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graphical representations. Well-formedness rules, which represent
the static semantics of a language, can be defined to check model
consistency. The runtime behavior of each syntactical meta-element
defined in the DSL represents the dynamic semantics of the
language, which is often more challenging to specify.

ABSTRACT
Domain-Specific Languages (DSLs) enable domain experts to
participate in software development tasks and to specify their own
programs using domain abstractions. To define programs using
domain concepts, rather than programming language concepts,
model-based syntax and semantic specification techniques may
offer advantages over current approaches. The purpose of the
research described in this paper is to provide a semantic framework
that can be used visually by DSL designers, yet has formal
underpinnings such that interoperation with verification tools is
possible to realize model checking tasks. This research is focused on
a visual technique based on activity diagrams and graph
transformation rules to define the semantics of DSLs.

The research described in this paper represents an investigation into
the design of a semantic framework that enables DSL designers to
define semantic specifications using visual models. The proposed
framework also addresses issues of model verification and model
analysis by defining the verification tasks that are specific to a
particular domain.

2. RELATED WORK
Current platforms and toolsets that have provided a means for
specifying the behavioral semantics of a modeling language often
rely on some formalism based on operational semantics. A common
approach is to map the metamodel concepts of a DSL to a mature
and well-known existing target semantic domain (e.g., Abstract
State Machines (ASM) [2], and Petri Nets [3]). In this context,
Agrawal et al [4] and Chen et al [5] utilize what they call a semantic
anchoring technique to map abstract syntax models to existing ASM
semantic domains in the GME platform. Ruscio et al [6] propose a
similar technique, except the ASM mapping is integrated within the
AMMA platform. In these approaches, the dynamic behavior of a
specific DSL element is modeled as a sequence of ASM state
transitions. Although these kinds of definitions enable the adoption
of model checking and simulation activities using the target
semantic domain, it is challenging for DSL designers to use such
approaches (because of unfamiliar formalisms in the target model
concepts). Muller et al [7] extended an abstract syntax metalayer
with an action language to weave a semantic definition within a
metamodel. However, the necessity of defining the behavior of each
concept in an imperative way results in code that is written in the
style of a general-purpose programming language. Engels [8]
provides operational semantics of diagrams by means of
collaboration and graph transformations. Knapp [9] uses temporal
logic; Overgaard [10] advocates the π-calculus to define semantics.
Although the formal structures of these related works are suitable
for usage with model verification and simulation tools, the specific
approaches require expertise in notations and formalisms that are
not generally within the skillsets of most designers.
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1. INTRODUCTION
Model-Driven Engineering (MDE) has been shown to increase
productivity and reduce development costs [1]. The concepts
advocated by MDE focus on abstractions tied to a specific domain
that provides tailored modeling languages for domain experts.
Domain-Specific Languages (DSLs), used within the MDE context,
enable end-users who are domain experts to participate in software
development tasks and to specify their own programs using domain
concepts in the problem space, rather than programming language
concepts in the technical solution space. However, there remain
several challenges that drive new research in DSLs. For example,
simulation, code generation, model checking and different kinds of
analysis require a precise definition of the semantics of a DSL. Most
modeling toolsets do not allow the semantics of DSLs to be defined
in a way that would support such desirable analysis and generation
tasks.
DSLs, like any other language, consist of definitions that specify the
abstract syntax, concrete syntax, static semantics and dynamic
semantics of the language. Specification of abstract syntax includes
the concepts that are represented in the language, and the
relationships between those concepts. Concrete syntax definition
provides a mapping between meta-elements and their textual or

3. RESEARCH GOALS
The research described in this paper proposes a semantic framework
that can be used by DSL designers, yet has a formal foundation that
will permit interoperation with model verification tools. A key
research question addresses the feasibility of designing a general
visual language that can be used to define the dynamic semantics of
a modeling language, which can interoperate with analysis tools to
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semantics techniques. Visual modeling, comprehensibility, ease of
use, amount of time to design a new DSL, and compatibility with
verification tools will be used as comparison and evaluation criteria.

allow designers to verify the correctness of models within domainspecific verification tasks.

4. APPROACH AND METHODOLOGY
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