. TN

NRRRRNRAN]
| L

o

0T

tological
Engineering

with examples from the areas of
Knowledge Management, e-Commerce
and the Semantic Web

@ Springer



Contents

1 Theoretical Foundations of Ontologies. 1
1.1 From Ontology Towards Ontological Engineering .............coccoveveicnienieeennne 3
1.2 WhHAL 15/ 21 ONEDIOBYT «ccrnsmernsrrnesserisioasstatn stamnss sespmmesssrss srenrssbrsvarisess oo frad ebisee 6
1.3 Which are the Main Components of an Ontology?.........cccveeeiienrcinienciieanes 9

1.3.1 Modeling heavyweight ontologies using frames and first order logic..... 11
1.3.2 Modeling heavyweight ontologies using description 10gics ........cccceeveene. 17
1.3.3 Modeling ontologies with software engineering techniques.................... 21

1.3.4 Modeling ontologies with database technology.........c..cccovveeivriiiiiicnenne. 23
Rl e Tl 1 o e 25
1o Toes O OBIORIEE: s i i i R s i T s ms e s sl b o s S i 25
141 Categonzation of GNLOlBBIES . cusimmnrmimrs T A 26
1.4.1.1 Types of ontologies based on the richness of their internal
ST OEITE ouuisiomssos s s o TS R S 4 o M e s SR oSSR 28
1.4.1.2 Types of ontologies based on the subject of the conceptualization .. 29
1.4.2 Ontologies and ontology library systems..........ccoceeiiiiiiiiiiiiiiniieiiicie 34
1.5 Ontological CommMmItMENts. ..ot mmsi s s 36
1.6 Principles for the Design of Ontologies.........cocvcevcvvvieiicnennencnn, esvsrsasanzn 38
1.7 Bibliographical Notes and Further Reading ............ccccococvcniininnircciiiiincnns 44
2 The Most Outstanding Ontologies .......cccceeersrminressessnrennes 47
2.1 Knowledge Representation Ontologies..........ccccecireeicesinicniisssesisnisssecsssssnnsasns 47
2.1.1 The Frame Ontology and the OKBC Ontology .......cccccvevviieiiiccniicniinnnn. 48
2.1.2 RDF and RDF Schema knowledge representation ontologies................. 52
2.1.3 OIL knowledge representation ontology ......cccoveeieeerearncieeneenerenienans 56
2.1.4 DAMLAOIL knowledge representation ontology........c.ccocevvvvieniveiennicene 61
2.1.5 OWL knowledge representation ontology ........coceeviinicinnninnereesiennenen, 65
2. 2. TOP-1eWe]l KINTONORIER.  conune crmvss s mrecbir T asmaiasmm g ssrsnsennsanesnssvsssbmsmms sscasen hssiath 71
2.2.1 Top-level ontologies of universals and particulars ...........c.cocoveiiiennnnne 72

X



2.2.2 Sowa's top-level ontology e 73
2 3 Oy s upPer ORI OBY e 76

2. 2 4 The Standard Ugs;t;er Cmtology (Siéi}} ..................................................... 17
2.3 Linguistic Ontologies .. b OO UV PUU RO PUUPURSRIOOY 1
231 WOralNel oo s e 79
2R EUraWordNet L. i 50
2.3.3 The Generalized Upper Model ... OOV 82
2.34 The Miksokosmos ontology . e 83
2 EN U e e B4
2.4 Domain Ontologies.. e e e o e vt ettt a3
24.1 E-commerce om@logaca .......................................................................... &6
2.4.2 Medical OnTOIOEIZS .o s 92

2 A3 Engineening OnIOIOZIER .ot e e e 96
2.4.4 Enterprise ONIOIORIOS .. oot e 28
245 Chemistry enfologiles. o e e 10
2.4.6 Knowledge management 0ntolOZies oo o ccrnree e 102
2.5 Bibliographical Notes and Further Reading i 15
3 Methodologies and Methods for Bullding Ontologies ..ommnmsesmiammon: 197
F Ontology Developmant PIOCESS. v e rscnrns s ome oo e 1G9

3 2 Crtology Methadology Eveolution BT B 8 |
3.3 Ontolopy Development Methods and ‘viezh{}dologw:s .................................. i13
33 The Cye methot i e e et e 113
3,32 Uschold and King's method ..o 115
3.3.3 Griininger and Fox’s methodology .o ie i 119
3.3.4 The KACTUS approach............oooovioos oo e seenens oo 124
3 METHONTOLOGY e e e 125
3351 Onology crossed life €¥Cles v i26
3.3.5.2 Conceptual modeling in METHONTOLOGY e 130
336 SENSUS-based method e e 142
37 0n-ToKnowledge. .o 144
3.3 8 Comparing ontology development methods and methodologies.......... 148
3381 Comparison framework ..o ... 148
3382 ConCIESIONS. oo s e anre e e e 133

314 Method for Re-engineering OntolOgies i v 154
3.5 Onwology Legming Methods .. e e et e 157
3.5.1 Maedche and colleagues” method. i LA0
3.5.2 Aussenac-{illes and colleagues’ method . e 1ot
3.6 Ontology Merging Methods and Methodologies .. 163
BB O S i e e e e e e 64
BB FUAMETEE oot v tes v ia e e a e em e et 166
3B PROM P T e e 17
3.7 Co4: a Protocol for Coaperative Construction of Ontelogies.oonn 178
3.8 Methods for Evaluating Ontologies. oo oo 178

3.8.1 Ontology evaluation ferminolOZ¥ ..o . 178



Xi

382 Taxonomy evaluation

............................................................................ 180

3.8.3 OBIOCIERN v vissimasmms s s e 3 BT R ey e e s 185
3.9 CONCIASIONS sirvzrasmminssesorivievsmsrieses oo s s S v sy YU ssaesoe S T RR A NN 195
3.10 Bibliographical Notes and Further Reading ............ccocoovviinnininiiiiann 196
4 Languages for Building Ontologies ik SSRGS 199
4.1 Ontology Language EVOIUHON ....umuimmunmmamismmsssissmmmmimimsisis 200
4.2 The Selection of an Ontology Language ..........ccccccoviiiiiniiiiiiiccniiciiiiinenas 202
4.2:1 Knowledge representation e sssmmsmsmimmasnsissssiinussssmemss 203
4.2:2: REasomng MeChAISING - msinmemmmmn e s s e 204
4.3 Traditional Ontology LanGUAGES ..o 204
4.3.1 Ontolingus did KIF .o simsssansaisisaiss: 204
4.3.1.1 Kniowledge tepresentation . mmmsimeissmai s i 206
4:3.1'2 ' Reasoning mMeChanISME s asssisisis 216
L B ] 216
4.3.2.1 Knowledge tepresemation . ounsmmnnmmniassssmsmsisivsian 216
4.3.2.2 Reasoning MEChANISIS ...y s i s s 222
4.3, 3 ODKBC smisrsssisssvosiss oo T ST o 05 54 T Vo TR VT S SAaba 222
4.3.3.1 Knowledge tepresettation ...umsisamsnmsississississiivissvonsisis 223
4.3:3.2 Reasoning mechimisnis . o nassnsmsiisnmiis i i 226
A3 A O crvvsusvsioses novsss vy s i e s v S B A S s 226
4.3.4.1 Knowledge representation ...........cecovesiesmssussimmsscssensssasssosssnassssasans 227
4.34.2 Reasoning mechaniSmiS s s ins i siasmnmsimimttmses 230

E g T g [T T T, 231
4.3.5.1 Knowledpe teptesentation: .. s unmsminmssinas s 232
4.3.5.2 Reasonming mechaniSins. . mimmaivsmnmnssiisim ni st 235

4.4 Ontology Martkup Languages ....cu cissisneaimsbiinsaaismsaiaimmssans 236
481 BHOEB ;osmscss st ity ss i s il s sals i mssviness 241
4.4.1.1 Knowledge TepreSentation . vussomssimisnsisismmis g s 241
4.4.1.2 Reasomig HeChamiSineg ormvivveisis i s st e 245
82, KO orvvacsmvmssanross v o s T R e B RS s U R S 246
4.4.2.]1 Knowledge representation ............coioeiieeneimmonsmssessosistessesssisens 247
4422 Reasoning MEChaniSing ....cuusimvnsiiusisimsisimisimsstsisisiaiag 250
4.4.3 RDF(S); RDF and RDE Schema c....iusscussmsiminaimssiismissssi 250
4.4.3.1 Knowledge representation .. s ssismmssisimessiimiie 251
4.4.3.2 Reasoning meChamISIs v ieesamicssivissaisssmmioisismsssins 258
T — 258
4.4.4.1 Kniowledge represemation .o 259
4.4.4.2 Reasoning MECHAMSINS s iniis s aan sy 263
445 DAMLFONL G comunsvmmnsis s i s s i R 264
4.4.5.1 Knowledge representation. qumssammninisnimmsiminimmmsing 265
4.4.5.2 Reasoning mechaniSme i vuiiinnsismnitionsimiiime snaisings 273
B0 OW i covamsiossm oo e s S S R ity 274
4.4.6.1 Knowledge representation .....muaaimiimimesamissivmmiiims 275

4.4.6.2 Reasoning theehaniSms ... st sivmsounsmisiimse 284



xil

Conczucion .................................................................................................... 285

3.1 Knowledge representation .. e 288

4 5.2 Using ontology languages in omz}logy base{i app];&anezzs .................... 290
4.6 Biblographical Notes and Further Reading i 259]

SOR0102Y To0E v b b e st pers vtk b 200

| Oneology Tools Evolution . SO OO TSUPURUOUPREA <!
‘? 2 Ontology Devel Gpment’feals &?%d Toe Sun&s et eees e 23T
5.2.1 Language-dependent ontology éeue?opmeni tooi ................................ 299
5211 The Ontolingus Server i en i 366
3.2 1.2 OntOSaUIUS oot e ne S
SZ2 L3 Weblnto o e e e SUT
52.04GHEd.. creeee 310
$.2.2 Extensible iangu age«mdapenéam G{HG ng éeve opmcm toois 3{1(5
TOOT SUIES it iiiie e etk en st e e 313
S22 Protgd-2000 o rm e 313
S22 2 WebDIIE. . e s 319
S22 3 OmOBEI o e SAG
228 MADN e 332
5.2.3 Some other ontology W05 i 336
5.3 0nt0logy Merge Tooli e e e 338
S30 The PROMPT BIUZ-IN i e 338
5.3.2 Some other ontology MErge Ioks i im oo oo 342
54 Ontology-based Annolation Tools v oo 344
341 COHSE. ... B U TP OO 346
5.4.2 MnM e BV UUUUUTOPRTRUURURROUOTUIOR. . 3.
543 Gntshf‘%'a{ Aﬁﬂouzes an(‘% Ontoﬁ;snetate OO PUOUUPUPUROURURIOR: 11
5.4.4 SHOE Knowledge ADNOIDT .ot on 35}
EAZUBOT AeroDAML L e 333
5.5 Conclusions ... et 334
3.6 Bibl mgraphrcai N{}ies gﬁd Fuf‘t%}er Reaﬁimg ................................................. 361

B DO aPRY e i et s
[ T U,
Index of figures c et cnrrsen i tesenes trestem it resven s s s ae s ame e 397

TRe% 0F TADIES v vivsrcmsressrvesssonevssoncecssuarssosoxrsns ross reas s sonvnessnsanosatus anss arsaasrsorsnssssesre Sk



