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THE NATURE OF OPERATIONAL RESEARCH

F. H, Omar *

This paper discusses the nature of o

eoncept of modelling. The paper then looks at 5 simplified information
flow 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 forcasting and inventory control and
production planning and control.

Perational research and the

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 indusirial dynamics

type.
1. Infroduction

Operations research is not necessarily associated with computers
bat there are several seis of interactions.

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

(b)  Thistorical, 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.

(¢) organisational, in that, following from (b), their work
interacts and O.R. commonly forms part of a management
services group in a company.

2, What is Operational Research ?

Operational research is essentially problem orientated and what-
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the methods used whether based on simple anthmeuc’ Simp]e
ever the

tistics or sophisticated mathematics the investigationg shoulq be
statistics

essentially practical in nature.

Many: definitions of O.R. have been suggested, The importap, b

are

1. O.R. is the application of scientific method, techniques, anq toolg
to problems involving the operations of a system. so 3.t0 provig,
those in control of the system with optimum solutions ¢ the
problems. (Churchman, Ackoff, and Arnoff, 1957) [1]-

2. The O.R. society definition :—
'0.R. is the attack of modern science on complex problems ariging
in the ‘direction and management of large -systems of men,
machines, material, and money in industry, business, governmen;
rand defence. The: distinctive approaeh is ‘to.develop a scientific
model of the system, incorporating measurement of factors -such
as chance and risk, with which to predict and. cempare.the out.
come of alternate decisions, strategies and control.

is to help -management ‘to determine its ‘poliey
scientifically.

The purpose

-and -actions

The second definition brings . out
First, that O.R. is concerned with prob

tion of resources of men, machines, materials, and 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,

several of the essential features.
lems of organization .and alloca-

i e working on the project one has a

eseription. of what many ' Q,R groups -are - doing ~and . how ithey are
A%mposed. . ‘In- other-words - O-R.-is not-the set-of-well *known- techni-
ques “associated with it sueh as

queueing 'thcory.an;dilinear,‘pr%wm'
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 These, and others, are the tools of the trade used by the opera
' e . e ra-
g esearcher when he carries out research into operations. 0.R:

jond ) . .
! , cientific method applied to operational problems

To pronde th’c advan.tagffs 0? specialization and subdivision of
[abour & compz.ul}' 8 orgam.zatlon is usually split into functional areas
cuch 48 marketing, produ?tlon, finance, research, and development. But
(his 18 achieved at the price of having to co-ordinate these areas to
schieve the best overall result, Conflict often arises and, even when the
co-operative intent is there, it may not be possible to obtaine “ hest ™
colutions because of the complexity of operations and the difficulty of

obtaining objective information through the normal channels Iy g—

15 ¢

n]lll]ication-

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 be provided but the more it costs in stock holding charges. It
i common to get a curve of the A '

{orm shown in fig. 1. i-e., the

cost of holding stock increa- :’:"r de‘;fs

ces rabidly to brovide the  delay
last few percentage of ser-
vice. If poor service is given
one loses goodwill and potenti-
al profit; on the other hand too
cood service may cost MmOre
than is justified. The problem
is, what service level and what
stock holding should be chosen
in order to maximize the over-
all performance, e.g. by mini-
mizing cost ?

Stock carring cost

FIG. 1.

Expressed in a more seneral form we can say that the result of an
0.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 variable in ”
fig. 2. Cost

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

(a) the value of the variable
which should be chosen

(B), or A B ¢

‘)
Variable, e.g. Stock level
FIG. 2

(b) the range (A-B) within which the variable might be without
greatly affecting the result,

Expressed mathematically one can say that one tries to construct
an effectiveness function E = f (x. , y.) where x. are the control.
1 1 1

lable variables and y. are the variables not under control.
1

Three final comments. First, that the problem area chosen should
be one where worthwhile saving are possible, A preliminary survey
often indicates that some problems are not worth tackling and that
others could be enlarged to include potentially morc rewording studies.
Secondly, there is, sometimes, difficulty in deciding which of several
possible measures of effectiveness should be 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 O.R. Procedure

OR. tackles its problems by a series of steps which might be called
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rocedure. This has been expressed i

1; forms but basically it is as follows :

93

e 0 1 several slightly

differe!

1 formulate the problem,

obtain quantitative information rele

3, vant to the problem,

3. analyse the information.

4. formulate a hypothesis (build a model).

5 test the hypothesis (test the model).

6. determine the effects of alternatives to enable the executives

to make a decision.

7. 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 concerned with the implementation
stage. The steps are of course not necessarily tackled in this sequence,
eg. the problem might not be dear until a lot of information had been
analysed, and sometimes there will be some cyclic steps, e.g. the testing
of the hypothesis could give a negative result sending one back to an
earlier step. Let us look at each step in more detail.

Step 1. Formulation

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 is 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 formulation of the
problem is the essence of the solution and that one can specify necessary
¢lements in the correct statement, but cannot be certain about sufficient
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elements. The four essential elements in problemn f”'-'mlﬂali(,“
1 drg
given as :— 0

1. Environments : The present system, administrative lines, poliy;..
relationships ete. l

2. View points : e.g The director manager and functiong) Man,
ger will have different objectives,

3- Permissible solutions.  Limitations, state of arts, I“‘OWICdgc
vested interests etc. ’

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

Ideally we would like the “best” solution relative to as large ,
portion of the total organization as is possible. Preferably we wan y,
consider the whole system not just a part. We want to optimize, y0;
sub-optimize,  Thus, e.g, in dealing with an inventory control probley,
we want to consider as far as possible the effects on production, purchase
difficulties, organisational effects, costing, alternative Investments, ete,
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. Resulis are often needed quickly, data may not be
available or may be inaccurate. Often there are too many possibilities
and sometimes a lack of technigues 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 form of an answer which is better than previously but

not necessarily the best possible,
Step 2 and 3 :

Obtaining and analysing information relevant to the problem,

This is usually 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 be small, its nuisance value might be high, its worth to the
company in terms of good customers service nﬁght be high or greatly
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is of informati :
yrated Analys1s et atlz)nfoften requires the use of statistical
0 . construction o gt a3 (
ods and the " i requency dlstrlbutmns, e.g. when
ck on
Jecidi g on safety .StO e will probably want to analyse delivery
. materlal-

Step
Formulate hypothesis or construct a model.

This is the construction of the effectiveness function E = f

(<0 3 ) mentioned earlier.
J iy i

Generally one wishes to maximize or minimize E. It is sometimes
possible to do this analytically, e.g. by calculus, but generally one needs

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

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

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

This system is often not possible because of the large number of
choices, e.g: assigning 10 jobs to 10 machines has 10 ! possibities.

9. 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 more detail.

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 rules to define an optimum when
one gets there. An example of this 1s linear programming,

4. Tterative methods.

A heuristics is a common

5. Search procedures based on heuristics.
t guaranteed to give & good

sence rule which seems likely but is no
answer, e.g. schedule the job which is most late first.

Step 5 :
Test the hypothesis (model).



56 THE LIBYAN ECONOMIC AND BUSINESS REVIEW

——— . \\

This is deciding how well the model predicts the effects of chay
in the value of a variable or overall system effectiveness, Ever, iflg_(’
does not prodict well, the model may be useful in terms of th Ullde,l-l
standing that it gives, but a new model will need to be buil f“;

predictive purposes:
Step 6 :
Use to predict and compare the outcomes of alternative deﬂisious

This is providing a service to the manager to enable him to g,
a decision and it requires that the results should be expressed in 3 form
that the manager can understand and should indicate the sensitivity (f

results to different decision.

Step 7 :

Put the solution to work and establish 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 needs
to monitor the system to know when significant changes have occured.
The new system must itself be 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 form)
in fig. 3.

Plan .
FIG. 8 \\ (shedule requnrements)

5 4 TN N ' &

operational

Feedback  Instructions
L/ '

Action
(Material flow)
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pig 3 182 schematic diagram, showing how the information and
] flow 18 represented in the following outlined

/V

steps. The

The customers orders are accumulated to form the order hook

[f necessary a demand forcast is produced.

A company programmnc is produced, usually in 2 parts, a sales
programme and a production programme showing respectively
what is planned to be sold and manufactured in some period in
the future. These programmes are based on such things as the
demand forcast, desired stock levels, current stock levels factory
capacity, and management knowledge.

The production programme 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 and 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
events such as (with some possible documentation alongside).

a) receive raw materials goods received note)
b) issue raw materials (material requisitions)
¢) manufacture part (operation card)

d) assemble part (assemply orders)

e) despatch parts from warehouse to customers
' ‘ (despatch note)

The data generated as a result of the events are used to control
the system, e.g. stock records will be adjusted on material receipt,
lack of receipt may be the bases of expediting action and rejections
from manufacture may initiate rectification work or additional

manufacture,
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In other words one has a forward (planning) information flow and
a reverse (feed back or control)information flow which is used to updyy,
records on the current state of the shop and, suitably filtered to conty)
subsequent operations on the shop. This information flow is of courge
now being produced on a routine basis in some companies by thejr
computer system and once the data is available and the administrative
problems of obtaining it on a routine basis have been overcome there is
great scope for more sophisticated approaches to be used:

Among the problems which can be identified in the production
planning and control loop are demand forcasting, sales planning and
control, quality planning and control, production planning and 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 methods for demand forcasting, to use inventory
control analyses to determine re-order levels and re-order quantities or
to 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 common to carry out a simulation. We
shall therefore briefly describe simulation and illustrate it with some

examples

5. Simulation

Simulation is now an accepted and fashionable tool of O.R
Simulation is the process of setting up a model of a situation and then
performing experiment on the model. The model may be either deter-
ministic or statistical and the word simulation is used to describe the
model building, the model itself and the experimentation of the model.

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 system.

2. The setting up of a stochastic model of a real situation and then
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performing sampling experiments upon the model. The f
which distinguishes a simulation from a mere sa;n lin e'atur.e
ment in the classical sense is that of the stochf:sticg :psr;-
Whereas a cl.assical sampling experiment in statistics is most ::ft:,;
Performed directly upon real data, a simulation entials first of all
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 does not wish to interfere with the real system. Thus one might
rest the performance of a forcasting system in respouse to a given pattern
of demand data, or investigate the service provided by an inventory
control system in response to given demand patterns. In 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 Example of the Job—Shop Sheduling

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

the operations on jobs at the machines subject to routing constraints, so

that the best value 1is obtained for some measure of effectiveness
appropriate to the system.

pt for the trivially simple situations of 2 or 3 machines with
such as jobs once started must be completed
nd Lomnicki (1965) [4]) there are no analytic
blem which are computationally feasible. The

f investigation is therefore by simulation.

Exce
simplifying assumption
(Johnson (1954) [3] a
formulations of the pro
only practical method ©0
Many simulations of the job-shop sheduling problem have been cons-
tructed: 'These vary in complexity in the object of the investigation.

Early papers describing job-shop scheduling simulation were by Baker
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and Dzielinski (1960) [5]. Le Grand (1963) [6] used actug] Opery

ing data covering 115 machine groups and 47 labour clagge
examined the effect of 6 different priority rules on factory perfory,
which are :

1.
2.

o

and
Ance
Minimum process time per operation.

Minimum slack time per operation.
slack = (due date — present date) / no. of operations,

First come first served.

Minimum planned start date per operation. The theoretica]

operation start date has been calculated previously by
scheduling procedure.

a

Minimum due date per order.

Random selection.,

Factory performance is determined 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 rules on the following measures of cffectiveness (criteria).

2.
3

-

1

4.
9.
6.

:\l

Number of orders completed.

Percent of orders completed late.

Mean of distribution of completions.

Standard deviation of the distribution of completions,
Average number of orders waiting in the shop.
Average waiting time of orders,

Yearly cost of carrying orders in queue.

Ratio of inventory carrying cost while waiting to inventory cost
on machines,

Percent of labour utilised,
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0 Percent of machine capacity utilised,
10.

The simulation showed that using minimum process time
l,l,cl‘ﬂtio" g;‘yc the best perfor‘mance oyerall, if all criteria are cqu;(;;
wcighted' Where greater weight was given to completing an order on
(imes slack time (ru.le 2) produced the best performance but even here
ipimum Process time per operation produced good results.

The interest of this simulation is its practical nature and the fact
(hat it was later used as the basis of sequencing order on the Hughes

Aireraft 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] examine the performance of a single queue with 2 services
in parallel with Poisson arrival and exponential service time subject to
random fluctuations. Five priority rules were studicd and their results
were presented in easily understood graphical form.

In this brief review we can conclude 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.

N

investigation of practical job shops in order to make specific

decision relating to the condition on the shop.

Simulation Example on Industrial Dynamics

The second simulation illustrates a method of simulating larger
systems which might include several factories, warehouses, retailers,
production and inventory control, demand forcasting capacity and
financial considerations etc. We have already seen the feedback nature
of business control system and therefore it is not surprising that the
approaches to simulation of these complex problems also strongly
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illustrate the feedback nature. In general one is interested in th
. . - e

behaviour of a system as a function of time. There are two approach,,
s’

1. o represeni lime as a continuous variable and produce , set o
differential equations to represent the system. Some modelg
this sort are described in papers by Tustin (1953) [11], Simon,
(1960) [13] and Bane (1965) [14].

f

S

to represent the system by a model in which time is stepped o,
by increments. This produces sets of difference equations. Thj,
idea has been developed in depth by Forrester and he called the
work “industrial dynamics” [15]- DBasically he comnsiders gy
main factors in a system ; information, money, orders, materials,
personnel, and capital equipment but not all of these factors need
be present.

The basic idea is that one consider a system composed primarily

of :

(I) levels, such as inventory levels.

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

These are related by (III) decisions and (IV) delays. Using the
notations as included in Clough (1963) [16] one may take x (t) to
represent a level at time t and y (t) to represent the rate of flow during
the time interval At taking one from (t-1) to t ie., (t-1) + A = (1).
For simplicity take t = 1, e.g., 1 week. In genmeral At has to be
small enough to assume constant rate of flow over the period and this
is related primarily to the delay in the system. 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
Se—o level, x, (t) >

material input material issue
rate y, (t) rate y; (t)
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1 representing levels :

Jevel at end of interval = level at begining + flow in flo t
— flow ou

w (M) = X2 () v (1) At—yy () AL

representing rates :

o

r(,.order(‘ad on the basis of a max-min stock control system based
on physical stock,

yo (t 1) =Kk if xo (1) < Re-order level.

= o other wise

Notice that one determines the rate of flow in the next time interval
in terms of past values of levels. In this case there are no time delays.
If there were a delivery delay of 1 week the equation would become

yo (t +1) =Kk if xo (t—1) << Re-order level

= 0 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 O.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 O.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.



THE LIBYAN ECONOMIC AND BUSINESS REVIEW

\\\

~

References :

)

(Wl

0.

:\]

g,

Churchman, Achoff and Arnoff ; Introduction to Operations
Research, 1957, Willey:

Goode and Machol ; Systems Engineering, 1957, McGraw Hill,

Johnson ; “Optimal Two - and“Three - Stage Production Schedy,.
les with set-up time included” Naval Research Logistics
Quarterly, Vol. 1. 1954.

Lomnicki ; “A Branch and Bound Algorithm for the Exact
Solution of the three Machine Scheduling Problem”, Opr. Res.
Q. 1965, 89.

Baker and Dzielinski ; “Simulation of a Simplified Job Shop,”
Management Science, Vol. 6, 1960.

Le Grande ; “The Development of a Factory Simulation System
Using Actual Operating Data,” Management Tech. Vol. III,
No. 1, 1963

Steinhoff ; “Daily system for sequencing orders in a large scale
job shop,” Sixth Annual ORSA/TIMS Joint Western Regional
Meeting — 1964,

Bulkin, Colley, and Steinhoff ; “Load forcasting, priority sequen-

cing and simulation in a job shop control system.” ORSA/TIMS
meeting Los Angeles, 1965,

Eilon and Hodgson ; “Job Shop scheduling with due dates.”
Int. Jnl.-of Prod. Res. Vol. 6. No. 1., 1967.



~

13.

15

16.

THE NATURE OF OPERTAINAL RESEARCH 65

e

/

_—

«Gimulation Models in Production Scheduling and

Giffler 5 »
Control.” Prod. and Inv, Management, April 1966,

[nventory

Tustin 3 The Mechanism of Economic Systems, 1953, Hanemann.

. Q. ali L) . f
Harling 3 Simulation Technique in Operations Research,”

(Qperations Research Vol. 6, No. 3, 1958.

Symon ; Planning Production, Inventories and work Force, 1960,

Prentice Hall.

Baue ; “Application of Control ngineering Design Techniques
to a Production Control Problem.” O. R. 5. Conference,
Shrvenham, 1965.

Forrester ; Industrial Dynamics, 1961, Wiley.

Clough ; Concepts in Management Science, 1963, Prentice Hall-




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}



