
Lecture Notes in Computer Science 5555
Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison, UK

Josef Kittler, UK

Alfred Kobsa, USA

John C. Mitchell, USA

Oscar Nierstrasz, Switzerland

Bernhard Steffen, Germany

Demetri Terzopoulos, USA

Gerhard Weikum, Germany

Takeo Kanade, USA

Jon M. Kleinberg, USA

Friedemann Mattern, Switzerland

Moni Naor, Israel

C. Pandu Rangan, India

Madhu Sudan, USA

Doug Tygar, USA

Advanced Research in Computing and Software Science

Subline of Lectures Notes in Computer Science

Subline Series Editors

Giorgio Ausiello, University of Rome ‘La Sapienza’, Italy

Vladimiro Sassone, University of Southampton, UK

Subline Advisory Board

Susanne Albers, University of Freiburg, Germany

Benjamin C. Pierce, University of Pennsylvania, USA

Bernhard Steffen, University of Dortmund, Germany

Madhu Sudan, Microsoft Research, Cambridge, MA, USA

Deng Xiaotie, City University of Hong Kong

Jeannette M. Wing, Carnegie Mellon University, Pittsburgh, PA, USA



Susanne Albers
Alberto Marchetti-Spaccamela
Yossi Matias
Sotiris Nikoletseas
Wolfgang Thomas (Eds.)

Automata, Languages
and Programming
36th International Colloquium, ICALP 2009
Rhodes, Greece, July 5-12, 2009
Proceedings, Part I

13



Volume Editors

Susanne Albers
University of Freiburg, Department of Computer Science
Georges Köhler Allee 79, 79110, Freiburg, Germany
E-mail: salbers@informatik.uni-freiburg.de

Alberto Marchetti-Spaccamela
Sapienza University of Rome
Department of Computer and Systems Sciences
Via Ariosto 25, 00184 Roma, Italy
E-mail: alberto@dis.uniroma1.it

Yossi Matias
Tel Aviv University, School of Computer Science
Google R&D Center, Tel Aviv 69978, Israel
E-mail: matias@cs.tau.ac.il

Sotiris Nikoletseas
University of Patras and CTI
N. Kazantzaki Street 1, 26504 Rion, Patras, Greece
E-mail: nikole@cti.gr

Wolfgang Thomas
RWTH Aachen, Lehrstuhl Informatik 7
Ahornstraße 55, 52074 Aachen, Germany
E-mail: thomas@informatik.rwth-aachen.de

Library of Congress Control Number: 2009929832

CR Subject Classification (1998): F.2, F.3, I.2.1, G.1, G.2, I.1

LNCS Sublibrary: SL 1 – Theoretical Computer Science and General Issues

ISSN 0302-9743
ISBN-10 3-642-02926-4 Springer Berlin Heidelberg New York
ISBN-13 978-3-642-02926-4 Springer 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. Violations are liable
to prosecution under the German Copyright Law.

springer.com

© Springer-Verlag Berlin Heidelberg 2009
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 12715473 06/3180 5 4 3 2 1 0



Preface

ICALP 2009, the 36th edition of the International Colloquium on Automata,
Languages and Programming, was held on the island of Rhodes, July 6–10,
2009. ICALP is a series of annual conferences of the European Association for
Theoretical Computer Science (EATCS) which first took place in 1972. This
year, the ICALP program consisted of the established track A (focusing on
algorithms, complexity and games) and track B (focusing on logic, automata,
semantics and theory of programming), and of the recently introduced track C
(in 2009 focusing on foundations of networked computation).

In response to the call for papers, the Program Committee received 370 sub-
missions: 223 for track A, 84 for track B and 63 for track C. Out of these, 108
papers were selected for inclusion in the scientific program: 62 papers for track
A, 24 for track B and 22 for track C. The selection was made by the Program
Committees based on originality, quality, and relevance to theoretical computer
science. The quality of the manuscripts was very high indeed, and many deserv-
ing papers could not be selected.

ICALP 2009 consisted of five invited lectures and the contributed papers.
This volume of the proceedings contains all contributed papers presented in track
A together with the papers by the invited speakers Kurt Mehlhorn (Max-Planck-
Institut für Informatik, Saarbrücken) and Christos Papadimitriou (University of
California at Berkeley). A companion volume contains all contributed papers
presented at the conference in track B and track C, together with the papers
by the invited speakers Georg Gottlob (University of Oxford), Tom Henzinger
(École Polytechnique Fédérale de Lausanne), and Noam Nisan (Google, Tel Aviv,
and Hebrew University).

The following workshops were held as satellite events of ICALP 2009:

ALGOSENSORS 2009—5th International Workshop on Algorithmic Aspects of
Wireless Sensor Networks

DCM 2009—5th International Workshop on Developments in Computational
Models

FOCLASA 2009—8th International Workshop on Foundations of Coordination
Languages and Software Architectures

QUANTLOG 2009—Workshop on Quantitative Logics 2009

We wish to thank all authors who submitted extended abstracts for consid-
eration, the Program Committees for their scholarly effort, and all referees who
assisted the Program Committees in the evaluation process.

Thanks are due to the sponsors (Ministry of National Education and Re-
ligious Affairs of Greece, Research Academic Computer Technology Institute
(CTI), Piraeus Bank) for their support, and to the Research Academic
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Computer Technology Institute (CTI) for the local organization. We are also
grateful to all members of the Organizing Committee.

Thanks also to Andrei Voronkov for his help with the conference management
system EasyChair, which was used in handling the submissions and the electronic
PC meeting as well as in assisting in the assembly of the proceedings.

April 2009 Susanne Albers
Alberto Marchetti Spaccamela

Yossi Matias
Paul G. Spirakis

Wolfgang Thomas
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Amit Kumar
Stefan Langerman
James Lee
Troy Lee
Stefano Leonardi
Leonid Levin
Minming Li
Mathieu Liedloff
Vincent Limouzy
Andrzej Lingas
Zhenming Liu
Bruno Loff
Zvi Lotker
Mark Manasse
Bodo Manthey
Conrado Martinez
Claire Mathieu
Arie Matsliah
Tomomi Matsui
Jens Maue
Frédéric Mazoit
Andrew McGregor
Colin McDiarmid
Steffen Mecke
Sascha Meinert
Mark Mercer

Wolfgang Merkle
Othon Michail
Matus Mihalak
Shuichi Miyazaki
Bojan Mohar
Burkhard Monien
Fabien de Montgolfier
Cris Moore
Pat Morin
Hiroki Morizumi
Anthony Morphett
Marcin Mucha
Haiko Müller
Filip Murlak
Muthu Muthukrishnan
Masaki Nakanishi
Satyadev Nandakumar
Gonzalo Navarro
Phuong Nguyen
Rolf Niedermeier
Jesper Buus Nielsen
Sotiris Nikoletseas
Evdokia Nikolova
Harumichi Nishimura
Martin Nöllenburg
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