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Abstract

The Semantics Web is a vision for the future of the Web in which information is given ex-
plicit meaning, making it easier for machines to automatically process and integrate information
available on the Web. An ontology defines the terms used to describe and represent an area of
knowledge. Ontologies are used by people, databases, and applications that need to share domain
information (a domain is just a specific subject area or area of knowledge, like medicine, tool
manufacturing, real estate, automobile repair, financial management, etc). The amount of data
caused by the success of Internet is demanding methodologies and tools to automatically extract
unknown and potentially useful knowledge out of it, generating structured representations with
that knowledge. The main goal of this paper is to present comprehensive introduction into MDA-
based ontology development. It will provide an introduction to the field of the Semantics Web
and ontology engineering, a description of several UML- and metamodeling- based solutions and
tools for ontology development.

Keywords: Business rules, knowledge based systems, model driven architecture, reasoning, se-
mantics web, ontology.

1 Introduction

Certain commonly used terms had multiple meanings all equally valid but which we had not
differentiated adequately, leading to much confusion. To avoid this cufusion one must define an
ontology, which included semiformal definitions of all key terms and their relationships. The term
ontology means a specification of a conceptualization. It is used to describe the highlevel structure of
the software in the most direct and most expressive manner possible. The Semantic Web endows the
network of disparate information that is currently accessible on the Internet with meaning. Because
this meaning can be gleaned and processed automatically by software, the Semantic Web opens
up the exciting and awe-inducing possibility of a unified global intelligence accessible to all. The
e-learning is the use of the new multimedia technologies of the Internet to improve the quality of the
learning by facilitating on one hand the access to resources and to services, on the other hand the
exchanges and the collaboration in distance. The main goal of this paper is to present comprehensive
introduction into MDA-based ontology development. It will provide an introduction to the field of
the Semantics Web and ontology engineering, a description of several UML- and metamodeling-
based solutions and tools for ontology development. The objectif is to show how the ontologies can
be useful in the domain of e-learning. This paper will be divided in three parts. The first covers
the basis of both main topics ontology, semantic web and standards. The second part, explain the
Model Driven Architecture. The last is the central one, it starts with a review of several approaches
and aim to bridge the gap between ontology development and software engineering methodologies.
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Figure 1: Global view of the Model Driven Architecture approach

2 Semantic Web

The Semantic Web has the potential for semantically richer representations of things (e.g., Web
pages, applications, and persons) and their relations on the Web, and thus should provide us with
more intelligent services. In MDA, an instance of MOF [10] is use for representing models but our
works are only concerned by UML models. For adding semantics in UML models we can use:

• UML profile: UML can be used for modeling many domains. The problem with this is that
UML models are so generic that it is impossible to know either it is object application, a meta-
model, a model, a database structures or anything else only by looking at it [9]. For adding
precision, the OMG has standardized the concept of UML profile [11]. A UML profile is a set of
techniques and mechanisms allowing to adapt UML in a particular and specific domain. UML
profile can be used in any UML model and do not modify the structure of the meta-model.
UML profiles are stereotypes or labels which can be injected into models. After having stuck
labels on models, we can make inference using it. As we can see, doing this can solve our
problem of semantics lack on model in a low level, but this is not exploitable by machines
because there is no notion of logic and taxonomy and semantic is not formally defined.

• Object Constraint Language: In UML it was not possible to define the body of an operation
(or a method) so the OCL [12] was standardized by OMG for doing it. OCL allows expressing
any kind of constraints on UML models. For example, we can express constraints like: “before
renting a car you must be sure that it is OK”. Well, OCL seems to be a good solution for our
problem but it is not the case. The first problem with OCL is that he does not support side
effect operations and the second is that he does not offer automatic inference for machines.

• Action Semantic: remember that the main constraint with OCL was that he only supports no
side effects operations. To solve this constraint, the OMG standardize Action Semantic [13].
Well, now we have a formalism being able to express any king of operations and constraints
but it is not enough. This formalism is complicated to use [9], was not created while thinking
to machine comprehension and self-use, and do not have a textual formalism.

As we can see, none of the UML “techniques” is suitable for adding semantics in models. In
an other side a new domain of computer is growing more and more: semantic web. The aim of
the semantic web is to make the web both comprehensible by humans and machines [14]. A part



Figure 2: ODM principe

of semantic web is about ontology and reasoning. Modeling concept defined by ontologies can be
used to model the concepts in a domain, the relationships between them, and the properties that
can be used to describe instances of those concepts [15]. In addition, the Web Ontology Language
(OWL)[24] supports the inclusion of certain types of constraint in ontology, allowing new information
to be deduced when combining instance data with these logic’s description [15]. At this point our
dilemma was how can we use MDA models and Semantic Web? Ontology Definition Meta Model
was the response to our need.

Moreover, careful selection of a knowledge representation may simplify problem solving, whereas
an unfortunate selection may lead to difficulties or even failure to find a solution. Complex problems
require a combination of several different representations. In order to be practical, every knowledge
representation technique needs a notation. A formal notation often used for representing knowledge is
first-order predicate calculus. Of course, it is not suitable for all types of knowledge. The notation of
description logics has also proven expressive enough to represent knowledge formally. More recently,
the trend has been to use XML syntax for representing knowledge structures.

3 Ontologies and their application

There is an increasing awareness among researchers and developers that ontologies are not just for
knowledge-based systems, but for all software systems. The major application fields for ontologies
nowadays include knowledge management, e-learning, ecommerce, and integration of Web resources,
intranet documents, and databases. Knowledge sharing and reuse through automatic exchange of
Web documents among applications and agents is possible only if the documents contain ontologically
encoded information. One view of ontology representation languages is that they can be used as
metadata languages ontologies engineered with such languages can provide vocabularies for metadata
to facilitate the management, discovery, and retrieval of resources on the Web. A metamodel is an
explicit model of the constructs and rules needed to build specific models within a domain of interest.
This characterizes a valid metamodel as an ontology, since such constructs and rules represent entities
in a domain and their relationships i.e., a metamodel is an ontology used by modelers.

The MDA and its four-layer architecture provide a solid basis for defining the metamodels of any
modeling language, and thus a language for modeling ontologies based on the MOF. Such a language
can employ MDA tool support for modeling, model management, and interoperability with other
MOF-based metamodels. The current software tools do not implement many of the fundamental
MDA concepts. However, we can expect that most of these tools, which are presently oriented
towards UML and the modeling layer (M1), will be improved and equipped with MDA support in
the coming years.



Figure 3: Our approach throughout the MDA layers

4 Ontologies Learning

Ontology learning (ontology extraction, ontology generation, or ontology acquisition) is the auto-
matic or semi-automatic creation of ontologies, including extracting the corresponding domain’s
terms and the relationships between those concepts from a corpus of natural language text, and
encoding them with an ontology language for easy retrieval. As building ontologies manually is
extremely labor-intensive and time consuming, there is great motivation to automate the process.
Typically, the process starts by extracting terms and concepts or noun phrases from plain text using
linguistic processors such as part-of-speech tagging and phrase chunking. Then statistical or symbolic
techniques are used to extract relation signatures. ontologies have to be structured optimally against
the knowledge base they represent. The structure of an ontology needs to be changed continuously
so that it is an accurate representation of the underlying domain. Recently, an automated method
was introduced for engineering ontologies in life sciences such as Gene Ontology (GO),[7] one of the
most successful and widely used biomedical ontology.[8] Based on information theory, it restructures
ontologies so that the levels represent the desired specificity of the concepts. Similar information
theoretic approaches have also been used for optimal partition of Gene Ontology.[9] Given the math-
ematical nature of such engineering algorithms, these optimizations can be automated to produce a
principled and scalable architecture to restructure ontologies such as GO.

5 Conclusion

Ontology engineering aims to make explicit the knowledge contained within software applications,
and within enterprises and business procedures for a particular domain. Ontology engineering offers
a direction towards solving the interoperability problems brought about by semantic obstacles, such
as the obstacles related to the definitions of business terms and software classes. However, real-
world applications and their development are rarely clearly bordered in their scope; thats why these
environments are not enough. It is, therefore, necessary to integrate applications that are used for
intelligent systems development into mainstream software platforms. This topic is going to gain
more and more attention with the development of the Semantic Web [Berners-Lee et al., 2001] and
with increased integration of intelligent techniques in common information systems.
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