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1 Introduction

The use of formal specifications is now widely admitted but there are still some
difficulties related with it. One of them is to specify complex systems by com-
bining several formal notations. Indeed, the use of a single formalism is not
sufficient enough to specify such systems; different aspects of complex software
systems, such as data or concurrency, have to be specified using different no-
tations, and have to be verified with suitable tools. Two major concerns with
such systems are firstly to ensure the consistency between the different aspects,
and secondly to provide specification and proof guidelines.

The SHE'S! project focuses on formal specifications using different for-
malisms. In the sequel, the main terms used to describe such specifications are
integrated, mized, or heterogeneous specifications. The SHE’'S project started
in 1999, and this paper aims at presenting the current state of our researches.
One goal is to study several possibilities to integrate formal specifications ex-
pressing distinct aspects of systems. That leads to define the formal foun-
dations of specification languages, the techniques to verify systems, and the
tools to support them. Here, we do not wish to present a precise proposal, but
rather give an overview of all our works. Therefore, the reader may consult
the references to have more precise details.
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The remainder of this paper is organized as follows. Section 2 describes
the Korrigan model mixing algebraic specifications, symbolic transition sys-
tems and temporal logic. Section 3 focuses on Configuration Machines, an
integrated approach combining Z-based formalism and transition systems. Sec-
tion 4 overviews current work around a general formal framework to combine
process algebras and algebraic specification languages. Section 5 shows ap-
plications to make the use of UML more rigorous. Finally, a discussion is
undertaken to draw up a balance sheet of the different proposals gathered in
the project.

2 Korrigan: Combination of Algebraic Specifications,
Symbolic Transition Systems and Temporal Logic

Korrigan is devoted to the structured formal specification of mixed compo-
nents. Its aim is also to fill the gap between formal specifications and soft-
ware engineering. Therefore, Korrigan provides the specifier with a model
and the corresponding specification language equipped with an operational se-
mantics [8], mechanisms to define reusable components with both textual and
graphical notations inspired by UML [9], and a specification methodology for
mixed specification languages with a software environment for verification and
prototyping through specification translation and object oriented code gener-
ation [10].

The Korrigan model is based on structures we call views that integrate sym-
bolic transition systems (STSs), algebraic specifications, and a form of temporal
logic. The model comprises three different means for structuring specifications.
The basic aspects (static and dynamic) of the components are defined within
the internal structuring. An important feature of Korrigan is the use of spe-
cific STSs that extend the Graphical Abstract data Types ones (see Section 5)
with dynamic terms on transitions (taking inspiration from LOTOS and SDL).
Our STSs are used to define aspects at a high level of abstraction (no state
explosion) using very readable (hence acceptable in a software engineering en-
vironment) notations. Moreover, our STSs are combined with algebraic speci-
fications to relate behaviours and communication protocols with the abstract
definition of an encapsulated datatype. The different kinds of composition
(integration of aspects and concurrent composition of communicating compo-
nents) are defined in a unified way within the ezternal structuring. The use of
both axioms and temporal logic makes Korrigan a very expressive language to
define the gluing of reactive components. Moreover, communication patterns



with different kinds of communication and concurrency semantics may be de-
fined. Finally, components may be reused through a simple form of inheritance
structuring.

3 Configuration Machines: Integration of 7/ and Tran-
sition Systems

The Configuration Machines [4] approach integrates, in a homogeneous frame-
work supported by natural deduction, model based specifications of data and
transition system models of behaviours. In the other approaches of the project
we consider algebraic specifications for the data part; here this part is treated
with Z. The current approach falls into a series of works [22, 12| combining
model-oriented formalisms, especially Z with process algebras CCS or CSP.
However, in our approach we avoid fixing the behaviour of components using
process algebras; instead, we use an approach comparable to Actions Sys-
tems |7] where the behaviour of components depends on guards.

The specification unit of our formalism is a machine type, machine for
short. It gathers both data and behaviour parts, and describes the type of
components having the same data space (described as a configuration) and the
same behaviour. The behaviour of a machine is expressed as a set of guarded
transition rules (called transactions) relating the descriptions of initial and fi-
nal configurations. A machine evolves repeatedly from one configuration to
another one following enabled transactions. Larger machines (or systems) are
built by extending or composing other machines. Composed machines com-
municate synchronously, and interact via (parameterised) events exchange. In-
variants are used to define global safety properties of systems. Compared to
existing works, our contribution, apart from the definition and the composi-
tion of a specification unit which gathers both data and behaviours, resides
in the use of very abstract states and guarded transitions to specify the be-
haviour part. It avoids the description of the whole set of states and thus the
state explosion problem known for large systems. The mechanization of this
approach is studied through embedding into frameworks which provide tool
support for transition systems. Ongoing works focus on machines embedding
into SAL/PVS [5] and Event-based B.



4 Generic Combination of Process Algebras and Al-
gebraic Specifications

In a first attempt, we suggest a formalism [21] combining the process algebra
CCS with CASL, the unified language of algebraic specifications. The cen-
tral aim of our combination is an extension of Milner’'s value passing CCS.
In a second step, we wish to take into account more languages so that the
specifier may freely choose his/her preferred specification languages. Indeed,
(s)he could prefer a formalism for different reasons: suitability with reference
to the requirements, existence of development tools, or level of expertise. Ac-
cordingly, we extend our previous work to make a generic combination between
any process algebra and any algebraic specification language possible [20]. This
framework is based on a formal kernel gathering the essential constructions of
the involved languages. These approaches are control driven, i.e. the process
algebra (called the main formalism) gives the behaviour of the full specifica-
tion. The algebraic specification language is the secondary, since it is used to
define independent data types. Algebraic terms are handled by the processes
described with the process algebra.

However, this approach encompasses some limitations which are the lack
of powerful tools to verify our specifications, and the restriction to consider
only integration of two basic languages. Recent works are devoted to embed
our formal kernel into languages underlying higher-order logic tools like PVS
to make proofs on the global specification. Furthermore, we work on another
approach which allows the combination of heterogeneous specification mod-
ules [19]. This proposal defines and formalises the formal foundations of a
gluing language (similarly to Korrigan in Section 2) to connect specification
modules.

5 Applications to Object-Oriented Analysis and De-
sign

One current area of application of these researches is the Unified Modelling
Language (UML) which is a mixed language but lacks of formalisation?. We
have done several experiments in this area using two formal models based on
algebraic specifications. The first model is an abstract model to describe classes
in an algebraic way. This model, the Formal Class Model [1], is used to present
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static UML classes and also to make the translation of formal specifications into
object-oriented languages easier. The second model, called Graphical Abstract
data Type (GAT), is a STS [13] coupled with an algebraic specification of a
partial abstract data type.

Currently, we propose in [2| a formalisation of the main elements of static
diagram. Amongst the UML diagrams, we focus on the class and object di-
agrams since they are central to UML modelling. We use Larch Prover, a
rewrite-rule based prover for algebraic specifications, to prove properties and
to check the consistency of the generated specifications. A complementary
work |16] presents an approach to translate dynamic UML models into for-
mal specifications. This work deals with static classes, but also active classes,
Statecharts and collaboration diagrams. We suggest to complete these UML
diagrams with formal notations in order to get formal UML components in a
more abstract and formal way than UML-RT. Once the UML diagrams are
designed, a tool translates them into algebraic specifications that are the in-
put language of the Larch Prover tool. This enables us to prove data type
properties as well as temporal logic formulas using Larch Prover [18].

6 Discussion

The SHE’S project aims at improving the use of several formal languages
when specifying complex software systems. We have completed the first step
of the project in which we have experimented several possible approaches of
integrated specifications. All our proposals share common concepts and advan-
tages. Firstly, they allow the specification of the two major aspects appearing
in systems: the data and the dynamic aspects, which are modelled using suit-
able notations. Secondly, within all our proposals, the basic languages are
integrated within well-defined semantics; this is essential for the consistency
of the whole system, but also enable proof techniques and reuse of verification
tools. Finally, our approaches are user-friendly in the sense that they have
been designed to make their use by developers easier.

Despite these common points, our approaches are differentiated in their
structuring choices or underlying formal foundations. Firstly, Korrigan sets
the priority on the separation of concerns according to the nature of specifica-
tion units. This leads to independent specification modules and simplifies their
reuse. Opposite proposals are those of Section 3 and 4 in which basic spec-
ification units gather different aspects within one module. That impacts on
different topics, especially the reuse of components and the reuse of tools dedi-



cated to a specific aspect. A second way to compare our works is the definition
(or not) of a global semantics. Except for the Section 5, ad-hoc semantics are
defined for all our approaches. This leads to expressive and readable languages,
but raises difficulties to reuse existing tools and to perform proofs on specifi-
cations written with these integrated formalisms. The last proposal uses an
homogeneous context (algebraic specifications) to embed the different aspects.
Thus, reuse of tools (LP in this case) is straightforward. Thirdly, the basic
languages chosen in the different integrations are quite various. Nonetheless,
three of the four experiments combine algebraic specifications for the data part
whereas Configuration Machines experiments Z for this aspect. We emphasize
that algebraic specifications are chosen to remain in an abstract context and
to favour properties verification, while the approach with Z is rather oriented
towards formal development. Finally, the proposal of Section 4 introduces a
possible freedom in the choice of languages that is not allowed in the other
proposals. It is quite interesting for developers to have this freedom. We claim
that the choice of formalisms is a real issue because each specifier has his/her
preferences.

We may also relate our approaches with well-known existing ones. On the
one hand, some approaches for integrated specifications have been studied in
the area of algebraic specifications [11, 3, 14]|. On the other hand, many other
works use model-oriented specifications, like Z or B, with process algebras or
transition systems [12, 6, 22, 23|. A comprehensive description and comparison
with related works would be too long; yet, the reader may refer to [17] for a
more detailed state of the art.

After this balance sheet in our project, ongoing works head for two direc-
tions. The first one consists of improving the way to write specifications using
composition of formal components. The interests are manifold: modelling the
different aspects of systems with suitable languages, using an easy and formal
language to glue modules, making the reuse of modules and dedicated tools
easier. Korrigan is an interesting proposal in this way, and the general ap-
proach introduced at the end of Section 4 caters for these advantages and is
one of the main direction in the following of our project. Tool aspects are the
other concern of current work in our team. Indeed, we have proposed several
integrated languages, but most of them have little or no verification possibil-
ities. To fill this gap, we adopt the reuse of general purpose tools based on
higher-order logic, such as PVS [15]. They possess very expressive input logic
to embed specification languages. Accordingly, translations into this kind of
tools need to be formalised, and proof guidelines may be defined.
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