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Preface

The algebraic specification of abstract data types has been a flourishing research
topic in computer science since 1974, The main goal of this work is to evolve theo-
retical foundations and a methadology Lo support the design and formal development
of reliable software. The Eighth Workshop on Specification of Absiract Data Types
was held jointly with the Third COMPASS Workshop, 26-30 August 1991, in the
town of Dourdan, about b0 kilometers from Paris, and was organized by Michel
Bidoit and Christine Choppy. The main topics covered by this joint workshop were:

- specification languages and program development

— algebraic specification of concurrency

— theorem proving

— object-oriented specifications

— order-sorted algebras

— absiract implernentation and behavioural semantics.

The general feeling was that this joint{ workshop was exiremely successful and
that the contributions were of a high scientific level. Part of {his success is due to
E. Astesiano, H.-D. Ehrich, P.D. Mosses, and F. Orejas who accepted to prepare in
depth surveys. The program committee {Michel Bidoil, Christine Choppy, Hartmut
Ehrig, Bernd Krieg-Briickner, Fernando Orejas, Horst Reichel, and Don Sannella)
selected a number of talks which represented the most iuteresting ideas and reflected
the main trends in current research, and asked their presenters to contiribule papers.
The present volume contains the firal version of the selected papers, together with
the invited surveys. All of them underwent a careful referecing process, and we are
grateful to the following peaple who agreed 1o referee the papers:

E. Astesiano, J. Bergstra, . Bernot, M. Bidait, M. Broy, C. Choppy, 1.
Classen, M. Cerioli, H-D. Ehrich, H. Ehrig, G. Ferrari, W. Fey, J.F. Ti-
adeiro, M.-C. Gaudel, M. Gogolla, J. Goguen, M. Grosse-Rhode, 1. Gues-
sarfan, M. Kindler, M. Korfl, H.-J. Kreowski, B. Krieg-Briickner, 1. Loeckx,
P.D. Mosses, F. Nickl, F. Orejas, P. Pepper, A. Poigné, G. Reggio, H. Rte-
ichel, . Sannella, H. Schmidt, O. Schoett, G. Scollo, T. Stroup, A. Tarlecki,
N. Van Diepen, U. Waldmann, E.G. Wagner, J. Zeyer.

Thanks to Evelyne Jorion and Héléne Qutin for secrerarial support, and to Gilles
Bernot, Pierre Danchy, Cléanent Rogues, and frédéric Voisin for helping with the
workshop organization. ‘The workshop was spansored by the Université Paris-Sud,
the Eeole Normale Supérieure and the C.N.R.5., and received financial support from
the BESPRIT Basic Research Working Group COMPASS, the C.N.R.5., and the
C.N.LS. GDLR de Programmation.

We would like to dedicaie thes volume to Siéphane Kaplan.

Orsay, August 1992 Michel Bidoit and Christine Choppy
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IN MEMORIAM

Stéphane Kaplan (1961-1991)

Stéphane Kaplan was a student of the Ecole Normale Supérieure in Mathemat-
ics; he became “agrégé” in Mathematics in 1981, He received his “Thése de Jéme
Cycle” diploma and his “Thése d’Etat” diploma in 1982 and 1987 respeciively, both
in Computer Science from ihe University of Paris-8ud, (rsay, France,

He was appointed by the C.N.R.8. {Centre Nalional de 1a Recherche Seientifique)
since 1983 as a “Chargé de Recherches” (full-time researcher) at the L.R.1. (Labora-
toire de Recherche en Informatique} at the University of Paris-Sud. He spent a year
in 1985-1986 at the Weivmann Instituie of Science;, Rehovot, Tsrael, as a visiting
scientist; he came back o Israel) on leave from C.N.R.§., {rom 1987 to 1990, while
he taught as a senior lecturer in Comnputer Science al the University of Bar-llan
(Ramat-Gan), and parily at the Hebrew University of Jerusalem.

He mainly contributed to advances in rewriting (in particular in conditionat
rewriting), and in the specification of concurrent sysiems (through the theory of
“process specifications” that he developed).

He was bright, dynamic, open, intuitive and fass. In addition to his gualities as a
research scientist, he was a very nice guy, with a good (and light) sense of humour,

a love for music, and deep human insight.

Those of us who knew him will surely miss hitm a lot.
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Algebraic Specification of Concurrency”*

Egidio Astesiano and Giauna Reggio

DIS1
Dipartimento di Informatica ¢ Scienze deli’Informazione
Uutversita di Genova - laly
{ astes , reggio } @ cisi.unige.it

Introduction

Let us first sumrnarize what algebraic specification is about, following (66]. Algebraic
specification methods provide techniques for data abstraction and the structured
specification, validation and analysis of data structures.

Classically, a (concrete) data structure is modelied by a many-sorted algebra
(possibly term-generaled); various categories of many-sorted algebras can be con-
stdered, [ike total, partial, arder-sorted, with predicaies and so on. An somorphism
class of data structures is called an ebsiract data type (shortly ad?) and an algebruic
specificalzon is a description of one or more abstract dala types. There are various
approaches for identifying classes of abstract data types associated with an alge-
braic specification, which ¢onstitute its semantics: initial, terminal, observational; a
semantics is loose when it identifies a class (usually infinite) of adt’s.

Since data structures can be very romplex (a flight rescrvation system, e.g.),
structuring and peremeterization roechanisms are fundamental for building large
specifications.

Together with a rigorous description of data structures, algebraic specifications
support stepwise refinement from abstract specifications to more concrete descrip-
tions (in the end, programs) of systems by means of the notion of smplemnentaizon
and techniques for proving correctness of implementations. In this respect formal
proof systems associated with algebraic spectfications play a fundamental role. Fi-
nally specification languages provide a linguistic support to algebraic specifications.

The purpase of the algebraic specification of concurrent systems is to specify
structures where some data represent processes or states of processes, i.e. objects
about which tt is possible to speak of dynantic evolution and interaction with other
processes: more generally we can consider as the subject of algebraic specification of
concurrency those structures abie to describe entities which may be active partic-
ipants of events. Such data structures will be called simply “concurrent systems”,
where “concurrent” conveys different meanings, from “occurcing together” to “com-
pete for the same resources” and to “cooperate for achieving the same ain”.

The aim of this paper is twofold: to analyse the aims and the nature of the
algebraic specifications of concurrency and to give, as exaraples, a short averview of
somc {not all) relevant work.

* This wark has been supported by COMPASS-Esprit-BRA-W.G. the project MURST 40%
“Metodi e specifiche per la concorrenza” and by “Progetto Finalizzato Sistemni Informatici
e Calcolo Parallelo” of C.N.R. (Ttaly}.
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Im Sect. I we introduce some basic conzepts and terminolopy abous processes: ihe
various roodels around which the specification niodels are built and the fundamental
irsues of (observational) semantics, formal deseription and specification: moreover we
five some illustrative examples of specification problems to be used later for making
more concrete some general considerations and for assessing different methods.

In Sect. 2 we try to qualify the field: indicating three different fundamental rmoti-
vations/viewpoints (and distinguishing between methods and instances); then outlin-
ing the issuce to deal with; finally llustrating by two significant exarnples/approaches
how this field stimulates inpovations and improvernents beyond the classical theory
of adt’s.

In Sect. 3 we cuatline some relevant approaches; the presentation is related to
the issues discussed in Sect. 2 and the specification examnples presented in Sect. 1.
However, being impossible to report on z2ll methods, we have mainly used some
approaches to illusirate, as examples, concrete ways of tackling the issues of the
field..

1 Processes and Concurrent Sysiems

Informaliy e process is an entity with the capability of performing an acrivity within
which it may interact with other entities and/for with the environment. The inierac-
tion may consist in cornmuricating, synchronizing, cooperating, aciing in paraliel,
competing for resources with other processes and/or with the environment.

By a concurrent system we informally mean a process consisting of component
processes that are operating concurrently.

We arc of course interested in those agpects of processes that suppors the design
and implementation of software systerns. Thus we are looking for a formal support
1o the specification, programming, implementation and verification phases. For this
it is crucial to have good models for processes.

Now, the usual formal model of a sceuential software system {program) as in-
putfoutput, or state to state, funciion is no fonger adequale for processes. Moreover,
to date no single model seems to caplure all the relevant formal aspects of a process.
Hence in the following we will briefly introduce the most significant forme! models
which have heen used in connection with the algebraic specification of processes. In
the meantime we introduce some terminology typical of coneurrency, which will be
useful in the sequel.

Warning, We are presenting basic moedels and wot formalisms; for exammple, la-
belled transition systems {and variations) are the common basic model for differ-
ent formalisms like CC5, CSP, MEIIE, [J-caleulus, etc. Moreover some formalisms,
notably the many variations of Petri nets, allow to represent different aspects of
systers and provide a variety of hasic models. However our aim here is only to give
the non-expert in concurrency some very basic information, in order to understand
the following presentation of specification formalisms. H is not at all an overview of
existing forralisms in conenrrency,





