
619

Variational and Optimal Control
Problems on Unbounded Domains

A Workshop in Memory of Arie Leizarowitz
January 9–12, 2012

Haifa, Israel

Gershon Wolansky
Alexander J. Zaslavski

Editors

American Mathematical Society
Providence, Rhode Island

Bar-Ilan University
Ramat-Gan, Israel



619

Variational and Optimal Control
Problems on Unbounded Domains

A Workshop in Memory of Arie Leizarowitz
January 9–12, 2012

Haifa, Israel

Gershon Wolansky
Alexander J. Zaslavski

Editors

American Mathematical Society
Providence, Rhode Island

Bar-Ilan University
Ramat-Gan, Israel



EDITORIAL COMMITTEE

Dennis DeTurck, managing editor

Michael Loss Kailash Misra Martin J. Strauss

Editorial Board of Israel Mathematical Conference Proceedings

Louis Rowen, Bar-Ilan University, managing editor

Z. Arad, Netanya Academic College M. Katz, Bar-Ilan University
J. Bernstein, Tel-Aviv University B. Pinchuk, Netanya Academic College
H. Furstenberg, Hebrew University S. Shnider, Bar-Ilan University
S. Gelbart, Weizmann Institute L. Small, University of California

at San Diego
V. Gol′dshtein, Ben-Gurion University L. Zalcman, Bar-Ilan University

Miriam Beller, Technical Editor

2010 Mathematics Subject Classification. Primary 34-XX, 35-XX, 49-XX, 60-XX, 68-XX,
78-XX, 90-XX, 91-XX. 92-XX, 93-XX.

Library of Congress Cataloging-in-Publication Data

Variational and optimal control problems on unbounded domains : a workshop in memory of
Arie Leizarowitz, January 9-12, 2012, Technion, Haifa, Israel / Gershon Wolansky, Alexander J.
Zaslavski, editors.

pages cm. – (Contemporary mathematics ; volume 619)
Includes bibliographical references.
ISBN 978-1-4704-1077-3 (alk. paper)
1. Differential equations–Congresses. 2. Mathematical optimization–Congresses. I. Leizarowitz,

Arie, honouree. II. Wolansky, Gershon, 1952– editor of compilation. III. Zaslavski, Alexander J.,
editor of compilation.
QA370.V37 2014
515′.64–dc23 2013045474

Contemporary Mathematics ISSN: 0271-4132 (print); ISSN: 1098-3627 (online)

DOI: http://dx.doi.org/10.1090/conm/619

Copying and reprinting. Material in this book may be reproduced by any means for edu-
cational and scientific purposes without fee or permission with the exception of reproduction by
services that collect fees for delivery of documents and provided that the customary acknowledg-
ment of the source is given. This consent does not extend to other kinds of copying for general
distribution, for advertising or promotional purposes, or for resale. Requests for permission for
commercial use of material should be addressed to the Managing Editor, IMCP, Department of
Mathematics, Bar-Ilan University, Ramat-Gan, 52900 Israel. Requests can also be made by email
to rowen@macs.biu.ac.il.

Excluded from these provisions is material in articles for which the author holds copyright. In
such cases, requests for permission to use or reprint should be addressed directly to the author(s).
(Copyright ownership is indicated in the notice in the lower right-hand corner of the first page of
each article.)

c© 2014 by Bar-Ilan University. Printed in the United States of America.

©∞ The paper used in this book is acid-free and falls within the guidelines
established to ensure permanence and durability.

Visit the AMS home page at http://www.ams.org/

10 9 8 7 6 5 4 3 2 1 19 18 17 16 15 14

http://dx.doi.org/10.1090/conm/619


Contents

Preface v

Biography and Bibliography of Arie Leizarowitz vii

Workshop Program xi

List of Participants xv

Needle Variations in Infinite-Horizon Optimal Control
S. M. Aseev and V. M. Veliov 1

Comments on Lyapunov α-Stability with Some Extensions
A. Berman, F. Goldberg, and R. Shorten 19

Small Noise Large Time Asymptotics for the Normalized Feynman-Kac
Semigroup

V. S. Borkar and K. Suresh Kumar 31

Linear Constraints for Convex Approximation of the Stability Domain
of a Polynomial in Coefficients Space

Y. Dolgin and E. Zeheb 49

Singular Solution of an Infinite Horizon Linear-Quadratic Optimal Control
Problem with State Delays

V. Y. Glizer 59

Time-Optimal Control of Wafer Stage Positioning Using Simplified Models
I. Ioslovich and P.-O. Gutman 99

Robust Stability and Monitoring Threshold Functions
J. Kogan and Y. Malinovsky 109

One Dimensional Singular Calculus of Variations in Infinite Horizon
and Applications

E. Ocaña and P. Cartigny 131

Second Order Optimality Conditions in Optimal Control Problems
with Mixed Inequality Type Constraints on a Variable Time Interval

N. P. Osmolovskii 141

An Infinite-Horizon Variational Problem on an Infinite Strip
I. Shafrir and I. Yudovich 157

iii



iv CONTENTS

State and Time Transformations of Infinite Horizon Optimal
Control Problems

D. Wenzke, V. Lykina, and S. Pickenhain 189

Turnpike Properties of Approximate Solutions of Discrete-Time Optimal
Control Problems on Compact Metric Spaces

A. J. Zaslavski 209

Turnpike Theory for Dynamic Zero-Sum Games
A. J. Zaslavski 225



Preface

A workshop “Variational and optimal control problems on unbounded
domains,” in memory of our late colleague Professor Arie Leizarowitz, took place
at the Technion in Haifa, Israel, on January 9–12, 2012, under the auspices of the
Israel Science Foundation (ISF) and the Technion Center for Mathematical
Sciences. The workshop brought together a selected group of experts in optimal
control theory and of the calculus of variations working on problems on unbounded
domains. Altogether, over 35 participants from 11 countries attended the
Workshop.

These proceedings are the tangible record of the Workshop. Most of the papers
collected here have been contributed by participants in the Workshop. In some
cases, they have chosen to submit manuscripts which depart from the texts of their
lectures. All submissions have been carefully refereed.

We acknowledge with thanks the support provided for the Workshop by the
Israel Science Foundation (ISF) and the Technion Center for Mathematical Sciences
(CMS).

The Editors
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Biography and Bibliography of Arie Leizarowitz

Arie Leizarowitz (1953–2010) was a Professor of Mathematics at the
Technion-Israel Institute of Technology. He was born in Tel Aviv in 1953. Af-
ter obtaining his B.Sc degree in Physics from Tel Aviv University, Arie Leizarowitz
went on to serve as an officer at the Israeli Air Force. He received his M.Sc.
degree in Applied Mathematics at Tel Aviv University in 1980 and his Ph.D. in
Mathematics from the Weizmann Institute under the guidance of Professor Zvi
Artstein in 1984. Arie Leizarowitz used his prestigious Weizmann Fellowship to
spend two years at the Institute for Mathematics and its Applications at the
University of Minnesota. This was followed by a two year appointment as a Zeev
Nehari Assistant Professor at Carnegie Mellon University. In 1988 he joined the
Technion. Over his professional career, Professor Leizarowitz published about 60
research papers in leading international journals and a widely-recognized mono-
graph with A. Haurie and D. A. Carlson (Springer, 1991). His main contributions
were in infinite horizon optimal control theory, where he developed a number of
fundamental, highly recognized results on the existence of solutions to infinite hori-
zon optimization problems including discrete and continuous time problems, and
deterministic and stochastic problems.

1. M. Bareket and A. Leizarowitz, Oscillation criteria and growth of nonoscil-
latory solutions of higher order differential equations, Journal of Mathe-
matical Analysis and Applications 86 (1982), 479-492.

2. A. Leizarowitz, Infinite horizon autonomous systems with unbounded cost,
Applied Mathematics and Optimization 13 (1985), 19-43.

3. A. Leizarowitz, Existence of overtaking optimal trajectories for problems
with convex integrands, Mathematics of Operations Research 10 (1985),
450-461.

4. A. Leizarowitz, Convergence of viable solutions of differential inclusions
with convex compact graphs, SIAM Journal on Control and Optimization
23 (1985), 514-522.

5. Z. Artstein and A. Leizarowitz, Tracking periodic signals with the overtak-
ing criterion, IEEE Transaction on Automatic Control 30 (1985), 1122-
1126.

6. A. Leizarowitz, Tracking nonperiodic trajectories with the overtaking cri-
terion, Applied Mathematics and Optimization 14 (1986), 155-171.

7. A. Leizarowitz, Infinite horizon stochastic regulation and tracking with the
overtaking criterion, Stochastics 22 (1987), 117-150.

8. A. Leizarowitz, Infinite horizon optimization for infinite state Markov
chain, SIAM Journal on Control and Optimization 25 (1987), 1601-1618.
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9. A. Leizarowitz, Control problems with random and progressively known
targets, Journal of Optimization Theory and Applications 59 (1988), 445-
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Greqam-Université de la M’editerranée,
France

Igor Evstigneev
University of Manchester, Great Britian

Albert Fathi
ENS-Lyon and Institut Universitaire de
France, France

Vladimir Gaitsgory
University of South Australia, Australia

Valery Y. Glizer
ORT Braude College, Israel

Rafal Goebel
Loyola University Chicago, USA

Alexander Ioffe
Technion, Israel

Ilya Ioslovich
Technion, Israel

Jacob Kogan
University of Maryland Baltimore
County, USA

Arkadii Kryazhimskii
International Institute for Applied
Systems Analysis, Austria and Steklov
Mathematical Institute, Russian
Academy of Sciences, Russia

Elena Litsyn
Ben-Gurion University of the Negev,
Israel

Moshe Marcus
Technion, Israel

Michael Margaliot
Tel Aviv University, Israel

Geraldo Nunes Silva
TUNESP - Universidade Estadual
Paulista, Brazil

Nikolai P. Osmolovskii
Systems Research Institute, Warszawa,
Poland

Sabine Pickenhain
Cottbus University of Technology,
Germany

Marc Quincampoix
University of Brest, France

Paul Rabinowitz
University of Wisconsin-Madison, USA

R. Tyrrell Rockafellar
University of Washington, USA

Vladimir Rotar
San Diego State University, USA

xv



xvi PARTICIPANTS

Uriel Rothblum
Technion, Israel

Alberto Seeger
University of Avignon, France

Adam Shwartz
Technion, Israel

Marshall Slemrod
University of Wisconsin, Madison, USA
and Weizmann Institute of Science,
Israel

Yacov Tsur
The Hebrew University of Jerusalem,
Israel

Vladimir Veliov
Vienna University of Technology,
Austria

George Weiss
Tel Aviv University, Israel

Gershon Wolansky
Technion, Israel

Alexander J. Zaslavski
Technion, Israel

Ezra Zeheb
Technion and Jerusalem College
of Engineering, Israel



This volume contains the proceedings of the workshop on Variational and Optimal Control
Problems on Unbounded Domains, held in memory of Arie Leizarowitz, from January
9–12, 2012, in Haifa, Israel.

The workshop brought together a select group of worldwide experts in optimal control
theory and the calculus of variations, working on problems on unbounded domains.

The papers in this volume cover many different areas of optimal control and its applica-
tions. Topics include needle variations in infinite-horizon optimal control, Lyapunov stabil-
ity with some extensions, small noise large time asymptotics for the normalized Feynman-
Kac semigroup, linear-quadratic optimal control problems with state delays, time-optimal
control of wafer stage positioning, second order optimality conditions in optimal control,
state and time transformations of infinite horizon problems, turnpike properties of dynamic
zero-sum games, and an infinite-horizon variational problem on an infinite strip.

ISBN978-1-4704-1077-3

9 781470 410773

CONM/619

C
O

N
M

619
Va

ria
tio

na
la

nd
O

p
tim

a
lC

o
ntro

lPro
b

le
m

s
o

n
U

nb
o

und
e

d
D

o
m

a
ins

•
W

o
la

nsky
e

ta
l.,Ed

ito
rs

A
M

S/BIU


	Preface
	Biography and Bibliography of Arie Leizarowitz
	Workshop Program

