
Preface

This is a book about continuous time optimal control and its extension to a certain
class of dynamic games known as open loop differential Nash games. Its intended
audience is students and researchers wishing to model and compute in continuous
time. The presentation is meant to be accessible to a wide audience. Accordingly, the
presentation does not always rest on the most general and least restrictive regularity
assumptions.

This book may be used by those with little mathematical preparation beyond in-
troductory differential and integral calculus and a first course in ordinary differential
equations. Nonetheless, prior exposure to nonlinear programming is desirable. For
those without that prior exposure, a chapter that reviews the foundations of NLP is
included.

The exercises at the end of each chapter should be attempted by anyone seeking
mastery of the material emphasized in this book. The exercises are in some cases
very challenging, yet they accurately represent the kinds of problems one faces in
building and applying dynamic models based on optimal control theory and dy-
namic non-cooperative game theory.

Chapter 1 provides some insight into the history of dynamic optimization and
differential games, as well as a preview of the applications that are covered in
the book. Chapter 2 provides a review of finite dimensional nonlinear program-
ming, while Chapters 3 and 4 present the foundations of continuous time optimal
control and infinite dimensional mathematical programming. Chapter 5 provides a
condensed treatment of finite dimensional Nash games and their representation as
variational inequalities. Chapter 6 presents the foundations of open loop dynamic
Nash games and their representation as differential variational inequalities. Chap-
ters 7, 8, 9 and 10 are devoted, respectively, to the following applications: economic
growth theory; production planning and supply chains; dynamic user equilibrium;
and pricing and revenue management.

I regret that the press of time has not permitted me to cover differential
Stackelberg games or to include chapters on stochastic differential games. It is
my hope that these and other incomplete aspects of the book may someday be
overcome in a revised edition.

The preparation of this book as been made possible by several grants from the
National Science Foundation and the continuous support of the Harold and Inge

xiii



xiv Preface

Marcus Chaired Professorship. I have also been aided by several generations of
graduate students and graduate research assistants at Penn State, George Mason
University, the University of Pennsylvania and MIT. In this regard, I am especially
indebted to Changhyun Kwon, Pat Harker, David Bernstein, Enrique Fernandez,
H. J. Cho, C. C. Lin, Niko Kydes, Reeto Mookherjee, Taeil Kim, B.W. Wie and
Ilsoo Lee for their assistance with countless theoretical, numerical and applied ex-
plorations of optimal control and game theory. I am also deeply grateful for the
aid and support of my wife, Joyce, and the companionship of Dakota, Coaly Bay,
Montana, and Nevada.

University Park, Pennsylvania Terry L. Friesz
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