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Foreword

ETAPS 2002 is the fifth instance of the European Joint Conferences on Theory
and Practice of Software. ETAPS is an annual federated conference that was
established in 1998 by combining a number of existing and new conferences.
This year it comprises five conferences (FOSSACS, FASE, ESOP, CC, TACAS),
thirteen satellite workshops (ACL2, AGT, CMCS, COCV, DCC, INT, LDTA,
SC, SFEDL, SLAP, SPIN, TPTS and VISS), eight invited lectures (not including
those that are specific to the satellite events), and several tutorials.

The events that comprise ETAPS address various aspects of the system de-
velopment process, including specification, design, implementation, analysis and
improvement. The languages, methodologies and tools which support these ac-
tivities are all well within its scope. Different blends of theory and practice are
represented, with an inclination towards theory with a practical motivation on
one hand and soundly-based practice on the other. Many of the issues involved
in software design apply to systems in general, including hardware systems, and
the emphasis on software is not intended to be exclusive.

ETAPS is a loose confederation in which each event retains its own identity,
with a separate programme committee and independent proceedings. Its format
is open-ended, allowing it to grow and evolve as time goes by. Contributed talks
and system demonstrations are in synchronized parallel sessions, with invited
lectures in plenary sessions. Two of the invited lectures are reserved for “uni-
fying” talks on topics of interest to the whole range of ETAPS attendees. The
aim of cramming all this activity into a single one-week meeting is to create a
strong magnet for academic and industrial researchers working on topics within
its scope, giving them the opportunity to learn about research in related areas,
and thereby to foster new and existing links between work in areas that were
formerly addressed in separate meetings.

ETAPS 2002 is organized by Laboratoire Verimag in cooperation with

Centre National de la Recherche Scientifique (CNRS)

Institut de Mathématiques Appliquées de Grenoble (IMAG)

Institut National Polytechnique de Grenoble (INPG)

Université Joseph Fourier (UJF)

European Association for Theoretical Computer Science (EATCS)
European Association for Programming Languages and Systems (EAPLS)
European Association of Software Science and Technology (EASST)
ACM SIGACT, SIGSOFT and SIGPLAN

The organizing team comprises

Susanne Graf - General Chair

Saddek Bensalem - Tutorials

Rachid Echahed - Workshop Chair
Jean-Claude Fernandez - Organization



VI Foreword

Alain Girault - Publicity

Yassine Lakhnech - Industrial Relations
Florence Maraninchi - Budget

Laurent Mounier - Organization

Overall planning for ETAPS conferences is the responsibility of its Steering Com-
mittee, whose current membership is:

Egidio Astesiano (Genova), Ed Brinksma (Twente), Pierpaolo Degano
(Pisa), Hartmut Ehrig (Berlin), José Fiadeiro (Lisbon), Marie-Claude
Gaudel (Paris), Andy Gordon (Microsoft Research, Cambridge), Roberto
Gorrieri (Bologna), Susanne Graf (Grenoble), John Hatcliff (Kansas),
Gorel Hedin (Lund), Furio Honsell (Udine), Nigel Horspool (Victoria),
Heinrich Humann (Dresden), Joost-Pieter Katoen (Twente), Paul Klint
(Amsterdam), Daniel Le Métayer (Trusted Logic, Versailles), Ugo Montanari
(Pisa), Mogens Nielsen (Aarhus), Hanne Riis Nielson (Copenhagen),
Mauro Pezze (Milano), Andreas Podelski (Saarbriicken), Don Sannella
(Edinburgh), Andrzej Tarlecki (Warsaw), Herbert Weber (Berlin), Reinhard
Wilhelm (Saarbriicken)

I would like to express my sincere gratitude to all of these people and orga-
nizations, the programme committee chairs and PC members of the ETAPS
conferences, the organizers of the satellite events, the speakers themselves, and
finally Springer-Verlag for agreeing to publish the ETAPS proceedings. As or-
ganiser of ETAPS’98, I know that there is one person that deserves a special
applause: Susanne Graf. Her energy and organizational skills have more than
compensated for my slow start in stepping into Don Sannella’s enormous shoes
as ETAPS Steering Committee chairman. Yes, it is now a year since I took over
the role, and I would like my final words to transmit to Don all the gratitude
and admiration that is felt by all of us who enjoy coming to ETAPS year after
year knowing that we will meet old friends, make new ones, plan new projects
and be challenged by a new culture! Thank you Don!

Lisbon, January 2002 José Luiz Fiadeiro

Steering Committee Chairman
ETAPS 2002



Preface

The present volume contains the proceedings of the international conference
Foundations of Software Science and Computation Structures (FOSSACS. ') 2002,
held in Grenoble, France, April 10-12, 2002. FOSSACS is an event of the Joint
European Conferences on Theory and Practice of Software (ETAPS). The previ-
ous four FOSSACS conferences took place in Lisbon (1998), Amsterdam (1999),
Berlin (2000), and Genova (2001).

FOSSACS presents papers, which offer progress in foundational research with
a clear significance to Software Sciences. Central objects of interest are the al-
gebraic, categorical, logical, and geometric theories, models, and methods which
support the specification, synthesis, verification, analysis, and transformation of
sequential, concurrent, distributed, and mobile programs and software systems.
This volume contains research contributions to a wide spectrum of topics within
this scope, many of which are motivated by recent trends and problems in the
practice of software and information technology.

These proceedings contain 29 papers. The first one accompanies the invited
lecture Semantical Evaluations as Monadic Second-Order Compatible Structure
Transformations delivered by Bruno Courcelle, University of Bordeaux. The
other 28 are contributed papers, selected from a total of 67 submissions. I would
like to sincerely thank all members of the FOSSACS 2002 Program Committee
for the excellent job they did in the difficult selection process. Also I would like
to thank all the sub-referees for their invaluable contributions to this process.

Thanks also to the co-editor of this volume, Uffe H. Engberg, for his assis-
tance in handling and preparing the files for the publisher. And special thanks
to Pawel Sobocinski for his excellent administrative handling of the conference
web page, the electronic submissions, the reviewing, and the notification process.
Thanks also to Rich Gerber for allowing us to use his conference management
system START. And finally thanks to the ETAPS 2002 Organizing Commit-
tee chaired by Susanne Graf, and the Steering Committee of ETAPS for their
efficient coordination of all the activities leading up to FOSSACS 2002.

Aarhus, January 2002 Mogens Nielsen
Program Chair
FOSSACS 2002



VIII  Organization

Program Commitee

David Basin (Freiburg, Germany)
Julian Bradfield (Edinburgh, UK)
Thomas Erhard (Marseille, France)
Marcelo Fiore (Cambridge, UK)
Carl Gunter (U. Pennsilvania, USA)
Furio Honsell (Udine, Italy)
Mogens Nielsen

(Aarhus, Denmark, chair)

Referees

Luca Aceto
Alessandro Aldini
Fabio Alessi

Albert Atserias

Paolo Baldan

Andrej Bauer

Hubert Baumeister
Joffroy Beauquier
Arnold Beckmann
Marek A. Bednarczyk
Nick Benton

Béatrice Bérard
Stefano Berardi
Martin Berger
Andrew Bernard
Karthikeyan Bhargavan
Michel Bidoit

Chiara Bodei

Andrzej M. Borzyszkowski
Tomasz Borzyszkowski
Ahmed Bouajjani
Ilaria Castellani
Didier Caucal

Maura Cerioli

Iliano Cervesato
Sagar Chaki

Piotr Chrzastowski
Nicoletta Cocco
Thomas Colcombet
Paolo Coppola
Roberto Di Cosmo

Fernando Orejas (Barcelona, Spain)
Antoine Petit (Cachan, France)
Frank Pfenning (CMU, USA)
Sanjiva Prasad (IIT Delhi, India)
Vladimiro Sassone (Sussex, UK)
Andrzej Tarlecki (Warsaw, Poland),
Frits Vaandrager

(Nijmegen, The Netherlands)
Martin Wirsing (Munich, Germany)

John N. Crossley
Olivier Danvy
Stéphane Demri
Josée Desharnais
Deepak D’Souza
E. Allen Emerson
Berndt Farwer
Hugues Fauconnier
Andrzej Filinski
Juliana Kiister Filipe
Cedric Fournet
Thom Fruehwirth
David de Frutos Escrig
Carsten Fithrmann
Kim Gabarré
Pietro Di Gianantonio
Paola Giannini
Stephen Gilmore
Alwyn Goodloe
Andy Gordon
Serge Grigorieff
Martin Grohe
Stefano Guerrini
Robert Harper
Rolf Hennicker
Miki Hermann
Jane Hillston
Daniel Hirschkoff
Yoram Hirshfeld
Hans Hiittel
Subramanian Iyer



David Janin
Dirk Janssens

Henrik Ejersbo Jensen

Jens Beek Jgrgensen
Jan Johannsen
Felix Klaedtke
Josva Kleist
Bartek Klin
Alexander Knapp
Mikolaj Konarski
Piotr Kosiuczenko
Marcin Kubica

K. Narayan Kumar
Martin Lange
Stawomir Lasota
Marina Lenisa
Pierre Letouzey
Ugo de’ Liguoro
Sylvain Lippi
Kamal Lodaya
Denis Lugiez
Monika Maidl
Jean-Yves Marion
Narciso Marti-Oliet
Michael McDougall
Massimo Merro
Stephan Merz
Marino Miculan
Giuseppe Milicia
Oliver Moller
Eugenio Moggi
Madhavan Mukund
Anca Muscholl
Nikos Mylonakis
Peter O’Hearn

Yolanda Ortega-Mallén

Vincent Padovani

Prakash Panangaden

Paritosh K. Pandya
Dirk Pattinson
Wiestaw Pawlowski
Alberto Pettorossi
Ricardo Pena

Organization

Marco Pistore
Andrew Pitts

Jeff Polakow

John Power
Christophe Raffalli
Julian Rathke
Jakob Rehof
Bernhard Reus
Salvatore Riccobene
Simona Ronchi Della Rocca
Jan Rutten

Ivano Salvo
Davide Sangiorgi
Don Sannella
Claus Schroter
Dana Scott

Peter Selinger
Natarajan Shankar
Pawel Sobocinski
Stefan Sokolowski
Dieter Spreen
Christoph Sprenger
Jif{ Srba

Tan Stark

Colin Stirling
Mathieu Turuani
Pawel Urzyczyn
Frank Valencia
Daniele Varacca
Bjorn Victor

Luca Vigano

Igor Walukiewicz
Markus Wenzel
Lucian Wischik
Burkhart Wolff
James Worrell

Zhe Yang

Julia Zappe
Guo-Qiang Zhang
Wieslaw Zielonka
Pascal Zimmer
Peter Csaba (jlveczky

IX



Lecture Notes in Computer Science 2303
Edited by G. Goos, J. Hartmanis, and J. van Leeuwen



Springer
Berlin
Heidelberg
New York
Barcelona
Hong Kong
London
Milan

Paris

Tokyo



Lecture Notes in Computer Science

For information about Vols. 1-2228

please contact your bookseller or Springer-Verlag

Vol. 2229: S. Qing, T. Okamoto, J. Zhou (Eds.), Informa-
tion and Communications Security. Proceedings, 2001.
XIV, 504 pages. 2001.

Vol. 2230; T. Katila, I.E. Magnin, P. Clarysse, J.
Montagnat, J. Nenonen (Eds.), Functional Imaging and
Modeling of the Heart. Proceedings, 2001. X1, 158 pages.
2001.

Vol. 2231: A. Pasetti, Software Frameworks and Embed-
ded Control Systems. XIV, 293 pages. 2002.

Vol. 2232: L. Fiege, G. Miihl, U. Wilhelm (Eds.), Elec-
tronic Commerce. Proceedings, 2001. X, 233 pages. 2001.
Vol. 2233: J. Crowcroft, M. Hofmann (Eds.), Networked
Group Communication. Proceedings, 2001. X, 205 pages.
2001.

Vol. 2234: L. Pacholski, P. RuZi¢ka (Eds.), SOFSEM
2001: Theory and Practice of Informatics. Proceedings,
2001. X1, 347 pages. 2001.

Vol. 2235: C.S. Calude, G. Piun, G. Rozenberg, A.
Salomaa (Eds.), Multiset Processing. VIII, 359 pages.
2001.

Vol. 2236: K. Drira, A. Martelli, T. Villemur (Eds.), Co-
operative Environments for Distributed Systems Engineer-
ing. IX, 281 pages. 2001.

Vol. 2237: P. Codognet (Ed.), Logic Programming. Pro-
ceedings, 2001. X1, 365 pages. 2001.

Vol. 2238: G.D. Hager, H.I. Christensen, H. Bunke, R.
Klein (Eds.), Sensor-Based Intelligent Robots. Proceed-
ings, 2000. VIII, 375 pages. 2002.

Vol. 2239: T. Walsh (Ed.), Principles and Practice of
Constraint Programming — CP 2001. Proceedings, 2001.
X1V, 788 pages. 2001.

Vol. 2240: G.P. Picco (Ed.), Mobile Agents. Proceedings,
2001. XIII, 277 pages. 2001.

Vol. 2241: M. Jiinger, D. Naddef (Eds.), Computational
Combinatorial Optimization. IX, 305 pages. 2001.

Vol. 2242: C.A. Lee (Ed.), Grid Computing —- GRID 2001.
Proceedings, 2001. XII, 185 pages. 2001.

Vol. 2243: G. Bertrand, A. Imiya, R. Klette (Eds.), Dig-
ital and Image Geometry. VII, 455 pages. 2001.

Vol. 2244: D. Bjgrner, M. Broy, A.V. Zamulin (Eds.),
Perspectives of System Informatics. Proceedings, 2001.
XIII, 548 pages. 2001.

Vol. 2245: R. Hariharan, M. Mukund, V. Vinay (Eds.),
FST TCS 2001: Foundations of Software Technology and
Theoretical Computer Science. Proceedings, 2001. XI, 347
pages. 2001.

Vol. 2246: R. Falcone, M. Singh, Y.-H. Tan (Eds.), Trust
in Cyber-societies. VIII, 195 pages. 2001. (Subseries
LNAID).

Vol. 2247: C. P. Rangan, C. Ding (Eds.), Progress in
Cryptology — INDOCRYPT 2001. Proceedings, 2001.
XIII, 351 pages. 2001.

Vol. 2248: C. Boyd (Ed.), Advances in Cryptology —
ASIACRYPT 2001. Proceedings, 2001. XI, 603 pages.
2001.

Vol. 2249: K. Nagi, Transactional Agents. XVI, 205 pages.
2001.

Vol. 2250: R. Nieuwenhuis, A. Voronkov (Eds.), Logic
for Programming, Artificial Intelligence, and Reasoning.
Proceedings, 2001. XV, 738 pages. 2001. (Subseries
LNAI).

Vol. 2251: Y.Y. Tang, V. Wickerhauser, P.C. Yuen, C.Li
(Eds.), Wavelet Analysis and Its Applications. Proceed-
ings, 2001. XIII, 450 pages. 2001.

Vol. 2252:J. Liu, P.C. Yuen, C. Li, J. Ng, T. Ishida (Eds.),
Active Media Technology. Proceedings, 2001. XII, 402
pages. 2001.

Vol. 2253: T. Terano, T. Nishida, A. Namatame, S.
Tsumoto, Y. Ohsawa, T. Washio (Eds.), New Frontiers in
Artificial Intelligence. Proceedings, 2001. XXVII, 553
pages. 2001. (Subseries LNAI).

Vol. 2254: M.R. Little, L. Nigay (Eds.), Engineering for
Human-Computer Interaction. Proceedings, 2001. XI, 359
pages. 2001.

Vol. 2255: J. Dean, A. Gravel (Eds.), COTS-Based Soft-
ware Systems. Proceedings, 2002. XIV, 257 pages. 2002.

Vol. 2256: M. Stumptner, D. Corbett, M. Brooks (Eds.),
AI2001: Advances in Artificial Intelligence. Proceedings,
2001. XII, 666 pages. 2001. (Subseries LNAI).

Vol. 2257: S. Krishnamurthi, C.R. Ramakrishnan (Eds.),
Practical Aspects of Declarative Languages. Proceedings,
2002. VIII, 351 pages. 2002.

Vol. 2258: P. Brazdil, A. Jorge (Eds.), Progress in Artifi-
cial Intelligence. Proceedings, 2001. XII, 418 pages. 2001.
(Subseries LNAI).

Vol. 2259: S. Vaudenay, A.M. Youssef (Eds.), Selected
Areas in Cryptography. Proceedings, 2001. XI, 359 pages.
2001.

Vol. 2260: B. Honary (Ed.), Cryptography and Coding.
Proceedings, 2001. IX, 416 pages. 2001.

Vol. 2261: F. Naumann, Quality-Driven Query Answer-
ing for Integrated Information Systems. X, 166 pages.
2002.

Vol. 2262: P. Miiller, Modular Specification and Verifi-
cation of Object-Oriented Programs. XIV, 292 pages.
2002.

Vol. 2263: T. Clark, J. Warmer (Eds.), Object Modeling
with the OCL. VIII, 281 pages. 2002.

Vol. 2264: K. Steinhofel (Ed.), Stochastic Algorithms:
Foundations and Applications. Proceedings, 2001. VIII,
203 pages. 2001.

Vol. 2265: P. Mutzel, M. Jiinger, S. Leipert (Eds.), Graph
Drawing. Proceedings, 2001. XV, 524 pages. 2002.



.

Vol. 2266: S. Reich, M.T. Tzagarakis, P.M.E. De Bra
(Eds.), Hypermedia: Openness, Structural Awareness, and
Adaptivity. Proceedings, 2001. X, 335 pages. 2002.

»Vol. 2267: M. Cerioli, G. Reggio (Eds.), Recent Trends
in Algebraic Development.Techniques. Proceedings,
2001. X, 345 pages. 2001.

Vol. 2268: E.F. Deprettere, J. Teich, S. Vassiliadis (Eds.),
Embedded Processor Design Challenges. VIII, 327 pages.
2002.

Vol. 2269: S. Diehl (Ed.), Software Visualization. Pro-
ceedings, 2001. VIII, 405 pages. 2002.

Vol. 2270: M. Pflanz, On-line Error Detection and Fast
wRecover Techniques for Dependable Embedded Proces-
sors. XII, 126 pages. 2002. *

Vol. 2271: B. Preneel (Ed.), Topics in Cryptology — CT-
RSA 2002. Proceedings, 2002. X, 311 pages. 2002.

Vol. 2272: D. Bert, J.P. Bowen, M.C. Henson, K.
Robinson (Eds.), ZB 2002: Formal Specification and De-
velopment in Z and B. Proceedings, 2002. XII, 535 pages.
2002.

Vol. 2273: A.R. Coden, E.W. Brown, S. Srinivasan (Eds.),
Information Retrieval Techniques for Speech Applica-
tions. XI, 109 pages. 2002.

Vol. 2274: D. Naccache, P. Paillier (Eds.), Public Key
Cryptography. Proceedings, 2002. XI, 385 pages. 2002.

Vol. 2275: N.R. Pal, M. Sugeno (Eds.), Advances in Soft
.Computing — AFSS 2002. Proceedings, 2002. XVI, 536
pages. 2002. (Subseries LNAI).

Vol. 2276: A. Gelbukh (Ed.), Computational Linguistics
and Intelligent Text Processing. Proceedings, 2002. XIII,
444 pages. 2002.

Vol. 2277: P. Callaghan, Z. Luo, J. McKinna, R. Pollack
(Eds.), Types for Proofs and Programs. Proceedings, 2000.
VIII, 243 pages. 2002.

Vol. 2278: J.A. Foster, E. Lutton, J. Miller, C. Ryan,
A.G.B. Tettamanzi (Eds.), Genetic Programming. Pro-
“ceedings, 2002. XI, 337 pages. 2002.

Vol. 2279: S. Cagnoni, J. Gottlieb, E. Hart, M.
Middendorf, G.R. Raidl (Eds.), Applications of Evolu-
tionary Computing. Proceedings, 2002. XIII, 344 pages.
2002.

Vol. 2280: J.P. Katoen, P. Stevens (Eds.), Tools and Al-

gorithms for the Construction and Analysis of Systems.
Proceedings, 2002. XIII, 482 pages. 2002.

Vol. 2281: S. Arikawa, A. Shinohara (Eds.), Progress in
Discovery Science. XIV, 684 pages. 2002. (Subseries
LNAD.

Vol. 2282: D. Ursino, Extraction and Exploitation of
Intensional Knowledge from Heterogeneous Information
Sources. XXVI, 289 pages. 2002.

Vol. 2283: T. Nipkow, L.C. Paulson, M. Wenzel, Isabelle/
HOL. XIII, 218 pages. 2002.

Vol. 2284: T. Eiter, K.-D. Schewe (Eds.), Foundations of
Information and Knowledge Systems. Proceedings, 2002.
X, 289 pages. 2002.

Vol. 2285: H. Alt, A. Ferreira (Eds.), STACS 2002. Pro-
ceedings, 2002. XIV, 660 pages. 2002.

Vol. 2286: S. Rajsbaum (Ed.), LATIN 2002: Theoretical
Informatics. Proceedings, 2002. X111, 630 pages. 2002.

Vol. 2287: C.S. Jensen, K.G. Jeffery, J. Pokorny, Saltenis,
E. Bertino, K. B6hm, M. Jarke (Eds.), Advances in Data-
base Technology - EDBT 2002. Proceedings, 2002. X VI,
776 pages. 2002.

Vol. 2288: K. Kim (Ed.), Information Security and
Cryptology — ICISC 2001. Proceedings, 2001. XIII, 457
pages. 2002.

Vol. 2289: C.J. Tomlin, M.R. Greenstreet (Eds.), Hybrid
Systems: Computation and Control. Proceedings, 2002.
XIII, 480 pages. 2002.

Vol. 2291: F. Crestani, M. Girolami, C.J. van Rijsbergen
(Eds.), Advances in Information Retrieval. Proceedings,
2002. XIII, 363 pages. 2002.

Vol. 2292: G.B. Khosrovshahi, A. Shokoufandeh, A.
Shokrollahi (Eds.), Theoretical Aspects of Computer Sci-
ence. IX, 221 pages. 2002.

Vol. 2293: J. Renz, Qualitative Spatial Reasoning with
Topological Information. XVI, 207 pages. 2002.
(Subseries LNAI).

Vol. 2296: B. Dunin-Keplicz, E. Nawarecki (Eds.), From
Theory to Practice in Multi-Agent Systems. Proceedings,
2001. IX, 341 pages. 2002. (Subseries LNAI).

Vol. 2299: H. Schmeck, T. Ungerer, L. Wolf (Eds.),
Trends in Network and Pervasive Computing — ARCS
2002. Proceedings, 2002. XIV, 287 pages. 2002.

Vol. 2300: W. Brauer, H. Ehrig, J. Karhumiki, A. Salomaa
(Eds.), Formal and Natural Computing. XXXVI, 431
pages. 2002.

Vol. 2301: A. Braquelaire, J.-O. Lachaud, A. Vialard
(Eds.), Discrete Geometry for Computer Imagery. Pro-
ceedings, 2002. XI, 439 pages. 2002.

Vol. 2302: C. Schulte, Programming Constraint Services.
XII, 176 pages. 2002. (Subseries LNAI).

Vol. 2303: M. Nielsen, U. Engberg (Eds.), Foundations
of Software Science and Computation Structures. Proceed-
ings, 2002. XIII, 435 pages. 2002.

Vol. 2304: R.N. Horspool (Ed.), Compiler Construction.
Proceedings, 2002. XI, 343 pages. 2002.

Vol. 2305: D. Le Métayer (Ed.), Programming Languages
and Systems. Proceedings, 2002. XII, 331 pages. 2002.

Vol. 2306: R.-D. Kutsche, H. Weber (Eds.), Fundamental
Approaches to Software Engineering. Proceedings, 2002.
XIII, 341 pages. 2002.

Vol. 2308: I.P. Vlahavas, C.D. Spyropoulos (Eds.), Meth-
ods and Applications of Artificial Intelligence. Proceed-
ings, 2002. XIV, 514 pages. 2002. (Subseries LNAI).

Vol. 2309: A. Armando (Ed.), Frontiers of Combining
Systems. Proceedings, 2002. VIII, 255 pages. 2002.
(Subseries LNAI).

Vol. 2314: S.-K. Chang, Z. Chen, S.-Y. Lee (Eds.), Re-
cent Advances in Visual Information Systems. Proceed-
ings, 2002. XI, 323 pages. 2002.

Vol. 2315: F. Arhab, C. Talcott (Eds.), Coordination
Models and Languages. Proceedings, 2002. XI, 406 pages.
2002.

Vol. 2322: V. Mafik, O. St€pankova, H. Krautwurmova,
M. Luck (Eds.), Multi-Agent Systems and Applications
I1. Proceedings, 2001. XII, 377 pages. 2002. (Subseries
LNAID.



Table of Contents

Invited Paper

Semantical Evaluations
as Monadic Second-Order Compatible Structure Transformations . ... .... 1
Bruno Courcelle

Contributed Papers

Verification for Java’s Reentrant Multithreading Concept ............... 5
Erika Abrahdm- Mumm, Frank S. de Boer, Willem-Paul de Roever,
Martin Steffen

On the Integration of Observability and Reachability Concepts .......... 21
Michel Bidoit, Rolf Hennicker

Proving Correctness of Timed Concurrent Constraint Programs.......... 37
Frank S. de Boer, Maurizio Gabbrielli, Maria Chiara Meo

Generalised Regular MSC Languages ..................oooueoooo 52
Benedikt Bollig, Martin Leucker, Thomas Noll

On Compositional Reasoning in the Spi-calculus .................... .. 67
Michele Boreale, Daniele Gorla

On Specification Logics for Algebra-Coalgebra Structures:
Reconciling Reachability and Observability .......................... .. 82
Corina Cirstea

A First-Order One-Pass CPS Transformation ......................... . 98
Olivier Danvy, Lasse R. Nielsen

The Demonic Product of Probabilistic Relations ....................... 114
Ernst-Erich Doberkat

Minimizing Transition Systems for Name Passing Calculi:
A Co-algebraic Formulation .......................... ... ... ... ... 129
Gianluigi Ferrari, Ugo Montanari, Marco Pistore

Varieties of Effects ............... ... ... .. ... .. . . 144
Carsten Fihrmann

A Characterization of Families of Graphs in Which Election Is Possible . .. 159
Emmanuel Godard, Yves Métivier



XII Table of Contents

Equivalence-Checking with One-Counter Automata:
A Generic Method for Proving Lower Bounds. ......................... 172
Petr Janéar, Antonin Kucera, Faron Moller, Zdenék Sawa

Efficient Type Matching .. ...t 187
Somesh Jha, Jens Palsberg, Tian Zhao

Higher-Order Pushdown Trees Are Easy .............................. 205
Teodor Knapik, Damian Niwiriski, Pawet Urzyczyn

Conflict Detection and Resolution
in Access Control Policy Specifications. ............................... 223
Manuel Koch, Luigi V. Mancini, Francesco Parisi-Presicce

Logics Admitting Final Semantics................ ... ... ... ... ....... 238
Alexander Kurz

Model Checking Fixed Point Logic with Chop ......................... 250
Martin Lange, Colin Stirling

On Model Checking Durational Kripke Structures...................... 264
Frangois Laroussinie, Nicolas Markey, Philippe Schnoebelen

Model-Checking Infinite Systems Generated by Ground Tree Rewriting ... 280
Christof Loding

Bounded MSC Communication . ...............uuuinimueneennennan. 295
Markus Lohrey, Anca Muscholl

The Informatic Derivative at a Compact Element ...................... 310
Keye Martin

Heterogeneous Development Graphs and Heterogeneous Borrowing . ... ... 326
Till Mossakowski

Notions of Computation Determine Monads ........................... 342
Gordon Plotkin, John Power

A Calculus of Circular Proofs and Its Categorical Semantics............. 357
Luigi Santocanale

Verifying Temporal Properties Using Explicit Approximants:
Completeness for Context-free Processes .............................. 372
Ulrich Schépp, Alex Simpson

Note on the Tableau Technique for Commutative Transition Systems . . ... 387
Jiri Srba
A Semantic Basis for Local Reasoning ............. ... ... ... 402

Hongseok Yang, Peter O’Hearn



Table of Contents XIII

Linearity and Bisimulation ............... ... .. ... ... .. ... ... ... ... 417
Nobuko Yoshida, Kohei Honda, Martin Berger

Author Index



Semantical Evaluations
as Monadic Second-Order Compatible
Structure Transformations

Bruno Courcelle

LaBRI (CNRS, UMR 5800), Université Bordeaux-I,
351 cours de la Libération, F-33405 Talence, France
courcell@labri.fr
http://dept-info.labri.fr/~courcell/ActSci.html

Abstract. A transformation of structures 7 is monadic second-order
compatible (MS-compatible) if every monadic second-order property P
can be effectively rewritten into a monadic second-order property @ such
that, for every structure S, if T is the transformed structure 7(S), then
P(T) holds iff Q(S) holds.

We will review Monadic Second-order definable transductions (MS-trans-
ductions): they are MS-compatible transformations of a particular form,
i.e., defined by monadic second-order (MS) formulas.

The unfolding of a directed graph into a tree is an MS-compatible trans-
formation that is not an MS-transduction.

The MS-compatibility of various transformations of semantical interest
follows. We will present three main cases and discuss applications and
open problems.

Overview of the Lecture

Our working logical language is Monadic Second-Order Logic, i.e., the extension
of First-Order Logic with variables denoting sets of elements of the considered
structures. It enjoys a number of interesting properties regarding decidability
and construction of polynomial algorithms [4].

We consider certain semantical evaluations that can be formalized as trans-
formations of discrete structures like graphs or trees (and not as mappings from
terms to values belonging to semantical domains as this is usual in denotational
semantics).

Our main concern will be to identify transformations such that the verifica-
tion of an MS property P, of a structure T = 7(S) reduces to the verification of
an MS property @ of the input structure S , where @ depends only on 7 and P
and, of course, of the fixed relational signatures of S and 7.

In such a case, if the MS theory of an infinite structure S is decidable (which
means that there exists an algorithm that decides whether a monadic second-
order formula is true or not in S), then so is that of T —= 7(S). We say that 7 is
Monadic Second-order compatible (MS-compatible).
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Monadic Second-order definable transductions (MS-transductions in short)
have been surveyed in [2]. The idea is that T' = 7(S) if T is defined by MS
formulas inside the structure formed of k disjoint copies of S (where k and these
MS formulas are fixed and constitute the logical specification of 7). That an MS-
transduction is MS-compatible is pretty clear for those familiar with the notion
of interpretation in model theory.

An obvious consequence of the definition is that the size of the domain of
T = 7(S) is at most k times the size of that of S. In particular the unfolding
operation which transforms a finite graph into an infinite tree is not an MS-
transduction. However, the unfolding operation is MS-compatible [3, 6].

Let us consider some examples and their semantical motivations.

Ezample 1. The structure S is a finite or infinite transition system, i.e., a di-
rected labelled graph, given with a special vertex called the initial state. The
unfolding of S from the initial state is a tree (usually infinite), the tree of fi-
nite paths starting from the initial state, that represents the behavior of the
transition system.

Ezample 2. S is here a finite or infinite directed acyclic graph representing a
finite or infinite term with shared subterms. Labels attached to vertices and
edges make unambiguous the description of such a term by a graph. Unsharing,
the operation that reconstructs the term, is a special case of unfolding.

As an example of such a graph, we can take f = f =3 f = a with f a binary
function symbol and a a constant.

It unshares into the term f(f(f(a,a), f(a,a)), f(f(a,a), f(a,a))).

By looking at sizes, one can see that unsharing is not an M S-transduction.

Ezample 3. S is here a recursive applicative program scheme, as those considered
in (1], and T is the infinite term called an algebraic tree. It is the infinite term
resulting from a certain form of unfolding, involving term substitutions. Here is
an example, consisting of a single equation:

e(z) = f(z,p(g(x))

This scheme unfolds into the algebraic tree:

f(z, f(g(z), f(g(g(z)), f(g(g(g(x))),---))))-

The scheme is actually not given by a graph, but a graph representation fit-
ting our formal framework is easy to build. The transformation from graphs
representing schemes (consisting of several mutually recursive equations) with
function symbols of bounded arity to algebraic trees is MS-compatible. It follows
in particular that the MS theory of an algebraic tree is decidable [3, 5].

Ezxample 4. Hyperalgebraic trees are defined as algebraic trees except that the
“unknown functions” in schemes may take parameters of function type. Such
schemes have been first investigated by W. Damm [7] and more recently by
Knapik et al. [8,9].



