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Abstract. The possibility to perform correct and automatic model transformation during reasonable short time is
vital in the development of software applications. We analyse transformation of ontology axioms into rule model,
which is an important and integral part of each conceptual data model. Therefore, the main aim of this research is to
adopt the appropriate model based transformation approach for the transformation of ontology axioms into a rule
model.

hasten the introduction of new software applications.
The OMG is accomplishing this goal through the
introduction of the Model Driven Architecture (MDA)
architectural framework with supporting detailed specifications. These specifications will lead the industry
towards interoperable, reusable, portable software
components and data models based on standard models.
System development using MDA framework implies creation of models of the following types [1]: the
computation independent model (CIM), the platform
independent model (PIM) and the platform specific
model (PSM).
A computation independent model [1] is a view of
a system from the computation independent viewpoint. A CIM does not show details of the structure of
systems. A CIM is sometimes called a domain model
and a vocabulary that is familiar to the practitioners of
the domain in question is used in its specification. It is
assumed that the primary user of the CIM, the domain
practitioner, is not knowledgeable about the models or
artifacts used to realize the functionality for which the
requirements are articulated in the CIM. The CIM
plays an important role in bridging the gap between
those that are experts about the domain and its requirements on the one hand, and those that are experts
of the design and construction of the artefacts that
together satisfy the domain requirements, on the other.
A platform independent model [1] is a view of a
system from the platform independent viewpoint. A
PIM exhibits a specified degree of platform independence so as to be suitable for use with a number of
different platforms of similar type. A PIM system model is defined as a set of parts and services, which are
defined independently of any specific platform.

1. Introduction
The possibility to perform correct and automatic
model transformation during reasonable short time is
vital in the development of software applications. The
Object Management Group (OMG) [1] is accomplishing this goal through the introduction of the Model
Driven Architecture (MDA) architectural framework
with supporting detailed specifications.
In this paper, we concentrate on the development
of conceptual model using ontology-based approach.
Domain ontology is used in the development of conceptual models, since the semantic content expressed
by ontology can be transformed into information
systems artefacts, thereby reducing the costs of conceptual modelling. A rule model is an important and
integral part of each conceptual model. Therefore, we
target on the transformation of ontology axioms into a
rule model. The draft version of this method is presented in details in [2]. But to insure the transformation it
is necessary to investigate existing transformation approaches and to apply the appropriate for own purpose. Therefore, the main aim of this research is to
adopt the appropriate model based transformation approach for the transformation of ontology axioms into
a rule model.
The meta-model based transformation approach is
reviewed in Related works section. Section 3 presents
the adaptation of MDA for the transformation of
ontology axioms into a rule model. Section 4
concludes the paper.

2. The Related Works
The Object Management Group (OMG) [1] was
formed to help reduce complexity, lower costs, and
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going relationship between the source and target
model once the target has been generated. In the second case, the transformation couples the source model and target model.
Model transformation is essential part of the MDA
framework. Transformation specification, a set of
transformation rules, is used to define transformation
of one model to another model, assuming that models
are based on the meta-models complying with the
MOF [3].
An MDA mapping [2] provides specifications for
transformation of a PIM into a PSM for a particular
platform. The platform model will determine the nature of the mapping.
Figure 1 presents the correspondence of MDA models to different abstraction levels of a system [4].

A platform specific model [1] is a view of a system
from the platform specific viewpoint. A PSM combines the specifications in the PIM with the details
that specify how that system uses a particular type of
platform.
A platform model [1] provides a set of technical
concepts, representing the different kinds of parts that
make up a platform and the services provided by that
platform. It also provides, for use in a platform specific model, concepts representing the different kinds
of elements to be used in specifying the use of the
platform by an application.
Model transformation is the process of converting
one model to another model of the same system [1]. A
transformation generates a target model from a source
model. Transformations may lead to independent or
dependent models. In the first case, there is no onBusiness
system
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Figure 1. MDA mapping to the different systems [4]

concepts has to be developed only once for a pair of
meta-models, not for each model instance [5]. Moreover, automatic model transformations enable us to
reduce time and costs required for model development
and fixing the mistakes of developers.
To define the mapping between two conceptually
different models requires a common basis that describes both the source and target domains of the transformation, and the transformation vocabulary. This common basis in this case is the meta-model [1], [5]. To
map models that have different meta-models is vital in
software reuse, even for those software systems that
are automatically generated directly from their models
[5].
Automatic model transformations focus on the
construction of models, specification of transformation rules, tool support and automatic generation of
code and documentation.
Driven by practical needs and the OMG’s request,
a large number of approaches to model transformation
have recently been proposed. They are summarized
and classified in [6, 7, 8].
In this paper, automatic transformation is used for
the development of CIM or domain model using

By [4] informational needs and problems are identified analyzing business systems. Business system is
the place where the problems reside. The usage of
CIM to model business systems simplifies understanding of these systems, elimination of the problems and
their sources. Supporting processes of information
systems fulfill the needs of business systems. Information systems concentrate on information and information processing methods so these systems are technological aware and can be modeled by PIM. Information systems are supported by business software
systems, the latter ones employ the power of different
technologies to provide information-processing facilities for information systems. The technological solutions of business software systems are modelled by
PSM.
Without the ability to perform automatic model
transformations, every existing model must be developed and understood separately, and/or has to be converted manually into the various modelling formalisms. This often requires as much effort as recreating
the models from scratch, in another modelling language. However, when automatic model transformations are used, the mapping between the different
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ontology-based approach. We target on the transformation of ontology axioms into a rule model, which is
an integral and important part of domain model.
The question should be answered first: can we apply MDA for transformation of ontology axioms into
rule model [8]? By analysing ontology meta-models
presented in [9, 10, 11], etc., the following conclusion
can be drawn. Since ontology can be defined in a formal way, we should use MDA for the transformation
of ontology axioms into rule model.

The formal expression and definition of ontology
were taken from [2], where ontology defines the basic
terms and their relationships comprising the vocabulary of an application domain and the axioms for
constraining the relationships among terms.
Most conceptual modelling approaches are concerned with essential concepts, associations among concepts and constraints of an application domain [13].

Figure 2. Meta-model based transformation of models [5]

Used in

Ontology meta-model
is related
by
have

Concepts
have

Properties

Mapping

const
rain

Conceptual data model meta-model
is related
by

Entities
Domains
have
values
from

Axioms

Relationships

have

Attributes

constrain
const
rain

Rules

Instance

Instance

Ontology
Axioms

Used in

Input

Relationships
constrain

Definitions

Instance

Meta-metamodel

Instance

Transformation

Conceptual
Model

Rule
Model

Figure 3. Applying MDA for the transformation of ontology axiom into a conceptual model

transformation rules or mapping in a formal way.
The schema of models transformation from Figure
2 was adapted to the ontology axioms transformation
into rule model, which is an important and integral
part of each conceptual data model (see Figure 3).
Ontology meta-model describes ontology. It
presents a formal expression of ontology in general
form, where axiom meta-model is an integral part of
ontology meta-model.
Ontology presents a formal expression of a concrete ontology (like Protégé [9], OWL [10], ontological foundation from [10], [11], etc.), where axioms

3. Applying MDA for the Transformation of
Ontology Axioms into a Rule Model
For the transformation of ontology axioms into
rule model MDA with MOF is applied. MOF is a
meta-model that is widely accepted in the industry. It
uses the layered concept (instance, model, metamodel, meta-meta-model) that is very suitable for this
research.
To adopt MOF for transformation of ontology axioms into a rule model it is necessary to define the
source (ontology axioms and ontology as a whole), the
target (rule and conceptual model as a whole) and

124

Applying the Meta-Model Based Approach to the Transformation of Ontology Axioms into Rule Model

are concrete, e.g. expressed using some formal
language.
Conceptual model meta-model describes conceptual model. It presents a formal expression of a conceptual model in general form, where rule model
meta-model is an integral part of conceptual model
meta-model.
Conceptual model should present a formal expression of a concrete conceptual model (like ER [10],
OMG [14], etc.) with rule model.
Meta-models of ontology and conceptual model
were analysed in [2] and formal expressions are also
presented in [2].
From the formulas presented in [2] it was determined that the mapping of ontology axioms into rules
is the following (see Figure 4).
Axiom
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Figure 4. Mapping of ontology axioms into rules

An axiom consists of one or more statements. A
statement consists of two or more concepts and relationships, which link concepts into the meaningful
sentence.
A rule consists of rule clauses. A rule clause consists of two or more entities’ terms, which denote
some entities in conceptual data model, and relationships, which link entities into the meaningful rule
clause.
If an axiom maps to the rule, then consisting parts
of an axiom map to the consisting parts of a rule.
The mapping follows:
• ontology axiom → rule
• axiom statement → rule clause
• statement concept → entity in a rule clause
• statement relationship → relationship in a rule
clause

4. Conclusions and Future Work
The analysis of the related work on model transformation approaches shows that MDA can and
should be used for the transformation of ontology
axioms into rule model, which is an important and integral part of each conceptual data model.
Ontology axioms (and ontology as a whole), rules
(and conceptual model as a whole) and transformation
rules or mapping should be defined in a formal way to
adopt MDA for the transformation. The mapping follows: ontology axioms map rules, axiom statements
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