
Lecture Notes in Computer Science 2063
Edited by G. Goos, J. Hartmanis, and J. van Leeuwen



3
Berlin
Heidelberg
New York
Barcelona
Hong Kong
London
Milan
Paris
Tokyo



Tony Marsland Ian Frank (Eds.)

Computers
and Games

Second International Conference, CG 2000
Hamamatsu, Japan, October 26-28, 2000
Revised Papers

1 3



Series Editors

Gerhard Goos, Karlsruhe University, Germany
Juris Hartmanis, Cornell University, NY, USA
Jan van Leeuwen, Utrecht University, The Netherlands

Volume Editors

Tony Marsland
University of Alberta, Department of Computer Science
Edmonton, Alberta, Canada
E-mail: tony@cs.ualberta.ca

Ian Frank
Future University - Hakodate
Hakodate, Hokkaido, Japan
E-mail: ianf@fun.ac.jp

Cataloging-in-Publication Data applied for

Die Deutsche Bibliothek - CIP-Einheitsaufnahme

Computers and games : second international conference ; revised papers /
CG 2000, Hamamatsu, Japan, October 26 - 28, 2000. Tony Marsland ; Ian Frank
(ed.). - Berlin ; Heidelberg ; NewYork ; Barcelona ; Hong Kong ; London ;
Milan ; Paris ; Tokyo : Springer, 2001
(Lecture notes in computer science ; Vol. 2063)
ISBN 3-540-43080-6

CR Subject Classification (1998): G. I.2.1, I.2.6, I.2.8, F.2, E.1

ISSN 0302-9743
ISBN 3-540-43080-6 Springer-Verlag Berlin Heidelberg NewYork

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer-Verlag. Violations are
liable for prosecution under the German Copyright Law.

Springer-Verlag Berlin Heidelberg NewYork
a member of BertelsmannSpringer Science+Business Media GmbH

http://www.springer.de

© Springer-Verlag Berlin Heidelberg 2001
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Olgun Computergrafik
Printed on acid-free paper SPIN 10781624 06/3142 5 4 3 2 1 0



Preface

This book contains the papers presented at CG 2000 – the Second International
Conference on Computers and Games – held at the CURREAC Center in Hama-
matsu, Japan, on October 26–28, 2000.

The CG conferences provide an international forum for researchers working
on any aspect of computers and games to meet and exchange information on the
latest research. CG 2000 was attended by 80 people from over a dozen different
countries, thus building on the success of the inaugural Computers and Games
conference, held in 1998. The third conference in the series is scheduled to take
place alongside the AAAI conference in Edmonton, Alberta, Canada in 2002.
The interests of the conference attendees and organizers cover all issues related
to game-playing; for instance, the implementation and performance of programs,
new theoretical developments in game-related research, general scientific contri-
butions produced by the study of games, social aspects of computer games,
cognitive research on how humans play games, and issues related to networked
games.

This book contains all the new developments presented at CG 2000. The
CG 2000 technical program consisted of 23 presentations of accepted papers and
a panel session. In addition there were invited talks by Michael Littman of AT&T
Labs, Kei-ichi Tainaka of Shizuoka University, and Nob Yoshigahara, noted in-
ventor, collector, and popularizer of puzzles. The conference was preceded by an
informal workshop on October 26, 2000.

The 23 accepted papers were selected by the Program Committee from a to-
tal of 44 submissions. Each paper was sent to three referees, who were chosen on
the basis of their expert knowledge. A total of 18 papers were clearly acceptable,
and 16 papers were not yet ready for publication. Two other submissions were
accepted as papers for the panel session (for which an extra three papers were
solicited) and the remaining eight works were returned to the authors with the
request to address the substantial concerns of one referee, and with the state-
ment that they would be thoroughly reviewed again. Finally, with the help of
many referees (see the end of this preface), the Program Committee accepted an
additional five of the eight re-reviewed papers for presentation and publication.

The international and varied nature of the papers presented at CG 2000 re-
flects the diversity of the backgrounds and the many different views brought
to “computers and games” (both the conference and the research field) by re-
searchers around the globe. Unfortunately, this diversity also makes it difficult
to group the papers neatly into a small number of categories. To provide an or-
dering for including the papers in this book, we somewhat arbitrarily impose the
following structure: Search and Strategies (four papers), Learning and Pattern
Acquisition (seven papers), Theory and Complexity Issues (six papers), Further
Experiments with Games (six papers), Invited Talks (two papers), and Panel
Session (five papers).



VI Preface

Acknowledgements

CG 2000 was made possible by the efforts of many people and organizations. On
the following pages, we give a list of names ordered by function and by support.

Special thanks are due in a number of areas. First and foremost, neither
CG 2000 nor this volume would have been possible without the generous sup-
port of our sponsors. We express our gratitude to: the Japanese Society for the
Promotion of Science (JSPS), the Electrotechnical Laboratory (ETL), Shizuoka
University, the Hamamatsu Visitors and Convention Bureau, The Shizuoka Or-
ganization for Creation of Industries, and the University of Alberta (Computing
Science).

Further, the editors gratefully acknowledge the expert assistance of the Pro-
gram Advisory Committee and the time and expertise given by the referees. We
would also like to express our sincere gratitude to Ms. Anne Nield who assisted
us during the reviewing phase of the conference.

During the conference itself, the schedule and events organized by the Local
Arrangements Committee were much appreciated by all. We thank all the mem-
bers of the Local Arrangements Committee for the enthusiasm and attention
to detail they put into ensuring the smooth running of the conference (looking
after 80 researchers and theoreticians for a few days isn’t easy...). We especially
thank Ms. Akiko Taniguchi and Ms. Karen Ohara for managing the registra-
tion desk and Uri & Sandra Globus and Markian Hylnka for organizing the
excursions. Thanks are also due to numerous other volunteer helpers, including
Zahidul Haque, Tsuyoshi Hashimoto, Atushi Hondoh, Tatsuya Irisawa, Takashi
Sugiyama, Tsuyoshi Suzuki, Katsutoshi Usui, and Satoshi Watanabe.

October 2001 Tony Marsland
Ian Frank



Organization

We thank all the following for their support in organizing CG 2000.

Organizing Committee

Conference Chairs: Hiroyuki Iida (University of Shizuoka, Japan)
Yoshiyuki Kotani (Tokyo University of Agriculture and

Technology, Japan)
Hitoshi Matsubara (Future University Hokodate, Japan)
Takenobu Takizawa (Waseda University, Japan)
Atsushi Yoshikawa (NTT Basic Research Laboratories,

Japan)
Program Chairs: Tony Marsland (University of Alberta, Canada)

Ian Frank (ETL, Japan)
Workshop: Hitoshi Matsubara (Future University Hakodate, Japan)

Local Arrangements Committee

Chair: Hiroyuki Iida (Shizuoka University, Japan)
Uri Globus (Shizuoka University, Japan)
Reijer Grimbergen (ETL, Japan)
Jin Yoshimura (Shizuoka University, Japan)
Markian Hylnka (University of Alberta, Canada, and

Shizuoka University, Japan)
Secretary-Treasurer: Akiko Taniguchi (Shizuoka University, Japan)



VIII Organization

Program Committee

Program Chair: T. Anthony Marsland (University of Alberta, Canada)
Program Co-chair: Ian Frank (ETL, Japan)

Don F. Beal (Queen Mary and Westfield College, UK)
Michael Buro (NEC Institute, USA)
Keh-hsun Chen (UNC Charlotte, USA)
Susan Epstein (Hunter College, USA)
Aviezri Fraenkel (Weizmann Institute, Israel)
Reijer Grimbergen (ETL, Japan)
Ernst Heinz (MIT, USA)
Jaap van den Herik (Universiteit Maastricht,

The Netherlands)
Shun-chin Hsu (National Taiwan University, Taiwan)
Takuya Kojima (NTT Basic Research Laboratories,

Japan)
Richard Korf (UC Los Angeles, USA)
Shaul Markovitch (The Technion, Israel)
Martin Müller (ETL, Japan)
Monty Newborn (McGill University, Canada)
Jurg Nievergelt (ETH Zurich, Switzerland)
Kohei Noshita (University of Electro-Comm., Japan)
Wim Pijls (Erasmus University Rotterdam,

The Netherlands)
Jonathan Schaeffer (University of Alberta, Canada)
Gerald Tesauro (IBM Watson Labs, USA)
Janet Wiles (Queensland University, Australia)

Referees (In addition to those on the Program Committee)

D. Avis
A. Beacham
D. Billings
Y. Björnsson
A. Blair
B. Bouzy
T. Cazenave
M. Crasmaru
J. Culberson
A. Junghanns

G. Kaminka
D. Khemani
Y. Kotani
H. Matsubara
D. Nau
K. Nakamura
I. Noda
J. Richardson
J. Romein
S.J. Smith

M. Tajima
T. Takizawa
K. Thompson
T. Uehara
J. Uiterwijk
P. Utgoff
R. Wu
X. Yao
A. Yoshikawa



Organization IX

Sponsoring Institutions

Electrotechnical Laboratory (ETL)
Hamamatsu Visitors and Convention Bureau
The Japan Society for the Promotion of Science (JSPS)
Shizuoka University
The Shizuoka Organization for Creation of Industries
University of Alberta (Computing Science)

Cooperative Organizations

Computer Shogi Association (CSA)
Computer Go Forum (CGF)
International Computer Chess Association (ICCA)
IEEE, Tokyo



Table of Contents

Part 1: Search and Strategies

A Least-Certainty Heuristic for Selective Search . . . . . . . . . . . . . . . . . . . . . . . 1
Paul E. Utgoff and Richard P. Cochran

Lambda-Search in Game Trees – with Application to Go . . . . . . . . . . . . . . . . 19
Thomas Thomsen

Abstract Proof Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Tristan Cazenave

Solving Kriegspiel-Like Problems: Examining Efficient Search Methods . . . 55
Makoto Sakuta and Hiroyuki Iida

Strategies for the Automatic Construction of Opening Books . . . . . . . . . . . . 74
Thomas R. Lincke

Awari Retrograde Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Roel van der Goot

Construction of Chinese Chess Endgame Databases
by Retrograde Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

Haw-ren Fang, Tsan-sheng Hsu, and Shun-chin Hsu

Part 2: Learning and Pattern Acquisition

Learning from Perfection.
A Data Mining Approach to Evaluation Function Learning in Awari . . . . . . 115

Jack van Rijswijck

Chess Neighborhoods, Function Combination,
and Reinforcement Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

Robert Levinson and Ryan Weber

Learning a Go Heuristic with Tilde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
Jan Ramon, Tom Francis, and Hendrik Blockeel

Learning Time Allocation Using Neural Networks . . . . . . . . . . . . . . . . . . . . . . 170
Levente Kocsis, Jos Uiterwijk, and Jaap van den Herik

Part 3: Theory and Complexity Issues

The Complexity of Graph Ramsey Games . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
Wolfgang Slany



XII Table of Contents

Virus Versus Mankind . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
Aviezri S. Fraenkel

Creating Difficult Instances of the Post Correspondence Problem . . . . . . . . . 214
Richard J. Lorentz

Integer Programming Based Algorithms for Peg Solitaire Problems . . . . . . . 229
Masashi Kiyomi and Tomomi Matsui

Ladders Are PSPACE-Complete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
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