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Preface

Overview

Two impertant challenges facing current communities of researchers and
practitioners in the field of software engineering and technology (SET) are
knowledge integration and computer-based awtomatic support. The first
challenge implies wasting a lot of time and effort and this is due to one of
the difficulties in human relationships, namely the lack of explicit knowl-
edge shared among members of a group/project, with other groups and
with other stakeholders. The second challenge arises beeause many pro-
Jects include the design/construction of advanced tools for supporting dif-
ferent software engineering activities. These tools should provide as mueh
functionality as possible with the smallest cost of development.

Both challenges can be better and more easily approached by using on-
tologies. In this book, we will mainly deal with two of the multiple appli-
cations of ontologies in software engineering and technelogy that have
been identified in the literature: (1) sharing knowledge of the problem do-
main and using a common terminology among:all the interested people
(not just researchers); and (2) filtering the knowledge when defining mod-
els and metamodels.

The utility of the first application is obvious.-However, it is important
and convenient to pay it opportune attention. Communication is one of the
main activities (regarding duration and impact) in software projects. It is
proven that participants in projects have a different knowledge of the prob-
lem domain and/or use different languages. ._._—o,,”\w:_rmwiq of the natural
language implies mistakes and nonproductive efforts. Ontologies can miti-
gate these problems and, farther, some authors have intended to use on-
tologies as back-bone of software tools and environments.

The second application is focused on the filtering of knowledge of a
given domain. Models and metamodels are abstract representations of real-
ity and, by definition, they only include a part of the reality they are aimed
at modeling, obviating the unwanted characteristics. In this sense, ontolo-
gies can also help us decide what must be extracted from the real systems
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to build models or what must be taken into account when defining meta-
models.

So, this book should not be considered as J book written by ontology ex-
perts for ontology experts, but one written by people who use the ontologies
mainly for the two applications mentioned above. For that reason, this book
is oriented to researchers and practitioners in m.mﬁ and includes the advanced
trends in the use of ontologies within software projects and software engi-
neering research. It also deals with two main challenges the SET discipline:
(1) knowledge integration and (2) design of _E_u_.a powerful and generic tools.

]

Organization

The book is composed of eleven chapters mgnz_an_ into three parts: an in-
troductory part; a part composed of ontologies that conceptualize a SET
domain or subdomain; and a part where some proposals on the use of on-
talogies as software artifacts in some softwate processes and technologies
are described. ;

The tast introductory part comprises two chapters. The first one, written
by Oscar Corcho, Mariano ﬁm:..m:nnu.ronon, and Asuncion Gomez-Pérez,
will introduce the ontologies” concepts and the main aspects related to on-
tological engineering. The second chapter (by Francisco Ruiz and José R.
Hilera) will deal with the state of the'art of the use of oatologies in SET.
.»_m..ov this chapter defines a taxonomy for classifying the uses of ontologies
in SET, together with the result of thé classification into this Exc:o-_._w of
about 50 ontologies (including the proposals of this book).

Thelsecond part is made up of five n__suﬁa Chapter 3 will present the en-
gineering of the ontology for the mo?cﬁd Engineeting Body of Knowledge,
writtem: by Alain Abran, Juan-José Ozmn_:ao Elena Garcia-Barriocanal,
Olavo Mendes, Salvador Sanchez-Alonso and Miguel-Angel Sicilia. Ah on-
tology"for software development methddologies and endeavours will be pre-
sented:by Cesar Gonzalez-Perez and w_._uz Henderson-Sellers in Chap. 4.
Chapter 5 presents a software maintenance ontology developed by Nicolas
Anquetil, Kdthia M. de Oliveira and Mircio G.B. Dias, and an ontology for
softwdre measurement by Manuel F.'Bertoa, Antonio Vallecillo and Félix
Garcfa is the topic of Chap, 6. An ontological approach to the SQL:2003 de-
veloped by Coral Calero and Mario Piattini will be explained in Chap. 7,
closing this second part.

The' final part begins with the Object Management Group Ontology
Definition Metamodel (Chap. 8), developed by Robert Colomb, Kemry
Raymond, Lewis Hart, Patrick Emery, Chris Welty, Guo Tong Xie and
Elisa Kendall. Chapter 9, written by Uwe Assmann, Steffen Zschaler and
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Gerd Wagner, deals with ontologies, metamodels and the model-driven
paradigm. Chapter 13 will presents the use of ontologies in software
development environments in the work of Kathia Margal de Oliveirn,
Karina Villela, Ana Regina Rocha and Guilherme Horta Travassos. Fi-
nally, the topic of the last chapter of the book (Chap. 11) is a semantic
upgrade and publication of legacy data by Jesiis Barrasa Rodriguez.

As a complement to this book, the Alarcos Group (the research group of
the editors) have created a web site (http:/alarcos.inf-cr.nctm.es/ontoset)
to store and share, in an open way and by using standardized formats, ex-
amples of interesting ontologies in the SET discipline. In addition to the
examples referred to in the book, other examples of ontologies elaborated
by the international community will be included in this web site.

Audience

The audience for this book is software engineering researchers and practi-
tioners (professors, PhD and postgraduate students, industrial R&D de-
partments, nau The reader is assumed to have previous r:oi_nmmn of
software engineering.

Acknowledgements N “
We would like to express our gratitude to all those individuals and parties
who helped us produce this volume. Ia the first place, we would like to
thank all the contributing authors and reviewers who helped improve ‘the
final version. Special thanks to m_:_:mon.,\n«_wm and Ralf Gerstner, for-be-
lieving in our project and for giving us the opportunity to publish ==m
book. We would also like to thank José: Carlos Villar Herrera and Tomas
Martinez:Ruiz of UCLM for theit support during the developement of this
book. v 4
Finally, we would like to sngoi_oam,n the public organizations Emm..d
nanced this work, under the research 30._8?. CALIPO aOueou-ouuoP
C05-03) and ENIGMAS (PBI-05-058). ¥

T Coral Om_ﬂo
: Francisco Ruiz
: ; Mario Piattini

| : July 2006

¢



)

Contents

1. Ontological Engineering: Principles, Methods, Tools and

Languages 1
L1 INtroduction ..o verrerecresmeerecresnesvrseie e ke e 1
1.2 What Is an Ontology? Viewpoints from a Philosopher m_.n from an
Ontology Engineer.............. reete e tenrenssnareae st ebaneas et 3
1.3 What Ace the Main Oo:..uonoim 2. an Onfology?......ocimviincsee 5
1.4 Ontological Engineering ... - worer S
1.5 Principles for the Design of Ontologies - weare 8
1.6 Ontology Development Process and Life Cycle .......ococcceninnioce. .
1.7 Methods, Methodologies, Tools and Languages............ S 16

1.7.1 Methods, Methodologies and Tools Used n.oq __ﬁ E:o_n
Ontology Development Life Cycle............... TR OTNOER
1.7.2 Ontology Leaming.....
1.7.3 Ontology Alignment and Merging
1.7.4 Ontology Evolution and Versioning.............
1.7.5 Ontology Evaluation ..
1.7.6 Ontology _Ev_nao_ﬂm:o:
1.8 Conclusions...............
1.9 Acknowledgements
References........cocceemn...

2. Using Ontologies in m..:!u_.n Engineering and .Hoa_.-o_cnw S—
2.1 Introduction.......... TN T
2.2 Kinds of ONtOIOZIES ........iteereescacerrrereenresesseeesnereeesees

. 2.2.1 Heavyweight Versus Lightweight Ontologies
2.3 A Review of the Uses in SET .........ooecvevceaene
2.3.1 Ontology Versus Conceptual Model...
2.3.2 Ontology Versus Metamodel ............
2.3.3 Ontologies in Software Engineering Environments...
»  2.3.4 Representing Ontologies Using Software msm_sno::m

TeChNIQUES .....oooe e et RSN .Y

235 mxvo:aq.onm and Lessons _lam_._._n._ in momiua m:wsoﬂ_:m

RESEALCN ..ot et sreasssa et e




X Contents

2.4 A Proposal of Taxonomy ...........coos oo
2.4.1 Ontologies of UoBE: ...........................................
2.4.2 Ontologies as Software >3_?2m berrerearannn R /.
2.5 Review and Classification of ?ovcmm_m in :.n P_ESER ..... P 79
2.5.1 Proposals of Ontologies of Domain............o............... R 79
2.5.2 Proposals of Ontologies as Software Artifacts... rersronee, 86
References

3. Engineering the Ontology for the SWEBOK: Issues and

Technigues 103
B L T . 103
3.2 History and —.::n_v_nm of the mimmo_n _u_.o.__nn. ...... feremeeanns e 105

3.2.1 Hierarchical Organization. —ir
3.2.2 Reference Material and Matrix.................. .. ... 108

3.2.3 Depth of Treatment.............oouveeriidereeeesreesooo 108
3.3 The Ontology of the SWEBOK from a no:oa_u—.:n_ and Consensus-

Reaching Perspective............ S, rereenareaas 109
3.4 The Ontology of the SWEBOQK as a mo::». Artifact... 12
3.5 Fundamental Elements of the Ontology: of the SWEBOK .. 114
3.5.1 Activities, Artifacts and Agents............ ereetrear e ST 114
3.5.2 Models, Specifications and Methods....._... et et a s 116
3.5.3 Theoretical Standpeints and O:Eo__:ou s eeeeeeeeeeeeeorens 117
3.6 Conclusions ..........coeecnesenen, . 119
References .....c.ooveverioocneceee, B, w .. .120
4. An Ontology for Software Development Zn-_z,x_e_enmnm and
Endeavours .

4.1 Introduction ...........

4.2 Ontology >a==no§.n
4.2.1 The Communities Involved ..
4.2.2 Usage and Ontology Domains.......,
4.2.3 Product and Process........o...o.oovvvooono ;

4.3 Endeavour-Related Concepts... S
4.3.1 High-Level View.................. U
4.3.2 The Process Side..
4.3.3 The Product Side .
4.3.4 The Producer Side

4.3.5 Endeavour-Related Concepts: Conclusion................... 141
4.4 Method-Related Concepts ........... e 142
4.4.1 Templates and Resources...... 142

4.4.2 Duality in the Method Domain
4.4.3 Applying the Methodology............... NI

4.5 Conclusion ..
References...............

5. Software Maintenance Ontology 153
3.1 Introduction.

u 3.1 Overview of the O:S_cmw .............
5.3.2 The System Sub-ontology ..
5.3.3 The Computer Science Skills Sub-ontology .
5.3.4 The Maintenance Process Sub-ontology .......
5.3.5 The Organizational Structure Sub-ontology ..............
5.3.6 The Application Domain Sub- o_.s_cmw

5.4. Validating the Ontology.... SOOI 1.1
5.4.1 Quality Validation.....................ooommeo ...167

5.4.2 Relevance Validation... [EURROVRROPPPURIRI .1 1

5.5 Putting the Maintenance O.:o_omu. o quw Pt s 169
5.6 Conclusion......... e e st sene ettt 171
References............ e e e s ses e e drra e e 172

6. An Ontology for Software Measurement . 175

6.1 Introduction..............
6.2 Previous Analysis....
6.3 A Running Example..

6.4 The Proposal of Software ngcaani Oza_cﬂ. ................ e 1 79
6.4.1 The SMO...............

6.5 Conclusions...........

References............ N treee e s -

7. An Ontological >E=dso__ to SQL:2003
7.1 Introduction..

7.3 The Ontology for SQL.: Mcou.
7.3.1 The Data Types Sub-ontology ..
7.3.2 The Schema Objects Sub-ontology

7.4 Example ............ e e e beraeene
1.5 Conclusions.................... P, e,
References................. bt a e s rre s eeenreaerens

8. The Object Management Group Ontology coa.::e..
Metamodel 217
8.1 Introduction.................... RO e 218




XI1 Contents

8.2 Why a MOF Ontology Metamodel? .........cc.cccrmiirrmniniinnnne. e 219
8.2.1 Why a Metamodel?
8.2.2 Why MOF?...
8.2.3 Why Not CZr

8.3 The Ontology Development Zoﬁaoﬁ_m_ " .
8.3.1 RDF/OWL Metamodel......... SO VTUURTRUOIN revenrenns 224
8.3.2 Topic Maps......
8.3.3 Common Logic...
8.3.4 General Structure of Zn.macan_m — 233

8.4 Profiles and Mappings.........coccovimmriioeiimreviciinisne s 235
8.4.1 The Need for ﬁd:m_m:o:....:......u .......................................... 235
8.4.2 UML Profiles...

8.4.3 Mappings. .238
8.4.4 Mapping CL... .. 240
8.4.5 Interaction of Profiles and Mappings ..........cooconeneeaneeninncns 241
8.5 Extendibility ......occooceiioeiiiinns vermmesederenemeanes wrerermensssteserereenerones 242
8.5.1 Metaclass Taxonomy... wirfeeeeseresntenistssrasssssssesssenserss ZA2
8.5.2 Semantic Domain Models ....ccccoceverriicrennn ...243

8.5.3 n-ary associations .
8.6 Discussion.......... . rvaen .
8.7 ACknowledBments ............ccevemmeecccrcnneennreceenasresnsnrieees 243

Referénees ...ovevvereeecvrenvceneeenieenns e aeenainaeerenaemnne e st e seaanen 246

9. Ontologies, Meta-models, and the ion_.,__.ﬂ..?au. Paradigm ........ 249
9.1 Introduction ..........c.cceeeervrrevenennes e ceeeee e ieaeamearmnennnenns S ... 249
9.2 Models and Ontologies..........c.. v cinee e 253
9.27 What’s in a Model? ........... i ereseresnrnsaasare 253

9.22 What’s in an Ontology? 2
9.3 Simnilarity Relations and ZnB-So%___:m

9.33 Meta-models..............c......... Qoerrvrrrnnenrsssnens .258
9.32 Metameta-models ................. Bemreneteeurtrsaeet e s rerarsnasssatssrnas 260
©.33 The Meta-pyramid, the Modelling Architecture o_. MDE .....261

9.4 MDE and Ontologies ...262
9.4.1 Domain and Upper-Level O:S_om_aw ...263
9.4.2 Relationship of Ontologies and mwmﬁa Models on Different -
Meta-levels ............ocoureeeeeioceeecees Thvees ceeeerenrnsaeseresenenees 204
9.43 Employing Domain Ontologies in En ?_U> Nmm
9.4.4 Conceptual Benefits of an Ontology-Aware Meta-pyramid.. 267
9.435 Tools Based on an Ontology-Aware Meta-pyramid..
9.46 The mega-Model of Ontology-Aware MDE ..............

9.5 Related Work............ eeteatier ettt et er e bt e et e et et 270

9.6 Conclusions .........cocoovevmneinnnn reeuemren bt eenae e rannaene e 271

Contents X

9.7 Acknowledgments...

10. Use of Ontologies In Software Development Environments .........275

10.1 Introduction....
10.2 From SDE to DOSDE ...

10.3 Demain-Qriented Software Development Environment
10.3.1 Domain Ontology in DOSDE...........ccccecvirennenns s 279
10.3.2 Task Ontology in DOSDE .. ..280
10.3.3 Mapping Domain and Task... ..287

10.3.4 Using Knowledge Throughout the Software Development 288

10.4 From DOSDE to EQSDE..........cooiiinnieee SRR
10.5 Enterprise-Oriented Software Development Environments........ 294
10.5.1 Enterprise ONtolOgY ..........ccovoeevermmeeereresnreesessersoserersmsnincsecs 296

10.6 Tools in DOSDE and EOSDE.
10.6.1 Domain Theory Browser.............
10.6.2 Sapiens: A Yellow Page’s Software Tool .
10.6.3 RHPlan: A Software Tool for Human Resource _u_p_:::m 304

10.7 Conclusion

References....

11. Semantic Upgrade and Publication of Legacy Data.....................3T1

11.1 Introduction and Motivation ..........cu.we... oo ) § &
11.2 Global Approach to U-B,ammn-.o-oao_cmz Zmu_u_sw .......... 314
11.3 Mapping Situations between Databases and Ontologies .
11.4. The R;O Language.......ivieiensiilteeecreceeeseens veeennsd _w
11.4.1nA Mapping Description Specified in Ry0........cccoovrvervenne unc
11.4.2 Description of Database Schemas...........cooeccvvererrmnesrecnies
11.4.3:Definition of Concept Mappings...........oocccconvenracrecnenannnes
11.4.4 Describing Conditions and Conditional Expressions.
11.4.5{Describing Transformations.............. vreeeeresn e sae et :
11.4.6 Attribute and Relation Z_mv_u_:mm .................................. 326,
11.5 The ODEMepster Processor......... bt SO & ||
11.6 Experimentation: The Fund Finder >Eu=nu:o_._ . L3307
11.6.1: Ontologies in the Funding Domain... 3327
11.6.2 The Presentation Part: Semantic Publishing and G
Navigation............coerenene, U U YOPURORRPOTOON. X . ¥
11.7 Conclusions and Future WOorkK.......cuesiiteoneeineecnncnsarmsonencocone 335,
11.8 Acknowledgements L337
References.. ..337°



