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Preface

Optimization is the process by which the optimal solution to a problem, or
optimum, is produced. The word optimum has come from the Latin word
optimus, meaning best. And since the beginning of his existence Man has
strived for that which is best. There has been a host of contributions, from
Archimedes to the present day, scattered across many disciplines. Many of
the earlier ideas, although interesting from a theoretical point of view, were
originally of little practical use, as they involved a daunting amount of com-
putational effort. Now modern computers perform calculations, whose time
was once estimated in man-years, in the figurative blink of an eye. Thus it has
been worthwhile to resurrect many of these earlier methods. The advent of
the computer has helped bring about the unification of optimization theory
into a rapidly growing branch of applied mathematics. The major objective
of this book is to provide an introduction to the main optimization tech-
niques which are at present in use. It has been written for final year undergrad-
uates or first year graduates studying mathematics, engineering, business, or
the physical or social sciences. The book does not assume much mathemati-
cal knowledge. It has an appendix containing the necessary linear algebra
and basic calculus, making it virtually self-contained.

This text evolved out of the experience of teaching the material to finishing
undergraduates and beginning graduates. A feature of the book is that it
adopts the sound pedagogical principle that an instructor should proceed
from the known to the unknown. Hence many of the ideas in the earlier
chapters are introduced by means of a concrete numerical example to which
the student can readily relate. This is followed by generalization to the
underlying theory. The courses on which the book is based usually have a
significant number of students of Business and Engineering. The interests
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X Preface

of these people have been taken into account in the development of the
courses and hence in the writing of this book. Hence many of its arguments
are intuitive rather than rigorous. Indeed plausibility and clarity have been
given precedence before rigour for the sake of itself.

Chapter | contains a brief historical account and introduces the basic
terminology and concepts common to all the theory of optimization. Chap-
ters 2 and 3 are concerned with linear programming and complications of
the basic model. Chapter 2 on the simplex method, duality, and sensitivity
analysis can be covered in an undergraduate course. However some of the
topics in Chapter 3 such as considerations of efficiency and parametric pro-
gramming, may be best left to graduate level. Chapter 4 deals with only the
basic strategies of integer linear programming. It is of course dependent on
Chapter 2. It does contain a number of formulations of applications of inte-
ger programming. Some of this material has never appeared before in book
form. Chapter 5 is on network analysis and contains a section on using net-
works to analyze some practical problems.

Chapter 6 introduces dynamic programming. It is beyond the scope of
this book to provide a detailed account of this vast topic. Hence techniques
suitable for only deterministic, serial systems are presented. The interested
reader is referred to the extensive literature. Chapter 7 serves as an introduc-
tion to Chapter 8, which is on nonlinear programming. It presents some of
the classical techniques: Jacobian and Lagrangian methods together with the
Kuhn-Tucker conditions. The ideas in this chapter are used in devising the
more computationally efficient strategies of Chapter 8.

This text contains enough material for one semester at the undergraduate
level and one more at the graduate level. The first course could contain Chap-
ters 1, 2, the first half of Chapter 3, and parts of Chapter 4 and Chapter 5.
The remainder can be covered in the second course. A plan outlining this
follows.

The book contains a large number of exercises. Students are strongly en-
couraged to attempt them. One cannot come to grips with the concepts by
solely looking at the work of others. Mathematics is not a spectator sport!

The author is grateful for this opportunity to express his thanks for the
support of his employers, the University of Canterbury, which he enjoyed
while finishing this book. He is also thankful for the faith and encouragement
of his wife, Maureen, without which it would never have been written. He is
also grateful to a number of friends including David Robinson, Hans
Daellenbach, Michael Carter, lan Coope and Susan Byrne, who read parts of
the manuscript and made valuable suggestions. A vote of thanks should also
go to his student, Trevor Kearney, who read the entire manuscript and dis-
covered an embarrassing number of errors.

Christchurch, New Zealand L. R. Foulds
November 1980
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