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Abstract. In this paper we present a framework for developing concur-
rent object-based systems. The framework is based on graph grammars
and includes techniques for specification, simulation, animation and ver-
ification.

1 Introduction

The development of methods and techniques to aid the construction of correct
concurrent software systems has been a challenge for computer scientists for
many years. In particular with the boom of intra- and Internet systems as well
as the development of highly parallel and vectorial computer architectures, the
commercial importance of software applications for distributed and concurrent
systems increased significantly and the need for correctness gained a new per-
spective. This triggered a lot of research activities in the areas of semantical
models (e.g. CCS [30], event structures [39], I/O automata [28] — see [40] for an
overview), formal specification languages (e.g. LOTOS [37], Estelle [24], TLA
[26], Petri nets [32,33], graph grammars [20, 18]), verification techniques and
tools (e.g. SMV [29], SPIN [23]). Many of such activities resulted in quite power-
ful models that were able to express and reason about concurrent and distributed
systems, and were applied successfully to protocol specifications (system states
are quite simple because usually they do not have any structure, and important
events are state changes triggered by signals or messages). However, software
engineers often use (semi-formal) languages like the UML [6] to specify real-life
systems with complex states that cannot be captured easily and naturally by ex-
isting formal techniques. The formal background of users in industry was rather
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poor, and they were not familiar with the required mathematical notation for
using formal specification languages to describe systems and their properties.
Due to the size and complexity of distributed and concurrent software applica-
tions nowadays, the costs of finding and correcting bugs in the implementation
are even higher in this kind of systems. Thus, the software development process
would be greatly improved with a comprehensive analysis of functional as well
as performance requirements during the specification phase. For such an anal-
ysis a formal model of the application would be useful. The development of a
formal model, however, is not supported by most of the UML languages used in
industry.

With the aim of bridging the gap between the semi-formal languages used
in practice and the formal notation required to prove correctness, an interna-
tional cooperation project between Brazil and Germany, leaded by Prof. Hartmut
Ehrig, started in 1994: the GRAPHIT project (DLR/CNPq) [3]. Originally, the
project involved two universities (TU-Berlin and UFRGS) and two industrial
partners (MSB and Nutec); later further partners joined the project (Universitt
Stuttgart and PUCRS). The idea was to develop a formal specification language
with a graphical layout, preferably following the object-oriented style used in
practice, and relying on few simple and powerful concepts. This would allow
users to easily understand and build specifications with this language. Graph
grammars seemed to be a perfect basis due to some of its inherent characteris-
tics: graphical description of states (even complex ones can be better understood
using a suitable graph representation), changes of states can be easily specified
via relationships between graphs (rules), concurrency is naturally described (im-
plicitly, through parallel applications of rules). In the following years a lot of
research activities took place in order to define a suitable specification language
as well as structuring and analyzing techniques for distributed and concurrent
object-based systems in the GRAPHIT and in follow-up projects. In this pa-
per we will review the main results we obtained for specification, simulation,
animation and verification of concurrent object-based systems, and present the
necessary steps to be followed in order to improve the software development
process.

One of the results of the GRAPHIT project was the development of the spec-
ification language Object-Based Graph Grammars (OBGG) [12]. This language
has been strongly influenced by the composition operators for graph grammars
presented in [34] (a Ph.D. thesis advised by Prof. Hartmut Ehrig). The main
idea is that a system is constructed by composing objects belonging to different
classes. Fach class is specified with a graph grammar (with special characteris-
tics giving the language an object-based style natural for non-academic users).
In section 2 we present the main concepts of Object-Based Graph Grammars.

To be really useful in practice, there must be techniques (and possibly tools)
for the analysis of a specification. With this aim we have built a simulation tool
for OBGG (the PLATUS tool'). With this tool it is possible not only to execute
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