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ABSTRACT

The Method of Automatic Ontology Building and Efficient

Query Processing for the Semantic Information Retrieval

Kong, Hyun-Jang
Advisor: Prof. Kim, Pan-Koo, Ph. D.
Department of Computer Science

Graduate School of Chosun University

As the study on the semantic web has been progressed, the applicable range
of the ontology is getting wide. So, lots of ontologies were built and are
exiting on the web nowadays. As many ontologies are made, several problems
occured on the ontology side as well as on the semantic web.

Ontology plays a primary role in the semantic information retrieval and
several methodologies are needed to process the ontology efficiently. In this
thesis, the automatic ontology building method, efficient ontology parsing
method and triple-based ontology query processing method were studied.
Firstly, the automatic ontology building method is designed based on the
WordNet. The concepts collection, class creation and relation creation between
classes among the ontology development steps are processed automatically.
Secondly, the ontology parser is newly designed for the efficient ontology
parsing. As a result, the parsing time was improved. The syntax parsing and

semantic parsing about ontology are processed, and then two types of triple



set are created throughout the parser. Finally, created triple sets are used as
the input data of the ontology query processing method suggested. Therefore,
the query processing method supports the semantic information retrieval about
the ontology and user can write the queries easily in the query interface using
the controlled query process module.

Although the active study on the semantic web brings about the
implementation of the ontology techniques, several methods for processing the
ontologies efficiently are still demand. It should be studied about how to get
the rich knowledge data from the domain experts or the others for the
automatic ontology building and apply the query processing method for the

ontologies to the information retrieval system.
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all aII tops
pert ppl act crl:;:g);le
‘ animal cognition
H—H Lartifact] communication
.......... attribute competition
body consumption
B0l AMOIS] D H# cognition contact
communication creation
(noun symbols) evernt emotion
! Antonym felling i
@ Hypernym food motion
~" Hyponym perception
#m Member meronym group possession
#s Substance meronym location social
#p Part meronym motive stative
Z/om Member holonym object weather
%s Substance holonym person

%p Part holonym
= Attribute phenomenon
plant
(verb symbols) possession | | | ceees

! Antonym rocess

@ Hypernym puantit

~ Hyponym quantity

Entailment relation

> Cause shape

A Also see state
(adj symbols) suliisrf:ce

! Antonym

& Similar to

< Participle of verb

\  Pertainym

= Attribute | | wmme=

A Also see

(adv symbols)
! Antonym
\ Derived from adjective
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STEP 1 :
W&
2 5
A Dg
STEP 2
W&
voE

A=Y AdsE T A

il

FEgo

A=l JidE F HARE words HolE9 POS Z=7F ‘'l MEERRS

FZad
select synset_id, word, pos, lex_id
from Table(words)
where pos = 'n’

Do 7)ol A, AEE = Hegk 2 sysset idE primary #oE REE Ho| &3
AAs 7] HAsked AMEE I, worde AlARlOl A AREAF QlES|o] A~ A B
oF7] Yt oz FEHEY I lexid &L Y=Y Yo ZE EE
< lex_id=® T53 HolA o], A Mdel EEHAE wW, 1 Y

lex id #& 7Ivte= JidEs S48t ddd MEES o wEA g3y
[e]

L Asde) AdE F

319 /%5 91 /e

o
o
M o
2
9

= dEARJ] ANEE e AL vEE
o} olEdt WAZ FEF3d7] Ydd Y=y

pointers Elo]&<2] PTR =9 & AR&sit. of 7)ol A PTRY 2 7
WE Abelo] #AIE Fdst Jdow, AedAE ‘@2 sdAE T 1
gar yhol #AAE ToR xdol HW, defAoR FodAs F4Y
synset_idZ AT} ojgist MIE 1Y #AA= v #o] FE2E 9l
t}.

select target_id, synset_id, ptr, pos
from Table(pointers)

where synset_id in (Step 19] synset_id)
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STEP 3
W&
2 =
P
H 9
STEP 4
W&

2 o] 7)o A, synset_idell 7|¥tel A dlF synset id7} 7FA AL dE BE ptr g

NI ETS BAEL 2EZA Y HgEA Addo.

CRERERA FEE 98 MEEL Class® FAEL Relatione® A HAT)
o7 A, AHEHE P2} AL tiple FEOIT. 44 WA Solot e
Step 1914 9o]x synset_ide] worde]tl. ©] word: triple®] Fol7} &
7.

\ Subject = write.triple.subject(synset_id.word) ‘

D aen deoR Fowde] wgel ofFo] Atk A wAl: Folxl pir @
S OWLE o312 WHygdt & o]5 oA Tzl triple?] A&z 24
3.

owl_relation = convert.to_owl_vocabulary(ptr)
Predicate = write.triple.predicate(owl_relation)
07 Step 20 A AR target_ide] word”} triplee] =7 o7} ).
‘ Object = write.triple.object(target_idword) ‘
P AEE EYES FYGA 2EZAE FA TG
D9 M dANA HFH R ESZ triple set2 FAAAES Folo] &

S FZ3) oY pir gl Zh7b & A9 target_id7b WA =W, &)@
targer_id= THA] Step 19] synset_id tjalel]l ZAHo] Soj7FA A wof
¢t ptr #AY MEE e F Atk 9Al, pos #S FaESke], pos7t ‘n’
A ANS AFEFFo =M, Step 104 9h mh7bA R AZEA QD A eko] Tk
Ela=g

Step 2% sl st= Mdol Wit ptr kel U= & whEste] FaEof,
A My #Ed RE APYES FE3
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{ WordNet 2.1 Browser

Fle Histoy Options  Help

Seaich Word: [oar
Seatches forcai: Noun

2 0f 5 senses of car

Pediply Duevien |

Senses

Smse 1

(a car that h{s a ln g bod: anﬂ feEar dnnr with space h&hmd Ear smt)
m estate car J-garsther-ate for 2 station wagun)

Tret e i m‘m_

passengers where they want to go in exchange for money)
= gypsy cab -- (a lazicab that cruises for customers although it is licensed nnlj"
to respond to calls)

“Hypanyms [...is a kind of this], bl search for noun “car”

i
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£ OnloMan (=13
Fle Class Instance Query Gerializaon Visualizaon Help
Class | Property | Instance | Query Serinllznllnnl
Class Hierarchy Class's Definition
¢ Clear |
T e amhuince Class Name shooting_brake
[ funny_wagon Label
Yl bath S Deprecatedclass
([ shosting_brake
D"“S . L] ‘ Disjointwith | EquivalentClass ‘
e [ oneof
[} compact
[ vonvertiole Class's Praperty
[ coupe FroperiyName | Tyne [ Values |
[ eruser L ‘
% harton =
1 o
Chm: i‘ E\ Add Property
E 70 SubC It g
alahiti ] unCass; Ohject | Type | valie
{lboach_wagon_]
complementOf
Equivalent Class | Disjoint#ith
Wlestate_ca ;‘Selimerseclivnof |Set nionf | | Set complement0f |
L
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String Is_concept[ 1, Is_relation[ ]
Scanf(ls_input_word)

Connect_db(WordNet.mdb)

FROM words
WHERE word in( SELECT word
FROM wordnet.db
WHERE word = :Is_input_word)

Choose_concept(Synset_ID)

‘ gou(ge e =90 }_I\ SELECT distinct word, synset_ID, gloss

Is_concept[ ] € WordNe t.word
|' Is_relation[ ] € WordNet.relation
Loop synset_ID
While Is_relation is not NULL
IEEENEEE T = Make_class (synsetID)

Mapping_relation(ls_relation)
Make_relation(ls_relation)

4 e M- End While
End Loop
‘ owL=222X &4 Owl_writing(synset_ID)
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ATNAM = OWLE A e 2224 £A4E5 FA et
2l Z}7ke] OWL © 37} 2t3 9+ AxiomES FH ul s 5t
7F Z1esta e AR dEA R WEsa e dR
& 7Ivke] A S A S

HP Labs Semantic Web research group®l A <1+ %<l Jena[ll]l:— Alulg <
= A% oAFgANAES Al AAdE Java ZH ¢
OWL DAML+OIL®] g3 25 A% Z218 &85 Al dth Jenas 1
T FE AXE T P e dyrHa o, AWy ¢ Ao 7o =7t
2338 =k AN Jenaxs OWLEA 9 343 FEo thsir= OWL Lite ©]
3 FERkE tFa 9le] OWL DL¥ FulllAl AR&H = o] 3] & (owloneOf,

owl:disjointWith, owl:unionOf, owl:complementOf, owliintersectionOf, owl:hasValue %)< 2]

W FEo] Brbsetthe A o] EA & Hoolet[13] OWLS] 3t 3 A2 &
13l WonderWeb OWL API$} FE& f&l o] &o]g First-Order
Translation§ & 7o g2 F2& 3= OWL DLE 913 F2d3lolt} o] A4 H
< 7}2 Hoolete Jenaxld A&F2d o)ty Hop= A3 A3

A A ZAA g Al~d"oltt, OWL F2417 JESS[14, 151 "] =r¢] Carnegie
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Axlelet & 4 QUth Jena®t F-OWL[12]5 9] FEddzl A 74 XA OWL
Fulle] o3 E7A 5 F23 4= glom Rule d17¢l JessE 7|Wtoz whEof
o =

2=
ATk JESS+ JAVA 7]dte] FE374

S A FEE FMAzoH, Hoj® FAES
= ol&sto] ARE A FEIH Hoojes vE F e I ddolth
EdATddAe 284 2524 343 A E EYE FES S8l JESSY F
2 EES APt F2 4219 JES B4 &, 252X 94 W] 483t
ATH.

_25_



111 OWL o3 E2of D72A

Statement Predicate Subject Object
Resource is a Class rdf:itype rdfs:Resource owl:Class
Class is a subtype of Resource rdfs:subClassOf owl:Class rdfs:Resource
Class is a Class rdf:itype owl:Class owl:Class
owl:Thing is a Class rdf:type owl:Thing owl:Class
owl:Nothing is a Class rdf:type owl:Nothing owl:Class
Property is a Class rdf:type rdf:Property owl:Class
Domain is a Property rdf:type rdfs:domain rdf:Property
Range is a Property rdf:type rdfs:range rdf:Property
'Data Type Property' is a Class rdf:type owl:DatatypeProperty owl:Class

'Data Type Property' is a subtype of Property

rdfs:subClassOf

owl:DatatypeProperty

rdf:Property

'Object Property' is a Class

rdf:type

owl:ObjectProperty

owl:Class

'Object Property' is a subtype of Property

rdfs:subClassOf

owl:ObjectProperty

rdf:Property

Type is an 'Object Property'

rdf:itype

rdf:type

owl:ObjectProperty

'Transitive Property' is a subtype of ObjectProperty

rdfs:subClassOf

owl:TransitiveProperty

owl:ObjectProperty

'Sub Class Of' is a 'Transitive Property'

rdf:itype

rdfs:subClassOf

owl:TransitiveProperty

'Sub Property Of' is a 'Transitive Property'

rdf:itype

rdfs:subPropertyOf

owl:TransitiveProperty

'Symmetric Property' is a subtype of ObjectProperty

rdfs:subClassOf

owl:SymmetricProperty

owl:ObjectProperty

'Inverse Of' is a Symmetric Property rdf:type owl:inverseOf owl:SymmetricProperty
'Equivalent Property' is a Symmetric Property rdf:type owl:equivalentProperty | owl:SymmetricProperty
'Equivalent Class' is a Symmetric Property rdf:type owl:equivalentClass owl:SymmetricProperty
'Same Individual' is a Symmetric Property rdf:type owl:samelndividualAs owl:SymmetricProperty
'Complement Of' is a Symmetric Property rdf:type owl:complementOf owl:SymmetricProperty
'Different From' is a Symmetric Property rdf:type owl:differentFrom owl:SymmetricProperty
'Disjoint With' is a Symmetric Property rdf:type owl:disjointWith owl:SymmetricProperty
'Equivalent Property' is a Transitive Property rdf:type owl:equivalentProperty | owl:TransitiveProperty
'Equivalent Class' is a Transitive Property rdf:type owl:equivalentClass owl:TransitiveProperty
'Same Individual' is a Transitive Property rdf:type owl:samelndividualAs owl:TransitiveProperty

'Functional Property' is a subtype of Property

rdfs:subClassOf

owl:FunctionalProperty

rdf:Property

'Inverse Functional Property' is a subtype of Property

rdfs:subClassOf

owl:InverseFunctionalProperty

rdf:Property

sameAs is equivalent to samelndividualAs

owl:sameAs

owl:equivalentProperty

owl:samelndividualAs

JESS= OWL ol g 50| zta

T3 207HAE el star STk o] §

NE AFIAE 307FA &F 7} o] 3] H8d F&
35 Atolo] uFAAE [F 1113 Zo] Hols)
JdE IHF AxiomEES ol &35t [E

em, olgls kel BASE ofF7F

_26_




(£ 12] JESSS| FE77

4
M

=2 34

Propagate Transitive Properties

Triple(S ?p)(P rdf:type)
Triple(S ?x)(P ?p)(O ?y
Triple(S ?y)(P ?p)(O ?z
=> Assert Triple(S ?x)

O owl:TransitiveProperty)

P ?p)(O ?2)

Complete Typing of instances of objects

Triple(S ?y)(P rdfs:subClassOf)(O ?z)

propagation

2 T ) Triple(S ?x)(P rdf:type)(O ?y)
with inherited types .
=> Assert Triple(S ?x)(P rdf:type)(O ?z)
) ) Triple(S ?y)(P rdfs:subPropertyOf)(O ?z)
Complete typing of instances of .
8 roperties with inherited types Triple(S 7a)(P #)(O 7b)
prop yp => Assert Triple(S ?a)(P 22)(O 7b)
Triple(S ?x)(P rdfs:subPropertyOf)(O ?y)
Triple(S ?y)(P rdfs:domain)(O ?z)
4 Default behavior for signature => Assert Triple(S ?x)(P rdfs:domain)(O ?z)

Triple(S ?x)(P rdfs:subPropertyOf)(O ?y)
Triple(S ?y)(P rdfs:range)(O ?z)
=> Assert Triple(S ?x)(P rdfs:range)(O ?z)

Complement with instances of symmetric

Triple(S ?p)(P rdf:type)(O owl:SymmetricProperty)

property is an inverse functional property

5 i Triple(S ?x)(P ?p)(O ?y)
properties X
=> Assert Triple(S ?y)(P ?p)(O ?x)
o ) Triple(S ?p1)(P owl:inverseOf)(O ?p2)
Complete with instances of inverse .
6 i Triple(S ?x)(P ?p1)(O ?y)
properties .
=> Assert Triple(S ?y)(P ?p2)(O ?x)
) ) Triple(S ?p1)(P owl:inverseOf)(O ?p2)
The inverse property of a functional . )
7 Triple(S ?p1)(P rdf:type)(O owl:FunctionalProperty)

=> Assert Triple(S ?p2)(P rdf:type)(O owl:inverseFunctionalProperty)

The inverse property of an inverse

Triple(S ?p1)(P owl:inverseOf)(O ?p2)

equivalent

8 functional property is a functional Triple(S ?p1)(P rdf:itype)(O owl:inverseFunctionalProperty)
property => Assert Triple(S ?p2)(P rdf:type)(O owl:FunctionalProperty)
o ) Triple(S ?t1)(P owl:equivalentClass)(O ?t2)
Complete with instances of equivalent X
9 Class Triple(S ?x)(P rdf:type)(O ?t1)
=> Assert Triple(S ?x)(P rdf:type)(O ?t2)
Complete hierarchy with equivalent Triple(S ?t1)(P owl:equivalentClass)(O ?t2)
10 | classes: if t1<=>t2 then t1<t2, and by | => Assert Triple(S ?t1)(P rdfs:subClassOf)(O ?t2)
symmetry we also get t2<t1 => Assert Triple(S ?t2)(P rdfs:subClassOf)(O ?t1)
Triple(S ?c1)(P owl:disjointWith)(O ?c2)
iy Members of disjoint classes are different| Triple(S ?01)(P rdf:type)(O ?c1)
instances Triple(S ?02)(P rdf:type)(O ?c2)
=> Assert Triple(S ?01)(P owl:differentFrom)(O ?02)
Triple(S ?c1)(P rdfs:subClassOf)(O ?c2)
12 Two classes subsuming each other are | Triple(S ?c2)(P rdfs:subClassOf)(O ?c1)

Test(nng ?c1 ?c2)
=> Assert Triple(S ?c1)(P owl:equivalentClass)(O ?c2)
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) ) ) Triple(S ?s1)(P owl:samelndividualAs)(O ?s2)
Complete instances with properties of X
13 i : Triple(S ?s1)(P ?p)(O ?0)
equivalent instances )
=> Assert Triple(S ?s2)(P ?p)(O ?0)
) ) ) Triple(S ?p1)(P owl:equivalentProperty)(O ?p2)
Complete instances of properties with

14 i i ) Triple(S ?s)(P ?p1)(O ?0)
instances of equivalent properties .
=> Assert Triple(S ?s)(P ?p2)(O ?0)

Complete hierarchy with equivalent Triple(S ?p1)(O owl:equivalentProperty)(O ?p2)
15 | properties: if p1<=>p2 then p1<p2, and | => Assert Triple(S ?p1)(P rdfs:subPropertyOf)(O ?p2)
by symmetry we also get p2<pi => Assert Triple(S ?p2)(P rdfs:subPropertyOf)(O ?p1)

Triple(S ?p1)(P rdfs:subPropertyOf)(O ?p2)
Two properties subsuming each other Triple(S ?p2)(P rdfs:subPropertyOf)(O ?p1)
are equivalent Test(neg ?p1 ?p2)
=> Assert Triple(S ?p1)(P owl:equivalentProperty)(O ?p2)

Triple(S ?p)(P rdf:type)(O owl:FunctionalProperty)
Derive equivalence form multiple Triple(S ?s)(P ?p)(O ?01)

17 | instantiations of a functional property Triple(S ?s)(P ?p)(O ?02)

with the same subject Test(neg ?01 ?02)

=> Assert Triple(S ?01)(P owl:samelndividualAs)(O ?02)

Triple(S ?p)(P rdf:type)(O owl:InverseFunctionalProperty)

Derive equivalence from multiple Triple(S ?s1)(P ?p)(O ?0)
18 instantiations of inverse functional Triple(S ?s2)(P ?p)(O ?0)
property with the same object Test(neq ?s1 ?s2)

=> Assert Triple(S ?s1)(P owl:samelndividualAs)(O ?s2)
Complete the extension of the Thing Triple(S ?s)(P rdf:type)(O ?0)

19
class with all other classes => Assert Triple(S ?s)(P rdf:type)(O owl:Thing)
20 A property inverse of it-self is Triple(S ?p)(P owl:inverseOf)(O ?p)
symmetric Assert Triple(S ?p)(P rdf:type)(O owl:SymmetricProperty)
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o 2 Aol A Ajtels 2 gt 7Iwke] OWL 2524 sA dA %= [
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<owl:Class rdf:ID="Wine"> OWL Document

<rdfs:subClassOf rdf:resource="&food;PotableLiquid” />
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="hasMaker” />
<owl:cardinality rdf:datatype="&xsd;nonNegativelnteger”>1</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="hasMaker” />
<owl:allValuesFrom rdf:resource="#Winery” />
</owl:Restriction>
</rdfs:subClassOf>

OowL
Syntax

OWL Parser

Token Extractor

<owl:Class rdf:ID="Wine"> ]
Extraction

<Jowl [class [rdf [ID [=]" [Wine [ [>]

# Extracted Token

Triple Extractor

<Jowl Jclass [rdf JID [=]"[Wine ["[>]
Extraction
Wine [ rdfstype [  owlClass |
y Extracted Triple
Fact Triple Repository
Subject Predicate Object
Wine rdfs:type owl:Class
Wine rdfs:subClassOf food:PotableLiquid
Wine owl:Restriction ID_00001
ID_00001 owl:onProperty hasMaker
ID_00001 owl:cardinality 1
ID_00001 owl:allValuesFrom Winery
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o}, OWLE A9 ZA o wit Lite, DL¥ Fulld] Al 7HAE EH¥ =0, =

OWL 9] 93t 345 984 = Blank NodeE thFo]okgh el gt 317 o]
7FEslth, OWL 782 @ EZvozs 1499 A=Y} 24 Alo] <]
A Aeute] 7hsste], FH¢ OWL W8S RF Fdste=d AlgAolt &
3] enumerated datatype(owl:oneOf), local restriction Property(owl:Restriction),
individual axioms(owl:Alldifferent), boolean class expressions
(owl:intersectionOf, owl:complementOf, owl:unionOf) 52| A Aol HEL b
EA] Blank NodeE Ab&sto]l sdafo gkt 919 [29 13]A4 S22 "Wine'
S AHost u, AF Ao HAO0F 'hasMaker'E zZral, o] &Aoo ke

‘owl:cardinality’ & ©]-83Fo] RE=A] '1'70¢] #& 7HE = vkl A ojsta gl

3k 'hasMaker’' ¢] #Ho 2+ ‘owlallValuesFrom’'S o] &3te] a2 "Winery’
o] A" aER Aodd 7IEsta vk & dAelMe [2d 1315} 2ol 54
o] IDE ©]-&3to Blank Node® #gsto] &7do] zb= X Aok &5 K7

7lEstms AAs A,

owI:Restriction ID_00001 owl:onProperty-
uy,
e}
éro,
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AxiomE-°] 91|3tal 9= Semantic EE =S o] &3to] on|F el AR AMNE V)

3ttt A Z& Semantic EFYEZE WHE7) %H OWLoﬂ gol®l 7k o3¢
% 3£, domain ‘;% range /z}é FE QAFE S 1
07FAlol ™, [ 13]2 tixA o2 Ho], A, domain ¥ range &% £4

2
34 FEo U 22 FH7 A EHE OWL o912 molw gl

(£ 13l iz F2 731 HEZE OWL o=l S

1
1!
4
]

HE0#

Triple(Subject ?p)(Predicate "http://-#type")(Object "http://—#TransitiveProperty”)  |equivalentClass, subClassOf,sameAs,
MOl [Triple(Subject ?x)(Predicate ?p)(Object ?y), Triple(Subject ?y)(Predicate ?p)(Object ?z)|TransitiveProperty, equivalentProperty,
=>Assert(Triple(Subject ?x)(Predicate ?p)(Object ?z)) subPropertyOf

sameAs, inverseOf, equivalentProperty,
SymmetricProperty,equivalentClass,
differentFrom, disjointWith,
complementOf

Triple(Subject ?p)(Predicate "http://-#type")(Object "http://-#symmetricProperty")
CHE |Triple(Subject ?x)(Predicate ?p)(Object ?y)
=>Assert(Triple(Subject ?y)(Predicate ?p)(Object ?x))

=4 |Triple(Subject ?p1)(Predicate "http://-#inverseOf")(Object ?p2)
&% |Triple(Subject ?x)(Predicate ?p1)(Object ?y)
FE |=>Assert(Triple(Subject ?y)(Predicate ?p2)(Object ?x))

inverseOf, inverseFunctionalProperty,
FunctionalProperty

3= | Triple(Subject ?x)(Predicate "http://-#subPropertyOf")(Object ?y)
=4 |Triple(Subject ?y)(Predicate "http://-#domain")(Object ?z) range, domain
&% |=>Assert(Triple(Subject ?x)(Predicate "http://-#domain")(Object ?z))




Uy

Top

KE
4r
)
b
4

domain, range &t

1

ScHADEK

ot

S| A0t

=
-

olol
SHOHE AIRO HE

mretsta,

A=K
ot,

0

domain £= rangeE

b

domaint rangeE S0 &

N2 €A

A
[nsy

Al 74 o

1
SELIERENE

0]
yul

=

==

&0l

=
=

el

E

AxiomOll | =AM 2

LES)
MZ22

(0-P-5)2 M4E

SEERIEE
Wk,
b Aagtem A 24 o] AlgtE (11

o~
T

°

KeX
=

=
=

X

AL Ol

Uk
g

Hi

-

D
I+
oF
i©
]

ol
U
Hi

N2 €A

'rdfs:subClassOf’ ] & o oj

==
=

o]x Fact E¥Z
=&

Z o

=

—

=)
x
<H

141l A

-

1

LS

14]

I

o] ]

ol

i

_ZO

14]19] of

-
it

4] Semantic Eg|Z 1}

S 2% Semantic

o}#aL 9lem, [

W

o

_32_



Fact Triple Repository
DessertWine rdfs:subClassOf Wine Check Module
SweetWine rdfs:subClassOf DessertWine
DessertWine rdfs:type owl:Class . K . N
- - - Triple Triple(S ?s)(P “rdfs:subClassOf”)(O ?0)
SweetWine rdfs:type owl:Class Input
WineSugar rdfs:subClassOf WineTaste
WineSugar rdfs:type owl:Class Yes
WineTaste rdfs:subClassOf | WineDescriptor 3
A No (Triple Transmission)
WineTaste rdfs:type owl:Class Next Triple P
WineDescriptor rdfs:type owl:Class Request
Wine rdfs:type owl:Class A
No
Y
(1) Comparative Module
Triple o
Input Save the Triple that contain the Yes ¥ | DessertWine | rdfs:subClassOf Wine
property P SweetWine | rdfs:subClassOf DessertWine
If(Y == P) WineSugar | rdfs:subClassOf WineTaste
WineTaste rdfs:subClassOf | WineDescriptor
Triple Saving in Tempory Queue
Input
(2) Classifying Module
Classify Triples by Super-Sub >
Relationships DessertWine | rdfs:subClassOf Wine
SweetWine | rdfs:subClassOf DessertWine
WineSugar rdfs:subClassOf WineTaste
. . ) WineTaste rdfs:subClassOf | WineDescriptor
(3) Serialization Module | TriPle —
" Input Saving in Tempory Queue
Enumeration by Order,
Like (X = P = Y)Y = P — 2)
DessertWine | rdfs:subClassOf Wine
SweetWine | rdfs:subClassOf DessertWine
__ Triple
B (4) Internal Inference Module < Input WineTaste | rdfs:subClassOf | WineDescriptor
WineSugar | rdfs:subClassOf WineTaste
Saving in Tempory Queue
Triple
Saving - -
Assert Triple Repository
rdfs: lassOf Wine
DessertWine rdfs:subClassOf Wine
SweetWine rdfs:subClassOf DessertWine
i rdfs: lassOf | WineDescriptor
WineTaste rdfs:subClassOf WineDescriptor
WineSugar rdfs:subClassOf WineTaste

[Z22! 14] T o|-'rdfs:subClassOf
[2¥] 4]le F8 913 5 dolF2d dig 23 3474 e digh Wy&o|r}, [
]

%)
2 4l E & F d5o] Ao]F 2o 3t 23} Semantic EEZ Ao A= t}
L

ol 4§50 el olol4 1 glut.
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(1) Fact E¥]Z A&l A= Fact E¥jES sty o
(2) AAEE : Predicate’} 'rdfs:subClassOf' & 7 -9
ojn] A=A o RE A A, FEHA &S EYEY A5 A 19 ¢
Al Ftoll A7k
(3) M EE : Fact EZE AL Ue BE EES dyoz ylof
Predicate”} 'rdfs:subClassOf’' 1 E] &% A1 A
A o =

(4) 725 © 9A ?’r0ﬂ A A EE
b)) &A8tEE - 3}94 474]; ;<4431 EYZES Hate ZFg Ay HA
(o]

]
=
6) NPFEEE: A4S e42 Jda 2S5 e o oa A

[C29 14]0o1 A AAZRs3t vlaigo ] 'Pre] tds tha dolF&2 o4l
"owl:equivalentClass’, 'owl:sameAs’, 'owl:equivalentProperty’, 'rdfs:subPropertyOf’
2 e g
£ & FHo APt OWL of 31 5ol ule 2

& Aol g 28w

e WHoE HolFE A%E A4S F Ytk o

5] ol

2}
T2 o83

_?:
4 e AA o
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tology: pre:msesO'J #
& On tology/premises001"

“gwl:Ontology rdf:about=""/>

<owl:Class rdf ID="Car">
< equivalentClass=
Class rdf: ID— Automobile”!
“/owl-equivalentClass
owl:Class=

utomobile rdf:ID="auto"
ype rdfresource="http --'\ﬂm.wi.mg']DM"D""D\r.#—T'Jing' i
Airst: Automebile=

=rdfRDE=

Z4 A&l g30]
first:Car rdf-type owl:Class
first Automobile | rdfitype owl:Class
first:Car owlequivalentClass | first Automobile
first:car rdf:type first:Car
first:car rdfitype owl:Thing
first:auto rdf-type first: Automobile
first:auto rdf:type owl: Thing

[22] 15] OWL 1At Syntax mHal of

‘Idf RDF

199%/02/22-rdf- syntax- nsE"
d "

Property/pramize:001&"
joperty/premizaz001" -

=/owl:equiv: a]eaLPIopem 3
</owl:ObjectProperty=

=1df RDF=

Fo] el EER
fursthasHead | rdfitype owl:ObjectProperty
firsthasLeader | rdfitype owl:ObjeciProperty
first:hasHead | owlequivalentProperty | first:hasLeader

[Z22! 16] OWL 2AF Semantic ThAl of

OWL 9] 12 34 & AZ Fact E8] &7 22 94 BE| o3 »
T/% Semantic E¥lEES BT o]&dte] ouH ArPgMe ddT

A7E Fo AT LERA WA o] §3te] ool LERA s %

2
=

4 oo
o

o
ftlo

otk 2 A" FAME B [21d 17]3 2] & 913709 Fact Eg &<
AE F AR 2y 1A FAAS S5 G E ZAIAE o] &35t 724 EY
& 7o 7Ieet AR G Thesty o A Aot onj A ARE AlE it
i vk 2elstke], 23k 94 & Este] Fact EElEEo g 20714 9] F
B3 & Tl Semantic AHE =S A A3 [27 18]9 o] 84779 A =&
Semantic E#EFES FEZ F UgTh B A="EY 94 WHE
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‘owlhasValue', ‘owlidisjointWith" 52 #Zo] OWL DL¥} OWL Full ¢ 3] 7}4] &=

FEt Aol A gste] ol eyl WEel AW PolAe v A A

of &8& 7bs/de] =

19 WhiteWine owl:intersectionof hasColor

20 WhiteWine hasColor White

21 whiteTableWine rdf:type owl:Class

27 WhiteTableWine owl:intersectionof TableWine

23 WhiteTableWine owl:intersectionOf hasColor

24 WhiteTableWine hasColor White

25 WhiteNonSweetWine rdf:type owl:Class

26 WhiteNonSweetWine owl:intersectionOf WhiteWine

27 whiteNonSweetWine owl:intersectionof hassugar

28 WhiteNonSweetWine hassugar Dry

29 WhiteNonSweetWine hasSugar offDry

30 whiteloire rdf:type owl:Class

31 whiteloire owl:intersectionof Loire

32 Whiteloire owl:intersectionOf WhiteWine

33 whiteloire owl:Restriction madeFromsrape

34 WhiteBurgundy rdf:type owl:Class
WhiteBurgundy owl:intersectionOf Burgundy
WhiteBurgundy owl:intersectionof WhiteWine
WhiteBurgundy madeFromGrape ChardonnayGrape
WhiteBurgundy owl:Restriction madeFromGrape
WhiteBurgundy owl:Restriction madeFromsrape
WhiteBordeaux rdf:type owl:Class
WhiteBordeaux owl:intersectionOf Bordeaux
WhiteBordeaux owl:intersectionof WhiteWine
WhiteBordeaux owl:Restriction madeFromGrape
Region rdf:type owl:Class
locatedIn rdf:type owl:TransitiveProperty

[Z2 17] OWL O37| 8t Fact E2|Z H 4

19 LateHarvest rdfs:subClassof Wine

30 LateHarvest rdfs:subClassof foodrPotableLiquid
41 Wine rdfs:subClassof food;PotableLiquid
32 WineGrape rdfs:subClassof food:Grape

83 WineSugar rdfs:subClassof WineTaste

44 Winesugar rdfs:subClassof WineDescriptor
45 WineTaste rdfs:subClassof WineDescriptor
4% WineColor rdfs:subClassof WineDescriptor
37 WineFlavor rdfs:subClassof WineTaste

88 WineBody rdfs:subClassof WineTaste

39 sweetRiesling rdfs:subClassof DessertiWine

90 SweetRiesling rdfs:subClassof Wine

91 DessertWine rdfs:isubClassof Wine

92 Sauternes rdfs:isubClassof Bordeaux

93 Port rdfs:subClassof RedWine

94 EarlyHarvest rdfs:subClass0oL Wine

95 Sauternes rdfs:subClassof LateHarvest

96 Chianti rdfs:subClassof ItalianwWine

97 Tours locatedIn ToursRegion

98 Tours locatedIn LoireRegion

9% Tours locatedIn FrenchRegion
100 ToursRegion locatedIn LoireRegion
101 ToursRegion locatedIn FrenchRegion
102 LoilreRegion locatedIn FrenchRegion
1 Sancerre locatedIn SancerreRegion
1 Sancerre locatedIn LoireRegion
10 SancerreRegion locatedIn LoireRegion

(28 18] FE & HE Semantic EBE M4
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RDF Z1efjz mdof 7|gksio] Abgar doj5 Aoz, OWL 3d& A st
= dAE 7HA I o, HgE Fdsty] 98 Hgs "o FxE AMEEY
dos #AAddor st od ol stk Z28la SQLS HolE o] ~e AutEl R
Azt @ FxslE o] AR A dlo|guo] ~E A3}
E2AE Agste e A Ak HEo ATelA
T 2EEAE dolguwo] 23} oy volEuolar W g st
SQLS Abg3te] dolg AElates A% ANATH dHiE Al dele o]z~ 7]qt
SERAE Judlel, ofF A#str] A SQL o] AHgETh [ 15]=
71E LERA Ho dojet Algtstal A= He A wae] 5EAE vuste] B
o] =i it

[£ 15] 222X Zo o] H|u

RQL, RDQL, SPARQL SQL Hotst 2ol RE
Helgd RDF Database RDF, OWL
S %S ot US
J23X SELECT, FROM, WHERE
ROF Jdef= DE SEEN SMZ M E AISASA S BIAED| B
= x j|U+%+ BIAE HE2 22X WS 2o oI HOolA &
e EZXLHS 2tEHst E‘||0|E‘| HIOI ASIGt= AHE |20 &2 2|0 SEAIAE
ETTI Y 00| 27 i
[ 16] & A5 "o A WHY SAS Awsta ok
[ 16] 29 XNzl 22 §F
g9 Hel 259 =4
® XNMZJ} : SELECT, FROM, WHERE &2 X|&
o bt AIBT : OO Tl ALE JbS (HAE B Hal)
e =EF ECIZ IS 2AZY HACZ AIEOIH FE Jls U2
® RDF(S)et OWL 22X 25 &9 M2l Jts
BoAfo = 719 Select, From, Where # ¢ EZZ g gk
Hgste] 2 Ao He] Ay e A&tAur. & /\]Z\— Ao A ALEE = Ao

A2 ddoj et ge PHom FAHIA gk
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STEP 1 : Subject

h

i

o

(ih)

il

£ FE2H EYZ 7nke "o Qojoa] ¢4 E sExe] OWL o] 3]9] 2jv]
£ olsliata dojof gttt o]Fel b Fagk ¢ 7HA|7F vEE rdfitype ©l
o 2 Ao Y Ay REEd AS d¥EHe @ sdEHes EE ud
E2 HlZ rdfitypel 2 A2 9 gkolth

5

select {SUBJECT}
from {TRIPLE _SET}
where {rdf:type=:ls_argl}

o o7]e A FE grFRC oA vbEoZ EYE HgOA d=EE zha
rdf:ityped] ZAE o|F1 Y& EE FEO| vlZ ALEA7} Y3l Subject
7b = o ok & AT AE vy FERES AAHA RE FEH
EfZ S AHEFoEHN 9o REoA o T4 FES VI
AR dubA ] FEHA B T2 EFYFAALE Y EES A
Y3l Subject® FET 4 Ut

Al

select {SUBJECT}
from Wine.triple
where rdftype=:wine

W wined} rdfitype®] TAE o] F 1 A& EFEFUC B SubjectE e
olojt}, ¥ Holo] Ay= oo}l row Agke STEP 29 jgoz A}

g

o

o}
I}

ChateauChevalBlancStEmilion,ChateauDYchemSauterne,Chateaul.afiteRothschildPauillac,ChateauMorgonBea
ujolais,CorbansPrivateBinSauvignonBlanc,ElyseZinfandel,FormanCabernetSauvignon,GaryFarrellMerlot,
StGenevieveTexasWhite, WhitehallLaneCabernetFranc,VentanaCheninBlanc,StonleighSavignonBlanc,
SelaksSauvignonBlanc,SelakslceWine,SeanThackreySiriusPetiteSyrah,SchlossVolradTrochenbierenausleseR
iesling,SchlossRothermelTrochenbierenausleseRiesling,SaucelitoCanyonZinfandel1998,SaucelitoCanyonZinf
andel,StGenevieveTexasWhite,SantaCruzMountainVineyardCabernetSauvignon,PulignyMontrachetWhiteBurg
undy,PeterMccoyChardonnay,PageMillWineryCabernetSauvignon,MountadamRiesling, MountadamPinotNoir,
MountadamChardonnay,MountEdenVineyardEstatePinotNoir,MariettaZinfandel,MariettaPetiteSyrah,Marietta
OldVinesRed,MariettaCabernetSauvignon,LongridgeMerlot,Lane TannerPinotNoir,KathrynKennedyLateral Ka
linCellarsSemillon,GaryFarrellMerlot,FoxenCheninBlanc,FormanChardonnay,FormanCabernetSauvignon,Elys
eZinfandel,CotturiZinfandel,CortonMontrachetWhiteBurgundy,CorbansSauvignonBlanc,CorbansPrivateBinSa
uvignonBlanc,CorbansDryWhiteRiesling,CongressSpringsSemillon,ChiantiClassico,ChateauMargaux,Chateau
LafiteRothschildPauillac,ChateauDeMeursaultMeursault,ChateauDYchemSauterne,ChateauChevalBlancStEmil

ion
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W & STEP 3& dsl7] st M= EZE AFS STEP 19 23S 7]
‘ﬂ_‘li TFAST ol A AFA ETEES FAAToEHN Ho AHY FEE
=4 gltl. STEP 282 AA A2 EFEZ A subloe] wrEo] At}

STEP 3 : ETE H¥_sublolA 4= Predicates} THEH ZE EYETES F
&3t EZE Y _sub2E TET

W & : STEP 394 arg2¥ WFE=A] predicate AKX 7F dHAEm =z B o 2o
g BEINA EFZHY d9 A= predicateE: ZALSY] A2 EEE
A%t sub2E wHET

2 5

select {TRIPLE}
from {TRIPLE_SET subl}
where {TRIPLE_SET subl.predicate=:Is_arg2}

A AgrlelA, gAl EElE HF _sub27t RS, oA wrEod ERE
A& _sub2e STEP 49 ¢J¥o] #t}

o A

select {PREDICATE}
from Wine.triple_subl
where Wine.triple_subl.predicate=:has_color

A v STEP 2914 %592 Wine.triple_subl E&Z 3o A has_color® 714
I 9YE EE EYIZIES A3y, 9 ETEZS Winetriple_sub2Z Al
A T ko

2 3

H2 MEdES SubjectZ T EIE AU BE
3

ChateauChevalBlancStEmilion has_color Red, ChateauDYchemSauterne has_color Red,
ChateaulafiteRothschildPauillac has_color Red, ChateauMorgonBeaujolais has_color Red,
CorbansPrivateBinSauvignonBlanc has_color Red, ElyseZinfandel has_color Red,
FormanCabernetSauvignon has_color Red, GaryFarrellMerlot has_color Red,

StGenevieveTexasWhite has_color White, WhitehallLaneCabernetFranc has_color White,
VentanaCheninBlanc has_color White, SaucelitoCanyonZinfandel1998 has_color Rose,
SelaksSauvignonBlanc has_color White, SchlossVolradTrochenbierenausleseRiesling has_color White,
SeanThackreySiriusPetiteSyrah has_color White, SelakslceWine has_color White,
SchlossRothermelTrochenbierenausleseRiesling has_color Rose, StonleighSavignonBlanc has_color White,
StGenevieveTexasWhite has_color White, SantaCruzMountainVineyardCabernetSauvignon has_color Rose,
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43 _sub2el A wFATe] E0]9 & arg3S

= 2

STEP 4 : STEP 394 49 Edg
WnZ3lE SubjectE: FE

t}.

) 4 : STEP 3914 Predicate7}#] AZZ 3teom, EgZ9 npxjut A9l
Object:= ElZ {3 _sub2d tidte] A= S35k},

i
o

select {SUBJECT}
from {TRIPLE_SET subZ2}
where {TRIPLE_SET. subZ.object=:Is_arg3}

A 1 HEHor EYE FT sub29 A object #F 1s_arg3E vl uldle] x| 3)
EZZ9 Subject7} EFEZ A7 Aoj 3 Alo]EF S Folo] A=

o A

select {SUBJECT}
from Wine.triple _subZ2

where Wine.triple_subZ.object=:White

A W : STEP 394 wEo]x Winetriple_sub2 E#Z F3gtollA object kol
White?l E&]Z& 9] Subject® ZHolA] Returnshi= 29 Jl-§-olt},

iih)

I}

CorbansPrivateBinSauvignonBlanc,CorbansSauvignonBlanc,SelaksSauvignonBlanc,StonleighSauvignonBlanc,

FormanChardonnay,MountEdenVineyardEdnaValleyChardonnay,MountadamChardonnay,PeterMccoyChardon
nay,FoxenCheninBlanc,VentanaCheninBlanc,MountadamRiesling,SelakslceWine,CorbansDryWhiteRiesling,Sc
hlossRothermelTrochenbierenausleseRiesling,SchlossVolradTrochenbierenausleseRiesling,CongressSprings
Semillon,KalinCellarsSemillon,CortonMontrachetWhiteBurgundy,PulignyMontrachetWhiteBurgundy,StGenevi

eveTexasWhite,

STEP 5 : 24 A #F Aot EFYE & Ao]Z& A7 A
STEP 194 STEP 47hA1¢ #A o] o]Fo|AH, o #AHF2 ZAHH
7199= [AND, OR]el 9&jA HtEHo =2 o] Folt

0§ oxd gAe pdom B dATel Ao ddol: ALgete] AAEH =IE A
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OWine(2&)[@Show Wine=d]1[@Show =42 gt][@AND,ORK& 4]
[®Show WinesA][®Show =42 g2t][DAND,OR& 4]...

@ Wine @ hasBody ® FULL @ AND ® hasColor ® Red ...
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[FOHI LY S W]
Find_relation(subject)
If subject has relation
reasoning_rule2 = :reasoning_rule1(relation)
Loop reasoning_rule2
Is_rea_concept[ ] =resuli(triple.concept)
End Loop
End If

A A dReAE WEAeRE e Wineol 7HA AL e SAHAES
Fogetste] Abg Aol Al B2ER RolEth oluf, RDF(S)9 OWLe| dvt
o] &85 +=Hl, owlRestriction®. 2 ge]¥ F o] vtz s Z=9
£4s Zdsta Adv £ A" FE2E EES ARHAA AMeo
(relation)7} A& th= o mjolt}, ofo] Ao A2 RE A= Azt AH
Ao MEolZl 7HAAL v AAIES Fotstal, dACd S

1=}
T —
Gals FE LES Bl A%old Avd BE #A YEES AT 5
]
H

ofr

[NE0DF e A2 ]
Find_relation(relation)
If relation has relation
reasoning_rule2 = :reasoning_rule1(relation)
Loop reasoning_rule2
Is_rea_relation[ ] = result(triple.relation)
End Loop
End If
Find_resftriction(relation)
If relation has restriction
Loop
Is_rea_restriction[ ] = result(triple.restriction)
End Loop
End If

L EAY BEE A A A AlFE AL, AFERE EEA Yt SAS AE
SHAl ®t} o2 A MeYE %Al (ex, hasColor)o] t3dte] WHEA o w2 £ 9]
T UAEE Y2AEE HAFA ) o7

=)
FHel AgHM, Y Sl o ghe
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owlioneOf2 A <ol3ar
(object)7F AT el gl Zah g& ojujolu], o= %A A3t s A w A

SR FE wE| et 2ol R,

(SO0 dEis AS ]
Find_relation(object)
If object has relation
reasoning_rule2 = :reasoning_rule1(relation)
Loop reasoning_rule?
Is_rea_conceptl[ ] =result(triple.concept)
End Loop
End If

4. 6] AAA ] EE AHYE Foto] A Ades 54 oH 9
of AFsAAA M, E¢lE2 vho] W4 A2l o) Agdn

5. ol Ao R M| EEo] Ay, AFHM dofs AT W=
AND/OR 2] %Bl%:%

olsh e Aol AeE A Aozl AF A ASAA AFH, AR

Avhs Qe @ [19 191 49 Ae) mEoA >

Azg At gk Zzre) sgel A %A Au
X

= =
= sasel, A Aole] Ue FEH ARZ ASAA
o}
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String Is_concept[ 1, Is_relation[ ]
Is_concept[ ] C Triple.concept
Is_relation[ 1 C Triple.relation
Scanf(ls_concept)

Z=0{(Subject) & &4

A

MERCEEE

e
SELECT property[ ]

FROM fact.triple
WHERE concept = :Is_concept

Show_Property (property[ 1)

A

M&0{(Property) & &

Choose_Property(Is_property)

SELECT instancel ]

FROM fact.triple
WHERE property = :Is_property
Show_Instance(instance[ 1)

HEN=02 3 R

A

SH0M(Instance) & &4

= R e e

Choose_Instance(ls_instance) |

A | Triple_writing(s ubject-property —object) |

Ifinput = [AND,OR] then
Loop First_step to Here
End Loop

,_l

SELECT instancel ]
FROM new_fact.triple
WHERE concept = :Is_concept
j AND property = :Is_property
Show_Result(instance[ 1)

(23 19] ol X2 29 HAHe =& =
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x
| >

(19 191 Q9] el Age) Yele) TRA~E RelFa gk AESH A
o el eEEA GAL 7] AAAE gl e Qe AuAe Tz
A2E AL B FAF 5 QRS AARFoI} Bk B ATAAE J1Ae
SRS WD AP £Y WS HAasste] A LE2AS BAs
Fedtel tERA 49 A ALt FAnE HArh £F LERA o
@ Eed WO AYE Al FB 7H /W YL BH EIF UL 44
s HRa} oleld EE spdel el e A Aok Absw Aol Ae i
% Bgstel A9 A mEL AAREO, /e Wo5Y WA BHFS
sAstnd @45 de] 4 A Agse B A gke Ao A
HsREg s J1E B eEuA Aol A AxgelAE wed o
E24 Aol Qojo] Jukstel LERAYS] FEH LS e A AE
A AAA AFe ek TLAW, LERA] Ag BAQ Fro dF A}
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22] ddojo] Fx3 EAo 7|Hk3l Fact E€] & 7987] ¢F &8 24
7] 938k Semantic E2]Z 707712 A SO 9ttt AAAE EZSEo
2~E 7]dke] Ao A QEFH o] oA A& st AdstHe 19 20]%

7k

a9

U
nt

& Query Engine

Controlled Query Interface1 Result View
ine hassugar dry and hasflavor delicate | [KathnmKennedylLateral
and hashody medium MountadamBiesling

StonleighSauvighonBlanc

Controlled Query Interface2
SELECT wine
FROM{wine} hassugatdry} and
hasflavor{delicate} and
hashody{mediurm}
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WA, Jena] RDF 34 RE3} B2 Ao mpa] WS st AHEH [F
20, 2113} 2t}

[ 20] Jena®l RDF 2E2X| 4l 2&

// list the statements in the graph
Stmtlterator iter = model.listStatements();

// print out the predicate, subject and object of each statement
while (iter.hasNext()) {
Statement stmt = iter.next(); // get next statement
Resource subject = stmt.getSubject(); // get the subject
Property predicate = stmt.getPredicate(); // get the predicate
RDFNode object = stmt.getObject(); // get the object

System.out.print(subject.toString());
System.out.print(" " + predicate.toStringO) + " ");
if (object instanceof Resource) {
System.out.print(object.toString());
} else {
// object is a literal
System.out.print(" W"" + object.toString() + "W");
}

System.out.println(" .");

[3 20]9] Jena RDF stA ¥ ol A& RDF 85 & 714 ¢lo] SoiA] o] & 7}
Z+e] Subject, Predicate, Object®] A Ao =4 Ao 2 JH3te] EYES vHE
3 vt AP A o= RDF 22247} EEE FXxo]7] wol vtz g 7o i
of EYJE R FAHA Joru R JH 7| EA 94 Wyolty st B

H
AAEFENNE Jenasl | AT RDF b4 $8& Adeiel 25242 5

_49_



AQbet ==X RDF, OWL 314 X &t}

[ 21] & ATolAM Hotsh 222X oA 2F

// list the statements in the graph

Stmtlterator iter = model.listStatements();

// print out the predicate, subject and object of each statement
while (iter.hasNext()) {

Statement stmt = iter.next(); // get next statement
Pre_Statement pstmt = token_extraction(); // preprocessing
Resource subject = pstmt.getSubject(O; // get the subject
Property predicate = pstmt.getPredicate(); // get the predicate
RDFNode object = pstmt.getObject(); // get the object

System.out.print(subject.toString());
System.out.print(" " + predicate.toString() + " ");
if (object instanceof Resource) {
System.out.print(object.toString());
} else {
// object is a literal
System.out.print(" W"" + object.toString() + "W");

}
System.out.println(" .");
}

Soll A mlaLgh Zpzto] 1h wEC] vluE {8, EEA e 3}y H=E
Best 2e wyos S4adth Shel AR A7 F4E A5l A1EL dol
B 48 AlZbel A dHolE A7t dud ARA7A S ARE 34 A8 Alte
2 rasln

BINOIR=Red= HOoIEXZI &=

l } :
— %2182t —| N
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(el =)

Fn

[Z 22 22X A& T T %

NE 3 KAON Prgt‘%ge OilEd |OWL Editor]  OntoMan
Wine 4213 3.827 2.689 1.997 | 1.315(0.002)
Food 2.933 2.664 1.872 1.390 | 0.915(0.001)
Beer 2.125 1.930 1.356 1.007 | 0.663(0.001)

& wastg e,

800
700
600
500
400
300
200 —
100 [ —

KAON Protege OilEd OWWL OntoMan
3.0 Editor

AT A mg A RN 2ERA 9 25 neste] AAE
om], 3 RDF$F OWLE 249 stde w5 34 & 5 =5 FAskA HA]

& AAE, [E 22]4 &0 & F %ol 7€ AF=FERT d4E 74
= A2



T RA 2 AT ARE FE HS AL F 9A 2EEA G S F3te
AE ETE 7Iwre] Ao Ay BES B3 AMEA T AL Ao A}
ofm A Aeo] Ae Aol #g vgoltt. EE 7] Ao RES F9 A
T3 dAA AE FAo] Eue Al A gE HFPS St A8

T WA Hrrel Adol M= RDF, OWL &E=2Xo that g% 2o ¢dojl
SPARQL®] #o] Aele} £ A9 EgE 7|uke] Ao Ao &S vl
th WA SPARQL¥} & A7-9] Ao Ao ARgAF QI F o] =5 HlaLdte] H4
s oS 2o [28 2012 SPARQLS o] &3l 2E=2% dos 3 =
AEE § 7|0 2524 do] A AE#H o]~ SPARQLere] o] 3 st
olth. [17 22l A &8 21—%01, A2 e 712 4L SPARQLY %7
[

£

13k
Slojok ALg A Sld 2Bz 3t Ao AE FAL 5 9
KeX

E2AWE i AR S e dar glojof Ao

Z (D) | &) hittp:/ i, sparql,org/spargl, himl v| Boi

SPARQLer - General purpose processor

General SPARQL query : input query, set any options and press "Get Results"

PREFIX owl: <http://wuw.w3.org/zZ002/07/culf>
FREFIZ wine: <http://www.wld.org/TR/Z003/CR-0owl-guide-20030815/ wine#>
PREFIX rdf: <http://wuw.w3.org/1999/02/22-rdf-syntax-naf>

SELECT *
WHERE {?x wine:hasbody wine:Full.
?x wine:hasSugar wine:Dry.
?x wine:hasFlavor wine:Strong}

Target graph URI (ar use FROM in the query) Ifswf’WebOnti’gu\de-src;‘wine_rdf
¥SLT style sheet (leave blank for noney; PrmHo-htrmlxs! or J1S0N

[22 22] SPARQLere| Heo| & clefmolA 3HH
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[ 22]¢] 2o 38 F, id A3} gk [29 23]oll A Hoj=ar vk

SPARQLer Query Resulls

X
<hittpedww, w3, 0rg/ TRA2003/CR-owl—guide—-20030818/wine# CotturiZinfandel >

Chttpe A, w3, org/ TRAZ003/ CR-owl-guide—-200308 18 wine # CortontontrachetwhiteB urgundy >

Chttpe A w3 org/ TRAZ003/CR-owl—guide-200308 18/ wine # CarbansFrivateBinSauvianonBlanc »

{hittp v, w3, 0rg/ TRA2003/CR-owl—guide-20030818/wine# SantaCruzMountain Vinevard CabemetSauvianon >
<hittpe/ v, w3, 0rg/ TRAZ003/CR-owl—guide-200308 18/ wine#KalinCellaraSemillon >

<http A, w3, org/ TRAZ2003/ CR-owl—guide-200308 18 wine #hountE denvinevardEstatePinotioiry

Chttpe A w3 org/ TRAZ003/CR-owl—guide-200308 1 &/ wine # SeanThackrevSirusF etiteSyrah »

<hittp v, w3, 0rg/ TRA2003/CR-owl—guide-20030818/wine #MountadamChardonnay >

[22 23] SPARQLere| Heo| & Hnt 7t

W, Ao 3 dite A FdD
B

o [19 24]=
A Query Engine y =10f x|
Controlled Query Interface1 Result View
ine hasflawor strong and hashody full R L Fi]

CorbansPrivateBinSauvignonBlanc
CortonMontrachetWhiteBurgundy =

CotturiZinfandel
KalinCellarsSemillon
Controlled Query Interface2 MountEdenVineyar dEstatePinotNoir L
SELECT wine MountadamChardonnay

FROMwine} hasflavorstrong} and
hashodyfull}

SantaCruzMountainvineyardCabernetSauvignon
SchlossRothermelTrochenbierenausleseRiesling
eanThackreySiriusPetiteSyrah

4]

(28 24] 2 72l Aol elEfmojA 3tH

ol A HREA B AT Do Ao 2T Mg AL
2 Aol 58 A ool Hiske] M@kt o @ oW} Hitol, ¥
o Ae) mEe] 4AFe] sk vz 28 H LEZAW Au P Aolk, oA
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[Z 23] 2o HMz| Aot v

H oSt
Wine.rdf |SPARQLer| 29| A2
490§ 1
S
7] %k A 3gk A 3}k
SELECT =
WHERE {?x wine:hasBody wine:Medium. 9 0 1
?x winehasColor wine:White.
?x wine:hasFlavor wine:Strong}
SELECT =
. . 16 13 16
WHERE {?x wine:hasBody wine:Full}
SELECT = 3 1 3
WHERE {?x wine:madeFromGrape wine:SemillonGrape}
SELECT =
WHERE {?x wine:hasBody wine:Full.
?x wine'hasColor wine:White. 1 0 1
?x wine:hasFlavor wine:Strong.
?x wine:madeFromGrape wine:SemillonGrape}
SELECT =
. . 15 12 15
WHERE {?x wine:hasFlavor wine:Strong. }
SELECT =
WHERE {?x wine:hasFlavor wine:Strong. 11 9 11
?x wine‘hasBody wine:Full}
SELECT =
WHERE {?x wine:hasFlavor wine:Strong. 8 8 8
?x wine:hasBody wine:Full.
?x wine:hasSugar wine:Dry}
SELECT =
WHERE {?x wine:hasFlavor wine:Strong.
?x wine:hasBody wine:Full. 1 0 0
?7x wine:hasSugar wine:Dry.
?x wine'madeFromGrape wine:SemillonGrape}

A A3 fEelA AT = glke], & Aol 2EEAWY] AR g
E 7Juke] g 34 Aol el aE Fabel A wesl Aol At b
&, SPARQLer®] ¢1Ej#o] 2 st} vlusiA &<l & + vh. 28l F8
FAL 449 2oZ AAol 238 258 Moz F o A% A
& £E2A B0 b Ee AT + Ak [E 2319 WgAA AAEE o
QA LERA Wl F A AstlA Azte] Aol P Fatol T ARG
Hl skt 1 Ay 2 Ao Ao EEoAe HA&L oF 09191, SPARQL
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Propagate Transitive
Properties

Triple(S ?p)(P rdf:type)(O owl:TransitiveProperty)
Triple(S ?x)(P ?7p)(O ?y)

Triple(S ?y)(P ?p)(O ?2)

=> Assert Triple(S ?x)(P ?p)(O ?2)

Complete Typing of
instances of objects with
inherited types

Triple(S ?y)(P rdfs:subClassOf)(O ?z)
Triple(S ?2x)(P rdf:type)(O ?y)
=> Assert Triple(S ?x)(P rdf:type)(O ?z)

Complete typing of
instances of properties
with inherited types

Triple(S ?y)(P rdfs:subPropertyOf)(O ?z)
Triple(S ?a)(P ?2y)(O ?b)
=> Assert Triple(S ?a)(P ?2)(O ?b)

Default behavior for

signature propagation

Triple(S ?2x)(P rdfs:subPropertyOf)(O ?y)
Triple(S ?y)(P rdfs:domain)(O ?z)
=> Assert Triple(S ?x)(P rdfs:domain)(O ?z)

Triple(S ?2x)(P rdfs:subPropertyOf)(O ?y)
Triple(S ?y)(P rdfs:range)(O ?z)
=> Assert Triple(S ?x)(P rdfs:irange)(O ?z)

Complement with
instances of symmetric

properties

Triple(S ?p)(P rdf:type)(O owl:SymmetricProperty)
Triple(S ?x)(P ?p)(O ?y)
=> Assert Triple(S ?2y)(P ?p)(O ?x)

Complete with instances

of inverse properties

Triple(S ?p1)(P owl:inverseOf)(O ?p2)
Triple(S ?x)(P ?p1)(O ?y)
=> Assert Triple(S ?2y)(P ?p2)(0 ?x)

The inverse property of a
functional property is an
inverse functional

property

Triple(S ?p1)(P owl:inverseOf)(O ?p2)
Triple(S ?p1)(P rdf:type)(O owl:FunctionalProperty)
=> Assert Triple(S ?p2)(P rdf:type)(O owl:inverseFunctionalProperty)

The inverse property of
an inverse functional
property is a functional
property

Triple(S ?p1)(P owl:inverseOf)(O ?p2)
Triple(S ?p1)(P rdf:type)(O owl:inverseFunctionalProperty)
=> Assert Triple(S ?p2)(P rdf:type)(O owl:FunctionalProperty)

Complete with instances
of equivalent Class

Triple(S ?t1)(P owl:equivalentClass)(O ?t2)
Triple(S ?x)(P rdf:type)(O ?t1)
=> Assert Triple(S ?x)(P rdf:type)(O ?t2)
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Complete hierarchy with
equivalent classes: if t1<=>t2

Triple(S ?t1)(P owl:equivalentClass)(O ?t2)

10 => Assert Triple(S ?t1)(P rdfs:subClassOf)(O ?t2)
then t1<t2, and by symmetry .
=> Assert Triple(S ?t2)(P rdfs:subClassOf)(O ?t1)
we also get t2<tl
Triple(S ?2¢1)(P owl:disjointWith)(O ?¢2)
11 Members of disjoint classes Triple(S 201)(P rdf:type)(O ?c1)
are different instances Triple(S 202)(P rdf:type)(O ?c2)
=> Assert Triple(S 201)(P owl:differentFrom)(O ?02)
Triple(S ?2c1)(P rdfs:subClassOf)(O 2¢2)
12 Two classes subsuming each | Triple(S ?¢2)(P rdfs:subClassOf)(O ?c1)
other are equivalent Test(nng ?cl ?c2)
=> Assert Triple(S ?c1)(P owl:equivalentClass)(O ?¢c2)
Complete instances with Triple(S ?s1)(P owl:samelndividualAs)(O ?s2)
13 properties of equivalent Triple(S ?s1)(P ?p)(O ?0)
instances => Assert Triple(S ?s2)(P ?p)(O ?0)
Complete instances of Triple(S ?p1)(P owl:equivalentProperty)(O ?p2)
14| properties with instances of | Triple(S ?s)(P ?p1)(O ?0)
equivalent properties => Assert Triple(S ?s)(P ?p2)(O ?0)
Complete hierarchy with . .
) ) ] Triple(S ?2p1)(O owl:equivalentProperty)(O ?p2)
equivalent properties: if )
15 => Assert Triple(S ?p1)(P rdfs:subPropertyOf)(O ?p2)
pl<=>p2 then pl<p2, and by .
=> Assert Triple(S ?p2)(P rdfs:subPropertyOf)(O ?pl)
symmetry we also get p2<pl
Triple(S ?2p1)(P rdfs:subPropertyOf)(O ?p2)
16 Two properties subsuming Triple(S ?p2)(P rdfs:subPropertyOf)(O ?pl)
each other are equivalent Test(neq ?pl ?p2)
=> Assert Triple(S ?p1)(P owl:equivalentProperty)(O ?p2)
) ) Triple(S ?p)(P rdf:type)(O owl:FunctionalProperty)
Derive equivalence form .
. . o Triple(S ?s)(P ?p)(O ?01)
multiple instantiations of a .
17 . ] Triple(S ?s)(P ?p)(O ?02)
functional property with the
) Test(neq 201 ?02)
same subject . ..
=> Assert Triple(S ?01)(P owl:samelndividualAs)(O ?02)
) ) Triple(S ?p)(P rdf:type)(O owl:InverseFunctionalProperty)
Derive equivalence from .
) ) o Triple(S ?s1)(P ?p)(O ?0)
multiple instantiations of .
18| . ) Triple(S ?s2)(P ?p)(O ?0)
inverse functional property
) ) Test(neq ?s1 ?s2)
with the same object . ..
=> Assert Triple(S ?s1)(P owl:samelndividualAs)(O ?s2)
Complete the extension of the .
] ) Triple(S ?s)(P rdf:type)(O ?0)
19 Thing class with all other . .
=> Assert Triple(S ?s)(P rdf:type)(O owl:Thing)
classes
20 A property inverse of it-self is| Triple(S ?p)(P owl:iinverseOf)(O ?p)

symmetric

Assert Triple(S ?p)(P rdf:type)(O owl:SymmetricProperty)
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Fact Triple Repository
DessertWine rdfs:subClassOf Wine Check Module
SweetWine rdfs:subClassOf DessertWine
DessertWine rdfs:type owl:Class . K . N
- - - Triple Triple(S ?s)(P “rdfs:subClassOf”)(O ?0)
SweetWine rdfs:type owl:Class Input Lagl
WineSugar rdfs:subClassOf WineTaste
WineSugar rdfs:type owl:Class Yes
WineTaste rdfs:subClassOf | WineDescriptor
WineTaste rdfs:type owl:Class Next Triple No (Triple Transmission)
WineDescriptor rdfs:type owl:Class Request
Wine rdfs:type owl:Class A
No ¥
(1) Comparative Module
Triple o
Input Save the Triple that contain the Yes ¥ | DessertWine | rdfs:subClassOf Wine
property P SweetWine | rdfs:subClassOf DessertWine
If(Y == P) WineSugar | rdfs:subClassOf WineTaste
WineTaste rdfs:subClassOf | WineDescriptor
Triple Saving in Tempory Queue
Input
(2) Classifying Module
Classify Triples by Super-Sub o
Relationships "] [ Dessertwine | rdfs:subClassOf Wine
ine | rdfs:subClassOf DessertWine
WineSugar rdfs:subClassOf WineTaste
(3) Serialization Module _ Triple WineTaste rdfs:subClassOf | WineDescriptor
" Input Saving in Tempory Queue
Enumeration by Order,
Like (X = P = Y)Y = P — 2)
DessertWine | rdfs:subClassOf Wine
SweetWine | rdfs:subClassOf DessertWine
Triple
B (4) Internal Inference Module Input WineTaste | rdfs:subClassOf | WineDescriptor
WineSugar | rdfs:subClassOf WineTaste
Saving in Tempory Queue
Triple
Saving - -
Assert Triple Repository
rdfs: lassOf Wine
DessertWine rdfs:subClassOf Wine
SweetWine rdfs:subClassOf DessertWine
i rdfs: lassOf | WineDescriptor
WineTaste rdfs:subClassOf WineDescriptor
WineSugar rdfs:subClassOf WineTaste
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Fact Triple Repository

Rose rdf:type WineColor

Red rdf:type WineColor
WineColor rdfs:subClassOf | WineDescriptor

Dry rdf:type WineSugar

OffDry rdf:type WineSugar

Sweet rdf:type WineSugar

WineSugar rdfs:subClassOf WineTaste
WineTaste rdfs:subClassOf | WineDescriptor

(subject, predicate, object)

Triple Input | (1) Comparative Module ;':"ﬂte:
(2) Classifying Module P Red roftpe | Wineolr
(3) Serialization Module WineColor | rdfs:subClassOf | WineDescriptor
Dry rdf:type WineSugar
OffDry rdf:type WineSugar
Sweet rdf:type WineSugar
WineTaste | rdfs:subClassOf | WineDescriptor
Triple WineSugar | rdfs:subClassOf WineTaste
Input Saving in Tempory Queue
Y
(4) Internal Inference Module
OffDry rdf:type WineDescriptor
Sweet rdf:type WineDescriptor
Dry rdf:type WineTaste
OffDry rdf:type WineTaste
Sweet rdf:type WineTaste
Dry rdf:type WineSugar
OffDry rdf:type WineSugar
Sweet rdf:type WineSugar
| | WineTaste | rdfs:subClassOf | WineDescriptor
WineSugar | rdfs:subClassOf WineTaste
Triple
Saving
Assert Triple Repository
OffDry rdf:type WineDescriptor
Sweet rdf:type WineDescriptor
Dry rdf:type WineTaste
OffDry rdf:type WineTaste
Sweet rdf:type WineTaste
Dry rdf:type WineSugar
OffDry rdf:type WineSugar
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Fact Triple Repository
BancroftChar hasFlavor Moderate
donnay
BancroftChar hasMaker Bancroft
donnay
BancroftChar
donnay hasSugar Dry
BancroftChar §
donnay rdf:type Chardonnay
hasMaker rdf:type owl:FunctionalProperty
hasFlavor | rdfs:subPropertyOf [ hasWineDescritpor
hasBody | rdfs:subPropertyOf [ hasWineDescritpor
hasSugar | rdfs:subPropertyOf hasWineDescritpor
i . Triple
(subject prediczleplte)tl?e%g (1) Comparative Module |nPF?Jt >
s s P BancroftChar
(2) Classifying Module donnay hasFlavor Moderate
(3) Serialization Module BancroftChar hasSugar Dry
donnay
BancroftChar §
donnay rdf:type Chardonnay
hasFlavor | rdfs:subPropertyOf [ hasWineDescritpor
hasBody rdfs:subPropertyOf | hasWineDescritpor
Triple hasSugar | rdfs:subPropertyOf hasWineDescritpor
Input Saving in Tempory Queue

(4) Internal Inference Module
BancroftChar hasWineDescriptor Moderate
donnay
Bar;;o::;har hasWineDescriptor Dry
BancroftChar hasBody Medium
donnay
Bar;;o::;har hasSugar Dry
BancroftChar hasFlavor Moderate
donnay
hasFlavor | rdfs:subPropertyOf [ hasWineDescritpor
B hasBody rdfs:subPropertyOf | hasWineDescritpor
hasSugar | rdfs:subPropertyOf hasWineDescritpor
Triple
Saving
Assert Triple Repository
BancroftChardonnay | hasWineDescritpor Medium
BancroftChardonnay | hasWineDescritpor Dry
BancroftChardonnay | hasWineDescritpor Moderate
BancroftChardonnay hasBody Medium
BancroftChardonnay hasSugar Dry
BancroftChardonnay hasFlavor Moderate
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Fact Triple Repository
Check Module
hasColor rdfs:subPropertyOf hasWineDescriptor
hasFlavor rdfs:subPropertyOf | hasWineDescriptor .
hasBody rdfs:subPropertyOf | hasWineDescriptor Triple » | Triple(S ?s)(P “rdfs:subPropertyOf")(O ?0)
hasSugar rdfs:subPropertyOf hasWineDescriptor Input
hasWineDescriptor rdfs:range WineDescriptor Yes
hasWineDescriptor rdfs:domain Wine Y ] o
hasWineDescriptor rdf:type owl:ObjectProperty wripTl No (Triple Transmission)
WineDescriptor rdf:type owl:Class Request
Wine rdf:type owl:Class A
No v
(1) Comparative Module - -
Triple Input _ hasFlavor rdfs:subPropertyOf | hasWineDescriptor
(Subject' predicate, object) Save the Triple that contain the YesV hasBody rdfs:subPropertyOf | hasWineDescriptor
property P hasSugar rdfs:subPropertyOf | hasWineDescriptor
if(predicate == P) hasWineDescriptor rdfs:range WineDescriptor
hasWineDescriptor rdfs:domain Wine
Triple Saving in Tempory Queue
Input
(2) Classifying Module
Classify Triples by Super-Sub
. . hasFlavor rdfs:subPropertyOf | hasWineDescriptor
Relationships
hasBody rdfs:subPropertyOf | hasWineDescriptor
Triple hasSugar rdfs:subPropertyOf | hasWineDescriptor
* Input hasWineDescriptor rdfs:range WineDescriptor
(3) Serialization Module hasWineDescriptor . rldfs:domain Wine
Saving in Tempory Queue
Enumeration by Order,
Like (X = P — Y)Y > P — 2)

Triple Input - -
hasFlavor rdfs:subPropertyOf | hasWineDescriptor
hasBody rdfs:subPropertyOf | hasWineDescriptor
hasSugar rdfs:subPropertyOf | hasWineDescriptor

B (4) Internal Inference Module hasWineDescriptor rdfs:range WineDescriptor
hasWineDescriptor rdfs:domain Wine
Saving in Tempory Queue
Triple
Saving
Assert Triple Repository
hasFlavor rdfs:domain Wine
hasBody rdfs:range WineDescriptor
hasBody rdfs:domain Wine
hasSugar rdfs:range WineDescriptor
hasSugar rdfs:domain Wine
hasWineDescriptor rdfs:range WineDescriptor
hasWineDescriptor rdfs:domain Wine
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Fact Triple Repository
MendocinoRegion adjecentRegion SonomaRegion CheCk MOdUIe
MendocinoRegion locatedIn CaliforniaRegion .
MendocinoRegion rdf:type Region -Irrlpli" » | Triple(S ?s)(P “rdf:type”)(O “owl:SymmetricProperty”)
npu
adjecentRegion rdfs:range Region Yes
adjacentRegion rdfs:domain Region v
adjacentRegion rdf:type owl:SymmetricProperty Next Triple No (Triple Transmission)
adjacentRegion rdf:type owl:ObjectProperty Request
A
No Y
(1) Comparative Module
Triple Input .
(subject, predicate, object) Save the Triple that contain the Yes
property s
if(predicate == ) MendocinoRegion | adjecentRegion | SonomaRegion
Triple Saving in Tempory Queue
Input
(2) Classifying Module
Classify Triples by Super-Sub
Relationships
Triple
‘ Input MendocinoRegion | adjecentRegion | SonomaRegion
(3) Serialization Module —
Saving in Tempory Queue
Enumeration by Order,
Like X =>P—=>Y)XY =P —2)
Triple Input
— (4) Internal Inference Module MendocinoRegion | adjecentRegion | SonomaRegion
Saving in Tempory Queue
Triple
Saving
Assert Triple Repository
SonomaRegion adjecentRegion | MendocinoRegion
MendocinoRegion adjecentRegion SonomaRegion
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Fact Triple Repository
- Check Module
ChateauDYchemSauterne | madeFromGrape | SauvignonBlancGrape
ChateauDYchemSauterne | madeFromGrape SemillonGrape .
ChateauDYchemSauterne rdf:type Sauternes -:—I‘Ip|? > | Trlple(S 75)(P owl:inverseOf )(O 70)
npu

madelntoWine owl:inverseOf madeFromGrape Yes

madelntoWine rdf:type owl:ObjectProperty Y

produceWine owl:inverseOf hasMaker Next Triple No (Triple Transmission)

produceWine rdf:type owl:ObjectProperty Request

A
No v
Triple Input (1) Comparative Module _
(subject, predicate, object) Ye; ChateauDYchem SauvignonBlanc
madeFromGrape
Save the Triple that contain the Sauterne i Grape
ChateauDYchem ¥
property S Sauteme madeFromGrape SemillonGrape
If(predicate == s)
Saving in Tempory Queue
Triple
Input
(4) Internal Inference Module

Triple
Saving

Assert Triple Repository

SauvignonBlanc Grape

madelntoWine

ChateauDYchemSauterne

ChateauDYchemSauterne

madeFromGrape

SauvignonBlanc Grape

SemillonGrape

madelntoWine

ChateauDYchemSauterne

ChateauDYchemSauterne

madeFromGrape

SemillonGrape
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Fact Triple Repository Check Module
Triple | Triple(S ?s)(P “rdf:type”)(O “owl:FunctionalProperty”)
Input
producesWine owl:inverseOf hasMaker P
d Wi df:t I:ObjectP rt
producesWine rdfitype owl:ObjectProperty Yes
\i . .
hasMaker rdf:type owl:FunctionalProperty Next Triple No (Triple Transmission)
hasMaker rdf:type owl:ObjectProperty Request
A
No v
(1) Comparative Module
Triple Input | producesWine owl:inverseOf hasMaker
(subject, predicate, object) Save the Triple that contain the Ye; producesWine rdf:type owl:ObjectProperty
property s hasMaker rdf:type owl:FunctionalProperty
if(predicat == “owl:inverSeOf") hasMaker rdf:type owl:ObjectProperty
&& if(object == s)
Triple Saving in Tempory Queue
Input
(2) Classifying Module
Classify Triples by Super-Sub producesWine owl:inverseOf hasMaker
Relationships producesWine rdf:type owl:ObjectProperty
Triple :asma:er rg:type owl::;r::ﬁon:Pmpeny
W asMaker rdf:type owl:ObjectProperty
Saving in Tempory Queue
1 (4) Internal Inference Module 9 pory

Triple
Saving

Assert Triple Repository

producesWine rdf:type owl:InverseFunctionalProperty

hasMaker rdf:type owl:FunctionalProperty
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Fact Triple Repository

Check Module
Car owl:equivalentClass Automobile .
Car rdftype owl:Class Triple | Triple(S ?s)(P “owl:equivalentClass”)(O ?0)
Input
M i i
usso rdf:type Automobile Yes
Grandeur rdf:type Automobile
Y B _—
Leganza rdf:type Automobile Next Triple No (Triple Transmission)
Automobile rdf:type owl:Class Request
A
No v
(1) Comparative Module
Triple Input .
(subject, predicate, object) Save the Triple that contain the Yes | Musso rdf:type Automobile
property S Grandeur rdf:type Automobile
if(predicate == I“dfitype ) Leganza rdf:type Automobile
&& if(object == s)
Triple Saving in Tempory Queue
Input
(2) Classifying Module
Classify Triples by Super-Sub
Relationships Musso rdf:type Automobile
R Grandeur rdf:type Automobile
Triple f. -
W Leganza rdf:type Automobile
Saving in Tempory Queue
— (3) Internal Inference Module 9 pory

Triple

Saving

Assert Triple Repository

Musso rdf:type Car
Grandeur rdf:type Car
Leganza rdf:type Car

Musso rdf:type Automobile
Grandeur rdf:type Automobile
Leganza rdf:type Automobile
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Fact Triple Repository

Check Module
Car owl:equivalentClass Automobile .
Car rdfype owl-Class TTIP|? > | Triple(S ?s)(P “owl:equivalentClass”)(O ?0)
npu
Musso rdf:type Automobile Yes
Grandeur rdf:type Automobile v
Leganza rdf:type Automobile - No (Triple Transmission)
9 typ Next Triple
Automobile rdf:type owl:Class Request
A
No v
Triple Input (1) Comparative Module ‘
subject, predicate, object . . <
(subject, p ject) Save the Triple that contain the Yes
property P - -
if(predicate j— P) Car owl:equivalentClass Automobile
Triple Saving in Tempory Queue
Input
| |(2) Internal Inference Module

Triple

Saving

Assert Triple Repository

Automobile rdfs:subClassOf Car
Car rdfs:subClassOf Automobile
Car owl:equivalentClass Automobile

_72_




2.10 7= 10

Fact Triple Repository
Check Module
hasSavor owl:equivalentProperty hasFlavor .
hasSavor rdf:type owl:ObjectProperty Trlp|?= | Triple(S ?s)(P “owl:equivalentProperty”)(O ?0)
npu
hasFlavor rdfs:range WineFlavor Yes
hasFlavor rdfs:subPropertyOf hasWineDescriptor v
hasFlavor rdf:type owl:FunctionalProperty Next Triple No (Triple Transmission)
hasFlavor rdf:type owl:ObjectProperty Request
A
No v
Triple Input (1) Comparative Module o Cgﬁ?&iﬁ;ﬂsﬁrs hasFlavor Moderate
subject, predicate, object ) ) s | [ChateauDYch
(subject, p Ject) Save the Triple that contain the Yes ase:&emz em hasFlavor Strong
roperty S
. P .p y BancroftChardon hasFlavor Moderate
if(predicate == s) nay
Triple L
Input Saving in Tempory Queue
7 (2) Internal Inference Module

Triple
Saving
Assert Triple Repository
ChateauDeMeursaultMeursault hasSavor Moderate
ChateauDeMeursaultMeursault hasFlavor Moderate
ChateauDYchemSauterne hasSavor Strong
ChateauDYchemSauterne hasFlavor Strong
BancroftChardonnay hasSavor Moderate
BancroftChardonnay hasFlavor Moderate
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Fact Triple Repository
Check Module
hasSavor owl:equivalentProperty hasFlavor .
hasSavor rdf:type owl:ObjectProperty -:—rlpk:: | Triple(S ?s)(P “owl:equivalentProperty” )(O ?0)
npu
hasFlavor rdfs:range WineFlavor Yes
hasFlavor rdfs:subProperty Of hasWineDescriptor v
hasFlavor rdf:type owl:FunctionalProperty Next Triple No (Triple Transmission)
hasFlavor rdf:type owl:ObjectProperty Request
A
No v
Triple Input (1) Comparative Module ‘
subject, predicate, object ) ) g
(subject, p ject) Save the Triple that contain the Yes
property P -
if(predicate - P) hasSavor owl:equivalentProperty hasFlavor
Triple Saving in Tempory Queue
Input
|| (2) Internal Inference Module

Triple
Saving

Assert Triple Repository

hasFlavor rdfs:subPropertyOf hasSavor
hasSavor rdfs:subPropertyOf hasFlavor
hasSavor owl:equivalentProperty hasFlavor
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Fact Triple Repository
Check Module
hasSavor owl:equivalentProperty hasFlavor .
TasSavor = ol ObjectProperty 'Il'r:g)IT > | Triple(S ?s)(P “owl:equivalentProperty”)(O ?0)
u
hasFlavor rdfs:range WineFlavor Yes
hasFlavor rdfs:subPropertyOf hasWineDescriptor \
hasFlavor rdf:type owl:FunctionalProperty Next Triple No (Triple Transmission)
hasFlavor rdf:type owl:ObjectProperty Request
A
No ¥
Triple Input (1) Comparative Module _
subject, predicate, object . ) <
(subject, p lect) Save the Triple that contain the Yes
property P -
if(predicate — P) hasSavor owl:equivalentProperty hasFlavor
Triple Saving in Tempory Queue
Input

(2) Internal Inference Module

Triple
Saving

Assert Triple Repository

hasFlavor rdfs:subPropertyOf hasSavor
hasSavor rdfs:subPropertyOf hasFlavor
hasSavor owl:equivalentProperty hasFlavor
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2.13 7= 13

Fact Triple Repository
Check Module
BancroftChardonnay hasFlavor Moderate
BancroftChardonnay hasSugar Dryness R « " « X W
Triple Triple(S ?s)(P “rdf:type”)(O “owl:FunctionalProperty”)
BancroftChardonnay hasSugar Dry Tnout L
BancroftChardonnay hasMaker Bancroft P
B: ftChard: df:t Chard
ancroftChardonnay rdf:type ardonnay Yes
Y . -
hasSugar rdfs:range WineSugar Next Triple No (Triple Transmission)
hasSugar rdf:type owl:FunctionalProperty Request
A
No ¥
Triple Input (1) Comparative Module _
subject, predicate, object . . <
(subject, p lect) Save the Triple that contain the Yes
property s BancroftChardonnay hasSugar Dryness
if(predicate —_— S) BancroftChardonnay hasSugar Dry
Triple Saving in Tempory Queue
Input
(2) Classifying Module
Classify Triples by Super-Sub
Relationships
R BancroftChardonnay hasSugar Dryness
Triple B ftChard hasSi D
W ancroftChardonnay asSugar ry
(3) Serialization Module .
Saving in Tempory Queue
Enumeration by Order,
Like X—>P = Y)Y > P— 2)
Tri'EIe Input
BancroftChardonnay hasSugar Dryness
— (4) Internal Inference Module BancroftChardonnay hasSugar Dry
Saving in Tempory Queue
Triple
Saving
Assert Triple Repository
Dry owl:sameAs Dryness
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2.14 1% 14

Fact Triple Repository

Full rdf:type WineBody Check Module
Medium rdf:type WineBody X
Light rdf:type WineBody Triple > | Triple(S ?s)(P “rdf:type™)(O ?0)
Input
Red df:t i
e rdf:type WineColor Yes
LongridgeMerlot rdf:type Merlot v
LaneTannerPinotNoir rdf:type PinotNoir Next Triple No (Triple Transmission)
KathrynKennedyLateral rdf:type Meritage Request
A
No v
Triple Input (1) Comparatlve Module o Red rdf:type WineColor
j i j o L idgeMerlot rdf:t Merlot
(subject, predicate, object) Save the Triple that contain the Yes ongt ge_ ° O_ _ype - ero -
property P LaneTannerPinotNoir rdf:type PinotNoir
if(predicate — ) KathrynKennedyLateral rdf:type Meritage
Triple Saving in Tempory Queue
Input
— (2) Internal Inference Module

Triple
Saving

Assert Triple Repository

LongridgeMerlot rdf:type owl:Thing
LongridgeMerlot rdf:type Merlot
LaneTannerPinotNoir rdf:type owl:Thing
LaneTannerPinotNoir rdf:type PinotNoir
KathrynKennedyLateral rdf:type owl:Thing
KathrynKennedyLateral rdf:type Meritage
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2.15 73 15

Fact Triple Repository

Check Module

Triple | Triple(S ?p)(P “owl:inverseOf”)(O ?p)
Input
Yes
Y . .
adjacentRegion owl:inverseOf adjacentRegion Next 'I'riple No (Triple Transmission)
adjacentRegion rdf:type owl:ObjectProperty Request
A
No v
(1) Comparative Module
Triple Input o
(subject, predicate, object) Save the Triple that contain the Yes
property p
if(predicate == “owI:inverseOf") adjacentRegion owl:inverseOf adjacentRegion
&& if(subJect == object == p)
Triple Saving in Tempory Queue

Triple
Saving

Input

(2) Internal Inference Module

Assert Triple Repository

adjacentRegion

rdf:type

owl:SymmetricProperty

adjacentRegion

owl:inverseOf

adjacentRegion
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