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Modeliranje pravila Semanti |
Apstrakt:

U okviru ove magistarske teze je predstavljen
treba da omoguslti rianztleir|oipteirnabvid sitoa -p rkaoviirakvaj i n a

i mpl ementacija integracije vige | ezuikMadelDaverpr ed
Arhitekturi (MDA). Post oj el a regenja integr acnejkeridejjeglani k a
centralni jezik za pr eds namolgjud mjoestp rjawiilnas,t v@tna
koriglenpPpwompemwguiaava razmenu pravila u razlil
Pored togaout i | e i n a cija ko je ndophadnk®ristdi r razsiti. U tim regenj
integracija ovih jezika transformacijama i zmel
alata Posledica je da ovmnemoguli ava fokusiranje na Imlapir e
konstrukcija vel j e i mpl ementacija orijentisana na
sintaksi. Pored toga, aktuel na rzaaveninjna XMiauesa n u d

predstavljanje pravila sa drugim jezicima koji nisu deéinlsi XML si nt aksom, kao

Za integraciju jezikaza predstavljanje pravilge razviien REWERSEI1 Rule Markup Language
(R2ML) kao centraln{generalni)jezik zarazmenupravila R2MLo mogul ava predst av |
vrsta pravilati.,ogani | enj a i n taeepkciomi@rodakciora Impleendnéacija integracije
pravila preko R2MLa je realizovana z&/3C-ov Semantic Web Rule Language (SWRig Ontology

Web Languag®m (OWL) i OMG-ov Object Constraint LanguagéOCL) sa Unified Modehg
Languageom (UML). SWRL je jezik za predstavl-ydakje®CLpr av
jezik zadefinisanjepravilanadUML modelima

Integracija navedenihjezika korig | e n j e ma k&Xikbsta je implementiranatransformacijama
metamodelaovih jezika gde svaki jezik za predstavljanjepravila ima apstraktnusintaksu (koja se
definisanumetamodebm u kontekstuMDA). Kako se metamodeli jezika za pravila nalazeu MOF

tethni kom prostoru konkretne tr ansf odarduaOMb grupacieu z ¢
Koriglen je ATLAS Tr(ATh)skbjopredssatlja inpleméntacijy MQFg QVT
standada za transfmodetaaci j u i zmelu

Uovommadu su prikazana ko nceepdnats8WRLaR2MLai OCL jazikg a |

Kako se konkretnesit akse jezi ka nal aze u npraXVL,iMOF,tEBNR) t e h
kreirane stneophodné r ansf or macije kaemni gfFehpemi AmeLpenika
prostora i MOFa kao centralnogtehni k o g pr ost ora u & oi 2wnigkaemdsy a n s
definisane njihove apstraktne sintakse (tj. rmatadeli).

Projektovana je i razvijengrogramskabiblioteka u jeziku Javaz a 1 zvr gavanje tr
standardnim i Web aplikacijama Ko r i gvé lbfiotekernlavaServerPages (JSP) jeziku razvijena

je Web aplikacpza 1 zvr gavanje transfor macimjoavama mko akt
jezicima za predstavljanje pravila. Pored opis

u radu je dat koncizanrggledi st r a gdiivsaclikpilhi na rel evantnih za re
prikazane su prednosti pristupazatrs f or maci j e k o rstangldrda n pdmosuvn@ Br2ga Q V
regenj a.

Kl julne reli

Semantil|l ki Web, Ont ol opvilg, Bletamd el zil ¢, Zd2aamséods mac
metamo de | a, Tehni | ki pr ost vl EBNES RIRIL, MOR2 WVT,, ATU ML , C



Modeling Rules on the Semantic Web
Abstract:

This master thesis focuses on the designdewelopment o& general markup e language for sharing
rules This languageshould enable interoperability between different types of rules on the Semantic
Web and those defined by standardge.g., MetaObject Facility, MOF) of the Model Driven
Architecture (MDA). Currently aailable sdutions for integration ofsuch languages daot use a
disciplined solution based oncantral rule markup language, whintight havea significantinfluence
on potentials for unique representation anctuse of rules. Besideshis affects a number of
trarsformations necessary to develop and Werover, integration between rule languagesusally
done onthe level of ther concrete syntax witkthe use of XML-based toolsThis preentsfocusng on
mapping between constructs of rule languagdsthe levelof their abstract syntaxbut instead one
shouldfocus onthe implementation level, that ithe level ofconcrete syntaxn addition, thecurrent
solutionsare hampered with the lack of tools fategration between XMibased rule languages with
otherlanguageshatdo not have aXML syntax such aghe OCL language.

In this paper we usethe REWERSE |1 Rule Markup Language (R2Mda)allow for integration ofrule
languageswhere R2MLplays a role ofa central (general) markup language for represgntires.
R2ML can represent different types of ruleamely,integrity rules, derivation rules, reaction rylesd
production rulesThe use of R2ML islemonstrate@n the integration oMW3C's Semantic Web Rule
Language (SWRLJjhat is based on th®ntology Web Language (OWL) and OMG's Object Constrant
Language (OCL}hat is based on thenified Modeling Language (UML). SWRL ia language for
representing rules on the Semantic Web, while the O@llaisguage for defining rulda UML models.

Transformaibns betweenR2ML and other rule languageare implemented by employing the
transformations oMOF-basedmodels of these languagds this way, themappingsare done at the

l evel of t he | angmetpenadét a® besually abstract syryeBiriceametamoaleds

are located irthe MOF technical space, transformations are based on OMG's MOF2 QVT specification.
Theimplementation islone by usinghe ATLAS Transformation Language (ATLanimplementation

of the MOF2 QVT specification.

This thesis shows conceptual mappings between different elemertsee SWRL, R2ML and OCL
languagesAs the concrete syntax of these rule languagelcated in different technical spaces
XML, MOF, EBNF), necessary transformations are created, as wediresete textual syntgor OCL)
for bridging between these tehnical spaces and MOFa antral technical space in which
transformatonareexecuted.

In addition, a Java software library for execution tiie ATL transformationsn regularand Web
aplications is developedThis library is empolyed for the implemenation afset ofJSP pages for
execution ofrule transformations. Along with description of design and implementation of the
developed software solution, the thesis provides a concise ovenVialvresearchdisciplines relevant

for the accomplished research. Furthermore, the thesis gomeparesthe proposedransformation
approactbased on thtMOF2 QVT specificiorto otherrelevantsolutions.

Keywords:

Semantic Web, Ontologies, Rule Markupnguages, Metanodels, Modeko model transformations,
technologéal spaces, SWRL, OWL, UML, OCL, XML, EBNF, R2ML, MOF2, QVT, ATL
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1. INTRODUCTION

The Semantic Web is based the use of ontologies that should provide an explicit definition of
the domain conceptualization [Berndrse et al., 2001]. Employing the rich Al research experience and
being driven by practical needs for the use on the Web, the World Wide Web GQansMiBC) has
adopted the Web Ontology Language (OWL) as a standard ontology language [Dean & Schreibg
2004]. Although the adoption of OWL means that Semantic Web applications can exchange the
ontologies and tool vendors can develop reasoners and lgnguages over OWL, there is also a need
to have some other mechanisms for defining knowledge. This is mainly manifested through advanc
mechanisms for enriching ontologies by using rules. Thus, we should also define a standardiz
Semantic Web rule langge that will be based on OWL to provide an additional reasoning layer on top
of OWL. On the other hand, there are many Semantic Web applications that might use (OWL
ontologies whose business logic is implemented by using various rule languages-i(®gic, Bess,
and Prolog) [Sheth, 2006]. In this case, the primary goal is to have a rule exchange language for shar
rules, and hence enabling reusability of their business logics.

The above arguments motivated the research in the (Semantic) Wiatuoday to look at their
different aspects. The most important proposal for the first group of rule language is Semantic We
Rule Language (SWRL) [Horrocks et al., 2004] that tends to be a stiaethreasoning layer built on
top of OWL. However, this is just ensubmission to such a language, while the research on Semantic
Web services (e.g., WSMO and SWSL) aaluces/relies on other rule languages besides SWRL such
as SWSERules or FLogic [Sheth, 2006]. In fact, this language diversity can be addressed by the
second group of research efforts for SatcaWeb rules manifested in the Rule Interchange Format
(RIF) initiative [Ginsberg, 2006], which tries to define a standard for sharing rules. That is, RIF shoulc
be expressive enough, so that it capresent conepts of various rule languages. Besides RIF, one
should also develop a (twway) transformation between RIF and any rulegleage that should be
shared by using RIF. @ently, there is no official submission to RIF, but RuleML [Hirtle et al., 2006]
and tte REWERSE Rule Markup Language (R2ML) [Wagner et al., 2006] are twekme@Nn RIF
proposals.

On the other hand, models are central concepts of Model Driven Architecture (MDA) [Miller &
Mukerji, 2003]. Having defined a model as a set of statements al®maystem under study, software
developers can create software systems that are verified with respect to their models. Such crea
software artifacts can easily be reused and retargeted to different platforms (e.g., J2EE or .NET). UM
is the most famous naeling language from the pile of MDA standaftBviL, 2004] [UML, 2005],
which is defined by a metamodel specified by using Maitgect Facility (MOF) [MOF, 2005]. MOF is
a metamodeling language for specifying metamodels, i.e., models of modeling langimuadering
that MDA models and Semantic Web ontologies have different purposes, the researchers identified tt
they have a lot in common such as similar language constructs (e.g., classes, relations, and properti
very often represent the same/simidlbmain, and use similar development methodologies [Happel &
Seedor f, 2006] . The bottom |ine is the OMGO6Ss
[ODM, 2006] that defines an OWhased metamodel (i,eODM) by using MOF, an ontology UML
profile, and a set of transformations between ODM and languages such as UML, OWL, ER mode
topic maps, and common logics [ODMO06]. In this way, one can reuse the present UML models whe
building ontologies.

In this thesis, we present a research on approachingethartic Web and MDA by proposing a
solution to interchanging rules between two technologies. This integration will reduce human work an
enable the reusing of well defined techniques. More specifically, this thesis addresses the problem
mapping betweethe Object Constraint Language (OCL), a language for defining constrains and rule:
on UML and MOF models and metamodels, and the Semantic Web Rule Language (SWRL),
language complementing the OWL language with features for defining rules. In fact, dhasalr
covers the mapping between OCL along with UML (i.e., UML/OCL) and SWRL along with OWL
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(OWL/SWRL). The main idea of the solution is to employ the REWERSE Rule Markup Language
(R2ML) [Wagner et al., 2006] (a MQ#efined general rule language capturingegrity, derivation,
production, and reaction rules), as a pivotal metamodel for interchanging between OWL/SWRL an
UML/OCL. R2ML is completely built by using moddkriven principles (i.e., defined by a meatadel).
This means that solution is complgtdlased on the abstract syntax of both languages, unlike other
similar approaches that mainly focus on a concrete syntax (mainly-Sdhiemabased) without
efficient mechanisms to check whether the enmnted transformations are valid w.r.t. the abstract
syntax. Presented solution also covers mappings between the abstract and concrete syntax
SWRL/OWL, UML/OCL and R2ML languages, which is completely deted from the
transformations between the abstract syntax of these languages.

Since various abstrachd concrete syntax are used for representing of these three metamodel
(e.g., R2ZML XMI, R2ML XML, SWRL (OWL) XML, OCL XMI, UML XMlI, OCL text-based syntax),
the implementation is based on the OMG's MOF2 QVT specification (which defines languages fo
model tansformations)[QVT, 2005]. More specifically, we useftlas Transformation Language
(ATL) [ATL, 2006], a QVT implementation and one of official Eclipse mettemodel transformation
engine$, and by applying thexetamodetriven model transformation priiple’[ B®z i vi n, 20

Advantage of using the R2ML as the central rmatadel, is that for N rule languages, among
which we want to share rules, we need to create two transformations from a specific rule language
R2ML and from R2ML to the specific langge, and thus the overall number of transformations to be
implemented is 2N. If we create transformations for each pair of languages under study, then we ne
N*(N-1) transformations. Another advantage of the suggested solution is that it is possijtertdesia
from UML/OCL to other rule languages (e.gess, H.ogic, Jena, RieML and Prolog), for which are
defined mapping with the R2ML, but not just to SWRL as it will be shown in this thesis.

1.1. RESEARCH GOALS

Based on the abovmentioned facts, its possible to formulate basic research goals that are
presented in this thesis. Primary goals of this thesis are to show the actual achievements in the are:
the Semantic Web and the Modadiven Engineering, as well as to identify potentials for their
integration and explore concrete technologies that can enable such an integration. This thesis shc
potentials of usg transformations betweanodels of different concrete rule languages (UML/OCL,
SWRL/OWL, R2ML) as one aspect of this integration.

This thesis also shows how is possible to enable integration between different metamodels ¢
rule languages (i.e., OCL and SWRL), by using a general rule interchange language (i.e., R2ML) in t
context of the MDA technologies. This also explores advantageshtamtcomings of sharing different
types of rules when using a central rule markup language (i.e., R2ML).

1.2. SUMMARY OF REALISED SOLUTION

In this thesis, we present a design and implementation of the rule interchange between differe
rule languagedyy using the R2ML language as central "bridge". We participated in the development o
the R2ML language, that is, its abstract syntax, fmetamodel) and concrete syntax. We also defined
conceptual mappings between OWL/SWRL and R2ML and between RZMLUML/OCL. These
conceptual mappings are implemented by using QVT (or more precisely ATL) based transformatior
on the level of the abstract syntax (i.etamodel) of these languages. This approach allowed us to
focus on the concepts of the languagessiered, instead of on platform specific details that are

usual ly integrated i nto |l anguagesd concrete
mentioned, we also show how R2ML enables us to reuse previously implemented transformatiol

L hitp:/iwww.eclipse.org/m2m/
2 In this thesis we use the folowinglareviation for this principlenetamodel transformations
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betweerR2ML and other languages such as addBFic, Jess and RuleML, and hence enable a further
interchange of rules encoded in OWL/SWRL and UML/OCL.

In order to support sharing rules between OCL and SWRL via R2ML, we have to implement ¢
transformationsn different technologicaspaces (e.gXML, EBNF, and MOF), because the concrete
and abstract syntax of these languages is defined in alltéesgologtal spaces. The implementation
of this integration includes the following transformations:

e The first group ©transformations covers those transformations that approach abstract
and concrete syntax of the same rule languagebiidging different technical spaces:

o The transformations between the XML and the M@&ehnologicakpace, which
are implemented by ursg the XML injector andextractor of the ATL toolkit. In
particular, we developed twway transformations between M&fased and
XML -based representations of the following languages:
A SWRL XML concrete syntax (i.e.SWRL XML Schema that also
includes OWL XM. Schema) and Rule Definition Metamodel (RDM) as
a MOFbased metanodel of the SWRL language (we name these
transformations XML2RDM and RDM2XML);
A R2ML XML Schema and the R2ML MQGBased metanodel (we name
these transformations XML2R2ML and R2ML2XML).
o The ransformations between the EBNF and the MOrtegicalspace which
are implemented by using the EBNRjéctor andextractor of the ATL toolkit.
These ATLOs EBNF wutilities are wused
concrete syntax and the OCL mabadel (i.e, OCL invariants and def's). We
implemented this transformation by defining the OCL textual concrete syntax
(TCS) and by generating the ANTLR based grammar, and thus generated OCL
parser andexer for bridging the gap between OCL textual concsgtgax and
OCL MOFbased representation.

e The second group of transformations covers those transformatidnaréheone in the
same technologicapace (i.e., MOF). That is, these transformations bridgedas the
RDM, R2ML and OCL models (we name thest&ransformations RDM2R2ML,
R2ML2RDM, R2ML20CL, and OCL2R2ML).

In this thesis, we decided to support the interchange of integrity rules, because SWRL rules at
OCL invariant defines that type of rules. In the future work, we will support transformatiomseet
other rule languages (e.g., JBoss and JRules) and other type of rules (i.e., derivation, reaction, &
production) with R2ML.

1.3. CONTENTS PER CHAPTER

This thesis contains seven chapters. After the introduction, chapter 2 overviews the resear
disciplines relevant to the research represented in this thesis. In that chapter, we first describe the not
of ontologies, as well as the basic ideas of the Semantic web. We also give an overview of languag
used for representing and describing infolioratresources and rules on the Semantic Web. Next, we
defined the basic concepts of MDE, modeling, nmatalels, and meteodeling architectures. Then,
we show basic concepts of model transformations (languages, definitions and applications). We al
introduce the Model Driven Architecture, as one specific version of the MDE approach. This chapte
ends with the concise overview of the Eclipse Modeling Framework conceptual environment fo
modeling, as well as with the defining the notions of modeling anddémical spaces.

Chapter 3 introduces the R2ML rule markup language and its design and architecture aspec
The chapter starts with an overview of different types of rules that R2ML supports. After that, it show:
the definitions of several rule languagencluding, R2ZML (with its XML Schema), RuleML, RDM,
and OCL. Functional requirements that these matdels support are also shown.
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Chapter 4 presents the most important elementsagpingsdefined between rule language
metamodels. This chapter starwith an overview of the conceptual solution for the transformation of
Web rules and R2ML as a central rule markup language. Next, transformations are describe
(conceptually): between SWRL and R2ML with specific emphasis orbtidging XML and MOF
techrological spaces, where we defineappings and transformatiobetween RML XML Schema
and the R2ZMLmodel, betweelsWRL XML Schema and the RDM model, between the R2ML model
and the RDM model, and between R2Miodel an OCL model. This chapter concludes withe
description of the transformations between the textual and -BEBEd representations of the OCL
language.

Chapter 5 gives in detail an overview of the transformations implemented. It briefly shows the
architecture of the ATLAS development tools (i.ATL Editor) and how to use them. Next, we
describe the implementation of transformations for integrity rules, between SWRL and OCL via R2ML
This chapter also illustrates models obtained in each step of the transformations by using both UM
object diagrens and XMI representations. The chapter also presents a Java class that enables 1
execution of ATL transformations in regular Jehased applications (outside of the Eclybsesed
development), and an architecture of a Jeased Web application for trefiorming rules that uses that
class.

Chapter 6 is dedicated to the analysis of the important aspects of the design and implementati
of the transformations for sharing rules between rule languages. First, we describe experiences in
development of thdR2ML metamodel and transformations, and then discuss cons and pros of the
transformations implemented. Finally, we compare the transformations proposed an implemented in tl
thesis with the existing and relevant solutions used for transforming Welamgleages.

Chapter 7 concludes this thesis by extracting conceptual and practical contributions of the thes
by analyzing potentials of the practical use of the solution proposed, and by outlining the furthe
research and development directions.
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2. SURVEY OF RELEVANT TECHNOLOGIES

This chapter surveys the field and the technologies that are important for understanding tt
concepts described in the rest of this thesis. In addition, this chapter describes the Semantic Web, rt
on the Semantic Web, the concepts of Model Driven Engineering, Eclipse Modeling Framework, a
well as modeling and techlogical spaces.

2.1. SEMANTIC WEB AND RULES

This section describes the basic concepts of the Semantic Web, as well as rule langdages us
the Semantic Web.

2.1.1. About The Semantic Web

Tim BernersLee, the creator of today's Web, has introduced the concept of the Semantic We
[BernersLee, 1998]. In his vision of the Semantic Web, data located somewhere on Web should h
available,processable, and understood by both people and machines. The Semantic Web is a flu
evolving, informally defined concept. It is an advanced phase of Web development, which shoul
enable to overcome the problems that are identified on today's Wethe first phase of its
development, the Web was based on using HTML and was made completely of statically created pag
In the next phase, to enable the Web applications to use databases and dynamically generated \
content directly, various script languagbave been developed. Examples of such languages are
Common Gateway Interface (CGl), Active Server Pages (ASP), Java Server Pages (JSP), etc.

To enable semantic interpretation of data by machines, it is needed to separate the view from t
content. In ordr to achieve this, some artificial intelligence techniques for knowledge representatior
have been proposed, as well as a wide spectrum of standards on which the Semantic Web is based
get a feeling for this range of ideas, here are some represemjatitetions about the nature of the
Semantic Web [Passin, 2004]:

¢ The machingeadabledata view- The Semantic Web is a vision: the idea of having data on the
Web defined and linked in a way that it can be used by machines not just for display purpose
but also for automation, integration and reuse of data across various applications [W3C, 2003].

e The intelligent agents viewThe aim of the Semantic Web is to make the present Web more
machinereadable, in order to allow intelligent agents to retrieve andipukate pertinent
information [Cost et al., 2001].

e The distributed database viewhe Semantic Web concept is to do for data what HTML did for
textual information systems: to provide sufficient flexibility to be able to represent all database:
and logicrules to link them together to great added value [W3C, 2000]. A simple description of
the Semantic Web is that it is an attempt to do for machine processable data what the Wor
Wide Web did for human readable documents. To turn the Web from a largeirikgubtbook
into a large interlinked database.

e The automated infrastructure viewSemantic Web is an infrastructure, and not an application
[BernersLee et al., 2001].

e The servanbf-humanity view The vision of the Semantic Web is to let computer softwar
relieve us of much of the burden of locating resources on the Web that are relevant to our nee
and extracting, integrating, and indexing the information contained within [Cranefield, 2001].
The Semantic Wels a vision of the nextjeneration Web, whicbnables Web applications to
automatically collect web documents from diverse sources, integrate and process informatiol
and interoperate with other applications in order to execute sophisticated tasks for humar
[Anutariya, 2001].
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e The betterannotationiew- The i dea of a O0Semantic Webd
annotations expressed in a machmecessable form and linked together [Euzenat, 2001].

e The improveesearching view Soon it will be possible to access Web resources by content
rather tlan just by keywords [Anutariya, 2001].

e The Web services viewncreasingly, the Semantic Web will be called upon to provide access
not just to static documents that collect usefiibrmation but also toservicesthat provide
usefulbehavior[Klein & Bernstein, 2001]. The Semantic Web promises to expand the services
for the existing Web by enabling software agents to automate procedures currently performe
manually and by introducing new applications that are infeasible today [Euzenat, 2001].

It follows from the above statements that the Semantic Web covers a wide range of areas al
perhaps no two people have quite the same idea about it. However, some issues constantly dominate
research and development related to the Semantic Web [Passin, 2004]:

e indexing and retrieving information;
meta data;
annotation;
the Web as a large, interoperable database;
machine retrieval of data;
Web-based services;
discovery of services, and
intelligent software agents.

To enable the Semantic Web to "live", it is neceggar provide a wide range of standards.
Figure 2.1 shows the structure of the Semantic YMebich provides a framework for all such
standards.

Trust A. D
Logic and Proof A N
Rules A. N

Ontologies, Taxonomies: RDFS, OWL

Metadata, Annotations: RDF, Topic Maps

Conventional Web Data: XML

Unicode URI/IRI

Figure 2.1: Semantic Web architecturegf@ed from [Bernerd.ee et al., 2001])

Each layer is seen as buildiog the layer below. The enabling technologies of the Semantic
Web are described later in this chapter.

2.1.2. Ontologies

The notion of ontologies in engineering refers to knowledge representation. If we conside
intelligent systems that deal with repesmtation and processing of knowledge, there is often the need to
reuse the knowledge of some domain. It should be possible to reuse the knowledge collected wh
solving one problem, in new versions of the intelligent system. In addition, it is usefwll® domain
knowledge to be used and exchanged by different users (humans or software agents). Ontologies en:

3 Because of its specific shajiis known asTheSemantic Web layarake
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such knowledge reuse and sharing, vomtolagy is ans  t
explicit specification of a conceptualizatiofGruber, 1993] isite mostoften cited definitionof an
ontology

The development of ontologies is much the same as the traditional approaches to development
software systems [Noy & McGuinness, 2001]. Some examples of such systems ar®rabed
systems and databases. In essence, development of ontology consists of a domain analysis. Althot
software and ontology engineering processes have different aspects, convergence between th
disciplines is more and more apparent. Because of that, thé lasesrch suggests using software
engineering techniques for ontology development (e.g., UML [Kogut et al., 2002], and software
patterns [Devedgil, 2001]).

The structure of an ontology includes three important elements:

taxonomy of the forna-kind-of, which represents a hierarchical organization of concepts;

e internalstructureof conceps and theirinterconnectiongi.e., part-of);
explicit axioms most frequeny defined ugig some mathematical mechanissychas first
order logic, description logg;and conceptual graphs.

Specification of the ontology in knowledge systems have two dimensions: ddecaial
knowledge and knowledge for solving problems [Chandrasekaran et al.,. ¥#fijglou ranis
ontologies according to their purpose [Kalfoglou, 200@ the first group there ar®ntologies for
knowledge presentatiprand an example of su@n ontology is the Frame ontology [Gruber, 1993],
which specifies therimitives used irframebasedanguages. Inhe second grou@retask ontologies
which spedfy the knowledgeof atask, which is independent frotine domainin which that taskcan be
performed[Mizoguchi et al., 1995].Method ontologiescomplementtask ontologies they provide
definitions of relevant concepts and relations that are used foirdgfieasoning process
Whenanontology is created, it is necessary to defmefollowing[Heflin, 2004]:
classes irthedomain of interest;
relationswhich can exist betwedheseclasses;
attributes thatheclasses can have;
constraints on thattributes which are used for consistency checking.

In the earlyresearch of ontologiedist-like syntax has been used for representmgology
knowl edge [Jovanovi l , aléhduégs is KIF (Knowledgednterchamge Bofmats u
However, the appearance of eXtensible Markup Language (XML) aaspecification for data
interchange and interoperability on the Web, affected ongdixiguages in a way that those languages
today have XMLbased syntax.

2.1.3. Semantic Web languages

The first technology on which the Semantic Web is basdtestandard language for data
interchangeExtensible Markup LanguageXML). The lasic idea riated to the XML is to defina
standard that will be used for data interchange on the Web, but with regaesttmtent, and not tthe
view. XML is a language that ésnot havea predefined set of keywords (elements and attributes),
because it i language created to define other languages, i.e. XMd rigetalanguageln addition,
XML includes a few more technologies that it cannot be used efficiently without them [Hunter, 2001]:

e XPointer- enables addressing certain part iran XML document;

e XLinkT astandard for connecting XML documents;

¢ XPathi astandardhatuses XPointeto specifypattsto locationsbeing addressed
e namespacé astandard usetb avoid name collisions;
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e eXtensible Stylesheet Langua(¢SL 1 a standard that consists ofSL Trarsformations
(transform one XML document into another) amdanguage for formattingXSL formatting
objects(XSL FQ.

In order tobe correct,an XML model has to bevell formedandvalid. The first criteronimplies
compliance to generalyntax rulesof the XML, such as enclosingttribute values in quotation marks
or ensuring thatll elementsare balanced éachopened element must be closed). The second criterion
mears thatthe documenimust bewritten accordingsome predefined specific gramma&o thisend,two
W3C standards are usddocument Type Definitio(DTD) and XML SchemaDTD specifies how the
elements of arXML documentare definedwhat are theattributesof an element and what arets
contents. DTD hamany limitations [Roy & Ramanujan, 20D For example, it does not allow to
define thenumber of elementghat can be contained ianotherelement Likewise there is nosupport
for datatypes. Because sdichlimitations,the XML Schema standard was creatécbvercomeDTD's
problems, defines additional functionalities44 datatypesand support for inheritance and precise
definition of multiplicity. However, this is stillnot enough for representing ontologies, because
semantic units fom specific domain cannot be recognized. In additibns very difficult to separate
semantic relations between different concepts which exist in some domain, and it is difficult to creat
mappingbetweertwo domains, because both are defined with XML [Decker et al., 2000] [Klein et al.,
2000]. To solve thesproblems, W3C consortium recommended RDF and RDFS languages.

Resource Description FramewofRDF) is a W3C standard [Lassila & Swick, 1999] created to
standardize defining and ing metadata, i.e. resource descripioRDF provides data model that
supports a fast integration between dataurcesthereby bridging semantic differences. As its name
suggest, RDF is not a language batmodel forrepresentingdata about things on the Web [Klein,
2001]. All elements that RDF describes are called resoucesource can be anythitigata URI can
denoteas a resource.The tasic building block in RDF ighe objectattribute-value (OA-V) triple,
which is often written as A(O,V). This means that some object O has attribute A with value V.

RDF SchemaRDFS [Bickley & Guha, 2003]can be used talefine vocabwdry for RDF
documents, anthus specifyobject typego which a certainpropertycan be applied. This means that
RDFS provides a basic tyg mechanism for RDF models.

To enable reasoning services for Bemantic Webanotherayer above RDF(S§ neededThat
(logical) layer introduces ontological languages (see Figure 2.1), which are based -onouaheliag of
the adjacentower layer. It introduces a richer set of modeling primitjiw@kich can be mappetb
description logics. This enables using ®wlth generic support for reasoning that is independetiteof
problem domain. Examples efrly languagef this kind areOIL and DAML. More recently Web
Ontology Language (OWLs adopted by W3@sa stanlardontologyrepresentatiotanguagefor the
Semantic Web

Web Ontology LanguagéOWL) is a semantic language for publication and sharing of
ontologies on the World Wide Web. OWL is developed by extending the RDF vocabulary andewith
experiencewith DAML+OIL Web ontology language [Dean & Schreiber, 2004]. Since WWW is
unlimited, OWL must start fronthe openworld assumption and enable inclusion and interference of
different ontologies. Some of them might be contradictory, but new information must exwtiov
existing ong and may be only added. To enable such possibilities, sandltaneouslysupport
computing and reasoning in a finite time with tools that can be built with existirigriticoming
technologies, OWL introduces three sublanguages witardift expressivity for different purposes:

AOWL Liteis OWL DL (see the next bulletpoint) with more restrictioa The idea is to make it

easy to start withand easy to implement processors, so that people can begin using OWL Lite

easily and later gradt&ato morecomplex usage

AOWL DL (Description Logi} enables maximum expressivitgnd simultaneouslgnsures

completeness of computation and decidability. Completeness means that all connections a
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interlaces can be solved in finitime. A limitation is that, unlikeOWL Full, OWL DL does not
allow aclassto beanindividual anda propertyat thesame time.

AOWL Full provides maximum expressivity and syntdivergence fromRDF. The nain
characteristic of OWL Fullin contrast with OWL DL and OWL Litels thata class, which is
defined as a collection afdividuals, can bean individual itself, as in RDF(S).

2.1.4. Rule type s

Rules are among the most frequently used knowledge representation techniques. There is
hierarchy of ruldypes, Figure 2.2 from reaction rulegeventconditiorraction rules), viantegrity rules
(rules for consistency checking) addrivation rulegimplicitly derived rules), tdacts(derivation rules
without premises).

Reaction Rules
1 2.
Integrity Constraints Derivation Rules
3.
Facts

Figure 22: Hierarchyof rule typegBoley et al.2001]

A reaction ruletypically includesan evait whichtriggersthe executiorof the rule, conditions
that are necessary to execateactionthat therule defines, the action itself, as well as prand post
conditions. An example o$uch arule is the trigger inthe SQL language (CREATE TRIGGER
expression) Figure 2.3 It is executedwhen data about buyers frothe buyerstable is changed or
deleted, and that action is written into another téilgers_overvieyv

CREATE TRIGGERbefore_buyer _change BEFOREUPDATE ON buyers
FOR EACH ROW
BEGIN
INSERT INTO buyers_overview
SET action='update’,
buyer id = OLDbuyer id,
name = OLDname,
change = NOW();
END

Figure 2.3: Creation adtrigger in SQL

An integrity rule consistof a logical sentenceSuch rulespecifystatements that must be true in
all statesand statetransitionsof a discrete dynamic system for which they are defined. An example of
such arule is "Confirmation of a booking for a car with a car rental agency muse¢ tato account
possibly existing bookings/assignments for the car, the requested car type, and the requésted da
Well-known integrity rule languages are SQL and O@is¢ussed in section 2.26).
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A derivation rule consistof one or more conditions dm conclusionthatplay an important role
in a logical formula. An example of suchrule (expressed in aomputationindependentvay) is: "A
car is available for rental if it is not assigned to any client and is not scheduled for Ser&ite
example ofalanguage for representing derivation rules is Ruldg@liscussed in section 2.1.5.1)

2.1. 5. Rule languages

The main purpose of a rule markup language is to permit reuse, interchange and publication
rules.Various ule markup languagesethe vehicé for using rules on the Web and in other distributed
systems [Wagner et al., 2006]. They allow deploying, executing, publishing and communicating rules i
a network.In other words, ule markup languages allous to specifypbusiness rules as modular, stan
alone units in a declarative way, and to publish and interchange them between different systems &
tools Theyplay an important role in facilitating businesscustomer (B2C) and businegsbusiness
(B2B) interactions over the Internet.

2.1. 5.1. Rule ML

RuleML represents an initiative for creating general rule markup language that will suppor
different type of rules and different semantics [Boley et al., 2001§. conceptualized to captutke
hierarchy of ruleypes shown inFigure 2.2. Howeverthe currentversion of RuleML(February 2006)
is 0.91 and it covers only some limited forms of rules. examplejn version 0.9t still doesnot have
ageneral syntax for integrity and reaction rules [Wagner et al., 2005].

RuleML is built on logic progamming paradigm of first order logic (i,goredicate logic),
although they have similarities. thetradition of logic programming that follows RuleML, research is
focused on computable interpretations of predicate logic, by exploring a great nundmEmanitic
extensions and variations. OWlas well asSWRL, see the next sectiorstems fromlogic-based
tradition of artificial intelligencewhereresearchs based on classic predicate logic (twalued) as one
andonly logic.

An example ofa RuleML rule that uses acertain persos attributes"hasMother" and
"hasBrother", which impliethe attribute "hasUnclels shown in Figure 2.4.

<Implies >
<head >
<Atom>
<Rel >hasMother </ Rel >
<Var >x1</ Var >
<Var >x2</ Var >
</ Atom>
<Atom>
<Rel >hasBrother </ Rel >
<Var >x2</ Var >
<Var >x3</ Var >
</ Atom>
</ head >
<body >
<Atom>
<Rel >hasUncle </ Rel >
<Var >x1</ Var >
<Var >x3</ Var >
</ Atom>
</ body >
</ Implies >

Figure2.4: A rule in RuleML

10
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Table 2.1shows basic tags in RuleML, as well as their description

Table 2.1: Basic RuleML tags

Tag Description

<Implies> | An implication rule. It consists of a conclusion rokhéad>) followed by a premisg
role (<body>), or, equivalently (since roles constguunordered elements), a prem
role followed by a conclusion role.

<Atom> A logical atom, i.e. an expression formed from a predicate (or relation) appliec
collection of its (logical) arguments.

<Rel> A relation, i.e, a logical predicate, of art@m (KAtom>).

<var> A logical variable, as in logic programming.

<Ind> An individual constant, as in predicate logic, which can also be considered to be
argument like RDF resources.

<op> An operator expression including either a relatieR€|> ) of an atom €Atom>), a

function name <Fun>) of a KExpr> ), or a neutralized constark@on>) of a Hilog
term KHterm> ).

2.1. 5.2. Semantic Web Rule Language (SWRL)

The most recent initiative in the W3C consortium for rule languages is Semantic Web Rule
Language (SWRL), which actually represeat£ombination of the OWL and RuleML languages
[Horrocks et al., 2004]Like RDF and OWL, SWRL is based on classical first oldgic. SWRL is
restricted toOWL DL expressiog so it does not have support for Ingvel expressiosithat are
allowedin RDF and OWL Full. This language is very similar to RuleML, @sdules are of the form
of an implication between an antecedent (body)aoconsequent (head). The intended meaning can be
read as'whenever the contons specified in the antecedent hold, then the conditions specified in the
consequent must also htlBoth the antecedent (body) and consequent (head) consist of zero or mor:
atoms. Multiple atoms are connected wilib conjuction operator.

Atoms in these rules can be of the forn€(x) , P(x,y) , sameAs(Xy) or
differentFrom(x,y) , WhereC is an OWL descriptionR is an OWL property, ang,y are either
variables, OWL individuals or OWL data values. An examplesa¢h arule for the implication
hasUncleis shown in Figure 2.5.

<ruleml:Implies >
<ruleml:body >
<swrlix:individualPropertyAtom swrix:property
<ruleml:Var >x1</rulem::Var >
<ruleml:Var >x2</ruleml:vVar >
</ swrix:individualPropertyAtom >
<swrlix:individualPropertyAtom swrlx: property
<ruleml:Var >x2</ruleml:vVar >
<ruleml:Var >x3</ruleml:vVar >
</ swrix:individualPropertyAtom >
</ ruleml:body >
<ruleml:head >
<swrlx:individualPropertyAtom swrix:property =" hasUncle ">
<ruleml:Var >x1</rulem::Var >
<ruleml:Var >x3</ruleml:Var >
</ swrix:individualPropertyAtom >
</ ruleml:head >
</ ruleml:lmplies >

Figure 2.5: An example of the SWRL rule

" hasMother ">

" hasBrother ">

11
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2.1. 5.3. General Web Rule Language (REWERSE |1 Rule Markup Language)

General rule markup language (GRML) [Wagnerlkt 2005]is defined by itsaabstract syntax
and formal semantics Abstract syntax definethe basic categories of GRMLsuch as conditions,
conclusions, events, actions and post condifias well as their subcategoriesegation, conjunction,
etc. Ths language alse@omeswith formal semanti for rules: for logic expressiorthat cantake the
role of integrity constraiigf preconditions, conclusion and pasinditiors, for derivation rules, for
events and actions, and for production and reaction.rélesexample ofthe abstract syntax for
derivation rulsis shown in Figure 2.6.

1:® conclusions

[AndOrNafNegFonnula } {LitoralConjunction ]

conditions 1 %

Figure 2.6: GRML abstract syntax for derivation rules

Formal semantics of GRML derivation rules is defined &arskistyle theoryin [Wagner et al.,
2005]. This theoryincludesthetriple (L, I, | =), such that:
e L is a set of formulae, callddnguage
e | is a set of interpretations;
e |=is arelation between interpretations and formulae, cailedel relation

For each Tarskstyle model theoryL, I, | =), onecan define
e a notion of a derivation rule — G, whereF e L is calleda "condition” andG < L is calleda
"conclusion”.
e DR ={F—> G:F,Ge L} the set of derivation rules &f,
e a standard model operator:
Mod(X) ={l e | :1 |=Qfor allQ e X}

whereX c L U DR is a set of formulae and/or derivation rulesdis called a&knowledge base

Typically, in knowledge representation theories not all models of a knowledge baserded
models. Except from the standard model operitod, there are also nestandéird model operators,
which do not provide all models of a knowledge base, but only afspsuabset that is supposed to
capture its intended models according to some semantics.

A particularly important type ofdamthe basisasoh 0
someinformation ordering<, which allows comparison of the information content of two fact Xgts
X, < L: wheneverX; < X,, we say thaiX; is more informativehan X;. Tarskistyle model theory is
defined as extended by an informationdering as a quadrupld, <, I, | =), and is called an
information model theory

For any information model theory, we can define a number of natural nonstandard mode
operators, such as theinimalmodel operator:

Modn(X) = {l € Mod(X) : I <I' for allI' € Mod(X)}

For any given model operattd : L U DR_ — |, and knowledge bas¢ c L U DR, we can
define an entailment relation:

X |=u Qif and only ifM(X) = M ({Q})

For nonstandard model operators, like minimal and stable models, this entailmentnrédatio
typically nonmonotonian the sense that for an extensi’'> X it may be the case th&tentailsQ, but
X' does not ental.
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A concreteimplementation of ayeneral rule markup language is proposed in [Wagner et al.,
2006], inthe form of the rule markup language called REWERSE |1 Rule Markup Language (R2ML),
and it is developed as partthe EGfundedREWERSE project. The R2ML language itselfludes
datatypes and uselefined vocabulary;
individual expressionsobject and data expressions;
atoms- basic parsof every rule;
formulas- concepts and ardr-naftneg formulas;
actions- creation, deletion, assignment and calling;
rules- integrity rules, derivation ruleand production rules.

The R2ML language represents a general format fler interchangeinstantiated in concrete
rule languagedor the Semantic Weh.e,, RuleML and SWRL with OCL. This language is semantically
rich enough to permit preservation of constitutive structure of different languages and it does nc
enforce users translate theirule expressioato different languages.

A detailed discussioaf thegeneral rule markup languagan be found ifwWagner et al., 2005].
Elements of this language atiscussedn Chapter3.

2.2. MODEL DRIVEN ENGINEERING

The concept bModel Driven Engineering (MDE) appearedageneralization of Model Driven
Architecture (MDA), which represents a modern approach to software development [Kent, T2082].
section presesthebasic concepts of ME and MDE.

2.2.1 . Model Driven Archite cture (MDA)

Model Driven Architecture (MDA) defines an approach to IT system specification that separate:
the specification of functionality from the specification of the implementation of that functionality on a
specific technology platform [Miller & Mkerji, 2003]. The MDA approach andhe standardghat
supportit enablea model that determinessome system functionalityo be realizedon multiple
platforms through additional standards for mapping. MDAgscified by theOMG consortiurfl in a
series ofstandards:Unified Modeling Language (UML), Met®bject Facility (MOF), Common
Warehouse Metamodel (CWM), eten illustration ofthe MDA ideais shown in Figure.7.

Finance

A

Manutacturing E-Commerce

Transportation HealthCare

Y

More...

Figure 27: Model Driven Architecture (OMG)

* The Object Management Grouptp://www.omg.org/.
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2.2.1 .1. Model Driven Architecture princi ples

Model isthe mostbasic element of MDA. Therareseveral definitios of the term "model(see
section 2.2.1), andthe most generabneis thata model isa simplified view of reality [Selic, 2003].
Each nodel itself is defined for some domaimdathen it is transformed to models that can be executed
ona specific platform.

A basic assumption d¥IDA is that a unique modelnderlies each information system. Such a
model does not depend omatentialimplementatiorplatform, on whictthe correspoaing application
can berun. In other words, theystemrequirements can be specified a€amputation Independent
Model (CIM) [Miller & Mukerji, 2003]. The nodel definedat this level is sometingealso called the
domain modebr the business modelt does not depend ohow thesystem is implemented. In software
engineering, a domain modslspecified by the domain experts. This is very similar to the concept of
ontologies (see section 2.1.2).

Platform Independent Mod@PIM) can be also used tbescribea system It is lowerlevel and
more specific than CIM in terms of being a computatielated model, but idoes notinclude
characteristics of specific compugatforms.

To geta modelthat takes into accoursbme target platform specificse. a Platform Specific
Model (PSM) it is needed to defineertain transformatiorthattransformthe corresponding PINb the
desiredPSM. EachPSMincludes information abowgomesoftware implementatiodetails uch as the
progranming language and operatisggdem) andthe hardware platformCode generations done by
additional translation frorthe PSM intoa certain programming language.

MDA is based on foutayer metamodeling architecture shown in Figur® Zhe standards
supporting the foutayer MDA archiecture are:

¢ MetaObject Facility (MOF);
¢ Unified Modeling Language (UML);
e XML Metadata Interchange (XMl).

M1 Layer

Models based on
UML models M custom meta-model H model
I

l MO Layer
The Real World reality

Ontological instantiation

Figure 28: The fourlayer Model Driven Architecture and its orthogomeitanceOf
relations: linguistiand ontologicalGa g e v i | et al ., 2006]
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On top of this architecture, at the M3 levslareflexive metametamodel, which is called MOF.

It is an abstract setlefined language and framework for specifying, constructing, and managing
technologically independent metaocels. It is a basis for defining any modeling langyagieeh as
UML or MOF itself. MOF also defines a backbone for the implementation of a metadgten@dzl)
repository described by metaodels. The rationalfor having these four levels with one common
metametamodel is to enable both the use and generic managing of many models andedsa and

to support their extensibility and integration.

All meta=models, standard and custom (udefined), that are defined in MOF are placed at the
M2 level. Oneof these metamodels is UML, whichis a language for specifying, visualizing, and
documenting software systems. The basic UML concepts (e.g. Class, Association, etc) can be extent
in UML profiles in order to adapt UML for specific needs. Models of the weorld, which are
represented by concepts of a metadel from the M2 level, are at the M1 level of the MDA fdewel
architecture. The bottomyar is the instance layer (M0O) the MO level are things from the real world
that are modeled at the M1vid. For example, the MOF Class concept (from the M3 level) can be used
for defining the UML Class concept (M2), which further defines the Student concept (M1). The Studer
concept is an abstraction of a real thatgdent

One can ask the question: whayer containsabstraction®f a certainmodel? If we consider
classes, their instances in UML are objettewever,objects are definedt theM2 level in the UML
metamodel, which means that their instances are locatethe M1 layer. Since even objects
themselves model concrete (singular) +walld things, this explanation can be considered true. In
[ At ki nson & ikKig $ail eéhatthePeOaleBvp types ofinstantiationin metamodeling:
linguistic andontological Linguistic instantiation ignterpretatedn MDA in an ordnary way- it means
that a UML class is an instance ¢lie metaclass fromthe UML metamodel. However, one class in
some domain has instances that objects.The elation between objects and ckss an ontological
instantiration rdation. This kind of instantination connects abstracdacatedin the samdinguistic
layer. Acording to this interpretationnithe MO layer are things from real world (instances) and
abstract concepts about thing groups (classes). UML 2.01&1d 2.0 emphasize linguistic dimension.
Ontological levels exisat the M1 level, but the metamodel border does not explicitly separate them.
This is based oman alteredperception of the MDA foufayer architecture, because origigatlass
instances ha been locatenh the MO layer.

XML Metadata Interchange (XMlis thestandard that defines mappings of MibAsed meta
metamodels, metmodels, and models onto XML documents and XML Schemas [XMI2, 2005]. Since
XML is widely supported by many software teplt empowers XMl to enable better exchange of meta
metamodels, models, and models (see sectioh.2)2.

2.2. 1.2. Meta -Object Facility (MOF)

MetaObject Facility (MOF) [MOF, 2005] iits currentversion(2.0) representanadaptation of
the UML core. MDF is a minimal set of concepts that can be used to define other modeling language
It is similar (but not identical) to the part of UML usedsimucturalmodeling. In the latest version of
MOF (2.0) concepts, as well as UML Superstructure concepts [URQO5], are derived from the
conceptslefined in thdJML InfrastructurestandardUML, 2004].

Figure 29 shows metanodels that depend amme UML core packagelUML Core package
definesthe basic concepts that are used in modeling, e.g. Elements, RatgmnSlassifiers, etc. In
MOF 2.0,there are two metmetamodels:

o Essential MOREMOF) - represents a basic package thaaainimal number of elements for
modeling, e.gClass , Property , Operation , etc.

e Complete MOF(CMOF) - more complex, includes EMQFbut also enables ahigher
expressivitywith concepts such dsnk , Argument , Extent , Factory , etc.
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MOF | | umL
\\\\_| ,//
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Figure 29: Core package asttemmonk er nel [ Gagevi |l et al

The mainfour modeling concepts in MOF are:

e Class - models MOF metabjects, concepts which are entities in mekadels (i.e. UML
Class , Attribute andAssociation , ODM Class andProperty , etc.);

e Association - models binaryelationships (UMLandMOF superclass, for example);

o Package - modularizes other concepts. groups similar concepts;

e DataType - models primitive typesString , Integer , etc.).

In the root of the MOF hierarchy isthe Element concept. It classifies elemt&ry, atomic
model elements. All other concepts in MOF inh&oim this concept.

2.2.1 .3. Unified Modeling Language (UML)

Unified Modeling Language (UML) is a language for specifying, visualizing, and documenting
software systems, as well as for modglbusiness and other ngoftware systems [UML, 2005]. UML
enable diagram construction, which models a system by describing conceptual thinga eiginess
process) and concrete ghs (e.g. software components). UML is not limited only to software
engineering domainjt can be used in other areas: banking, health care, defense, etc. UML is oftel
identified as a graphical notation, which was true for its initial versions. Recently, UML is recognizec
more like a language independent from a graphicatiom rather than a graphical notation itself.

The basic building block dML is a diagram. There are several types of diagrams for specific
purposes (e.gtime diagrams) and a few for generic use (&lgss diagrams). UML version 2.0 defines
the following types of diagrams:

e use caseidgram;

e class dagram;

e behaviordiagrams:

0 activity aiagram;
0 statechartidgram;
¢ interactiondiagrams:
0 sequenceidgram;
o collaboration thgram;
¢ implementation diagram
0 component égram;
0 deployment thgram.
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When UML is aplied to software, it represents a bridge betwdenoriginal idea for some
software and its implementation [Pilone & Pitman, 2005]. UML also prevaleossibility for
collecting specific requirements for some specific system.

UML as a graphical notations not a software process; it is designed fog msa process of
software development and it possesall characteristics that enabieto be a part of a software
development process. Since main UML diagram concepts are defitleelSaperstructurgpackage of
the UML specification that includes basic concepts of the UML core [UML, 2005], it can be said that
MOF and UML are very similar.

2.2. 1.4. UML Profiles

UML Profiles combine concepsttereotypestagged valugsandconstraintsin order to define a
precise UML dialect fora specific purpose. This means that it is possible to create new types of
elements for modeling by extending existing elements. When new elements are created, it is possible
add them to existing UML tool&Vith profiles,classesan be extendedith stereotypes that represent
predefined classes wittertain methods and attributd=or example Figure 210 showsone sucha
stereotype EJBEntityBean.

A UML Profile definition in the context of the MDA fodayer metamodeling archecture
means extending UML at the mataodel hyer (M2). Tagged values are defiresistereotype attributes
(in Figure 210 tagged values &JBEntityBean arelsReadOnlyDataSourceetc.). It is possible to
define constraints that additionally refine themantics of the modeling element they are attached to.
They can be attached to each stereotype using OCL (Object Constraint Language) or English langu:s
(i.e. spoken languagepmmentsi n or der t o precisely define t he

«metaclass» T
Class {All atributes must be stereotyped as <<EJBCmpField>> or subclasses.}

T

<<Stereotype>> ©
EJBEntityBean <<Enumeration>>
-IsReadOnly : Boolean TransactionlsolationLevel

-DataSource : String -Required
-DBTableName : String -RequeriesNew
-lsCacheBetweenTransactions : Boolean -Supports
-TransactionAttribute : TransactionlsolationLevel -Never

Figure 210: An example UML Profile for Enterprise applications in Java

So far, many important UML Profiles have been develo@edne UML Profiles are adopted by
OMG, such as Enterprise Application Integration [EAI, 2004] and UML Profile for MOF [MOF, 2004].
In addition tothese formal specificationghere are several welinown UML Profiles widely accepted
by software engineers. One of the most popular ones is the UML Profile for building Web application
developed by Jim Conallen [Conallen, 2002].

2.2. 1.5. XML Metadata Interchange (XMI)

XML Metadata Interchange (XMI) is adML -based standard for sharing metaa in the MDA
architecturgXMI2, 2005]. XMl is defined by XML,usingtwo XML Schemas:

e XML Schema fo MOF metamodels;

e XML Schema for UML models.
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The first one defines the syntax for sharing both M§aBed metanodes and the MOF
definition itself. SinceUML is a modeling languagthat developer use for describingariousmodels,
it is obviousthatthere is a need for an XML Schema for exchanging UML models. In fact, ithare
standardized one called the UML XMI Swha. The UML tools such as IBM/Rational Rose, Poseidon
for UML, Together, etc. support it, but some researchers report that we always loose some informati
when sharing UML models between two UML to@lthl & Ambler, 2003]. OMG has released several
versians of the XMI standard:1.0, 1.1, 1.2 and 2.0, and the latest version is 2.1.

Figure 2.1. showstherelationship between UML models and XMl files.

Figure 2.1: Relationship between UML, XML Schema and XMI

Since there is a set of rules for mapping Ukthid MOF models to XML Schema, it is possible
to create XML Schema for every UML modéDbjects as instances of su@model can be
interchanged conforimg to theseschemasAn XML Schema can be created for any MO&sed meta

model.
An example oaan XMl fil e (in verson 1.2) is shown in Figure 2.12

Figure 2.12 An excerptirom the MOF XMI document representing the OCL matadel
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