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Title: Implementing Semantic Web Contents
00 0 Development Tools with Case Studies o
0

0

Abstract: o

Since current Web contents are intended for people, it is difficult for machine to under-
stand them. On the other hand, Semantic Web enables machine to understand and even
infer Web contents, giving machine-readable metadata to them. Thus intelligent search
and data integration over many applications will come up with Semantic Web.

However it takes many costs for users to develop Semantic Web contents described by
RDF, RDFS, and OWL by hands. So this paper focuses on the intelligent tools to support
users in constructing them. This paper has been organized as follows:

Chapter 1 describes backgrounds, issues, and purpose of this study.

Chapter 2 introduces Semantic Web technologies, definitions and examples of ontol-
ogy, an ontology development method, and ontology development environment as related
technologies and studies around this paper.

Chapter 3 describes the design, implementation, and evaluation of the RDF(S) con-
tents development tool called MR? . MR? has graphical facilities for RDF(S) contents
and RDF(S) contents management facilities to maintain both RDF contents and RDFS
contents mutually. In order to evaluate MR? , we compared MR? with other related
tools. Case studies in the domain of business have shown us that MR? goes well.

Chapter 4 describes the design, implementation, and evaluation of the domain ontol-
ogy (OWL contents) development environment called DODDLE-OWL. DODDLE-OWL
makes reuse of existing ontologies and supports the semi-automatic construction of tax-
onomic and other relationships in domain ontologies from documents. In order to make
sure how much well DODDLE-OWL goes, we compared DODDLE-OWL with popular
ontology development tools. In order to evaluate the scalability of DODDLE-OWL, we
constructed a large scale of ontology with 34,000 concepts or more in the field of rocket
operation using DODDLE-OWL. The case studies have shown us that we have build up
the large scale of the rocket operation ontology within 30 hours.

Finally, in chapterb, we have concluded this paper and pointed out future issues.
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00000 [8UOOOooooooooooooooooooooooooooooo
0000000000000 0000000D0DO0bO0000oooOODODDLE-OWL OO
DODDLE-I (19|00 000000000000000000000 Javad0OOOOO
gbooboooooboboooowLdoboooooooboboboooboobobooog
000000000000 00000D000O000000oooooOood

14 0OOOOO

gdobbobboooooooooggdgb 20bbbuouoouooooooood
O000bOd WebOOGOOobOoboboboooooobooobooboobuoboobgoo
godgobobobbobbobobooboobbbobboboobbobotbddooooooooooon
000000 30000RDF(S)000O0OOODODOOO MR*OOOOOOOOOO



14 00000 4

0000000 MR} OO0O0D0O0D0000000000O000O0ORDRS) 0000000
O00O00RDF(S)DDOUOUOODOOUOODOUOUDOOUOODODOOODOOOO400
OooooooobooboooonD bODDLE-OWLOOOOODOODOOOOoOOoooDoo
DODDLE-OWLOOOOOOOOO0O0O0DOOOOODODDLE-OWLOOOOODOOOO
gbgbobobooboobboobbooboobbuooogbooboboobobod
gbbodgbbogbbuodgbboobbuoobobbobsgobobboobood
gobbbooooobbboooaoobn



20 o4

2.1 OO

googbuodboobooboobobboobooboobooboo2200004d
O0oooboWebOOOOOOOOoOOOOODOOOOODOOOODOOOURIOXMLO
RDFORDFSOOWLODOOODOOODOO23000000000000DO000D0ODOOO
gbogobobooboobobbobooboobobb240b000b000bO0OD0DO
gbobboogbobboogbbo2sbuogobbbuooobbbuooobbbaod
gobbooboooon

22 00O0O0OOOO Web

0000000000000 00000000000000 Web|[1,20000000
WebOOOUOOOOOOOOOOOODOOODOOODOOOOOOODOOODOOOOOWeb
gboogobuogbboobuoobboobuoobboobuoobbobboobbod
goooobooboboobooboboobob WebOboobbooobbooo g
0000000000000 URIOXMLORDFORDFSOOWLOOODOOOOOO

000 RDFORDFSOOWLOOOOOOOO20)0000000

221 0000000 WebDO OO

OO0 WebOOUOOOOOOODOOOOOODOODOODODODODODODODODOOOO
gboboggbbuogoboobbobobboobbooobbobboboboooad
WebOODOOOOOOOOOOOOOOODOOODODODOWebOOOOOOOOOOODO
OoooooboobOoboboooboooboobooboboo webbooooooogo
gbogbooboobooobboboboobuoobuoobuooWwebbbobbooog
O0b00o0oboobooobooboboooog WebOOOoOooWebdOoooooooo
gbbodbboobbobuoouoobobuoobbuoobbuoobbuoobbuoobbo
gooobooobooobooboWebOOOoooooooooobooo Web O
gboob0ooboboboboboooobbooboobobOobobOobOobDg WebO DO
O00oooooboobobobob WebODOODOOoDOoOOoOooooobooooooo
gbobooobooobuoobobuoobobuoobooboWweboboooboobooob O
gbooobgoobo
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User Interface & applications

Trust

Proof
Unifying Logic
ontology: Rules:
Query: owL RIF
SPARQL Crypto
| RDF-S |

Data interchange: RDF

XML

URI Unicode

0210000000 WebOOOOGOOooooooDoO

0000000 WebOOWebODODOOOODODO Tim Berners-Lee 0 000 O00OOOW3C
(World Wide Web Consortium)!0 000 000000000000000O0OOOOO
00000 WebOOOOOODOOOOOOODOOO 2.100020URI (Uniform Resource
Identifier) [3]0 Unicoded XML (Extensible Markup Language) 4|0 000000000
Jo00o0o0oo0ob0ObO0000ooobobobObbO000ooooDoWebOOOOOooog @
00000000000 RDF (Resource Description Framework) 5|0 0000000
O0ORDFOOODOOOOO RDFOOOODOOORDFS (RDF Vocabulary Description
Language: RDF Schema) [6] 0 O O OWL (Web Ontology Language) [7/0 000000
000ooooobo0oooobooooRrRDFSO0OOOODOOOooOWLOUOOoooog
0000000000000 00ORDFOODOOOORDFSOOODODOODOWLODOODOO
O0000D000O000DOO WebOODOOODOODOOOORDFORDFSOOWLOODO
0000000000 SPARQL 8|0 0000000 OOOOOORIF (Rule Interchange
Format), Logic, Proof, Trust 000 0 0000000000000 0OOOOOOOOOO
goooobobobooboboobooboboobobooobOOWebOoooooo g
ggooooooooon

0ooooobooooooooo WebOOODOOOOOoOoooooobobObODbOOOoo
000 URIDOXMLO RDFORDFSOOWLOOOODODOODOO

thttp://www.w3.org
20 0: Emerging Web Technologies to Watch
http://www.w3.org/2006/Talks/1023-sb-W3CTechSemWeb/Overview.html#(19)
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2.2.2 URI

URI (Uniform Resource Identifier) [3) 0 0000000000000000000
000000o000oob0oooooobooooboooobogooobooognoWeb
JooooouvRIDO0OOOODOO0O0O0O0O0DDODODO0O0O0O0OWebODOOOOQoO
goddobobbboogbbuoddoooooooobobobbbooooog
goodd

vRIDOOOO00O0O00OO0O00O000O000O0000000000 (scheme)DOOOO
0 Ohttp, ftp, tel, wn 0000 00000000000000000000000 WebD
0000000000000 OoO0OnttpO0O0ODOOOOO0 URIDOOOODOODOOOOO

htpOOOOODOOOO URIOOOOOODOO (scheme)Dd 0000 (host)d OO (path)
guobboggobbooobooooobobobboobobuooobbuoobboa
gbooooooooboobtboddddddoooooboooobbbouuuUu g
000000 00b00b0obOoboOobobObOUOnttp://www.ietf.org/rfc/rfc2396.txt
O00OhttpO00000Owww.ietf.org0 00000 /rfc/rfc2396.txt 0000000

2.2.3 XML

XML (Extensible Markup Language) 4|0 00 0000000000000 0O0O0O0O
godddoooodoouobbbbbooooobbobbbbooooooooog
gooobobboooobbooobbboooobobbuoooobooXMLObDbDOoOonO
gobobooobbbooobbuooobobboooboooXMLOooooboboono
goXMLOOODOOOOO

XMLOOOOOODOOOoooobobuoooobbbooobobboooobbboo
oot bbbobbobobouoyg
goddoooobboboooooooooobbbobboooooooooo

g2200000000 0bbooooboobo XMLOooboobuoobooboo
g22000dudbobboooobbuoooubbbuoooobbuoooobbbuo
goodooooo

<{¥Pr BMEEHF="223-8522">
<BEZ>HE||</REH>
<t &>tEE</H 4>
<EXK&>HFI</RE>
<BET%>BE</ET4&>
<MEF>

0 22 XMLODOOO
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XML OOOO

XMLOOOO (XML namespaces) 210 O0XMLOOOOOOOO0O0O0OO0OO URIO
goobooooooboboooobooobboooobooobooooooXMLOOogooo
OooobOooOoooboobooovvRrIDOODDOOOO0OoDOOO0OoOoDOOoOoOoOnD URI
O0000oboO0o0oo0obooo XMLOOOOODOOoOOOoDOoooobooooooo
oooobourRIDbOOoOoOoooooooooooooboooboobooobooooboog
http://www.example.com/Book D OO URIO OO OO O Ohttp://www.example. com/
O000D0O0O0 URIODDOOOBeockODODOOODODOODOODODOODODODODOODOODO
O0booooob vuRIDOoOOoOobOOoOoDOoooooooXMLOOOoooooboooo
URIOOODOOODOOOOOO (namespace prefix) 0000 0000000000000
O0000D0O00D0000Ohttp://www.example.com/0 00000000 exODOODOO
http://www.example.com/Book [l Dex:Book U U DD UIODOODOOOOODODOODOODO
O00000000000000000000000 (qualified name) 0000

2250000 226000000 RDFSOOO OWLODOXMLOOOOODOOOO
ooooboooboobobooooooooobobobooooooo

O000D000D00OexUDOnttp://www.example.con/0 0000000000000

2.2.4 RDF

0000000 WebOOOOoOooooOooOODODODOODODOOOOoOoDooDoOODODOO
gobbgoobbooobbooobobbooobboooobobuooobobbooo
O000000000000000RDF (Resource Description Framework) [5] O O Web
0000000000000 0000000000000RDF OO OOOsubjectd O
O Opredicated0 00O ODobject 0000 000O0OOOOOODOODOO0ODOOODOONOO
Joooooobo RDFOO0O0OO0bOO0O0obObooobboooobo XMLOODOOoono
O0OORDFOOODDODOOODODOOODOODDOORDFODODODDOOODOOODODOOO
dobobooooboboRDbFODOOO0ODOOOOOODODDLDDOOOOD

gooo
WebOOOOOOURIODOODOOOODODOOOOOODOOOODOODODODOODOO
gobboooobbodd

goooo
gbobbuoogbbbooobbooobboobbboobbbooobood
gbogbdgoboboobodgbuogboobobobobobboboobuoooba
Oobooobooboobobo0ooo0oobboooboooD 22500000 RDFS
gboobooboooboobovuvrIoobooboon
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021 RDFOOODOO0OO0O0OO

00 (subject) 0000 |exOOODO
00 (predicate) | DOOO0O ex:0 0
000 (object) | OOOO | 0OOO

023 RDFO0ODOO0ODOOO

good
gbobbooobbuooobbbooobboobbbuooobbooobobod
gobboboooobbbuoooobbbooogboo

goboooog
gobbooobbboooboboooobbooobboooobobooboboog
gdddddoooooooooooooooooobooooooooooooo
gbogbooboboooboobooboobo XMLOOODODOoooboooboo
gbooogog

gbhogboboboooobobooboobuoobobboboobooboRbFOODO
00000000000000002100000000000000 30

RDFOOOOOOOOORDFOOOOOOOOOOODOOOOODO (labeled directed
graph) 00 0000000000000 22300000000000000000000
gboobRDFOOOOOODOODODOOODOOORDFOODODODOOODODODODO
gboobobobobobooobobobobooobbobobooboboobo
goboood

gobobooon

RODFOOOOOOO0O0O0O000000O0 (Class)J000O00O00O (instance) 0000
gbbodgbbodgbboouobobbobuoobbboboobboobobooobood
godgooooboboboboboobbbbbbobbbddooooooooooooog
U0rdf:type U0 00000 DOOO0O000OO0O000O0O000O00 rdf:type D OOOO
gobboboooobboboooobo

‘000000000000 00000000000000000RDFO0OO0OODOOOO0OOOOD
gboobooboooobob 21000000000000000
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<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:ex="http://www.example.com/">
<rdf:Description rdf:about="http://www.example.com/R{g§— ">
<ex:EEB>RRMS </exEEH>
</rdf:Description>
</rdf:RDF>

0 2.4: RDF/XMLOOOO

RDF /XML

RDF O XML OO OO “RDF/XML Syntax Specification” 2200000000000
O RDF/XMLOOOOOORDFOOODOOOOO RDE/XMLOODOOOOODOODOOOO
OooooooooooXMLODODOODOOOOOOO 21000 RDFOOODOOO
OO0 RDF/XMLOOOOOOO240000000RDF/XMLOOOrdftRDFOOOOO
RDFOODOOOODOOOOOOODOOO0ODOrat0 RDFOOODOO URI
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#] 0 OO RDF/XMLO OO OOOO
000000 rdf:Description 0 00 0 00O OO OO rdf:Description 0 O O rdf:about O
oooooooooO0o0ooboOoOobOoOoboOobO uURIDOODOOODOOODOODOOOO
oooobooOooopooo0oOobooboOoOoobobDooDOooOoooooooDoooooo
0000000000000 000rdEDescription0 0000000000 OODOOODO
Oooooooooobooooboooo

RDF/XMLOOCUOO0O0O00000ODODOOOOOOOOOOOOOOO0ORUOO0OOO
oooooo

2.2.5 RDFS

RDFSOORDFODOOOOODOODOOODOODOODOOODOODOODOOODOODUORDE
gobbogobboodooobuooobbuoobbooobbooobbuoooo
gobbooobbuooobbboooobbooobbuooobbuoobobooo
O0000000000000000000000OO0RDEFES (RDF Vocabulary Description
Language: RDF Schema) 6|0 00 0000000000000 O0O00OOOOOOOOO
O00000D00O0ORDFSOOOOOIS-AOD (rdfs:subClass0f)00 00000 IS-AO
O (rdfs:subProperty0f) 0000000000 (rdfs:domain) 00000 (rdfs:range)
guodoobooobbboooooogad

RDFSOOOO0ODOODODOODODOODODOOO0DOOO0ODO0O0OOOO0DOO0O0DO0OO0bOOoOooog
gbobbobbgbugbobogboboboobobobooboboobobbboba
O000000Ordfs0 RDFSOO OO0 URI http://wuw.w3.0rg/2000/01/rdf-schema#
godn
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goooo

O00O0OO00O0OORDFSOOOOOOOOOOOOODOODOOODOOODOODOO
oo

rdfs:Resource
0000000000000 000U00OOrdfs:Resource 0000 ooooag
O00O0000O00000000 rdfs:ResourceJ 0000000 OOO0OO

rdfs:Class
0000000000 OoO00oooooooooOooRrRbFSOO0OO0OOooboooOoOod
00 rdfs:Class 0000000 0OOOOOO0O

rdf:Property
0000000000000 0DO00DO000000000oRDFSODOOODOO0
00000000 rdf:Property 0000000000000

rdfs:Literal
O000o0oUoooooooooo

rdfs:XMLLiteral
OooooOo XMLOOOOOOOoOOooooooo

rdfs:Datatype
000000000000 0oOooooo

gboooogn

O0b0oOobOoOoOoRDFSOOOOOOOOODOOODOOODOODOODOOO
OS-A000000DO00OO0O0DOO0OO0obO0bOobOOoOobOOooDOobDOobobobooboOgo
gobbbuoodobbbbododdrdt:type0 0000 oooooooboO

rdf:type
gbobobobobobUdbxdf:typeU 0 00ODO0ODOOOOOOOOODODOO
gboobobbobobobobooobooboobuooboobobboobon
UdddidididUbrdf:type DD OUOOO rdfs:Class U 0O OOOOOOMO
U rdfs:ClassU000O00O0OO0O0O0DOO0ODOO

rdfs:subClassOf
oot ououodooooooooooouououoooa
O00OOrdfs:subClassOf 00 0OO0OO0OOOOO0OOOOO0OOOOOOOO
gdododododoooooooooooooooo

‘000000000 RDFSOOOOOOO0OO0O0DOOOOORDFOODOOOOOOOOOODODOOD
Ub0rdf:000000O00O0O0O0DOO0O0OOODO0O0OO0
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rdfs:subPropertyOf
0000000000000 000DO000O0DO00O00DOooDOoooooood
O0000Drdfs:subProperty0f 00O 000000 0OOOOODOODOODOO
000000000000 00O000D00DO0000D0DO0oDOoDO0O0O0

rdfs:range
0000000000000 0o0Do0oDoooooooooooooog

rdfs:domain
00000000 oUooUooog

rdfs:label
O0o00oooooooUuoUuoUuoUuooooouoououoouoooo

rdfs:comment
00000000 oU0oU0o0oU0oUoooooooooooon

gobobog

U 2500rdfs:Resource U U UOOOOOOOO0ex: 000000 ex:000O0
gbooooooooooopoobbobuobobobobiobO0obOdblrdfs:Resourcel]
gobboobooooboo

O2500RDFOOODOOODOOODOODODOOOO0OO0OOex:000Ordfs:subClass0f
UO00b0D00000Db000 rdfs:ResourceJ 00000000000 25000000
OORDEF/XMLOOOOOOOOO 260000000

goboboodan

O00000Ordf:Property 000 0000DO0OO0OOOOODOOOO0OOOODOO
ooo0dbboobuoobbUddlOrdfs:domain 0 U0 rdfs:rangeJ 000000
Oooooooooon

00000000 ex:000D0DO0O0O0DLO0ODODDbOOO0OD 2700ex:000O
OD000000000D00 ex: 0000000000 DO0 ex:0O0DOOOO0DOODO
RDF/XMLOOOODOOOOOOOOO

0000ob0b0oboboobo0bO0bUOdUrdfs:subProperty0f OO OOOOOOO

rdfs:Resource

rdfs:subClassOf /\ rdfs:subClassOf

ex 25 ex: AfEl

g 250000000
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<rdf:RDF
xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#">
<rdfs:Class rdf:about="http://www.w3.0rg/2000/01/rdf-schema#Resource"/>
<rdfs:Class rdf:about="http://www.example.com/ A f&]">
<rdfs:subClassOf rdf:resource="http://www.w3.0rg/2000/01/rdf-schema#Resource"/>
</rdfs:Class>
<rdfs:Class rdf:about="http://www.example.com/Z£&">
<rdfs:subClassOf rdf:resource="http://www.w3.0rg/2000/01/rdf-schema#Resource"/>
</rdfs:Class>
</rdf:RDF>

026000000 RDF/XMLODOOOOO

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#">
<rdf:Property rdf:about="http://www.example.com/Z&">
<rdfs:domain rdf:resource="http://www.example.com/Z£&"/>
<rdfs:range rdf:resource="http://www.example.com/ A f&l"/>
</rdf:Property>
</rdf:RDF>

027 00000000RDF/XMLOODODOOO

2.2.6 OWL

RDFSOODODOOOOOOISSADDOOOOOODOOO0OOOOOoDDOOoOobDooog
goddboooooooobbobbbtbdoooobooooobobooboooog
O00o0ob0oobobooboboobooooboooooo webooooooobO
gogooobbbobobotbodooooodoooooooboboboobbboboboboooa
0000000000000 booooo WebOOOOooobOoooooboooO
OWL (Web Ontology Language) [7]0 W3COOOOOOOOOOOOWLOOORDES
ggddooboobboooobobooobboogobobbbooboboouonobooboobooa
000o0ooo0bO0000o00oooooobobooooooo WebO OO O
00000000 b0o0o0b00o0ooobObboooboboDboUoboDbOUUUnoOWL-Lited
OWL-DLOOWL-Rull OO OO0 O0OO0Ooooooooooog

OWL-Lite
ooooooooooooooboboboboboboboboobo0ooooOWwWL-
DLOODOOOOCOOWL-DL/OWL-FulIOOOO00O000000000000000O
ooooooooobooooooowLboooooooobooobobbooooooo
gobbbooogbobbooogbbboo
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OWL-DL
owLOOOO0O0O0O000O0O0o0o0o0o0o0oO 23)000000000000000O
000000000 DO0DO0bOO0ODO0oDO0o0oo0OoDOooOWL-DLOODOODOOOO
gobbuodgboobbooobobbooobbbuooobbbuoooboog
gbooobuogbgbuogbobodgboobbuoobboobuogobbodgboo

OWL-Full
OWLOOOO RDFOOODODOODOODOOODOOODODOWLODODODOO
O0o00obob0oboboboooo0obo00ob00bUOWL-FullOD ORDFSO
gbobbooobobuogobbooobbbooobbooobbooobobood
goboboooogn

owLOOOOooOOooOoooooooboooooobobooooboooooooooooo
gbbogboguoogoobobobooboobbuoobboobboboobobobod
gbbodoobobbooboooboobobuooboboobboobobbooaog
gobboooobbodd

oo

00000000000 oooooooooooooooooOooooooooon
owl:Ontology 00 0000000000000 OO000OOO (owl:OntologyProperty)
000000000 (owl:AnnotationProperty) 000000000000 OOOOO
00000 Oowl:iimportsl owl:priorVersion[] owl:backwardCompatibleWith [ []
0000000000000 0DO00DO00DOO000DOO00DO00DOOo0DOOoO0DOoO0n
O000000DO00000DOO00O0D0O0OD0DOdrdfs:comment] owl:versionInfo O O [
g0od0o0Odob0ooooooboooooO0obOOobO0obO00oDOoobOOobObOOoboOoo
000000000000 0DO000D00DbO00O0000DO0DOOoDODO0O0OO

goooo

gogodogobobobbobbbbobboboboboboobbbboooooooooooag
OO0boooooboooowLOooboboOowlClassUOOODOOOOOODOOOODO
00000000000 (Individwa)DOOOOOODOOODOOOOOCOOODOOOOO
owLOOOOOoOoOoDoooooooooboooooooooobbooooooooobo
goowLOoooooooouRIDbOoOoOoOobooooboooboooooboooo
gbbodboboooobogbodboboooboobobuooboobboobood
O0obo0ob0o0ob0oobo0ooe0obOOoOoOURIDODOOODOOODOOODOOODOOOD
gobbboooobbbuooobbbuoobbboooon
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ggbooog

O00000000ORDFSOOOO0ODOOO0ODOO0D0ODO0O0ODO0ODO0O0O0O00ODOOOOOWL
gboboooboboooboooobooboooowLoooobooooooboog
0000000000000 00 (owl:ObjectProperty) 0000000000000
00000000000 (owl:DatatypeProperty) 00000000000 0000O0O
000000000000 000000000 (owl:AnnotationProperty) 00000
0000000 (owl:OntologyProperty) 0 000000000000 OOOODODOO
000000000000 00D0DO00D000DORDFESO rdfs:domainl rdfs:range
gooobooboboboooooboooboooo

ERN

owLOOO0O0O0O000000000 (fact)DO0ODOO0O0DOOODOOOOOOOOOO
gbodgbugboobooboobuogboogbuodbooboobobbobbon

23 O0OOOOO

gbbogoobuoobboobooboobbooboobboobuooboonooa
gobo

23.1 OO

gogbobbobbooooobbbbbuooonooooobbobbouooooobbd
gogobbbobbbooooooobbobbbodoooooobbobboooooon
gboboboboooboboboooobobboobooboboobobobobo
gbbodgboooobobuoobbooboboooboobobuoobboobood
gbgoobodgbboobobobooboobbuoobboobboobboooog
gbobobobooooboboboobooboboboboobobooboboon
gbbodbboobbodobboobboobboobobobuoobboobobobo
gbgobbooobobbooboooobooobooobbooobobboooog
gbooobuodgbdobbooboobbooboobbboobbooboobbod
gboogbobogbooobboobuobooobobbooboobbooboood
0000000000000 0000 /00000000 ooooooooooooo
gogggoobbobbbbbbobbbbbbobobotbodduouoooooooooan
gbobuogbboobuoobbouoobboobobobbooboooboobobod
gbogbobobobbooobooobooobooboboobboboobboooon
gbbbogobuoodgbbuoobobboobuooboboobbuoobobboobbood
gbbg20b000boooooobobuoobbuoobbuoobboobboobood
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gbboboobbooobbuoobbooboobbuobooboobobuoobood
gbbogbbbooboogbobooboobboobboobboobbooood
goobogbogobuoobobooboboobobuoooobooobooobooog
gbbogobuodgbbooboobbuodoboobbuobooobuoobboobobod
gbbogbbogbbuoboogbobbuoobbobboogbobbobobood
gbobobobobobooobobbobboboboooobobobbobobo
gobbboooobbbuoooobbbuoobbboooobbbooaoo
0000000000000 0000000 [24000000000000000O

232 JUOO0oobood

0000000000000 000000 (MRD:a Machine Readable Dictionary) O
gbbogbuogbbuoboooboooboobbooboboobooboboood
O00000ooD0o0o0o0ooo0obDWordNetD DO0O0OOOODOOROGET’s Thesaurus
(MICRA)O LDOCE (Longman’s Dictionary) D SENSUSO O OO0 O0O0O0O0O0O00O0O0OO
gbobobebROOOODODOOOODOODODOODODOOODODODOODOODOOn
gbbogbogobuoobboobooboboboobbuodgbboooboboood
gobobbooooobbbuoooobbboooobooo

00000000000 bO0obOob0ob0bOobuoDbDOobDOonbDdg WordNetD DO OO O
o000 IS-Ad0DO0oO0ooooo0oobobOobooooboo0obDOo EbROODDODOODO
O000000000000000000 SENSUSOOO000000000

WordNet

WordNet [17] (version 2.0) 000 2800 0000000000000 OOO0OOOO
gboobgobooboobooboobooboooboo 1gbooboobg

WordNet (version 2.0)

L AAHE B AaHE BRAAHE |ARaBRE
BEiS%: 79689 S#0:13508 || #E=%:18563 ||#ESH:3

RHLEE=Sense ID
Sense Index

0 2.8: WordNet 0 0 O
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0 2.2: WordNet (version 2.0)0 00000

ooQ 00000000 [0000000
ooooo 114648 79689
0o0oooQg 11306 13508

000000 21436 18563
Do0ooQg 4669 3664
Do0oooo 152059 115424

oooobooboboboooooooboboboobooooonD 220000
gobooobooooobooboobboooo IpbobboboobboOoboooboobooo

O0boobooooo Iboboo0obOoO0obOOo0obOOoobOoooDooboOOobboOoDboo

goboobooboobooboooooobobooobo Ibbobbobobobooobogo

00000000000 synset (synonym set) 00 0O WordNet 000000 synset

oooooboobobooooobobobooobog
ooboboobooboobobooooooboboobooboboooo IboboooboOoo

000 IDO part ofld member of[]substance of HOUOODO IDOOOOODOOOOOMO

BeirE

( i e )
&85 F | 3aa966
BMERHL| B
it | —goal/lB8H
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bicycle  motorcycle bi R :
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A Legal Ontology
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0000000000000 00000O00000O00DO000DO00DOO00DOO0DOO0OOn
000000000 21200000000000000000O00DOO0ODOODOOOO0O
000 (A Legal Ontology) 00 0000000000000 O0OODOOOOODOOOO
000000000000 0DO0DO0O00000O00000O0oDO0oDOooDOooDOooOoog
0000000000000 00DO00oO0o0oOo0oooooooDoooooooon
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O0O0O0RDF(S)D0O00O00O0O0O0O0O0O0COOOO0OO0OOOO0ORDFOOOOOOO
0000000000000000000000000N3 (9], TRIPLE [10], Turtle [11] O
0000000000000 000XMLOOOOOORDE(S)DOOOOOOOOOOO
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031 00000000000000 URI

ooooooo \DDDD URI

ex http://www.example.com/
mr3 http://www.yamaguti.comp.ae.keio.ac.jp/mmm/mr3/
rdf http://www.w3.org/1999/02/22-rdf-syntax-ns#
rdfs http://www.w3.0rg/2000/01 /rdf-schema#
owl http://www.w3.org/2002/07 /owl#
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B BRI R B BRI (RDFET L) | OWLA> FAY—(RDF/XMLAZR) |
. <rdf:RDF
act 4 OWI'?IaSS » xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
. / i \ xmins:owl="http://www.w3.0rg/2002/07/owl#"
iswa i act i xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
rdfs:subClassOf rdfs:subClassOf xml:base="http://www.yamaguti.comp.ae.keio.ac.jp/mmm/doddle/">
aim behavior /\ <owl:Class rdf:ID="behavior">
- L <rdfs:subClassOf>
aim behavior <owl:Class rdf:ID="act"/>
. </rdfs:subClassOf>
— </owl:Class>
3'5';%,%&?1% 3HF£,§ EEH% (RDF:ET}I’) | <owl:Class rdf:ID="time"/>
<owl:Class rdf:ID="aim">
owl:ObjectProperty <rdfs:subClassOf rdf:resource="#act"/>
. 4 </owl:Class>
) attribute . <owl:Class rdf:ID="offer"/>
time————— offer attribute <owl:ObjectProperty rdf:ID="attribute">
rdfnge <rdfs:domain rdf:resource="#time"/>
<rdfs:range rdf:resource="#offer"/>
time -— owl:Class +— offer </owl:ObjectProperty>
</rdf:RDF>

--------------- + rdfitype
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(18) List range classes of a property ooooo 000000oo0o0oooooooo
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O000000000000SWD (Semantic Web Document) O RDF/XMLO N-Tripled
N3OOOOOOOO RDFOOOOOOSWO (Semantic Web Ontology) 0000000
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Swoogle Web O OO DO OOOOOODDOOqueryType, searchString, key D O 0 OO
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4 (1), (4), (13) 000000000000000000000
OntoRank 00000000 OODO 100000000

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX daml03: <http://www.daml.org/2001/03/daml+oil#>
PREFIX daml10: <http://www.w3.0rg/2001/10/daml|+oil#>

SELECT ?class

WHERE {
{?class rdf:type rdfs:Class} UNION {?class rdf:type owl:Class} UNION {?class rdf:type owl:Restriction} UNION {?class rdf:type owl:DataRange} UNION
{?class rdf:type daml03:Class} UNION {?class rdf:type daml03:Datatype} UNION {?class rdf:type daml03:Restriction} UNION
{?class rdf:type daml10:Class} UNION {?class rdf:type daml10:Datatype} UNION {?class rdf:type daml10:Restriction}

}

O 4.15: RDFSODAMLOOWLOOOOOOOODODOOOOOODOoOOO

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX daml03: <http://www.daml.org/2001/03/daml+oil#>
PREFIX daml10: <http://www.w3.0rg/2001/10/daml+oil#>

SELECT ?property

WHERE {
{?property rdf:type rdf:Property} UNION {?property rdf:type owl:ObjectProperty} UNION {?property rdf:type owl:DatatypeProperty} UNION
{?property rdf:type owl:AnnotationProperty} UNION {?property rdf:type owl:FunctionalProperty} UNION {?property rdf:type owl:InverseFunctionalProperty} UNION
{?property rdf:type owl:SymmetricProperty} UNION {?property rdf:type owl:OntologyProperty} UNION {?property rdf:type owl:TransitiveProperty} UNION
{?property rdf:type daml03:Property} UNION {?property rdf:type daml03:ObjectProperty} UNION {?property rdf:type daml03:DatatypeProperty} UNION
{?property rdf:type daml03:TransitiveProperty} UNION {?property rdf:type daml03:DatatypeProperty} UNION {?property rdf:type daml03:UniqueProperty} UNION
{?property rdf:type daml10:Property} UNION {?property rdf:type daml10:ObjectProperty} UNION {?property rdf:type daml10:DatatypeProperty} UNION
{?property rdf:type daml10:TransitiveProperty} UNION {?property rdf:type daml10:DatatypeProperty} UNION {?property rdf:type daml10:UniqueProperty}

O 4.16: RDFSO DAMLOOWLODOOOOOOOOOOODoOooooooo

goo440b00d0obooooobooobuoooboobobboooboboboooboog
gobbobuoooobbooogo

SPARQLODOOOOOODOODOODOOOOOODn

0 415000 4.190 RDFSODAMLOOWLOOOOOODODODOODOOOOODOOOO
000D SPARQLOODDOOOOOOOOOOOOO41vO000oooobooDooDboo
O000SPARQLOOOCOOODODOOOOOWLODOOOOODOODOOOO rdfs:label
U000 rdfs:comment OO 0O0O0000000000O00O00O0O0OO0OOOO0OOOOOO0
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PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX daml03: <http://www.daml.org/2001/03/daml+oil#>
PREFIX daml10: <http://www.w3.0rg/2001/10/daml+oil#>

SELECT ?label ?description

WHERE {
{?concept rdfs:label ?label} UNION {?concept rdfs:comment ?description} UNION {?concept daml03:label ?label} UNION
{?concept daml03:comment ?description} UNION {?concept daml10:label ?label} UNION {?concept daml10:comment ?description}

}

O 4.17: RDFSODAMLOOWLOOOOOOOODOOOOOOODOOOODoOooo

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX daml03: <http://www.daml.org/2001/03/daml+oil#>
PREFIX daml10: <http://www.w3.0rg/2001/10/daml+oil#>

SELECT ?subConcept

WHERE {
{?subConcept rdfs:subClassOf ?concept} UNION {?subConcept rdfs:subPropertyOf ?concept} UNION {?subConcept daml03:subClassOf ?concept} UNION
{?subConcept daml03:subPropertyOf ?concept} UNION {?subConcept daml10:subClassOf ?concept} UNION {?subConcept daml10:subPropertyOf ?concept}

}

0 4.18: RDFSO DAMLOOWLOOUODOODOOOOOOOOOOODOODOO

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX daml03: <http://www.daml.org/2001/03/daml+oil#>
PREFIX daml10: <http://www.w3.0rg/2001/10/daml+oil#>

SELECT ?property ?domain ?range

WHERE {
{?property rdfs:domain ?domain} UNION {?property rdfs:range ?range} UNION {?property daml03:domain ?domain} UNION
{?property daml03:range ?range} UNION {?property daml10:domain ?domain} UNION {?property daml10:range ?range}

}

O 4.19: RDFSODAMLOOWLODODOOOOOOOOOODOOOOOOoOoooOO

Tconcept O OO OODOOOOODOO0OOOODOOODOOODODOODO URIDODODOOO
gobbobbooboboobooboobooooooboboboboobooboboobog
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O00000DboOO0ObO00oobooOuRIDO0O0O0O0OODODOO0O SPARQLOODODODO
UOO0OO0O0OO?concept, ?subConcept, 7class, ?property, ?label, 7description,
7domain, ?Prange U000 0O0O0OO0OOOOODOO0ODOOODOOOODODOODODODOODO
o0b0o0ooOo0ooOobboooboooowLbOoooobooooooobooooo
gbobbobobooooobobobobooboboboboobobobobo
god

goboboooobbodad

04200000000000000000000 4.201)0000300000000O
OOODOEDROOOCODEDROOOOOWordNetD OO OOOOOODODOOODOOODO
gobobboggbobooboogobboooobobuoooboboboobbboog
gogdgooboobobbbbbbbbobboouououdooooooooooooon
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