| Preface

- Systems and control theory takes as its subject of study the analysis of natural
and artificial systems, and the synthesis of control laws for their regulation. It
forms a part of the set of contemporary disciplines called the information and
control sciences.

Stochastic systems are defined to be those systems for which the input, state,
and output processes are random. The central issues in stochastic system theory
are (1) prediction; (2} regulation {or stochastic control); (3) the modeling and
estimation of a system’s dynamics from observations, which is called system
identification; and (4) the simultancous performance of all these tasks, which is
known as stochastic adaptive control.

Restricting one’s attention to the linear case yields the set of problems most
susceptible to complete analysis. Moreover, linearized models often give a good
first approximation to the behavior of the world. For these reasons, the theory
of linear systems is both the most fully worked out and the most frequently
~ epplied part of systems and control theory.

It is the purpose of this book to give a unified account of the main results
of the theory of linear discrete-time-parameter stochastic systems. We begin by
laying the foundation of the subject by describing the fundamentals of stochastic
processes and the construction of stochastic systems; then we give an integrated
- exposition of the theories of prediction, realization (modeling), parameter
estimation, and control; we conclude with a presentation of stochastic adaptive
control theory.

This book is written for graduate students, teachers, and research workers
in the areas of systems and control theory and its applications, probability and
statistics, time-series analysis, econometrics, and related areas. Readers should
have a knowledge of lincar algebra and of analysis and probability at the
first-year graduate level. Definitions and results from probability theory, system
theory, and harmonic and related analysis are reviewed in the three appendices
at the end of the book.

I 'am deeply indebted to many people for helping me to produce this work,
and I am very happy to have this opportunity to express my thanks to them.
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As with many academic books, this one is an outgrowth of my Ph.D thesis,
and so it is a pleasure to make my first acknowledgment to my supervisor,
David Mayne, for his example of creativity, intelligence, and humanity,

" Parts of this book first appeared in articles I have authored or co-authored.
In the latter case, the references to the co-authors are quite evident, but I would
like to express my thanks to all of them here for having given me the opportunity
to work with them. In particular, I want to mention David Delchamps, who is
co-author of those parts of Chapter 4 concerned with Lindquist-Picci theory,
and who provided invaluable critical feedback when he was a teaching assistant
using an earlier version of the manuscript.

Tam also indebted to many students for undergoing rather fast-paced courses
based on the manuscript of this book and for providing incisive and constructive
comments. In this context, I wish to make a special mention of my late student
Margaret Furst,

Three people at McGill University to whom I am truly indebted are Christian
Houdré and Sean Meyn and Carla Schwartz, who taught graduate courses using
the manuscript; they all read the text in great detail and provided innumerabie
constructive criticisms, specific corrections, and enlightening general comments,

I also wish to express my gratitude to the following people: Giorgio Picci
and Jan Willems for their detailed comments on an early outline of the
book and on drafts of several sections; Han-Fu Chen and Giorgio Picci
for discussion of parts of Chapter 2; Michael Kaplan for pointing out to me
the utility of the essential boundedness hypothesis that first appears in Chapter
2; Michel Gevers for permitting me to use unpublished notes of his, upon which
the first part of Section 7, Chapter 3, is based; Graham Goodwin, David Hil,
Hyman Hartman, Robert Hermann, and Sanjoy Mitter for discussions of
Section 5, Chapter 4; Paul Horwich, Jorma Rissanen, Hector Sussmann, Peter
Turney, Jan Willems, and Murray Wonham for discussions of Section 1 of
Chapter 5, and Martin Clark for comments on Sections 8 and 9 of Chapter 11.

Concerning the preparation of the manuscript, it is a pleasure to acknowledge
the work of Renate D’Arcangelo on early drafts and Mindle Levitt's superb
typing of many revisions using various technologies.

The systems and control group of the Department of Electrical Engineering
at McGill University has provided an excellent environment in which to work.
Furthermore the fellowship I have held at the Canadian Institute for Advanced
Research has been vital for the completion of the manuscript and I would like
to acknowledge the continual support I have received from the Canadian Natural
Sciences and Engineering Research Council. In addition, in 1986 I benefited
from visiting fellowships at the Imperial College of Science and Technology,
London, and the University of Florence.

My penultimate thanks go to my editor, Beatrice Shube of John Wiley &
Sons, who never failed to encourage me during the long gestation of this work
and who never lost confidence that it would be completed—or at least never
showed it!



PREFACE ix

Finally, I wish to express my sincere thanks to my wife, Anne, and to my

children, Hanako and Kiyoshi, for wittingly and unwittingly providing an
atmosphere of love, patience, and support.
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