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Preface 

In September 1988 I attended the second VDlvf Symposium in Dublin, and suggested, 
first to Cliff Jones, and then to Dines Bj0rner, that we should widen the scope of the 
Symposium to include the Z notation. I was pushing at an open door, and the next 
symposium, held in Kiel in April 1990, was devoted to VDM and Z. This process of 
widening the scope of the symposium continued with the next in the series: it was 
held in Noordwijkerhout in October 1991, and covered FormaI Software Development 
Methods. 

This trend towards a broader range of methods also reflects a change that has 
been made in the organisation that lies behind the series. Ali four VDM symposia 
were organised by VDM Europe, an advisory board sponsored by the Commission of 
the European Communities. The board's working group was made up from academia 
and industry, and met several times each year to discuss the industrial usage of 
model-oriented formaI methods, most usually those connected with VDM (including 
RAISE and MetaSoft). This board has evolved into FormaI Methods Europe, and 
this volume con tains the proceedings of its first symposium. 

The last few years have borne witness to the remarkable diversity of formai 
met.hods, with applications to sequential and concurrent software, to real-time and 
reactive systems, and to hardware design. In that time, many theoretical problems 
have been tackled and soived, and many continue to be worked upon. Yet it is by the 
suitability of their indus trial application and the extent of their usage that formaI 
methods will ultimately be judged. This symposium will focus on The Application 
of Industrial-Strength Formai lvfethods. We have encouraged papers to address the 
difficulties of scaling their techniques up to industrial-sized problems, and of their 
suitability in the work-place, and to discuss techniques that are formaI (that is, they 
have a mathematical basis), and that are industrially applicable. Papers tackling 
theoretical issues were much encouraged, providing that they contained a justifica­
tion of the practical advantages that follow. We received over 140 submissions of 
various kinds, with a strong representation from outside Europe, in particular Aus­
tralia and the United States. We invited tluee speakers to address the symposium, 
and accepted seven industrial usage reports and 32 papers, complemented by eight 
tutorials on various formaI methods, and an exhibition of over 20 formai methods 
tools. 

This volume has four parts to it: the contributions of invited speakers; industrial 
reports; papers; and descriptions of the tools exhibited. Wc have tluee distinguished 
invited speakers: Professor Cliff Jones, Professor Willem-Paul de Roever, and Peter 
Lupton (whose talk is not recorded in the proceedings). The industrial usage reports 
describe practical experiences from the applications offormal methods in chaIJenging 
industrial environments. The papers cover a \Vide variety of methods and notations. 
We have modallogic, the refinement calculus, RAISE, ces, Petri Nets, VDM, Z, 
LOTOS, OBJ, Sprint, and B, and deal with the combination of formaI and informai 
(,echniques, object-orientation, applications to bigh-assurance systems involving bot.h 
safety and security, and papers on theOl'y and its relevance to practice. 

J.C.P.Woodcock 
Oxford, February 1993 
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Reasoning about Interference in an 
Object-Based Design Method 

C. B. Jones 

Department of Computer Science 
Manchester University, M13 9PL, UK 

cbjCcs.man.ac.uk 

Abstract. The property of a (formai) development method which gives the 
development process the potential for prodllctivity is compositionality; COffi­

positionaI development methods for concurrent systems are elusive because 
of interference. A companion paper shows how object-based concepts can 
be used to provide a designer with control over interference and proposes 
a transformational style of development in which concurrency is introduced 
only in the final stages of design. That approach relies on restrictions to the 
abject graphs which can arise and works for systems which involve lîmited 
interference. The current paper discusses the problems of interference and 
shows how a suitable logic can be used to reason - during design - about 
those systems where interference plays an essential role. Here again, con­
cepts are used in the design notation which are taken from object-oriented 
languages since they offer control of granularity and ways of pinpointing in­
terference. A further paper is in preparation which discusses the semantics 
of the object-based design notation. 

1 Introduction 

Oevelopment of any large comput.er system is difficult but formaI methods like VOM 
have been shown to help control the development process - and provide useful doc­
umentation - of sequential systems. A method which permits one step of design 
to be justified before proceeding to the next stage of design is said to be compo­
sitional: compositional formaI methods can contribute to the productivity of the 
design task by reducing the 'scrap and rework' inherent in approaches which fail to 
detect mistakes untillong after they are made. 

Clearly, an attack on the problem of developing concurrent systems should pre­
serve what is usable from methods aimed at sequential systems; a companion pa­
per (J on93a] shows how some classes of concurrent pr~grams can be designed by 
adding a transformational step to development using sequential methods like data 
reification and operation decomposition (see also Section 3 below). Where the me th­
ods themselves are not adequate, at least the les sons from sequential development 
should be taken over. Paramount among these is the need for composit.ionality. 
But years of research (cf. [dR85, IldR86]) has shown that fin ding compositional de­
velopment methods for concurrent systems has proved extremely difficult. In the 
case of shared-variable programs interference manifests itself by processes reading 
and changing a collection of variables (state) which they have in common. Snch 
interference makes the conventional view of extension al denotations give way to 
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more complex spaces such as resumptions. Interference also invalidates conventional 
pre/post-condition reasoning. Section 2 reviews sorne earlier attempts to accommo­
date interference. But this is not the only problem. Interference forces a discussion of 
granularity which is often handled in an ad hoc way by declaring, for example, that 
assignment statements should be atomic. Related to this is the difficulty that - in 
the presence of interference - it is even necessary to be careful about what is meant 
by an assertion. These are ail problems to which the current paper attempts to con­
tribute solutions. Other difficulties of concurrency such as deadlocks and fairness 
remain to be tackled. 

The approach taken in this - and the related papers - is to employ concepts 
from object-oriented programming. The general idea to obtain more tractable con­
current programs by making judicious language restrictions has a long pedigree: the 
development from semaphores, through conditional critical sections and monitors to 
languages like CSP can be se en in this light. At first sight, it is tempting to hope 
that notations like CSP and ces finesse the pro blem of interference by abolishing 
states; on closer examination, it becomes clear that interfering communication can 
be equally troublesome. Not only are shared variables not the root of the problem, 
il, could even be argued that process algebras are too draconian in completely abol­
ishing states. It would appear that object-based concepts can provide a middle way 
(not unlike monitors [Hoa74]) where the degree of isolation (or the amount of in­
t.erference permitted) can be controlled by the designer. Even the specifie idea to 
make tractable the development of concurrent programs by using object-oriented 
concepts is not. new and the current line owes much 1,0 the work on POOL [ARS9]. 
The first paper in the current. series [Jon93a] shows how object-based techniques 
limit. interference; it also discusses the design notation (71" 013 >.) in more detail than 
in this paper. But a general development method for concurrent systems has to be 
able to cope with interference; the current paper shows how object-based concepts 
can be used 1,0 pin point and reason about interference in a way which limits the 
proof obligations which arise. Object-oriented languages are not a complete solution 
to the problems of concurrency. Indeed, this author remains unconvinced that inher­
itance - one of the key object-oriented concepts - is well-enough thought out 1,0 be 
used in any program development met.hod. The references of object-based techniques 
are also open to the same abuses as more general pointers and the realization that 
invariants were essential to reason about the object graphs which evolve was one of 
the key steps in the current author's research. 

Section 3 shows the sort of transformational development. - us able on simple 
abject graphs - which is discussed in more detail in [Jon93a]; Section 5 tackles the 
problem of interference when such simple abject graphs do not suffice; Section 4 
discusses the logic used. Several comments have been made about the earlier paper 
in this series; [Jon93b] attempts ta fix the semantics of the 71"013>' design notation. 

2 Background 

There are many aspects of concurrent programs and many different problems in their 
development; this paper foc uses on interference. It is argued above that methods of 
reasaning about concurrent pragrams must accommodate interference. To provide 
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