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Foreword

ETAPS 2005 was the eighth instance of the European Joint Conferences on Theory
and Practice of Software. ETAPS is an annual federated conference that was estab-
lished in 1998 by combining a number of existing and new conferences. This year it
comprised five conferences (CC, ESOP, FASE, FOSSACS, TACAS), 17 satellite work-
shops (AVIS, BYTECODE, CEES, CLASE, CMSB, COCV, FAC, FESCA, FINCO,
GCW-DSE, GLPL, LDTA, QAPL, SC, SLAP, TGC, UITP), seven invited lectures (not
including those that were specific to the satellite events), and several tutorials. We re-
ceived over 550 submissions to the five conferences this year, giving acceptance rates
below 30% for each one. Congratulations to all the authors who made it to the final
program! I hope that most of the other authors still found a way of participating in this
exciting event and I hope you will continue submitting.

The events that comprise ETAPS address various aspects of the system develop-
ment process, including specification, design, implementation, analysis and improve-
ment. The languages, methodologies and tools which support these activities are all
well within its scope. Different blends of theory and practice are represented, with an
inclination towards theory with a practical motivation on the 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 program committee and 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 in-
vited lectures are reserved for “unifying” 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 2005 was organized by the School of Informatics of the University of Edin-
burgh, in cooperation with

— European Association for Theoretical Computer Science (EATCS);
— European Association for Programming Languages and Systems (EAPLS);
— European Association of Software Science and Technology (EASST).

The organizing team comprised:
— Chair: Don Sannella
Publicity: David Aspinall
Satellite Events: Massimo Felici
Secretariat: Dyane Goodchild
Local Arrangements: Monika-Jeannette Lekuse
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Tutorials: Alberto Momigliano

Finances: Ian Stark

Website: Jennifer Tenzer, Daniel Winterstein
Fundraising: Phil Wadler

ETAPS 2005 received support from the University of Edinburgh.
Overall planning for ETAPS conferences is the responsibility of its Steering Com-
mittee, whose current membership is:

Perdita Stevens (Edinburgh, Chair), Luca Aceto (Aalborg and Reykjavik),
Rastislav Bodik (Berkeley), Maura Cerioli (Genoa), Evelyn Duesterwald
(IBM, USA), Hartmut Ehrig (Berlin), José Fiadeiro (Leicester), Marie-Claude
Gaudel (Paris), Roberto Gorrieri (Bologna), Reiko Heckel (Paderborn), Hol-
ger Hermanns (Saarbriicken), Joost-Pieter Katoen (Aachen), Paul Klint (Am-
sterdam), Jens Knoop (Vienna), Kim Larsen (Aalborg), Tiziana Margaria
(Dortmund), Ugo Montanari (Pisa), Hanne Riis Nielson (Copenhagen), Fer-
nando Orejas (Barcelona), Mooly Sagiv (Tel Aviv), Don Sannella (Edinburgh),
Vladimiro Sassone (Sussex), Peter Sestoft (Copenhagen), Michel Wermelinger
(Lisbon), Igor Walukiewicz (Bordeaux), Andreas Zeller (Saarbriicken), Lenore
Zuck (Chicago).

I would like to express my sincere gratitude to all of these people and organizations, the
program committee chairs and PC members of the ETAPS conferences, the organizers
of the satellite events, the speakers themselves, the many reviewers, and Springer for
agreeing to publish the ETAPS proceedings. Finally, I would like to thank the organizer
of ETAPS 2005, Don Sannella. He has been instrumental in the development of ETAPS
since its beginning; it is quite beyond the limits of what might be expected that, in ad-
dition to all the work he has done as the original ETAPS Steering Committee Chairman
and current ETAPS Treasurer, he has been prepared to take on the task of organizing this
instance of ETAPS. It gives me particular pleasure to thank him for organizing ETAPS
in this wonderful city of Edinburgh in this my first year as ETAPS Steering Committee
Chair.

Edinburgh, January 2005 Perdita Stevens
ETAPS Steering Committee Chair



Preface

This volume collects the proceedings of “Foundations of Software Science and Com-
putation Structures,” FOSSACS 2005. FOSSACS is a member conference of ETAPS,
the “Buropean Joint Conferences on Theory and Practice of Software,” dedicated to
foundational research for software science. It invites submissions on theories and meth-
ods to underpin the analysis, integration, synthesis, transformation, and verification of
programs and software systems. Topics covered usually include: algebraic models; au-
tomata and language theory; behavioral equivalences; categorical models; computa-
tion processes over discrete and continuous data; computation structures; logics of pro-
grams; modal, spatial, and temporal logics; models of concurrent, reactive, distributed,
and mobile systems; models of security and trust; language-based security; process al-
gebras and calculi; semantics of programming languages; software specification and
refinement; and type systems and type theory.

FOSSACS 2005 consisted of one invited and 30 contributed papers, selected out of
108 submissions, yielding an acceptance rate of less than 28%. The quality of the manu-
scripts was very high indeed, and the Program Committee had to reject several deserving
ones. Besides making for a strong 2005 program, this is an indication that FOSSACS is
becoming an established point of reference in the international landscape of theoretical
computer science. This is a trend that I believe will continue in its forthcoming editions.

Besides Marcelo Fiore’s invited talk, the volume includes Ugo Montanari’s in-
vited address as an ETAPS unifying speaker. Ugo’s ‘Model Checking for Nominal Cal-
culi’ reflects broadly on topics in semantics, weaving together verification via semantic
equivalences and model checking, Web services, the n-calculus, and the derivation of
bisimulation congruences over reactive systems. Marcelo’s contribution, ‘Mathematical
Models of Computational and Combinatorial Structures, advocates a combinatorial ap-
proach to semantic models by introducing a calculus of generalized species of structures
as a unification and generalization of models arising in several distinct areas, including
his previous work on denotational models of the -calculus and of variable-binding op-
erators. The conference program was organized into nine sessions, each focusing on
reflecting common research topics among the accepted papers. The order of presenta-
tion of the papers in this volume maintains the structure of those sessions.

I have a debt of gratitude to the Program Committee for their scholarly effort during
the discussion phase; to the referees, for carrying out the reviewing task with compe-
tence, care, and precision; to the invited speakers for their inspired work; and ultimately
to the authors for submitting their best work to FOSSACS. Thanks to David Aspinall
and Don Sannella for the local organization, and to Martin Karusseit and Tiziana Mar-
garia for their support with the conference electronic management system.

I hope you enjoy the volume.

Sussex, January 2005 Vladimiro Sassone
Program Chair
FOSSACS 2005
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Model Checking for Nominal Calculi*

Gian Luigi Ferrari, Ugo Montanari, and Emilio Tuosto

Dipartimento di Informatica, Largo Bruno Pontecorvo 3, 56127 Pisa — Italy

Abstract. Nominal calculi have been shown very effective to formally model a
variety of computational phenomena. The models of nominal calculi have often
infinite states, thus making model checking a difficult task. In this note we survey
some of the approaches for model checking nominal calculi. Then, we focus on
History-Dependent automata, a syntax-free automaton-based model of mobility.
History-Dependent automata have provided the formal basis to design and imple-
ment some existing verification toolkits. We then introduce a novel syntax-free
setting to model the symbolic semantics of a nominal calculus. Our approach re-
lies on the notions of reactive systems and observed borrowed contexts introduced
by Leifer and Milner, and further developed by Sassone, Lack and Sobocinski.
We argue that the symbolic semantics model based on borrowed contexts can be
conveniently applied to web service discovery and binding.

1 Summary

Model checking has been shown very effective for proving properties of system be-
haviour whenever a finite model of it can be constructed. The approach is convenient
since it does not require formal proofs and since the same automaton-like model can
accommodate system specification languages with substantially different syntax and
semantics. Among the properties which can be checked, behavioural equivalence is
especially important for matching specifications and implementations, for proving the
system resistant to certain attacks and for replacing the system with a simpler one with
the same properties.

Names have been used in process calculi for representing a variety of different in-
formations concerning addresses, mobility links, continuations, localities, causal depen-
dencies, security keys and session identifiers. When an unbound number of new names
can be generated during execution, the models tend to be infinite even in the simplest
cases, unless explicit mechanisms are introduced to allocate and garbage collect names,
allowing the same states to be reused with different name meanings.

We review some existing syntax-free models for name-passing calculi and focus
on History-Dependent automata (HD-automata), introduced by Montanari and Pistore
in 1995 [62]. HD-automata [62,63,71] have been shown a suitable automata-based
model for representing Petri nets, CCS with causality and localities and some versions
of m-calculus [59, 75].

* Work supported by European Union project PROFUNDIS, Contract No. IST-2001-33100.
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Different versions of HD-automata have been defined. The simplest version can be
easily translated to ordinary automata, but possibly with a larger number of states. In a
second version, the states are equipped with name symmetries which further reduce the
size of the automata. Furthermore, a theory based on coalgebras in a category of “named
sets” can be developed for this kind of HD-automata, which extends the applicability
of the approach to other nominal calculi and guarantees the existence of the minimal
automaton within the same bisimilarity class (64, 34].

HD-automata also constitute the formal basis upon which several verification toolk-
its have been defined and implemented. The front end towards the m-calculus and the
translation algorithm for the simplest version of HD-automata have been implemented
in the HAL tool [31,32], which relies on the JACK verification environment [7] for
handling the resulting ordinary automata. The minimisation algorithm, naturally sug-
gested by the coalgebraic framework, has been implemented in the Mihda toolkit [35,
36] within the European project PROFUNDIS. Other versions of HD-automata can
be equipped with algebraic operations, and are based on a algebraic-coalgebraic the-
ory [61].

Here we propose a further instance handling the symbolic versions of nominal cal-
culi, where inputs are represented as variables which are instantiated only when needed.
As it is the case for logic programming unification, one would like the variables to be
instantiated only the least possible, still guaranteeing that all behaviours are eventu-
ally explored. The approach we follow relies on the notion of reactive system and of
observable borrowed contexts introduced by Leifer and Milner [53,52] and further de-
veloped by Sassone, Lack and Sobocinski [76, 78, 50] using G-categories and adhesive
categories. The reduction semantics of reactive systems is extended in order to intro-
duce as borrowed contexts both the variable instantiations needed in the transitions
and the ordinary m-calculus actions. It is argued that the symbolic semantics model
based on borrowed contexts can be conveniently applied to web service discovery and
binding.

In this paper we review the main results on HD-automata setting them in the main-
stream research on nominal calculi. The final part of the paper introduces a novel
symbolic semantics of T-calculus based on reactive systems and observed borrowed
contexts. In our approach, unification is the basic interaction mechanism. We con-
sider this as being the first step toward the definition of a formal framework (models,
proof techniques and verification toolkits) for the so-called service oriented computing
paradigm.

2 Verification via Semantics Equivalence

In the last thirty years the application of formal methods to software engineering has
generated techniques and tools to deal with the various facets of the software devel-
opment process (see e.g. [19] and the references therein). One of the main advantages
of exploiting formal techniques consists of the possibility of constructing abstractions
that approximate behaviours of the system under development. Often, these abstrac-
tions are amenable to automatic verification of properties thus providing a support to
the certification of software quality.
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Among the different proposals, verification via semantics equivalence provides a
well established framework to deal with the checking of behavioural properties. In
this approach, checking behavioural properties is reduced to the problem of contrast-
ing two system abstractions in order to determine whether their behaviours coincide
with respect to a suitable notion of semantics equivalence. For instance, it is possi-
ble to verify whether an abstraction of the implementation is consistent with its ab-
stract specification. Another example is provided by the information leak detection;
in [39] the analysis of information flow is done by verifying that the abstraction of the
system P is equivalent to another abstraction obtained by suitably restricting the be-
haviour of P. A similar idea has been exploited in [1] for the analysis of cryptographic
protocols.

Bisimilarity [69] has been proved to be an effective basis for verification based on
semantics-equivalence of system abstractions described in some process calculus, i.e.
Milner’s Calculus of Communicating Systems (CCS) [58]. Bisimilarity is a co-inductive
relation defined over a special class of automata called labelled transition systems. A
generic labelled transition system (LTS) describes the evolution of a system by its in-
teractions with the external environment. The co-inductive nature of bisimulation pro-
vides an effective proof method to establish semantics equivalence: it is sufficient to
exhibit a bisimulation relating the two abstractions. Bisimulation-based proof methods
have been exploited to establish properties of a variety of systems such as communica-
tion protocols, hardware designs and embedded controllers. Moreover, they have been
incorporated in several toolkits for the verification of properties. Indeed, finite state ver-
ification environments have enjoyed substantial and growing use over the last years.
Here, we mention the Concurrency WorkBench [21], the Meije-FC2 tools [8] and the
JACK toolkit [7] to cite a few. Several systems of considerable complexity have been
formalised and proved correct by exploiting these semantics-based verification environ-
ments.

The advent of mobile computing and wireless communication together with the de-
velopment of applications running over the Internet (Global Computing Systems) have
introduced software engineering scenarios that are much more dynamic than those han-
dled with the techniques discussed above. Indeed, finite state verification of global com-
puting systems is much more difficult: in this case, even simple systems can generate
infinite state spaces. An illustrative example is provided by the w-calculus [59, 75]. The
Ti-calculus primitives are simple but expressive: channel names can be created, commu-
nicated (thus giving the possibility of dynamically reconfiguring process acquaintances)
and they are subjected to sophisticated scoping rules. The n-calculus is the archetype of
name passing or nominal process calculi. Nominal calculi emphasise the principle that
name mechanisms (e.g. local name generation, name exchanges, etc.) provide a suitable
abstraction to formally explain a wide range of phenomena of global computing sys-
tems (see e.g. [80,41]). Moreover, nominal calculi provide a basic programming model
that has been incorporated in suitable libraries or novel programming languages [22, 4].
Finally, the usefulness of names has been also emphasised in practice. For instance,
Needham [66] pointed out the role of names for the security of distributed systems. The
World Wide Web provides an excellent (perhaps the most important) example of the
power of names and name binding/resolution.



