes or ships. The only
controllable variable wés the size of the convay. It was
found from past data that when the convay was less than
45 ships the average loss was 2.6%, while the losses for
conveys larger than 45 ships were only l.7% Large convays

were then recommended, which resulted in reduced losses
]

3, A similar study was carried out after the British attaked
Germany. The study revealed that as the number of
attacking airplanes increased the losses decreased. This
result led to the first aerial attack consisting of 1000
airplanes which the Royal Air Force in 1942. After tThe
U.S.A. entered the war, operations research groups were
formed in the American Armed Forces similar to tThose in
Ensgland, The following is an example of _one of the stu-

dies made by those groups:=—

H

The problem was to find whether a ship attacked from the
air should take a straight or zigzag course. A straight course
will help the anti-aircraft guns to hit the attacking airplanes,
while a zigzag course will give a greater change of avoiding the
enemy's fire. Using past data, it was found that large ships
should follow a zigzag path, while small ones should go on a

straight line. Later operations showed the ships which followed
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this rule were hit 29% of the time, while those which did not
were hit 47% of the time. - B
The studies made during the war, although éarriéd out in
a more or less scientific way, yet the techniqués and.the mathe-
matical models used were not as developed as they are'ndwdiﬁ the

field of operations research.

Civilan Operations Research:

Afer the war, O.R. Continued its activities in the mili-
tary field both in England and in the United States. Government,
industrial, and business organizations, aware of the profits
gained by military O.R., began to utilize the services of O.R.
specialists. Some of the O.R. activities were already performed
by consulting agencies in industrial engineering, accounting,
market research, etc.. although the approach was different. In
Great Britain, O.R. found applications in planning the policy
of food production, imports and distribution for the government,
and in planning for increased efficiency of production especially
in nationalized industries. In the United States, civilian app-
lication of 0.R. did not start as quickly, because the comgtition
between companies stood in the way of expenditures.on research
in a new field and because of the cometition of consultipg agen—
cies claiming to perform the same functions of O.R. Hoﬁéver,,O;R.
started in some industries related to the military field, sudh‘u

as the aircraft industry. Later, many other concerns recognized
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the importance of the new field and made great use of its servi-
ces. Presently, there are in the U.S.A. thousands of scientists
0.R. Several universities give undergraduate courses in O.R. lea-
ding to the B.S. Degree, and a few give graduate courses toward
the M.S. and the ph. D. degrees, and some offer special shor®
courses for those interested in the field, such as executives.
Active operations research societies have been established in
the U.S.A.; U.K. and France and an international soclety was
formed with these societies as members. Several studies in O.R.
and applications of it to practical problems have been made in
Canada, Norway, Sweden, Denmark, Holland, Belgium, Italy,Germany,

Austria, Spain, Turkey, Poland, Japan, and India.

CHARACTERISTICS OF OPERATTONS RESMARCH:

The following question may arise, "What are The chaw~:
:acteristics of operations research that would necessitate its
consideration as a new area of inquiry?" Such areas as industrial
engineering, economics, statilstics, market research, etc., deal
with about the same type of problems as operations researche The

distinction, however, lies in the following argumentss

. B e . . . s s W o S . B o, et

1. - Application of science toﬂggerational problems:

Operations research took the scientist from his 1abo~
ratory out in the f£ields The scientist used his tool, the scien-
tific method, for the solution of practical problems involving

complex man~machine systems. His approach to any problem was
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generally to gather data, analyze them, construct‘models, solve.l_
them, apply the solutions, and check theme A spec1allst 1n anyv
one of the above mentioned fields would tend to apply prev1ously :
constructed devices and formulas for the solutlon of the problem |
at hand. For example, in order to prepare a productlan schedule_
for a set of machines in a factory an 1ndustrlal englneer Would}l
resort to the Gantt chart or any one of the more modenn machlne
loading devicese An O.R. analyst on the other hand Would de-r )
fine the problem, determining exactly the obaectlves to be at-'
tained, and then he would gather the necessary data, and work o
abstractly using perhaps, sequenclng or schedullng models, or”
developing new models to solve the problem. The 0perat10ns*re—

search solution. although it may be more expen51ve to flnd is

more likely to realize better gains..

2.~ Science and Recommendations for Action

The classical function of science is the uﬁderstaﬁding of
existing phenomena. This understanding helped in better predicé'
tions of the behavior of these phenomena., 0perétions' Research
used the scientific method to recommend courses of action to the
decision-makers, after knowing their criteria for good solutions,
that is, their objectives_and-values. In other words, operations
research as a science tells what ought to be done, not .only what
is happening. Actually science has taken a step further and 1is

examining the set of values that the decision—makors may have.
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experience in O.R. through their work with the other members,

and they may form a permanent O.R. group later.

STEES OF AN O,R. STUDY

‘The operations research approach to a problem follows the
same outline of any scientific investigation. Roughly this is::

l.- Formulating the problem

‘This involves definine the objectives of the decision-ma-
kers and their criteria for an optimum or best policye The limits
on the scope of the study are determined in this step, but may be
changed (expanded or tightened) later during the investigation.
Ameasure of effectiveness is established to determine the degree
to which a solution satisfies‘the objéctives of decision makers.

2.= Collection of data:

A1l the facts relevant to the problem should be gathered.
These may be obtained from records, reports and cofresPQndance,
but in most cases interviews with concerned persons or specialists
are important. Sampling may be resorted to at this stage. Note
that the main objective of the collection of data at this stage
is only for the purpose of providing enough information to const-
ruct the mathematical model and not to apply it.

3¢— Constructing a mathematical model to represent the system

under study.

As in any other field of science, a model is built to rep-

resent the systeme. In its broadest sense, a model is a simply
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After the model is constructed, a solution is found for
it. A solution will satisfy the system's requirements and maxi-
mize its effectiveness. A solution may be analytic, numerical,
or experimental. The data are fed directly in the analytic colu-
tion whenever one exists. ©Such solutions exist for simple inven-
tory and queuing models. In models which has numerical solutions,
such as linear programming, the data are fed in the original for-
mulation of the problem and specified procedure is carreid out on
these data until a final solution is obtained. In some cases,
where neither analytic non-numerical solutions exist, such as in
complex gqueuing situations, experiments are conducted, feeding
random inputs, with known distributions, and observing the out-
come at succeeding stages of process. |

4,~- Testing the Model :

The model is tested with fresh data or with past data that
were not used in the construction of the model. A model is tested
for truth and validity? It is true when it describes the system
with acceptable accuracy, and it is valid when all the statements
included in it are logically consistent.

The solution of the model mgy be tested experimentally by
comparing the decisions it gives with alternative decisions. A
sensitivity test may be carried out to detect the effect of a
specified change in one of the variables (controllable or uncont-
rollable ) on the effectiveness of the system. Statistical methods
may be used when the varisbles are subject to random fluctuations.

A procedure should be specified by which the system is
tested against variations that may redner the model or the solu-
tion derived from it inapplicable. Statistical quality control
techniques may be used here.

5= Implementation

Recommendations for actions given by the O.,R. team are
generally executed by persons whose knowledge of mathematics is
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4, Tranéportation:
- Routing for minimum distance travelled

- Design of networks

A, Detailed Examples

The following is a simplified review of an industrial ope-
rations research studye¢ in which the author of this report parti-=
cipatedi ' ) :

A cetain metal-producing company was worried about the
high investment in semi-finished ingot inﬁentory relativé to‘itéA
total capital investment. The question imposed to. the O.R. team
was, "Is this inventory level too high? and if it is, what is the

opitmum level?"

The O.R. team discovered that the inventory level was high
mainly because of the large lead time between rpeeiving the raw
materials and producing the ingots. This period had an average»
of one month. It was not possible to cut this time down through
the reduction of raw material order lead time, or through the
elimination of some of the quality control aperations or the re-

duction of time required for them'®

The second stage of the study was to analyze all the costs
relevant to the inventory and find the levels of the controllable
variables that would minimize the total of these costs. Since the
demand on inventory was variable, but predictable, theAalternati-

ves to meet it were:
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