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Abstract

In this paper we continue our work on the formalization and validation of UML models by means
of graph transformation systems. We here concentrate on statechart and collaboration diagrams
albeit our approach covers use case, class, object, and sequence diagrams as well. The statechart
and collaboration diagrams describe the operations of the underlying class diagram and include
OCL expressions as guards and parts of message expressions. We illustrate in detail the generation
of graph transformation rules for the statechart and collaboration diagrams.
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1 Introduction

The Unified Modeling Language (UML) has recently become a widely accepted
standard for the visualization, specification, construction, and documentation
of object-oriented software systems. It is well established and used in industry
as well as in research. The UML is a graphical language that comprises a
number of different diagram types for different purposes. The syntax of these
diagram types is defined in the UML metamodel [9]. But the semantics of the
language constructs is only given in natural language. As the UML is sup-
posed to support a software engineer in constructing precise models, a formal
foundation for UML is needed. The graphical notation is enhanced by the
Object Constraint Language (OCL), which permits to formulate constraints
that cannot be expressed by the diagrams in a textual way. OCL is formally
defined in [11]. Currently, the 2.0 version of UML is about to be finalized [10]
but the language definition will still be informal.

By translating a given UML model into a graph transformation system we
provide an integrated formal semantics for a large part of UML. Integrated
means that a model in our approach may comprise use case, class, object,
statechart and interaction (collaboration and sequence) diagrams. We stick
to UML 1.5 but UML 2.0 likewise includes the UML concepts covered by us,
albeit some details and the naming have changed in some cases. In particular,
collaboration diagrams are called communication diagrams in UML 2.0.

The graph transformation system consists of graph transformation rules
and a working graph, which represents a snapshot of the current state (hence
called system state) of the modeled system. The system state changes during a
run of the system, i.e. graph transformation rules are applied rewriting parts
of the working graph. Using our approach modelers can validate a system
model by performing system runs and comparing their expectations with the
results of these runs.

In this paper we present the fundamental concept of system states and
the translation of a given UML model into a graph transformation system
focusing on the rules evolving from statechart and collaboration diagrams.
An important aspect for us is that our approach integrates the OCL. OCL
expressions that appear in the model are used in rules as well. When applying
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