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INTRODUCTION

Numerous modeling tools, frameworks, and environments support domain experts with the im-
plementation of spatiotemporal simulation models. The implemented models are usually bound to
specific frameworks, because specific modeling languages, simulation engines, or processing plat-
forms have to be used®. This reduces the degree of model reuse and integration, particularly in a
multi-disciplinary context. Our approach addresses two issues: model implementation and model
reuse. This approach is conceptually based on the suggestion of Evert et al., (2005) to separate the
modeling level, on which simulation models are described by modelers, and the implementation level,
on which models are linked and executed. The approach is realized using Model-driven Engineering
(MDE) and is presented for modeling cellular automata (CA).

MODEL DRIVEN ENGINEERING FOR SPATIOTEMPORAL MODELING: A
THREE-LEVEL APPROACH

In MDE, software is mainly described by models, not by code. Executable code is automatically
synthesized from these models (Schmidt, 2006). In our approach, simulation software is explicitly
modeled on three distinct levels of abstraction. At each level, the simulation software is represented
by a level-specific model. The concepts that are available for modeling on the different levels are
formally prescribed by level-specific metamodels that define the respective modeling languages.

On the highest, most abstract, level, a domain specific model is defined by the means of a domain
specific modeling language (DSL). This DSL can be tailored to the needs of the modeler and should
provide modeling concepts with a clear relation to the problem domain (i.e. hydrological modeling,
fire spread modeling, land use change modeling). A domain specific model is automatically trans-
formed to a formalism specific model.

The formalism specific model is modeled using the concepts of a modeling formalism that is
more expressive in comparison to the DSL. Moreover, it holds more implementation and computation
detail. For modeling on this level, we developed the hybrid cellular automaton (HCA) formalism as a
generic modeling language for CA simulation models.

" In the remainder of this paper the term framework subsumes software that is named library, tool,
framework, language and environment in literature.
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Figure 1: A MDE based three-level implementation approach to simulation model implementation.

A formalism specific model is automatically transformed to a framework specific model from
which executable code is automatically generated. The concepts of the modeling language at the
framework level are provided by a simulation framework (API, grammar). In this implementation
approach, the modeling formalism on the framework level may provide greatest expressivity and
holds most implementation detail.

Generally, with this approach model reuse can be realized by defining different transformations
from the formalism level to different frameworks and the respective code generation. By this a model
can be reused on different frameworks. The domain specific model, the formalism specific model,
and the transformation between domain level and formalism level remain unchanged.

The approach is based on the assumption, that there is a common understanding on all modeling
levels of how a system is to be modeled. This common understanding is reflected in the basic model-
ing concepts. In general, we adopt the notion systems theory and event-based modeling. Models may
be constructed by assembling interacting submodels, where each model has a state and may exhibit
discrete and continuous behavior. A model’s state and discrete state transitions can be defined along
the lines of general purpose programming languages.

Using HCA, a CA is composed of interacting cell-submodels. Figure 2 illustrates a possible tra-
jectory of a single cell, where the model’s state evolves continuously between events. At times of
events (t1, t2) the model’s state changes instantaneously.
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Figure 2: The hybrid behavior of cells of the HCA.

Based on the basic modeling concepts, CA specific extensions allow for the specification specific
elements, such as the definition of a cell, a neighborhood, and transition functions based on a
neighborhood (Figure 3).
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Figure 3: A partial metamodel for the HCA formalism on the formalism level (UML notation).

For model execution, we use the process-based simulation framework jDisco (Helsgaun, 2001)
that provides means to realize the basic and CA specific modeling concepts. Since the required execu-
tion functionality is generic, model execution may also be realized using other generic simulation
frameworks i.e. DEV&DESS (Praehofer et al, 1993). For this, specific metamodels and transforma-
tions had to be defined.

CONCLUDING REMARKS AND OUTLOOK
We developed MDE approach to modeling CA that is based on generic simulation functionality.
The core element of this approach is the HCA - a generic formalism to model CA. Currently, this
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formalism allows the definition of simple models, like Conway’s Game of Life. More expressivity
will be added by extending the means to define transitions and to query the CA’s state (i.e. statistical
functions). Moreover, model coupling is to be introduced to integrate CA with other models (i.e.
workflows, agents). Currently, the HCA can directly be used for modeling. However, as the HCA’s
expressivity is extended, it will become harder to use. Because of this, possibly less expressive but
more intuitive languages should be provided on the domain level for particular classes of CA.

Prototypical implementations show that model performance is a key challenge, since model exe-
cution is demanding and efficient simulation is crucial to make this approach feasible for big cellular
automata. Moreover, the inclusion of GIS functionality is needed. Today’s GIS standards and generic
GIS technologies may provide the basis for the integration of GIS functionality with simulation mod-
eling using an MDE-approach.
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