Luis Caires
Vasco T. Vasconcelos (Eds.)

CONCUR 2007 -
Concurrency Theory

18th International Conference, CONCUR 2007
Lisbon, Portugal, September 2007
Proceedings

LNCS 4703

@_ Springer




Luis Caires Vasco T. Vasconcelos (Eds.)

CONCUR 2007 -
Concurrency Theory

18th International Conference, CONCUR 2007
Lisbon, Portugal, September 3-8, 2007
Proceedings

@ Springer



Volume Editors

Luis Caires

Universidade Nova de Lisboa
Portugal

E-mail: Luis.Caires@di.fct.unl.pt

Vasco T. Vasconcelos
Universidade de Lisboa
Portugal

E-mail: vv@di.fc.ul.pt

Library of Congress Control Number: 2007933184

CR Subject Classification (1998): F3, F.1,D.3,D.1,C.2

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

ISSN 0302-9743
ISBN-10 3-540-74406-1 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-74406-1 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
1o prosecution under the German Copyright Law.

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

© Springer-Verlag Berlin Heidelberg 2007
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 12112159 06/3180 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

4703



Lecture Notes in Computer Science

For information about Vols. 1-4565

please contact your bookseller or Springer

Vol. 4708: L. Kucera, A. Kucera (Eds.), Mathemati-
cal Foundations of Computer Science 2007. XVIII, 764
pages. 2007.

Vol. 4707: O. Gervasi. M.L. Gavrilova (Eds.). Computa-
tional Science and Its Applications — ICCSA 2007, Part
1. XXIV, 1205 pages. 2007.

Vol. 4706:-0. Gervasi, M.L. Gavrilova (Eds.). Computa-
tional Science and Its Applications — ICCSA 2007, Part
I1. XXII1, 1129 pages. 2007.

Vol. 4705: O. Gervasi, M.L. Gavrilova (Eds.). Computa-
tional Science and Its Applications — ICCSA 2007, Part
I. XLIV, 1169 pages. 2007.

Vol. 4703: L. Caires, V.T. Vasconcelos (Eds.). CONCUR
2007 - Concurrency Theory. XII1, 507 pages. 2007.

Vol. 4697: L. Choi. Y. Paek, S. Cho (Eds.), Advances in
Computer Systems Architecture. XIII, 400 pages. 2007.
Vol. 4685: D.J. Veit, J. Altmann (Eds.), Grid Economics
and Business Models. XII, 201 pages. 2007.

Vol. 4682: D.-S. Huang, L. Heutte, M. Loog (Eds.).
Advanced Intelligent Computing Theories and Applica-
tions. XXVII, 1373 pages. 2007. (Sublibrary LNAT).
Vol. 4681: D.-S. Huang, L. Heutte, M. Loog (Eds.),
Advanced Intelligent Computing Theories and Applica-
tions. XX VI, 1379 pages. 2007.

Vol. 4679: A L. Yuille, S.-C. Zhu, D. Cremers. Y. Wang
(Eds.), Energy Minimization Methods in Computer Vi-
sion and Pattern Recognition. XII. 494 pages. 2007.
Vol. 4673: W.G. Kropatsch, M. Kampel. A. Hanbury
(Eds.), Computer Analysis of Images and Patterns. XX,
1006 pages. 2007.

Vol. 4671: V. Malyshkin (Ed.), Parallel Computing Tech-
nologies. X1V, 635 pages. 2007.

Vol. 4660: S. Dzeroski, J. Todorovski (Eds.), Computa-
tional Discovery of Scientific Knowledge. X, 327 pages.
2007. (Sublibrary LNAI).

Vol. 4657: C. Lambrinoudakis, G. Pernul, A M. Tjoa
(Eds.). Trust and Privacy in Digital Business. XIII, 291
pages. 2007.

Vol. 4651: F. Azevedo, P. Barahona, F. Fages, F. Rossi
(Eds.). Recent Advances in Constraints. VIIL, 185 pages.
2007. (Sublibrary LNAI).

Vol. 4649: V. Diekert, M. V. Volkov, A. Voronkov (Eds.),
Computer Science — Theory and Applications. XIII, 420
pages. 2007.

Vol. 4647: R. Martin, M. Sabin, J. Winkler (Eds.), Math-
ematics of Surfaces XII. IX, 509 pages. 2007.

Vol. 4645: R. Giancarlo, S. Hannenhalli (Eds.), Algo-
rithms in Bioinformatics. XIII, 432 pages. 2007. (Subli-
brary LNBI).

Vol. 4643: M.-F. Sagot. M.EM.T. Walter (Eds.). Ad-
vances in Bioinformatics and Computational Biology.
XII. 177 pages. 2007. (Sublibrary LNBI).

Vol. 4642: S.-W. Lee, S.Z. Li (Eds.). Advances in Bio-
metrics. XX, 1216 pages. 2007.

Vol. 4639: E. Csuhaj-Varj'u, Z. Esik (Eds.). Fundamen-
tals of Computation Theory. XIV, 508 pages. 2007.

Vol. 4637: C. Kruegel. R. Lippmann, A. Clark (Eds.),
Recent Advances in Intrusion Detection. XII, 337 pages.
2007.

Vol. 4635: B. Kokinov, D.C. Richardson, T.R. Roth-
Berghofer, L. Vieu (Eds.), Modeling and Using Context.
X1V, 574 pages. 2007. (Sublibrary LNAI).

Vol. 4634: H.R. Nielson, G. Fil¢ (Eds.), Static Analysis.
XI, 469 pages. 2007.

Vol. 4633: M. Kamel, A. Campilho (Eds.), Image Anal-
ysis and Recognition. XII. 1312 pages. 2007.

Vol. 4632: R. Alhajj, H. Gao, X. Li, J. Li, O.R. Zaiane
(Eds.). Advanced Data Mining and Applications. XV,
634 pages. 2007. (Sublibrary LNAI).

Vol. 4628: LL.N. de Castro, F.J. Von Zuben, H. Knidel
(Eds.), Artificial Immune Systems. XII, 438 pages. 2007.
Vol. 4627: M. Charikar, K. Jansen, O. Reingold.
J.D.P. Rolim (Eds.), Approximation, Randomization,
and Combinatorial Optimization. XII. 626 pages. 2007.
Vol 1626: R.0. Weber. M.M. Richter (Eds.), Case-Based
Reasoning Research and Development. X111, 534 pages.
2007. (Sublibrary LNAI).

Vol. 4624: T. Mossakowski, U. Montanari, M. Haveraaen
(Eds.), Algebra and Coalgebra in Computer Science. XI,
463 pages. 2007.

Vol. 4622: A. Menezes (Ed.). Advances in Cryptology -
CRYPTO 2007. XIV., 631 pages. 2007.

Vol. 4619: F. Dehne, J.-R. Sack. N. Zeh (Eds.). Algo-
rithms and Data Structures. XVI. 662 pages. 2007.

Vol. 4618: S.G. Akl. C.S. Calude, M.J. Dinneen, G.
Rozenberg. H.T. Wareham (Eds.). Unconventional Com-
putation. X, 243 pages. 2007.

Vol. 4617: V. Torra, Y. Narukawa. Y. Yoshida (Eds.).
Modeling Decisions for Artificial Intelligence. XII, 502
pages. 2007. (Sublibrary LNAI).

Vol. 4616: A. Dress. Y. Xu, B. Zhu (Eds.). Combinatorial
Optimization and Applications. XI. 390 pages. 2007.
Vol. 4615: R. de Lemos, C. Gacek. A. Romanovsky
(Eds.), Architecting Dependable Systems IV. X1V, 435
pages. 2007.

Vol. 4613: F.P. Preparata, Q. Fang (Eds.). Frontiers in
Algorithmics. XI, 348 pages. 2007.



Vol. 4612: 1. Miguel, W. Ruml (Eds.), Abstraction. Re-
formulation, and Approximation. XI. 418 pages. 2007.
(Sublibrary LNAI).

Vol. 4611: J. Indulska, J. Ma. L.T. Yang, T. Ungerer.
J. Cao (Eds.), Ubiquitous Intelligence and Computing.
XXIII, 1257 pages. 2007.

Vol. 4610: B. Xiao. L.T. Yang. J. Ma, C. Muller-
Schloer, Y. Hua (Eds.), Autonomic and Trusted Com-
puting. XVIII, 571 pages. 2007.

Vol. 4609: E. Ernst (Ed.), ECOOP 2007 - Object-
Oriented Programming. XIII, 625 pages. 2007.

Vol. 4608: H.W. Schmidt, I. Crnkovic, G.T. Heineman.
J.A. Stafford (Eds.), Component-Based Software Engi-
neering. XII. 283 pages. 2007.

Vol. 4607: L. Baresi, P. Fraternali. G.-J. Houben (Eds.).
Web Engineering. XVI, 576 pages. 2007.

Vol. 4606: A. Pras, M. van Sinderen (Eds.), Dependable
and Adaptable Networks and Services. XIV. 149 pages.
2007.

Vol. 4605: D. Papadias, D. Zhang, G. Kollios (Eds.).
Advances in Spatial and Temporal Databases. X, 479
pages. 2007.

Vol. 4604: U. Priss, S. Polovina, R. Hill (Eds.). Con-
ceptual Structures: Knowledge Architectures for Smart
Applications. XII. 514 pages. 2007. (Sublibrary LNAI).
Vol. 4603: F. Pfenning (Ed.), Automated Deduction —
CADE-21. XII, 522 pages. 2007. (Sublibrary LNAI).
Vol. 4602: S. Barker. G.-J. Ahn (Eds.). Data and Appli-
cations Security XXI. X, 291 pages. 2007.

Vol. 4600: H. Comon-Lundh, C. Kirchner, H. Kirch-
ner (Eds.), Rewriting, Computation and Proof. XVI, 273
pages. 2007.

Vol.4599: S. Vassiliadis, M. Berekovic, T.D. Hiamiildinen
(Eds.), Embedded Computer Systems: Architectures.
Modeling, and Simulation. XVIII, 466 pages. 2007.
Vol. 4598: G. Lin (Ed.), Computing and Combinatorics.
XII, 570 pages. 2007.

Vol. 4597: P. Perner (Ed.). Advances in Data Mining. XI.
353 pages. 2007. (Sublibrary LNAI).

Vol. 4596: L. Arge, C. Cachin, T. Jurdzinski, A. Tarlecki
(Eds.). Automata, Languages and Programming. XVII.
953 pages. 2007.

Vol. 4595: D. Bosnacki, S. Edelkamp (Eds.). Model
Checking Software. X, 285 pages. 2007.

Vol. 4594: R. Bellazzi. A. Abu-Hanna, J. Hunter (Eds.).
Artificial Intelligence in Medicine. XVI, 509 pages.
2007. (Sublibrary LNAI).

Vol. 4592: Z. Kedad, N. Lammari, E. Métais, F. Meziane,
Y. Rezgui (Eds.). Natural Language Processing and In-
formation Systems. XIV, 442 pages. 2007.

Vol. 4591: J. Davies, J. Gibbons (Eds.), Integrated For-
mal Methods. IX, 660 pages. 2007.

Vol. 4590: W. Damm, H. Hermanns (Eds.), Computer
Aided Verification. XV, 562 pages. 2007.

Vol. 4589: J. Miinch, P. Abrahamsson (Eds.), Product-

Focused Software Process Improvement. XII, 414 pages.
2007.

Vol. 4588: T. Harju, J. Karhumiki, A. Lepisto (Eds.).
Developments in Language Theory. XI. 423 pages. 2007.
Vol. 4587: R. Cooper. J. Kennedy (Eds.). Data Manage-
ment. XIII, 259 pages. 2007.

Vol. 4586: J. Pieprzyk, H. Ghodosi, E. Dawson (Eds.),
Information Security and Privacy. XIV, 476 pages. 2007.
Vol. 4585: M. Kryszkiewicz, J.F. Peters, H. Rybinski,
A. Skowron (Eds.), Rough Sets and Intelligent Systems
Paradigms. XIX, 836 pages. 2007. (Sublibrary LNAI).
Vol. 4584: N. Karssemeijer, B. Lelieveldt (Eds.). Infor-
mation Processing in Medical Imaging. XX. 777 pages.
2007.

Vol. 4583: S.R. Della Rocca (Ed.). Typed Lambda Cal-
culi and Applications. X, 397 pages. 2007.

Vol.4582:J. Lopez. P. Samarati, J.L. Ferrer (Eds.), Public
Key Infrastructure. XI. 375 pages. 2007.

Vol. 4581: A. Petrenko, M. Veanes, J. Tretmans, W.
Grieskamp (Eds.), Testing of Software and Communi-
cating Systems. XII, 379 pages. 2007.

Vol. 4580: B. Ma, K. Zhang (Eds.), Combinatorial Pat-
tern Matching. XII, 366 pages. 2007.

Vol. 4579: B. M. Himmerli, R. Sommer (Eds.). Detec-
tion of Intrusions and Malware, and Vulnerability As-
sessment. X, 251 pages. 2007.

Vol. 4578: F. Masulli. S. Mitra, G. Pasi (Eds.), Appli-
cations of Fuzzy Sets Theory. XVIII. 693 pages. 2007.
(Sublibrary LNAI).

Vol. 4577: N. Sebe. Y. Liu, Y.-t. Zhuang. T.S. Huang
(Eds.), Multimedia Content Analysis and Mining. XIII.
513 pages. 2007.

Vol. 4576: D. Leivant, R. de Queiroz (Eds.). Logic,
Language, Information and Computation. X. 363 pages.
2007.

Vol. 4575: T. Takagi. T. Okamoto, E. Okamoto, T.
Okamoto (Eds.), Pairing-Based Cryptography — Pairing
2007. XI. 408 pages. 2007.

Vol. 4574: ]. Derrick, J. Vain (Eds.), Formal Techniques
for Networked and Distributed Systems — FORTE 2007.
XI. 375 pages. 2007.

Vol. 4573: M. Kauers. M. Kerber, R. Miner, W. Wind-
steiger (Eds.), Towards Mechanized Mathematical As-
sistants. XII1. 407 pages. 2007. (Sublibrary LNAI).
Vol. 4572: F. Stajano. C. Meadows. S. Capkun, T. Moore
(Eds.). Security and Privacy in Ad-hoc and Sensor Net-
works. X, 247 pages. 2007.

Vol. 4571: P. Perner (Ed.), Machine Learning and Data
Mining in Pattern Recognition. XIV. 913 pages. 2007.
(Sublibrary LNAI).

Vol. 4570: H.G. Okuno, M. Ali (Eds.). New Trends in
Applied Artificial Intelligence. XXI, 1194 pages. 2007.
(Sublibrary LNAI).

Vol. 4569: A. Butz, B. Fisher. A. Kriiger, P. Olivier, S.
Owada (Eds.), Smart Graphics. IX, 237 pages. 2007.
Vol. 4568: T. Ishida. S. R. Fussell, P. T. J. M. Vossen
(Eds.). Intercultural Collaboration. XIII, 395 pages.
2007.

Vol. 4566: M.J. Dainoff (Ed.). Ergonomics and Health

Aspects of Work with Computers. XVIIL. 390 pages.
2007.



Preface

This volume contains the proceedings of the 18th International Conference on
Concurrency Theory, held at the Gulbenkian Foundation, Lisbon, Portugal,
September 3-8, 2007. Since its first edition back in 1990, Concur has been a
leading conference in concurrency theory, attracting researchers, graduate stu-
dents, and practitioners, to exchange ideas, progresses, and challenges.

The Concur conference has traditionally covered a large spectrum of the field,
including invited lecturers and tutorials by prominent researchers, contributed
technical papers, and several associated workshops. Main topics include basic
models and logics of concurrent and distributed computation (such as process
algebras, Petri nets, domain theoretic or game theoretic models, modal and
temporal logics), specialized models or classes of systems (such as synchronous
systems, real time and hybrid systems, stochastic systems, databases, mobile
and migrating systems, protocols, biologically inspired systems), related verifi-
cation techniques and tools (including state-space exploration, model-checking,
synthesis, abstraction, automated deduction, testing), and concurrent program-
ming (such as distributed, constraint or object-oriented, graph rewriting, as well
as associated type systems, static analyses, and abstract machines).

This year, the Program Committee, after a careful and thorough reviewing
process, selected for inclusion in the programme 30 papers out of 112 submis-
sions. Each submission was evaluated by at least three referees, and the accepted
papers were selected during a one-and-a-half-week electronic discussion.

The volume opens with the invited contributions by Luca Aceto (Reykjavik),
Vincent Danos (Paris 7), and Fred B. Schneider (Cornell). The program also
included an addditional invited lecture by Peter O'Hearn (QMU London) and
an additional tutorial by José Luiz Fiadeiro (Leicester), all of which, we believe,
complimented the technical papers rather well.

Co-located with Concur 2007, eight workshops took place: Expressiveness
in Concurrency (EXPRESS), Graph Transformation for Verification and Con-
currency (GT-VC), Security Issues in Concurrency (SECCO), Verification and
Analysis of Multi-threaded Java-like Programs (VAMP), Applying Concurrency
Research in Industry (IFIP WG 1.8), Foundations of Coordination Languages
and Software Architectures (FOCLASA), From Biology to Concurrency and
Back (FBTC), and International Workshop on Verification of Infinite-State Sys-
tems (INFINITY).

Concur 2007 was made possible by the contribution and dedication of many
people. First of all, we would like to thank all the authors who submitted pa-
pers for consideration. Secondly we would like to thank our invited and tutorial
speakers. We would also like to thank the members of the Program Committee
for their hard work, careful reviews, and the thorough and balanced discussions
during the selection process. Finally, we acknowledge the Gulbenkian Foundation
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for hosting Concur 2007, and Easychair and Andrei Voronkov for providing soft-
ware support for the Program Committee meeting.

June 2007 _ Luis Caires
Vasco T. Vasconcelos
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Mapping the Security Landscape:
A Role for Language Techniques
Abstract of Invited Lecture

Fred B. Schneider*

Department of Computer Science
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Ithaca, New York 14558
U.S.A
fbs@cs.cornell.edu

Over the last decade, programming language techniques have been applied in
non-obvious ways to building secure systems. This talk will not only survey that
work in language based security but show that the theoretical underpinnings of
programming languages are a good place to start for developing a much needed
foundation for software system security.

Research developments in language design, compilers, program analysis, type
checking, and program rewriting have brought increased assurance in what a
software system does and does not do. This was needed, welcome, but not sur-
prising. What is surprising are the new approaches to engineering secure systems
that have emerged from language-based security research. Inline reference mon-
itors, for example, enable enforcement of a broad class of authorization policies
specified separately from the components they concern; and proof carrying code
provides a way to relocate trust from one system component to another, provid-
ing designers with flexibility in setting the trusted computing base.

Our sophistication in the engineering of secure systems has improved without
the benefit of a rigorous mathematical foundation. This is probably a matter
of luck and certainly a matter for concern. Too much of security engineering is
based on anecdotes, driven by past attacks, and directed by a few familiar kinds
of security policies. We have still to identify abstract classes of enforcement mech-
anisms, attacks, or policies, much less understand connections between them. In
short, we have made little progress in mapping the security landscape.

Yet some features of the security landscape do start to become apparent if the
abstractions and metaphors of programming language semantics are applied to
software system security. And there is reason to believe the approach will yield
more fruit, too. We will discuss what is known, what we might strive to know,
and the role that programming language semantics can play.

Acknowledgment. 1 am grateful to my collaborators Michael Clarkson, Kevin
Hamlen, Andrew Myers, Greg Morrisett, and Riccardo Pucella.

* Supported in part by AFOSR grant F9550-06-0019, National Science Foundation
Grants 0430161 and CCF-0424422 (TRUST), and a gift from Microsoft Corporation.
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The Saga of the Axiomatization of Parallel
Composition*
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Abstract. This paper surveys some classic and recent results on the
finite axiomatizability of bisimilarity over CCS-like languages. It focuses,
in particular, on non-finite axiomatizability results stemming from the
semantic interplay between parallel composition and nondeterministic
choice. The paper also highlights the role that auxiliary operators, such
as Bergstra and Klop’s left and communication merge and Hennessy’s
merge operator, play in the search for a finite, equational axiomatization
of parallel composition both for classic process algebras and for their
real-time extensions.

1 The Problem and Its History

Process algebras are prototype description languages for reactive systems that
arose from the pioneering work of figures like Bergstra, Hoare, Klop and Milner.
Well-known examples of such languages are ACP [18], CCS [44], CSP [40] and
Meije [13]. These algebraic description languages for processes differ in the basic
collection of operators that they offer for building new process descriptions from
existing ones. However, since they are designed to allow for the description and
analysis of systems of interacting processes, all these languages contain some
form of parallel composition (also known as merge) operator allowing one to put
two process terms in parallel with one another. These operators usually interleave
the behaviours of their arguments, and support some form of synchronization
between them.

For example, Milner’s CCS offers the binary operator ||, whose intended se-
mantics is described by the following classic rules in the style of Plotkin [49].

H ’ Hooy « / a oy
r—x y—uy r—xr,y—y

Iz H“ T (1)
clly=ally  zlly=z|y zlly = 2|y
(In the above rules, the symbol p stands for an action that a process may perform,
o and & are two observable actions that may synchronize, and 7 is a symbol
denoting the result of their synchronization.)

* This paper is based on joint work with Wan Fokkink, Bas Luttik and Moham-
madReza Mousavi. The authors were partly supported by the project “The Equa-
tional Logic of Parallel Processes” (nr. 060013021) of The Icelandic Research Fund.
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The Saga of the Axiomatization of Parallel Composition 3

Although the above rules describe the behaviour of the parallel composition
operator in very intuitive fashion, the equational characterization of this operator
is not straightforward. In their seminal paper [39], Hennessy and Milner offered,
amongst a wealth of other classic results, a complete equational axiomatization of
bisimulation equivalence [48] over the recursion-free fragment of CCS. (See the pa-
per [14] for a more detailed historical account highlighting, e.g., Hans Beki¢’s early
contributions to this field of research.) The axiomatization proposed by Hennessy
and Milner in [39] dealt with parallel composition using the so-called expansion
law—a law that, intuitively, allows one to obtain a term describing explicitly the
initial transitions of the parallel composition of two terms whose initial transitions
are known. This law can be expressed as the following equation schema

(Z/H’L‘)H(Z’h%) =S w i+ wely+ 3 @il @
iel jed i€l jed i€l jeJ
Hi="7;

(where I and J are two finite index sets, and the p; and 7; are actions), and
is nothing but an equational formulation of the aforementioned rules describing
the operational semantics of parallel composition.

Despite its natural and simple formulation, the expansion law, however, is an
equation schema with a countably infinite number of instances. This raised the
question of whether the parallel composition operator could be axiomatized in
bisimulation semantics by means of a finite collection of equations. This question
was answered positively by Bergstra and Klop, who gave in [20] a finite equa-
tional axiomatization of the merge operator in terms of the auxiliary left merge
and communication merge operators. Moller showed in [46,47] that bisimulation
equivalence is not finitely based over CCS and PA without the left merge op-
erator. (The process algebra PA [20] contains a parallel composition operator
based on pure interleaving without communication—viz. an operator described
by the first two rules in (1)-—and the left merge operator.) These results, which
we survey in Section 2, indicate that auxiliary operators are necessary to obtain
a finite axiomatization of parallel composition.

Moller’s results clarified the role played by the expansion law in the equa-
tional axiomatization of parallel composition over CCS and, to the best of our
knowledge, were the first negative results on the existence of finite equational
axiomatizations for algebras of processes that were presented in the literature.
To our mind, the negative results achieved by Moller in his doctoral dissertation
removed a psychological barrier by showing that non-finite axiomatizability re-
sults could indeed be achieved also in the study of process algebras, and paved
the way to the further developments we describe henceforth in this paper.

The contributions our collaborators and we have offered so far to the saga of
the axiomatization of parallel composition have been mostly motivated by an
attempt to answer the following questions.

1. Are there other “natural” auxiliary operators that can be used, in lieu of
Bergstra and Klop’s left and communication merge, to achieve a finite equa-
tional axiomatization of parallel composition?



