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I. Introduction

This work aims to transform UML 2.0 statechart models with their formally specified semantics to
a model checking language suitable for formal verification. The transformation approach allows to
perform an early investigation of software models in a very rich modeling language.

II. UML 2.0 Statecharts

UML 2.0 Statecharts is the de facto standard formalism for modeling the behavior of reactive, state-
based systems. Its graphical representation allows visual system modeling, while its semantics aims
to serve as a base for both generating code and reasoning about the properties of the system being
modeled. The language is very rich, e.g., it allows capturing the hierarchical refinement of models, it
makes possible to employ guards and to define compound transition and activity structures.

Besides the powerful abilities defined, the UML 2.0 standard contains certain ambiguities as well.
The thesis of Gergely Pintér [1] offered remedy for these problems with a formally defined precise
statechart semantics. Furthermore, the semantics is defined in a declarative manner that suits the
declarative model checking paradigm very well. This work is based upon this semantics, called Precise
Statecharts.

III. Formal Verification

Formal verification has the goal to prove that an examined system satisfies certain properties, based
on an underlying rigorous mathematical model. Among various formal verification approaches I con-
centrated on model checking, mostly due to its automated nature.

A. Model Checking

Model checking assumes a formal description of the system (i.e., a system model) and performs an
exhaustive exploration of the model to verify the desired properties. In other words, the user defines
the model of the system, and the requirements (properties, theorems) and the model checker explores
all possible execution traces of the model and checks if the requirements hold on all of them.

B. SAL tools

The SAL model checking framework [2] is used to perform the actual model checking. SAL stands
both for a model checking program suite and its model specification language. The model checking
suite includes a “traditional” BDD-based and a novel “bounded” model checker, a simulator, a tool to
check for deadlocks, etc.

The language is based on the Kripke Transition System formalism, containing states, transitions and
state variables. The latter can be built up from primitive types via the rich type system in SAL [3].
More information about SAL model checkers and its specification language is available at [4].
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IV. Precise Statecharts to SAL Model Transformation

The implementation of this model transformation task is based on the Java API being developed
for the Precise Statechart Semantics. This API makes possible to process UML2 statechart models
produced by some EMF-based UML modeling tool, with access to the special constructs defined by
the precise semantics (mostly sets and relations).

Although SAL has multiple equivalent syntaxes, the ASCII variant is preferred because it is suitable
both for code generation and for humans willing to read and eventually complete the code. I created a
prototype template-based solution, using the Velocity template engine [5]. This way metamodel level
constructs can be implemented without any knowledge about the actual model being processed during
the transformation (e.g., initializing a statechart or firing a transition).

V. Model Transformation Implementation Details

The data structure and the generic behavior of a statechart (i.e., statechart semantics) is defined
using the Velocity template with the statechart semantics captured by the transitions of a SAL module.
The states, regions, triggers and other statechart elements are implemented as enumerations, generated
from the actual statechart model. The guards and effects are implemented as parameterized generic
code, copied from the model if they are available. The generator uses the events and call behavior
implementations from the actual model using the template. The actual run-time data consists of a set
of boolean arrays representing the active states in the statechart structure, and a set of SAL variables
used in the guards and activities.

The most difficult aspects of the transformation are the following: 1) enabling multiple activities
during compound transitions, which are defined in a general way using PERT graphs in the Precise
Statecharts semantics; 2) implementing the use of parallelism (i.e., fork and join constructs); 3) and
modeling an event queue, especially capturing the possibility of adding events into the event queue
from activities. It is also considerably difficult to use the proper SAL constructs to capture semantics
possibly avoiding state space explosion, e.g., using simple boolean arrays instead of records can reduce
the state space with multiple orders of magnitude.

VI. Conclusion and Future Work

I created an initial prototype of the SAL model generator from UML2 statecharts. For simplicity
reasons it transforms a single statechart, but the approach can be extended to support multiple ones.
There is a limited support for guards and activities: external statechart variables are modeled explicitly
and arbitrary (hand-crafted) SAL functions can be used on these to specify guards and activities.

Handling variables has room for improvement: several transformation issues can be automated, most
notably deriving guards and effects directly from the source model. Event queue handling and support
for the most advanced compound transition structures are quite complex tasks with very limited support
now; both are to be improved in the near future. The prototype engine also needs extensive testing with
various input models and requirements (i.e., properties), possibly from different applications domains.
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