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Abstract: As the core of knowledge representation, reasoning plays an important role in the Semantic Web.
In this paper, introduce Description Logic as the theoretical foundation of reasoning in the Semantic Web and
OWL which needs to be expressive enough for representing knowledge and computationally tractable for
inference of large-scale applications. Then construct an ontology model depicted with OWL by protégé and
Jena API , and also prove the validity of reasoning with the model.
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AHERE BB B R FOR 1], H AR
HEMIE FHAEE et /A ZE Web (Semantic Web) Hi, A
HETDL 7 Web WAL ELAS R (K AR, 1576
et ARSI TR IO RIS D AR R 1] Web -
PRI A I AN 2 5E 28 Web BE(1[2].

AR =7 RDF, DAML+OIL, OWL[3][4])2%
> XML FEE, XML JE ot ER iR BORHT BORD T
TR AT B G BRSO RO B B 5 k. RDF
B A HE 2L (Resource Description Framework) & i3t
SAE XML FEE 2 | AR TT BB DL K o BRI T
BEZ RRR, HER 7 — (AR BRI,
VEH (property) MHE (value) SR Bl LA M BB ¥
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26 REASONING WITH ONTOLOGY MODEL BASED ON JENA

Representation) F35AR ##fiE (Description Logical) %7~
PR BiE OILEd #iE {2 1AL DAML [t
T7f# 3 N\ T FaCT(Fast Classification of Terminologies)
HEPRRS, R E BRI 47 JEHERE AR, 2) Hi3Ek Stanford
KEEBHEEY Protege2000[7],'e e FH Java [ 5 ) — Rl
RS, BRI Plugin BERIHALRE S S0, Protege
2000 beta Jix {4500 OWL HdifHJEA SR OWL %X
E’JZ’KL, it OWL #if-LA Java 4%, ] Jena[8]tu(HP
i = B AR Java APD)SC 4L OWL TR AL

Protegezooo TAARGRARNER T H, ARerrdiE
L AHRZ T HRARE G N A 2 4 sk B H At S 47
AL A FSME Racer[OJEFPEHEMEATHERE, 3)
i[% Knowledge Media Institute of the Open University
PHEE 1Y) WebOnto[10], & SCHRFANHE 1 155 7 Al 1A 4
i, HBEs SN, WEAGHERIER A
fi4, WebOnto M HREE 5 /2 OCML.

MR FEE T A, AR Protégé ARRSHR TN
EUL%D%EHZIKHM FIHI Jena FA%E T A AL OWL
A 5 AR A AR A JE PR P A THER

2. fiiRieR

TR fH ( Description Logic, DL ) X A% AL
i ( Terminological Logic ) 5 KL-ONE %%, &1F
for ki (Propositional Logical) Fll— P& 28 sl @ i (First
Order Logic, FOL) I %5 i s 1), i Alh = HER Ry &
TSR . AR B R A g SRR
FERE 2 [Tl (EATRHE BB RIS, JTHZ
— 3k ( satisfiability ) A5z 44 (subsumption) AT

— (REIRE R R A AR LE’J%E/?:Q*T%EE@T.*EA
A (DFR MBS R (A € Role) (1) 1
(2)TBox (Terminology Box)—{WffiiRSEIR 45 RS2 \EE
A2 ESR (Wt WifesWoman N hasHusband. M-
an , HI Wife E&R5S“HA LKL LA
(%n:Woman Man); (3)ABox (Assertional Box)—{{ifif
B BRSO S S (BB
Woman (marry),marry & woman) [ 1% 5 = (40 :
hasHusband (Marry, Jack) Marry [1J30KJ2 Jack) ;
(4)TBox F11 ABox | [{uffErifil, — {54 DL %15,
JERE K=TBox+ABox, fiij& i KB(T,A),

EF 1 AkARREE: B KBTANMRELST,
1= (ALY o Hi A B T iseds, T iR,
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TR S s AT B2, SEBRIL 2 AT x AT — T
T, JEEHMLE R AT TR, — (R I Tk
FEDARS RO T A BRI SRR AR
RESHBMR. MEEERTCUEE 1 s ARSI T
(PRI DL 11 7058, A DL 2 ALC, e E
EBEWA O JE- | A EEET . SRR Y 5
BERiE R T, SHIQ DL 211 ALC 2L Fa s 1
BEREY AR, MRS DL %S AT
i1 the proposition (multi) modal logic S4m)G 1%, BN
T]‘E (inverse Role 1). 1%/ {0 @YK (role hierarchies
v BEE AR Q )15 A A 1 3 5 T, BT LA 2 2%

SHIQ o OWL DL #2394 SHIQ .DL[11],
G5 I AT AR R — AT A A A &
KRR RRE S B KB REEIER I

— PR %fﬁﬁmﬁ’]i&p};ﬁ%ﬁ (HHEHER R A A
AR AE B RS, ik s i LU Bl el e i

HTeEs, ﬁ@(x*ﬁ%ﬁﬁﬂﬁﬁﬁl_ E7J58, (HHEFEHEAE
JERTRIH B A A e, o H DL fUshiEs Sk
Ji XML/RDF JE, PRI DL A BT &
Web Bt ML & AR S

i% 1 DL %%E@ /\Fll:l
Table 1. Syntax and semantics of DL

WS Rk EE
JFHTHiE  CD  CcAl, DA
JAFBiR R R'c A'xA!

&I CAD (CAD)=C'AD!

il  CuD (CcuD)'=C'uD'

E[E -C  O'=A\C
FAAE

JrR.C (3R. C)I {X|3y (%, y)eRI andyeCI}
I_ | PU 1
VR.C (VR.C) = {x | Vy.(x,y) e R inplies y e C }

>nR.C (> nR.C)I={x | #{y.(x,y) e RI andy e CI} > n}

Pt

Far <aRC (< nR.C)I={X [#{y.(xy) e Rlandye CI} < n}
Y @)=[ewiewer]]
R

rRT Rl= kDT
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3. Web AfE2E= OWL

OWL 2 W3C #E[WEEAR L aE S, BNV
KFF RS B S, (5 R AR AR e
FIDLHERE OWL A, OWL JE A S 1K) web ANl EE 354
#E, ERENTAEC A1 RDFS A1 DAMLAOIL $:4f 2
1o OWL w2, Mk B Ve AR E R B (R 1
TR, M RN R HE B R A4 o

OWL Hifi % Class 240R, BRI AT

(4 URID) s, ifn HESphA i S e sk
AR, 1 A T T B AR e A
R TP, OWL 88 KINZRIERR TIER B IR
HOME SRS BT . PR RS I 55 T DA K % (Axioms)
P E R o

OWL & HIIAAE Web I iR AREEHERE 5, 1
3 EFERE SR = #3555 OWL Lite, OWL
DL. OWL Full[12],

(1) OWL Lite $2(t B MAE AT DA
WAESTo SRRSO 0 5k 1 R 58 5 il
FITrEAAY AR 6 ) -

> RDF i =0 FF 14 @ 46 # (Class) . £

( rdfs:subClassOf) . J& 4 (rdfs:property) . - J& 4
(rdfs:subPropertyOf), Jg(rdfs:domain), #[#(rdfs:range)
FMFE#S (individual)

> RS A R (equivalentClass), J#
PE 4 % (equivalentProperty) M F
(samelndividualAs) . A~ [r] A (differentFrom) . 4> A~
(allDifferent) , [ 43 % H (distinctMembers)

> YRR RS AT (ObjectProperty) . EEA}
KA ME (Datatype Property ), 1% (inverseOf ), {H
% (transitiveProperty ), ¥4 ( sysmetricProperty ). p{
# K o e K

( InverseFunctionalProperty )

> VEEBRH) R H) (Restriction ), B &
PE (onProperty ). 4= {BHUE 74 (all ValuesFrom) Fl—£&
BHE A (some ValuesFrom)

> HUSIE R R s NE S (minCardinality 0 5§
DA fe 3t (maxCardinality 0 8¢ 1)

> FHAMIAZ (intersectionOf)

( FunctionalProperty ) .

SHRRRAER . TIPS R —— 1

o
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(2) OWL DL (i) DL Fordtivh il ) 1%
Fret i se¢#t (computational completeness [T/ 14
AT LAGREE R 2 ) FIm]H) P (decidability fir 4y
Mt AR N AS ) e T, ept T aErlae
KIVFERE /), OWL H7 [ OWL [ 4iah 5 A il
SRR 2 B — SR Can—EsT LUERT 2
B8, AR S — I E 5] ). OWLDL [1
FEE SRR T AR R, R A e A
TETRATENAS . A OWL (B L EEHE, OWL
DL 24t [ fifi d i (e DI RE o

(3) OWL Full 7 OWL [F4f5E 5 Mk i o>
AEIGH T OWL DL [FFRAG], 71 OWL Full Hi—{E%H 1]
PLE RERE S A, Bl DLE SO — e .
OWL Full J{71 7 OWL DL Hr [R5 R 51 LB
il AE A R AR RS B Y RDF | AfEf Tk
JEFRLE, FRTAE—{ Ontology {EFHEFM (RDF,
OWL) Bfuisk Iy hndvee, M itk pi s ae
<% OWL FULL (W AR, AR SE R e
JRAE SR OWL Full 439k

OWL DL f1 OWL Full /b 245 e OWL Lite [{JH#%
WER T ks 3

> FEAPRAUFERCEAETY (one of,dataRange ).
4y Ek(disjointWith) . A% (equivalentClass A %EIH
B0, FHA(rdfs:subClassOf FHAKAI L)

> AR BOR ) 4 iR N S (minCardinality)
Tl R E P (maxCardinality)

> BRI MRAE A ERETE (unionOf ),
& Bl (intersectionON AL ( complementOf )

> AR A EREFEA M (hasValue )

4. BT R4

Protégé[ 7] & — il 5 A 52 BH 85 1 A B8 4
ww ASDHBREER Y, BAT BTSNt AUR 2 1dE L,
& HUT i R B A 4R 2 2 —o B EIEL
i, i b PLZ A Tab 43 il 3 #F Classes,SI
ots,Forms,Instances,Queries [{J4iE . ‘B K45 REA 2P
J&, Protege 2000 beta i FHEALA OWL LIRS
OWL A& AHY, Ik OWL f&if-DL Java [ 4, J] Jena
FI(HP BB == 311 Java APD) 34 OWL SRR
anlEl 1 Frose

Protege {22 T Mo & P SCHR ZAAR AU AR
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HERE TR N\ S AR A2 (0B, B(Concept) [ 4wt
EMER, ARG, Protégé ] DR
HJ%H’]FE%L’TT SE, ARl LAE TP R i DA S 4
M ERTE S ] B RIS RS, nIARBERS
SER AT AR T AER4H . Protégé 2000 T ELAK By
HIRNHEEE T, ARREBIHERE, (52 THA R
AR A, A IRN M R grh sk A R 452
R, B BN B R D R A RE FR 4]
FE[14], AT ERTIFNE Racer HEFEA.
— A, FKAME Protégé 1 BRIIAmIE AR ST
TR, S AR e, SR
FHEEA I R SR EACE R AR B, 15 S A
J{l Jena APL, Jena[8]:& Ht% £ B a5 A 7 B H 1)
BEHOAE, B {FELA W3C [ RDF. DAML/OIL .
OWL HE1 TEEZRA HRAIHEREY) Java APT %5 {1, Jena
HEZE = B4R A N7
(1) An RDF APL: {5 RDF IRV i
HH[Y) RDF JE AR, H 3B G is gl 4
R B B EARE RDF B, SR AR AT A
i3 Jena $2{It[f) RDF API 1 RDF A ({541 F A 13t
T H Protégé iy sl 2 A% - O A&/ RDF )
1 RDF #i7) [ B, 0f HH PRI RDF
TEL e (i S 1 AR R 22, 18 A TR A X
B 5 PR LR S FF Ao
(2) ARP: Jena [{t] RDF/XML fi#hr#s2FE Jena
PN EELIIRE, D TR XML FRRAIS
3l RDF SCHEAERAT T, ai i /EFi I Jena AP (1)
Read 75k IRrerail AT #3100 D0AE, A& RDF SOk
FREEEA K Al RDF Model $241k504%

OWL GUI Plugins
le (SWRL Editors, ezOWL,
OWL Extension APIs OWLViz, Wizards, etc.)

(SWRL, OWL-S, etc.) T
%7 Protégé OWL GUI

Protege OWL APl |[«—— (Expression Editor,
= {Logical class definitions, Conditiens Widget, etc.)
Jena API restrictions, etc.)
(Parsing, E %7 \/
Protégé GUI

Protégé API l&e—— (Tabs, Widgets, Menus)
(Classes, properties,
|nd|wduals etc.)

f?

@'ﬂ 1. Protégé 1J owl plugin
Figure 1. Owl plugin of Protégé

A
[ ]
OWL File
_ Storage |

Protégé Core System ||[OWL Plugin
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(3) Persistence: FFATVIIAE, BRI AERCIEREH
f¢fi# RDF, RDFS. OWL “F¥PRHE, S PR
RIPAHEAS AT DA i Jena £ ) EOR}H L 5| 42 ﬁ AR
R BB oR R, PRIV Jena A HIRE S
RDQL API {15 28 ZORME BORHRT H S Hjﬂéwﬁﬁ@]k
RDF 1 PAAE— 2 HANEE . H7 Jena 2 2O}
5% MySQL., Oracle I ProtegeSQL % ¥Hk} i,
W12 Linux il Windows XP Z5/E3 2% o

(4) Reasoning subsystem: T Z%%, Jena {2
PSR BRI B HEREEE (41 RDFS Reasoner . OWL
Reasoner % ), B T —MAUHEELDIRE, AN Fi2
AIDAARBE RS FUE SR, o m] DAREE 28 =
JIHEREG [ (BN ASCERIIIE Racer HEREA ).

Jena 42 RDF #1 OWL [ API, th 2 OWL F1 RDF
(IHEREDIRE, Jena #Z0 - UR SR T AIRIAFITHE
DL #EFRH) BT BILL K A, 10 Racer 244k 1 — IR 4T
(1) DL HEFIRE (R R ), 1 H2 R (e
DIG interface ¥ #& . {HHWY DIG interface H 7 54
"84 DL IS5, AR OWL J0. Racer )
FRAATRBRIE ) SCRAERL OWL A — IRy
T/Hbfﬂ OWL #ih A, {HARE/T OWL A4S
o Sk E 8 OWL A DIG R &S o B
Ji1f, Jena [ SR E AR RIOHERERE, 2
FUARTE B OWL MR, ABepra i thne
Ak, MERE il ANi Racer, Racer 5g DL HEPIH

BIMERBIRIFIY T, R LASCHE T 26 T) Jena ZEf) Rule
Reasoner MERENF ASTERIEAH, Racer i 152 DIG 1
[, =22 HTTP g2 TCP 35R, IRFEEHAE
TRATHERRE . PTRRE A IS RV RE SO e AR
o Ji—J5 T Racer — e R AT MU BELAG A HERE
B EABRERNRH IR Z T, 1T Jena ¥ATR
JFER A7 ) 5 R A SR AR e 3% (AT ARG
BB ZOR R ) BThi(1) Jena 2.2 CUARBHARSE
AL ] DIG /1K) Reasoner |, Jena &—F B
(1), FAH Racer U5 HIsH = AR EEATEHHERE D)

BRINEEK, AEHEREy ] LA DIG Ay jfsz 2 P
HEFRME, HRHEREAGES DL HERRBE, Frbla s 3 meRk
JTI Racer, 1ifii#h Dig 41l Racer Fi45fli/T] jena (A T4
WS T B

nEUnn =
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5. AEEHEREAE S

T ] Protége ACHE AR T H H AR,
FZAHEHEAR TS E: (TR primitive class ):
A (people ), 5 A (man), Z A (woman ), 3

(father ), 13 ( mother ) FlIACH: (parent ), — 15
M (% ): 4% (hasChild ) , = {#F{5: Jim, Marry
M Terry Fl—1flHE %81 (defined class ): G ZF

( WhoHasChild ), J{] OWLViz ( Protege3.1 fxA[)—
it plugin ) B RAS AR qiliE 2 Fro .

Man, Woman F] Parent #J/& People )%, Man
A1 Woman P {ERTS AT A2 R 52 BRI (JT] Disjoint
AN ), Parent /D A7AF—{ hasChild BH{F ( fr/Nik
% minCardinality 7% 1) S IO EEOURSER 1
[t] People J& Parent, Father j& Man A1 Parent /)3 [r] 1~

File Edit Project OWL Code Window Tools Help

OGE +BE s ¢9% DEL B BE 4 &

O Classes | B Properties | = Fortris T’\nwviduals | @ Metadata r S OWLViZ ‘

- s 2 ENE EI
(oJalvmlofaluE &[«/B]=][0
[ Aggerted Model | Inferred Modle! ‘
! g — { WhoHaschild | [ Man by
For Project @ PersonReason (o Thing 3 T T " Father )
~—_Y " — [
Asserted Hierarchy | People é]—m—\ Paren .
— AL Ay
owl Thing Tiga ot &
~—— [ Mother )

¥ @ Peole ( woman Ik’,}-iu'/ R

= WhoHasChid A=ea

i 2. AR AT RILRE R

Figure 2. Visualization of the ontology model

[IONSHIP EE E: IBCLASS RELATIONSHIF
For Project: @ PersonReason For Project ¥ PersonReason
Ame=ticd HieTarchy -ty p 2R Inferred Hierarchy
owl:Thing owl: Thing
¥ ) People ¥ @ People
v B Man ¥ ) Man
Father Father
v ) Parent ¥ & WhoHasChild
) Father ¥ 0 Parent
O Mother " Father
v @ Woman ! Mather
Mother ¥ 0 Woman
% WhoHasChild ® Mather

3. protégé HEET S A AR R L
Figure 3. Contrast between asserted hierarchy and inferred
hierarchy of Protégé
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8, Mother /& Woman F] Parent [{J3L[q] 2850 Father
BARE, EfktER T AATE Man [HRE
Parent [{J People 4 J2 Father, [FIFEF% 2 Woman [F]iEjt
+& Parent |Y) People 7| /& Mother, ZEHH =i 5} Terry,

Marry F1 Jim, ={&T {535/ People BRI E ], [H]RE
JEFE I Marry HZf 2 Jim (1@ EME hasChild 3
Wk ), Terry J& Parent. fiz {4 & 7% — {ifl Definded ¥
WhoHasChild ( [f] equivalentClass A#H] ) FAHERE,

TR 78 EE -2 WhoHasChild=hasChild.People>1, 7<
191 AR LS 2 I BT IR FF HHWFLE People £5#%1-,

2R Racer #ERET% #1537 WhoHasChild %5 1
T PIEEFRAMARE R4S R [ 3 J&4F Protégé 11T
Compute inferred types 41213 2 (i BLAE IR
IRAAS R L o

AT DA HH A8 ECA P ik 0295 8 75 T«

(1) JEOX TBox HRAMI B AMIE IR R, Aad
TSN A R B S HEE ), e+
FEEge . R YRR E FAMEIAE A,
DRk 1wy i tal S i PO P i S A S T N
DI SR AR R EAERRZ I Parent )7y
%l WhoHasChild 2 [ [X & Parent 1) B hasChild>1
Fi¢r WhoHasChild J[1) s 22k f1 ), #itHHJETA Parent
FARME S —E A WhoHasChild FIHES:, [FIRERE
WhoHasChild 28{E % People [f)15H,

(2) JEHL ABox HI R, HAS s 51—
FRTA R ORI SR AT A T
BIFES, AR I R AR, Kt
PR BRI BRI i, T SE R gk
A BT K o AR R S 4R 7% WhoHasChild
BB /5 Marry (F{45] Marry & People [rlRF X A7
1t hasChild 1%, H] Marry /2 Parent, [ffj Parent X j&
WhoHasChild [1J{2%H, H] Marry ;& WhoHasChild |1
HHD, wREEAEE, BRI — R B
BN AR A R E R

L ARHERR AR ] Jena APT FEBIMEL MR
HAZOAR) -

public class Reason {
//Racer #EFEFERT 51 URL

string REASONER URL="http://localhost:8080";
ProtegeOWLReasoner reasoner=null;
/7% OWLModel FALENE owl A HHEf T 1)
IR B RE AR AT Protégé ity
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public void reason(OWLModel model)

throws DIGReasonerException {

R | AP B ek ]

if(this.isConnected(model)==null) return;

I EIHEFR 15 People T ()48

Collection inferredSubClass=

reasoner.getSubclasses(peopleClass,null);

for (Iterator iter = inferredSubClass.iterator();
iter.hasNext();) {

OWLNamedClass cls =

(OWLNamedClass) iter.next();

System.out.printIn("inferredSubClass
name:"+cls.getName());

MG AR AT T AR SR R A1)

Collection Individuals=
reasoner.getIndividualsBelongingToClass(cls,null);

for (Iterator iterator =
iterator.hasNext();) {

OWLIndividual element =

(OWLIndividual) iterator.next();

System.out.println("—individualsBelongingTo

Individuals.iterator();

Classname:"+element.getName());

}

}

JAERE T 71 AL 1 )

Private ProtegeOWLReasoner
isConnected(OWLModel model){
MR P T i P ASHERI AR T 81
ReasonerManager  reasonerManager
=ReasonerManager.getInstance();
reasoner=
reasonerManager.getReasoner(model,true);
reasoner.setURL(REASONER_URL);

I FAHERIOR 75 BDITE i Race HEFEAE— & 2K

if(reasoner.isConnected()){
DIGReasoner  Identityidentity
=reasoner.getldentity();

return reasoner;

yelse (/A ElH R S AN

return null;}
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¥

}

TEATAS R

inferredSubClass name: Woman
inferredSubClass name:Man
inferredSubClass name: WhoHasChild
--individualsBelongingToClass name:Marry
--individualsBelongingToClass name:Terry

T DL HMarry fli Terry & £ #% [ People.
6. &R E

AR 47 T4 Web GBI F
TR A AR ) — S Rk e R i . AHE R AR S
OWL, AHERIT H Protégé, Y Racer MIFHEE T
B Jenao 7EICEERRE FFRAMH— 7 545155000 18
BERIRRAEHERE AR OPE o FREEER IS FEE A
IR 1 aE Re AR HERE, 2 n] DUE FR TR 22 B I I 2k
IR R IOHER, 52 R HER R g s R
e . HABERI . ARG EBE AR owl A
FR S B BRI S A7 /2, 7& ontology H
SHEE R E B AT LA B AN A &40 B . foldn
EE IR B R R, Jena AR B HR{L e AfL
= B4 JFIEE The OWL Instance Store Hi3%
it T 8% ABox P I & EORFRE fR D y 5
[13]o HEPRVE R AR L OMERETE Web Hifn i
HEW M, M OWL Gk S 1Eahsk Web AUl Bz
JEH, SARZIEEME S ORI, S
w258 Web FAHEIE DS e, S AEHERE
A HEE FHE i T AR B FIEE R Web F Al
Jena E 2 B T == S T DHISCE 2 T A28 Web
A& /) T H, Stanford KE2GHEEY Protége T-
FABEFRAM BN (S S AREET, (HEhisee T HIK
AT LIS ontology ST H IR AIER,  HE
HEEFE Web BN R
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