Rastislav Kralovi¢
Pawel Urzyczyn (Eds.)

Mathematical
Foundations of
Computer Science 2006

31st International Symposium, MFCS 2006
Stara Lesna, Slovakia, August/September 2006
Proceedings

LNCS 4162

@ Springer




Rastislav Kralovi¢ Pawel Urzyczyn (Eds.)

Mathematical
Foundations of
Computer Science 2006

31st International Symposium, MFCS 2006
Stard Lesnd, Slovakia, August 28-September 1, 2006

i"ﬁ@%iﬁ

@ Springer



Volume Editors

Rastislav Kralovic

Comenius University

Bratislava, Slovakia

E-mail: kralovic@dcs.fmph.uniba.sk

Pawet Urzyczyn
Warsaw University, Poland
E-mail: urzy @mimuw.edu.pl

Library of Congress Control Number: 2006930918

CR Subject Classification (1998): F.1, F2, F3,F4,G.2, E.1
LNCS Sublibrary: SL 1 — Theoretical Computer Science and General Issues

ISSN 0302-9743
ISBN-10 3-540-37791-3 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-37791-7 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 is a part of Springer Science+Business Media
springer.com

© Springer-Verlag Berlin Heidelberg 2006
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 11821069 06/3142 543210



Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison

Lancaster University, UK
Takeo Kanade

Carnegie Mellon University, Pittsburgh, PA, USA
Josef Kittler

University of Surrey, Guildford, UK
Jon M. Kleinberg

Cornell University, Ithaca, NY, USA
Friedemann Mattern

ETH Zurich, Switzerland
John C. Mitchell

Stanford University, CA, USA
Moni Naor

Weizmann Institute of Science, Rehovot, Israel
Oscar Nierstrasz

University of Bern, Switzerland
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steffen

University of Dortmund, Germany
Madhu Sudan

Massachusetts Institute of Technology, MA, USA
Demetri Terzopoulos

University of California, Los Angeles, CA, USA
Doug Tygar

University of California, Berkeley, CA, USA
Moshe Y. Vardi

Rice University, Houston, TX, USA
Gerhard Weikum

Max-Planck Institute of Computer Science, Saarbruecken, Germany

4162



Lecture Notes in Computer Science

For information about Vols. 1-4029

please contact your bookseller or Springer

Vol. 4162: R. Krdlovi¢, P. Urzyczyn (Eds.), Mathemat-
ical Foundations of Computer Science 2006. XV, 814
pages. 2006.

Vol. 4153: N. Zheng, X. Jiang, X. lan (Eds.), Advances in
Machine Vision, Image Processing, and Pattern Analysis.
XIII, 506 pages. 2006.

Vol. 4146: J.C. Rajapakse, L. Wong, R. Acharya (Eds.),
Pattern Recognition in Bioinformatics. XIV, 186 pages.
2006. (Sublibrary LNBI).

Vol. 4144: T. Ball, R.B. Jones (Eds.), Computer Aided
Verification. XV, 564 pages. 2006.

Vol. 4139: T. Salakoski, F. Ginter, S. Pyysalo, T.
Pahikkala, Advances in Natural Language Processing.
XVI, 771 pages. 2006. (Sublibrary LNAT).

Vol. 4138: X. Cheng, W. Li, T. Znati (Eds.), Wireless
Algorithms, Systems, and Applications. XVI, 709 pages.
2006.

Vol.4137: C. Baier, H. Hermanns (Eds.), CONCUR 2006
— Concurrency Theory. XIII, 525 pages. 2006.

Vol. 4133: J. Gratch, M. Young, R. Aylett, D. Ballin,
P. Olivier (Eds.), Intelligent Virtual Agents. XIV, 472
pages. 2006. (Sublibrary LNAI).

Vol. 4130: U. Furbach, N. Shankar (Eds.), Automated
Reasoning. XV, 680 pages. 2006. (Sublibrary LNAI).

Vol. 4129: D. McGookin, S. Brewster (Eds.), Haptic and
Audio Interaction Design. XII, 167 pages. 2006.

Vol. 4127: E. Damiani, P. Liu (Eds.), Data and Applica-
tions Security XX. X, 319 pages. 2006.

Vol. 4121: A. Biere, C.P. Gomes (Eds.), Theory and Ap-
plications of Satisfiability Testing - SAT 2006. XII, 438
pages. 2006.

Vol. 4117: C. Dwork (Ed.), Advances in Cryptology -
Crypto 2006. XIII, 621 pages. 2006.

Vol. 4115: D.-S. Huang, K. Li, G.W. Irwin (Eds.), Com-

putational Intelligence and Bioinformatics, Part ITI. XXI,
803 pages. 2006. (Sublibrary LNBI).

Vol. 4114: D.-S. Huang, K. Li, G.W. Irwin (Eds.), Com-
putational Intelligence, Part II. XXVII, 1337 pages.
2006. (Sublibrary LNAI).

Vol. 4113: D.-S. Huang, K. Li, G.W. Irwin (Eds.), Intel-
ligent Computing, Part I. XXVII, 1331 pages. 2006.

Vol. 4112: D.Z. Chen, D. T. Lee (Eds.), Computing and
Combinatorics. XIV, 528 pages. 2006.

Vol.4111: E.S. de Boer, M.M. Bonsangue, S. Graf, W.-P.
de Roever (Eds.), Formal Methods for Components and
Objects. VIII, 447 pages. 2006.

Vol. 4109: D.-Y. Yeung, J.T. Kwok, A. Fred, F. Roli, D.
de Ridder (Eds.), Structural, Syntactic, and Statistical
Pattern Recognition. XXI, 939 pages. 2006.

Vol. 4108: J.M. Borwein, W.M. Farmer (Eds.), Mathe-
matical Knowledge Management. VIII, 295 pages. 2006.
(Sublibrary LNAI).

Vol. 4106: T.R. Roth-Berghofer, M.H. Goker, H. A.
Giivenir (Eds.), Advances in Case-Based Reasoning.
X1V, 566 pages. 2006. (Sublibrary LNAI).

Vol. 4104: T. Kunz, S.S. Ravi (Eds.), Ad-Hoc, Mobile,
and Wireless Networks. XII, 474 pages. 2006.

Vol. 4099: Q. Yang, G. Webb (Eds.), PRICAI 2006:
Trends in Artificial Intelligence. XXVIII, 1263 pages.
2006. (Sublibrary LNAT).

Vol. 4098: F. Pfenning (Ed.), Term Rewriting and Appli-
cations. XIII, 415 pages. 2006.

Vol. 4097: X. Zhou, O. Sokolsky, L. Yan, E.-S. Jung, Z.
Shao, Y. Mu, D.C. Lee, D. Kim, Y.-S. Jeong, C.-Z. Xu
(Eds.), Emerging Directions in Embedded and Ubiqui-
tous Computing. XXVII, 1034 pages. 2006.

Vol. 4096: E. Sha, S.-K. Han, C.-Z. Xu, M.H. Kim, L.T.
Yang, B. Xiao (Eds.), Embedded and Ubiquitous Com-
puting. XX1V, 1170 pages. 2006.

Vol. 4094: O. H. Ibarra, H.-C. Yen (Eds.), Implementa-
tion and Application of Automata. XIII, 291 pages. 2006.

Vol. 4093: X. Li, O.R. Zaiane, Z. Li (Eds.), Advanced
Data Mining and Applications. XXI, 1110 pages. 2006.
(Sublibrary LNAI).

Vol. 4092: J. Lang, E. Lin, J. Wang (Eds.), Knowledge
Science, Engineering and Management. XV, 664 pages.
2006. (Sublibrary LNAT).

Vol. 4091: G.-Z. Yang, T. Jiang, D. Shen, L. Gu, J. Yang
(Eds.), Medical Imaging and Augmented Reality. XIII,
399 pages. 2006.

Vol. 4090: S. Spaccapietra, K. Aberer, P. Cudré-Mauroux
(Eds.), Journal on Data Semantics VL. XI, 211 pages.
2006.

Vol. 4089: W. Lowe, M. Siidholt (Eds.), Software Com-
position. X, 339 pages. 2006.

Vol. 4088: Z.-Z. Shi, R. Sadananda (Eds.), Agent Com-
puting and Multi-Agent Systems. XVII, 827 pages.
2006. (Sublibrary LNAI).

Vol. 4085: J. Misra, T. Nipkow, E. Sekerinski (Eds.), FM
2006: Formal Methods. XV, 620 pages. 2006.

Vol. 4079: S. Etalle, M. Truszczyiiski (Eds.), Logic Pro-
gramming. XIV, 474 pages. 2006.

Vol. 4077: M.-S. Kim, K. Shimada (Eds.), Advances in
Geometric Modeling and Processing. XVI, 696 pages.
2006.

Vol. 4076: F. Hess, S. Pauli, M. Pohst (Eds.), Algorithmic
Number Theory. X, 599 pages. 2006.



Vol. 4075: U. Leser, F. Naumann, B. Eckman (Eds.),
Data Integration in the Life Sciences. XI, 298 pages.
2006. (Sublibrary LNBI).

Vol. 4074: M. Burmester, A. Yasinsac (Eds.), Secure Mo-
bile Ad-hoc Networks and Sensors. X, 193 pages. 2006.

Vol. 4073: A. Butz, B. Fisher, A. Kriiger, P. Olivier (Eds.),
Smart Graphics. XI, 263 pages. 2006.

Vol. 4072: M. Harders, G. Székely (Eds.), Biomedical
Simulation. XI, 216 pages. 2006.

Vol. 4071: H. Sundaram, M. Naphade, J.R. Smith, Y. Rui
(Eds.), Image and Video Retrieval. XII, 547 pages. 2006.

Vol. 4070: C. Priami, X. Hu, Y. Pan, T.Y. Lin (Eds.),
Transactions on Computational Systems Biology V. IX,
129 pages. 2006. (Sublibrary LNBI).

Vol. 4069: FJ. Perales, R.B. Fisher (Eds.), Articulated
Motion and Deformable Objects. XV, 526 pages. 2006.

Vol. 4068: H. Schirfe, P. Hitzler, P. Ghrstrgm (Eds.),
Conceptual Structures: Inspiration and Application. XI,
455 pages. 2006. (Sublibrary LNAI).

Vol. 4067: D. Thomas (Ed.), ECOOP 2006 — Object-
Oriented Programming. XIV, 527 pages. 2006.

Vol. 4066: A. Rensink, J. Warmer (Eds.), Model Driven
Architecture — Foundations and Applications. XII, 392
pages. 2006.

Vol. 4065: P. Perner (Ed.), Advances in Data Mining. XI,
592 pages. 2006. (Sublibrary LNAI).

Vol. 4064: R. Biischkes, P. Laskov (Eds.), Detection of
Intrusions and Malware & Vulnerability Assessment. X,
195 pages. 2006.

Vol. 4063: 1. Gorton, G.T. Heineman, I. Crnkovic, H.W.
Schmidt, J.A. Stafford, C.A. Szyperski, K. Wallnau
(Eds.), Component-Based Software Engineering. XI,
394 pages. 2006.

Vol. 4062: G. Wang, J.F. Peters, A. Skowron, Y. Yao
(Eds.), Rough Sets and Knowledge Technology. XX, 810
pages. 2006. (Sublibrary LNAI).

Vol. 4061: K. Miesenberger, J. Klaus, W. Zagler, A.
Karshmer (Eds.), Computers Helping People with Spe-
cial Needs. XXIX, 1356 pages. 2006.

Vol. 4060: K. Futatsugi, J.-P. Jouannaud, J. Meseguer
(Eds.), Algebra, Meaning, and Computation. XXX VIII,
643 pages. 2006.

Vol. 4059: L. Arge, R. Freivalds (Eds.), Algorithm The-
ory — SWAT 2006. XII, 436 pages. 2006.

Vol. 4058: L.M. Batten, R. Safavi-Naini (Eds.), Informa-
tion Security and Privacy. XII, 446 pages. 2006.

Vol. 4057: J.P.W. Pluim, B. Likar, F A. Gerritsen (Eds.),
Biomedical Image Registration. XII, 324 pages. 2006.

Vol. 4056: P. Flocchini, L. Gasieniec (Eds.), Structural
Information and Communication Complexity. X, 357
pages. 2006.

Vol. 4055: J. Lee, J. Shim, S.-g. Lee, C. Bussler, S. Shim
(Eds.), Data Engineering Issues in E-Commerce and Ser-
vices. IX, 290 pages. 2006.

Vol. 4054: A. Horvith, M. Telek (Eds.), Formal Methods
and Stochastic Models for Performance Evaluation. VIII,
239 pages. 2006.

Vol. 4053: M. Ikeda, K.D. Ashley, T.-W. Chan (Eds.),
Intelligent Tutoring Systems. XX VI, 821 pages. 2006.

Vol. 4052: M. Bugliesi, B. Preneel, V. Sassone, 1. We-
gener (Eds.), Automata, Languages and Programming,
Part II. XXTV, 603 pages. 2006.

Vol. 4051: M. Bugliesi, B. Preneel, V. Sassone, 1. We-
gener (Eds.), Automata, Languages and Programming,
Part I. XXIII, 729 pages. 2006.

Vol. 4049: S. Parsons, N. Maudet, P. Moraitis, I. Rahwan
(Eds.), Argumentation in Multi-Agent Systems. XIV,
313 pages. 2006. (Sublibrary LNAI).

Vol. 4048: L. Goble, J.-].C.. Meyer (Eds.), Deontic Logic
and Artificial Normative Systems. X, 273 pages. 2006.
(Sublibrary LNAI).

Vol. 4047: M. Robshaw (Ed.), Fast Software Encryption.
XI, 434 pages. 2006.

Vol. 4046: S.M. Astley, M. Brady, C. Rose, R. Zwiggelaar
(Eds.), Digital Mammography. X VI, 654 pages. 2006.

Vol. 4045: D. Barker-Plummer, R. Cox, N. Swoboda
(Eds.), Diagrammatic Representation and Inference. XII,
301 pages. 2006. (Sublibrary LNAI).

Vol. 4044: P. Abrahamsson, M. Marchesi, G. Succi
(Eds.), Extreme Programming and Agile Processes in
Software Engineering. XII, 230 pages. 2006.

Vol. 4043: A.S. Atzeni, A. Lioy (Eds.), Public Key In-
frastructure. XI, 261 pages. 2006.

Vol. 4042: D. Bell, J. Hong (Eds.), Flexible and Efficient
Information Handling. X VI, 296 pages. 2006.

Vol. 4041: S.-W. Cheng, C.K. Poon (Eds.), Algorithmic
Aspects in Information and Management. XI, 395 pages.
2006.

Vol. 4040: R. Reulke, U. Eckardt, B. Flach, U. Knauer,
K. Polthier (Eds.), Combinatorial Image Analysis. XII,
482 pages. 2006.

Vol. 4039: M. Morisio (Ed.), Reuse of Off-the-Shelf
Components. XIII, 444 pages. 2006.

Vol. 4038: P. Ciancarini, H. Wiklicky (Eds.), Coordina-
tion Models and Languages. VIII, 299 pages. 2006.

Vol. 4037: R. Gorrieri, H. Wehrheim (Eds.), Formal
Methods for Open Object-Based Distributed Systems.
XVII, 474 pages. 2006.

Vol. 4036: O. H. Ibarra, Z. Dang (Eds.), Developments
in Language Theory. XII, 456 pages. 2006.

Vol. 4035: T. Nishita, Q. Peng, H.-P. Seidel (Eds.), Ad-
vances in Computer Graphics. XX, 771 pages. 2006.
Vol. 4034: J. Miinch, M. Vierimaa (Eds.), Product-
Focused Software Process Improvement. XVII, 474
pages. 2006.

Vol. 4033: B. Stiller, P. Reichl, B. Tuffin (Eds.), Per-
formability Has its Price. X, 103 pages. 2006.

Vol. 4032: O. Etzion, T. Kuflik, A. Motro (Eds.),
Next Generation Information Technologies and Systems.
XIII, 365 pages. 2006.

Vol. 4031: M. Ali, R. Dapoigny (Eds.), Advances in Ap-
plied Artificial Intelligence. XXIII, 1353 pages. 2006.
(Sublibrary LNAI).



Preface

The series of Mathematical Foundations of Computer Science symposia has
a well-established tradition dating back to 1972. Since the first meeting held
in the Polish town of Jablonna, the conference has gradually gained interna-
tional recognition as an event bringing together researchers in all branches of
theoretical computer science, promoting international cooperation, and encour-
aging high-quality research.

The present volume is a collection of papers presented at the 31st MFCS held
in Stara Lesn4, Slovakia, from August 28 to September 1, 2006. The scientific
program of the 31st MFCS consisted of 62 contributed papers selected from the
record high number of 174 submissions representing various areas of theoretical
computer science and its mathematical foundations, complemented by 7 invited
talks given by prominent researchers in the area. The symposium took place
in the Academia Hotel resort situated at the foot of the Lomnicky peak in the
eastern part of the Vysoké Tatry Mountains in Slovakia, on the border of the
Tatra National Park, close to the picturesque towns of Tatranskd Lomnica and
Stary Smokovec.

During its rich history, MFCS has been held in a number of places in Poland,
Slovakia, and the Czech Republic, always striving to present the highest quality
research in areas ranging from algorithms and data structures, to complexity,
automata, semantics, logic, formal specifications, models of computation, con-
currency theory, computational geometry, parallel and distributed computing,
networks, bioinformatics, quantum computing, cryptography, knowledge-based
systems, artificial intelligence, to mention just a few. The 2006 meeting added
a new page to this history, an addition that was made possible thanks to the
effort of many people.

As editors of these proceedings, we are very much indebted to all contribu-
tors to the scientific program. Our thanks are due to all authors who submitted
their papers, thus showing their interest in MFCS, to all invited speakers who
were willing to attend the event and share their insights, to all members of the
Program Committee who did excellent work in the very difficult decision pro-
cess, and to all external referees without whose help it would not be possible to
evaluate so many contributions in so little time. We also gratefully acknowledge
the use of the EasyChair conference system. Our thanks extend to the orga-
nizing team lead by Vanda Hambalkova and Dana Pardubska, without whom
this meeting could not take place. Finally, we would like to thank Springer for
their professional co-operation in printing this volume, and to all participants
for attending MFCS 2006.

June 2006 Rastislav Kralovi¢ and Pawel Urzyczyn
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Abstract. We present a minimal core calculus that captures interesting
constructs of the Scala programming language: nested classes, abstract
types, mixin composition, and path dependent types. We show that the
problems of type assignment and subtyping in this calculus are decidable.

1 Introduction

The programming language Scala proposes a new model for component systems
[28]. Components in this model are classes, which can be combined using nest-
ing and mixin composition. Classes can contain abstract types which may be
instantiated in subclasses. The Scala component model thus provides a single
framework for the construction of objects and modules. Modules are identified
with objects, functors with classes, and signatures with traits.

The advantage of this approach is that a single fairly small set of language
constructs is sufficient for core programming as well as the definition of com-
ponents and their composition. Furthermore, the identification of modules and
objects provides new ways to formulate standard programming tasks such as the
expression problem [14,33,27] and family polymorphism [12,28].

Scala’s approach to component modeling is based on three programming lan-
guage constructs: modular mixin composition, abstract type members, and ex-
plicit self-types. All three have been studied in the vObj calculus [25]. A key
concept of the vObj calculus, path-dependent types, is also present in Scala.
However, some other constructions of #Obj do not correspond to Scala language
constructs. In particular, vObj has first-class classes which can be passed around
as values, but Scala has not.

First-class classes were essential in establishing an encoding of F.. in vObj,
which led to a proof of undecidability of vObj by reduction to the same property
in F.. [29]. However, since Scala lacks first-class classes, the undecidability result
for the calculus does not imply that type checking for the programming language
is undecidable.

In this paper, we study the problem of decidability of Scala type checking. We
construct (algorithmic) Featherweight Scala, abbreviated FS,j, a minimal core
calculus of classes that captures an essential set of features of Scala’s type system.
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