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A O/HO/ 

PRODUCTION MANAGEMENT FOR DEVELOPING COUNTRIES 

Samuel EUon, Imperial College, London I'niversity, London, Inited Kingdom 

iMROMCIION 

"The highest efficiency in production is obtained by 
manufacturing the required quantity of product, of the 
required quality, at the required time, by the best and 
cheapest method." This is the way L. P. Altord and IR. 
Bangs defined efficiency in production systems in their 
Production  Handbook.'  and this definition was subse- 
quently adopted in later editions. It summarizes in a 
sentence the major problems that production managers 
have had to contend with during the past century, and it 
defines the prevalent parameters that a control mechan- 
ism in a production system must incorporate. And in 
spite of the vast development in production and control 
techniques in the past two decades, the formulation ol 
the new analytical tools which managers have now at 
their disposal' the advent of computers and the sophisti- 
cated data-processing systems and the penetration ol 
automation to the shop floor, the basic objectives ol a 
production system remain unchanged. In fact, it can be 
argued that all these developments have come about in 
order to provide better means of achieving the objectives 
which are defined in terms of quantity, quality, lime and 
cost. 

It is interesting to note that the lirst three factors arc 
defined as constraints, not as objective functions which 
one wishes to optimize. There is no advantage in produc- 
ing more than is required (in fact, it can cause an em- 
barrassment if it leads to excessive carrying costs or 
too severe a reduction in price): there is no virtue in pro- 
ducing too high a quality if such a high standard is not 
required  (this will  merely increase production costs); 
there is no need to complete the task too early in time (as 
this will just lead to unnecessary storage costs before the 
good are due for delivery). On the other hand, the con- 
straints do sel a "minimum" standard of performance, 
which it would not be in the interest of the firm to violate, 
as the penalties involved could be quite severe and could 
obviously lead to loss of future business. Certain margins 
of safety can. therefore, be built into the production 
framework    margins that will safeguard with a reasonable 
probability level the attainment of given specifications 
for quantity, quality and time. 

Within these constraints, efficiency in production is 
achieved by using "the best and cheapest method". What 
does this phrase mean'' It implies that, in many cases, 

rseveral alternative methods can be designed to attain an 
[ objective and that these alternatives have to be evaluated 

I  P. Alford and J. R. Bangs, Production Handbook (New York, 
lonald Press, 1952). 

before a final choice is made The statement also seems 
to imply that there is a "best" method of performing a 
task, and this implication was generally accepted during 
the earlier days of industrial engineering, particularly 
by work study practitioners. 

Curiously enough, this search for the "one best way" 
(as coined by ¥. B. dilbreth, the pioneer o\ work study 
over forty years ago) was again revived after the Second 
World War, when operational-research techniques began 
to develop and when mathematical models were devised 
with the view   of optimizing some objective  lunction, 
whether it be the minimization of costs, the maximization 
of profit or any other predetermined objective. There is 
a difference, however, between the two movements, in 
the first, the selection of "the best method" was based on 
comparing a limited number of alternatives, and although 
one could state with some conviction that the selected 
method was belter than some others, one could not assert 
that all the possible alternatives were really exhausted in 
this way. Some operational-research models, however 
do exhaust all the alternatives, so that for any given model 
and a given set of data it is possible to slate that a certain 
solution is truly the best. 

There are many models, however, in which an exhaus- 
tive search is either too lengthy or too expensive, or 
sometimes just impossible, by the very nature of the 
problem or the limitations of the model. An obsession 
with optimization under these circumstances is clearly a 
waste of time, and a conscious effort must be made to 
relate the cost of rinding a solution to a given problem to 
the expected benefit to be derived from such a solution. I. 
is essential to bear this point in mind in applying modem 
management techniques to the control ol production 
operations. 

Production consists of a sequence of operations de- 
signed to transform materials from a given to a desired 
form. The transformation may be accomplished in one, 
or in a combination, of the following ways: 

[a) Transformation by distinlegration. i.e.. by having 
essentially one ingredient as input and producing several 
outputs. This type of transformation is almost invariably 
accompanied by changes in the physical shape ol the 
input, such as changes in the physical state or in the 
geometrical form. Examples: producing lumber in a saw- 
mill' rolling steel bars from cast ingots; making compo- 
nents from standardized materials on machine tools; 
oil-cracking which yields several products: etc. ; 

(r>) Transformation by integration or assembly, using 
several components as inputs and obtaining essentially 
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one product as outpul. Lxamples: producing machines, 
furniture, household appliances, motor-cars, radio and 
television receivers, alloys, sulphuric acid, concrete etc.; 

(c) Transformation hy service, where virtually no 
change in the object under consideration is perceptible, 
but where certain operations are performed to change one 
o!" the parameters which define the object. This may 
include; operations for improving the tensile strength, 
density, crystallography structure, wear or other mech- 
anical properties of the object ; operations that change its 
locality or state by transportation or handling means; 
maintenance operations. Examples sizing and coining 
in presswork; servicing and light repairs of motor-cars; 
loading and unloading of lorries, etc. Many purely ser- 
vice operations are not considered to be part of industry, 
but the planning and control of such operations is basic- 
ally similar to those of industrial operations. By analogy, 
one could say that "the highest efficiency in servicing is 
obtained by processing through the service station the 
required volume, offering the required quality, at the 
required time, by the best and cheapest method". 

The analogy between the third category and the first 
two emphasizes the fact that management methods are 
equally applicable to manufacturing and non-manufac- 
turing operations. Thus, the techniques used in work 
study or in studies of plant layout or materials hand- 
ling have had a wide appeal and have been applied to 
the study of warehouses, transportation systems, office 
blocks, ports or even farms Operational-research tech- 
niques are widely based also, with no specific industry 
or manufacturing activity in mind This means that 
methods and concepts of production control can be use- 
fully applied to situations where no "'production", in 
the conventional sense, takes place; and. similarly, that 
one can learn from experience in areas other than one's 
own in designing better control methods for "•production" 
systems. 

I.  Ulli l/AIIOS (II   KhSOl'Ki is 

The purpose of production management, therefore, is 
to make effective use of the resources available to the 
enterprise. These resources may be classified under five 
categories <<i) manpower; {b) materials; (<•) machines. 
((/) money: and (<•) methods. These categoric, generally 
relate to the way in which the production costs can be 
accounted for- first, labour costs, direct and indirect, 
including, of course, any allocation of overheads; 
secondly, the cost of materials from which the product is 
made: thirdly, the cost of using machines and processes; 
and so on. 

The effective utilization of manpower is an obviously 
desirable objective. With the increase in standards ol 
living in industrialized countries and the inevitable result- 
ing increase in labour costs, more and more attention must 
be paid to increasing the level of productivity, that is. 
the amount of ouput per man than can be obtained. 
This has been the greatest impetus to the development of 
work study techniques in the United States of America, 
under the name "time and motion study", and this title 
well signifies the detail in which particularly manual tasks 

have been studied, down to the recording and investiga- 
tion of every element of motion of the operator's hands, 
with a particular emphasis on the time element The more 
one can reduce the labour content of any given task, the 
more there is a chance of keeping prices down when 
labour wages increase, and this has been the central theme 
in most productivity drives in many European countries 
in recent years. 

Raw materials constitute a tangible part ol" the cost of 
the product, and any effort to reduce this cost will evi- 
dently make the product more competitive. Studies on 
the use of raw materials can take several forms, such as 
investigations of causes for waste and scrap or assessing 
the possible use of alternative materials in the production 
process. 

Similarly, the effectiveness of machines is often a central 
point in a productivity study, involving such typical 
problems as: 

(a) Is the machine suitable for the job in question? 
What are the alternatives? 

(/>) Is the machine working at its optimum running 
conditions? 

(c) What is the utilization (in percentage of the total 
machine time available) of the equipment and how can it 
be improved'.' 

(d) Is it better to have special-purpose machines or 
general-purpose ones (the latter having more flexibility in 
being adaptable to a wider variety of jobs, bul generally 
operating at a lower performance level than a special- 
purpose machine)? 

(c) Should machines and mechanical devices take ;ver 
manual tasks' The problem of mechanization and auto- 
mation presents important economic and organizational 
considerations for the firm, ir relation to both the type of 
tasks that should or could be mechanized and the capital 
outlay involved in the installation of such devices 

The cost of us/tig financial resources is generally re- 
garded as being outside the íesponsibility of production 
management particularly when it comes to considering 
ine allocation of these resources, the evaluation of 
alternative investment schemes or the method of raising 
money. Bui ¡here are many decisions which affect the use 
of financial íesources and in which production manage- 
ment is closely involved: the selection of processes; re- 
placement and installation of plant and equipment; 
holding of stocks of raw materials or semi perishable 
goods; or decisions about "what to make and what to 
buy". 

The fifth resource mentioned above is "methods", and 
although it is not a resource in the conventional sense of 
the word, it does represent the body of knowledge, the 
"know-how" (both technical and administrative! that 
the firm can employ in order to make good use of the 
other resources and, like the others, it costs money to 
acquire and develop. 

An hislori.al review of the industrial development in 
technological innovation and design the effective utili- 
zation of resources has played a prominent role in accel- 
erating the rate of industrial progress. Every phase of 
this development obviously had its own problems and 
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attention was focused on specific techniques to solve 
these problems. But they all had this in common that 
resources which were costly or in rare supply should not 
be wasted. This history and past experience of highly 
industrialized countries can be a salutary lesson for 
developing countries, not with the view of blindly copying 
all the techniques and methods that have emerged over 
the years, but with the intention of trying to relate these 
techniques to the problems they are designed to solve 
and of determining their relevance to the problems which 
those countries have to face. There is little point in 
imitating a particular procedure or recipe, irrespective 
of how elegant or fashionable it happens to be, if its 
application will make only a marginal contribution, when 
there are perhaps more effective methods that can be 
employed. And one must also remember that, to a cer- 
tain extent, manufacturing and control techniques must 
be a function of the social environment in which they 
have to operate. 

Il    THF IACHSOI   PRODUCTION MANACil-MrNI 

The next items to be considered are the planning and 
control of production operations. In discussing planning 
activities, one must first distinguish between short-term 
and long-term planning. The first relates to a framework 
of resources which are already defined, the planning 
function is then confined to designing and evaluating 
alternative schemes for achieving the production goals 
set by lop management. Long-term planning, however, is 
concerned with the resources not as they are bul as they 
should be. that is, with the acquisition of resources to 
fit future goals of the enterprise. Although production 
management is mainly associated with the first, there are 

many problems in long-term planning in which it must 
be involved, such as the replacement of machines and 
equipment due to wear and high maintenance costs or 
due to the technical innovatoli incorporated in new 
designs, the rate at which the production activities should 
be mechanized or the kind of skills which will he required 
of operators in the future. 

The main activities and methods of production man- 
agement, particularly in relation to short-term planning 
and control, can be conveniently grouped under two cal- 
gories. the first called "production planning and control", 
the second, "method engineering" These categories are 
briefly summarized in table I 

A. The production-consumption cu le 

The way in which all these activities are interrelated 
becomes clear when one considers the production proce- 
dure described in ligure I. where the main flow-channels 
of instructions, information and materials arc shown 
The production-consumption cycle begins and ends with 
the customer, as may be seen from the following sequence 
of operations: 

(a) The sales department studies the reception of pro- 
ducts in the market and consumer reactions to new modi- 
fications and designs. Market research is also carried 
out regarding proposed new products; 

(/>) The collected data are analysed by the sales de- 
partment, which prepares a sales forecast with a break- 
down of producís and models as a function of lime 
periods. The detailed forecast is submitted to manage- 
ment ; 

<r) A production budget is prepared by the financial 
department,  in consultation  with  the manufacturing 

Table I 

INDUSTRIAL KNOINEFRINCí JUNCTIONS IN AN INDUSTRIAL FNTERPRist 

Protiuttiim ptunninft ana inñlrol MVfWt tnttimrrrmt 

Materials: records, availability, procurement, storage, issue, 
control 

Methods  choice from available facilities for manufacture ; tool 
and |ig design 

Machines  spécifications, availability, loading 

Routing  sequence of Operations, work flow, machine assignment 

hslimating  operation times 

Scheduling   time-table of produclion activities 

Dispatching   releasing of production orders 

I'xpediimg   recording of progress, corrective action 

Inspection   concerned with inspection results and their elicci on 
i he *<.hcd ules 

t \jli„ut(in. effective even on a short-term basis. parinularlv lor 
futuri routing, scheduling and stock control 

Work study : method study (including workplace layout), work 
measurement 

Process evaluation: comparison of processes, new proce«*» 

Machines: equipment policy, maintenance, renewal 

Layout: flow of work, location of machines and departments, 
material-handling systems, effect of expansion plans 

Quality control  inspection procedures, testing laboratories, tosi 
of quality 

Standardization and simplification   of producís, methods, auxilian 
equipment, recording systems, procedures 

Safety   instructions for handling material and machines 

Incentive schemes  wage and other incentives 

Suggestion schemes, feedback and new ideas lumi operators 

AtUpied (mm S.mucl Kilon. ««nenn of Proàmuu« Pliumm aid ( -amimi I Ne» V..rk. MscaulUll. I»62l. cfcipwr « 
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Figure 1 

THE PRODUCTION-CONSUMPTION CYCLE 

department. The proposed budget and the sales forecasts 
are closely scrutinized by management, and a decision is 
taken regarding the annual or semi-annual quantity to 
be produced: 

(«0 The engineering department is instructed to pre- 
pare drawings, parts lists and specifications, or to check 
and modify existing ones. The manufacturing budget is 
then adjusted accordingly ; 

(e) The vice-president or the head of the department 
responsible for manufacturing is authorized to begin 
production, and instructions are issued to the produc- 
tion planning and control department, specifying quan- 
tities, delivery schedules etc. ; 

if) The technical information is obtained from the 
engineering department (including drawings, parts lists, 
specifications, standards etc.) and is passed on to the 
planning section; . 

ig) One of the first functions of the production planning 
and control department is to be well-informed about the 

availability of materials and expected delivery dates of 
materials already ordered. Production planning is carried 
out and detailed schedules are prepared; 

(h) The inventory levels arc checked to determine the 
orders for procurement of materials and standard parts 
that have to be issued. Parts and assemblies that are sub- 
contracted are also ordered by the purchasing depart- 
ment : 

(/) The purchased materials and parts are inspected 
prior to acceptance and are stored until instructions are 
obtained to release them to the shops; 

ij) The production planning section supplies complete 
data on methods, machine loading and utilization, as 
well as on production schedules, to the control section 
for dispatching; 

ik) The control section releases orders for materials, 
tools, fixtures etc; 

(/) Orders are issued to the shop; 
im) Detaiied production orders are dispatched to the 
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shop hy the production control section, specifying what, 
how, when and where operations should be performed. 
The'control functions are earned out throughout the 
manufacturing period, and progress is constantly com- 
pared with the planned schedules so that suitable modi- 
fications mav be comdered and incorporated when 
required. This necessit nés a close and permanent con- 
tact between the cont'ol section and manufacturing de- 
partments, to facilitate a constant flow of information 
and instructions. 

(n) Inspection orders are released. The purpose ot 
quality control during the pioduelion processes is to 
ensure that the specification«, as laid down are conformed 
with, i mal inspection of the parts is carried out before 
the product leaves the shop and moves to the finished- 
parts or products store; 

(o) Evaluation of the prodution operations is the main 
pillar of the control function and has to be carried out 
both during and after these operations. Inspection reports 
are one facet of evaluation, and they form the basis tor 
corrective actions in the pn>cesses or methods, and some- 
times even for modifications in the specifications o! raw 

materials; 
(/») The production planning and control department 

reports on the progress of the work to the vice-president 
responsible for manufacturing. These reports arc also 
studied by the financial control department. The control 
section also evaluates data obtained from the shops 
about operation times, idle time o\' men and machines, 
causes and effects of breakdowns, trends m the fluctua- 
tions of output etc. Action initiated by the control section 
as a result of such reports has to be followed up, and its 
evaluation should also be reported to the vice-president; 

(</)  Management  receives interim  and final  reports 
from the vice-president of manufacturing; 

ir) Management also receives a report from the finan- 
cial department, after which a final evaluation can be 

made : 
(5) The finished product is transferred (after inspection) 

to stock; 
(f) Finally, the product is sold to the customer, who, 

after comparing the product characteristics with those of 
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its competitors and with his expectations, is ready  to 
contribute his views and reactions to market researchers. 

It is evident from this outline that the production pro- 
cedure involves the co-operative and co-ordinated etlort 
of all the departments of the enterprise. I ven when the 
functions of each department are clearly specified and 
well understood, the departments cannot operate inde- 
pendently. They have to perform as parts of an inte- 
grated body, and the purpose of the procedure described 
above is to specify where and in what form their elTorts 
are required, and what kind of flow information should 
be constantly maintained. 

B. The conimi function 

After the potential capabilities of resources have been 
critically evaluated, a programme can be set up to include 
production target and the way in which the organization 
will utilize its resources to attain these targets. This is, 
in fact, what the planning function is supposed to do. 

The control activity begins as soon as the proonducti 
operations begin. Control has two main functions: the 
first is io ensure that operations are performed to plan, 
by taking corrective action, by adjusting the plan and 
by "chasing" tools or materials (this is why the name 
"progress chasers" is often given to production con- 
trollers on the shop floor); the second is to evaluate the 
production plan and to determine if a belter one could 
not be devised in the light of the experience gained (this 
exercise is particularly valuable as feedback to future 
planning activities). 

Thus, control consists of four stages; 

(a) Observation and recording of progress; 
(/>) Analysis of data and comparison with plans and 

objectives: 
(<•) Immediate corrective action to modify plans and 

redirect activities; 
(d) Evaluation of the planning function and the ertec- 

tiveness of the control procedures for future reference. 

These states apply equally to the control of processes, to 
the control of inventory, to inspection and to cost con- 
trol, as summarized in table 2. 

Table 
CONTROL OK PWK tssFs, INVENTORY, INSPECTION AND COST 

Observation 

Analysis 

Active processes: 
output verms time 

Idle processes: 
machine idle time; 
breakdowns 

Compare progress with 
plan 

Immediate action 

i valuation 

Expedite 

Process capacity : 
maintenance 
schedules 

Inventory 

Records of stock level 

Distribution of demand 
Trends 
Seasonal fluctuations 
Issue production and 

procurement orders 

Replenishment policies 
Inventory systems 

Ins/rrctkm ion 

Process control 
Control charts 

Process capabilities 
Trends 

Initiate 100-per cent 
inspection 

Adjust processes 
Reassessment of 

specifications 
Process improvement 
Inspection procedures 

Collect cost data 

Compute costs and 
compute with estimates 

Adjust sales price (if 
possible) 

Economic evaluation of 
processes 

Preparing better data 
for future estimates 

Ad.p,«. from S.m«l Clon. tJrmrn,, o, »«ft..«. JWW~ €«*«/!*• *.Hk. M««"«ta». "«>• <»«<«" " 
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III. TU!   lOOI.Sor   PRODI <  nos  Ms\A(,|MfNI 

This is not the place to review the various tools of 
production management in detail One can postulate in 
general terms about their potential usefulness for de- 
veloping countries, but conditions in different countries 
vary so greatly that u would be foolhardv lo suggest 
universal procedures 

Of the vast spectrum of tools, those which have been 
selected   for   discussion   in   the   paper   are   (A)   work 
study. (ID problems of machine capacitv. (C'l machine 
capacity lor multiple-product plants, <p) control ol pro- 
duct  variety  and (I ) operational  research   This is not 
because the author regards other tools as being unimport- 
ant     Production   scheduling,   design   for   production 
selection of materials, standardization, tooling, selection 
and evaluation of processes, maintenance of plant quality 

control and even packmganddispatchmgareall important 
facets ut production; and. indeed, .me could widen the 
brief to meh.de problems of organization and industrial 
relations. But tirsi, all these would be even more difficult 
to generalize about, and. secondly, to do justice to these 
issues a book of considerable length would be needed 
The topics which have been selected for further discussion 
here perhaps serve to illustrate most  poignantly that 
what production management is concerned with is the 
effective use of resources, but it is certainly not the inten- 
tion to convey the impression that other tools have no 
contribution to make to this end. 

A. Work study 

Work study has long been recognized as one of the 
primary tools used by industrial engineers to increase the 
level of productivity in their plants. As the term implies 
the purpose ol work study is to investigate the factors 
that determine the effectiveness of executing tasks and 
to suggest alternative methods which will improve the 
performance of the operators and the equipment en- 
gaged on the task. 

This term, which is widely used in the United Kingdom 
of Great Britain and Northern Ireland, is probably better 
than the conventional name "time and motion study", 
because it does not contine investigations to the study of 
times or motions associated with the task, but takes a 
broader view of the problems which are likely to be 
encountered. 

Samuel Kilon 

Work study consists of two main areas: method study, 
which aims at improving the methods used in the opera- 
tor machine system; and work measurement, which 
utempts to determine the times tasks take or should 
take Although the measurement of time can be helpful 
in method study m that, in some cases, it provides a 
yardstick for the effectiveness of certain methods or for 
assessing the improvement suggested by new methods, 
there are numerous work study projects which can be 
earned out successfully without any time measurement, 
particularly when problem-, ol work flow or the right 
sequence ot operations are involved. The objectives of 
method study and work measurement are summarized 
m table } at the foot of the page 

I he work-measurement area is often associated with 
rate living and wage-incentive schemes, and this is unfor- 
tunate Admittedly, in tirms which have piece-rates or 
other wage incentives which are closely linked with the 
output of individual operators, rate fixing is inevitable, 
but it should be realized that this is by no means the" 
only purpose of work measurement. I ven in lirms which 
have no wage-incentive schemes, there is sometimes a 
need to deteimme the limes of operations for planning 
and scheduling purposes. 

Mow much of all these is relevant to developing 
countries'.' Generally, work study (and in particular 
method study) has a lot to offer, as it reveals the main 
interactions between such activities as operation, trans- 
portation (or handling) and inspection, it identifies delays 
and determines where they occur, and it highlights break- 
downs and traces their causes and effects. In short, it 
helps to present the domain of the industrial tasks'in 
an orderly and rational fashion, and. as such, it provides 
valuable information for those who attempt to control 
these tasks and to ensure that work proceeds along its 
pre-ordained course. 

But this does not mean that all the techniques are 
equally useful. The very detailed study of work through 
various means e.g., micromotion analysis, observation 
of elemental motions through the use of films and opera- 
tion charts which identify and record the distribution of 
motions to the two hands or even to various fingers-is 
justified only when such studies are concerned with highly 
repetitive tasks involving comparatively short cycle times 
and when (he cost of labour is a significant component 

Table.? 

OBJK-IIVK  Ol    MM...,»  Slim    VM)   WORK   MMSfRI MI-SI 

V/. ;/„,,/,„„/• 

Define (he operations and «heir relationships l>,,Hlltc ,nfl,rmallon ,,)r mM ^ 

Determine whether operations ean be éliminât««      \^JT !"' sc,,cd,,li,n* 
or modified '    ,,st Pri,J«^'on control in checking to 

Kplore alternative process,,,« methods Iwi•. h"' " T" '^ '"" atftfordin« '«' P1«• 
Minimale or nummi/e delavs Un "««v-meentivc schemes 
Improve workplace and plant lavout to simnhfv 

handling 
Allocale jobs to men with appropriate levels of skill 
Provide mtoinialion useful for produci design 
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in the total cost structure. Under such conditions, even 
a marginal decrease in Ihe cycle lime can hase a notice- 
able effect on the rate olOutput and on costs. Indeed, it 
is tor this reason that micromotion has been used in 
numerous mass production or large-batch production 
lines in highly industrialized countries, with tangible 
contributions to the improvement of productivity. In 
many developing countries, such conditions are not widely 
encountered and it is a mistake to allow uncurbed enthu- 
siasm for w.iik study lo employ such tools indiscrimin- 
ately. Not only can these techniques be expensive and 
time-consuming, and the potential benclit minute, but 
the detailed analysis may cloud the issue; it may divert 
the attention of the investigator from the basic problems 
which the firm has to face. Management techniques, like 
the artisan's tools, must be suitable for the job and they 
must, therefore, be selected with care 

B. Problems oj''machine capacity 

Machine output is inversely proportional to the cycle 
time, that is. the time required to complete a set of activi- 
ties associated with the manufacture of one unit of pro- 
duct. In order to utilize the machine capacity to the 
maximum, it is often useful lo study in detail some of 
the components that make up ths cycle time. 

A typical sequence of activities in a man-machine 
system employed on repetitive operations may consist of: 

Operator 
Unloading the machine 
Inspecting the workpiece 
loading the machine 
Starting the machine 
Transporting work to 

and from the machine 

Machine 
Being unloaded 
Being started 
Performing operations on 

the workpiece 
Being unloaded 

All these activities may  be grouped under two cate- 
gories : 

Ui) Concurrent '.iciivitie::: these are tasks that require 
the simultaneous "attention" of both operator and 
machine (such as loading and unloading; let the total 
length of these tasks per cycle be a): 

(/>) Independent activities: these are tasks which the 
operator and the machine can perform independently of 
each other (the operator: inspecting and handling, 
totalling b per cycle: the machine: running automatically 
for a time / without supervision). 

In addition, one may have idle times incurred by both 
the operator (i„) and the machine {¡J during the cycle, 
so that the cycle time I for the operator is 

and for the machine 

T     a     t     im 

Operator 

V 

-0.5 

- 1.0 

- 1.5 

- 2.0 

-2.5 

3.0 

-3.5 
Time 
(minutes) 

/ 
Unloading 

Inspecting 

Fetching 
new piece 

Loading 

r 

Idle 

Machine 

(1 ) Cycle time   T * 3.2 minutes 

,  Unloaded 

Loaded 

Running 

(2)Cycle time   T • 2*. minutes 

Figure 2 
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An example is shown in figure 2, from which it may be 
seen that : 

unloading     loading     1.0 minute; 
inspecting     fetching     0.8 minute; 
machine running unattended       1.4 minutes; 
operator idle time 1.4 minutes: 

i„ machine idle time 0.8 minute. 
The sequence of operations as shown in arrangement ( I ) 
in figure 2 is 3.2 minutes, but if this sequence is rearranged 
as in (2), machine idle time is eliminated and the cycle 
time is reduced to 2.4 minutes, leading, in this case, to ar 
increased output of the machine by one-third. The secret 
is simply to ensure that idle lime is not incurred by both 

Cycle 

time 
T 

Output 

T 12 3« 
Study No. 

Original state 
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machine system by rearranging the sequence of operations 
and by avoiding delays at the beginning and at the end 
of the cycle : 

(/>) Reducing the independent activity time of the 
"busy partner" : 

(c) Reducing the concurrent activity time by devising 
more efficient methods for loading and unloading the 
workpiece. 

The effect of such sequential studies often follows the 
law of diminishing returns, as is shown in figure 3. At 
tirsi, the improvement is substantial, but as more and 
more studies are conducted, the level of sophistication 
and, with it, the cost of the study rise rapidly; and as the 
work becomes more rationalized, there is less room for 
manoeuvre and the resultant benefit shrinks further and 
further. It is. therefore, important not only to know when 
to begin an investigation into an industrial activity, but 
also when to stop and divert the investigators and their 
resources to new problems, or to devise new approaches 
to the old ones. 

C. Machine capacity for multiple-product plants 
One of the major problems with which production 

management is constantly faced is whether the manufac- 
turing capacity is adequate and to what extent it is affected 
by the product-mix in multiple-product schedule. As an 
illustration of the way in which this problem can be 
analysed, one may examine the following example: a 
plant produces two products. A and B. and live machines 
arc involved in the production process. The rales of 
production are given below : 

man and machine One may then nini to the constituents 
of the new cycle and see whether further reductions can 
be made, mainly through work study methods, and 
naturalK attention will then be focused on the acti\itics 
of the *'hus\ partner", namely, the one which has no idle 
in e (in case (2) m ligure 1 the busy partner is the 
machine»   I" summan/e. reduction in cycle time m.:y be 

.ichievcd In 
di! I limiiutmü idle time («>r one partner in the  man- 

Hillf\ tit prtitlm tutti limil* per r/í/r) 

/Win I < 1'rmlut I H 

Maihtne 

I 
2 

3 
4 
5 

300 
400 
150 

200 

300 
200 

350 
300 

Thus, machine I can produce either 300 units of pro- 
duct A or 300 units of product B. but, of course, it is 
possible also to produce a mixture of A and B. The 
various combinations are represented in figure 4 by the 
line PQ. Pomi P indicates the production of 300 units 
of A and none of B. whereas point Q indicates the pro- 
duction of produ.t B only. Any point on the line gives 
us a possible combination, for example, point R signifies 
200 of A and 100 of B, and S stands for 50 of A and 250 
of B. 

The line PQ therefore represents the full capacity of 
this machine: any point below ihe line also signifies a 
feasible product-mix. although in the region below the 
line the machine is no longer being utilized to its full 
capacity. Point T. for example, stands for 150 units of A 
and 50 of B. but for this level of production of A. one 
can increase the output of B to 150 units before reaching 
the full capacity line. 

Similarly, any point above the line PQ is not a feasible 
product-mix. because it requires more capacity than is 
available. Point I), for example, represents an output of 
250 units of A and 150 of B. whereas the full-capacity 
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represen"1 the limiting capacity available, whereas 
machine I will not be fully utilized. The heavy line, there- 
fore, gives the full capacity for the two-machine system; 
any point below this line is feasible, any point above it 
implies that at least one of the two machines does not 
have adequate capacity. And only at one point, namely 
R, can both machines be fully utilized. 

One may then superimpose capacity-restriction lines 
for the other machines, as shown in figure 6. Line 3 is 
horizontal, since machine 3 is used for product A only 
and it does not restrict the output of product B in any 
way; similarly line 4 is vertical because machine 4 is 
used for product B only. 

0 100 
Product B 

Figure 4 
MAXIMUM CAPACITY LINE FOR A TWO-PRODUCT SYSTEM 

line indicates that for 250 units of A only 50 units of B 
can be produced. 

One may then turn to machine 2 (see fig. 5) and repre- 
sent its full capacity line in the same way as that for 
machine 1. There are now two lines, one for each machine 
and they intersect at point R. To the left of ¡I, line 2 is 
above line 1 ; this implies that any product-mix which 
involves using machine 2 to its full capacity is above the 
capacity of machine 1 and is therefore unacceptable. Any 
feasible product-mix for machine 1, however, is also 
feasible for machine 2, although it will result in machine 
2 not being fully utilized. To the right of point R, the 
position is reversed: line 2 is below line 1, so that line 2 

Point at which both tnacnints 
can bo tufty uliHztd 

100 
Product B 

Figure 5 
MAXIMUM CAPACITY OF TWO MACHINéS 

400 

0 WO 
Product B 

Figure 6 
FEASIBLE PRODUCT-MIX 

Following earlier arguments, the lowest line represents 
the global capacity restriction of the plant, because on 
that line one machine is fully utilized, and that machine 
can be described as the "bottle-neck". Other machines 
may be capable of a higher output, but the output of 
the plant as a whole is always determined by the bottle- 

neck. •    tu 
The capacity restriction in this case is given by the 

broken line WXYZ. The portion WX presents product 
mixes for which machine 3 is fully utilized and all the 
others are underutilized. At point X mach, ne 5 »used to 
its limit and along the portion XY this machine becomes 
heMtle-neck. As one moves along XY towards point 

Y increasing the output of product B and decreasing the 
output of A one gets further and further frorr, Ime:, 
which simply implies that increasingly more idle time 
on machine* 3 is incurred. And at point Y both machines 
2 and 5 are fully utilized, whereas along the portion YZ 
¿he capacity restriction of machine 2 is the significant 

°nThe polygon OWXYZ is the space within which pro- 
duct-mixes are feasible, although any pom below WXYZ 
means that ail the machines are under-utilized. 
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This is obviously a very useful analysis. One finds, for 
example, that in this case a product-mix is preferable to 
producing only product A. The maximum output of A 
is given at point W as 150 units, but on can produce up 
to 75 units of product B without having to reduce the 
output of A (at point X); and, provided product B is 
at all profitable, it is certainly better to operate at X 
than at W. One also gets useful data in considering such 
problems as : 

(a) Is it worth while increasing the capacity of certain 
machines, and. if so. which ? 

(A) When the bottle-neck is removed (the capacity of 
the limiting process is increased), where is the new bottle- 
neck .' (a bottle-neck will always exist, if one wishes to 
maximize output; however, it may shift to another 
machine); 

(c) Should the product-mix remain the same for the 
new capacity restrictions? 

Those familiar with linear programming will recognize 
it in the foregoing discussion, and it goes without saying 
that when a product-mix of more than two products is 
considered, graphical presentation becomes difficult if 
not impossible and one musi then resort to formulation 
of the various restrictions in an algebraic form. But this 
docs not detract troni the value that may be gained from 
such an analysis, which can be and often is very useful 
even for small plants 

I).  ( 'unirai of prmliu I varíen 

One of the major problems with which production 
management is constantly faced is the control of the 
variety of products, materials and methods. The variety 
of products is stimulated by the whims of customers and 
by the natural desire of the salesman to satisfy them. 
Variety is like entropy in thermodynamics; it has a 
tendency to grow unless a conscious effort is made to put 
it under control. The advantages and disadvantages of 

having a wide variety of products are summarized 
in table 4 at the fool of the page. 

There is little doubt that a small range of products 
enhances the efficiency of production methods, as well as 
the planning and control procedures of production acti- 
vities and inventories, but there is a limited number of 
products for which demand is high enough to justify 
exclusive production lines working on a continuous or 
mass-production basis, Lven in highly industrialized 
countries with well-established markets, the development 
of production processes has generally more than kept 
pace with increasing demand: the desire to keep produc- 
tion facilities busy, and the fact that customersincreasingly 
prefer some variations of the basic product to the stan- 
dard model always lead to a diversification of products. 
In addition, financial managers and salesmen are often 
very unhappy about over-specialization. It makes the 
company too vulnerable, they argue. First, it commits the 
company to a narrow and often rigid set of specifications, 
thus allowing ample opportunities for competitors to 
consolidate their position in the market; secondly, by 
utilizing its resources for a single product, the company 
can be seriously challenged by new products which 
threaten to replace or make obsolete the current one. 
The balance between the convincing technical and ad- 
ministrative advantages of specialization and the philo- 
sophy of risk spreading by diversification is obviously a 
delicate one, and it is probably one of the major factors 
in determining the productivity of the plant. 

The growth of" variety is often effectively demonstrated 
in a distribution of sales income curve, as is shown in 
figure 7. The products arc arranged in a descending 
order of their sales income, and the cumulative income is 
then plotted against the percentage of the products offered 
by the firm. In this curve, it may be seen that some 25 
per cent of the products account for 75 per cent of the 
total income, and this is by no means uncommon in 
firms which tend to diversify their produci range. In 
fact, cases in which 10 to 20 per cent of the products are 

Table 4 

ADV VNIAUKS AND DISADVANTAGES Ol  PRODUCING  WIDH V Util IV Ol   PRODl'CI'S 

Satisfy a wide range of demand 

Closer contaci with lhe market 

Avoid losing orders for more prolitahle goods. 
if customer directs all his orders to other 
suppliers 

Cie.itc nevi demand 

Reduce slocks of materials and finished goods 

Reduce investment in plant and equipment 

Save storage space 

Simplify production planning and control 
procedures 

Simplify inspection methods 

Reduce i.inge of required skills 

Simplify naming methods 

Reduce sales puce as a result of higher productivity 

Simplify dispatching to customers, reduce «ailing 
times i>f orders 

•\,mr,-r  Sjniut'l I il'in. 1 Irmrnli ofl'mlto-lion I'hiimint ,ml ( unir,il iNv» York, M.Kinill.in. I'llOi. (h.ipicr y 
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responsible for more than 80 per cent of the sales income 
have been recorded. Figure 8 also shows this point in 
a histogram form, and the level of profit or loss accorded 
to each product is also indicated. In the case described 
in figure 8. one finds that some of the popular products 
(Nos. 2. 5 and 6) are not very profitable, and one must 
immediately suspect that the costs of production are 
unduly high or that there is something wrong in the 
pricing policy. It is not difficult to see that when the 
distribution of sales and profits take this form, an elimin- 
ation of the tail-end of the product range (involving 
more than 25 per cent of the products) will reduce the 

26 50 76 
Products (perctntagt) 

Figuri 7 
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in studying the profitability of any particular product. 
The total costs are assumed to consist of two major 
components: fixed costs (F) and varible cost (aQ). The 
fixed costs are assumed to be unaffected by the volume 
of production, the direct or variable cost (a) is the cost 
of materials, machines and direct labour associated with 
the production of one unit of the product, so that the 
direct cost of Q units is «Q. If the sales price, or income, 
is b per unit, one obtains a break-even point at the inter- 
section of the line F     aQ with the sales-income line bQ. 
Activity below this break-even point incurs a loss to the 
firm; activity above this point yields a profit. It follows, 
therefore, that the greater the production volume, the 
greater will this profit be. 

This analysis is. of course, a gross over-simplification 
of what happens in real life, and there are many assump- 
tions that could be challenged : 

(a) The direct costs (a) may well depend on the level 
of activity (Q). If O i* high, there is more incentive to 
introduce labour-saving devices; furthermore, operators 
have a better opportunity to become proficient at their 
job and thereby reduce the labour content per unit of 
product ; 

(/>} The sales price (b) is not necessarily constant and 
the introduction of quantity discounts to customers will 
make the sales-income line of a somewhat different shape 
than that shown in figure 9; 

7      9      11      13     15     17     19 
2 5  6      8      10     12      U     16     18     20 

Figure cS 

SALÍS AN» PROMTS HISTlKiRAMS 

total sales income by little more than 2 per ce t. and this 
is an obvious course of action that, under these conditions, 
must be further investigated. 

Many readers will be familiar with the break-even 
chart method shown in figure 9. This is a useful analysis 

Production volume Q 

Figure V 

A C<)N\ l SUONAI   IIRI-AK-l-VtS  < MARI 

(<•) The fixed costs (I) may well depend on the level of 
activity of the firm and could, in fact, assume a step- 
wise function when plotted against the activity (Q); 

(d) While it is generalis not difficult to determine the 
level of the fixed costs when the firm is engaged on pro- 
ducting a single product, there is some uncertainly about 
the way the fixed costs of the H hole plant should be 
allocated to several products One popular method is to 
perform this allocation according to the relative propor- 
tions of sales incomes of the various products, but this 
raises the problem of reallocation when production 
volumes are adjusted or when some products are elimi- 
nated. 
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All these appear lo be serious objections, hut. in tact, 
the break-even analysis can be easily modilied to lake 
account of the lirst three- The fourth difficulty can be 
overcome also by using a multiple-product break-even 
chart and by comparing the marginal benefits {h a). 
which can be regarded as a profitability index: the higher 
it is. the larger the production volume of this product at 
which one should aim. One can see that the products 
can be arranged m order of preference, according to 
their profitability indexes, and a sales policy can then be 
formulated to discourage the sales of products with a 
low index and to encourage the sales of those with a 
high index. 

Another problem that needs to be looked into is ihat 
of "interdependence of products". A customer may 
require a range of products which he generally purchases 
from one supplier, and these products may include some 
"bread-and-butter" lines which have a high profitability 
index and some which are less profitable from the manu- 
facturer's point of view. If the manufacturer were to 
eliminate his less profitable lines, the customer might 
well decide to change his supplier altogether, so that the 
sales of the profitable products could be adverselyaffected. 
If this effect were to be significant, the manufacturer might 
well find that he musi continue to offer products in the 
tail-end of his sales-income distribution in order to 
enhance the sales of the products that he is primarily 
interested in promoting 

However, one- the interdependence factor is properly 
identified and quantified, it is possible to proceed with a 
detailed analysis of the likely effects of a variety reduction 
programme, as well as with the possibility of introducing 
a pricing policy which would increase the relative profit- 
ability index of the less popular products If such a policy 
actively discourages the sales of these products in favour 
of the others, then variety reduction is achieved by an 
evolutionary process, which is perhaps more palatable 
to suppliers and customers; if. on the other hand, the 
sales of the less popular products persist, at least their 
profitability index and their sales-income contribution 
have been improved 

One of i he mam problems m vanety control in develop- 
ing countries, particularly in the consumer goods field, is 
that with relatively small governmental encouragement 
(in the form ol excessive duty on imports to protect local 
industry, or of subsidies and other benefits to local 
manufacturers) a comparatively large number of manu- 
facturers may emerge, all competing in a relatively small 
market. In one country with about 2 million inhabitants, 
well over twenty manufacturers of washing machines 
were recorded a lew years ago. some producing more 
than one model Similar instances can be cited for other 
domestic appliances, matcpal handling equipment, 
machine tools, component- tor the building industry, 
electric motors and switch gears etc I he proliferation of 
competitors in a relatively small market does not give any 
ol them a chance lo rationah/e their production methods 
and attempt to export their goods, and the customer does 
not nenefit eithei because production of small quantities 

• 1.    P. Alfonl  in.I  I   R   Hair's,  t'ioJu, lion tl,mjh,.<,k (New 
ïork, Ronald Press. I'»0). Ji.ipicrs s .m,| 20 
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tends to keep prices high. Variety control in small 
markets is, therefore, of paramount importance, probably 
even more so in the developing countries. 

K. Operational research 

"Operational research is the attack of modern science 
on complex problems arising in the direction and manage- 
ment of large systems of men, machines, materials, and 
money in industry, business, government and defence. 
The distinctive approach is to develop a scientific model 
of the system, incorporating measurements of factors 
such as chance and risk, with which to predict and com- 
pare the outcome of alternative decisions, strategics or 
control. The purpose is to help management determine its 
policy and actions scientifically."' 

The theme is again that of effective use of resources, 
and some of the problems which were discussed earlier 
can be legitimately regarded as being within the opera- 
tional-research orbit. The evaluation of plant capacity 
and the allocation of machines to various jobs or 
products, or the analysis of the profit function for dif- 
ferent product-mixes, can be treated as linear-program- 
ming p.,, blems. in which mathematical models are set 
up with linear constraints describing maximum machine 
capacities, limitations on die supply or use of certain 
materials, maximum or minimum production volumes 
which must be observed for certain products etc. 

Problems of congestion in production departments - 
lor example, semi-finished products piling in front of 
machines or inspection stations, long delays in tool- 
rooms or in getting materials and tools from stores, delays 
m the dispatch area are problems m which the theory 
ol queues can be of some help 

In the queuing model, one visualizes a stream of custo- 
mers arriving at a service-point and demanding service. 
A customer can be served if one of the servers in the 
system is free; and when the service is completed the 
customer is discharged from the system and a new 
customer can be attended to. If customers arrive and 
none ol the servers is free, the customers have to wait in 
a queue. In the production environment, the components 
waiting to be prou .-ed are the "customer"; the machines 
are the "servers", ihe operators waiting to be served in 
the store are "customers" ; the storekeepers are "servers"- 
and so on. The type of problems in which operationai 
researchers are interested when faced with congestion 
situations are; 

UD How long does a customer expect to wait before he 
obtains service'.' 

(/') What is the probability of his having to wait longer 
th, M a given lime period'' 

li ) What is the average length of the queue ' 
(</) What is the probability of the queue exceeding a 

given length'.' e 

«•> What are the expected utilization and idle time of 
the server '.' 

i M How many servers should there be to attain a 

S.vÄ7nÄl:l%! *   «* <*«*'«• ^search 
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desirable level of service (which can be defined in terms 
of queue length and waiting time) ? 

,¿) How can arrivals and service time be regulated to 
reduce congestion'.' , 

(/,) Should priorities be given to certain customers, and. 
if so. what will the effects be? 
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Operational research has also contributed to a more 
effective control of inventories.The mam problemhere» 
to determine a sound replenishment policy, so that stocks 
of matenals. components o, finished goods are avadab e 
when required, yet the stock level is not so high as to 
Tncu"   xcessive holding costs. This is a typical problem 
of c<indict of interests. If demand for the commodity m 

que tion is variable, probability «f 7•*°u¡¿ *£k
k 

can only be attained if a comparatively high safety stock 
margin is maintained, and it is this balance be ween 
Ling a reasonable stock level and an acceptable in- 
cidence or nsk of run-out that an inventory control policy 
attempts to formulate. , , 

Another important area in which some useful models 
have been developed is that of plant maintenance and 
replacement.  Numerous maintenance polices can be 
Sated, ranging from one extreme, which spec.fi« 
maintenance on'y when plant breakdown occurs, to the 
other  which call, for scheduled preventative mainten- 
ance at very short time intervals. The purpose of pre- 
ventive maintenance is to reduce breakdowns bu    he 
more frequent it is. the more costly it is and the less the 
pc ten .aslant capacity which is available. Ma-ntenance 
costs are also an increasing function with plant age and 
this raises the problem of deciding when is the best time 
to replace the plant with a new one. 

Seduling  is another  theme on  which   numerous 
operational-research   studies   have  been   carried   out 
Scheduling   is  the   projecting  of activities  and   their 
sequences,  generally  on a time scale.  In production 
scheda ing,  one is not only interested in stating   he 
Beaton of jobs to machines or men. but also m the 
Üe in Jhich these jobs should be earned out/The 
complexity of the scheduling activity naturally depends 
î-pon the type of production (whether it is continuous, 
bS or job production), upon the number of operations 
or machines involved in the production sequence^and 
upon the degree of variability in the demand or in the 
pattern of incoming orders. 

In the case of continuous production, the problem is 
to control the production level in relation to fluctuating 

demand, particularly when the *mandJ1 VmS"îï 
pattern. Two extreme alternatives can be adopted, the 
first is to have a constant level of production and a large 
enough inventory to serve as a cushion between the 
factory and the market. The fluctuating demand is then 
absorbed by this inventory, which is replenished at a 
constant rate. The second is to reduce inventory   o a 
minimum and to transmit the demand fluctuations to he 
production line, so that production levels will also fluc- 
tuate. The advantages of the first method are that with 
a stable production level, resources can be more effec- 
tively utilized, i.e.. machines can be kept running at a 
high performance level, and, what is more important, 

the labour force can be maintained at a constant level 
without fear of redundancy at short notice. But it carrying 
high inventories during a slack season is very costly, the 
firm may be forced to allow some of the market fluctua- 
tions to be reflected in the production programe, and the 
problem of finding a compromise solution can then be 
solved by using suitable linear-programming models 

Batch production presents problems of a somewhat 
different character. When the rate of production is higher 
than the rate of demand, the stock level will increase at 
a rate which is equivalent to the difference between the 
rate of production and the rate at which stock is with- 
drawn from the store to meet the demand. Therefore, 
one has to resort to batch production: the  store  is 
replenished with a batch, then the stock is depleted at a 
relatively low rate, until it is time to produce another 
batch to replenish the store. Between the two batches, 
the equipment is available to produce other products; 
the purpose of the scheduling activity under these condi- 
tions is to produce a programme in which the batches 
of the various products are dovetailed in such a manner 
that the stock level for each fluctuates bet wee., acceptable 
levels and that the equipment is effectively used with as 
little idle time as possible. In other words it is necessary 
to determine a production cycle, in which the appropriate 
quantities for each product are manufactured in turn 

In batch production, therefore, some regularity in the 
production schedule can be perceived, even if the produc- 
tion cycle is subject to variations in order to accommo- 
date fluctuations in demand. In job production there are 
no such regular patterns. Jobs differ in «heir character- 
istics and specifications; they often arrive at random and 
h   amount of processing and the machines required 

may vary with the job. In addition to the obvious objec- 
tive of keeping the machines as fully employed as possible 

ne may have to bear in mind the delivery dates which 
have been promised to the customer. Job shop-scheduling 
is ¡vast and intricate queueing problem, and simula« on 
exercises can be of tremendous help to the schedule  in 
point ng out the vital parameters in the system and in 
Lggesïng what priorii rules can be adopted when the 
schedule is constructed. .     

Another important scheduling problem occurs .npj> 
ject planning. Large-scale projectvsuch as he budd ng 
of dams bridges, industrial or residential estates, airports. 
ÍafbTurs. ships, motorways etc. -involve large commit- 
ment   of finance, machinery and manpower. A project 
cm be broken down into individual jobs which may well 
d "peïd upon each other (certain activities can begin ony 
when others have already been completed . so that the 
iuSsrfui management of a project largely depends upon 
o-ordtting the various activities and upon using * 

resources effeclivelv. Here, network analysis has made a 
S contribution in providing indispensable aids to 
management for evaluating progress and controlling the 
execution of project work. 

CONCUSIóN 

Modern management is becoming ^«^ 
scious of the need for analytical tools, rcl.abk: data and 
purposeful control. Can new techniques, such as those 
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of operational research, be of use to developing coun- 
tries ? The evidence so far indicates that they definitely 
can. On the national scale, every Government is con- 
cerned about the allocation of financial resources, about 
the relative merits of various development schemes and 
about the rate of industrialization: these are areas in 
which analytical tools can make a significant contribu- 
tion. Certainly at the level of undertaking large-scale 

Kilon 

projects, and even for production management in fac- 
tories, modern scheduling methods can be very helpful. 

The secret is not to copy blindly management practices 
from highly industrialized countries. Control tools must 
be related 'to the industrial and economic needs of the 
country and they must lit into the social environment in 
which they have to operate : and the selection and adapta- 
tion of these tools is an art of no mean complexity. 






