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Preface

This book is intended as a text covering the central concepts of practical optimiza-
tion techniques. It is designed for either self-study by professionals or classroom
work at the undergraduate or graduate level for students who have a technical back-
ground in engineering, mathematics, or science. Like the field of optimization itself,
which involves many classical disciplines, the book should be useful to system ana-
lysts, operations researchers, numerical analysts, management scientists, and other
specialists from the host of disciplines from which practical optimization appli-
cations are drawn. The prerequisites for convenient use of the book are relatively
modest; the prime requirement being some familiarity with introductory elements
of linear algebra. Certain sections and developments do assume some knowledge
of more advanced concepts of linear algebra, such as eigenvector analysis, or some
background in sets of real numbers, but the text is structured so that the mainstream
of the development can be faithfully pursued without reliance on this more advanced
background material.

Although the book covers primarily material that is now fairly standard, this edi-
tion emphasizes methods that are both state-of-the-art and popular. One major in-
sight is the connection between the purely analytical character of an optimization
problem, expressed perhaps by properties of the necessary conditions, and the be-
havior of algorithms used to solve a problem. This was a major theme of the first
edition of this book and the fourth edition expands and further illustrates this rela-
tionship.

As in the earlier editions, the material in this fourth edition is organized into three
separate parts. Part I is a self-contained introduction to linear programming, a key
component of optimization theory. The presentation in this part is fairly conven-
tional, covering the main elements of the underlying theory of linear programming,
many of the most effective numerical algorithms, and many of its important special
applications. Part II, which is independent of Part I, covers the theory of uncon-
strained optimization, including both derivations of the appropriate optimality con-
ditions and an introduction to basic algorithms. This part of the book explores the
general properties of algorithms and defines various notions of convergence. Part 111
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extends the concepts developed in the second part to constrained optimization
problems. Except for a few isolated sections, this part is also independent of Part I.
It is possible to go directly into Parts II and III omitting Part I, and, in fact, the
book has been used in this way in many universities. Each part of the book contains
enough material to form the basis of a one-quarter course. In either classroom use
or for self-study, it is important not to overlook the suggested exercises at the end of
each chapter. The selections generally include exercises of a computational variety
designed to test one’s understanding of a particular algorithm, a theoretical variety
designed to test one’s understanding of a given theoretical development, or of the
variety that extends the presentation of the chapter to new applications or theoretical
areas. One should attempt at least four or five exercises from each chapter. In pro-
gressing through the book it would be unusual to read straight through from cover
to cover. Generally, one will wish to skip around. In order to facilitate this mode, we
have indicated sections of a specialized or digressive nature with an asterisk™.

New to this edition is a special Chap. 6 devoted to Conic Linear Programming, a
powerful generalization of Linear Programming. While the constraint set in a nor-
mal linear program is defined by a finite number of linear inequalities of finite-
dimensional vector variables, the constraint set in conic linear programming may be
defined, for example, as a linear combination of symmetric positive semi-definite
matrices of a given dimension. Indeed, many conic structures are possible and use-
ful in a variety of applications. It must be recognized, however, that conic linear
programming is an advanced topic, requiring special study.

Another important topic is an accelerated steepest descent method that exhibits
superior convergence properties, and for this reason, has become quite popular. The
proof of the convergence property for both standard and accelerated steepest descent
methods are presented in Chap. 8.

As the field of optimization advances, addressing greater complexity, treating
problems with ever more variables (as in Big Data situations), ranging over diverse
applications. The field responds yo these challenges, developing new algorithms,
building effective software, and expanding overall theory. An example of a valu-
able new development is the work on big data problems. Surprisingly, coordinate
descent, with randomly selected coordinates at each step, is quite effective as ex-
plained in Chap. 8. As another example some problems are formulated so that the
unknowns can be split into two sub groups, there are linear constraints and the objec-
tive function is separable with respect to the two groups of variables. The augmented
Lagrangian can be computed and it is natural to use an alternating series method.
We discuss the alternating direction method with multipliers as a dual method in
Chap. 14. Interestingly, this method is convergent for when the number of partition
groups is two, but not for finer partitions.

We wish to thank the many students and researchers who over the years have
given us comments concerning the book and those who encouraged us to carry out
this revision.

Stanford, CA, USA D.G. Luenberger
Stanford, CA, USA Y. Ye
January 2015
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