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ABSTRACT

This work was prinmarily undertaken to find
out the applicability of |inear programmng tech-
ni que to production scheduling in N gerian

manuf acturing industry.

The work is divided into five chapters.
Chapter one dealt with introducing the subject of
conplexity in decision making due to the geonetri cal
devel oprment in organisational activities. |t also
I ntroduced the discipline '(erations Research
and of its tools - linear progranmmng. The Chapter
further highlighted the objectives,, of nethodol ogy
of research and sone percieved |imtations of

t he study.

The second chapter dealt with an intensive
review of related literature on its application
to production scheduling and at the end cane up
with a hypothesis that guided and gave direction
to the study.

Chapter three was dedi cated to presentation
of the data collected and the choice of an appro-
priate |linear programmng nodel to anal yse the
data .

The last two chapters dealt with the anal ysis
of the data, discussion of the results thereto and

suggest i ons thereupon.
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CHAPTER CNI

INTRODUCTICN

1.1 GENERAL

As man advance in knowledge so alsc the
advancement of scientific decision models that
make the work of a decisicn maker easier in coping
with the dynamic decision environment. Witn in-
creased understanding, all areas of human endeavour
evolved with varying rapidity along a continous
line from the extreme of pure art to that of pure
science and ine decision situation continued to be
easily understood, explained and predicted. Through
the dirensions of time, experiences and tests
tended to generate guidelines to hypothesis which
eventually became modelled into workable principles =
theories laws and truths., With this transition,
the hitherto "loesely structured qualitative
decision models tend to evolve into more highly

structured qualitative decision models-".1

The area of pusiness and economics has been

affected by this advance in knowledge and the
subsequent movement of proplem sclving from being
more of an art to more of science. Better decisions
were made through quantitative models that have

been developed to suit a particular problem. One

of the primary concern of people however, has always



been and will continue to be that of allocating
scarce resources. Since resources - men, machines,
funds, time, land, etc - are in limited supply, the
probhlem of allocating them arises whenever there is
more than one activity requiring their usage for the
attainment of an objective., The quantitative model
that man have developed and perfected in sclving the
problems of resource allocation is the one known as
linear programing which is one out of many models
for tackling problems scientifically. These quan~
tilative models that help decision makers to resclve
problem areas constitute a major part of the dis-
cipline broadly called'Mamagemecnt Science! or

Operati.ns Research.

Manufacturing firms like any other enterprise
are faced with the issue and or problem ¢f decision
making. Issues such as what product line(s) should
be maintained, what product items should be carried
in the product line{s), what price should be
charged for the products, how should the basic raw
materials be sourced, what number of workers should be
selected to do the varicus jobs, what leved of inven-
tory should be carried, what mode of financing
should be embarked upon, are some of the areas of

decision in a particular manufacturing company.



With the successes of applying scientific
approach in resolving some of the above issues in
industrial processes, this study wishes to discover
the use of these scientific tools and the extent of
their application in the manufacturing industry in
Nigeria singling out Funtua Textile Company as a
point of divergence for proper inferences. To achieve
this, the Company's activity selected 18 production
scheduling and the scientific tool of measurement,

Linear programming,

1.2 OPERATIONS RESEARCH

The most important job of a manager is making
decision. Decision making is basically choosing a
course of action from among other alternatives that
will optimize resource application in line with
organisatiornal objectives. These decisions are more
often than not being made to meet the demands of
future circumstances. Business exisis primarily to
satisfy the various needs of iis cuswomers and
tnerefore deciding oo now w0 meet ianese demands,
making opuimal use of tne available human and macerial
resources wecomes an indispeunsable a@nd challengiug

function of managers.

Operatious researcn is a sclentiric approacn

among many tnae facilicates vue work of a manager.



Tnis is because deciding on future events is beseted
by a multitude of problems manifested in the degree of
certainty with which the future can be understood

and predicted. For instance, a manager who is cone
cerned with satisfying demands through optimal utili-
sation of the facilities at his disposal has to contend
with the random naiure ofdemand variation and manage-
ment of workforce and inventory. It would have been
easler to manage productive system if demands were

constant.

Demand fluctuation notwithstanding, however,
relative stablility in the utilisation of available
resources and satisfaction of customers' nceds in
the face of stiff competition are necessary pre-
requisite of sound business performance. This
entails employment stability which in turn serves
as an assurance for job security tc a worker and
therefore increase his commitment and identification
witn tne company. Tnis also allows management Lo
plan and devermine produciion cost with more precision

aud accuracy.

Any organisation, whatever its line of business
activity has the onercus task of satisfying itis
customers! unceds and expeciation it it hopes to

survive and grow, 'This task is accomplisned through



manage.ent apiliiy to predict with reasonavle degree
of accuracy the tuture demands and chaiiges thereof
of its customers and its capacity to plan effectively
to produce what is capablie of satistylnyg those
demands. However tne abiliivy of a company's manage-
ment to etrfectively predict wue IULure is suwvject Lo
gome raciual realiiies that make it aecessary for a

company vo strive nard to remain in business.

In whatever business an organisation is engaged
in, it is strongly likely that it will face compe-~
tition in both the acquisition of the resources it
uses and the set of customers it serves. Iu addition,
a company has to be aware of the costs assoclated
with the factors of production, Efficlent utilisa-
tion of resources such as labour, machinery and
capital is necessary due to the high costs involved
in opntaining them and need for the company to operate
at low production cost, realisation of invested funds
at the minimum possible time and making reasonable
profit as an indicator of company's ability to favour-
ably compete and continue to remain in a particular
line of business., This is only possible if there is
good assessment of opportunities and constraints,
self analysis of strength and weakness and eccnomical

applicaticn of available resources.



The above problems and many more others could
successfuliy be tackled by the use of operations re-
search. The technique of operations research has
provided mansgers with various mathematical theories
and models for guidance in decision regarding those
areas where the key variables could easily pe

gquantified.

"Operations research may be descrihed as a
scientific approach to decision making that involves
the operaticns of organisaticnal systems".2 This
means that for a successful application of the
technique, the activities of an organisation must
where possible be reduced to quantifiable variables
that could easily be treated using any of the various
techniques of operations research that may well suit
the circumstance at hand. Among the various techni-
ques of operations some include: probability theory,
gueueing theory, simulation techniques, inventory
models, mathematical programming, network programming,
goal programming, etc., Depending upon the proplem
and decision circumstances prevalent at a particular
time, a choice is made among the varicus tools of
'operations research' with a view to providing
optimum solution to whatever problem is at hand. An
effective manager thercfore has to have a good working

knowledge of the various models and possess the



ability to apply them to decision situation rightly.

Areas of inventory control, assignment of
persconnel, assignment of jobs to machines, blending
of materials, feed and production mix problems, dis-
tribution and transportation and invesitment portfolios
etc. are good examples where operations reszearch has
successfully been applied with rewarding results.
The problem of how to utilise limited resources to the
best advantage is tackled by a set of techniques
developed and known as Mathematical programming of
which linear programming is among the simplest and

widely used.

1.3 LINEAR PROGRAMMING

The problem of how to utilise limited rescurces
to the best advantage is not a new one. ‘lhe set of
techniques developed to tackle such preblem is known
as mathematical programming. Linear programming,
the simplest and most widely used of these techniques,
is a method for deciding how to meet some desired
objective, such as minimising cost or maximising
profit, subject to contraints on the amcunts of com-

modities required or resources available.

Linearity is considered to mecan proportionality.

Invariably this means that if tkg of a commodity cost

B1.50, 10kg will cost H120.00; or if a steel rolling
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mill can produce 200 tons in 1 hcur, it can produce

1000 tons in 5 hours.

Linear programming, among others such as Search
ﬁecision Rule, Material Requiremcnt Planning, Linear
Decisgion rule, is used in solving a myriad ¢f problems
of which among others is production schedule,

Linear programming as earlier stalted deals with the
problem of allocating "limited resources among compe-
ting activities in the least possible way"3. wvhis
kind of problem can arise whenever there exists a
situation when a manager has to select the level of
some events that compete for scarce resources nece-
ssary to performe certain activities. For example,
allocation of production facilities to products,
allocation of national resources to domestic needs,
portfolio selection, shipping pattern, agricultural
planning, etc, tipify the successful use of linear
programuing technique. Many manufacturing companies
have successfully applied linear programming techni-

ques and others in their various preduction sehedules.

1.4 STATEMENT OF THE PROBLEM

Operations Research technigques has had and will
indeed continue to have wide application in the
operations of organisaivious the world over especially
in the developed counttries, novever in developliug

A

countries the use of tnese techniques as studies



nave shown left more to be desired. In developing

countries like wigeria, where most of tne machinery

ig oimporuved one would nave thougnt that optimal

utilisation and mainvainance tnrcugn tne application

of scientitic approach partvicularly liuear program-
4

migg wnich is proved 1o we simple’, should ve one of

e pre-occupavions of productiou managers,

Apain as coutrasted wiun developed countries,
iun wae developing navions like igeria there is lack
ot managerial and techuical exXperiise whicu oftven
resulted in tue engagement of foreign persounel o
nandle macnines and to iraia locals ia uvne nandliug
0of machines and their maint@nance, This is however
more often than not harpharzardly done resulting in
low efficient application of the sophisticated machi~
nery and the ccst associated with the hiring of foreign
personnel. As Anthony Lawal concluded in a study on
the extent of application of operations research
techniques in the Northern States of Nigeria, Lnat
"ouly tew operavions research techniques are falrly
widely used and that overall, tne utilisation of

these techniques is uusatisfactary"p.

It therefore vecomes parliuen. o conduct
more researches with a view to identifying Llne causes
tor the low applicaciou of these techuniques - whicn
are universally proved vo we of superior outcome -

lu nlgeria, 0 apply some of wue vechuiques in order



to find out the problems and prospecis and possibly
to develop, test and suggest a model particularly in
the area of production scheduling in the manufacturing

industry in the country.

1.5 SCME FACTORS CONSIDERED IN THE CHOICE

CF THE COMPANY FOR THE STUDY

1. Co-operation and easy accessiviliiy .o necessary
required informaviou.

2 rime and tinancial resources and iue nawure of
production schedule., Due to the counstrainis of time
and financial resources and the nature of the study,
Funtua Textile Company Limited is chosen. It is
however hoped that some general inferences will be
dravn and generalised to reflect the nature of textile
subsector of the industry in particular and the manu-
facturing sector in general.,

S Type of production process of raw material
processed and the size and production capacity of the
company. Although the company is relatively small,
its operation warrants it to be considered to satisfy
the objectives of the study.

L, The company's length of production experience.
As an assumed pre-requisite, the company is deemed to
have satisfied the requirement of being capable to

provide adegquate data for the study.
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1.6 OBJECTIVES OF THE STUDY

1. ldentification of the problems or setbacks
asscciated with successful application of linear

programming technigues to production scheduling.

2 To explore the applicability of otuer cechuiques
01 producrion scneduling uov i1u use iu tLoe company
but with records of successful universal application
with a view to tinding out wuneither tuey can be used
i sigerian manufaciuriayg rirms and tne possiuvle
prospecLs and prowlems thal are likely to hinger

thelir successful usage.

B To determine what factors are considered in the
choice of a particular model 1in Lue company undelr

study.

4. To determine what faciLors ougnie 0 we couslidered
in vne cholce of a parivicular model of liuear program-
ming in production scheduling for the textile manufac-
turing industry in Nigeria. Tt is also the objective
of the study to identify variations in the factors

cousidered trom one compauy to another,

S« To develop a model which could be used for
produciion scheduling in the company under study in

particular and for the manufacturing sector in general.

6. To suggest possible conditions that could provide
an atmosphere for the successful applicatiom of the

model to ve developed in (5) avove,
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.7 RESEARCH METEODOLOGY

1. A survey will ke conducted in the company selected
to determine the current nature of arts of produciion
scheduling through personal interviews, records check-

ing and onservations.

2 Types of production processes, type of raw
material processed, size and management of the ecompany
will then be studied through analysis of performance

records,

2 A study of the existing technique of production
scheduling highlighting their c¢onstraints and prospects
will pe conducted and a choice of sultable model to

be tested will be made tnerefrom.

L. Application of the model selected by the use of
collected data for a specific period of operaticn will
be tried with a view to testing its validity and
reliability and a final test on its Significance or

lack of it to production scheduling.

5. Tne result of the study as tested in (4) above

will ve compared in juxtapdsition with the existing
system of the company's production scheduling in order
to provide the yardstick for the rejection or acceptance

of the model chosen in (3) above.

be Suggestion and recommendation will then we put
forward based on the problems and prospects the method
of research employed is able co identify.

-
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1.8 LIMITATION OF THE STUDY

From the cutset some facts that are likely to
hamper the full realisation of the objectives of the
study must be made clear: In a country like Nigeria
where the culture of readership is not well developed
and imbiped by individuals and organisations, there
is strong tendency that information collected through
direct interviews will contain errors of misrepresen-
taticn especially in a study of this nature where the
information sought concerns the internal activiiies
and operational strategies of an organisation as it
might be rightly or wrongly thought that diwulging
such information will be inimical to the survival of
the company; secondly, the implied assumption that
one company ¢nuld serve to provide an umbrella under
which the study is to be carried out and its objectives
realised in highly inadequate in view of the fact
that the study wishes to provide a workable model that
should apply not only to textile manufacturing subsector
put also to the Nigerian manufacturing industiry as a

whole,

The above facts are further compounded by the
following limitations:
1, Erro¥s due to wrong recording of events on the

part of the employees entrusted with such duty.
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2. Time and Financial resources.

3. One company is not adequate to supply enough

data that could ve used to make a general analogy.

L, One model could not be sufficient for the

companye.

5. The assumption that past circumstances that
provided the historical data to be studied will per-

sist in future is highly suspected.

1.9 DEFINITION CF SOME KEY TERMS

SYSTEM - This is termed as a collection of inter-
dependent objects or components, functions or activities
that are grouped together to interact and make up a

single object or fHpction to perform a desired job,

MODEL -~ It is a tool that represent the exper-
iences and characteristics about the essence of real
system, object or situation that could be used to
understand, predict and control the system. A model
is usually used to test and evaluate systems and
relationships between different variables without the

need to act on the actual or real system itself,

PRODUCTION SCHEDULING - This is the sequencing
or programming of plant activities with the aim of
having finished product emerging from an assembly of
machines within the plant at a specified pericd of

time as so programmed.
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OBJECTIVE FUNCTION - Is a function that relate
the decision variables with their economic contribu-
tion or firm's financial comittment that need to be
maximised or minimised as the case may be., +tThat is,
if the objective of the company dictated by the situa-
tion prevalent, is to reduce cost, the objective then
is to minimise the objective function while the reverse
will be the case when profit maximisation is the

objective,

VARTABLES - These are the various items or
factors which are limited or unlimited in supply with
others being constant, but all are very crucial to the
organisation's activity. These variables form the
constraints that have to be reckoned with in any
planning exercise of a company, they can either be
machines and their capacity, raw materials available,
market demand for the products and social, economic
legal and other environmental factors which are
capable of influencing organisational decisious aud

cousequently the objective functiocn.

CONSTRAINTS - Means those variables tnat are
limited in supply or constant., Simply put, they are
uncontrollable variables"tnat influence the decision

variables, often represented as inequalities.

DECISION VARIABLES - These are ihe variables -
in the case of this swudy, the products of the

company - which are influenced by the constraints
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as to what number could be produced at optimum point

through the use of Linear programming technique.

SIMPLEX ITERATION - The method used in solving
the linear programming prouvlem wiih as many number
of variables as possiple that uses matrix algebra in

arriving at a solution.

PRIMAL PROBLEM - This is the initial statement
of linear programming problem after having determined

the objective function and the set of constraints.

DUAL PROBLEM - Is ine mirrdwimage of the primal
representation of the problem arrived at by simply
transposing the primal system of matrix. ‘'his sub-
sumes that in any linear programming problem there
are two sets of solution giving the same decision

dimension.

SLACK - This is the time that a factor of
production, fur ¢xample machine, remains idle,
Stack is very important in analysing the economic
worth of a factor of productw«wdr in another sence the
Opportunity cost for not utilising the factor to full

capacity,

SENSITIVITY ANALYSIS - This analysis covers the
aspect that deals with the economies of slack variable,
In essence, the behaviour or impact of adding new
variables to the existing system of simplex matrix is vital
and hence a better conclusion be reached through

sensitivity analysis.
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REVIEW OF RELATED LITERATURE

2.1 INTRODUCTION

Linear programming technique has been proved
to be applied with substantial success to solve
provlems of allocating resources to many areas of
human endeavour including the subject of this study -
production scheduling - and will continue to be one
of the most widely used operations research tools
particularly at the present time of techmological
advancement (the age of computer). Theories on
linear programming appear in as many operations
research textbooks and Linear programming books and
other related areas as there are authors to write
about this important phenomenon in as much as one
get the feeling that there is nothing left to write
about., However, a review of the existing material

is vital to this study.

Production scheduling is the art of assigning
men, machines and raw materials in tne best possible
way in line with the targeted or forecasted level ot
aetivity per period of produccion. Many factors are
cousidered in this assignment of the resources of
production; the available machines, men L0 man the

machines zwud tune raw materials that go into tue
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produciica Lo uname a few. OIfven, in cases of inter-
mittent productiwwhere a company faces the problem of
inveniory and lay-off and set up costs, the proovlenm
oY resvurse allocatiion becomes compounded. Since ivw
is an accepted fact that all ihese resvurces are in
short supply becanse of owvvious reasous (eliher ine
mouey to pay for Lhem is not sufricient or actually
they are scarce because of tneir multifdrous uses
therevy making their acquisition difficult when the
little is available), it becomes impafative that the
little that is at hand be utilised judiciously.
Linear programming is one out of many technigues
that helps executives decide on how to allocate

these precious resourses to the best use,

However, to review the literature on linear
programming and indeed its application to production
scheduling it has been deemed necessary to start
by lcocoking at what mathematical modelsor techniques
of which it falls within are about. To do this
naturally will require an indepth review of the

discipline know popularly as "operations research",

2.2 QOPERATIONS RESEARCH

Operation Research and indeed i.s various
components is nut a new phenomenarin the field of
gecision making. Wnatever the Lusiness (acuivity)

OI an organisavion, be it military, povernment, private



- 20 -

or public the importance of deciding on courses of
action in attaining targeted results c¢annot be over--
emphasised. As the need for scientific approach to
decision making became vital right from the times of
industrial revolution when small businesses of the
earlier era metamophosed into gaints billion naira

corporations of today.

This scientific technique as defined by Hillier
and Lieberman to mean "... a scientific approach to
decision making that involves the operations of organi-
sational system", involves the research on operations.
Thus it can be said to be applicable to problems that
concern how to conduct and coordinate the operations

or activities within an organisation.

2.3 DEVELOPMENT OF QOPERATIONS RESEARCH

The evolution of operation research dates back
to the period of world war II when it became necessary
to plan effectively and allocate the resources effici-
ently., Not that there was no need to allocate resources
of an organisation in the pre-war times or that the
idea of operations research was not even in the minds
of scientists at that time, but operations research as
known today to be a discipline of its own and studied
in schools came to limelight in the period of world

war II.
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The roous of operations research may extend
back even vefore the Firs. Industrial Revolution,
but the need which operations research serves began
to develeop duriug ithe Second Industrial Revolution
(ACKOFF aud SASIENI, 1968). The coming of machines
tools and the development of national transportation
and communicaivion systems gave industrial activities
great impetus and made industries what they became
today. This revolution brought in its wake complex-
ities in the handling of the activities of organisa-
tions by their individual owners. ACKCI'F & SASIENI
1968 reported:

"... As companies expanded, it became less
possible for one man to manage them; there-
fore the ownerg divided his job into parts,
which he assigned to others. For example,
managers of production, finance, personnel,
marketing and research and development began
to appear.. With further industrial growth
even these functions were subdivided; for
example, production was sometimes divided
into procurement or purchasing, maintenance,
traffic, quality control, and prcduction
scheduling. As population grew and spread,
new markeuvs were formed and new sources of
raw materials were discorvered. Cousequently,

industrial operations ....multiple prcduction
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facilities and sales officers became common
place and each required its own management,
Thus the funciional and geographical segmenta-
tion of management that we know today was a
natural consequence of the industrial growth
brought sbout by the first industrial

revolutionh,

Te carry out the executive function it is nec-
essary to establish objectives for, and mesasures of,
the performance of subunitg reporting to it. For
example, company executives normally establish the
following opnjectives for the main functions of

business.

Production: To maximise the amount of goods
(or services) produced and to minimise the unit cost

of production,

i
Marketing: To maximise the amount of goods
;or services) sold and to minimise the unit cost of

sales,

Finance: To minimise the capital required to

maintain any level of business.

Personnel: To maintain morale and high produc-

tivity among the emplcyees.
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The work of an executive is the integration
of these functional objectives in order to achieve
the overall corporate goals of the organisation.
Obvicusly, there are bound to be conflicus in the
execution of the activities at functional levels in
the attainment of these various objectives which
makes the work of the chief executive considerably
difficult. An executive, therefore, must be experi-
enced and possess good judgement in order to be
effective. Good judgement, however must be supported
by scientific analysis of events that culmineted into
the expansion of organisational activities and their
resultant complexities. This difficulties associated
with the management of the hitherto small firm not
only gave rise to management consultancy but also to
the emergence of the phenomeng knowvn presently as

Operations Research.

It is signiticant to note that Operations
Research development might not have been possible
only wvecause of the evolution of large industrial
organisation had military organisations not experienced
parallel expansion at Lne-time it did. For almost
the same reasons uecessary for industrial evolution,

the military organisations activities increased in
scope. Specialisation and division in menagerial

skills increased with the development of new tech-
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nologies which necessitated the differentiation of
managerial functicn wichin toe military establishment
into four: administration, intelligence, operations
and training, and supply and logistics. (ACKOFF AND
SASIENTI, 1908).

One could conclude that, serious development
of the operations research techniques started during
the world war II wnen reliance on intuition started
to ware. Some of the investigations carried out by
the British in the early days of the war were the
determination of the optimum ¢onrvélY size to mini-
mise losses from submarine attacks, the determination
of the correct colour of aircraft to minimice detec-
tion by submarines, the determination of the best
ways to deploy radar units to maximise potential

coverage against possible enemy attacks.

Witn the successes recorded during tne war
through the application of operations research
techiniques, the attention of industries were attracted.
Tadustries then were engulfed with a multitude of
problems varying from increased demand in certain
products and the ouvvious shortages of certain mat-
erials immediately atter the war, problems of
increased complexities and specialisation in organi-

sational activities and solutions or gulides o faci-
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litate solutions to these prowlems were desperately
sought. The result of complex decision proolems
prompted business organisations to use the formal
tools of operations research., An cxample of such
formal tools is the simplex method tor solving linear
programming provlems, which was developed in 194/

by the American Mathematiclan George Dantzig. Many
of the standard tools of operations research such

as Linear programming, dynamic programming, simula-
tion, inventecry theory, queucing theory, ete wore

fairly develpped before the end of the 1950s,

Most of the formal approaches to decision
making in industry were typically applied to
special types or rather clear-cut, routine,
operating provlems, such as those of production
control and rescurce allocation until 1940,
Since tnat time, nowever, formal approaches have
been applied increasingly to the less-well~structured
planning pronlems as well. Partly as a result of
this a more general technology has emerged tor
impossing logical structure on tne reasoning that
underlies any specific decision. Tnis ftechnology
based on the concepts of decision theory, has been
called "decision analysis". Wnile decision theory
appears to have originated from Bernolli, its appli-
cation to decision problems was developsd later,

(MOSKOWITZ and GORDON, 19/9).



2.4 NAMIRE OF OPERATIONS RESEARCH

Like many other fieids, operaition research was
defined in various ways which are more or less general
in nature. However it should ve noted that Ythe
approach of operations research isthat of scientific
metnod', 5 I

ACKGFF and SASIENI, 1986, defined Operations

Research in regard 10 its historical evolution as

being;

"t - the application of scientific method
2 - by interdisciplinary teams : |
3 - to problems involving the contrbl of
organised (man-machine) systems so as to_
provide sclution which best serve the

purpose of the organisation as a whole",

Tnis defination encompasses the basic charac-
teristics of operations research that it is system
orientation, the use of interdisciplinary teams and
the applicaticon of scientific method to provlems

of control.

Hillier and Lieberman (1950) defined Operations
Research as "a sclentific approach to decision making

that involves the cperaticns ¢f organisational systems",.
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Operations Research as the name implies involves
research on operations. Thus it can be sald to be
applicable to problems that concern how to conduct
and iniegrate tue operations of organisational
systems., Essentially operation research is concerned
with the scientific application/allocation of limited
resources in order to mect, in the best way possible,
the organisational objectives, and also attempts to
solve tne conflicts of interes. among the components
of an organisation in a way that is best for the

organisation entirely.

Frederick Winslow Taylor known in managemént
circle as the father of scientific management looked
al scientitlic approacn o managemen. (operatiouns
researcu) as an attempe o tind tune Lesl or optimal
solution to problem., Raiher than being content with
merely improving the status quo, the goal is to

identify the best possiple cause(s) of action,

Perhaps a more wider definition of the
phenomenon is hest represented in the summary of
Hillier and Lieberman (1980). Thus:

"Tu sumitary, operations research is
concerncd with opiimal decision making in,
and modelling of, deterministic and proba~

bilistic systems that originate from real life.



These applications, which occur in government,
vusiness, engineering, cconomic, and the
natural and social sciences, are largely
characterized by the need to alloczate limited

resources ...."

Tney also believed.that the contribution from

operations research approach stems primarily from;

"] - Tue structuring of real life situation
into a mathematical model, abstraciing the
essential elements so that a solution relevant
to tne decision makers' ovjectives can bhe
sought. This involves looking at the problem

in the context of the entire system,

2 - Exploring tnhe structure of such solutions
and developing systematic procedures for

obtaining them.

% ~ Developing a solution, including the
mathematical theory, if necessary, that
yields an optimal value of the sustem measure
of desirability (or possibly comparing alter-
native courses of action by evaluating their

measure of desirability)e.

Operations rescarch, therefore, serves to
prcvide more adequate instruments for making decision

in the face ¢f changing environmental ccnditions and



- 29 -

glaring contrasts and proves more suitable than other
methods hitherto veen used in tackling managerial
problens, as the proponents of scientific approach

10 management aptly put it that "anything which

cannot be guantiified is noit worth considering at all",
One of such unscientific approach is the systematic
aperoach t¢ problem solving known also as the intuitive
approach which ncarders on the use of intuition,
Judgement and experience to select from among the

‘available alternatives.

Among the earlier definitions of Operations
Research is the one given by Morce and Kimbell which
states; "Operations research is a sclentific method
of providing executive departments with a quantila-
tive basis for decisions regarding the operations
under their control"]. Tnis definition however
does not describe operations research adequately
as other disciplines can also serve to provide
departments with qualitative basis for decisions

for example managerial finance.

Another early definition ¢f operation research
is the one given by Millur and Starr that "operations
research is apprlied decision itheory. Operaticns re-

search uses any scientific, mathematical, or logical

1. P. M. Morse and G.E. Kimball, Methods of
Operations Rescarch, New York; John Wiley & Sons,
1951.
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means to attempt to cope with the problems that
confront the executive when he tries to achieve a
tnorcgh-going rationality in dealing with his decision
problems“a. h recent definition given by Harvey M.
Wagner stated: "For .concenience, and with reasonable
accuracy you can simply define operations research

as a scientific approach to problem-solving for
executive management"B. These definitions appear

too general and suffer from the deficiency of not

including the characteristics of operations research.

Operations research is defined in one of the
best known textbook on operations research as;
“Operations research in the most general sence can
be characterised as the application of scientific
methods, techniques, and tools to problems inolving
the operations of systems so as to provide those in
control of the operations with optimum solutions to
the problems"A. This definition is alsc general and
does not include the essential characteirstics of
operations research as it claims to do sucn as the
use of inter disciplinary approach which is not

indicated,

2. D.W. Miller and M.K. Starr, Executive Decisions
and Operatione research, Englewcod Cliffs, N.J.:
Printice Hall, 1960.

3. H. M.Wagner, Principles of Operations Researcph,
with Applicatiins to Managerial Decisions, Englewood
Cliffs, N.J.: Prent.:e Hall, 1969.

4. G.¥%.Churchman, K.L.Ackoft, and E.L.Arucit, Luiro-
sucivion o Operacvicnus wxesearch, ..ew rorxk: John
Wiley ¥ Sons, 1957.
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As said earlier operaiious research is defined
in many ways almost as many as there are authors on
tne discipline. Tue Operations Research Society of
America also gave its definition of the subject in
1971 as: "Operations research is an experimental
and applied science demoted to observing, under-
standing, and predicting the behaviour of purposeful
man-machine systems; and operations-research workers
are actively engaged in applying this knowledge to
practical problems in business, government, and
society"s. Tnis definition is adequate so0 also is
the one given by Thierauf and Klekamp (1975) as:
"Operations Research utilizes the planned approach
(updated scientific method) and an interdisciplinary
team in order to represent complex functional re-
lationships as mathematical models for the purpose
of providing a quantitative basis for decision
making and uncovering new problems for quantitative

analysis".6

The foregoing definitions of operations
research seem to possess common ideas; the use of
vhe scienviric method; study of complex relation-
ships; and provision of a basis for decision making.
Tuese ideas relace to the essential characterisitcs

of operzticns research.

5. "Appendix I, Tue Nature «f Operations Researca",
Operations Research, September, 1971.

6. Robert J. Tuierauf and Kooert C. Klekamp,

Deci si . e
©Clslon making Jhrough Operaticns Resarch, Second
edition, New York, John Wiley & sons, 1975.
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2.4.1 Chgracterigtics of Operatiing lesearch

Ackoff and Sasieni (19b3)? gave cthree charac-

teristics of operatiouns research. 'I'nese are:

a)

b)
c)

its system (or executive) orientation
the use of interdisciplinary teams and
the applicaticn of scientific method to problems

of contrcl.

Thierauf and Klekamp (19?5)8 added a tourth

characterislitc as essential in any operations research

model., ‘'these are:

1 - Examine functiocnal relationships from a
systems overview. o

2 = U.ilize the interdisciplinary or mixed-
team approach.

5 - Adopt the planned approach (updated
scientific method)

4 - Uwcover new problems for study.

9

Further, Moskowitz and Wright” gave six quali=~

ties as essentials for understanding tvhe unigue nature

of operations research phenomenon which are:

1 = kKocus
2 - Areas of application

3 = Methodical approach

?.
8.

KoL Ackoff & M.W.casienl, Pundawmentals of Operations
Research, New York, John Wiley & sons, 1963.

robert Js.Thierauf « wooer. oonlexamp, Declolow Making
vhrou .. Opecaicus .esearch, <ud edition, Hew York,
John viley % sons, 1975 (op cit).

H.Moskowitz & G.P.Wrigh.,0perations wresearch Techniques
for Management, P.entlice~Hall, E.glewcod Clifrs,

N.J.:. 1979,



L - Objeciive
5 = Iuverdisciplinary T'eam Approach

6 - Digital computer.

For operations research vo wve adequately des-
cribed some of thuse characteristics have to be @

explained.

When these elements are present in any real
life situation, it will become easier to handle the
problem arising from the state using operation re-
search techniques., However noi all or these last
set of characteristics must be in existence before
tue application of operations research can become
possible. lor instance even if there is no computer,
problem of resource allocation with as fewer variables
as three can be handled manually using the graphical

method of linear programming.

2.5 MCDEL BUILDING

Modelling according to Moskowitz and Gordon
(1973) 15 the eszence of an operations research
approach. Construciing a model facilitates in put-
ting the complexities and uncertainties of &
decision-making problem .into a logical structure
that is amenable to formal analysis. Iv is therefore

very important for an operations researcher or

o
TS B
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decision meker to grasp the art of model building.
such mathematical model speciiles the decision alter-
natives and their anticipated cowsequencles for all
possible events that may occur, indicates the rele-
vant data for analyzing the alternztives, and leads

to meaningful and informative managerial conclusions.
A model therefore is a well structured mechanism for

reaching a well-structuredrpreception of reality.

Fuciner Moskowitz and Gordon (1979)'C defines
a model as:; Yan abstraction or an idealized repre-
sentation of a real-life system'", and give its
objective as: “the objective of the model is to
provide a means for analyzing the behaviour of the
system for Jhe purpose oi improving its performance.
Or i1 the system is not as yet in existence, to
define the ideal structure of this future system
indicating the functional relationships among its
elements", However the reliability of the solution
obiained from the model will depend on the validity

of the model chosen 14 representing the real system,

Tuere are basically three forms of models

which are categoriged by their types, dimensionality,

0. H. Moskowitz and G¢.P. Wright, Operations 2
Research Techniques for Managenment, Prentice-
Hall, knglewood Clitis, N.J., 1979.
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fupction, purpose, subject or degree ¢f abstraction.
These basic types include: iconic (physical), analogue

(diagrammatic), and symbolic Lmathematical). }

The Iconic models are physical representiations
of the real sys.em in an idealized form or on a dif-
ferent scale either up or down. For example a toy

ship is an iconic model for a real one.

The Aualogue modelé are essentially 1o do with
the substituticn ¢of one property for another for tne
purpose of expediancy in manipulating the model,
Demand curves, frequency distribuiion curves, and

flow charts are examples of analogue models.

The symbolic¢ or mathematical models ugse a set
0f mainematical symbols and functions to represent
the decisicon variables. 4 iype of symbolic model
most commonly in operations research i1s an equation
or inequality which is easily transformed into equation,

Aud it is concise, precise and easily understcod.

2.5.1 Nature and Structure Of Mathemztical Mogels

Moskowitz and Gordou (1979) describe
Mathematical models @s having three basic sets of

characteristics. ‘I'heme are:
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1) decision variables and parameters,

2) constraints, and 3) objective functions,

2.5.1.1 Decisious variables and parameters; the
variables unknown which the model is required to
determine., While tne paramelers are the know values
that relate the decision variables to the constraints
and the objective runction. ‘hese parameters can

either be deterministic or steochastice.

2.5.1.2 Constraints: To Lake care of limitations,
such as economic and technological, of the system,
the model must include consiraints that restrictis

tne decision variables 1o a range of feasible values,

2.2.1.3 Objective function: Tne dimension defines
tue measure of erfectiveness vl Lhie system as a
mathematical function of the decision variables.

An optimal solution to vhe model is obtained when
vhe values of the decisgion variables yield a best
value of he objective function, subject to the

constraints.

A symbolic or mathematical model take the form:

U = f(xi, ¥J)
Where U = ig the uiility or value of the system
pericrmance
Xi = are the variables that can be controlled
Yj = are the uncontrollable (constant) variables
but do affect U
f = Jhe relationship between U and X and Y .

J
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2.6 IMPORUANCE OF OPERATIONS RESEARCH

Operations research techniques have been proved
ve be more suitable than other nmethods used in tack-
ling managerial problems. Such method as the intuitive
approach which boarders on the use of in.vui.lon, judge~
ment and eXperience to select from tne alternative
declsion variable is an inrerior approach compared

to operations researcn as A.O, Elbing (1970) stated:

1 Learning from experiecne is generally at

random.

2 -« There is no guarantee that an individual
learns i1rom experience.

3 =~ Wnat is learned {rom experience is generally
circumscribed by tne limits of experieace.

I, - Changed coudiilions may mean that the past

is not good indicator of the future,

A more chosent approach to operations research
is the Normative approach which shows how a consistent
declision maker should act to be successful. Decisions
procedures are followed that will optimise such items
as output, income, revenue, cost or utility. M.AlexXis
and C.2 Wilson (1976), poihted out a rational indi-
vidual makep a cholce on ithe pasis of:

1. a knowm set of relevant aleernacives with

corresponding outcomes
2. an established rule or set of relatious

thait produces a preferred ordering of alter-
natives,
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3. the maximisation of =zomethings such as money,

goods, or some form of utility.

the major feawures of this type ¢f decision

structure are:-

i. the strategies of the decision maker,
2. the state of nature,

3., 1ihe outcomes or payoffs.

Like the intutive approach, this one ralies
on ianductive inferrecnes or reasoning, but frames
the induction in terms of a scientific approach to

problem solving.

e to complexity of the process involved in
decision making and the inadequacy of the other
approaches in tackling managerial problems of changing
business environment, operations research boarders
on the basic premise that it is easier to resolve
complex decision problems if the factors that influence
the decisions are made vis£ble and quantifiable.

It is also easier to examine and analyse a compleXx
problem if the concepts, tools, and techniques of
operations research are used to decom,ose the prchblem

into simplex elements.lI

il. nerbert Moskowlitz and Gordou P. Wright,
Operati.ns Research Techniques for management
(1979} Pruntice-nall,
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Managers must and de make decisions constantily
through intutive apprcach, operaticns research or
wnatever rational model or technique is followed,but
the fact remains tha. even if a decision is made
within an orderly and methematical framewcrk, it does
not mean that it will necessarily has to be Jjudged
to have been a good decision. As nerbert and Gordon
put it in thelir book "Operations Researca ‘l'echniques
Tor Managemen." that, ‘uncertainty about the future
consequences plays a key rcle unere, and thus an
unsatisfactery outcome can result even for the hest

deglision tnat could have pneeu made.

Herbert and Gordon enumerated the following
as benefits in applying operations research techni-

ques to decision msking:

1 - It provides decision mskers with a set of
concepts and tools that will enable them to

make decisions in a logically consistent fashion,
and with as much precision as possible. Stated
simply, a formal approach results in better

decisions.

2 - It gives decision makers an improved insight
into how they make thelir decisions, 50 that they
can improve thelr own intuitive decision making

process.
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3 ~ rormalization and quantification of the
problem facilitate communicatiocn and coordina-
tion. In this way, divergent preferences and
information among individuals can be reconcilled

and decisions coordinated.

L - Formalization of routine or repetitive
decision problems frees nanagers to concentrate
on more pressing matters, except when unuskat
circumstance arises, requiring review of the
course of everyday. In this way managers
achieve better control of their operations and

can allocated their time more efficiently.

5 - rormalization facilitates the development
of better organisational planning, Operating
and control systems. An operations research
study initiated to analyse a particular deci-
sion problem may ultimately become an integral
part of the organisation decision system to

be employed respectively. Thue, the cost of
undertaking the first application mgy produce
long-run benefits and spin-off benefiis not

originally envisioned.

6 - It serves as a matter of record, that is,
of nistorical and current informational value,

Thus, munagers can trace the developrient of a
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system, new managers can quickly become familiar
with the existing system, problems can be mare
easily traced and isvlated, and revisions to

the system are more easily made and made known

to those involved.

However, as advocated vy KRe.Je. Tuierauf, K.C.
Klekamp and D.W. Geedug (19¢,), iu order for the
decision maker to adapt a "professional management"
approach, it is necessary 1tor him or ner Lo encompass
the best features of the iututive and the normative
approaches along with creativity which they called
"planned approach". Tue Weed for such meshing - a
new approach to decision - was set forih by Ralpn C.
Davis in hisdiscussion of the professicnally trained

executive:

"A man who has n:thing but background is a
theorist. A man who has nothing but practical
experience is a business mechanic. A profes-
sionally trained executive is one in whom there
is an effective integration of illiese two general
types of experiences, combined with adequate
intelligence regarding the types of problems

n
with which he must deal

This approach - the planned approach - involves

some steps whicn are an extension of the scientific
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approach and the creawivity, in.cuition, judpgement,
and experience of tue decision maker. YThese steps
ares

Qoservaiion

—
i

2 = Derini.ion of the real problem
3 « Dbevelopment of aliernative solutions
L - selection of opiimum solution using

experimentation.

By and large, the use of operations fesearéh
techniques has become of tremendous zignificance
that neglecting their enormous power in facilitating
decision will leave the careless executive and the
organlsacion he heads far behind in this present
state of development where competition 1s always on
the increase. nowever, notwithstanaing wue importance
of operaivions research to management, it has to he
applied with caution, Experts on the field should
be glveu necessary encouragemen. by way of supplying
unprejudiced inrormation to them to be able toc make
the predictiV@ power of the technigues more meanigful
and applicable to the particular orpanisaviocu

which nas the problem for diagnosis and prescription.

2.7 LInnAR PROUCAMMING TRCINTAUR

The curren. state of the art or liaear programmihlg

is attriputed to the American Ma.hemacician,
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Dr. Ueorge Dantzig who introduced his “Simplex method"
as a cystematlic procedure fcr solving linear progra-
mning problems. But the beginning of the concept

can be traced back to the input-ocutput analysis
developed by the economist W.W. Leontief. Hitchock,
nowever was ithe first to interprete a transportation
type of problem in 1941, which was later studied by

Koopmans in 1942,

ILinear programming assumes various diécription.
It can ve detined as a matnematical technique for
determining wvne best allocation of firm's limited
resocurces. ‘Thierauf and Klekaup descrined it thusf
WAn econcmist may detine 1v as a method for alloca-
ting limited resources in a manner taat satisfﬁes
the law of supply and demand for ihe firm's product.
1etl a mathemaviclian may define it as a method for
solving problems in which an objective function must
be maximised or minimised when certain constraints
are considered. To business management, however it
might be looked upon as a tool for solving prohlems
that are in conformivy with the 1irm's clearly defined

objectivest,

The main features of the techniques that make

its application effective are:

1 - Well-defined ovjective function. For example,
maximisation of benefits or minimisation

of costs.



- 4Li =

2 - Alternative causes of action, tnat is,
making a selection wetween various combina-

tious.

5 - OoJective function and constraints must
be expressed mathematically, that is, firm's
objectives muzt be expressed in equations
and ineguali.ies and the equations/inequa-
lities must describe tne proolem in linear

form.

4L - variavbles must be intecgrated, that is, be
possiole to formulate mathematical relation-
ships among tune variables describing the

problen,

5 - resources must be in limited supply, i.e.,
the resources must be finite and economically

quantifiable.

However, sometimes, there are economies to be
derived from increasing the scale of an operation
such that the assumpition of linearity, does not hold,
Notwithstanding, anyway, within limits this propor~
tionality usually exists, at least approximately,
and hence the principles of linear programming have
been found to be of wide application. »ome of the

advantages of using linear programming technlgue are:
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1 - Improving the guality of decision by
providhymore objective and Less subjective

means of decisicn making process.

2 - Facilitating ¢ne best course of acticn from

many alternative courses.

3 - The identification of production nottleneck,

an advantage ifrequently overlooked,

L - Tne optimum use of productive ractors by
indicating to manager the best way to select and

distribute these factors.

2.7« Nature ¢f Linear rrogramming

Linear optimisation models deal witn the problem
of allocating limited resources among competing act-
ivities in the best possibie \i.e. opiuimal) way.

This problem of allocation can w«rise whenever one

must select the level of certain activities. ‘'he
variety of solutions to which this discription applies
is diverse indeed, ranging from the allocation of
produciion facllities to productis vo the allocation

of national resources to domestic needs, from portfo-
lio selection p the selection of shipping pattern,
Irom apgriculiural planning to the desgign of radiation
therapy and so on. However, the one common ingredient
in each of these situations is the necessity for allo-

cating resources to activities.
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Linear programning uses a mathematical model
to describe thie problem of concern., The adjective
TLlinear' means tihat all the mathematical functions
in this model are required te be linear function.
The word 'programming' does not refer here to comnputer
programming; rather, it is essentlally a synonym for
planning, ‘1hus linear programming involves the plan-
ning of activities to obtain an ‘optimal' result, that
is, a result that reaches the specified goal best

among all feasible alternatives.

2.¢e2 Assumptions of lLinear Programming

I - Proportionality - is an assumption about
individual activities considered independently
of each other. 1In the linear programming
model the gquantities of flow of various items
into and ocul of the activity are always
proportional to the activity level., If we
wish to double the aclivity lcvel, we simply
dounle all the corresponding flows for the

unit activity level,

IT] - Additivity - tnis assumes that there are
no interactions between any of the activities.

Tnerefore the additivity assumption requires

that, given any activity level (X;, X, ""Xn)’

the total usage of each rescurce and the
resulting total measure of effectiveness

equal the sum of the corresponding quantities
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generated by each activity conducted by
itgelf, To be precise, for each item it

is required tnat the total amount specified
by the system as a whole equals the sum

ol tine amounts flowing intoc the various
activities minus the sum of the amounts
flowing out. Tnus, each item, in our
abstract system, is characterigzed by a
material balance equaiion, the variocus
terms of which represent the flows into or

out ¢of the various activities.

ulvisibility - this assumes that activity
units can be aivided into any fractional
levels, so that noninteger values for the

decisions variables are permissible.

Certainty - the certainty assumption is

that all the parameters of the model (the
aij, bl and c¢j values) are knovn constraints.
In real problem, this assumpticn is seldom
satisfied precisely. Linear programming
modles usually are formulated in order io
select some future course of action., There-
for tiue parameters used would be based on

a prediction of future conaitioans, which
inevitably introduces scme degree of

uncertainty.
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vV - Liuear Objective Function =~ this assumption
makes it possible Lo have one soluilion
{optimal ) tor the various items contribu-
ting to the much desired payoff. The con-
fribution of each activity to the total
vayoff is the amount c¢f the precicus itenm
that flows intc cer out of each activity.

Thus, 1 the ¢objective is to maximize profits,
activities that require money contripute
negatively ana those that produce money

contribute possitively o total profits.

Vi - HNon-negativity - this simply means that
negative quantities of activities are not

possible.

2.7+3 Building The model

Tae mathematical model of a sysitem is the col-
lection of mathematical relationships whicn characterise
the feasible programs of the system. By feasible
programms is meani wuose programs wWhicu caw be carsried
ouiv wider the systems limitations. Eveun though the
process of constructing a model is oriven difficult
pecause of the richness, varie.vy and ambisuity of the

real world, it is possivle to :ccomplish the task

when certain steps are followed. Thece steps however
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are based on Jhe already mentioned assumptions under-

lying the linear programming model.

Tue rollowing steps are due v0 G.Dantzlg
(i1902):
Step 1: Define tne Activily Setf
Decompose tne entire system wuder study into
all of its elementary functions, the activities,
and chcose a unit 10r each activiovy in terms
of wnich its gquan.ity, or level, can be

measured,

Scvep 2: Detine the item Set; Determiune the classes
o1 objects, Lhe items, which are consumed
or produced By The activities, and choose
a unit for measuring each item., Select one
ivem such that the net quantity of it
produced py the system as a whole measures
thet'cost" (or sucn that its negative

measures the iprotitr) of the entire system.

sLep 5: Devermine the Input - Ouuvpul Coetfficients -
Determine tue guanti.y oi each item consumed
or produced oy tﬁe operatiuvn ¢f each activity
at its unit level. Tuese vumbers, the imput-
output coerricients, are the factors of
proportionalivy wecween activity levels and

item flows.
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Deterrnine tne exogenous flows. Dbetermine
the net imputs or oucpuls of the items be-
ween ithe system, tsken as a whele, and the

outside.

Determine the Meierial Balance Equapiong
Asslpgn unknown nou-negative activity

levels Y1, Y2 ...}(n, to all the activities;
then, for each item, wrice tne "maverial
balance equation™ whicn asserts that the
algebraic sum of ithe flows of that ltem into
each activity (giveu as the product of che
activity level py the appropriate imput-output
coefficient) is equal to the exogenous flow

of the item,

Tne out-come of ivne model-vuilding is ihus

tue collection of mathematical relatiouships charac-

terizing

And this

As

seells TO

all the reasiple programs of the system.

collection is che Vliunear programming model',

stated earlier linear programming solution

optinvise the objective of a firm in allocating

limited rescurces., It thererore means that one can

add ancther ussumpuion or rather state the fact Lnat

resources are in limited supply.
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A standard form of the linear programming model
is thus:

Maximise/minimise (optimise) _

Z = Clx.l + sza"' 000.0I0+ Cn Xn

the objecvive funci.ion,subject to

X, 2 0
X =0 .
e non-negativéty
. } constraints
X = 0

and
ala XE + """"'alnxnfé-bl

2 + OODOC.CO.aan Xé Ua

. 4 & @
L] » L] L ] -
. & = & »
" & 9 & @

[0}
P
+
o

ml 1 mz X2 ¥ sreeeees By, Kby

Any problem which can be formulated as above
with 891 e 8po b] e bm and C, «o» ¢y sets of
constants and X1 ees Xy a sei of varigbles, is a
liuear programming problem which wmay vce solved by

elther grapnical or simplex metnod dewendiuyg upon the

number of variables involved,



Fcr example, if the problem is thauv of production
mix thne above symbols in tne linesar programning model

can ve defined as foliows:

n = number of products produced
m = number of machines required for their
procduction

X, = number of units of product 1 produced
X2 = number of unlts of product 2 prodgced
. .

Xn = nunmver of units of produce n produced
€y = profit per unit on product 1

Cy = profit per unit on product 2

. .

X .

o .

. .

Cn = profit per unit on product m

b] = nunber of hours availuble on machine 1
b2 = nunber of hours avallsble on machine 2
.

.

bm = number of uovurs avallable on macnine m

ay,= number of hours required on machine 1 by
one unit of product 1
a;5 = nunber of hours on machine 1 by one unit

oI product 2
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numoer o1 hours required on machine 2 by
one unit of product 1
a55 = nurber of hours required on machine 2 by

one unit of product 2.

. &

amn = number ¢f hours required on machine m by

one unit of product n.

Once the information in a given situation is
mathematically represenied into a system of inequali-
ties which can ve transformed to equalitiecs by adding
slack variables, tue syscem is then solved using the
elementary method ror solving equations or delineated
on a graph or in case of variables more than turee
by the use of simplex method., <rhe set of solution
is then evaluated using ihe objective function in
order to arrive at the optimum level of activity whicn

serves as the basis for decision.,

2.7.4 ‘itne Simplex Method

The graphical method is tantamount to solving
a system of linear equacicn simvltanecusly and
testing out each set of scluiion using vne objective

function until the one was found whicn gave the greates.
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profit or least cost. This is a possible method with
a small scale problem but real-life problems are too
complicated ror this method; there would be just too
many simulianeous equations to handle. 4an improvement
would be to find a methnod which located the required
vertex (couer point in the graphical representation
with the opiimum so.ution) as quickly as possible.

'This method is knovm as the 'simplex methcd'.

Hypotuetically if we are to optimise the

following:
Consiraints: X] + 2w X, =< 250
3
xl + 32 X2 < 150
T —
XZ < 140
Objective function EOK* - 40X2 = &

to be maximized.

This state is transformed by adding slack -

variables ihus:

Constraints: X, + 2X, + 8§ = 250
3

X, + 323X, + 5, =130
L

X.I b 83 = ]25

XZ + SLJ- = ]L}O

Objective function 30)&l B 40X2 = Z
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The steps involved in this method as given by

L.W.T. otaziord (1983) are:

Svep |I:

Step 2:

Scep 3:

step 4:

>tep 5:

Svep 6:

Cioose a variable

Divide right-nand sides
of each equation except
tue objective runction

by coefficients of

chosen variable

Cuoose equacion with
smallest r.h.s.

constant after aivision

Bring coerficient of

chosen variavle in selec-

ted equavion to unity by
suitable division of

whole equaiion.

Clear chosen variavles
out of other consvraints
equations by suitable
subtractions, as with
ordinary simultanecus

equations.

Clear chosen variable
from objective func-

tion

. chose
4{1 (4 11

ReHeSe ¢ 1 give 250

150
125
140
kguation 3:
125+ 1 = 125

No action:
coeefient already

unity

Suvtract equation
3 from equations

1 and 2

ruleiply equation 3
by 1% and subtract

from abjective function
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Step 7: Check and intespret
' result.
After interprecvaiion
Sivep 8: Are there any posiilve
coefricienvs on the

left-hand side of the

It vhere i1s none, the
optimum soiution 1is
reached. Bu. there are,
the optimum solu.ion is
nov reached and therefore
steps 1-7 must be re-
peated until there is no
positive coefficient on
tue left~hand side of

the objective function.

Ariver the required iterations were made the

original set of equations became:

...ES'I - &SZ + Sy = 59%{'
11 1
IR |
X, + 125, -~ 125 = 109
2 1 | T 2 (1
2
il 11 -
- 125, + 125, + S = 30 19
=5 52 i = 11
1
- 210 Sy- 120 S5, = 2 - 6409 7T

5 - L
S S5 = 5 O
_ 10
b-’-i- = 30 —”



,t-;a: 0

X, 2_

1= 6847
s J__

Xd= 109 11

profit = N64091—:-

2.7.4.1 The Simplex Alporiihm

The coefficients in tne eguations ifunc.ions can

be represented in vector form thus using the above

example:
ao= v
1 374
1 0
0 1

and the variables

X = X1
X2
30 that Aﬁ = ’%i 5/3Xé‘
X 2/4Xe
X1 0
L0, X2 |

and Jhe constants on Jhe rigut hand side as

b = 250
150
125
140

Tunerefore tne system of the set of consiraints

becones
AX <D

Tue simplex algorithm dealing with tue macrix or

the coefficien. of trnewmriables is thaus



Wnere the symbols I and O stand for the unit

ma.rix and the zero vector.

The original set of eguaiions using the simplex

algorithm becomes

A % b
Xl X2 .S.I S2 53 Sl+
| 53 1 0] 0 0 250
1 3/ O 1 0 0 150
1 0 0] 0 1 0 125
0 1 o) 0 0 I 1 40
=30 -40 0 0 0 0 0

The sueps involved in solving the linear program-

ming problem will now be easlily understood.

Tableau 1

fTw 5/3| 1 0 0 O 250
1 341 0 1 0 O 150

T o0 | o o 1 o 12y

ol 1 0O 0 0 1 140
g9 -0 o 00 0 0
Tableau 2
0 |5/3\|1 0 =1 0O |125
(o lssllo 1 -1 o 25 )
11ollo o 1 o lies
oli lo o o 1140
0 ﬁf,/ 0 0 20 5¢90




Tapleau 3
(5;_ o) 1 =20/9 [11/9 0 094;5)
o 1] 0 2/ |=4/3 | O | 331/3
1 0 0 0 1 0 125
0 0 | -0 =4/3 4/3 1 1062/3%
o ol o 160/3\\:3953 0| 50831/3
Tableau 4
0 0 |9/11 -20/11 1 0 |569/11
o 1 l12/11 =12/11 0 0 109111
1 0 |-9/11 =20/11 0O O 682/11
0 _0 |=-12/11 12/11 0 _1 20 _10/11
210 120 o o i
S T1 6409 11
Wuich pives tne optimum profic of #0409 %T .

A simplex method nas two sets of solutions which
give the same signal or similar conclugion for decision
makinge. ''he above set of equations .are known as the
'"Primal' which has an opposite or mirrow image known as

the dual.

2.7.4.2 Duality

D. E Smith (19/7)'2 concluded that, Duality is
an imporvant characteristic of liuear proprammiug
problems. All linear programming proolems come in
pairs. These two problems the 'primal' zud vhe ‘dual!

12« D. E. Smiue, Quancitavive Busiuness Anlysis, John
Wiley & cons, New York, 1977.
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have a direct componeni-by-component transference,

thet 1s, tne ross of one are the columns of the other.

This means that a standard allocation of re-
sources problem can be formulated in two ways. Tne
decision variablzs can represent tue ways to use the
resources. They will be restricted by resource availa-
bility coustraints. ‘rhe problem will be to find the
besi values for the decision variables, subject to the
constraints, to maximise an objective. The decision
environment can be structured from a different perspec-
tive, 'The decision variables can represent the opportunicy
losses associated with using the resources. These
decigion variablcs will ve restrictrd to resource
usage cost constraints. The provlem will be to find
tlie best values for the decision variables, subject to
the constraints, to minimize opportunity usage costs.
Tne two formulations arrived at an iden.ical allocaticu
0t the resources via conceptually different routes.
Their rinal siuplex tableaus will botl contain iden-
tical informations. A decision maker can formulate

and solve a linear programming problem eiiiier waye.

Tne dual provlem is goteven irom the primal by
transforming the primal which can be done by transposing

the primal matrix coefficients. Thus:
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A decision maker can obtain the iniormaticn
uneeded to make proper resource allocation decisions.
all relevant information is summerised in the final
simplex tableau or a miuor modification of the final
tableau. It vuis wealth of informaivion is put at a
manager's {ingertips can instantly obtain the inform-

ation vital Lo responsipnle resource decisions.

27«44 ppplications of Linear Programning

Linear programming technique has had wide
application since the development of the beautiful
method of simplex method which is capable of tackling
problems with considerable number of cons.raints.
Tnierauf and Klekamp (1975) give ithe following areas
o1 business and industrial applications that are

solvable by linear programming technigue.

1 - adver.ising media kvaluation, analyges the
effectiveness of adwertising space and time

based on the avuilable advertising media.

2 - Blast furnance operation. Aids produciion

munagemeni in scheauling blast furnances icr
more accurately anc efficiently than possible

with other amalytical methods.

3 - Blending of raw maveri-ls: Helps in blending

the variocus ingredients of a particular mix in

order to meet specified reguirements and aszsist



manufacturing managemeni by proporiicning raw

materials subject to quality restrictions.

4 - Inventory schedulins. aAllows for the man-

agement of raw materials and semi-finished goods
to minimize tue firm's capital iuvesimen. while

maximising efficient producticn flow.

5 - Manpower management planning: Allows per-

sonnel management to analyze persounel policy
convinations in iterms of thelr appropriateness
for malutaining a steady-state flow of people

into, througn, and out of the firm.

6 - Physical distribution: De.ermiunes the most

ecoucmic and efficient manner of locating manu-
faciuring plants and distribution centers for

physical distributiou management.

7?7 - pProduction scheduling: Decvermines for manu-
facturing monsgement the most profitable combi-
nation of products to manufacture for facilities
possessing a wide range of production capabilities

and ihe most efficient method for machine loading.

8 - raw materisl allocation: Optimizes for

buyers potentiosl raw material sources ftor

production and minimizes production costs.

9 - Site locaition: Helps the mznagement in deciding

whicn location is best 1or new plants, warehouses,
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and branch oftices and where to eliminate existing

faciliiies.

10 - Time standards determination: Assists

time study perscnnel in determining standard
tirmes for those type of jobs in which the dis-
crete work elements are esgsentially the same

but vary in number.

117 - Vendor quotation asnalysis: Alds buyers
in analyzing vendor quotations in cases where

a number of products are quoted by many vendors.

in addicion, as swudies have shown linear
programming is applied to petroleum industry.
But the application to Nigerian industries in pot well

encouraging as A.b.Basnir,13 (1984) coucluded that:

"I -~ Tnat opurations research techniques, though
proved to be profiiable and effective, are not presentl,
employed in our industries in Kaduna sState. Some of
the reasons felt responsible are lack of well trained

operatians research personnel or mancsgers wiih the
necessary background and due to under development

{easy accessibility of computer at low cosus),

2 - Tust valle no single model was bullt in this

research for general application in agny type of

T3 = h.5, Sschir, linéar OpLimisation Llechniques AS a tool
for better procduction scnedules: A Couparative case
study of three companies in Haduna Svate of Nigeria:
Unpublished MBA project, 1984
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industry, it was strongly felt that if distributive
‘and simplex models can be linked such a model may

be possible.

3 = That four factors, wamely; materials being
processed, size of the company and company's
management combine to determine the best system

of scheduling for any company.

He futher suggested that for succesgsful
application of operations research techniques
the following factors should be taken into account:
1~ That in selecting a system of production
scheduling, the company should consider its products,

process, size and management.

2= The establishment and encouragement of the use

of operations research techniques in our companies
in KaduanaState and Nigeria as a whole. Training

of both management and supervisory personnel in
opérations research techniques should be intensified
through seminar, short courses and other formal
educational system such as university and colleges

of managements.

3- That operations research should be introduced

as a subject in all fields of applied sciences
sueh as all branches of Engineering, Medicines,
Agriculture, etc in all Universities and Polytechnics

where these courses are offered in Nigeria,
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and
li- There is need to promote encourage use of

computer in our companies and intensify training of
students in computer programming in institutions.
Government should step in and establish computer
services for companies and institutions needing them

at reasonable prices.

E.V. Idachaba,1u in her study: production
scheduling and control: A comparison of intermittent
production system and continous production systems
concluded that, the application of operations re-
search techniques "is lacking" in the two companies
the study was conducted. Which made i&,difficult for
the companies to be able to exploit some of the
advantages that can be derived from the use of such
research techniques. The study went further to
caution that the importance of these techniques should
not be overlooked "because a good production control
and scheduling system has a possitive relationship

with an efficient and economic utilisation of resources,

2.8 GENERATION OF HYPOTHESIS

Having reviewedthe relevant available literature
on the subJject of linear programming technique to
production scheduling it becomes apparent that the

tool is of significance to management planning and

14- V.E. Idachaba, Production Scheduling & Control: A
Comparison of Intermittent and Continuous Production
System: Unpublished MBA project, 1987.
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decision making. But a lot need to be done in order

to make the technique workable in the Ningerian context.

A, S. Bashir has this to say after conducting
a& Comparative study on some companies in Nigeria:
1= There is need to try distributive model in a
c¢ompany that process one type of raw material into

two or more products as in the case of Kaduna Refinery.

2~ To conduct research to study production schedule

in a company that process two or more raw materials
into a single product and try the application of the
two types of linear programming (distributive and
simplex) models in the system, For example in a
shore company in which rubber, metal and leather are

used to produce shoes.

3= Combine results of 1 and 2 above with that of
this research so as to find the possibility of build-
ing a general model of preoduction scheduling in

any industry,

.
Other studies 5 conducted in Nigeria have

also shown the importance of linear programming teche
nique in the area of production scheduling to be of
vital importance due to its simplicity in application
and understanding but algo showed the uneuthusiasism
by manufacturing firms to employ it with vigor as ig

done in developed countries. This is either because

15~ E. V. Idachaba, op cit.
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the facilities are not there or the personnel with
sountd background in operations research are not avai-
able and management being reluctant to do much to

curtail the problem.

As highlighted above, the application of linear
programming has had wide usage particularly in developed
countries but in general, the application of operations
Research techniques as studies have shown are far from
being satisfactory in the manufacturing industry and
indeed in other private and public organisations in
Nigeria. This study therefore wisheq to take off on
the assumption that linear programming technique is
an indisgpensable tool in production scheduling to
manufacturing firms in Nigeria and hopes to prove,
subject to the impending constraints, the validity or
lack of it of this premise or hypothesis.
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CHAPTER THREE

DATA COLLECTION, PRESENTATION AND
MODEL SELECTICN

3.1 INTRODUCTION

This chapter 1is dedidated to explaining how the
data that will be used in the subsequent chapters I§
collected emphasising on the mode followed and high-
lighting the difficulties encountered which germinated
into actual limilations of the study.

The mode of presenting the data is by breaking
it into various divisions of the company from which it
became available. Based on the nature of the data a
selection will be made from the various models of
linear programming and other scientific form of analysis
which will be adequate for its management. However,
a brief history of the company will be given to serve

as an eyeopener,

3.2 THE COMPANY

The company 1is a subsidiary of United Nigerian
Textile Limited Kaduna, established in 1983 and

commenced production in May of the same year. The

scope of the comapny as per préduction activities is
somewhat narrowed by virtue of its being a subsidiary
of another. The arraagement being that, the company
produces items that the parent company does not.
However, it enjoys the advantages of being a subsidiary:
it benefits from the good-will and sound reputation

of the parent company as well as having technical and
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managerial assistance it would cotherwise not have in

its operations.

Presently, the company has a staff strength of
991 workers out of which 16 are expartrates occuping
mostly managerial and supervisory positions, while t
the rest are locals drawn from the immediate environ-
ment and are largely unskilled workers. The comapny
which is both capital and labour intensive does not

have problems with regard to availability of labour,

The company is divided inteo four main departments
with a departmental head who is directly responsible
to the general manager. These divisions are personnel,
finance, production and marketing. These departmental
managers have in turn several officeps both senior
and Jjunior under them. 1In addition to these line
executives is the company secretary h who oversees
and organised meetings of the board of directors as

well as handling corporate legal issues,
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ORGANISATIONSL STRUCTURE

BOARD OF
DIRECTORS
EXECUTIVE
DIRECTOR
GENERAL
MANAGER
A.G.M, COMPANY FINANCIAL SALES .G.M,
PERSONNEL SECRETARY CONTROLLER MANAGER OPERATIONS
\
STORES/ SPINNING WEAVING FINISHING/
DYEING
PURCHASING | MANAGER MANAGER

3.3 DATA FROM FINANCE DEPARTMENT

The data presented from the finance department

is that which have direct bearing to the purpose of

this study and presented in tablular forms
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3.3.1
PRODUCTS MANUFACTURED  INSTALLED CAPACITY
1685 11986 | 1987
1., YARN-SPINNING (SPINDLES) | 15360[ 15360 15360
2. GREY CLOTH-WEAVING 38L]  38L 38Y
{(LOOMS)
3. DYED BEDSHEET/TC CLOTH - - -
3.3.2
PERCENTAGE UTILISATION | 1985 [1986 | 1987
1. YARN SPINNING 45 {45 | L5
2. GREY CLOTH3WEAVING L5 LS LS
3, DYEING/FINISHING 80 80 80
. NUMBER OF SHIFTS & g g
PER DAY
S. NUMBER OF DAYS WORKED 220 220 |220
PER YEAR
3.3.3
PRODUCTION AND SALES
Units Per Year
1. Quantity Output 1985 1986 1987
I) YARN (KG) 1146308 1236051132968l
II) Grey~Cloth (m) 39106L 3{ 376018 | 45904, 3
III) B/S & T/C (m) 359862012742593] 3909716

£¥°
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2. UNIT SELLING PRICE (¥) (Est.)

Products 1985 1986 1987
I) Yarn 5.10 5.10 6.50
II) Grey Cloth - - -
III) Bed Sheets (m) 6.05 7.05 7.05
IV) T/C Roll 5.20 6.00 7 .00
3. VALUE OF QUTPUT(X'000) | 13,355 22,240| 30, 368
L. SALES TURNOVER (¥'000)
(Net of excise duty) 20,690| 23,500 28,500
5. DIRECT COST OF
PRCDUCTION (¥'000)
I) Raw materials
(Imported & local) 5,185 7,850| 8,450
II) Consumable/Packaging 151 279 L79
III) Production wages &
Salaries 2,697 2,608 2,718
IV) Electricity - - 197
V) Fuel 471 1,154 1,281
VI) Water 26 58 90
VII) Repairs & Maintenance 1,954 1,880 3,906
6. INDIRECT COST OF
PRODUCTION(¥'000)
I) Administrative wages
& Salaries 891 779 812
II) Administrative and
General Expenses 1,245 2,139 3:097
ITI) Selling Expenses/
Commission 271 363 479




- 78 -

It should be noted that the above data is an
estimation not the real figures as the time for closing
company's books does not always coincide with the

time actual activity unfolds.

3.4 DATA FROM PRODUCTION DEPARTMENT,

The Production Department of Funtua Textile
Company is divided into four mein operational units.
These are the store, the spinning, the weaving and
the dyeing and finishing units. We shall take each
department and look at its role in the production
activity up to the point when products are ready for
the market. However, the production process could
hardly be said to be continous or intermittent bgt
lying between the two extreme of the production

continumn.

3.4.1 The Store

The main function of this unit is to store the
raw materials needed for production before passing to
the next production unit., The main raw materials are:
cotton, which is obtained locally or imported usually
from Chad, Sudan and Brazil; Polyester Filament Fibres

obtained from Nichemtex Lagos.

3.4.2 Spinning Unit

This is where the raw materials undergo the

process that turn them into yarn which is the finished

product of the unit and the raw material of the weaving
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section. The process starts with the 'blow room' where
impurities such assand, leaf and seed fragments are re-
moved. This section has other functions such as opening
the cotton to single fibre state blending the fibres

and finally mixing the fibres.

Next the 'carding' machine which complete fibre

separation and liberates the residual trash (impurities)
remaining in the cotton. This machineg further removes
the 'neps' which are pure cotton but not soft enough

to undergo the next processes. By removing the neps,

the fibres that result is known as sliver which is

suitable for the next process.,

The - next process deals with the following
activities:

1= Straightening the fibres,

2= Parallelizing the fibres,
3= Doubling the fibres and
h- Blending the fibres, a process which involve

the mixing of the raw materials (cotton and polyester)
into the required proportion. This company uses the
80/50/ p.c./cotton for its products, that is for all
the products they make)cotton and pelyester account

for 50% each of the material. Having done the blending

of the fibres the desired 'sliver' is produced.

The process that follow is by the use of 'gpeed

frame' which insert twist by the flayer in order to
produce 'roving' - form of a yarn which is thicker than

the final yarn - and wind it for the next process.
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The next process is closely related to the proceeding
one, Here the roving which has been wound on the twist
is further straighten®by inserting another twist to

produce the 'yarn' which is wound on the package.

The final step/process in the spinning depart-

ment is the 'cone winding'. The main obJjectives

here are:

1= To produce larger packages for subsequent
processes, To tension the yarm to a uniform level
and simultaneously remove weak places that could

give trouble in later processes,

2= To supply lubricants and other materials to
the yarn to make it more suitable for subsequent

processing e.g. wax application for knitting.

3= To inspect the yarn, and to detect and remove
thick places (slubs) that are detrimental to the

final yarn or fabric; this process is termed as

"slub catching” or "clearing" and is extremely imp@rt-

ant for quality yarms e.g. for shirts.

h- To release many thousands of ring tubes for
return to the spinning rooms.

2:¢-3 Weaving Unit

This section is were the yarn produced in the
spinning section is woven into the 'gney cloth'. The
section as in the preceeding one involves several

processes, First there is the warping (direct beaming).
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Here the yarns are assembled in stages, first of all
the creel contains a large number of packages, each
varn being tensioned and accurately spaced, from the
creel, yarns are wound side by side in layers unto

the large double=flanged metal 'back beam'. During
this process, the yarn is inspected and thick places
that are detrimental to the final yarn or fabric are
detected and removed. The creel commonly carries
LW46/570 packages for cotton spun yarn and or polyester/
cotton blends. With a speed of 300m to 350m per minute.
Many special functions e.g. slow start, synchronized
braking, photoelectric cells for automatic stop motions

are built into the design.

Next in the weaving process is the 'sizing'.
Here a set of these beams is prepared, and assembled
together in a sizing machine. The yarns are sized
and reassembled at the output end of the sizing
machine to form a weaver's beam. Size mixing consists

of two main ingredients:

An adhesive - this protects the yarn (thread)

against abrasion in the loom. Some of this abration
takes place as the yarn rubs on the back rest, drop-
wires, lease rods and healds. The most serious abra-
sion however, occurs when the threads rub against each

other during shedding.

Natural size - Sago, maize 9{corn flour), farina,

caggsava and wheat. Also chemically modified starches
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such as cellulose derivatives e.g. solritose, methyl-

cellulose, sodium-~carboxy, methyl cellulose are used.
Starch derivatives such as Dexlrin, Enzetex, Textiline,

Glukose Gum and Amylopectin G, are often used.

2- Synthetic sizes - this is done through the use
of polyvinyl alcchol (PVA) e.g. Vinagd, Elvanol Alcotex

or polyacrylic acid e,g. syncol.

The process that follow the sizing is "“Jubrica-
tion', This process reduces fibre-to-yarn friction
and also loom-to-yarn friction during weaving. By
reducing friction, shedding is facilitated and beating-
up of the weft is made easier. The popplar lubricant
types are: Tallow, Spermaceti, paraffin waX and leomine,
Sometimes, however, Antiseptic such as 'shirlam'
(salicy lanilide)!ﬂaj-be added to prevent mildew
growth on the warps or cloth, if storage of either

in a damp cendition for a long period is expected.

Having applied the necessary lubricant 'drying
of sized warps' follows. The drying of sized warp

normally utilizes heat transfered to the warp by:

1~ The conduction of heat to the yarn from steam
heated cylinders.

2= Free and forced convection of hot air over

or through the warp sheet.

3w Radiation of heat to the warp from infra-red

radiators.
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The next process is the 'drawin-in'. Here the

ends {warps) assembled on the weaver's beam are drawn
through the drop wires, heald viiﬂ? and finally the
dents of the reed, The beam is then mounted on the
loom and ready for weaving. Yarn from the cone is
wound unto the pirn and made suitable for weaving.

This process is almost always done automatically.

After things are thus ready the actual weaving
process begins. Weaving is the art of interlacing
warp and weft to produce the fabric (cloth)., Warp is
the tread which runs along the length of the fabric
while weft is the thread which runs across the width
of the fabric, Weaving machine operates on three
principles:
1= Shedding - the movement of the healds hafts
produces a tunnel through which a shuftle carrying
weft passes.,
2= Picking - in this operation the shuftle is
thrown across the shed(tunnel) and one pick is
inserted. The picker which houses the shuftle is
mounted on the picking stick., The picking stick is

responsible for throwing the shuftle across the shed.

3~ Beating-up - here the pick(weft) is pushed
against the fell of the grey cloth by the reed.

Finally the process that comes last in the
weaving procedure is 'inspection'., Here the grey cloth

which will serve as the raw material for the next
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production unit-dyeing/finishing - is inspected by
passing it over fluorescent light, to find out whether

or not it is faulty.

2 .4_-(,:, Dyeing/Finishing Unit

Having gotten the grey cloth fresh from the
weaving section, the first step/process it undergoes
in the finishing and dyeing unit is the singeing. In
this sub-unit the grey-cloth passes over gas burners
to burn off the protruding filbres thereby producing a
smooth surface on the fabric suitable for dyeing.
During cold singeing the burnt off fibres on the surface

of the grey cloth are washed away.

After this treatment on the grey cloth, the next

is 'bleaching range'. During bleaching some of the
impurities such as colouring matter and some additives
added during weaving are removed. In this case peroxide
(H202) is used to produce a white cloth suitable for
dyeing. It should however be noted here that among
the itemsproduced for sale is the plain whiite T/C roll.
Naturally therefore when the intention is for its
production, then further processes terminate and the
cloth is passed directly to the cutting and rolling
machine. However before this is done the bleached
material whether it is for dyeing or not will pass

through the washing and drying ranges.

In the washing operation, excess peroxide in the

cloth is washed away using water and in the 'drying range'
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the fabric from the washing range is dried by steam
heated cylinders. Drying takes place by conduction

of heat to the fabric from the steam heated cylinders.

After the cloth is washed and dried it passes

to the next process, that is dyeing. Dyeing process
takes place in three gtages:

1= Padding - During padding, the cloth is passed
in a dye solution and then squeezed by the squeezing
roller to remove dye.

2= Dyeing « the padded fabric is passed through

a chamber of hot air in which a convention of hot air
is blown over the fabric. Dyeing takes place by

application of heat, that is thermosol dyeing.

3= Winding - Here the dyed fabric is wound onto

the roller suitable for stenter machine.

Stentering is a very important process in this
unit. This is where the dyed fabric is held to its
full width by the clips of the stenter machine and
then passes through a chamber of hot air. The fabric
is then set. This important machine can be used for
other purposes such as Drying, Heat-setting and the
finishing. Actually after this process the materials
are ready for the final activities that will turn them
into marketable items that is the ‘'printing' and
'garment'. Presently the product that undergoes the
printing is the Bedsheet, This activity is done

manually. The garment section handles the sewing of
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the bedsheets and of the pillow cases that go with

each bedsheet,

Now let us consider the capacities of the machines

that will eventually be used to provide the constraints

for the data analysis.

MACHINE CAPACITY PER (ACTUAL)
PRODUCTION RUN

SINGEING 50 meters/minute
BLEACHING/SCOURING LO/S0 meters/minute

WASHING 50 meters/minute
DRYING 50 metres/minute
DYEING 25 - 30 meters/minute
STENTER 80 meters/minutes
CUTTING 15 meters/minute
PRINTING 810/day.

3,5 DATA FROM SALES DEPARTMENT

The data from this department is collected

through direct interview with the sales manager and

records inspection.

3.5.1 Data through direct Interview

Through this means, it was gathered that the
company does not engapge in any scientific form of sales
ferecasting. There is no any system of forecasting
sales whatscever, rather sales problems are tackled

whenever they present themselves, This is one of the

reasons why the company has to c¢lose down every year
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for a period of at most two weeks Jjust to be able to
dispense of their pile of inventories and service

their machines.,

1t was also gathered that, in times of low
demand when the company had to cut down its production,
the company has a policy of not firing its workers to
adJjust to the circumstance but bore the burden of pay~
ing idle workers. Production wise, the weaving and
spinning section run three shifts of 8 hours thereby
maintaining a 24~-hour prdduction run. But the dyeing/
finishing run two shifts of 12~hour pericd. Adminis-~
trative staff however work from 8 am. to L p.m.

The question of whether records of inventory
pile up is kept and the'associatediztcertained was
not answered either through the records or the per-

sonal interviews.

The sales manager confided‘ that even though
they do not forecast sales, it is not because they
felt there was no need to do so but rather due to
the nature of their products which are low-priced
and therefore targeted at the 'masses' meaning
farmers or the low class people whose trend of
earning is easily predicted and the necesyary adjus-
tment in production made. However, the manager
agreed to having periods of difficulty as well as
of trade comfort when they cannct even meet the

demand of their customers.
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The fact also unfolds itself that the company
does not have warehouses outside the complex where
production is made in order to ease the transporta-
tion problem as their customers coming from as far
a place as Onitsha and Aba. This fact ruled out
the use of Transportation model of the linear pro-

gram.,

The sales manager also gave a conservative
estimate in demand of the two products in terms of
client preference. This estimate is that about
% of the total demand for the company's product is
for bedsheet while the other § for T.C. roll. This
fact necessitated the company to embark upon a forced

of
buyer policy 50 - 50 ratio,

3.5.2 Data from Sales Records

The data of sales for four years was made
available through scouting the sales invoices and

presented in the table below:

SALES TN THOUSAND

YEAR o

MONTH 1985 | 1986 1987 1988
January 1499 9213 621 5891
February 1816 780 523 b 301
March 1046 828 481 L537
April 2378 82 354 4736
May 1680 | 1022 269 Lighs
June 8L2 11136 618 c149
July 868 | 1056 347 Lahe
August 1068 560 131 L4759
September 1129 559 1142 5520
QCctober 1112 1092 620 6054
November 8al 1334 374k

December 708 583 | L502
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1. 50" TC PLAIN DYED 105 2.25  110.25
2. PRINTED BEDSHEET 27.61 1.39 29.00

QUANTITY BUYING DISCQUNT
MONTHLY QUANTITY THUS TC BEDSHEET

TURNOVER  COMMISSION PRICE PRICE
UP TO:
¥ 125,000,00 2% ¥108.05 28 .42
250,000,00 L% N105.8) N27.84
500,000, 00 6% N103,.64 N27.26
750,000, 00 7% N102.54 ¥26.97
1,000,000, 00 8% N101.43 N26,68

3.6 MODEL SELECTION

Having looked at the nature of the data with
its merits and demerits, it will be clear that some
of the linear programming models could not be used,
For example the transportation model of the linear
programming. It will then be obvious that a model
that will fairly be applicable to the wealth of
information at hand would be the application of.
linear programming either through graphical or

simplex method,

The choice of this model does not mean that
it will adequately solve the problems of production
scheduling as the model put forward by P, Hanssman &
S.W. Hess would have if the variables yere only
present. So may be in the recommendation it will

be highlighted that there is need to always keep

every bi¥ of information in order to assist any
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scientific analysis hoped at diagonising not only
production scheduling problems but other. areas as

personnel,inventory to name just a few.

From the foregoing the simplex method will be
used in analysing the data gotten with the hope of
supporting or rejecting the hypothesis generated at
the end of the preceeding chapter. For this reason
a good look at the method will be pertinent here
not the cursory attention it was given in the second
chapter with a view to providing sound understanding
of the moderlities of the methods and what are nece-

scary for its application.

3.7 THE SIMPLEX METHOD

3.7.1 Prerequisites for its application

I) There must be a well defined obJjective
function. The outcome provided by this function will

serve as the basis for decision making.

IT) Set of constraints - In fact if there is
no factor consitituting a constraints there is no
need to waste time on this type of analysis at all.
An example easily graspedasa constraints is market

demand, and competitors activities.

IIT) Linearity - All variabls that will form
the objective function or the set of constraints
equations/inequalities should be of the first ordery

hence the name linear,
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IV) Proportionality in measurement - A1l
variables should have a common base particularly the
decision variables., This in essence meansthat having
two products to produce, say, one is expressed in
terms of number of machines hours per day while the
other in term of the same machines hours per week
and be treated at the same time, In such situation
adjustment has to be made either using hours per
week or per day uniformly on the decision variables

a process which is quite simple.
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CHAPTER FOUR

DATA ANAT VSIS AND DISCUSSION OF RESULTS

As prerequisite for knowing what are the trends
in demands, this analysls will start by sales fore-
casting to give an insight into the company's past
performance and possibly its future preformance in
terms of sales/demand to facilitate its planning

production,

The method of forecasting chosen is the time
services since it has been observed that there are
some form of seasonal fluctuation in the sales of
the company's products. As a matter of expediency
all the jears from which sales data was gotten will
be used in the forcasting in order to diversify and

reduce the error of estimation,

L1, SALES FORECAST

The aim of this section is to analyse the data
gotten from the sales department using time series
method of forecasting with a view to finally deter-
mining products market demand, its trend and the
necessary adjustment that will be required to give

a fair estimation.



TABLE 4.1

SALES IN THOUSAND OF NAIRA
MONTH/YEAR | 1985 | 1986 1987 1988 SURRTER
January 1099 923 621 5891
February 1816 780 523 14307
March 1446 828 481 4537 First(I)
April 2378 | 842 357 | 4736
May 1680 | 1022 269 THPIG
June 8Lh2 { 1136 618 E14S Second {(II)
July 868 | 1056 347 h2L6
August 1068 560 431 4759
September 1129 559 1142 5520 Third(III)
QOctober 1112 1092 620 6054
November 8oL | 1334 3744
December 708 583 4502 Fourth(IV)

The above sales figures form a "time serieg"

and its behaviour is going to be studied by .rear-

G”ﬂbt?

of three month each,

it in to gquarters containing the figures

COMPANY'S SALES BY QUARTER IN £'000

QUARTERS
Year | March I} June II September III] December IV
1965 | 4761 4900 3065 2714
19861 2531 3000 2175 3009
1987 | 1625 124 1920 8866
1088 | 14729 10,330 14525 -
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For ease of manipulation the data is now pre-

sented in millions of Naira and rounded to 1.d.p.

-

TABLE 4.3

T IT III IV

1985 4.8 4.9 3.1 2.7
1986 2.5 3.0 242 3.0
1987 1.6 1.2 1.9 8.9
1988 W7 .3 14,5 -
MEAN SALE = 83,3/15 = 5,55

SALES (WeLiew )

k-

2

141

3 -

2y

T

r

N
QuaTers(t)
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The line of best fit is a straight line and
represented by an equation of regression in the
usual linear form, that is

y = a+ by

where y in this case is the sales

X is the number of quarters
a is the intercept

b is the slope of the regression line

From the analysis of regression,

'b' is given by _;E(i ~ Xy - ¥)
Sx- ®F

and ‘*a' by solving a pair of equations simulta-

neously.

The task of finding the line of best fit that
will delineate the trend of the time series using
the fcllowing method is the same as that of finding
a line of best fit among the points of a scatter
diagram, There is no question of choice between the
two possible lines of best fit, since the deviations
which the intent is to minimise are those of sales
from trend, that is the vertical deviations. The
problem can be further simplified if we recall that
the quarterly intervals are evenly distributed
{spaced) along the time azis. If we can identify
the middle point of the series, and measure from
the middle quarter, the time deviations above and

below it will cancel out each other, The mean of



the time will then be zero.

As earlier stated:

b =2(x -X)(y -¥)
= (x - 32)2

Now by representing the number of gquarterly
. periods above and below the middle point of the time
series by 'q' instead of x, the formula for the

slope of the trend line becomes:

b = =(q -y -V
S -

Since there are an equal number of qguarters
above and below the middle point of the time series,

then =q = O and g = 0

b = =gy E'i)
=q
- =qy £'§2Q
=9q
but>q = 0, therefore

PR ce e e

From the normal equations for regression line

of y on ) we have:

=y = na + bzx
which substituting q for x, becomes:
=Y = na + bag
again sinceZzq = 0O
=2Y = na

and @ £y =y = e-ve--- 2
n



These two equations give the framework for the
determination of the trend line, It should however
be noted that the intercept ¥y (a) is at the new origin

which is at the mid-point of the time series,

Let the symbol 'd' represent the deviations
from any abitrarily chosen sales value, In the cal-
culation which is represented in tabular the abitrary

mean is taken to be 4 (L4,000,000 naira).

TABLE L4
YEAR |QUARTER| SALES | ¢ | 4 qd q°
1985 I b.8 =7] +0.8 | -5.6] 49.0
II 4.9 -6 +0.9 | ~5.4{ 36.0
III 3.1 -S| =0.9 | +4.5] 25,0
IV 2.7 4] -1.3 | +5.2} 16.0
1986 I 2.5 3] =1.5 | +4.5( 9.0
II 3.0 2| «1.0 [ +2.0] 4.0
III 2.2 -1 -1.8 | +1.8] 1.0
1v 3.0 of -1.0 0.0| 0.0
1987 1 1.6 1] =2.4 | =2.4] 1.0
11 1,2 2y =2,8 | -5.6| 4.0
I11 1.9 3 =2.1 | -6.3]| 9.0
IV 8.9 bi +4.9 |+19.6| 16,0
1088 I 1.7 S51+10.7 | +53.5 | 25.0
II 4.3 61+410,3 {+61.8 | 36.0
IIT | 14,5 71410.5 1+73.,5] 19.0
TOTALS 83.3 O 23.3 {201.1 | 280




T - 100 -
The formula given in equation 1 could be regarded
as the formula for working from an assumed mean of

zero and be medified thus:

b = d
| Zﬂz— b = _201.1 _ 5 o4

=q

Since the sales figures in these calculations
are given correct to the nearest hundred thousand
naira, and the y figures are consequently correct
only to the first place of decimal, the value of b
is taken as 0.7.

The intercept at the midpoint of the series

is given by the mean sales value:

a =y ==y

n

n = 15

a= 833 . 555 5.6

Therefore the trend line is thus:
y = 5.6 + 0,7q,
but using the real origin of the series about the
assumed mean, the trend line becomes:
y =4 +« 0,7t
Where t is the number of quarters that have
elapsed, This later function will be used in the

subsequent calculations of the seasonal variation,

bo1.,1 Seasonal Variation

To find the seasonal variation the actual

Sales figures are divided by the irend figures,

To find the trend figure at any given quarter the
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function vy = 4 + 0,7t is used with the number of
quarters. That is for the first quarter of 1985

where t = 1, the trend figure will be y = 4 + 0.7 x 1 =
4.7 (million naira), Below is the calculations for

the rest of the quarters represented in tabular

form. When trend figure is 4.7, The seasonal varia-

tion = 4.8 _ 4 00 . to2%

4.7
TABLE 4,5

YEAR | ACTUAL TREND QUARTER

4.8 h.7 I

1985 4.9 S.h 11

3.1 6.1 ITI

2.7 6.8 Iv

2.5 7.5 I

1986 3,0 8.2 II

2.2 8.9 III

3,0 9,6 IV

1.6 10.3 I

1987 1.2 11,0 TI

1.9 11.7 Ir1

8.9 12.4 Iv

1.7 13,1 I

1988 4.3 13.8 I1I

1%.5 14.5 ITI
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The seasonal variation = ( Actual/Trend) x 100

I IT III Iv
1985 102 9T ol 40
1986 33 37 2% ' 31
1987 16 14 16 72
1988 112 10l 100 -
TOTAL 161 152 141 103
AVERAGE 5l 51 47 48 Bais - 200%
(TOTAL
(TOTAL # 3)
CORRECTED 81 77 71 72
MEAN SEA-
SONAL VAR-
TATION(M,S.V)

The figures that are felt far away (marked bj

Cre$S) in the series are omitted to make the determi-

nation of the average seasocnal variation unifora

for all the quarters, It will also be observed that

there is a bais of - 200%, since if things are normal

(that is actual sales equal to trend) the total ought

to have been 400%. Even though this is felt a serious

drawback, the necessary adjustment is made by apportion-

ing the bais according to the actual average,
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4.1.2 TREND, SEASONAL VARTATION AND
RESIDUAL FLUCTUATIONS

TABLE 4.6

B st b

ENT SV [TION

1985} 4.8 4,7 102 81 3.8 +1.0

4.9 S.h N 77 h.2 +0:P

3.1 6.1 . 51 71 h.3 1.2

27 6.8 Lo 72 L.9 -2.,2

1986 | 2.5 7.5 33 81 16.1 -3.6

3.0 | 8.2 37 77 6.3  |-3.3

2.2 | 8.9 25 71 6.3 ~l.3

3.0 | 9.6 31 72 6.9 ~3.9

1987 1.6 | 10.3 16 81 8.3 |-6.7

1.2 | 11.0 11 77 8.5 -7.3

1.9 | 11,7 16 71 8.3 -6.h

8.9- | 12.4 72 72 8.9 0.0

1988 114.7 | 13.1 112 81 10,6 | +4.1

4.3 { 13.8 104} 77 10.6 | +3.7

4.5 | 14.5 100 71 [10.3 [+h4.2

h.1.3 MAKING PREDICTIONS FROM THE TREND

e
The calculations in above table have provided
Pl

us with a formula for finding the trend and percent-

age mean seasonal deviations, as delineated in table

4,6, for each guarter, The results therefrom can be



combined to:
1= give past data free of residual fluctuations,
and 2~ extrapolate from the trend into future

quarters,

The first part as already been shown in table
4.6, That is, if it is assumed that the original
data is made up of the three components; trend, sea-
sonal variation, and residual fluctuation, then the
effect of the first two parameters may be represented
by multiplying each of the trend figures by the

appropriate seasonal variation, For example:

1989 15t quarter _
Trend sales: 4.7 (million Naira)
Corrected mean seasonal variation: 81%
Trend x corrected M,S.V. = L.7 x 81
. = 3.8 (million)

The residual is gotten by subtracting the
adjusted 3.8 figure from the actual sales figure
for the quarter, that is:

4.8 - 3,8 = 1,0 (million naira).

The other important feature is the extra-
peolgtion through the use of the trend line to
estimate sales figures for future periods for effec-

tive planning.

Taking the trend equation, v = L4 + 0.7t
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to represent the underlying trend, then by way of
taking further values of 't'as appropriate, it is
possible to calculate future trend figures. For
example figures of the fourth quarter of 1988 can
be estimated by putting t = 16 which will give:
sales L+ 0.7 x 16

= L+ 11.2 = 15,2
To arrive at a fair forecast the trend sales figure
is multiplied by the M,S,V, for the fourth quarter
that is 15.2 x 72

= 19.9 {(million naira).

In this way the estimate or forecast sales
for the first quarter of 1989 and beyond can be
calculated, but there is however the need of review

from time to time,

Let us illustrate by giving forecast sales

figure for the first gquarter of 1989,

Mean Forecast
1989 | time (t)|Trend| Seasonal Var-| Trend x M.S,V.
tion
I 17 15.9 81% 12.9
I 18 16.6 77 12.8
IIT 19 17.3 74 12.3
IV 20 18.0\ 72 13.0
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h.1. COMMENTS ON THE PREDICTIVE ABILITY OF

FORECASTING

The importance of forecasting cannot in any
way be over-emphasised as it gives management a
direction towards planning, deciding and control
on its wvarious activities, But, of course, there
are many factors that forecasting, even in a fluc-
tuation situation, does not take care of, Such
factors could be environmental like general economic
situation, social consideration, competition, avail-
ability of imputs in terms of raw materials, machines
capacity and labour availability and mang other
contingencies that could not always be foreseen or

anticipated.

But going further it is deemed necessary, as
far as the company's sales forecast is concerned,
to point out that the corrolation between sales and
seasons of sales 1s possitively low that adjustment
had to be made in arriving at the corrected mean
seasonal variation and this fact givesthe whole an-
alysis 1little credence but will only be used for
guidance into one of the next aspect of this analysis.
That is, it will help determine the company's
product demand that could be estimated at any time

period,
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4.2 APPLICATION OF LINEAR PROGRAMMING

TC DATA COLLECTED

L.2.1 Objective:

The objective of this section is to be ablq;
through the application of Linear programming tech-
nigue to determine the combination of products to
be produced in order to at least meet the market
demand in the best possible way., As mentioned
earlier a linear programming problem has to have
an objective function which is the deciding aspect
of the technique, These obJjectives take many forms
which further prove the wide latitude for the appli-
cation of the technique, But guided by the theme
of this study the objective will be to maximise

profits through a proper production scheduling.

From the data gathered, the prices of the
two products as at January (which is the one avai-
lable but it is felt its use will give the same
signal as when other prices are used), 1988 are
¥110,25 and ¥29,00 for TC roll and Bedsheet res-

pectively, having taken care of excise duty,
Therefore the objective function will look
thus: 100.25)(1 + 29,00X, = Maximum

where X, represents the TC roll and

X2 represents the Bedsheet,
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4.2.2 Constraints:

Again, in realsing the above objective, the
constraints have to be reckmned with. For the
purpose of easy understanding, although there is
no danger of altering final result, 12 hours will
be considered as the production run as the second
condition of linear programming model will be
partially satisfied in the dyeing and finsihing

department which run a 12 - hour shift,

In this vien we shall attempt to determine
how much of grey material each product will consume
in its production, the machines capacity in the
dyeing/finishing department in terms of finished

product turnover,

From the data collected in the finance depart-
ment, the weaving section produced L5SLLL3 metres
of grey cloth., It is also known that 12 metres of
cloth make 1-TC roll and 2 meters one bedsheet,

It therefore means that 12X, + 2X2ﬁ§h59huh3
but since thevéfazo days in a year the production

of Grey=-cloth per day = L594hiL3
220

= 2088L metres,
In a day's production therefore

12X, + 2x2é- 20884

Production per minute = 2088

< = 14,5 metres
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If 14.5 metres is produced/mins,

1 metre is produced in 1min

0,069

.

min,

Therefore 12 metres for TC is produced in

12 x 0,069

0.83 Min,

2 metres for Bedsheet is produced in

2 x 0,069

0.14 mins,

Since 12 hours (12 x 60 = 720 mins,) is taken

to be the production run then,

0.83%X, + 0.14X, < 720
Dyeing/Finishing
I |
PRODUCTS| BLEACHING| WASHING| DRYING| DYEING| STENTER |CUTTING| PRINTING
X,1 3,000 2,100 2500 1800 L,800 1800 -
X1 18, 000 12,000 | 15000 | 10800 28800 |10800 810
ACTUAL 36,000 25,000 30000 | 21600 57600 | 21600 1620
CAPACITY
CAPACITY | SOm/min | 35m/min{ 21m/ | 30m/ 80m/ |15m/ -
RATE min min min min
Acggéé 25m/min | 17m/minf 21m/ | 15m/ L4 Om/ 15m/ 1.13m/
min min min min min
TIME
TAKEN TO 0,04 0.06 0,05 ] 0,07 0,03 Q07 0,88
PRODUCE !
1 METRE
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TIME TAKEN TO PROCESS 1 UNIT OF EACH PRODUCT
ON _THE MACHINES (MINUTES)

PRODUCT |BLEACHING [WASHING [DRYING|DYEING |STENTER |CUTTING |PRINTING

X4 0.L48 0.72 0.60 | 0.8y | 0,36 0.84 -

X, 0.08 0.12 0.10 | 0.14 | 0,06 0.14 1,76
AVAILABLE
TIME PER | 720 720 720 720 720 720 720
PRODUC =
TION RUN

CONSTRAINTS

BLEAC HING: 0.48X, + 0.08x215720

WASHING: 0.72X, + 0.12X,& 720
DRYING: 0.60X; + 0.10X,<.720
SYEING: 0.84X, + 0.14X,< 720
STENTER : 0.36X, + 0.06X,«720
CUTTING: 0.84X, + 0.14X,< 720
PRINTING: 0Xy + 1.76X,<720

"/ This implies that all the machines are equally

available for the production,

Through observation however, machinesj; ‘dyeing'
and ‘cutting’ pose the same constraints, so one will

be taken in the analysis,

Now the problem is to maximise the objective

function:

110X1 + 29X2

Subject to the following constraints:



0.48X,
0.72X,
0.6OX1
O.BM.X1
0.36X,
0.0X,

0.83%,

ADDITION OF

0.48X, + 0.08X, + S,

0.72)(1

+ 0,12X

+

SLACKS,

0.08X,< 720
0.12X, < 720
0.10X, < 720
0.14X, £ 720
0.06X, < 720
1.76X, £ 720

.

2

0.14X, £ 720 .

+

051""8

TO THE CONSTRAINTS

+ 052 + 083+08h+055+036+057+=720

5 o + 053 +OSu + 055 +056+057=720
0.60}{1 + O.1OX2 + 051 +052 + 53 +OS]J» + 055 +OS6+OS7= 720
0.3hx1 + 0.1hX2 + OS1 +052 + 0S4, + Sh + 055 +086+OS7- 720
0.36X1 + 0.06X2 + 051 +OS2 + 053 +OSh + SS +OS6+OS7a 720
O.OOX1 + 1.76X2 + 031 +052 + 0S +OSh + OSS +‘56+OS7= 720
0.83x1 ¥ 0.1HX2 + 031 +OS2 + 0S +03u + 085 +OS6+ S7= 720
ITERATION PROCEDURE
S,|(0.48]0.08f 1 0 0O O O O O 720 1%00
52 0.72(10,12| O 0O 0 0 0 O 720 1%00
S,/ 0.60|6.10 © 1. 0 0 0 O 720 12po
!
su[ﬁlsu 0.14] © 01 0 0 O 720 ) 857
Sg[0.36({0.06| 0 0 01 0O 720 2000
S6 0.00{1.76| 0 0O O 0O 0 1 O 720 0
57 0.83/0.14| © O 0 0 0 1 720 867
C;=-Zp\-110) =29| O 0O 0 0 0 O 0 0




X1 Xo [Sy 82839  Sg S Sy
s,| 0 ”Z'“‘ 1 0 0 -0.570 0 0O 309 0
s,{o] o |[o 1 0 -0.860 0 O 103 O
s;/o| o [[o 0o 1 -0.710 0 © 206 P
X,{1]0.17fJ0 0 0 1.190 0 O 857 5041
ssfo| o [Jo o o -031 0 O L11 P
5 Gl 1.76]lo 0 0 0 o 1 o 720) LLD9
s,Jol o |Jo 0 0 -0.990 0 1 9
c;-z'lb c10-3[0 0 0 1330 0 0 94270
EILTEE TR 37[
s,;{o o1 o o0 -0.57 © o o] 309
;0 oo 1 o0 -0.86 0 o o] 103
s3]0 oo o 1 -0.71 o0 o ol 206
x,J]1 o}o o o 1.19 0o o0.10 0| 786
ss|o oo o o -0.43 1 o o] L1
X,J0 10 o o o o o0.57 of 4o9
s,Jo oo o o0 -0.99 0 o 1 9
cj—z ) O 0O 40 O O 133 0 5.87 01998483

This is the optimum solution since there is

no negative quantity in Cj- Z row,
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From the last tableau, the following results

can be deduced, thus:

Sq4 = 309 min., = S.15 hours

32 = 103 min, = 1.72 hours
SB = 206 min. =  3.43 hours
55 = 411 min, = 6,85 hours

S7 = 9 min. = 0.15 hours,

X = 786 rolls

1409 bedsheets

b
N
"

Evaluation of the objective function

110 x 786 + 29 x L09

11OX1 + 29X2

= 86460 + 11661
¥98321.

4.3 DISCUSSION QOF RESULTS

First and foremost it has been found out the
company does not use the technique of operations
research or any of the scientific approaches to
decision making, But from the result of the finding
it will be seen that there is a lot to be gained bg
applying scientific method to production planning,
The situation presently is to produce 100 TC rolls
and 45 cartons containing 18 bedsheets per day with
possible sales turnover of 110 x 100 + 45 x 29 x 18

= 834490, But from the analysis and as far as the
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machines' constraints allowed, 45 cartons of bedsheets
and 1572 roll of TC should be produced at a possible
sales turnover of 110 x 1572 + L5 x 29 x 18 =N196410
which showed an increase of ¥161920 or L69% increase,

The actual asales recorded in 1987 whose
production is taken for this analysis was ¥13,655,000
while if this analysis was made and the findings
applied, the possible sale would have been 196410 x
220 = ¥43,210,200 using the same resources, One
would really begin to wonder what was wrong as the
difference is such staggering, From the outset let
it be clear that all the possible constraints for a
perfect production scheduling program were not avail-
able and those that were, were subject to suspicion
as regard their authenticity since most of the data
gathered was verbal estimate. This flagrant dis-
crepancy could also be attributed to wastage from
the weaving section to the dyeing and finishing but
even then, no matter the amount of wastage, it will
not amount to so much deviation, but one could only

conclude that it partly attributes to this anormally.

As it has been said earlier thet the company
does not use forecasting as a to. 1 to its products
sales forecasty This fact could also be another
factor which made this deviation of theoretical

analysis to the actual experience a reality. For
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instance if sales are not fairly forecasted, inven-
tory could be lying idle and in some cases the
Grey=-cloth that is supposed to reach the dyeing/
finishing department for further processing could
never reach there but be sold as finished products

to other industries or individuals,

This is almost all about what is deemed a
serious discrepancy, Now to trun on the eoncomies
derived from the application. If things are going
to be normal, that is no machines breakdown, no
shortages of raw material or individual strifes, the
company will do better when the system of linear
programming is applied if only to serve as a direc-
tion to the company's capability so that when there
is a fair forecast of sales/demand, management will
readily be in a position to take a decision without
wasting much economic time. Production manager will
also be in a position to advise management on his
department's ability to meet whatever demand the
sales department will throw upon his own department,
This all centres on management having the upper hand
at deciding relatively effectively compared to the
time when no knolwedge of scientific analysis was

made available to facilitate decision making.

The production manager will also be in a

postiiton apart from being very instrumental to the
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company's decisions, to initiate embarking upon
other areas of production., Obviously using the
scientific analysis, the production manager will
be able to know the times some machines are idle
and be able to calculate the opportunity cost of
their remaining unproductive for such periods,
This will ignite in a creative manager the desire
to have other Jjobs assigned to the machines with
enough idle times or schedule work in a good net-
work so that the market demand could be attained
without necessarily working throughout the day

thereby reducing overtime cost.

As it will be seen, in a production run the
Blending machine would be idle for 5.15 hours the
washing machine for 1.72 hours, the drying for
3.43 hours, the Stenter machine for as many hours
as 6,85 hours and the printing for only 0,15 hours,
Knowledge such as this is very valuable to produc-
tion manager, Like the stenter machine which is
utilized for less than half of its capacity, other
Jobs could easily be assigned to it without having
to go beyond its actual capacity or endangering the

completion times of the products,

The production manager can also know the
economic worth of machine in case he is consulted

or even directed to give advice or buysuch machines,
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Having given allowance for what is termed "lack of
appropriate datq, still the technique has proved
worthwhile to embark: upon because, apart from in-
creasing profits it also gives line of guidance to

management in decision making.

L.t ACTUAL LIMITATIONS OF THE STUDY

1. Lack of time to be able to bobserve the
production processes directly instead of relying on

data given on estimates and assumptions,

24 Management skeptimism towards the purpose of
the study. In fact some officials are of the opinion
that they see .no . way a study of such nature could
improve their performance in the face of this dynamic

economic conditions,

3. Unavailability of all the relevant data for
a faildy perfect production scheduling analysis
through linear programming such as inventory holding

cost, cost of labour shifts, etc,

Lo Because of (3) above the model used is not a
new one and could be applied in any organisation,

the result therefrom will not be 100% reliable but
could only be used as a point of diversion for more
research into the real model appropriate for a par-

ticular company with its peculiar characteristics,
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S

CONCLUSION AND RECOMMENDATIONS

From the above results and their interpreta-
tions, notwithstanding the encountered limitations,
it has been proved that linear programming is very
important to production scheduling in any manufac-
turing concern, It is as if a born blind man
having his eyes' ability back to see how beautiful
his environment is, As it is quiet often assumed -
rightly or wrongly - the primary aim of a business
is to mzke (maximise) profits as a measure of
performance, the application of the technique has
proved of tremendous significance in this direction.
It also proved its potentiality of being a strong
assistance in decision making as per as a manufac-
turing firm like the one the research is conducted

on is concerned,

From the following emperical evidence of
linear programming superiority in the art of
facilitating scheduling production over other
unscientific modes and providing avenue for exe-
cutive to decide in order to maximise shareholders'
wealth or even to survive in an atmosphere of stiff
competition, the following are recommended for
the company in its operations. These are divided

into two categories: the obvious and the implied,
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The Obvious

1 = To increase the production of T/C rolls to
the level indicated by this study at least as far
as its demand warrants and keep the production of

Bedsheet as it presently is - L5 cartons,

2= Sales department should be conducting market
research and engage in sales forecasting with a
view to knowing the market trend which will in turn
help predict future seasons' performance, This

has the beautiful advantage of avoiding some of

the future adverse economic effects capable of pul=-
verizing the company's ability to survive, 1In
addition it will serve as a direction to the pro-
duction department for necessary adjustments and
the financial department for providing funds neces-

sary in case the forecast is for increase in production,

3 = Without altering the present constraints,
production department should create jobs for the
machines indicated as having idle times in order

to reduce or totally eliminate the opportunity cost,

4 = Embark upon intensive training and development
of workers by either arranging with consulting

organisations or sending them for further studies,
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5 - Employ effective motivational techniques to

boost the morale of workers,

6 - Record-keeping should be given more priority

and handled only by competent personnel.

The Implied

1 = Through this analysis it has been shown that
the company has the ability of increasing its per-
formance through maximisation of profits, This
could only be made available by conducting market
analysis to identify the potentiality of the
company?s products as against competitors and em-

back upon advertisment.

2 = From one of the obvious recommendations, the
company should expand its product line, This
could be done through three ways: One is utili-
sing the idle times of the machines, second is
utilising the machines to their full capacity

and third is by acquiring more machines and selec-

ting more experienced personnel to handle them,

3 - Engage a professional in research and
development or if it proves more costly, train

one or more of their staff in operational research,

Ly - More research should be conducted in the area
of production scheduling using scientific approach

by both academicians and the organisations themselves,
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