
Preface

Since the publication of the first edition of this book, we have been encouraged by
the growing interest in stochastic programming and its application in a variety of
areas, including routine use in many industries from transportation and logistics to
finance and energy. We have also been heartened by the many new methodological
and theoretical advances within the field. In this second edition, we have attempted
to capture aspects of both recent applications and models as well as new practically
relevant methods and theory. As in the first edition, our primary goal is to provide
students and other readers with an appreciation of how to build uncertainty into an
optimization model, what differences in decisions might result from recognizing the
presence of uncertainty, and how and what kinds of models are amenable to solution.
We have focused the second edition on satisfying these main objectives while also
uncovering basic research questions to give beginning researchers a foundation upon
which to build more in-depth knowledge.

To help make the relevant issues in modeling, solving, and analyzing stochas-
tic programs more evident, we have incorporated more examples than in the first
edition so that the each of the main modeling, solution, and analysis processes are
illustrated with a detailed example. We have also added many exercises whose so-
lutions provide additional insights into stochastic programming concepts and tools.
Many of these exercises assume the availability of software to solve basic linear
and nonlinear optimization models and to construct algorithmic procedures involv-
ing matrix operations. Since we view completing these exercises as a key part of
understanding the material, instructors should ensure that students have adequate
programming skills to implement the methods described in the book.

Besides additional examples and exercises throughout the book, we have re-
organized the material to improve the logical flow and to eliminate unnecessary or
complicating issues before explaining the most practically relevant material. Spe-
cific changes in the second edition include the following:

• a new section (Section 1.5) and routing example in Chapter 1;
• a worked-out modeling exercise (Section 2.8) and a section on risk modeling and

robust formulation (Section 2.9 in Chapter 2;
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• re-arrangement and simplification of the material in Chapter 3 to emphasize basic
model characteristics and illustrate them with examples;

• complete re-organization and combination of Chapters 5 and 6 into a new Chap-
ter 5 that unifies the treatment of cutting-plane methods and again provides addi-
tional examples;

• an additional section on Lagrangian multistage methods in Chapter 6 (formerly
Chapter 7);

• a completely re-organized version of Chapter 7 (formerly Chapter 8) including
new methods and review material on combinatorial optimization;

• additional examples in Chapter 8 (formerly Chapter 9) including bounds on loss
probabilities in loan portfolios;

• re-organization of Chapter 9 (formerly Chapter 10) to place practical methods
earlier and to include a new section on Monte Carlo methods for probabilistic
constraints;

• re-organization of Chapter 10 (formerly Chapter 11) to include new sections
on scenario generation, multistage sampling methods, and approximate dynamic
programming methods;

• removal of the short chapter (formerly Chapter 12) on a capacity expansion case
study.

We anticipate that classes would follow much of the same sequence as we sug-
gested for the first edition, but, with the increased availability of software to im-
plement methods, we recommend that instructors include more computational exer-
cises and additional modeling projects to fit students’ interests. Any course should
again start with the first two chapters to provide the application and modeling con-
text. Depending on student interest, a typical class would generally include Chapters
3, 4, and Sections 5.1, 5.2, and 5.5 to present the most typical types of methods. For
basic approximations, a modeling-focused class could focus on the main techniques
in Chapters 8, 9, and 10 (for dynamic models), while a theoretically-oriented class
might emphasize the analytical results in those chapters. A more computationally
focussed class might emphasize the remainder of Chapter 5 plus Chapters 6 and 7.

We wish to thank the many people who sent us comments and suggestions about
the first edition of the book and the numerous students we have worked with and
all those who have helped us see stochastic programming from a fresh perspective
every time we encounter something new. Among the many who have contributed,
we thank Michael Dempster, Michel Gendreau, Maarten van der Vlerk, and Bill
Ziemba. Thanks are also due to Martine Van Caeneghem for her patient typing of
the modifications in Namur. We also again thank Fonds National de la Recherche
Scientifique, the National Science Foundation, as well as the U.S. Department of
Energy, and the University of Chicago Booth School of Business for their financial
support.

In our first edition, we finished the preface with special thanks to our wives,
Pierrette and Marie, to whom our book was dedicated. These thanks are more than
ever very much present in our hearts. Now, we also want to express our proudness
and joy of having such great children. We have thus decided to dedicate this second
edition to them. We may thus expect that the third edition will be dedicated to our
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grandchildren, although the timing of this edition and the number of lines needed
for this future dedication remain unknown.

Chicago, Illinois, USA John R. Birge
Namur, Belgium François Louveaux





Preface to the First Edition

According to a French saying “Gérer, c’est prévoir,” which we may translate as
“(The art of) Managing is (in) foreseeing.” Now, probability and statistics have long
since taught us that the future cannot be perfectly forecast but instead should be
considered random or uncertain. The aim of stochastic programming is precisely
to find an optimal decision in problems involving uncertain data. In this terminol-
ogy, stochastic is opposed to deterministic and means that some data are random,
whereas programming refers to the fact that various parts of the problem can be
modeled as linear or nonlinear mathematical programs. The field, also known as
optimization under uncertainty, is developing rapidly with contributions from many
disciplines such as operations research, economics, mathematics, probability, and
statistics. The objective of this book is to provide a wide overview of stochastic
programming, without requiring more than a basic background in these various dis-
ciplines.

Introduction to Stochastic Programming is intended as a first course for begin-
ning graduate students or advanced undergraduate students in such fields as opera-
tions research, industrial engineering, business administration (in particular, finance
or management science), and mathematics. Students should have some basic knowl-
edge of linear programming, elementary analysis, and probability as given, for ex-
ample, in an introductory book on operations research or management science or
in a combination of an introduction to linear programming (optimization) and an
introduction to probability theory.

Instructors may need to add some material on convex analysis depending on the
choice of sections covered. We chose not to include such introductory material be-
cause students’ backgrounds may vary widely and other texts include these concepts
in detail. We did, however, include an introduction to random variables while mod-
eling stochastic programs in Section 2.1 and short reviews of linear programming,
duality, and nonlinear programming at the end of Chapter 2. This material is given
as an indication of the prerequisites in the book to help instructors provide any miss-
ing background. In the Subject Index, the first reference to a concept is where it is
defined or, for concepts specific to a single section, where a source is provided.
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In our view, the objective of a first course based on this book is to help students
build an intuition on how to model uncertainty into mathematical programs, which
changes uncertainty brings into the decision process, what difficulties uncertainty
may bring, and what problems are solvable. To begin this development, the first sec-
tion in Chapter 1 provides a worked example of modeling a stochastic program. It
introduces the basic concepts, without using any new or specific techniques. This
first example can be complemented by any one of the other proposed cases of Chap-
ter 1, in finance, in multistage capacity expansion, and in manufacturing. Based
again on examples, Chapter 2 describes how a stochastic model is formally built.
It also stresses the fact that several different models can be built, depending on the
type of uncertainty and the time when decisions must be taken. This chapter links
the various concepts to alternative fields of planning under uncertainty.

Any course should begin with the study of those two chapters. The sequel would
then depend on the students’ interests and backgrounds. A typical course would
consist of elements of Chapter 3, Sections 4.1 to 4.5, Sections 5.1 to 5.3 and 5.7,
and one or two more advanced sections of the instructor’s choice. The final case
study may serve as a conclusion. A class emphasizing modeling might focus on
basic approximations in Chapter 9 and sampling in Chapter 10. A computational
class would stress methods from Chapters 6 to 8. A more theoretical class might
concentrate more deeply on Chapter 3 and the results from Chapters 9 to 11.

The book can also be used as an introduction for graduate students interested
in stochastic programming as a research area. They will find a broad coverage of
mathematical properties, models, and solution algorithms. Broad coverage cannot
mean an in-depth study of all existing research. The reader will thus be referred to
the original papers for details. Advanced sections may require multivariate calculus,
probability measure theory, or an introduction to nonlinear or integer programming.
Here again, the stress is clearly in building knowledge and intuition in the field.
Mathematical results are given so long as they are either basic properties or helpful
in developing efficient solution procedures. The importance of the various sections
clearly reflects our own interests, which focus on results that may lead to practical
applications of stochastic programming.

To conclude, we may use the following little story. An elderly person, celebrating
her one hundredth birthday, was asked how she succeeded in reaching that age. She
answered, “It’s very simple. You just have to wait.”

In comparison, stochastic programming may well look like a field of young im-
patient people who not only do not want to wait and see but who consider waiting
to be suboptimal. We realize how much patience was needed from our friends and
colleagues who encouraged us to write this book, which took us much longer than
expected. To all of them, we are extremely thankful for their support. The authors
also wish to thank the Fonds National de la Recherche Scientifique and the National
Science Foundation for their financial support. Both authors are deeply grateful to
the people who introduced us to the field, George Dantzig, Roger Wets, Jacques
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Drèze, and Guy de Ghellinck. Our special thanks go to our wives, Pierrette and
Marie, to whom we dedicate this book.

Ann Arbor, Michigan John R. Birge
Namur, Belgium François Louveaux
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