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INTRODUCTION

You would have become familiar with basic Operai®esearch concepts introduced
to you in your undergraduate course and which sgtgnhas encouraged you to
develop an enquiring attitude towards OperationseRech applications which abound
and decisions based on these principles which taffexc decisions you make every
single day.

It is the objectives of this course to build upbe prior lessons learnt, and formally to
introduce to you the more advanced concepts with vilew to reinforcing your

understanding and placing you in a pivotal posittonintellectually understand

developmental work and research in the rapidly advey field of Operations

Research.

THE COURSE: CIT 656 OPERATIONS RESEARCH

This course comprises a total of fifteen Units ribstted across three modules as
follows:

Module 1 is composed of 5 Units
Module 2 is composed of 5 Units
Module 3 is composed of 5 Units

Module 1 guides you into the realm of Operationsdaech by explaining different
approaches to Operations Research problems sobefaye delving fully into the
concepts of Operations Research which is the pyimancern of Unit 1. Unit 2 treats
Modeling, while Unit 3, 4 and 5 take you througlogmessively advanced levels of
Linear Programming.

In Module 2, Units 1 2 and 3 expound on IntegepgPamming, Dynamic
Programming and Goal Programming respectively whinit 4 revisits
Transportation Model which you certainly must harecountered. This module is
concluded with the Assignment Model and discussesngst others the two methods
of enumeration and reduced matrix which are venciat in solving Assignment
problems.

The final Module further exposes you to Inventdigtwork Analysis, Sequencing,
Line Waiting and Replacement. Take note that thmcsoin Module 3 particularly,
and the problems solved as illustrative of the epite introduced exposes you to a
higher level of appreciation of the impact of, atie universality of Operation
Research on our lives.

COURSE AIMS AND OBJECTIVES



The aim of CIT 656 is to further intimate you willperations Research, acquaint you
with the mathematical calculations and the prattggproximations of the idealised
theorems which lets you establish their practicalplglications and indispensability in
the real world always bearing in mind the practiGalitations of the concepts
idealised in the real world..

You in turn shall be required to conscientiousld ailigently work trough this course
and upon completion of this course, you shouldide to:

- Understand the meaning of Operations Research
- Highlight the historical development of Operatidtssearch
- Describe the scientific nature of Operations Regear

- Identify the importance and uses of Operations &ebewith
respect to the various topics to be treated irsthdy

- State the limitations of Operations Research

- State the meaning of model in Operations Research

- Describe the various types of model

- Describe how to construct a model

- State some standard Operations Research model

- State the usefulness of linear programming in dperairesearch
- State the properties of a linear programming model

- ldentify some areas of application of linear prognaing

- Formulate a linear programming model

- State the usual assumptions of a linear programmioggel
- Solve a two-variable linear programming model gieally
- Preparation of LPD for use of simplex

- Understanding of the need of use of simplex



Steps involved in using a simplex method.

Preparing a simplex Table and understanding it®usarcomponents.
Demonstrating the use of simplex method for soharg P
Solving LPP using maximization problem

Understand optimal — dual concept

Understand dual formulation procedure

Interpret dual programming model

Solve LP problems using duality

Understand limitations of integer programming

Identify the methods of integer programming

Formulate integer programming model

Solve IP problems using branch and bond method
Understand the terminologies used in dynamic pragrang
Identify the methods of dynamic programming
Formulate dynamic programming model

Solve dynamic programming problems using branchlamtl method
Understand the concept of goal programming

Use multiple goals as goal programming problem
Formulate goal programming model

Solve goal programming problems graphically
Understand limitations of integer programming

Identify the methods of integer programming

Formulate integer programming model



Solve IP problems using branch and bond method
Understand the concept of assignment model
Solve assignment by enumeration method

Solve assignment by Hungarian method

Explain the concept of inventory

Identify different types of inventory

State the main reason for holding stock

Define some important terminologies

Identify the different EOQ model

Determine the EOQ graphically and by use of model
Differentiate the types of inventory control system
Critical Path Method CPM)

Programme Evaluation and Review TechnigB&RT)
Critical Path PlanningCPP)

Critical Path AnalysigCPA)

Critical Path SchedulingCPS)

Minimal Spanning Tree

Shortest routes problems

Describe the concept of sequencing

State the assumptions made in the sequencing pmoble
Define the terminologies used sequencing problem

Do “Processing Job through different number of nraeh



- Do “Processing of two job through machines and job throughm machines
- Appreciate situations in which queuing problemsgaeerated

- Learning to set objectives for the operation otujng

- Understand standard queuing language and symbols.

- Understanding operating characteristics of queuing.

- Solving queuing problems in single-channel and iplelichannel situations
- Understand the advantages and limitations of qgesystems.

- Understanding that depreciable assets have toplecesl

- Formulation of assumption of Replacement Theory

- Understanding replacement policy for such itemssehmaintenances cost
increases with time and also the money value cteawgjé time (at constant
rate)

- understand the mechanism of system failing sugiden

- Discuss group replacement policy

WORKING THROUGH THE COURSE

This course requires you to spend quality timee@adr Whereas the content of this
course is quite comprehensive, it is presented lgarclanguage with lots of
illustrations that you can easily relate to. Thegentation style is qualitative and
descriptive. This is deliberate and it is to enstivat your attention in the course
content is sustained as a terser approach cary éfgjhten” particularly when new
concepts are being introduced.

You should take full advantage of the tutorial smss because this is a veritable
forum for you to “rub minds” with your peers — whiprovides you valuable feedback
as you have the opportunity of comparing knowledgk your course mates.

COURSE MATERIAL
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You will be provided course material prior to commoement of this course, which
will comprise your Course Guide as well as yourd$tUnits. You will receive a list
of recommended textbooks which shall be an invdéuasset for your course
material. These textbooks are however not compylsor

STUDY UNITS

You will find listed below the study units whicheacontained in this course and you
will observe that there are three modules. Eachuteocbmprises five Units each.

Module 1

Unit 1 Concepts of Operations Research
Unit 2 Modeling

Unit 3 Linear Programming 1

Unit 4 Linear Programming 2

Unit 5 Linear Programming 3
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Module 2

Unit 1 Integer Programming
Unit 2 Dynamic Programming
Unit 3 Goal Programming
Unit 4 Transportation

Unit 5 Assignment

Module 3 LINEAR INTEGRATED CIRCUITS
Unit 1 Inventory Model

Unit 2 Network Analysis

Unit 3 Sequencing Problem
Unit 4 Waiting Line

Unit 5 Replacement
TEXTBOOKS

There are more recent editions of some of the resemded textbooks and you are
advised to consult the newer editions for yourtfartreading.

Operations Research. By Prem Kumar Gupta and Dr&. H

Operations Research. (Problem Solvers) By Reseerditducation
Association.

Statistics and Operations Research. By Debashis Dut

Operations Research By ). O.T. Arowolo and G.O. alaw

ASSESSMENT

Assessment of your performance is partly troughoifiarked Assessment which
you can refer to as TMA, and partly through the Bh@ourse Examinations.

TUTOR MARKED ASSIGNMENT

This is basically Continuous Assessment which aetsofor 30% of your total score.
During this course you will be given 4 Tutor Markédsignments and you must
answer three of them to qualify to sit for the @figear examinations. Tutor Marked
Assignments are provided by your Course Facilitaedod you must return the
answered Tutor Marked Assignments back to your €oufacilitator within the

stipulated period.
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END OF COURSE EXAMINATION

You must sit for the End of Course Examination whaccounts for 70% of your
score upon completion of this course. You will le¢ifred in advance of the date, time
and the venue for the examinations which may, oy mat coincide with National
Open University of Nigeria semester examination.

SUMMARY

Each of the three modules of this course has besigrkd to stimulate your interest
in Operations Research and patrticularly its appboa, while each Unit may be
conceived as a conceptual building block in thedwtand practical application of
Operations Research.

Module 1 commences with the Concepts of Operations Reseandhprogresses
through Modeling to Linear Programming which spae tast three Units of this
Module in advancing progression.

Module 2 treats three types of Programming; Integer Progrengm, Dynamic
Programming and Goal Programming which serves a$oumdation for the
applications which are treated by this Module. EBhase the classical applications
which are quite visible in daily life. The first ing Transportation and the second
Assignment and both of which essentially have oisttion as their goals

Module 3 continues where Module 2 stops and treats Invgnkbodel, Network
Analysis, Sequencing Problem, Waiting Line and BRepment; all of which have
significant practical application value.

It is essential to emphasise the need for youke sariously the contents of the three
Modules, particularly Modules 2 and 3 as you cadh imaeed will see them at work
around you every day.

Needless to state that this course will changentie you see the world around you
and my advice to you is that you make sure thathaue enough referential and study
material available and at your disposal, and yowstnaevote sufficient QUALITY
TIME to your studies.

| wish you the best of luck.
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INTRODUCTION

Operations Research has existed since the beginhnegorded
history. As far back as World War Il, operationseaarch
techniques have been developed to assist the Mititaring the
war. Today, many organizations employ a staff afrapon
researcher or management science personnel orl@onsuo
apply the principles of operations research to mament

pro

blems.

There are actually several approaches in intergyeéinalyzing
and solving business problems; viz:

The Conventional Approach: This involves following past
techniques and solutions to solving present probl&ris
method if state; it offers little or nothing to tadvancement in
management.

The Observation Approach: A method of watching and learning
from other managers in similar situation.

Systematic/Scientific Approach: Utilizes concept of theoretical
systems, which may be some what different fromeatttaal
problem under study. This is the operations re$earethod of
solving management problem.

The successful use of operations research techsigpially
results in a solution that is timely, accuratexitde, economical,
reliable and easy to understand and use. We withindiar with
the limitations, assumption and specific appliaabof the
techniques.

OBJECTIVES
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By the end of this unit the reader will be able to:

* Understand the meaning of Operations Research

* Highlight the historical development of Opeoais Research

* Describe the scientific nature gf€dations Research

* Identify the importance and use©gierations Research with
respect to the various topicsddrieated in the study

* State the limitations of OperatidResearch

3.0 MAIN TEXT

3.1 Definition

Defining Operations Research itself is very difficuike many
other subjects that developed pragmatically andesha
imperceptibly into adjoining subjects, it is moiesy recognized
than defined.

Generally speaking, operations research is an appro the
analysis of operations that to a greater or lessemt adopts:
i. Scientific method (observation, hypothesis, deduncéind

experimentation as far as possible).

ii. The explicit formulation of complex relationships.

lii. An inter-disciplinary nature.

iv. A non-partisan attitude.

Operational Research can also be regarded asrdificiapproach
to the analysis and solution of management problem.

The council of the United Kingdom Operational Resk&ociety
defines Operational Research as “the attack of nmogt@ence on
complex problems, arising in the direction and nggmaent of
large systems of men, machines, materials and moriagustry,
business, government and defence. It goes ont®thia
distinctive approach as to develop a scientific edad the system;
incorporating measurement of factors such as chamdeisk, in
order to predict and compare the outcomes of ats decisions,
strategies and controls. The purpose is to helpagement to
determine its policy and action scientifically”.

It is also worth pointing out that an Operations&ach project is
often a team effort that involved people drawn frorany different
backgrounds including: Accountants, Engineers, iatticians,
Statisticians and Scientist as well as the oparatiesearch experts
themselves.

3.2  Historical Background of O.R
Pre-World war II: The roots of OR are as old agisce and society. Though

17



the roots of OR extend to even early 1800s, it wds385 when Ferderick W.
Taylor emphasized the application of scientificlgsia to methods of
production, that the real start took place.

Another man of early scientific management era Mesry L. Gantt. Most
job-scheduling methods at that time were rathehhaard. A job, for
instance, may be processed on a machine withaublgdout then wait for
days for acceptance by the next machine. Gantt ethpach job from
machine to machine, minimizing every delay. Nowhtie Gantt
procedure it is possible to plan machine loadingstims in advance and
still quote delivery dates accurately.

In 1917, A.K.Erlang, a Danish mathematician, putgs his work on the
problem of congestion of telephone traffic. Thdicifity was that during
busy periods, telephone operators were made, irgguitdelayed calls. A
few years after years after its appearance, hi& was accepted by the
British Post Office as the basis for calculatinggit facilities.

The well known economic order quantity model isilattted to F.W.
Harris, who published his work on the area of irteencontrol in 1915.

During the 1930s, H.C. Levinson, an American asinoer, applied
scientific analysis to the problems of merchandjshiis work included
scientific study of customers’ buying habits, resgp®to advertising and
relation of environment to the type of article sold

However, it was the First Industrial Revolution aiicontributed mainly
towards the development of OR. Before this revohutimost of the
industries were small scale, employing only a hahalf men.

The advent of machine tools-the replacement of byamachine as a
source of power and improved means of transportatnl
communication resulted in fast flourishing indusitybecame
increasingly difficult for a single man to perfoati the managerial
functions ( of planning, sale, purchase, productatn.). Consequently, a
division of management function took place. Managdmproduction,
marketing, finance, personnel, research and deredapetc., began to
appear. With further industrial growth, further divisions of
management functions took place. For example ,mtomiudepartment
was sub-divided into sections like maintenancelityuaontrol,
procurement, production planning, etc.

World War 1l: During World War 11, the military nmeagement in England called on a
team of scientists to study the strategic anddakproblems of air and land defence.
This team was under the direction of Professor 8.Mlackett of University of
Manchester and a former naval officer. “Blackettus”, as the group was called,
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included three physiologist, two mathematical pbigss, one astrophysicist, one army
officer, one surveyor, one general physicist ana tmathematicians. Many of these
problems were of the executive type. The objeatras to find out the most effective
allocation of limited military resources to the itaity operations and to the activities
within each operation. The application includedeRective use of newly invented
radar, allocation of British Air Force Planes toseions and the determination of best
patterns for searching submarines. This grougiehsists formed the first OR team.

The name operations research ( or operationalngdgeaas apparently
coined because the team was carrying out resear(mibtary) operation.
the encouraging results of these effort led tanf@mation of more such
teams in British armed servicard theuse of scientific teams soon
spread to western allies-the united states, Caaadd&rance. thus through
this scince of operation research originated inl&mdjthe united states
soon took the lead.in united state these OR tea@ipgdhin developing
stategiesfrom mining operations, inventing newhfligatterns and
planning of sea mines.

(b) Post-world war Il : immediately after the war,theesess of military teams
attracted the attention of industrial managers whee seeking solutions to
their problems. Industrial operation research iK.land U.S.A. developed
along different lines. In U.K., the critical econmnsituation required drastic
increase in production efficiency and creation @vrmarkets.nationalisation
of a few key industries further increased the pioafield for OR.
Consequently OR soon spread from military to gonesmnt, industrial, social
and economic planning.

In U.S.A.the situation was different. Impressedtbydramatic success in
U.K., defence operations research in U.S.A wasamed. Most of the war
experienced OR workers remained in military servicdustrial

executives did not call for much help because these returning to the
peace-time situation and many of them believeditlveds merely a new
application of an old technique. Operation resednrch variety of names
in that country such as operational analysis, djggra&valuation, systems
analysis, system evaluation, system research andgeaent science.

The progress of industrial operational researdi.BLA. was due to
advent of second industrial revolution which resdlinautomationthe
replacement of man by machine asoarce of controthe new revolution
began around 1940s when electronic computers becammercially
available. The electronic brains processed treme&ndomputational
speed and information storage. But for these digamputers, operation
research with its complex computational problemdatoot have
achieved its promising place in all kinds of opienadl environments.

19



3.3

In 1950, OR was introduced as a subject for acacletady in American
universities since then this subject has been ggiever increasing
importance for the students of Mathematics, StesisCommerce,
Economics, Management and Engineering. To incrénesenpact of
operation research, the Operations Research Sadidtyerica was
formed in 1950. In 1953, the Institute of Manageti#&eiences (IMS) was
established. Other countries followed suit and9&9 International
Federation of OR began to appear. Some of them

(in English ) are:

*Operations Research

*Opsearch

*Operational Research Quarterly
*Management Science

*Transportation Science

* Mathematics of Operations Research

* International Journal of Game Theory, etc.

Today, the impact of operations research can bénfehany areas. This is
shown by the ever increasing number of educatimséitutions offering
this subject at degree level. Of late, OR actisihave spread to diverse
fields such as hospitals, libraries, Planning,gpamtation systems,
management, defence, etc.

Basic facts about O.R as a concept

The following are basic facts about Operations Rete

It is a science-based approach to analyzing prabkemd
decision situations to aid solving such problems @ecision-
making. It is therefore a practical activity, altlgh based on
the theoretical construction and analysis.

It is an approach and an aid to problem-solving @eaision-
making.

Its distinctive approach is facts-finding and mauaig|

It examines functional relations (i.e. functionsacdystem and
their related components) from a system overview.

It utilizes interdisciplinary mixed-team approachsblving
management problems.

It adopts the planned approach (updated sciemtiéthod
which reflects technological advancement as thepcen) to
management problems.

It helps to discover new problems as one problebeisg
solved.

20



3.4. O.R. as an adaptation of the Scientific Approach

Operations Research is most fundamentally scieaseeb

It is so by adoption and adapting the scientifiprapch in
analyzing operational decision problems. (Thesgeoblems
involved in carrying out operations). The way opiers research
is the adoption and adaptation of the scientifigrapch is as
follows:

i. Definition of Problem
This involves the development of a clear and cansiatement
of the problem at hand. This gives direction an@ungg to
other steps.
In defining the problem, it is important that thbale system
be examined critically in order to recognize a# ireas that
could be affected by any decision taking. It issessl to
examine the symptoms and true causes of the prollen
defining the issue.
Note that when the problem is difficult to qualifymay be
necessary to develop specific and measurable olgedhat
may not solve the real problem.

ii. Construction of a Model
This step involves the construction of a suitabtedet (usually
mathematical), which is a representation of théjem at
hand.




Vi.

Vii.

It might be of a functional nature as in lineargnamming or
have a logical structure as in simulation and atlgors.
E.g. Minimize:C = 4x+5y
Subject to:x+3y > 6
X+y=3
X,y =0, which is a linear programming model.

Data Collection

It involves obtaining quantitative data either frexisting
records or a new survey that fits well into thestaincted
model of the problem.

Developing a Solution

This involves the manipulation of the model toaerat the
best (optimal) solution to the problem. It may regsolving
some mathematical equations for optimal decisiens a
calculus or linear programming models. It may dls@a
logical approach or a functional approach whichstoet
require solving a mathematical equation, such améuing
theory. The optimal solution is then determinedsbgne
criteria.

Testing the Model and its Solution

This involves determining the accuracy or the catgiess of

the data used in the model because inaccuratdedats to
inaccurate solutions. If the model can adequateddipt the
effect of the changes in the system, however simphay be,
it is acceptable.

Interpretation of the Results/Establishment of Controls

This involves determining the implication of thdigmns to
the system. In most cases, a solution to a prohlégimesult in
a kind of action or change in the organization. iFhplication
of these actions or changes must be determinedrzalgized
before results are implemented. This analysis {seihg
analysis) determines how much the solution charidbsre
were changes in model or in the input data. Controd
therefore established so that changes that maigmiicant
difference in solution are recognized and takeo adcount.
Implementation of Model

This is the process of incorporating the solutiaio ithe
system, which is carried out by the personnel dlyemorking
in the area and not the Operations Research team.
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The solution to the problem has to be translatealget of
operating instructions which can be handled bypérsonnel
involved.

Flow Chart Showing the Stages in OperationsResearch

Problem Definition

A 4

Model Construction |

A 4

Input Data Acquisition

A 4

Solution Derivation

A 4

Testing of Model and Solution

A 4

Analyzing Results/Establishment of Contrd|

A 4

Implementation of Results

3.5Role of Operations Research in Business

Operations Research help to determines the infoaomat

requirements that enable the best decisions todue nsubject to

cost constraints and to formulation of rules orcedures for

making these operating decisions. It is also canegth

improving the day-to-day efficiency of a compangfseration.

Business areas where Operations Research is applida

includes

I. Stock re-ordering policies.

ii. Transport schedules.

li. Product mix.

iv. Production flows.

v. Allocation problems i.e. which jobs should be aditad to
which machines.
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vi. Time wasted queuing at issuing, counters.
vii. Scheduling of activities in a complex project.
viii. General congestion problem.

3.6 Limitations of Operations Research

I. It is often difficult to balance the requirementreélity and

those of simplicity.

ii. The quality of data collection may be poor andf@ccurate.

iii. In many cases, the solution of Operations Resqanathlem is
restricted by the lack of suitable solution teclueis;

iv. The derived solution may be sub-optimal i.e. therataries of
the problem may be open.

v. An Operations Research model is static but thetisolit
imitates is dynamics.

vi. Conflict between conclusion reached by the Opematio
Research analyst and the opinion of time managets the
best course of action.

3.7 Use of Computer

The computer as we all know is the major moderinfiormation

technology equipment. One of its uses, which mespfe in our

part of the world are not yet attuned to, is probiolving.

Operations research uses the computer in thisdegar

The following process is useful in this regard.

i. Identifying situation e.g. production planning.

ii. A number of activities to be performed e.g. tabtdmirs, doors
to be made. Generalizing term js the variable representing
the magnitude ofith activity is X .

lii. A number of resources with general terrand available
quantity b .

iv. Profit yield per unit of jth activity - C, .

v. Amount ofith resource required by unit of jth activity - a; .

vi. Obtain the model:
The logic of the situation can be studies to aahitne famous
linear programming model:
Maximize: Z =3 C, X,
Subject to:} a; X; <h,V,

24



X, 20.

vii. Solve the model by using the computer that hasveoé for
solving linear programming model of our size. Thenputer,
after keying the data will give the solution.

EXAMPLE (A Break Even Model)

The sales manager of Turnover Limited maintainsced
increase the sales turnover (in units) of any efdbmpany’s
product by50 percent if he was authorized to givé(a price
discount and place appropriate additional advedisnatter.

The Board wish to know the maximum additional atiserg
expense they can incur in respect of any givenymbaithout the
manager’s proposal resulting in a smaller profit.

25



SOLUTION
This situation can be modeled as follows:
Let p be the current production selling priae, be the product
marginal cost andg be the current turnover (in units).
The current product contribution is:
g(p—m) and
the new product contribution net of the additioadVertising is:
159 (09p—-m) — cost of additional advertising.

Since at the worst, these two contributions mugtkgach other to

make proposal viable, then:

g(p—-m)=215q(09p-m) - cost of additional advertising.

Cost of additional advertising is:

15q(09p-m)—-q(p—-m) = 1.359p—-1.5gm-qgp+gm
=q(035p-05m .)

Since we can put this expression in a more useful by taking

1/2 out of the brackets, we have:

Maximum additional advertising cost to be:

2 (07x10-4).

The Board now have a useful model, for if one eifrtbroducts
has a marginal cost4 and sells10000 units atd0 , then:

Maximum additional product advertising cost is:
10000

(0.7 x10- 4) = #.5000.

The model, however, goes further than this, fafsb tells the
Board that any product with a marginal cost7éf @&omore of
the selling price must never be subjected to tlessaanager’s
proposal. This follows from the fact thatM > 0.7 p, a negative
result i.e. the additional advertising would need¢ negative. It
would, then, be impossible to allow the manageradditional
advertising expenditure.
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4.0

5.0

6.0

().
).

7.0

CONCLUSION

This unit introduce you to the formal study of Cqteans
Research. However , what has been discussed exhatistive.
Further reading is hereby recommended.

SUMMARY

» Operations Research is scientific in nature aratbisely
related to management science.

» Operations Research has some limitations

» Effective use of Operations Research involves peopl
working as team to solve identified problems

TUTOR MARKED ASSIGNMENT

Explain the term Operations Research
Describe the role, methodology and limitatioh®perations
Research

REFRENCES/FURTHER READING

Operations Research. By Prem Kumart&apd D.S. Hira
Operations Research. ( Problem SohgBy$Research and
Education Association.

Statistics and Operations Research. By Debashis Dut

Operations Research By ). O.T. Arowolo and G.O. élaw
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1.0 INTRODUCTION

Modeling is fundamental to the Operations Reseapgroach.

It is a way of representing the behaviour of aatitin to enable us
deduce what is best to do about the system. Madeltherefore
tools for representing a situation to understarahd for reasoning
about it.

If for instance, the relationship between the dedrfan an item
and time is found to be represent able by a seapattarn, then
we can use the representation to identify whes lieist for us to
trade in the item. This is the kind of thing opemas research
disciplines us to do as an objective and ratiora} of tackling
situations.

The model we build must be based on the factseo§itination

being modeled, only being represented in a conneémay either

for better comprehension or for reasoning withcocdmmunicate

with. The facts are usually in terms of:

i. What the under acting entities are e.g. item ame in the
above example.

ii. How the entity interrelate e.g. seasonal relatignbbetween
the item and time in the above example, in whidati@ship
we call time series.
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A major merit in modelling is that knowledge galmat a model
framework can be used in understand, communicaaimgdyor
reasoning about other situation that can be madieléng the
same framework. Hence, for instance knowledge gdéigegain
about network model framework is adaptable for mstudying
and analyzing projects, decision networks, road/agd, etc.
This approach is a generalizing one and thereibieefficient.

2.0. OBJECTIVES
At the end of this unit you will be able to :

State the meaning of model in Operations Research
Describe the various types of model
Describe how to construct a model

» State some standard Operations Research model
3.0. MAIN TEXT

3.1 Types of Models

1. Symbolic or Mathematical Model

This is the most important type of model. Matheg®tmodeling focuses on creating
a mathematical representation of management prabli@norganizations. All the
variables in a particular problem are expressedhematically. The model then
provides different outcomes, which will result frothe different choices the
management wishes to use. The best outcome inricutar situation will help the
management in decision-making. These models usef seathematical symbols and
hence are also called symbolic models.

The variables in many business and industry sdnatican be related together by
mathematical equations. To understand the cona&ptsmbolic or mathematical
model, visualize a balance sheet or profit and lassount as a symbolic
representation of the budget. Similarly, the demaunge in economics can be seen as
symbolic representation of the buyers’ behaviowaaying price levels.

2. Simulation Models

In Simulation model, the behaviour of the systendarnstudy is ‘initiated’ over a

period of time’. Simulation models do not need neathtical variables to be related
in the form of equations, normally, these modeés @ed for solving such problems
that cannot be solved mathematically. Simulatioa general technique, which helps
us in developing dynamic models, which are simitathe real process. Developing
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good simulation models is difficult because ‘cregtia real life situation to perfection
is extremely difficult.

3.

Iconic Models

These models represent the physical simulationshéo real life system under.
Physical dimensions are scaled up or down to sfynghie actual characteristic and
specifications of the system. Preparation of gym® models for say an automobile
or 3-D plant layout are some examples of iconic e&d

4.

3.2

Analog Model

They are not the exact replica. Like the iconic misdthese are smaller,
simple physical system as compared to the reasyigem which are complex.

These models are used to explain an actual sysgeandiog.

Deterministic Model

When the change of one variable has a certain énedehange in the
outcome, the model is called a deterministic modigflact, everything is
absolutely clearly defined and the results are kmo&conomic Order
Quantity (EOQ) is a deterministic model, as ecormolwi size can be exactly

known, with change in one of the variables in tii@&Eformula.

Types of Mathematical Models
Mathematical models can be classified in severgswahese
include the following:

Probabilistic versus Deterministic

Models that incorporate uncertainty in terms oflyadailities of
future event occurring are probabilistic ones, wililose that

assume certain knowledge of such events are detistioiones.

Deterministic models predict the exact outcome sitation
because it is based on certain known laws.

Probabilistic models deals with situation that r@edom in
character and can predict the outcome within acestated or
known degree of accuracy.
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For example, in a project management situationgtitieal path
method(CPM) uses a deterministic network model in which the

durations of the activities are assumed to be knfmwvoertain.
Whereas, the program evaluation and review tecleni&ERT)
uses a model that incorporates some probabilityiloligion of the
durations.

Qualitative Versus Quantitative

Mathematical models are essentially symbolic andcairal.
Where the entities involved are kinds of thingstbributes rather
than the quantities in which they exist, then weeha qualitative
model.

Quantitative models, on the other hand involve tjtias of
attributes as the interacting entities.

Qualitative (or conceptual) models are often stgrpoints in
formulating quantitative models. Inventory and &ne
programming mathematical models involve such catalid
frameworks as starting points.

Linear versus Non-linear

A mathematical model is normally put in the fornrefationships
between the quantitative variables. The relatiqgrshbbuld be
linear or non-linear. They are linear when changeke
independent or input variables result in constaopgrtional
changes in the dependent, or output variables.
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The graphs of such relationships are in the formsti@ight lines.
The linearity property is one of constant returisd¢ale.
Examples of linear relationship are:

y=4x+2

y =5+ 5w+ 3x

While examples of non-linear relationships are:

Yy =6+5x+ X

y=XZ +3x*+52+2

Static versus Dynamic

Models that assume that the situation being reptedewill not
change, at least in its essential features, witienoperational
period, are static ones. While those that incojgocthanges are
dynamic ones. In this respect, linear programmiglefs that use
only one set of values of the input variables #a&cs while
dynamic programming that use only one set of vatiieke input
variables that change over time are dynamic.

Standard versus Custom-made Models

Standard models are format for representing raugifeatures and
relationships. They are usually put in generalifoeths. They are
used in appropriate specific situations by repla¢ire features in
the models with the corresponding features in ¢ad particular
situation. There are several such models thatnanse in
operations research. Linear programming modelsmexample
of standard models.

Custom-made models, on the other hand are obtapedally for
specific situations. This has to be done when andstrd model
framework exists, or is known to be reasonably appate for the
specific situation. We refer to such modelling asg from
fundamentals.

Analytic versus Simulation

An analytic model is one that represents the m@tatiip between
the variables in the form of formulas. Linear p@gming model
is an example.

A simulation model, on the other hand, describesattocess
involved in a simulation, indicating the mathemaitielationships
that exist at each stage.
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In this sense, simulation is an imitation of thepsby-step process
involved in the build-up of system relationshipse 8hall return to
the subject of simulation later.

3.3Structure of Operations Research Mathematical
Models

Operations Research Mathematical Models are decgsiablem
models in the following general form:

Entity Representation
Objective E
Factors:
1. Controllable (or decision) X,
variables
2. Uncontrollable variables Y
Structure E=f(X,Y)

Each model will have entities in them that arehi@ foregoing
categories.

In a simple inventory situation for example, theeracting entities
are the following:

Entity Symbol
Total cost TC
Order quantity Q
Purchase cost C,
Ordering cost C,
Holding cost C,
Demand D

The conceptual model can then be put into symbolic
(mathematical) form as follows:

TC=DC, +Pc qC,C-
q

Thus, we see that
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X Q

Y] D' CP' CO! C:n

Solving a mathematical model involves deducing wiadies of
the decision (controllable) variables will yielddbeesult.

We can apply appropriate pure mathematics methatate such
deductions. In the case of the simple inventory ehatie method
of calculus is used in solving optimization problamolved to
yield the famous Economic Order Quant{igOQ) formula:
Q= 2DC, .

C.C,

p

3.4How to Construct a Model
To construct a model. You need to observe real-ywootllem and
make assumptions about influencing factors. Thesiked
abstraction.

Real-word Problem :> Mathematical model

You must know enough about the mechanics of mattiesrna
derive results from model.

Mathematical model

Derive
Result

v

34



The next step is to gather data. Does the predigiicen by the
model fit all the known data? If not, you will uges data to
modify the assumptions used to create the modé&. i$tan
ongoing process.

Mathematical model < Modify model

< Compare/lnterpret>

3.5 Standard Operations Research Models

Operations Research practice over the years hde tbé
identification of problems that recur in diverstiations. Ways of
representing (modelling) them have been developdd a
techniques for solving them also developed. Theskl@m types
are called prototypes. While models for representirem bear
specific names and so also are the technique®fiang them.
The table below summarizes the common prototypes, hature,
model and techniques for handling them.

Major prototypes and common techniques availabisddving
them.
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Prototype Nature Common Solution
Technique
Allocation and its | How best to allocate [1. Mathematical

extensions e.g.

limited resources to

programming e.g. Linea

Transportation activities programming, integer
programming, goal
programming.

2. Specific techniques e.g
Transportation
Techniques, Assignmel
Techniques.
Inventory Determining optimal |1. Inventory theory
order quantity in a techniques e.g. the
situation requiring (EOQ method.
purchase to store 2. Simulation.
pending usage
Waiting lines What best level of 1. Queuing theory

facilities will minimize |2.

cost of queues, or what
order of service will do
SO

Simulation

Coordination and
Extension

How best to manage |1.

pre-set sequencing of

jobs or activities e.g. |2.

comprising a projector
an assembly line

Network techniques e.¢
CPM and PERT.
Line balancing
techniques.

Replacement;
including general
maintenance

Maintenance of
operating units througkh
replacement and/or
servicing

PONPE

Replacement techniques

Maintenance technique
Simulation

Manpower management

models

Competition

What strategy is best tb.
adopt in a conflict e.g. |2.
competitive situation |3.

Game theory
Hyper games
Meta games

36



4.0. CONCLUSION
As in the summary.

5.0. SUMMARY

* Models help to simplify complex situation forsesaof
understanding and evolving solution fobpems.
* The component of an operations researoctighare variable and
Parameter.
* Mathematical Model are the widely use r@bens research model

6.0. TUTOR MARKED ASSIGNMENT

1.(a) Explain the term models in operations researc
(b) Enumerate the types of models usexperations research.
2. In a particular one product companiais been noted that the
value
of sales per day is given by the expoess
{#1000- sellingpriceperuniti} If daily fixed cost amount to

#1000
and the variable cost per unit isth2n, prepare a profit model

7.0. References/ Further Readings

1. Operations Research. By Prem Kumar&apd D.S. Hira
2. Operations Research. ( Problem SohBy$Research and
Education Association.
5. Statistics and Operations Research. By Debashis Dut
Operations Research By ). O.T. Arowolo and G.O. alaw
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UNIT 3 LINEAR PROGRAMMING (LP) 1

1.0
2.0
3.0

4.0
5.0
6.0
7.0

1.0.

2.0.

Introduction

Objective

Main Content

3.1  Application of LP to Business

3.2  Properties of LP Model

3.3 Assumption of LP

3.4 Formulation of LP Model

3.5 Examples on Formulation of LP Model
3.6  Graphical Solution of Linear Programming Problems
3.7  Linear Programming Theorem
Conclusion

Summary

Tutor Marked Assignment

Reference/ Further Readings

INTRODUCTION

Many management decisions involve trying to maleeriost
effective use of organization resources. Theseuress include
Machinery, Labours, Money, Time, Warehouse spadeaov
materials to produce goods (machinery, furnitusedfor cooking)
or service (schedules for machinery and producthrertising
policies or investment decision).

Linear Programming (LP) is a widely used mathenadtic
techniques designed to help managers in plannidglacision
making relative to resource allocations.

OBJECTIVE
By the end of this unit you should be able to :

» State the u