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CHAPTER 1

INTRODUCTION

1.1 MOTIVATION

Among recent attempts to improve productivity in software engineering, model-
driven engineering (MDE) is an approach that focuses on the design of artifacts and
on generative techniques to raise the level of abstraction of physical systems [142].
As model-driven engineering gains momentum, the transformation of artifacts and
domain-specific notations become essential in the software development process.

One of the pre-existing modeling languages that boosted research on MDE is
the Unified Modeling Language (UML). UML is a visual design notation [117] for
designing software systems. It is a general-purpose modeling language, capable of
capturing information about different views of systems, like static structure and
dynamic behavior.

In addition to general-purpose modeling languages, MDE relies on domain-
specific languages (DSL). Such languages provide abstractions and notations for
modeling specific aspects of systems. A variety of domain-specific languages and
fragments of their models is used to develop one large software system.

Among artifacts produced by multiple modeling languages, MDE faces the
following challenges [57]: support for developers, interoperability among multiple
artifacts, and formal semantics of modeling languages. Addressing these challenges
is crucial to the success of MDE.

In contrast, issues like interoperability and formal semantics motivate the
development of ontology web languages. Indeed, the World Wide Web Consortium
(W3C) standard Web Ontology Language (OWL) [61], together with automated
reasoning services, provides a powerful solution for formally describing domain
concepts in an extensible way, thus allowing for precise specification of the seman-
tics of concepts as well as for interoperability between ontology specifications.

Ontologies provide shared domain conceptualizations representing knowledge
by a vocabulary and, typically, logical definitions [62, 161]. OWL provides a class
definition language for ontologies. More specifically, OWL allows for the definition
of classes by required and implied logical constraints on the properties of their
members.

The strength of OWL modeling lies in disentangling conceptual hierarchies
with an abundance of relationships of multiple generalization of classes (cf. [128]).
For this purpose, OWL allows for deriving concept hierarchies from logically and
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precisely defined class axioms stating necessary and sufficient conditions of class
membership. The logics of class definitions may be validated by using corresponding
automated reasoning technology.

Ontology engineers usually have to cope with W3C standard specifications
and programming languages for manipulating ontologies. The gap between W3C
specifications and programming language leads ontology engineers to deal with
multiple languages of different natures. For instance, W3C specifications are plat-
form independent, whereas programming languages include platform-specific
constructs.

Indeed, addressing these issues has been one of the objectives of model-driven
engineering. MDE allows for developing and managing abstractions of the solution
domain towards the problem domain in software design, turning the focus from
code-centric to transformation-centric.

Understanding the role of ontology technologies like knowledge representa-
tion, automated reasoning, dynamic classification, and consistency checking in MDE
as well as the role of MDE technologies like model transformation and domain-
specific modeling in ontology engineering is essential for leveraging the develop-
ment of both paradigms.

For example, UML and OWL constitute modeling approaches with strengths
and weaknesses that make them appropriate for specifying distinct aspects of soft-
ware systems. UML provides means to express dynamic behavior, whereas OWL
does not. OWL is capable of inferring generalization and specialization between
classes as well as class membership of objects based on the constraints imposed on
the properties of class definitions, whereas UML class diagrams do not allow for
dynamic specialization/generalization of classes and class memberships or any other
kind of inference per se.

Though schemas [111] and UML extensions (UML profiles) for OWL ontolo-
gies exist, an integrated usage of both modeling approaches in a coherent framework
has been lacking so far. This book unveils research problems involving the composi-
tion of these two paradigms and presents research methods to assess the application
of a novel framework integrating UML class-based models and OWL ontologies and
technologies.

Investigating the composition of UML class-based modeling and ontology
technologies requires a systematic procedure to address a series of research ques-
tions. Firstly, we need to characterize the fundamental concepts and technologies
around UML class-based modeling and OWL ontologies and to elicit the require-
ments of an integrated framework. Consequently, we need to specify a framework
that realizes the integration of both paradigms and fulfills the requirements previ-
ously elicited.

To analyze the impact of an integrated approach, we need to apply it in both
domains: model-driven engineering and ontology engineering. In the domain of
model-driven engineering, we apply the proposed framework to address shortcom-
ings of software design and software languages. Our aim is to reduce complexity
and to improve reusability and interoperability.

In the domain of ontology engineering, we tackle issues addressing the gap in
clarity and accessibility of languages that operate ontologies, e.g., ontology transla-
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tion languages or ontology APIs generation. Our framework is then used to support
the development of platform independent models, aiming at improving maintain-
ability and comprehensibility.

In the following subsections, we describe the motivation for investigating an
integration between UML class-based modeling and OWL in Section 1.2. We pre-
sented the guidelines for reading this book and listed the previous publications
covering parts of this book in the preface.

1.2 RESEARCH QUESTIONS

Over the last decade, the semantic web and the software engineering communities
have investigated and promoted the use of ontologies and UML class-based model-
ing as modeling frameworks for the management of schemas. While the foci of these
communities are different, the following question arises:

Question I What are the commonalities and variations around ontology tech-
nologies and model-driven engineering?

By identifying the main features of both paradigms, a comparison of both leads
to the following sub-questions:

Question LA What are the scientific and technical results around ontologies,
ontology languages, and their corresponding reasoning technologies that
can be used in model-driven engineering?

Question I.LB What are the scientific and technical results around UML class-
based modeling that can be used in ontology engineering?

While investigating this problem, our goal is to analyze approaches that use
both UML class-based technologies and ontology technologies and to identify pat-
terns involving both paradigms. The result of such analysis is a feature model,
described in Chapter 4.

The feature model reveals the possible choices for an integrated approach of
OWL ontologies and model-driven engineering and serves as a taxonomy to catego-
rize existing approaches. Furthermore, the classification allows for eliciting require-
ments for a composed approach.

We carry out exploratory research by conducting a domain analysis over
approaches involving UML class-based technologies and ontology technologies
found in the literature. Domain analysis addresses the analysis and modeling of
variabilities and commonalities of systems or concepts in a domain [32].

The research result is a descriptive model characterized by a feature model for
the area of marrying UML class-based modeling and ontology technologies.

While there exist mappings between these modeling paradigms [114], an
analysis of the outcome of an integrated approach for UML class-based modeling
and OWL is lacking so far. The challenge of this task arises from the large number
of differing properties relevant to each of the two modeling paradigms.
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For example, UML modeling provides means to express dynamic behavior,
whereas OWL 2 does not. OWL is capable of inferring generalization and specializa-
tion between classes as well as class membership of objects based on restrictions
imposed on properties of class definitions, whereas UML class diagrams do not
allow for dynamic specialization/generalization of classes and class memberships or
any other kind of inference per se.

Contemporary software development should make use of the benefits of both
approaches to overcome their restrictions. This need leads to the following
question:

Question II What are the techniques and languages used for designing inte-
grated models?

To address this question, we use the requirements resulting from Question I
to propose a framework comprising the following building blocks: (i) an integration
of the structure of UML class-based modeling and OWL; (ii) the definition of nota-
tions for denoting integrated artifacts; and (iii) the specification of a query solution
for retrieving elements of integrated artifacts. Together, these building blocks con-
stitute our original approach to Transform and Weave Ontologies and UML class-
based modeling in Software Engineering—7TwoUse (Figure 1.1).

We analyze the impact of the TwoUse approach with case studies in the
domain of model-driven engineering and ontology engineering.

Applying TwoUse in Model-Driven Engineering. In UML class-based
modeling, software design patterns provide elaborated, best practice solutions for
commonly occurring problems in software development. However, software design
patterns that manage variants delegate the decision of what variant to choose to client
classes. Moreover, the inevitable usage of several software modeling languages leads
to unmanageable redundancy in engineering and managing the same information
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Ontology
Domain-Specific Services
Modeling Languages

Metamodeling Formalization

Model
Transformation

The TwoUse
Approach

Figure 1.1 Context of the Book.
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across multiple artifacts and, eventually, information inconsistency. The growing
demand for networked and federated environments requires the convergence of
existing web standards and software modeling standards.

In contrast, the strength of OWL modeling lies in disentangling conceptual
hierarchies with multiple generalization of classes [128]. OWL allows for deriving
concept hierarchies from logically and precisely defined class axioms stating neces-
sary and sufficient conditions of class membership.

OWL provides exclusive features that distinguish it from class-based modeling
languages: class expressions, individual equality, and class expression axioms.
Hence, the following question arises:

Question III What is the structural impact of using OWL constructs in design-
ing software artifacts?

To address this problem, we work on identifying patterns at the modeling level
as well as at the language level. At the modeling level, we analyze the situation
where the decision of what class to instantiate typically needs to be specified at a
client class. We investigate the following question:

Question III.LA How does one determine the selection of classes to instantiate
using only class descriptions rather than by weaving the descriptions into
class operations?

In systems that rely on ontologies, i.e., in ontology-based information systems,
the question is the following:

Question IIL.B How does one reuse existing knowledge captured by domain
ontologies in the specification of functional algorithms of ontology-based
information systems?

At the language level, to support the interrelationships of software modeling
languages in distributed software modeling environments, we need to answer the
following question:

Question III.C Which ontology technologies can help existing modeling lan-
guages in managing the same information across multiple artifacts and how
can they do so?

The hypothesis is that an ontology-based approach improves software quality
and provides guidance to software engineers. To test the hypothesis at the modeling
level, we analyze the TwoUse approach with three case studies: software design
pattern, designing of ontology-based information systems, and model-driven soft-
ware languages.

At the modeling level, we analyze the application of TwoUse in addressing
drawbacks of software design patterns and in design ontology-based information
systems. At the language level, we analyze the application of TwoUse in addressing
the transformation and matching of modeling languages into OWL.

Applying TwoUse in Ontology Engineering. In ontology engineering,
the design of ontology engineering services [170] has drawn the attention of the



8 CHAPTER 1 INTRODUCTION

ontology engineering community in the last years. However, as ontology engineering
services become more complex, current approaches fail to provide clarity and acces-
sibility to ontology engineers who need to see and understand the semantic as well
as the lexical/syntactic part of specifying ontology engineering services. Ontology
engineers use services in an intricate and disintegrated manner, which draws their
attention away from the core task and into the diverging platform details.

From this scenario, the problem of supporting generative techniques in ontol-
ogy engineering services emerges, adding expressiveness without going into plat-
form specifics, i.e.,

Question IV How does one fill the abstraction gap between specification
languages and programming languages?

We propose a representation approach for generative specification of ontology
engineering services based on model-driven engineering (MDE). In order to recon-
cile semantics with lexical and syntactic aspects of the specification, we integrate
these different layers into a representation based on a joint metamodel.

The hypothesis is that filling the gap between ontology specification languages
and general purpose programming languages helps to improve productivity, since
ontology engineers do not have to be aware of platform-specific details. Moreover,
it simplifies the tasks of maintenance and traceability because knowledge is no
longer embedded in the source code of programming languages.

We validate our approach with three case studies of three ontology engineering
services: ontology mapping, ontology API generation, and ontology modeling.

For ontology mapping, we present a solution for ontology translation specifica-
tion that intends to be more expressive than current ontology mapping languages
and less complex and granular than programming languages to address the following
question:

Question IV.A How does one fill the abstraction gap between ontology
mapping languages and programming languages?

For ontology API generation, we present a model-driven solution for design-
ing mappings between complex ontology descriptions and object oriented
representations—the agogo approach—and tackle the following question:

Question IV.B What are the results of applying MDE techniques in ontology
API development?

For ontology modeling, we present a model-driven approach for specifying
and encapsulating descriptions of ontology design patterns and address the following
problem:

Question IV.C How does one allow declarative specifications of templates
and tools to test these template specifications and realizations?




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


