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Preface

This volume contains the proceedings of Formal Methods 2005, the 13th
International Symposium on Formal Methods held in Newcastle upon Tyne, UK,
during July 18-22, 2005. Formal Methods Europe (FME, www.fmeurope.org) is
an independent association which aims to stimulate the use of, and research on,
formal methods for system development. FME conferences began with a VDM
Europe symposium in 1987. Since then, the meetings have grown and have been
held about once every 18 months. Throughout the years the symposia have been
notably successful in bringing together researchers, tool developers, vendors, and
users, both from academia and from industry. Formal Methods 2005 confirms
this success.

We received 130 submissions to the main conference, from all over the world.
Each submission was carefully refereed by at least three reviewers. Then, after
an intensive, in-depth discussion, the Program Committee selected 31 papers for
presentation at the conference. They form the bulk of this volume. We would
like to thank all the Program Committee members and the referees for their
excellent and efficient work.

Apart from the selected contributions, the Committee invited three keynote
lectures from Mathai Joseph, Marie-Claude Gaudel and Chris Johnson. You will
find the abstracts/papers for their keynote lectures in this volume as well.

An innovation for the FM 2005 program was a panel discussion on the history
of formal methods, with Jean-Raymond Abrial, Dines Bjgrner, Jim Horning and
Cliff Jones as panelists. Unfortunately, it was not possible to reflect this event
in the current volume, but you will find the material documenting it elsewhere
(see the conference Web page).

An Industry Day was organized by the Formal Techniques Industrial Associ-
ation (ForTIA) alongside the main symposium. This was directly related to the
main theme of the FM symposia: the use of well-founded formal methods in the
industrial practice of software design, development and maintenance. We have
therefore included abstracts of the invited presentations in this volume as well.

The main FM 2005 conference was accompanied by 9 workshops and 11
tutorials.

The electronic submission, refereeing and Program Committee discussions
would not have been possible without software support. We worked with the
OCS system developed at the University of Dortmund — our thanks to the staff
there for their support.

Finally, we would like to thank all those who helped to create and run the
symposium in Newcastle, and in particular Claire Smith, Jon Warwick, Joan
Atkinson, Sarah Davidson, Nigel Jefferson, Joey Coleman, Jeremy Bryans, Neil
Henderson and Juan Bicarregui for their help in bringing the program, and these
proceedings, together.

July 2005 John Fitzgerald, Ian Hayes, Andrzej Tarlecki
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Computing Science. Within Formal Methods Europe, we are particularly grateful
to Kees Pronk and Stefania Gnesi for their help with budgeting and organiza-
tion. We also gladly acknowledge direct sponsorship from SAP Research and the
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Science (BCS-FACS).
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Formal Aids for the Growth of Software Systems
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Abstract. The use of formal techniques has for a long time been focused on
relatively small and complex applications. The hardware domain lends itself
well to this and it has therefore been the target of some of the most significant
applications of formal techniques. The software applications that have typically
been considered were for small, safety-critical systems.

This restricted focus was understandable and necessary while formal
techniques were evolving and practical considerations limited the size of the
system that could be specified and verified. However, there are now compelling
demands for the use of more precise techniques for a variety of large-scale
applications, ranging from smart cards to financial systems.

So there are now new reasons to extend the use of formal methods for all
phases of software development: from requirements and software modeling to
coding and testing. Problems of scale still remain so it is important to focus the
use of formal techniques in areas where their impact will be most important.

Different formal techniques can be used for solving different problems. For
example, use of model-checking during requirements modeling can identify
incomplete or inconsistent specifications, while use of transformational
techniques can be very effective for software modeling and enable generation of
code directly from models. Program analysis techniques can be used to generate
tests that will greatly improve functional coverage during testing.

The use of formal techniques continues during software maintenance
through the following kinds of activities:

a. Remedial: correction of errors discovered during use;

b. Adaptive: making changes to cater to changes in the operating
environment;

c. Enhancing: adding new features or capabilities; and

d. Improving: making the software more robust and easier to maintain.

It is estimated that the cost of software maintenance amounts to as much as
90% of the life-cycle cost of a software system. While this calls for major
improvements in maintenance techniques, changes in software development
methods can also help to reduce the need for, and therefore the cost of, making
remedial improvements (i.e. bug fixing).

In this talk, I will describe the use of formal techniques for different areas of
the software life-cycle and relate this to evidence obtained through the analysis
of a large number of actual software development and maintenance projects.

J.S. Fitzgerald, LJ. Hayes, and A. Tarlecki (Eds.): FM 2005, LNCS 3582, p. 1, 2005
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Formal Methods and Testing: Hypotheses, and
Correctness Approximations

Marie-Claude Gaudel

LRI, Paris-Sud University & CNRS, Orsay, France
mcg@lri. fr

Abstract. It has been recognised for a while that formal specifications can bring
much to software testing. Numerous methods have been proposed for the deri-
vation of test cases from various kinds of formal specifications, their submis-
sion, and verdict. All these methods rely upon some hypotheses on the system
under test that formalise the gap between the success of a test campaign and the
correctness of the system under test.

1 Introduction

It has been recognised for a while that formal specifications and models can bring
much to software testing [16], [10]. In this extended abstract, we first precisely intro-
duce the distinction between specification testing, model checking, and implementa-
tion testing based on formal specifications. Then we focus on the specificities of the
latter one.

Actually, embedding implementation testing within a formal framework is far from
being obvious. One tests a system. A system is a dynamic entity. It raises tricky issues
such as observability and controllability, and sometimes specific physical constraints.
A system is not a formula, even if it can be partially described as such. Thus, testing
is very different from program proving, even if it is related. Similarly, testing is dif-
ferent from model checking, where verifications are performed on a known model:
when testing, the model corresponding to the system under test is unknown (if it was
known, testing would not be necessary...) and it is sometimes difficult to observe in
what state it is [20], [22]. These points have been successfully circumvented in sev-
eral testing methods based on formal specifications (or models) that use various and
diverse techniques such as graph theory, symbolic evaluation, proof techniques, con-
straint solving, static analysis or model checking.

Explicitly or not, all these methods rely upon hypotheses on the system under test.
They provide some approximation of correctness that is correlated to these hypothe-
ses. In this talk we recall the notions of testability hypotheses and selection hypothe-
ses that were introduced in [4], and we show how they have been used or could be
used on various kinds of formal methods. We also address the issues of observation
and control of the system under test.

J.S. Fitzgerald, LJ. Hayes, and A. Tarlecki (Eds.): FM 2005, LNCS 3582, pp. 2-38, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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2 Testing Specifications, Checking Models, or Testing
Implementations?

Before starting some discussion on formal methods and testing, it is necessary to
introduce some terminology. Unfortunately, there is no consensus on these issues
among the various research communities working in the area of software.

There is not even an agreement on the meanings of the words “validation” and
“verification” [7] [3]. Similarly, the word “testing” is often used with different mean-
ings.

Looking in a dictionary, one gets definitions such as:

“subjecting somebody or something to challenging difficulties”

In the case of software and formal methods, the “somebody or something” and the
“challenging difficulties” are sometimes understood in different ways.

In most cases, the entity under test is a system, and the “challenging difficulties”
are inputs, or sequences of inputs, aiming at revealing some dysfunctions [4], [8], [12]
[13], [15], etc. In such cases, formal descriptions of the system are mainly used as
guidelines for the selection of (sequences of) inputs and for the verdict. We focus on
these approaches in Sections 3, 4 and 5.

2.1 Debugging or Testing Formal Specifications

In some other cases, testing is understood as debugging of formal descriptions or
models. The formal description is the subject of the test. The challenges are either
properties to be satisfied or refuted [14], or inputs for some simulation of the future
system, based on the formal description [19], [11].

As the main characteristic of formal specifications is the ability of reasoning, theo-
rem proving is used either to prove that a required property is a consequence of the
specification, or to refute a property that corresponds to a forbidden situation. The
choice of such challenges is far from being simple. It requires a very good expertise in
the application domain. As the specification may be wrong, is probably a good idea to
make this choice as independent of it as possible [2], even if some positive experi-
ments have been performed on mutation of formal specifications [6].

2.2 Checking Models ... or Testing Them?

Model checking is similar in purpose: it aims at finding faults in so-called models of
software systems. These models are behavioural (Kripke Structures, Finite Automata,
Finite State Machine, Labelled Transition Systems, or even program control graphs),
with a finite (but often huge) number of states labelled by atomic propositions. A
model checker checks properties written in some temporal logic via an exhaustive
exploration of the model, or some equivalent technique. Here also, the choice of the
temporal properties to be checked is far from being obvious.

Model checking could be seen as a special kind of testing where the subject is a
model and the challenges are temporal properties. Actually, there is some evolution in
this direction. Due to the state explosion problem new techniques have been proposed
that somewhat give up exhaustiveness: for instance, bounded model checking [5]



