| Peter 'Van'En':lde Boas
~ Jaroslav Pokorny

Maria Bielikova
Julius Stuller (Eds.)

SOFSEM 2004:
Theory and Practice
of Computer Science

30th Conference on Current Trends
in Theory and Practice of Computer Science
Mérin, Czech Republic, January 2004, Proceedings

LNCS 2932

€)) Springer




-
’r’FZ;:’.&‘xY}

C70 Peter Van Emde Boas Jaroslav Pokorny
2 o & Midria Bielikovd Julius Stuller (Eds.)

SOFSEM 2004:
Theory and Practice
of Computer Science

30th Conference on Current Trends

in Theory and Practice of Computer Science
Méfin, Czech Republic, January 24-30, 2004
Proceedings

LI

E200401593

Springer




Series Editors

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

Volume Editors

Peter Van Emde Boas

University of Amsterdam, Faculty of Sciences

ILLC - Department of Mathematics and Computer Science
Plantage Muidergracht 24, 1018 TV Amsterdam, The Netherlands
E-mail: peter@science.uva.nl

Jaroslav Pokorny

Charles University, Faculty of Mathematics and Physics
Malostranské ndm. 25, 118 00 Prague 1, Czech Republic
E-mail: pokorny @ksi.ms.mff.cuni.cz

Miria Bielikova

Slovak University of Technology

Faculty of Informatics and Information Technologies
IlkoviCova 3, 812 19 Bratislava, Slovak Republic
E-mail: bielik @elf.stuba.sk

Jilius Stuller

Academy of Sciences of the Czech Republic, Institute of Computer Science
Pod Voddrenskou véZi 2, 182 07 Prague 8, Czech Republic

E-mail: stuller@cs.cas.cz

Cataloging-in-Publication Data applied for
A catalog record for this book is available from the Library of Congress.

Bibliographic information published by Die Deutsche Bibliothek
Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliografie;
detailed bibliographic data is available in the Internet at <http://dnb.ddb.de>.

CR Subject Classification (1998): F.1, F2, F.3, H.2,1.2, H.3, H4, C.2

ISSN 0302-9743 ¢
ISBN 3-540-20779-1 Springer-Verlag Berlin Heidelberg New York

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 is a part of Springer Science+Business Media
springeronline.com

(© Springer-Verlag Berlin Heidelberg 2004
Printed in Germany

Typesetting: Camera-ready by author, data conversion by PTP-Berlin, Protago-TeX-Production GmbH
Printed on acid-free paper SPIN: 10979303 06/3142 543210



Lecture Notes in Computer Science 2932
Edited by G. Goos, J. Hartmanis, and J. van Leeuwen



Springer
Berlin
Heidelberg
New York
Hong Kong
London

Milan

Paris

Tokyo



Preface

The 30th Anniversary Conference on Current Trends in Theory and Practice
of Computer Science, SOFSEM 2004, took place during January 24-30, 2004,
in the Hotel VZ Méfin, located about 60 km south of Prague on the right shore
of Slapské pfehrada (“Slapy Dam”) in the Czech Republic.

Having transformed itself over the years from a local event to a fully internatio-
nal conference, the contemporary SOFSEM tries to keep the best of its winter
school aspects (the high number of invited talks) together with multidiscipli-
narity trends in computer science — this year illustrated by the selection of the
following 4 tracks:

— Computer Science Theory (Track Chair: Peter Van Emde Boas)

— Database Technologies (Track Chair: Jaroslav Pokorny)

— Cognitive Technologies (Track Chair: Peter Sincak)

— Web Technologies (Track Chair: Julius Stuller)
Its aim was, as always, to promote cooperation among professionals from aca-
demia and industry working in various areas of computer science.

The 17 SOFSEM 2004 Program Committee members coming from 9 countries
evaluated a record 136 submissions. After a careful review process (counting
usually at least 3 reviews per paper), followed by detailed discussions at the PC
meeting held on October 2-3, 2003 in Prague, Czech Republic, 59 papers were
selected for presentation at the SOFSEM 2004:

— 22 contributed talks papers selected by the SOFSEM 2004 PC for publication
in the Springer-Verlag LNCS proceedings volume (acceptance rate 19%)
including the best paper from the Student Research Forum,

— 29 contributed talks papers that will appear in the MatFyzPress Proceedings
(acceptance rate 26%),

— 9 student research forum papers (acceptance rate 38%), 8 of which will
appear in the MatFyzPress proceedings.

The Springer-Verlag proceedings were completed by the 10 invited talks papers.

?

SOFSEM 2004 was the result of considerable effort by a number of people. It is
our pleasure to express our thanks to:

— the SOFSEM Steering Committee for its general guidance,

— the SOFSEM 2004 Program Committee and additional referees who devoted
an extraordinary effort to reviewing a huge number of assigned papers (on
average about 24 papers per PC member),

— the Springer-Verlag LNCS Executive Editor Mr. Alfred Hofmann for his
continuing trust in SOFSEM,

— Springer-Verlag for publishing the proceedings, and

— the SOFSEM 2004 Organizing Committee for a smooth preparation of the
conference.



VI Preface

Special thanks go to:

— Hana Bilkové from the Institute of Computer Science (ICS), Prague, who
did an excellent job in the completion of the proceedings,

— Michal Busta and Martin Stareéek from ICS for realizing the SOFSEM 2004
web pages and a submission and review system that worked perfectly thus
allowing a smooth PC session in Prague.

Finally we highly appreciate the financial support of our sponsors (ERCIM,
Microsoft, Deloitte & Touche, SOFTEC Bratislava, Centrum.cz) which assisted
with the invited speakers and helped the organizers to offer lower student fees.

November 11, 2003 Peter Van Emde Boas
Jaroslav Pokorny

Miéria Bielikova

Julius Stuller
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Abstract. Computer game-playing is a challenging topic in artificial
intelligence. The recent results by the computer programs DEEP BLUE
(1996, 1997) and DEEP JUNIOR (2002) against Kasparov show the power
of current game-tree search algorithms in Chess. This success is owed
to the fruitful combination of the theoretical development of algorithms
and their practical application. As an example of the theoretical develop-
ment we discuss a game-tree algorithm called Opponent-Model search.
In contrast to most current algorithms, this algorithm uses an opponent
model to predict the opponent’s moves and uses these predictions to lure
the opponent into uncomfortable positions. We concentrate on the time
complexity of two different implementations of the algorithm and show
how these are derived. Moreover, we discuss some possible dangers when
applying Opponent-Model search in practice.

1 Games

From the very beginning, game-playing has been studied in Artificial Intelligence.
In [1] an overview is given showing that research in this domain has led to
a variety of successes. Examples of computer programs that defeated the best
human players occurred in Chess, Checkers, Draughts, and Othello. Still, there
are many additional challenges in this area and in domains of other games. One
of them is the application of knowledge of the opponent’s strategy.

The idea of anticipating the opponent’s strategy is not new. As a simple
example (from [2]), we consider playing TicTacToe by the following ordered
strategy S:

1. If completing three-in-a-row is possible, do so.

2. If the opponent threatens completing three-in-a-row, prevent this.
3. Occupy the central square whenever possible.

4. Occupy a corner square whenever possible.

TicTacToe is known to be drawn, and it might be questioned whether knowledge
of one’s opponent strategy could improve on this result. Intuitively, it seems clear
that S should achieve a draw since it correctly evaluates the squares and acts
on this evaluation. Yet, a program aware of the opponent’s strategy S may win.
Allow the program the first move as X, the following sequence of moves then
causes player X to win, where at move 2 and 4 player O follows S.
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X X X X

O O O O
X X X X O X O
move 1 move 2 move 3 move 4 move 5

The win by X is due to X’s awareness of the opponent’s strategy S, admittedly
non-optimal, or to rephrase this statement, due to X’s successful prediction of
O’s moves.

2 Opponent-Model Search

OM search [3], [4], [5] is a game-tree search algorithm that uses a player’s hypo-
thesized model of the opponent in order to exploit weak points in the opponent’s
search strategy. The opponent model may be correct, but more frequently it
may have some small errors. Therefore, it can be a possible help as well as a
hindrance in playing the opponent. The OM-search algorithm is based on three
strong assumptions concerning the opponent and the player:

1. the opponent (called MIN) uses minimax (or an equivalent algorithm) with
an evaluation function (V,,), a search depth, and a move ordering that are
all three known to the first player (called MAX);

2. MAX uses an evaluation function (Vy) that is better than MIN’s evaluation
function;

3. MAX searches at least as deep as MIN.

Obviously, OM search is still closely related to minimax. In OM search, MAX
maximizes at max nodes, and selects at min nodes the moves that MAX thinks
MIN would select.

Below we provide a brief technical description of OM search, its notation
and the relations between the nodes in the search tree. Moreover, we mention
a few enhancements to which adequate references are made. For an extensive
description of OM search we refer to [6], [7].

OM search can be described by the following equations, in which Vj(-), Vo, (+)
are the evaluation functions, and vg(-), vop(-) are the node values. Subscript ‘0’
is used for MAX values (it is not strictly necessary, but used to balance with the
subscript ‘op’), subscript ‘op’ is used for MIN values.

max; vo(F;) if P is a max node,
vo(P) = S wo(P;), j=min arg v,,(F;) if P is a min node,

Vo(P) if P is a leaf node.

max; Uop(F;) if P is a max node, )
Vop(P) = { min; vop(P}) if P is a min node,

Vop(P) if P is a leaf node.

If P is a min node at a depth larger than the search-tree depth of the opponent,
then v (P) = min; vo(Pj).



