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Preface 

TAPSOFF 91 is the Fourth International Joint Conference on Theory and Practice of 
Software Development. 
It is ~ ing  held 8-I2 April 1991 at the Corn Exchange, Brighton, UK, and has been 
organized by the Department of Computing, Imperial College, London. 
TAPSOFF '91 consists of four parts: 

1. Advances in Distributed Computing (ADC) 

This series of talks by distinguished invited speakers surveys current developments 
in Distributed Computing, including the integration of different paradigms for 
concurrency, algebraic, logical and operational foundations, and applications to 
software engineering and formal methods. 
There will also be a panel discussion on the impact of theory on practice in Software 
Engineering. 

Invited Speakers: 
J. de Bakker (Amsterdam) J. Halpern (Almaden) 
U. Montanari (Pisa) E. Shapiro (Rehovot) 
R. Milner (Edinburgh) J. Sifakis (Grenoble) 
G. Berry (Sophia Antipolis) H. Weber (Dortmund) 

Panel: The impact of theory on practice: past, present and future. 
Chairman: G. Kahn (Sophia Antipolis) 

2. Colloquium on Trees in Algebra and Programming (CAAP) 

This is the 16th of these colloquia. The preceding colloquia were held in France 
and Italy, until 1985 in Berlin, where for the first time CAAP was integrated into 
TAPSOFT. This was repeated in 1987 in Pisa, and in 1989 in Barcelona. 

Originally this colloquium series was devoted to the algebraic and combinatorial 
properties of trees, and their role in various fields of Computer Science. Nowadays 
trees are as well established in Computer Science as strings - but many other discrete 
structures, for example graphs, are also being used. In keeping with CAAP's 
tradition and taking into account the evolution of Computer Science, CAAP '91 
focuses on the following topics. 

* Logical, algebraic and combinatorial properties of discrete structures (strings, trees, 
graphs, etc.), including the theory of formal languages considered in the broad sense 
as that of sets of discrete structures and the theory of rewriting systems over these 
objects. 

* Application of discrete structures in Computer Science: syntax and semantics of 
programming language, operational semantics, logic programming, algorithms 
and data structures, complexity of algorithms and implementation aspects, proof 
techniques for nonnumerical algorithms, formal specifications, visualization of trees 
and graphs, etc. 

Programme Committee for CAAP 

S. Abramsky* (London) (Chairman) 
A. Arnold (Bordeaux) 
M. Danchet (Lille) 
P. Degano* (Pisa) 
J. Diaz (Barcelona) 
P. Dybjer * (Goteborg) 

H. Ehrig* (Berlin) 
M. Hennessy* (Brighton) 
N. Nielsen (Aarhus) 
M. Nivat (Paris) 
A. Poignt* (Bonn) 
V. Pratt (Stanford) 

(* indicates those attending the Programme Committee meeting) 



Iv 

. Colloquium on Combining Paradigms for Software Development 
(CCPSD) 

A major feature of research in software engineering over the past few years has been 
the trend towards unification and synthesis combining theory and practice, and merging 
hitherto diverse approaches. We invite submissions which address some aspects of this 
tendency. Examples include: 
* The attempt to combine various programming paradigms, particularly the functional, 
logic, object-oriented and concurrent process paradigms. 
* Types, objects and databases using ideas and techniques from type checking and type 
inference as developed in programming language semantics. 
* Semantics based techniques for the compile time analysis of programs, combining 
theoretical work on semantics with practical issues in language implementation. 
* Specification of systems from multiple points of view, perhaps combining different 
formalisms, to provide a more effective basis for software development. 
* Applying process analysis and description techniques to study software development 
itself as a formal object of enquiry. 

Programme Committee for CCPSD 
D. Bjcrner (Copenhagen) 
H. Ganzinger* (Dortmund) 
M.-C. Gaudel* (Pads) 
T. Maibaum* (London) (Chairman) 
P. Veloso (Rio de Janeiro) 
F. Orejas* (Barcelona) 

G. Kahn (Sophia Antipolis) 
B. Mahr* (Berlin) 
O. Herzog (Stuttgart) 
U. Montana.d* (Pisa) 
P. Mosses* (Aarhus) 
H. Weber* (Dortmund) 

(* indicates those attending the Programme Committee meeting) 

4. Tutorials 

Three tutorials are being offered, to run in parallel with CAAP and CCPSD. These are 
as follows: 
A. Constraint logic programming, given by G. Smolka (Saarland) 
B. Reasoning about concurrent systems using the Edinburgh concurrency work 

bench, given by G. Brans (Edinburgh) 
C. Abstract interpretation, given by C. Hankin (London) 

The TAPSOFT '91 conference proceedings are published in two volumes. The first volume 
contains the papers from CAAP. The second volume contains the papers from the ADC and 
CCPSD. 

We would like to thank all the Programme Committee members for their efforts in 
refereeing the submitted papers. 

We would also like to express our gratitude to the members of the Organising Committee 
and particularly lan Phillips, Kim Harrison, Suzanne Daniels and Anne McLoughlin for 
their assistance in the organisation of the conference; and PPL Conference Services for 
their efficient and friendly work on our behalf. 

London, March 1991 S. Abramsky 
T.S.E. Maibaum 



Contents of Volume I 

CAAP Colloquium on Trees in Algebra and Programming 

Full Abstraction for Series-Parallel Pomsets 

L. Aceto (INRIA - Sophia Antipolis, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

On Causality Observed Incrementally, Finally 

G.-L. Ferrari (IEI CNR, Italy), U. Montanari (Universitd di Pisa, Italy), 

M. Mowbray (Hewlett-Packard Science Centre, UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

On the Domain of Traces and Sequential Composition 

M.Z. Kwiatkowska (University of Leicester, UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Compilation of Pattern Matching with Associative-Commutative Functions 
E. Kounalis, D. Lugiez (CRIN-INRIA, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 

Linear Bounded Automata and Rewrite Systems: Influence of Initial Configurations 
on Decision Properties 

A.-C. Caron (Universitd de Lille-Flandres-Artois, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 

Algebraic Graph Rewriting Using a Single Pushout 

PAl. van den Broek (Twente University, The Netherlands) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 

Unifying Initial and Loose Semantics of Parameterized Specifications in an 
Arbitrary Institution 

H. Baumeister (Universitat Dortmund, FRG ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 

Non-Strict Don't Care Algebras and Specifications 

E. Astesiano, M. Cerioli (Universitd di Genova, Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 

Program Specification and Data Refinement in Type Theory 

Z. Luo (University of Edinburgh, UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143 

Smile Analysis of Linear Congruence Equalities among Variables of a Program 
P. Granger (Ecole Polytechnique, Palaiseau, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169 

Simple Solutions for Approximate Tree Matching Problems 
F. Luccio, L. Pagli (Universitd di Pisa, Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  193 

The Tree Inclusion Problem 

P. Kilpelainen, H. Mannila (University of Helsinki, Finland) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  202 



Yl 

Introducing a Calculus of Trees 
S. Kasangian, S. Vigna (Universitd di Milano, Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  215 

Domains in a Realizabifity Framework 
R Jd. Amadio ( E cole N ormale Sup~rieure, Paris, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  241 

Iteration Algebras 
SJ~. Bloom (Stevens Institute of Technology, USA), 
Z. IEsik (A. Jozsef University, Hungary) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  264 

Logic Programming as Hypergraph Rewriting 
A. Corradini, F. Rossi (Universitd di Pisa, Italy), 
F. P arisi-Presicce (Universitd dell'Aquila, Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  275 

A FuUy Abstract Model for Concurrent Constraint Programming 
F.S. de Boer (Technische Universiteit Eindhoven, The Netherlands), 

C. Palamidessi (University of Utrecht and Center for 
Mathematics and Computer Science, Amsterdam, The Netherlands) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  296 

A Solved Form Algorithm for Ask and Tell Herbrand Constraints 
M. Gabbrielli, G. Levi (Universitd di Pisa, Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  320 

A Calculus of Broadcasting Systems 
K.V.S. Prasad (Chalmers University of Technology, Sweden) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  338 

Object-based Concurrency: A Process Calculus Analysis 
E. Najm (INRIA, France), J.-B. Stefani (CNET, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  359 

On the Complexity of Equation Solving in Process Algebra 
B. Jonsson (Swedish Institute of Computer Science, Sweden), 
K.G. Larsen (Aalborg University, Denmark) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  381 

Comparative Semantics for a Real-Time Programming Language with Integration 
F. van Breugel (Vrije Universiteit, Amsterdam, The Netherlands) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  397 

A Complete Proof System for Timed Observations 
Y. Ortega-Malldn, D. de Frutos-Escrig, Universidad Complutense de Madrid, Spain) ......... 412 

Type Inference with Inequalities 
M J. Schwartzbach (Aarhus University, Denmark) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  441 



Contents of Volume II 

ADC Advances in Distributed Computing 

CCS for OO and LP 
J.W. de Bakker (Centrum voor Wiskunde en lnformatica and Vrije Universiteit Amsterdam, 
The Netherlands), E.P. de Vink (Vrije Universiteit Amsterdam, The Netherlands) ............ 11, 1 

An Extended Expansion Theorem 
G L. Ferrari (IEI-CNR, Italy), R. Gorrieri, U. Montanari (Universitd di Pisa, Italy) ........ II, 29 

Concurrent Abstract Machines (Abstract) 

G. Berry (Centre de MatMmatiques Appliqudes, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 49 

Knowledge and Probability in Distributed Systems (Abstract) 

J.Y. Halpern (IBM Almaden Research Center, USA). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 50 

Verification Methods for Finite Systems (Abstract) 

A. Bouajjani, J. Sifakis (IMAG, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 55 

Interactive Interworking for Interoperating Systems (Abstract) 

H. Weber (Universitdt Dortmund, FRG ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 58 

CCPSD Colloquium on Combining Paradigms for Software 
Development 

Formal Specification of Object Systems 

R. Jungclaus, G. Saa~ (Technische Universitiit Braunschweig, FRG), 
C. Sernadas (INESC, Portugal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11, 60 

On the Relationship Between Algebraic Module Specifications and Program Modules 
M. L~we, H. Ehrig, W. Fey (Technische Universit& Berlin, FRG), 
D. Jacobs (University of Southern California, USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 83 

Testing Against Formal Specifications: a Theoretical View 

G. Bernot (LIENS, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 99 

Construction and Reuse of Formal Program Developments 
J. Cazin, P. Cros, R. Jacquart, M. Lemoine, P. Michel (ONERA-CERT/DERI, France)..II, 120 

A Theory of Program Modifications 

G. Ramalingam, T. Reps (University of  Wisconsin-Madison, USA) . . . . . . . . . . . . . . . . . . . . . . . . .  11, 137 

Proving Termination of Logic Programs by Exploiting Term Properties 
A. Bossi, N. Cocco, M. Fabris (Universit~ di Padova, Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11, 153 



VItl 

Parametdc Order-Sorted Types in Logic Programming 
M. Hanus (Universitdt Dortmund, FRG ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 181 

Exploiting Non-Determinism Through Laziness in Guarded Functional Languages 

R. Dietrich, H.C ~.  Lock ( GMD Forschungsstelle an der Universitdt Kar[sruhe, FRG ). . .II, 201 

Non-Standard Interpretations of LOTOS Specifications 

T. Bolognesi, D. Latella (CNUCE/CNR, Italy), 
E. Zuppa (Consorzio Pisa Ricerche, Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 217 

A New Technique for Strictness Analysis 
D.4. Wright (University of Tasmania, Australia) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 235 

Using Higher Order Logic for Modelling Real-Time Protocols 
R. Cardell-Oliver (University of Cambridge, UK) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 259 

Combining Interaction and Automation in Process Algebra Verification 

A. Camilleri (Hewlett-Packard Laboratories, UK), P. Inverardi (CNR, Italy), 
M. Nesi (University of Cambridge, UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 283 

Refining Interfaces of Communicating Systems 
E. Brinksma (University of Twente, The Netherlands), B. Jonsson (Swedish Institute 
of Computer Science and Uppsala University, Sweden), F. Orava 
(Swedish Institute of Computer Science, Sweden) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11, 297 

Structuring Specifications in-the-Large and in-the-SmaU: Higher-Order Functions, 
Dependent Types and Inheritance in SPECTRAL 
B. Krieg-BrFtckner (Universit& Bremen, FRG), 
D. Sannella (University of Edinburgh, UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11, 313 

Actor-Oriented System Specification with Dynamic Logic 
J.-J.Ch. Meyer, Rd. Wieringa (Vrije Universiteit Amsterdam, The Netherlands) .......... II, 337 

Towards a Formally Based Component Description Language 

J. Cramer (STZ GmbH, FRG), W. Fey (Technical University of Berlin, FRG), M. Goedicke 
(University of Essen, FRG), M. Grofle-Rhode (Technical University of Berlin, FRG) .... II, 358 

On Addition Schemes 
S. Brlek (Universitd du Qudbec d Montrdal, Canada), P. Castdran, R. Strandh 
(Universitd Bordeaux L France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 379 

Efficient Code Motion and an Adaption to Strength Reduction 

B. Steffen (RWTH Aachen, FRG) J. Knoop, O. R~ithing (Universitat Kiel, FRG) ........ II, 394 

On Narrowing Strategies for Partial Non-Strict Functions 

D. de Frutos-Escrig, M.-L Ferndndez-Camacho 
(Universidad Complutense de Madrid, Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 416 

From Reduction Machines to Narrowing Machines 

R. Loogen (RWTH Aachen, FRG) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  II, 438 

The Evaluation Transformer Model of Reduction and its Correcmess 
G L. Burn (Imperial College, UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1I, 458 


