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representing and investigating their knowledge during
system decomposition and definition. Models can be used
to represent formally all aspects of a systems engineering
problem, including the structure, function, and behavior of
a system (Gero 1990). Additionally, experiments can be
performed on models to eliminate poor design alternatives
and to ensure that a preferred alternative meets the
stakeholders’ objectives. Models also facilitate collaboration by providing a common, unambiguous protocol for
communicating design information.
Although the current focus of MBSE has been on
describing the structure, function and behavior of systems,
there is an important opportunity to extract from these
formal descriptions executable models — i.e., simulations.
In this paper, we explore a method based on graph
transformations to translate — or compile — structural
descriptions of a system into corresponding simulation
models ready to be executed in a simulation tool.

ABSTRACT
Currently, system engineering problems are solved using a
wide range of domain-specific models and corresponding
languages. It is unlikely that a single unified modeling
language will be able to model in sufficient detail the large
number of system aspects addressed by these domainspecific languages. Instead, a model integration framework
is needed for managing the various modeling languages
used to solve systems engineering problems. The Systems
Modeling Language (OMG SysMLTM) can provide an
answer to this need for model integration. Using SysML, a
modeler can abstract a domain-specific language to a level
that permits its interaction with other system models. In
addition, graph transformation approach can be use to
accomplishing automated, bidirectional transformation
between SysML and the domain specific language. In this
paper, a generic approach for defining such graph
transformations is presented.

2
1

A GRAPH TRANSFORMATION APPROACH

INTRODUCTION
Assume that the dynamic behavior of a system is described
in a particular modeling and simulation tool. Since this
simulation model is only one aspect of the overall system
description, it is important to define formally how the
different parameters in the simulation model relate to the
parameters used in other system descriptions. Without such
formal relationships, it is difficult to maintain consistency
among all the system descriptions. In addition, the results
of the simulation should also be mapped back to the system
requirements and objectives.
To achieve such an integration between the behavioral
system model and the rest of the system information, we
propose to use the following generic integration approach:

Contemporary systems engineering projects are becoming
increasingly complex as they are handled by
geographically distributed design teams, constrained by the
objectives of multiple stakeholders, and inundated by large
quantities of design information. Accordingly, problems
encountered during the system development process
generally have more to do with the organization and
management of complexity than with the direct
technological concerns that affect individual subsystems
and specific physical science areas (Sage 2000). If
engineers cannot efficiently manage project complexity,
they might overlook important design details and
dependencies. Such mistakes can compromise stakeholder
objectives and lead to costly design iterations or system
failures.
According to the principles of model-based systems
engineering (MBSE) (Fisher 1998), engineers can
overcome these problems by replacing document-centric
design methods with model-based approaches for
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Create a meta-model for the specific domain that
is being integrated.
Create a SysML profile in which the domain
specific constructs are mapped to stereotypes,
which extend closely resembling, existing SysML
modeling elements.
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Create graph transformations relating the domain
specific meta-model and the corresponding
SysML profile
For each of the transformations that update the
domain-specific model, include the corresponding
API calls to the domain specific tool.

2.2 The Graph Transformations
Once the domain-specific meta-models and the
corresponding SysML profile have been defined, a
mapping or transformation between the two needs to be
defined. Many methods exist for completing model
transformations between two or more modeling languages
or meta-models. Two common transformation approaches
are OMG’s Queries/Views/Transformations (QVT) (Object
Management Group 2007) and Triple Graph Grammars
(TGG) (Schürr 1994). We propose using Triple Graph
Grammars.
TGGs are similar to QVT in intent but are declarative
by nature. Accordingly, TGGs are particularly useful for
completing complex, bidirectional model transformations.
In a TGG, the metamodels for the source and target
languages are defined as graphs. The mapping between the
two languages is then represented as a set of graph
transformation rules applied to a third graph: a
correspondence graph, as is illustrated in Figure 2. Due to
the declarative, bidirectional nature of TGGs, one set of
graph transformation rules can be used to transform
SysML models into the domain-specific language and
vice-versa.
Although a TGG is used for this
transformation, others have shown that QVT is equally
expressive and capable (Greenyer 2007).

So far we have demonstrated this approach for integrating
the Modelica language (Mattsson, Elmqvist, and Otter
1998) with SysML (Johnson, Paredis, and Burkhart 2008).
Modelica is a formal language for describing the energy
flow through systems in terms of differential-algebraic
equations and discrete events. We are currently in the
process of applying this same graph transformation
approach for integrating with SysML Matlab Simulink
models and discrete event models in eM-Plant.
2.1 The Meta-Models
When capturing the information in a particular domain, it
is best do so formally by first defining a meta-model — a
model that defines a language that defines the types of
information that are relevant in the domain and the
relationships between these types of information. Many
domains have already been characterized by such formal
meta-models, but in other domains meta-models may be
lacking or are encoded implicitly in a domain-specific tool
(e.g., a modeling or simulation tool). Even if a meta-model
does not exist explicitly it is often not difficult to define
one and to relate it through API calls to the data that is
implicitly organized in a domain specific tool.
A
simplified example of such a meta-model for the Modelica
language is shown in Figure 1.
To enable a mapping between the domain-specific
meta-model and SysML, we establish a corresponding
meta-model in SysML. However, rather than modifying
the SysML meta-model directly, we use the UML profiling
mechanism. Profiles have the advantage that they do not
modify the underlying meta-model so that SysML tool
support is maintained (Weisemöller and Schürr 2008).

Figure 2: A simplified TGG between Modelica and SysML
3

DISCUSSION AND SUMMARY

We have outlined an approach for integrating domainspecific models into SysML, and have illustrated this
approach for an integration between SysML and Modelica
— for a more detailed overview refer to (Johnson 2008).
Although we have only demonstrated this approach for

Figure 1: A simplified meta-model for Modelica
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Modelica, we believe that it is more generally applicable,
and we are currently in the process of illustrating this same
approach for integrating Matlab Simulink and eM-Plant
into SysML.
Note that when integrating modeling and simulation
tools, it may be necessary to distinguish clearly between
the models and the simulations. The models describe the
behavior while the simulations are experiments performed
on the model. It may be necessary to define separate metamodels and model transformations for both the models and
the simulations.
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