BENE

srAnsncs FOR N.-Balakrishnan
INDUSTRY AND

TECHNOLOGY

[.A. lhragimov

V.B. Nevzorov
Editors

Asymptotic
Methods in
Probability and
Statistics with
Applications

Birkhauser




Asymptotic Methods
in Probability and
Statistics with Applications

N. Balakrishnan
[.A. Ibragimov

V.B. Nevzorov
Editors

Birkhauser
Boston e Basel e Berlin



N. Balakrishnan I.A. Ibragimov

Department of Mathematics V.B. Nevzorov
and Statistics Department of Mathematics and Mechanics
McMaster University St. Petersburg State University
1280 Main Street West St. Petersburg
Hamilton, Ontario L8S 4K1 Russia
Canada

Library of Congress Cataloging-in-Publication Data
Asymptotic methods in probability and statistics with applications / edited by
N. Balakrishnan, L.A. Ibragimov, V.B. Nevzorov.
p. em. (Statistics for industry and technology)
Includes bibliographical references and index.
ISBN 0-8176-4214-5 (acid-free paper)
1. Aymptotic distribution (Probability theory) 1. Balakrishnan, N., 1956
IL. Ibragimov, LA. (I'dar Abdulovich) . Nevzorov, Valery B., 1946— IV. Series.
QA273.6 .AT8 2001

519.2—de21 2001025400
CIP
Printed on acid-free paper. B @
© 2001 Birkhiuser Boston Birkhduser
All vights reserved. This work may not be translated or copied in whole or in part without the written

permission of the publisher (Birkhduser Boston, ¢/o Springer-Verlag New York, Inc., 175 Fifth Avenue,
New York, NY 10010, USA), except for brief excerptsi connectionswith reviews or scholarly analysis. Use
in connection with any form of information storage and tetrieval, electronic addptation, computer soltware,
or by similar or dissimilar methodology now known or hercafter developed is forbidden.

The nuse of general descriptive names, trade names; trademarks, ctc., in this publication, even if the former
are not. especially identified, is not to be taken as a sign that such names, as understood by the Trade
Marks and Merchandise Marks Act, may accordingly be used freely by anyone.

ISBN 0-8176-4214-5
ISBN 3-7643-4214-5 SPIN 10785725

Production managed by Louise Farkas; manufacturing supervised by Jacqui Ashri.
Typeset by the editors in IWTEX.

Cover design by Vernon Press, Boston, MA.

Printed and bound by Hamilton Printing Co., Rensselaer, NY.

Printed in the United States of America.

O98T7T65H4321



Preface

Traditions of the 150-year-old St. Petersburg School of Probability and Statis-
tics had been developed by many prominent scientists including P. L. Cheby-
chev, A. M. Lyapunov, A. A. Markov, S. N. Bernstein, and Yu. V. Linnik. In
1948, the Chair of Probability and Statistics was established at the Department
of Mathematics and Mechanics of the St. Petersburg State University with Yu.
V. Linik being its founder and also the first Chair. Nowadays, alumni of this
Chair are spread around Russia, Lithuania, France, Germany, Sweden, China,
the United States, and Canada.

The fiftieth anniversary of this Chair was celebrated by an International
Conference, which was held in St. Petersburg from June 24-28, 1998. More
than 125 probabilists and statisticians from 18 countries (Azerbaijan, Canada,
Finland, France, Germany, Hungary, Israel, Italy, Lithuania, The Netherlands,
Norway, Poland, Russia, Taiwan, Turkey, Ukraine, Uzbekistan, and the United
States) participated in this International Conference in order to discuss the
current state and perspectives of Probability and Mathematical Statistics.

The conference was organized jointly by St. Petersburg State University, St.
Petersburg branch of Mathematical Institute, and the Euler Institute, and was
partially sponsored by the Russian Foundation of Basic Researches.

The main theme of the Conference was chosen in the tradition of the St.
Petersburg School of Probability and Statistics. The papers in this volume
form a selection of invited talks presented at the conference. The papers were
all refereed rigorously, and we thank all the referees who assisted us in this
process. We also thank all the authors for submitting their articles for inclusion
in this volume.

XV



xvi Preface

Thanks are also due to Mr. Wayne Yuhasz and Ms. Lauren Schultz, both at
Birkhauser (Boston), for their support and encouragement. Our final thanks go
to Mrs. Debbie Iscoe for her excellent camera-ready typesetting of this entire
volume.

Hamilton, Ontario, Canada N. Balakrishnan
St. Petersburg, Russia 1. A. Ibragimov
St. Petersburg, Russia V. B. Nevzorov
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