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Operations Research (O.R.) sometimes also called ‘Operational Research’ is a professional
discipline still without a fixed content or boundaries. Broadly speaking, it consists of using
scientific methods and techniques for decision making in a variety of real life situations. The
formal beginning of O.R. is said to have occurred in UK during the World War II. During the
war, a group was formed in UK under Prof. Blackett, a Nobel laureate in Physics and Professor
at University of Manchester, to advise the Allied Forces in how to make the best use of available
scarce military resources during the war operations. The group consisted of three physiologists,
two mathematicians, two mathematical physicists, one astrophysicist, and a surveyor. The
recommendations of the group on problems referred to it are said to have considerably improved
the performance of the allied forces on land, air and sea. The term ‘Operations Research’ is
said to have been coined in 1940 by McClosky and Trefthen. After the end of World War II, the
findings of this group were made public. This created a lot of excitement and efforts got underway
to apply these results in civilian fields. As a result, a number of corporate operations research
groups were formed in different organizations and industries with the objective of utilizing the
tools of O.R. in improving the performance of the industries. Initially, there was more
enthusiasm than success. This was primarily due to two reasons. First, the subject was still in
its formative stage and not many efficient tools of analysis had been developed thus far. As a
result, a number of assumptions and approximations had to be made to make the mathematical
model of a real life situation to conform to a model which could be analysed by the tools available.
Secondly, the solution of a mathematical model generally involved a lot of numerical calculations
which in those days, in the absence of computers, took a lot of time. By the time, in most of the
cases, the solution to a realistic problem was obtained as it had lost its relevance or the values
of some of its parameters had already changed. However, the scenario started changing in
mid-seventies of the last century. By that time, reasonably sophisticated tools of analysis had
become available. Moreover, with easy availability of computers, computations could be done
much faster. As a result, O.R. and its tools started being extensively used and relied upon in
solving real life problems both in civilian and military fields. A large number of government
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and non-government organizations are now making extensive use of these tools. This has given
a further boost to the teaching and research in O.R. and related fields.

O.R. can be viewed both as a science as well as an art. Its science aspect lies in providing
theoretical background and computational techniques and algorithms for solving O.R. related
problems. O.R. is also an art as its success in all the phases, preceding and succeeding the
solution of the mathematical model depends to a large extent on the creativity and personal
abilities of the concerned experts. It is the scientific aspect of the subject with which we will
primarily be interested in this book.

��� �����	�����	�	���	�


A key word associated with O.R. is ‘optimization’. Optimization means determining the best
course of action amongst the different alternatives available in a decision-making problem. It
can be regarded as a process of finding the optimal value (the greatest or the smallest as the
case may be) of a function (usually called the objective function) under a given set of
circumstances (often called ‘constraints’). Optimization can, thus, be viewed as a decision-
making process, or more specifically as one of the major quantitative tools in the network of
decision-making, in which decisions have to be taken which optimize one or more of the specified
objectives under the prescribed set of constraints.

Optimization problems arise in almost every sphere of human activity. These occur in
almost every engineering discipline such as Civil Engineering, Mechanical Engineering,
Electrical Engineering, Telecommunication Engineering, Chemical and Biochemical
Engineering, Engineering Design and Manufacturing Systems etc. These also occur in Business
Administration, Management and other Economic and Industry related fields. In fact, the
newly developed optimization techniques are now being applied in every sphere of human
activity where decisions have to be taken in some complex situation which can be represented
by a mathematical model.
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Solution of a real life optimization problem usually involves three phases: (i) modelling phase,
(ii) solution of the mathematical model, and (iii) validation of the results and their
implementation. Out of these three, the first phase namely ‘modelling phase’ is the most vital
one. An incorrect model will yield an incorrect solution. However, the other two phases are
also equally important as these provide the basis for obtaining the optimal solution and its
implementation in the real life situation.

In a majority of the cases, the real life optimization problem is available in descriptive
form in words. It has to be transformed into a mathematical model in which one or more of the
available techniques of optimization can be applied. The mathematical model of the real life
problem should be as close to reality as possible. However, at the same time, as far as possible,
it should be amenable to solution by one or more of the available techniques of optimization. In
some cases a new tailor-made solution technique may have to be developed to solve the problem.

In earlier days in view of the limited availability of the computational facilities, the
trend was to introduce approximations and assumptions in the model, so that it could be
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conveniently solved using some well-known techniques of optimization. However, the solution
of this modified and simplified model often did not meet the specifications of the actual end
user. This was one of the main reasons why initially the practical users were not so enthusiastic
in using these methods. However, with the easy availability of fast computing facilities in the
form of personal computers, and at the same time the development of more robust and efficient
computational techniques of optimization, the scenario has now been changed. Solution of
more realistic and complex problems can now be obtained in more or less their original form
and in a relatively much shorter time span. As a result, realistic solutions can be obtained
much faster and implemented for better results. In fact, the current trend now is to work in an
interactive mode with the computer. Optimal solution of a mathematical model of a real life
problem is first obtained. In case the solution thus obtained does not meet the aspirations and
requirements of the user, the mathematical model is suitably modified till the results obtained
are as per the user’s requirements and aspirations. And all this is now possible in a reasonable
short span of time!
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There can be a variety of mathematical models of real life optimization problems. The objective
function which is sought to be optimized may be linear or nonlinear. Sometimes even its explicit
mathematical formulation may not be known. The domain in which the objective function has
to be optimized is generally defined by a set of equations or inequalities called the constraints.
The constraint functions can be linear or nonlinear. In the optimization process we are in
search of those values of the  decision variables which optimize the objective function(s) and at
the same time do not violate any of the constraints. It is also not necessary that in an optimization
problem the constraints be present. An optimization problem in which constraints are present
is called a ‘constrained optimization problem’, whereas an optimization problem in which no
constraints are present is called an ‘unconstrained optimization problem’. There can also be a
situation in which more than one objective is to be optimized subject to the same set of
constraints. These are known as ‘multiobjective optimization problems’. In certain cases,
particularly in the case of multiobjective problems, the user may not be interested in achieving
the optimal values of the objectives but would like some desired values be achieved as close by
as possible. Such problems are called ‘goal programming problems’. We can also have problems
where it is not desirable or possible to determine the optimal values of all the unknown decision
variables simultaneously. In such problems, decisions have to be taken in stages. Such problems
are known as ‘multistage decision problems’ or ‘dynamic programming problems’. In some
cases, more than one decision-maker may be involved in the decision-making process. Such
problems are called ‘multi-person decision-making problems’. It is, however, not necessary
that all the decision makers may be having identical objectives in mind. There can be situations
in which persons involved in the decision process have conflicting objectives and are working
in opposition to each other. Such problems are called ‘game theory problems’. These days with
the growing awareness of the advantages of optimization and easy availability of computers a
new category of optimization techniques has also started emerging. These are often referred to
as ‘heuristic based optimization techniques’. These techniques rely extensively on numerical
computations and often have the imprint of the user’s field.



� ������������	 �
�����
�

��� ��������������

In this book, we present optimization techniques which can be used to solve different types of
real life optimization problems mentioned above. Mathematical modeling of real life optimization
problems has also been considered in the book, but in elementary form only. Wherever felt
necessary, mathematical models of simple real life optimization problems have been developed
and solved for illustration purpose.

The book consists of 17 chapters and 4 appendices. In chapter 2, a brief survey of the
available calculus based classical optimization techniques is first given. In certain real life
situations, these calculus based methods are still relevant and useful. The chapter also highlights
the limitations of these calculus based methods and why a necessity was felt for developing
alternative techniques of optimization.

Chapters 3 to 7 deal with linear optimization problems. In chapter 3, besides developing
the theoretical concepts of linear programming, graphical and simplex methods for solving
linear programming problems are discussed. It has also been demonstrated in this chapter as
to how these methods can be used to solve a variety of real life optimization problems. Duality
theory of linear programming and its applications are next considered in chapter 4. Post
optimality analysis in the form of sensitivity of obtained optimal solution to  minor changes in
the input data (also called sensitivity analysis), as well as parametric linear programming are
also considered in this chapter. Chapter 5 is devoted to the study of techniques for solving
special types of linear programming problems such as transportation problem, assignment
problem, travelling salesman problem and caterer problem. Network based optimization
problems are the subject matter of study in chapter 6. Sequencing and scheduling problems
are discussed in chapter 7.

Chapters 8 to 11 deal with non-linear optimization problems. Kuhn-Tucker theory of
non-linear optimization is presented in chapter 8. It is also shown in this chapter that this
theory by itself is insufficient to provide efficient computational techniques for solving non-
linear optimization problems in general. Tailor-made methods for solving some special types
of non-linear optimization problems such as quadratic programming problems, linear fractional
problems, separable programming problems and geometric programming problems are
considered in chapter 9. In chapters 10 and 11, we present general purpose numerical techniques
for solving unconstrained and constrained nonlinear optimization problems respectively.

Integer programming problems in which some or all of the decision variables are restricted
to have integer values only are discussed in chapter 12. Methods for solving multistage
optimization problems, also known as dynamic programming problems, are considered in chapter
13. Decision theory related problems are the subject matter of study in chapter 14. Chapter 15
is devoted to game theory problems where more than one decision makers are interested in
optimizing their objectives which may sometimes be in conflict with other decision makers
objectives. Multi-objective and goal programming problems are briefly discussed in chapter
16. In the concluding chapter 17 of this book, certain heuristics based optimization techniques
which are currently finding favour with the practical users of optimization techniques are
briefly discussed.

The book also has four appendices. In the first appendix, (Appendix I),  we list for ready
reference certain basic concepts and results from different branches of  mathematics which
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are essential for proper understanding of the subject matter contained in this book. A Karmarkar
type computational algorithm which can be used sometimes as an alternate method for solving
linear programming problems is more efficiently presented in Appendix II. In Appendix III,
we present certain heuristic based computational algorithms which can be used to solve
mathematical models of real life optimization problems. A list of test problems is given in
Appendix IV. These can be used to test the performance of a newly developed computational
algorithm for solving nonlinear optimization problems or compare the relative performance of
competing algorithms. Bibliographical references and subject index are also given at the end
of the book.

A special feature of the book is that in each chapter, the set of exercises is preceded by a
set of brief answer review questions. These are designed to help the reader check that he/she
has acquired a clear grasp of the concepts introduced in the chapter before he/she embarks up
on the solution of the numerical exercises that follow. Answers are not directly provided to
these review questions. However, these are available in the main text of the chapter. In case of
any doubt, the reader is advised to refer back to the relevant portion of the text in that chapter.
Another distinguishing feature of the book is that it lays greater stress on problem solving
rather than the abstract theoretical concepts. With this objective in view algorithmic form of
most of the commonly used computational techniques are given in the text. Moreover, in the
set of exercises given at the end of various chapters, the student is encouraged to write computer
programmes for some of these in the language of his/her choice and implement these for solving
some problems on computers.

However, keeping in view the fact that like fashions, preference for a programming
language varies not only from an individual to an individual, but also varies from one computer
system to another, and it also changes with the passage of time. The write ups  of computer
programs for different methods are not explicitly provided in the text. Student is encouraged
to write these in the language of his/her choice. Moreover, efficient computer softwares for
many of the well-known optimization techniques are also now commercially available and can
be used, if desired.


