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PREFACE

hen Jerry Lieberman and I started working on the first edition of this book 50 years

ago, our goal was to develop a pathbreaking textbook that would help establish the
future direction of education in what was then the emerging field of operations research.
Following publication, it was unclear how well this particular goal was met, but what did
become clear was that the demand for the book was far larger than either of us had an-
ticipated. Neither of us could have imagined that this extensive worldwide demand would
continue at such a high level for such an extended period of time.

The enthusiastic response to our first nine editions has been most gratifying. It was a
particular pleasure to have the field’s leading professional society, the international Institute
for Operations Research and the Management Sciences (INFORMS), award the 6th edition
honorable mention for the 1995 INFORMS Lanchester Prize (the prize awarded for the year’s
most outstanding English-language publication of any kind in the field of operations research).

Then, just after the publication of the eighth edition, it was especially gratifying to
be the recipient of the prestigious 2004 INFORMS Expository Writing Award for this
book, including receiving the following citation:

Over 37 years, successive editions of this book have introduced more than one-half million
students to the field and have attracted many people to enter the field for academic activity
and professional practice. Many leaders in the field and many current instructors first learned
about the field via an edition of this book. The extensive use of international student edi-
tions and translations into 15 other languages has contributed to spreading the field around
the world. The book remains preeminent even after 37 years. Although the eighth edition
just appeared, the seventh edition had 46 percent of the market for books of its kind, and it
ranked second in international sales among all McGraw-Hill publications in engineering.

Two features account for this success. First, the editions have been outstanding from
students’ points of view due to excellent motivation, clear and intuitive explanations,
good examples of professional practice, excellent organization of material, very useful
supporting software, and appropriate but not excessive mathematics. Second, the editions
have been attractive from instructors’ points of view because they repeatedly infuse state-
of-the-art material with remarkable lucidity and plain language. For example, a wonderful
chapter on metaheuristics was created for the eighth edition.

When we began work on the book 50 years ago, Jerry already was a prominent mem-
ber of the field, a successful textbook writer, and the chairman of a renowned operations
research program at Stanford University. I was a very young assistant professor just start-
ing my career. It was a wonderful opportunity for me to work with and to learn from the
master. I will be forever indebted to Jerry for giving me this opportunity.

" Now, sadly, Jerry is no longer with us. During the progressive illness that led to his death
14 years ago, I resolved that I would pick up the torch and devote myself to subsequent edi-
tions of this book, maintaining a standard that would fully honor Jerry. Therefore, I took early
retirement from my faculty responsibilities at Stanford in order to work full time on textbook
writing for the foreseeable future. This has enabled me to spend far more than the usual
amount of time in preparing each new edition. It also has enabled me to closely monitor new
trends and developments in the field in order to bring this edition completely up to date. This
monitoring has led to the choice of the major additions to the new edition outlined next.
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WHAT’S NEW IN THIS EDITION

* Analytic Solver Platform for Education. This edition continues to provide the option

of using Excel and its Solver (a product of Frontline Systems, Inc.) to formulate and
solve some operations research (OR) models. Frontline Systems also has developed some
advanced Excel-based software packages. One recently released package, Analytic
Solver Platform, is particularly exciting because of its tremendous versatility. It provides
strong capability for dealing with the types of OR models considered in most of the
chapters considered in this book, including linear programming, integer programming,
nonlinear programming, decision analysis, simulation, and forecasting. Rather than re-
quiring the use of a collection of Excel add-ins to deal with all of these areas (as in the
preceding edition), Analytic Solver Platform provides an all-in-one package for formu-
lating and solving many OR models in spreadsheets. We are delighted to have integrated
the student version of this package, Analytic Solver Platform for Education (ASPE),
into this new edition. A special arrangement has been made with Frontline Systems to
provide students with a free 140-day license for ASPE.

At the same time, we have integrated ASPE in such a way that it can readily be
skipped over without loss of continuity for those who do not wish to use spreadsheets.
A number of other attractive software options continue to be provided in this edition (as
described later). In addition, a relatively brief introduction to spreadsheet modeling can
also be obtained by only using Excel’s standard Solver. However, we believe that many
instructors and students will welcome the great power and versatility of ASPE.

A New Section on Robust Optimization. OR models typically are formulated to help
select some future course of action, so the values of the model parameters need to be
based on a prediction of future conditions. This sometimes results in having a signifi-
cant amount of uncertainty about what the parameter values actually will turn out to be
when the optimal solution from the model is implemented. For problems where there
is no latitude for violating the constraints even a little bit, a relatively new technique
called robust optimization provides a way of obtaining a solution that is virtually guar-
anteed to be feasible and nearly optimal regardless of reasonable deviations of the pa-
rameter values from their estimated values. The new Section 7.4 introduces the robust
optimization approach when dealing with linear programming problems.

A New Section on Chance Constraints. The new Section 7.5 continues the discussion
in Section 7.4 by turning to the case where there is some latitude for violating some
constraints a little bit without very serious complications. This leads to the option of us-
ing chance constraints, where each chance constraint modifies an original constraint by
only requiring that there be some very high probability that the original constraint will
be satisfied. When the original problem is a linear programming problem, each of these
chance constraints can be converted into a deterministic equivalent that still is a linear
programming constraint. Section 7.5 describes how this important idea is implemented.
A New Section on Stochastic Programming with Recourse. Stochastic programming
provides still another way of reformulating a linear programming model (or another type
of model) where there is some uncertainty about what the values of the parameters will
turn out to be. This approach is particularly valuable for those problems where the
decisions will be made in two (or more) stages, so the decisions in stage 2 can help
compensate for any stage 1 decisions that do not turn out as well as hoped because of
errors in estimating some parameter values. The new Section 7.6 describes stochastic
programming with recourse for dealing with such problems.

A New Chapter on Linear Programming under Uncertainty That Includes These New
Sections. One of the key assumptions of linear programming (as for many other OR
models) is the certainty assumption, which says that the value assigned to each parameter
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of a linear programming model is assumed to be a known constant. This is a convenient
assumption, but it seldom is satisfied precisely. One of the most important concepts to get
across in an introductory OR course is that (1) although it usually is necessary to make
some simplifying assumptions when formulating a model of a problem, (2) it then is very
important after solving the model to explore the impact of these simplifying assumptions.
This concept can be most readily conveyed in the context of linear programming because
of all the methodology that now has been developed for dealing with linear programming
under uncertainty. One key technique of this type is sensitivity analysis, but some other
relatively elementary techniques now have also been well developed, including particu-
larly the ones presented in the three new sections described above. Therefore, the old Chap-
ter 6 (Duality Theory and Sensitivity Analysis) now has been divided into two new chap-
ters—Chapter 6 (Duality Theory) and Chapter 7 (Linear Programming under Uncertainty).
The new Chapter 7 includes the three sections on sensitivity analysis in the old Chapter
6 but also adds the three new sections described above.

e A New Section on the Rise of Analytics Together with Operations Research. A
particularly dramatic development in the field of operations research over the last several
years has been the great buzz throughout the business world about something called an-
alytics (or business analytics) and the importance of incorporating analytics into manage-
rial decision making. As it turns out, the discipline of analytics is closely related to the
discipline of operations research, although there are some differences in emphases. OR
can be thought of as focusing mainly on advanced analytics whereas analytics profes-
sionals might get more involved with less advanced aspects of the study. Some fads come
and go, but this appears to be a permanent shift in the direction of OR in the coming years.
In fact, we could even find analytics eventually replacing operations research as the com-
mon name for this integrated discipline. Because of this close and growing tie between
the two disciplines, it has become important to describe this relationship and to put it into
perspective in an introductory OR course. This has been done in the new Section 1.3.

e Many New or Revised Problems. A significant number of new problems have been
added to support the new topics and application vignettes. In addition, many of the
problems from the ninth edition have been revised. Therefore, an instructor who does
not wish to assign problems that were assigned in previous classes has a substantial
number from which to choose. '

¢ A Reorganization to Reduce the Size of the Book. An unfortunate trend with early
editions of this book was that each new edition was significantly larger than the pre-
vious one. This continued until the seventh edition had become considerably larger than
is desirable for an introductory survey textbook. Therefore, I worked hard to substan-
tially reduce the size of the eighth edition and and then further reduced the size of the
ninth edition slightly. I also adopted the goal of avoiding any growth in subsequent edi-
tions. Indeed, this edition is 35 pages shorter than the ninth edition. This was accom-
plished through a variety of means. One was being careful not to add too much new
material. Another was deleting certain low-priority material, including the presentation
of parametric linear programming in conjunction with sensitivity analysis (it already
is covered later in Section 8.2) and a complicated dynamic programming example (the
Wyndor problem with three state variables) that can be solved much more easily in
other ways. Finally, and most importantly, 50 pages were saved by shifting two little-
used items (the chapter on Markov chains and the last two major sections on Markov
decision processes) to the supplements on the book’s website. Markov chains are a cen-
tral topic of probability theory and stochastic processes that have been borrowed as a
tool of operations research, so this chapter better fits as a reference in the supplements.

e Updating to Reflect the Current State of the Art. A special effort has been made
to keep the book completely up to date. This included adding relatively new develop-
ments (the four new sections mentioned above) that now warrant consideration in an
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introductory survey course, as well as making sure that all the material in the ninth edi-
tion has been brought up to date. It also included carefully updating both the applica-
tion vignettes and selected references for each chapter.

OTHER SPECIAL FEATURES OF THIS BOOK

¢ An Emphasis on Real Applications. The field of operations research is continuing to
have a dramatic impact on the success of numerous companies and organizations around
the world. Therefore, one of the goals of this book is to tell this story clearly and thereby
excite students about the great relevance of the material they are studying. This goal is
pursued in four ways. One is the inclusion of many application vignettes scattered through-
out the book that describe in a few paragraphs how an actual application of operations
research had a powerful impact on a company or organization by using techniques like
those studied in that portion of the book. For each application vignette, a problem also
is included in the problems section of that chapter that requires the student to read the
full article describing the application and then answer some questions. Second, real ap-
plications also are briefly described (especially in Chapters 2 and 12) as part of the pre-
sentation of some OR technique to illustrate its use. Third, many cases patterned after
real applications are included at the end of chapters and on the book’s website. Fourth,
many selected references of award winning OR applications are given at the end of some
of the chapters. Once again, problems are included at the end of these chapters that re-
quire reading one or more of the articles describing these applications. The next bullet
point describes how students have immediate access to these articles.

e Links to Many Articles Describing Dramatic OR Applications. We are excited about
a partnership with The Institute for Operations Research and the Management Sciences
(INFORMS), our field’s preeminent professional society, to provide a link on this book’s
website to approximately 100 articles describing award winning OR applications, in-
cluding the ones described in all of the application vignettes. (Information about
INFORMS journals, meetings, job bank, scholarships, awards, and teaching materials is
at www.informs.org.) These articles and the corresponding end-of-chapter problems pro-
vide instructors with the option of having their students delve into real applications that
dramatically demonstrate the relevance of the material being covered in the lectures. It
would even be possible to devote significant course time to discussing real applications.

e A Wealth of Supplementary Chapters and Sections on the Website. In addition to
the approximately 1,000 pages in this book, another several hundred pages of supple-
mentary material also are provided on this book’s website (as outlined in the table of
contents). This includes nine complete chapters and a considerable number of supple-
ments to chapters in the book, as well as a substantial number of additional cases. All
of the supplementary chapters include problems and selected references. Most of the
supplements to chapters also have problems. Today, when students think nothing of ac-
cessing material electronically, instructors should feel free to include some of this sup-
plementary material in their courses.

¢ Great Flexibility for What to Emphasize. We have found that there is great variabil-
ity in what instructors want to emphasize in an introductory OR survey course. They
might want to emphasize the mathematics and algorithms of operations research. Oth-
ers will emphasize model formulation with little concern for the details of the algorithms
needed to solve these models. Others want an even more applied course, with empha-
sis on applications and the role of OR in managerial decision making. Some instructors
will focus on the deterministic models of OR, while others will emphasize stochastic
models. There also are great differences in the kind of software (if any) that instructors
want their students to use. All of this helps to explain why the book is a relatively large
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one. We believe that we have provided enough material to meet the needs of all of these
kinds of instructors. Furthermore, the book is organized in such a way that it is rela-
tively easy to pick and choose the desired material without loss of continuity. It even is
possible to provide great flexibility on the kind of software (if any) that instructors want
their students to use, as described below in the section on software options.
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