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THE NATURE OF OPERATl~NAL RESEARCH 

F. H. Omar* 

This paper discusses the nature of operational research and the -

toncept of modelling. The paper then looks at a simplified information 

Bow of a typical company as a basis for indicating some of the main 

tactical decision areas in the control of production systems· These will 

include the problems of demand f orcasting and inventory control and 

production planning and control. In each of these areas digital com

puters have made the use of new methods possible. Selected problem 

areas such as shop scheduling where computer simulation has given 

encouragement to research are then discussed and the paper concludes 

with the description of a simplified model of the industrial dynamics 
type. 

1. Introduction 

Operations research is not necessarily associated with computers 
bu t there are several sets of interactions. 

(a) technical, in that computers enable one to solve problem8 
insoluble or uneconomic by other means. 

(h) historical, in that some companies introduced O.R as an 

adjoint to computer data processing systems which provide 

a good base for the development of more sophisticated 

methods. 

( C) organisational, in that, following from (h), their work 

interacts an . . commo d O R Illy f onns part of a manag-ement 

services group in a company. 

2. What is Operational Research ? 

h · · ll oblem orientated and what-Operational researc 1s essentia Y pr 
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d l ther based on simple arithmetic, sim 1 

h thods use w ie · P e ever t e me . . d mathematics the investigations should h statistici; or soph1st1cate 
e essentially -practical -in nature. 

. . f O R have been suggested, The important tw 1Manyulefin1UOns o • • 
o 

arc: 
0.R. is the application ,.of ,scien.tific method, techniques, and tools to . problems involving the operati~ns of a_ system: so -~s. to provide th~se in control of the system with optimum solut:Lons .to .thi _problems. _(Churchmat?-, Ackoff, and ,Arnoff, 1957) .[~]· 

,~. rrhe ·_O.R. society definition :-
,O~R. is·the attack of mo:dern -science .on. complex problems arising in• the , .direction and management ')£ large ~ systems of men, -ma-chines, material, .and. moneyi in iadustry, i hasiuess,ngov.emment LaJl1l :defence. ~The . distinctive .approaeh. is . to t·Aevel0p -a -scientific model of the system, incorporating measurement of factors ;such as chance and risk, with which to predict and. c~pare .. the outcome of alternate decisions, strategies and control.. The purpose :is to ·help -management ·to determine ·its ·policy ·m\l .,actions 
scientifically. 

The second definition brings , out several of the-essential features. First, that 0.R. is concerned with problems of or.ganization .and .allocation of resources of men, machines, materials, an'd money to achieve some objective. Secondly, it emphasises the idea .of.building a model of the system. . Thirdly, it says that it is a service which is trying to help management. Fourthly, it implies that there must be some measure of effectiveness if one is• to~ be able to· compare 'the outcome of alternate 'decisions. 

If one then combines these points with the fact that one often has inter-.de~ciplinary team of people working on the project one · has a .desenption, af. -what many 'O.R. ·. groups · are · doing ::and J1ow tthey are ~mposed. · In· t>tlter·words · 0.R. ·is 110t· tlte-· setbof-weU ·-known-techni• ·ques · associated with· it such as queueing thcocy .:.and:linear ;pregtanm1· 
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Th e and others, are the tools of the trade used b th 

es , . y . e opera-

jug, esearcher when he carries out research into operations. 0.R· 

. oual r h d 1. d . 
u ·eutific met o app 1e to operational problems . 

• . ·1 sci 
J!, ' 

To provide the advantages of specialization and subdivision of 

a company's organization is usually split into functional areas 

Jabour . d . 

} ·1s marketmg, pro uct10n, finance, research, and development But 

~uc I ' 
• • 

• 

. · achieved at the price of having to co-ordinate these areas to 

tlus JS 
• 

h·eve the best overall result. Conflict often arises and even when the 

ac 1 
' 

~o-operative intent is there, it may not he possible to ohtaiue " J,est " 

lutions because of the complexity of operations and the difficulty of 

f: 0 

obtaining objective information through the normal channels of com-

munication. 

As an example of conflicting interests, let us consider what stock 

level should be held. The more stock that is held the better the service 

that can he provided hut the more it costs in stock holding cha~ges. It 

is common to get a curve of the " 

form shown in fig. 1. i·e., the 

cost of holding stock increa

ses rabidly to hrovide the 

Jast few percentage of ser

vice. If poor service is given 

one loses goodwill and potenti

al profit; on the other hand too 

good service may cost more 

than is justified. The problem 

is, what service level and what 

stock holding should he chosen 

in order to maximize the over

all pedormance, e.g. by mini

mizing cost ? 

% of 
orders 
delay 

•-----------> 
Stock earring cost 

IlfG. 1. 

Expressed in a more general fonn we cau say that the result of au 

O.R. study is to produce cost or some other measure of effectiveness as 

a function of the variable or variables under consideration, this is 
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illustrated for one variahle iu 
fig. 2. 

As a result of an O.l{. 
study one might recommend, 
according to whether the re
sults are sensitive or relatively 
insensitive to the variable 
under consideration, 

Cost 
c.g 

A B C 

(a) the valne of the varialJle 
which should be chosen 
(B ), or ·-------------) 

Variable, e.g. Stock level 

FIG. 2 

(h) the range (A-B) within which the variable 1night be without 
greatly affecting the r,esult. 

Expressed mathematically one can say that one tries to construct 
a11 effectiveness function E = f (x .. y.) where x. are the control-

1 l I 

laLle variables and y . are the variables not under control. 
l 

Three final comments. First, that the prohlem area chosen should 
he one where worthwhile saving are possible. A preliminary survey 
often indicates that some problems are uot worth tackling and that 
others could be ,enlarged to include potentially more rewording studies. 
Secondly, there is, sometimes, difficulty in deciding which of several 
possible measures of effectiveness should he used, e.g. whether one 
should maximize profit, minimize cost, maximize return on capital or 
something else. Thirdly, most published work concentrates on the 
model building and techniques. This tends to mask the fact that much 
of the work consists of identifying the problem, collecting data and 
implementing results. 

3. The 0.R. Procedure 

O·R. tackles its problems by a series of steps which might be called 
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R. procedure. This has been expressed in several slightly 
1he O. fonns but basically it is as follows 
Jifferent 

I. 

3. 

4. 

5. 

6. 

7. 

formulate the problem. 

obtain quantitative information relevant to the problem. 

analyse the information. 

formulate a hypothesis (build a model). 

test the hypothesis ( test the model). 

determine the effects of alteruntives to cnahle the executives 
to make a decision. 

a) ensure that the decision is implemented 

h) establish control over the solution. 

The first five of these are the commonly accepted steps of the 

scientific method~ the last two are concen1ed with the implementation 
stage. The steps are of course not necessarily tackled in this sequence, 
c·g. the problem might not he dear until a lot of informatiou had beeu 
analysed, and sometimes there will he some cyclic steps, e.g. the testing 
of the hypothesis could give a negative result sending oue back to an 
earlier step. Let us look. at each step in more detail. 

Step 1. Formu"lation 

This is the most important and difficult step in the procedure. As 
indicated by churchman and others [ 1], there are basically two 

problems 

(a) the consumer, i.e. the person for whom the work 1s being 

carried out. 

(b) the researcher. His problem is the determination of the 
effect that alternative courses of action have on the measure 

of effectiveness. 

Goode and Machol [2], indicate that the correct fonnulation of the 
problem is the essence of the solution and that one can specify necessary 
clements in the correct statement, but cannot be certain about sufficient 
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elements. The four essential elements in problem fonnulati . · 
ou '.• . 4re given as :-

1. Environments : The present system, administrative lines }J .1 .. ' 0 lttc•t1 relationships etc. ,, 
2. View points : e.g. The director manager and functional rn 

h ff b
. . ana. ger will ave di erent o iecllves. 

3· Permissible solutions. 
vested interests etc. 

Limitations, state of arts, knowledge, 

4. Measures of effectiveness : e.g. are trying to manufacture 
something at least cost, most profit etc. ? 

Ideally we would like the "best" solution relative to as large a 
portion of the total organization as is possible. Pref er ably we want to 
consider the whole system not just a part. We want to optimize, not 
sub-optimize. Thus, e.g. in dealing with an inventory control problem 
we want to consider as far as possible the effects on production, purchase 
difficulties, organisational effects, costing, alternative investments, etc. 
But, practical considerations usually require one to deal with the parts 
in sequance and to adjust later. It is usually not possible to understand 
the whole problem. Results are often needed quickly, data may not be 
available or may he inaccurate. Often there are too many possibilities 
and sometimes a lack of techniques available for reducing the number 
of choices to manageable proportions. Therefore · most projects start 
with problems of restricted scope and later enlarge, and usually the 
results are in the fonn of an answer which is better than previously Lut 
not necessarily the best possible. 
Step 2 and 3 : 

Obtaining and analysing information relevant to the problem. 

This is usuaJly remarkably difficult, ·e.g. to find the proportion of 
specials in a factory production system will often yield remarkably 
different answers according to the purpose of investigation. Numerically 
it might he small, its nuisance value might be high, its worth to the 
company in terms of good customers •service might he high or greatly 
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I
~ "f"f. 

d Analysis o in ormatum of ten require Ll 

errate · • · 8 le use of statistical 

oV d. and the construction of frequency dist •h . 

Jletho o k . r1 utious, e.g. when 

1 •d' " 011 safety stoc - one will Jlrohably want to I d 
1
. 

Jeci 1110 • I ana yse e 1very 

f raw matena . 
times o 

Step 4 : 

F 011nu1ate a hypothesis or construct a model. 

This is the construction of the effectiveness function E == f 

( , . y. ) mentioned earlier. 
~I, I 

Generally one wishes to maximize or minimize E. It is sometimes 

possible to do this analytically, e.g. by calculus,_ hut generally one ureds 

to adopt a numeric approach. The main methods for this are : 

1. List all possibilities, e.g· if there are n choices with values 

E (i = 1, ... , n), select the choice with the largest value. 

I 

This system is often pot possible because of tl1e large 11ur1iher of 

choices, e.g· assigning 10 jobs to 10 machines has 10 ! possihities. 

2, Trial and error. 

Look at several and select best. 
' 

3. A formalised sort of random sampling called Mont Carlo simula

tion. We shall look at this in nwre detail. 

4. Iterative methods. These are methods in which one has a pro

cedure which successively produces results closer to an optimum 

solution and one has a set of n1les to define an optimum when 

one gets there. An example of this is linear programming. 

5. Search procedures based on heuristics. A heuristics is a common 

sence rule which seems likely hut is not guaranteed to give a good 

answer, e.g. schedule the job which is most late first. · 

Step 5 : 

Test the hypothesis (model). 
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This is deciding how well the model predicts the effects of a ch 
ff . ange in the va1uc of a variable or overall system e echveness. Eve11 if . 

doc" not fJrodicl well the model may Le useful in tenns of the u <l ll b , • n c~ 
standing that it gives, but a uew model will need to he huilt for 
predjctivc purposes· 

Step 6 : 

Use to predict and compare the outcomes of alternative decisious. 

This is providing a service to the manager to enable him to make 
a decision and it requires that the results should he expressed in a form 
that the manager can understand and should indicate the sensitivity of 
results to different decision. 

Step 7 : 

Put the solution to work and estahlish controls over the solution. 
The operation of the system will require operating instructions saying, 
who does what and where ; and probably some training of the personnel 
involved. Secondly, because business systems are dynamic, one ueecls 
to monitor the system to know when significant changes have occured. 
The new system must itself he in control. 

4. Information and Material Flow 

The main steps in information and material flow which result from 
the receipt of a customer's order are outlined (in a simplified fonn) 
in fig. 3. 

FIG. S 

, 'I\ . 

Feedback , 

............... Plan 
. ~........... ' (shedule requirements) 

I ,, • ~~'- • ' 

operational ~ 
Inst~ctions __,,,.. 

'-~ I 

I Action 
(Material flow) 



~ h "di ,. 3 is a sc enrnt1c agram, showing how th · f . 
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~J~. • e IU onnation and 

.. 1 flow is represented 1n the following outli d Th 
. terJ,l ne steps. e 

111•' 

steps are 
I. The customers orders are accumulated to form the order Look. 

If necessary a demand f orcast is produced. 
2. 

3. 

4· 

5. 

A company programtnc is produced, usually in 2 parts, a sales 

programme and a production programme showing respectively 

what is planned to he sold and manufactured in some period in 

the future. These programmes are based on such things as the 

demand f orcast, desired stock levels, current stock levels factory 

capacity, and management knowledge. 

The production program1ne is exploded to give successively gross 

sub-assembly requirements, parts requirements and material 

requirements. These gross requirements together with the 

current stock position and inventory control rules are used to 

produce net requirements arid hence the ordering requirements on 

the shop, sub-contractors and material suppliers. 

As a result of the ordering one plans to trigger off a series of 

even ts such as ( with some possible documentation alongside). 

a) receive raw materials 

h) issue raw materials 

c) manufacture part 

d) assemble part 

(goods received note) 

(material requisitions) 

( operation card) 

(assemply orders) 

e) despatch parts from warehouse to customers 
( despatch note) · 

6. The data generated as a' 'result ~f the events are used to control 

. the systeip, e.g. ~tock .,records ,will he a~justed on material .rtceipt, 

lack of r~ceipt may be the hases ,of c~pediting ,action and _rej~ctions 

from manufacture may initiate rectification work or additional 

manuf~~ture~ 
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lu other words one has a forward (planning) information flow aud 

a reverse (feed hack or control)infor.mation flow which is used to nprfote 

records on the current state of the shop and, suitably filtered to control 

subsequent operations on the sho1,. This information flow is of course 

now hcing produced on a routine basis in some companies by their 

coinpnter systen1 and once the data is available and the administrative 

proble1ns of obtaining it on a routine basis have been overcome there is 

great scope for more sophisticated approaches to he used-

Arnong the problen1s which can he identified in the production 

planning and control Joop arc demand forcasting, sales planning and 

control, quality planning and control, production planning ';1nd control, 

and inventory planning and control. In a sense these are all the 

tectical problems, i.e. problems looking at how best to use present 

resources, and typical results if one had a computer might be to use 

exponential smoothing 1nethods for demand forcasting, to us_e inventory 

control ana]yses to determine re-order levels and re-order quantities or 

Lo use priority rules in a job-shop scheduling situation. 

But what will be the outcome of using a proposal method ? To 

find the answer to that, it is c01nmon to carry out a simulatioQ. We 

shall therefore briefly describe simulation and illustrate it with some 

examples 

5. Simulation 

Simulation is now an accepted and fa~hion~hle tool of O.R· 

Si1nulation is the process of setting up a n1odel of a situation and then 

perfornting experiment on the 1nodel. The model' may he either deter

ministic or statistical and the word simulation is used to describe the 

model building, the model itself and the experimentation of the 1nodel. 

Some suggested definitions of simulation are , : 

1. The development of a model of a system and its use to investigate 

alternatives without interfering with the real sy~tem. 

2. The setting up of a stochastic model of a real situation and then 
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performing sa":1pling experiments upon the model. The feature 

which distinguishes a simulation f roin a mere sampling exper~

rnent in the classical sense is that of the stochastic model. 

Whereas a classical sampling experiineut in statistics is most often 

performed directly upon real data, a simulation eutials first of al) 

the construction of an abstract model of the system to be studied. 

(ref. Harling [ 12] ) . 

But whatever the definition, the main use of simulation is to 

enable one to investigate situations in which it is not practical or worth 

while to obtain results by other means, in particular situations where 

one do;s not wish to inter£ ere with the ·real system. Thus one might 

test the performance of a forcasting system in respouse to a given patten1 

of demand data, or investigate the service provided by au inventory 

control system in response to given demand patterns. Iu effect simu

lation enable one to study certain aspects of business problems in the 

laboratory. But this very fact may be its weakness ; it is emphasising 

decision making and model building and ignoring the sociological 

implications. 

Simulation E1Xample of the Job-Shop Sheduling 

Gifflcr in 1966 [10] defines job shop sheduling as the ordering of 

h t . · bs at the machines subject to routing constraints, so 

l e opera Ions on JO 
. 

th h h I · obtained for some measure of cf-Iect1veness 
at t e est va ue IS 

appropriate to the system. 

E £ h t · ially simJJle situations of 2 or 3 machines with 
xcept or t e riv 

· l"f · t" such as jobs once started must Le completed 

s1mp I y1ng assump Ion . . 

J h (1954) [3] and Lomnicki (1965) [4]) there are no analytic 

(. o nson . 
• JI f ·1 J Th 

formulations of the problem which are compu~at1ona ~ eas1 ~ e. e 

· 1 th d of investigation is there£ ore by sunulahon. 
only practica me 0 

• I t" of the 1· ob-shop sheduling problem have been cons-

Many sIIDU a ions . . . . . . a • 

d Th Vary in complexity 111 the ob1ect of the 111vestlr,at1011. 

tructe · ese 

E I ers describing job-shop scheduling simulation were by Baker 
ar y pap 
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and Dzielinski (1960) [ 5]. Le Grand (1963) [ 6] used actual operat. 
ing data covering 115 1nachine groups and 47 labour classes a 
examined the effect of 6 different priority rules on factory perforrna 

nd 
nco 

·which are : 

1. Minimun1 process tin1e per operation. 

2. Minimurn slack tin1e per operation. 
slack = ( due date - present date) / no. of operations. 

3. First con1e first served. 

4. Minitnum planned start date per operation. 
operation start date has been calculated 
scheduling procedure. 

5. Minimu1n due date per order. 

6. Random selection. 

The theoretical 
previously hy a 

Factory performance is detem1ined by a variety of factors such as 
in-process inventory, labour utilisation, number of orders delivered on 
time and so on. Le Grand's simulation studied the effect of the six 
priority n1les on the foJlowing measures of effectiveness (criteria). 

l · N umher of orders completed. 

2. Percent of orders completed late. 

3. l\ilean of distribution of completions. 

4. Standard deviation of the distribution of completions. 

5. Average number of orders waiting in the shop. 

6. Average waiting time of orders. 

7. Yearly cost of carrying orders in queue. 

8. Ratio of inventory carrying cost while waiting to inventory cost 
on machines. 

9. Percent of labour utilised. 
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JO. 
percent of machine capacity utilised. 

1'he simulation showed that using minimum pro . 
cess time per 

lion gave the best per£ ormance overall, if all criteria ar . ll 
0pcra . . . e equa y 

. )lted· \Vhere greater weight was b'1Vcu to completin,,. a d 
''°cig . , o n or er on 

tirne, slack time ( rule 2) produced the hest performance hut even here 

Jl)iuimum process time per operation produced good results. 

The interest of this simulation is its practical nature and the fact 

that it was later used as the basis of sequencing order on the Hughes 

Aircraft Co., as discussed further in the paper by Steinhoff (1964) [7] 

and Bulkin, Cotly and Steinhoff (1965) [8]. 

At the other end of the range of complexity Eilon and Hodgson 

(1967) [9] exa1nine the performance of a single queue with 2 services 

in parallel with Poisson arrival and exponential sen-ice time subject to 

random fluctuations. Five priority rules were studied and their results 

were presented in easily understood graphical form. 

In this brief review we can conclud.e two uses of simulation of 

job-shop scheduling : 

1. investigation of a problem in general way, in order to obtain an 

understanding of the effect of rules for scheduling on the 

schedule produced. 

2. investigation of practical job shops iu order to make specific 

decision relating to the condition on the shop. 

Simulation EiXample on Industrial Dynamics 

The second simulation illustrates a method of simulating larger 

h . h ·ght include several factories, warehouses, retailers, 
systems w 1c m1 

d · d ·nventory control, demand forcasting capacity and 
pro uction an 1 

fi · l "d ati'ons etc We have alreadv seen the feedback nature 
nanc1a cons1 er · · 

£ b · control system and therefore it is not surprising that the 
o us1ness 

h t Simulation of these complex problems also strongly 
approac es o 
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illustrate the f eedhack nature. In general one is interested • in th 
behaviour of a system as a function of ti1ne. There are two appro h e 

ac es 
' 

2. 

of : 

to rei.n-csent ti1ne as a continuous variable and produce a 8 et of 
differential equations to represent the system. Some models of 
this sort are described in papers by Tustin (1953) [11], Sirnon 
(1960) [13] and Bane (1965) [14]. 

to represent the syste1n by a rnodel in which time fa stepped on 

by incre1neuts. This produces sets of difference equations. This 
idea has been developed in depth by Forrester and he called the 

work "industrial dynan1ics" [15]· Basically he considers six 
rnain factors in a system ; information, money, orders, materials, 
personnel, and capital equipment hut not all of these factors need 
he present. 

The basic idea 1s that one consider a system con1posed primarily 

(I) levels, such as inventory levels. 

(II) rates of flow in and out of the inventory. 

These are related by (III) decisions and (IV) delays. Using the 
notations as included in Clough (1963) [161 one may take x (t) to 
represent a 1evel at time t and y ( t) to represent the rate of flow during 
the time interval ..6.t taking one from (t-1) tot i.e., (t-1) + .6 = (t). 
For simplicity take t = 1, e.g., 1 week. In general .6 t has to be 
small enough to assume constant rate of flow over the period and this 
is related primarily to the delay in the syste1n. We will distinguish 
between different rates and levels by suffices, e.g. as in fig. 4., from 
which one can get the equations of the form : 

FIG. 4 

Material inventory 
------->- level, x 2 (t) 

material input 
rate y 2 (t) 

material issue 
rate Ya (t) 

> 
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J. 

2. 

representing levels : 

level at end of interval == level .11 b • . 
' egunng + flo • fl w m - ow out 

:x ~ ( t) X 2 ( t-] ) + y 2 ( l). 6 t - y :i ( t) · 6 t, 

representing rates : 

One controls the input according t d .. 

d d 
o ec1s1on nil es e g · f 

re-or ere on the basis of a max-n . k . . I one 

h 
. 1 k , un sloe control system based 

ou p ys1ca stoc -, ' 

Y'2 (t + l) == k 

== 0 

if X2 ( t) < Re-order level. 

other wise 

Notice that one determines the rat f fl . h . . 
. e o ow m t e next tune mterval 

m tem1s of past values of levels. In this cas th . d l e ere are no tune e ays 

If there were a delivery delay of 1 week the equation would become . 

Y2 (t + l) = k 

== 0 

if X2 (t-1) < Re-order level 

otherwise 

One may thus, given the initial values of level and rates, produce 

the new levels from which in turn one produces the rates for the next 

time interval. 

Conclusion 

In conclusion one can say that the objective of 0.R. is to aid 

decision making. O.R. has had a high success ratio and we have indi

cated, by means of a simphified model of material and information 

flow, some of the commonly tackled problems within a company. In 

particular we have considered simulation which is one tool of 0.R. 

which as well as an apportunity to investigate tactical problems also, as 

in the industrial dynamics approach, gives the opportunity of looking 

at some problem of strategic decision making. 
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