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Abstract. Today, model-driven development is getting more sophisticated and 
can be used for modeling enterprises and developing application systems. Since 
current interoperability solutions operate essentially at a syntactical level, tech-
nologies have to be developed enabling interoperability based on middleware, 
and development platforms have to be enriched with machine-understandable 
semantics. Our approach of ‘Ontology-based Model Transformation’ will con-
tribute to these challenges by lifting syntactical metamodel description into on-
tologies and by a formalism for ontology-based model transformations. 

1 Introduction 

Arising challenges, like to develop more and more complex systems efficiently, have 
lead to the trend of enterprise and application modeling becoming a provider of intel-
ligent infrastructure services [ 12]. This drives the need to achieve interoperability in 
modeling enterprises and application systems by semantic enrichment, which can be 
met by integrating ontology technology into services of an intelligent infrastructure. 
Due to the existence of a many different modeling languages and metamodels used 
for modeling the same semantic concepts, ontologies will help to facilitate the integra-
tion of the diversity of modeling approaches. The Model-Driven Architecture, as a 
framework for model-driven development, can be realized more efficient by extend-
ing specifications of models and model transformations with ontologies, since this 
semantic information can be used to automate the integration of various modeling 
languages. Ontology technology like ontology mappings or inference machines will 
provide new possibilities for analysis of metamodels and processing metamodels. 

The paper is organized as follows: After a motivational scenario, section 3 intro-
duces technologies and trends important to our approach. The dissertations topic of 
‘Ontology-based Model Transformation’ is presented and explained in section 4. Sec-
tion 5 provides an overview over initial results and a detailed research plan for the 
dissertation. Finally we give a short outlook to technologies and solutions our ap-
proach contributes to. 



2 Motivational Scenario 

Software methodologies are typically characterized by modeling languages and a 
software process [ 2]. Like described in [ 17] and also realized in many approaches, 
methodologies have to be tailored to specific software development projects, compris-
ing the choice of appropriate modeling languages for the various models. By enrich-
ing model-driven development with ontologies a mutual understanding for conceptual 
integration can be achieved [ 8]. Model transformations specified between ontologies, 
will lead to interoperable model transformations independent of methodologies’ tai-
loring to specific projects. The specification of multiple model transformations will be 
reduced to few or even one ontology-based model transformation. Furthermore one 
specification of an ontology-based model transformation can be used to generate mul-
tiple transformations for specific modeling environments (and their transformation 
languages) automatically. 

3 Background 

There is a considerable interest in the R&D community in model driven-development, 
metamodeling and model transformation (see [ 5] for a survey). Since years those top-
ics have been a focus of the «UML» conference series (e.g. in [ 1]) or the workshops 
on ‘Model-Driven Architecture: Foundations and Applications’. 

Like described in [ 9] the Model-driven Architecture (MDA) provides a framework 
for software development focusing on models in all phases of development. Models 
are more than abstract descriptions of systems, as they are used for model- and code-
generation – they are the key part of the definition of a software system. Since in 
MDA abstract models are refined to more concrete models, (automated) model trans-
formations are very important [ 10]. For MDA methodologies we can distinguish two 
kinds of model transformations. In vertical model transformations models from 
higher level of abstraction are transformed to models of lower level of abstraction, 
e.g. platform independent models to platform specific models. There knowledge of 
platforms is encoded into transformations, reused for many systems rather than re-
designed for each new system. Horizontal model transformations are used for de-
scribing mappings between models of the same level of abstraction. By relating con-
cepts of various model types, knowledge of modeling domains is encoded into trans-
formations, enabling the integrated use of different models without having to specify 
interrelationships between each set models manually. 

3.1 Current Solutions and Problems 

Numerous model transformation approaches like relational, graph-transformation-
based, structure-driven, hybrid and other approaches have been developed. Various 
model transformation languages like e.g. BOTL, F-Logic, UMLX, ATL or XSLT 
exist, many of them being implemented in tools (for a classification see [ 6]). The Ob-
ject Management Group (OMG) issued the MOF 2.0 Query / View / Transformation 



(QVT) Request for Proposals (OMG ad/2002-04-10) for standardization in this area. 
[ 10,  14] provide analysis of and recommendations to the submissions to the standard. 

In [ 13] the IDEAS network stated that for the vision of enterprises being able to 
seamlessly interoperate with others it will be necessary to integrate and adapt ontolo-
gies in future architectures and infrastructures to the layers of enterprise architecture 
and to operational models. Those challenges could be met by applying mappings be-
tween different enterprise model formalisms based on an enterprise modeling ontol-
ogy and by enriching heterogeneous business process models semantically by process 
ontologies to achieve a shared understanding of the enterprise domain [ 12]. Also in 
the proposed framework in [ 8], describing how to apply model-driven development in 
software engineering disciplines in order to support the business interoperability 
needs of an enterprise, the reference model for conceptual integration is based on on-
tologies to achieve mutual understanding on all levels of integration. 

Since current interoperability solutions operate essentially at syntactical level (the 
approaches presented in 3.1 essentially use model representations without ontology 
concepts) there is a need to integrate ontologies in models to enable enterprises oper-
ating seamlessly with others [ 12]. Methods able to define semantic transformation 
rules and to interpret them, despite of structural and semantic differences of the repre-
sentations, have to be developed. The integration of ontologies in enterprise modeling 
and therefore our approach of ‘Ontology-based Model Transformation’ will help to 
improve the development of both vertical and horizontal transformations. 
• Interoperability between enterprise models is achieved by an automated genera-

tion of horizontal transformations from semantic transformation rules. This offers 
new possibilities for the integration of domain specific languages (DSLs), of (‘leg-
acy’) models (developed by application of different modeling policies) and the de-
velopment of flexible predefined model transformation specifications. Models 
from different organizations can be integrated, whilst the organizations keeping 
their own policies for representing semantic concepts in models. 

• In generic model transformations knowledge e.g. about software or platform 
architecture can be encoded independent to DSLs. Changes to model transforma-
tion rules have to be adapted in semantic transformations only once and changes in 
the representation of semantic concepts in modeling languages have only to be ad-
justed in the representation of the semantic concepts. 

4 Ontology-based Model Transformation 

In MDA a model is a representation of a part of the functionality, structure and behav-
ior of a system. A specification is said to be formal when it is based on a language 
with well defined structure (‘syntax’) and meaning (‘semantics’). Thus MDA models 
must be paired unambiguously with a definition of the modeling language syntax and 
semantics [ 15]. Most metamodels have, despite of well defined syntax, descriptions of 
their semantic concepts and dynamic semantics, which is neither formal nor machine 
understandable. 

Taking the idea of the semantic web [ 7], where the word semantic means machine 
understandable to modeling, metamodels have to be grounded using ontology meta-



data. This enables machines to understand the meaning of metamodels’ concepts. In 
our approach we lift the syntactical (meta-)model description by semantic enrichment 
into ontologies describing the concepts of the model in a machine understandable 
form. Model transformations are defined on top of those ontologies. 

4.1 Concepts and Architecture of Ontology-based Model Transformation 

As a realization of semantic-based model transformations, ontology-based model 
transformation needs the following parts to achieve an increased level of abstraction: 
• Semantic Transformation: A semantic transformation is a transformation speci-

fication describing a transformation between two ontologies. A semantic transfor-
mation is specified between a source ontology and a target ontology (see figure 1), 
but it can also be bidirectional. For horizontal transformations the semantic trans-
formation normally is the ID. 

• Syntax-semantic Binding: The syntax-semantic binding specifies the connection 
between syntax (metamodels) and semantics (ontologies). 
• MO-Binding: (Metamodel-ontology) MO-Bindings specify how semantic in-

formation can be derived model elements. 
• OM-Binding: (Ontology-metamodel) OM-Bindings specify how ontology ele-

ments are expressed in models.  
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Figure 1: Concept of ontology-based Figure 2: Overall approach of ontology- 
model transformation based model transformation 

In figure 1 we can see concepts and design of ontology-based model transformation. 
A transformation is specified on the basis of ontologies, called semantic transforma-
tion. The transformation between the two ontologies, a source ontology and a target 
ontology, is described by the means of this semantic transformation. Elements of the 
source ontology are transformed to elements of the target ontology. The connection 
between syntax defined in metamodels and the semantics of the ontology elements 



has to be defined by a syntax-semantic binding, done with a MO-Binding and an OM-
Binding. In a mid-term perspective these bindings have to be derived semi-
automatically from already existing transformations and bindings in combination with 
metamodel analysis. 
Figure 2 shows the overall approach of ontology-based model transformation. A 
combination of one semantic transformation, one MO-Binding and one OM-Binding 
form a transformation configuration. A transformation configuration is the basis for 
an automated generation of common model transformations. A generator for model 
transformations takes a transformation configuration as well as appropriate meta-
model- and ontology-definitions as input and outputs a model transformation speci-
fied in an intermediate model transformation language. Introducing an intermediate 
transformation language aims to obtain a common representation of model transfor-
mations independent to specific transformation languages, maybe on the basis of a 
QVT common language (see [ 14]) and comparable to the platform independent model 
in the MDA approach. The generated model transformation is input to arbitrary 
MDA-tools performing model transformations. 

5 Initial Results and Research Plan 

Till today we gathered experience in developing and implementing model transforma-
tions with various technologies especially in the field of business process modeling 
(e.g. see [ 3,  4]). Beneath those experiences from projects we evaluated several model 
transformation languages and tools. For our approach of ‘Ontology-based Model 
Transformation’ we have already developed usage scenarios showing the potential 
improvement through its application. Based on some initial examples of ontology-
based model transformations we have worked out and formulated the overall ap-
proach and architecture of ‘Ontology-based Model Transformation’. 

Future work of the dissertation will comprise the development of a formal descrip-
tion of semantic transformations, syntax-semantic bindings and an intermediate model 
transformation language, by also considering existing transformation languages and 
the emerging standard QVT, as well as algorithms and methodologies for deriving 
model transformations from ontology-based model transformations. The dissertation 
will investigate how model transformations can be derived from ontologies and vice 
versa. This task will also include metamodel analysis. Furthermore ontology-based 
model transformations will be embedded in software development processes.  

The results of our work are evaluated by considering as example a methodology 
for cross-organizational process development. An implementation of ‘Ontology-based 
Model Transformation’ by the means of a generator deriving model transformations 
from ontology-based model transformations and its integration into a semantic devel-
opment platform will be provided. 



6 Related Work and Conclusions 

A related approach connecting metamodels and ontologies is pursued by the Ontology 
Definition Metamodel (ODM) [ 16] issued by the OMG. ODM provides metamodel(s) 
for ontology definition supporting ontology development. Though ODM does not lift 
metamodel descriptions (e.g. of domain specific languages) to ontologies, ODM re-
sults may be used for implementing ontology-based model transformation.  

The approach of ‘Ontology-based Model Transformation’ will provide input for in-
teroperability solutions, like semantically enriched middleware platforms or semantic-
based model-driven development platforms. This will contribute to interoperability in 
enterprise modeling, by providing basic technology for the development of generic 
and standardized model transformations and methodologies.  
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