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Abstract

Formal methods are scarcely used in industrial applications. Industrial
strength tools and educational effort do not significantly help in promot-
ing formal methods. Main obstacles to the industrial application of formal
methods are lack of flexibility and specialization, and difficulties in inter-
preting analysis results. This paper argues that graph grammars can help in
overcoming such limitations and suggests translation rules, based on graph
grammars, as a natural merging of formalizations based on graph grammars
and rule based approaches, thus indicating a challenging practical application
domain for graph grammars.
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1 Introduction

Despite the enormous amount of investments in research and development, indus-
trial applications of formal methods are negligible [8, 20]. Industrial strength tools
produced in the last decade ([10, 16]) and educational effort of many universities
suggest that lack of automation and skills are not the key obstacles to the use of
formal methods, as often claimed. The real obstacles in applying formal meth-
ods in industry can be found elsewhere: lack of flexibility, lack of specialization,
difficulties in expressing properties and examining analysis results [14].

Formal methods are extremely rigid. Anyone who has been working with for-
mal methods beyond simple toy examples has faced the problem of capturing
specific elements of a description with a chosen formal method, regardless the
method and the application domain. Most of us know the frustration of spending
a conceivable amount of time to find a representation of a fairly simple construct
in an unsuitable formalism. Formal methods are general purpose: Petri nets, finite
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state automata, temporal logics, just to cite few examples, apply to almost every
domain. Very few formal methods, if any, are tailored to a specific domain. Al-
though generality can be a precious quality, complete absence of specialization
can result in difficulties in meeting all aspects of the specific domains, as often
experienced in industrial settings [8, 14]. Interesting properties cannot always be
expressed easily and results are often difficult to be decoded and related back to
the original formulation of the problem.

The recently proposed solutions to the aforementioned problems have not
been successful so far. This paper suggests that a rule based framework founded
on graph grammars can lead to an acceptable solution to these problems and in-
dicates some challenges that need to be addressed to open formal methods to a
large set of industrial applications.

2 Gateways to Formal Methods

Lack of flexibility and difficulties in expressing properties and analysis results
can be overcome by filtering the access to the chosen formal method. Lotos ([6])
and SDL([19]) are examples of how suitable domain specific notations can help
in accessing formal methods. Lotosasksprocess algebras with constructs tai-
lored to the specific domain and makes properties and results easily accessible to
domain experts. Similarly, SDinaskdinite state automata to ease their use. Both
approaches are designed for specifying and analyzing communication protocols.
Unfortunately these and few other successes cannot be immediately replicated in
other domains, since few application domains present the same stability of com-
munication protocol and thus can be addressed with fixed notations.

Often, specific problems require that notations be suitably tailored or even
new notations be defined. These needs have been experienced even with formal
methods, as withessed by the many variants of the most successful models (e.g.,
Petri nets, temporal logics, process algebras), but are exasperated with informal
notations. The most popular informal specification notations, e.g., structured anal-
ysis and object oriented design notations, have been used in so many syntactic and
semantic variants that we can identify whole notation families.

In this papers, we argue that graph grammars can provide the framework for
masking formal methods with flexible user notations, and thus can support a large
variety of application domains, including most popular informal specification no-
tations used in software engineering.

A first step towards a solution is represented by the attempts to formally de-
fine graphical notations with graph grammars. Examples are the graph grammar
supported editors proposed by the Berlin school ([1]) and the three-grammars ap-
proach by the Aachen school ([21]). These works indicate the possibility of using
graph grammars to interpret user-friendly graphical notations, but do not provide
the flexibility required in many application domains.



A complementary step in this direction is represented by the attempts to define
rules for mapping informal specifications notations to formal models. Examples
of such approaches are the rule based mapping framework presented in [17] and
the recent attempts to formalize UML with rules [11]. Rule based approaches
solve the flexibility problem, but hardly adapt to continuously evolving notations,
and are thus limited to fairly stable notations.

Graph grammar based rules for mapping informal specification notations to
formal models can solve the aforementioned problems by suitably merging the
two classes of approaches. A multiple graph grammar setting similar to the one
proposed by Andy Schuerr in [21, 18] can be used as the formal framework to
define mapping rules that can better cope with continuously evolving notations.
Differently from other rule based approaches, the formal foundation of graph
grammars can simplify the problems derived from the need of quickly changing
interpretation, by supporting modifications of subsets of mapping rules.

Continuously changing specification notations require mapping rules to be
frequently modified and adapted to new needs, without loosing consistency of
both the mapping onto the formal model and the interpretation of the analysis
results. Changing a mapping rule can affect several other rules and modify the
analysis of important properties and the interpretation of the analysis results. To
address rapid changes, we need to be able to easily identify the scope of changes
due to the modification of a rule both in the mapping onto the formal model and in
the interpretation of properties of interest. Both goals can be achieved with a hi-
erarchical mapping of constructs that preserves locality of elements and limits the
scope of changes. The images of elements of the informal specification notation
must be locally identifiable in the formal model, and the interactions among map-
pings of different elements must be reduced to the interaction of their interfaces.
In this way, changes to the semantics of single elements remain localized to the
rules that deal with the elements themselves, and only changes in the element in-
terfaces can affect several elements. Also in this case, the rules to be modified are
limited to the interface rules of the affected elements and can easily be identified.

A hierarchicallocal mapping together with the choice of the same language
to express properties at the specification notation and the formal model levels can
simplify the expression of properties of interest and the presentation of the anal-
ysis results. Properties of interest can be parametric with respect to the elements
and results of analysis can be mapped back by reverting the local mapping. For ex-
ample, let us assume that a data transformation at the specification notation level
is mapped onto a Petri net that includes a transitartto model the start of the
transformation, as shown in Figure 1. The property that every data transformation
at the interface notation level can be eventually executed can be expressed with a
simple temporal logic formula that predicates on the transformations. This prop-
erty can easily be mapped onto a temporal logic property with the same structure
that predicates on the corresponding semantic elements, i.e., the Petri net transi-
tions of typeStart A negative result that indicates a transition of tytart that
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Figure 1: A Petri net giving precise semantics to SA data transformations

cannot be eventually executed can be easily mapped into a comprehensible form
by reversing the mapping that associate each functional transformation to a tran-
sition of typeStart A concrete framework based on a pair of graph grammars to
map informal specification notations to Petri nets is presented in [2, 3].

3 Open Problems

Several features can strongly affect the mapping of informal specification nota-
tions to formal models, among them: hierarchy, global elements, state, incom-
pleteness and inconsistency, and extensibility of the informal notation. For exam-
ple, structured analysis real time (SA-RT) notations allow processes to be hierar-
chically decomposed and allow control to act on subtrees of the hierarchy ([13]);
Statecharts allow hierarchically decomposed states to be entered according to a
history tag that indicates the last visited sub-state ([12]); UML allows the same
feature to be described with different, not always consistent, diagrams, and allows
partial descriptions of the system ([7]); FBD, that is, the IEC 1131-3 standard lan-
guage for modeling programmable controllers, allows new notation elements to
be added incrementally to the specification language ([15]). These and other fea-
tures may complicate the rule based approach and make it impractical in many
interesting cases.

Preliminary experiments of mapping SA-RT, Statecharts, UML, FBD, and
other domain specific notations indicate that the potential problems identified so
far do not represent main obstacles for a graph grammar based approach ([2, 3, 4]).
We believe that the possibility of mapping such a large set of complex features
is largely due to the strong mathematical foundation of graph grammars, and we
doubt that other less formal rule based approaches can achieve the same level of



generality.

The preliminary experiments done so far suggest that the large set of complex
graph grammar rules needed to fully mask the details of a formal model may be
difficult to manage at industrial scale. The results of using a pre-competitive pro-
totype for FBD to model and analyze sample industrial applications are extremely
encouraging. However, further research and experiments are required to simplify
the proposed approach and thus reach the equilibrium between formality, capabil-
ity of changing rules on the fly without affecting the correctness of the translation,
and user friendliness.

4 Conclusions

In this paper, we illustrated a possible practical application of graph grammars to
provide a flexible framework for formalizing informal specification notations. The
proposed framework aims at merging results obtained in previous projects and can
represent an interesting application of graph grammars. A similar approach can be
applied beyond the area of specification notations. Examples of other application
domains where graph grammars are proposed as a possible solution are software
processes ), software architectures ([9]), programming languages ([5]).
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