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L1 BIRER

A A% (Ontology) i 572 — MM 2% EIIMEE, MW I Ju s K i,
Ontology &2 MAFAE I — N RGEHIMRE BT, IO R 2B S il
B TERAARSZ BIE DR AU 2 KT, BT RALUR
[ —Fp 2 k. IR A LE Web LN S8 T i X Web ]
MBEAE, 75 W3C 3T F A S Web (5 B2 (138 S, T
S FEE P R R = R e A AR Ak

W3C Jy T S 4f i VG XM T, HEH T OWL(Web Ontology
Language)if 75>, OWL & 5 H B Ok 18 SO R JiE FIAS PR 8 37 (i 52 5
THZ—, BURMRZECFHESZ R, IR BN 5
SCHEBILAL . FLP (¥ OWL DL BRFRflt 76 Rk ey, thnl DUEHS
R IZ AR SCHEBE I E A — € I RAIE .

AT SEBLH R ML 2 BRI T 4E M, Tim Berners-Lee T~ 2001 4F 1F 3¢
T8 X WEBM(Semantic Web)o 15 X 7 4E R 2 24 5T )7 4E M 3 2, BT
¥ Internet A2 Jl— AN BRI BRI FIR A , XA KNV ZE RE 05 6 2 A AT
YEAE R, B Rl e A v 1 SOMYE A T SEAL B B UM Ak
BER.

1.1.1 HAREXKEK

HEBEI— N EEAR AU 45 € AN PRI B PRI &N, FEAR
(R AR A b e B A Wl 2 SORTAS WY o () ey i — b b 3
PUEIBEEC R . (HAE, & H 3R B ME R EniRoes gt ST A AR 5 B A
Ky FrUAEE MG 2 Web ARHEBEI N TR, A G 201 41 234
Bl ARRHERE A Z 7N . 0 T AR RN, HEE ) = EE
RTINS, RACFRIEFIAAR GG s X TAARIAT &, HEBE R4 H
T B GAFAR I EIRAIZ A P PR S0 e o) R

OWL (Web A1A1E75, Web Ontology Language) & W3C #EZE A&

1
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PR S b EAEN—FAARIIRES, AGA RS LM
Hied), ERHRE AR, RAHEEEHU S PR 6 ) A AT HERE,
CANE POV SN

B OWL i85 I3 Tl W3C I A ATE 35 FritE, i OWL
EEMRAK LBk Z . RDF #4802 OWL 55 &0, BTl
RDF [HEHAHLHIXT OWL EFKAARL, 1M OWL iS5 AR ILHAEHC
T X OWL 1S ARG T FT T LOEFRA T 4P T A X [ 13
T M A R B 5 A Ak R U — S B 4 RO

RDF & W3C 7t XML RJERl FIF A ) —Fpbnife, H T Rom it
U515 5. RDF $&H 7 —/ME R A R KR AT B R AU % . RDF 1)
PRSI FJE M UK R RIS, AR E RO R A T LAy
filt 2 AR —JC R R, IR RDF s A 28 o] DLAE g LA AT A 52 2%
5K R ML [ SR AR A D,

OWL /&M RDF bR JEER IAMRRTE T, &) DL I R A A
BEATHER, FF Hon] DUR IS AT I AR D /iR AR 2] T8, H2w
TIHIASBEXT E AT TR R I P9 AT HERE, 10— S FRAT AR AT 21 (1 S iR A B
VEAESLH o KRR, FRATVAE D6 000 AR TEAT AR B IR HEERE,  #E S A A7
10, RSB RERRPE B AT, DAL TRAT T Bk R i 75 =K

EFERI )2 HERE (KSR, AT HE RN BAT T TC T BRAT E AT
HERE . A RDF 1 OWL i 5 BIREA TS, % RDF i 5 @475,
OWL & 55 I 34T /0 #r, $& T72T OWL 1B 5 M IE &1 18 1)
HEFRRUI] o ] DASE 47 R 4E 5 tH AR rh B vk ) i

BrEA, JEid X RDF 5 ST, AT DU A OWL i 5 kT %
2, Jfid OWL S AL IS 7, $3 OWL 1H 5 1 2 (1) K e HE R
WL, 3 B BAT DA AAR AT S R HERE (1) H (1)

1.1.2  FRIR

BT X WEB PR A e, AR ok G 3 AT =
s XA HIRTE 50432 TR, HE AL 90 FEAR LK —Lk
T Al FIAARSZINE S, 40 KIF, Ontolingua, CycL, Loom, OCML,
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FLogic. K REMINAE—FRFI ] LIIET WEB IARIES, MR R
%5, W SHOE, XOL, RDF, RDF-S, OIL, DAML, DAML+OIL,
OWL. ) OWL IS, Tl W3C HEFEIARIIAIE S

AAK(Ontology) Ak e — M EIMES:, i Ak, RS
ZNAEFEYLAEE, TN TR R AR R SRR R
AR FE 0T e R (R A B TR DG AR (R aR U B o AR AR Y
THURRG R 0 N S THEHLR G2 W) B TR AR TE VL B v S ks
HE, A TRm ARG T ERANE, ATEE L RERERE P whaniiEg
AN 5, AATE S EAREHE S, RN SERaE M, A
IR FIIRR IR T2 H AT KANRER R RS FAE R %,
THENURF A ) — R E ST, ARG MBS R RS
LRl TR BARIESEME. R TR, FEMINEKR. £ agent
ARG WH RGN EEEA . Bl ER . S BRI B T
LAURAEENH, IR Z N .

VR R ———An e s A M Al B2 R REAT A R DG BRI LABE Ao S
i, s sl S AN BT AR — H & N T % i (Artificial
Intelligence, AI)FI— AN 7KIE 0 8, SRR IR 7 VA8 % 80U T4t
QIR IR 2 T R 7R DASCRPR e - AR R — P SR on HE B VA 1S g
i A S P R VR T e e e R e

P BRI VU FRBLE% A — 0 F HER IR TR, (HEREEAA
P2 TP B AR AT DG I TP i — S AR B A, RATTEW
IR ER B AE B P RN U o ey BE 47 0 45 380 B M e DR A A AR 1 2 2
RIETTIA] o

DAL, B0 AR 7 V2 I s 1 5 RN HE B S S R AN v B«

2002 4, McDermott 25 NSO H (5% AT H (1 s 1) (1) HE 2 o

2002 4F, Kowalsky 25! R H () 06] fi) B0 AP R HE L 347

2003 4£, Ruud wander Pol"? i i 1 — Pl AE U5 35 HY R FlR &
[] Dipe-R i & o

2004 £, Yuzhong QuiZEigSCHHRH T —FhERXTT Web A4kiE
(2T B I R R RS
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2004 4, Riccardo Rosatil E & SCHI ST AR IS AR R /R 7 ik 4
JIEAT TRV,

2004 4F, Tan Horrocks 25 AN H T FACT++ role absorption £72:.

2005 4, ARAIEE IR b SO0 e B oM SR Y T
T BN SR R R TV

2006 4, Seiji Koide 1 Hideaki Takeda!'®!, 7F ASWC (WFyHiE X
B0 X OWL full 5 5 1 1E [ HEBERIEAT 1 VE4H 1) e 3

2006 4F, Li % AU7H&H T 3T RDF #1 PD*i SLWHERL 5%

HHT, XA RIIT DA oA NI R, AR HEBE A 57
ORI R, B 2 T ) T-UCA R I HEBE, 6] 23 AR (RIS
B HAR > . Tan Dickinson! 24551 A BLAEWF SV IS TR KHERE, (HX A
PRARHEBUN 5 5 AN AT, 0 FEA ) — L8Rt my DL At o A
EHEBCR AR 2 R 24, (HA 28 U JEAUAA T K, T 28
WUJAE B8 7 T G i 1) 52 20 P S5 LA Sedk o« 4n Li 32 H 1) PD*302%, SR
IEAT R, IR R EAR S . ASCEE T ORBO 8%, & PD*HVL
InChelcat, FRAG T TR S AR .

1.2 A3CTAE

ARSI HT I T RDF 5 5 2RI . OWL 15 IRRE T,
SCHL T RARHER T AR . B TARQSR: g T AR B B Sk
. AR RDF 28N FEA 28 T W3C M AER R T
OWL [MRJIEH T5 ESLIERE LARXT OWL i 57 A IR TE 5 R ¢
o PEH T SUHE RN, PR S EE O AL A s AR U 1)
SEnl b, $EH T ORBO &k, JE4hH T2 ADL i filfid; SEdixf o
455 OWL FiIR (AR AT HERL .

BN, BRI

H—m FBAHAIIE 5%, R T AR R L
K HE . WFBLIR .

Hm BT MARSCE VA G IR R AR, 45 H T OWL
B R, Mg FEiE T JENA BB

i

il
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% =% [H1%¢ RDF i AR TE S OWL MHER 7, il OWL i
A REREE, $EH T OWL FHERERIN]

SV T T PD*EVEIIA R Z4b, 45 T ORBO ik,

AR W IESEIL T T OWL il A AHE BN RS

HNTE WA TAERRGS, R PR TAERT T .
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BOE AR AEMHIEFNH

2.1 AHEHNA

2.1.1 Ontology FJ5EX

Ontology ftf e — M4 EIMES, MWE 24 JEWkii, Ontology
SERMAEAEI— D RGN AR UL B, D0 IR A 2 LB SE (1) 4 5 AR 5
ENTHGES, HF45H Ontology & X[P)/& Neches 55N, SCHER[18]Ff
Ontology & XK “ 45 i BUAH ISR I BEAARTE MG R, LUSH
T LG AR T A5G Z8 ) il 1) R S 3 L 4] Y1 A0 S () R U 1R 5 L7 1993 4F,
Gruber "*I%5 Hi T Ontology (11— M AT E X, Bl “Ontology /&A% #
R B A R YE Ui B 7. J5 2K, Borst fEUEIEAL I, 251 T Ontology ¥
Gy ah—FhaE X “Ontology A& 3 22 S AL ) AL RS DA 7. Studer
SN EIR AN 8 SCHEAT TIRABIREST, A Ontology A& 3= ME S A Y 1K)
WA 1 XA LY B P o XA 5 4 J2 8 P S 8 (conceptualization)
B Tfi(explicit)s T X Ak (formal) 132 (share).

ML S FEaE i Hh % U S — 28T % (Phenomenon) ¥ AH
FMESTIAS B REAL . MRS P B I & SOBAL T FAR A BDIRAS

CHIRR T FE P AR A AT X N I 2 SRR A B ) S

“TEfb” 8 Ontology A& vHE ML 3 (REREM VT HALALEL)

“ILZ7 45 Ontology HRIIL IR & I RN AT R AN, S il 1) 2 AH DG 41
B A A4S, Bl Ontology £156F 22 BT HEAMA AL -

Ontology ) H w2 i SRAH S iR, $R-A AT R (1) AL 7]
PEAF, B 2 AU AL RRA T E, IR FZ R B A 28 gy
HOX BB ORI AR TR AH B OC &R I B e o

212 ARRVER

ARG AR BEAT T B IE, g 7 WA ARSI A
MG 75RO . Uschold 558 AAE (AN B, JF

6
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ERN D) —3erhiags TAREPIER, BIASfi(communication) . H #1E
(inter-operability)fl 2 4t £ (systems engineering).

L FENNHNSRAR S AL 2 B w3 @ )y,
2 RTEAR CAARD SRegsl b UG & BRAR (AN — 3, LR ARIE
SYAGAN [ i e SR R AZ U PR i

HARAE: B AARAE Ry P B RS AN R A T B o 5 A
PFTHZ RIHEAT RN, DLSEELEATI B A

R TR AARTT LA R TR R FVEH I8 (specification) .
(re-usability). ] FEME (reliability) S5 07 Ab o ARG B T 5 R S0 1) 75 3K A
B P AR ] DR e ) TR I =M= A R AR T
AT B et E R & RGe ) vert, B AHIAAER, 4 3 3hr— R E
BCAATRE, AT e 1 A R T S

2.1.3 Ontology HIHRIES

H BT 7E ELAA R T Ontology #6785 sl 3884 4 5P,

® FEAMES

® VB bk

® VEAMNET

® JEAMIET

SO AN PR R R B v AT R T ML 28 ) E B AL B

AJ LU B ARE kA Ontology, ] LUFIHESE . 5 X M &% 5l 12 4
TR

B EANMEEZE 90 AEARLIK, —SUIET AL AR SEINTE 55 FES2pife
U1 KIF, Ontolingua, CycL, Loom, OCML, FLogic. &3k, % Web
R, XHILT —RFIET Web AMKET, WA AIRILES,
1 SHOE, XOL, RDF, RDF-S, OIL, DAML, DAML+OIL, OWL.

(1) SHOE™!

SHOE (Simple HTML Ontology Extensions)fE 5 HTML 37 &, j&1
BT RN B THEAERIN 1) . e FHAN AT HTML [1)—2%
brid, 45 AfE HTML SCRY i AAAR . 5 XML 7742 9 1l Web |
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ALHAE S bRHES . SHOE (MBSO 2T XML, Hip, HHEK
PO IRV SHOE, EATH RAMKMBIGT I HIT 448 OWL
DAMLAOIL 1E 4 AR IR TE 5

(2) XOLP!

XOL (Ontology Exchange Language) & SRI International ) A\ T % fig
L (AIC) TR I o " o — ] B30 ) 7 SCARAR ) 5% 3L H R AEA
[l e . AT R TR 8 e TR Z R A #AAA . XOL #&¢
U258 A B AR R A e, E 8 AT DA Pl 4k o

(3) RDF, RDF-SP¥

XML 2 Mik a5, WaREHEHES, EiE XML X FEjix
RERKIAE AR 2=, IO TInasgeet iy a2 v, Bl seelac i,
W3C #&H A B Y5 IAHESE RDF(Resource Description Framework), .
L H & A 7o E WEB B &M S it — A IEAL A 284, AT
ST E A

(4) DAML-OIL™

DAML-OIL (DARPA Agent Markup plus Ontology Inference Layer) &
HT R 5 S AR B 22 BT A R R IK— il (TR 5 - DAMLAOIL (¥
AEEAE XML J RDF ARl B, X828 XML (¥8 H # B4 it T i SCM
WYL IIEE ). ) DAMLAOIL Jr s BT 5 i HISR g 3238 S L,
DAMLAOIL i E A T RDF(S) /& . RDF 1 = 041 48
n-triple, LA, DAMLAOIL (55 H AKE IR, 74 DAMLAOIL 2t
— SR IR R U 1R] (1) G 2R A R il (constraints), T L DAMLAOIL T &7
(R SCAEAA LS T LABRAR I B2 0% 0F ) 25054 B (reasoning ).

DAML-OIL #&f# 7 XML 5 RDF [#4#, I Hyx#h T RDF fiffig
fiARMER, LLF & DAML+ OIL 5 RDF (1 LE#L:

@© FARE )AL T RDF, J@PEr kg Mk, 2000 0 9% & Al LU
equivalence UL J¢ disjointness &%, FrLAn Rk 2 AWK R,

(2 Layered approach XML=>RDF(S)=>DAML+OIL.XML 5 RDF(S)
750 T DAMLAOIL, ‘BTN KR,

AU B G, ok B R R SRR
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(O DAML 1 OIL "] #i Jy fifi ik 2 4

@ WA Ontology

) FLAT BRI R S HERE ) R

@ DAMLA+OIL % B8tk LA G ZR Rk 17 ok, T il 1 9%
P .

(5) OWLE®

OWL (Web Ontology Language) f& W3C #EFE W AARIBIE 5 AR
7, AT W3C Ll ARIE SRR T (S ILE 2), BN T/ WWW
I RAT RS AR T R R AR L TE T . OWL A& 7E DAMLAOIL )5
fill b REAZ R, YE0 RDE(S)HIY RE, H IR HEE 2 il ISR
= i Rk, U B SRR . AR NPy OWL i
HUAT RN

2.14 AfEFRIE

H T W3C LARAT KT L4 H T LAE SO Web &I TRUA A,
RO A SCHRUE . R TR R, I RETHT ) 1R P 25 1R
R PR 7S o Y ) g B TR 56 [T AR R 1) Protégé ik
-, 1[5 Karlsruhe K2#11) KAON I HH[¥] OI2Modeler, £ 5 Ontobroker
TUHZH) OntoEdit A8k [F 2 Uy K27 FIB R0y P 23 2K 2% 1) OILED
o WAL, EHEH TN T AP AW AHERE ) T R, W HP A FEH)
[l ] J2EE ~ 153 1 Jena ¥ & f0 [ Karlsruhe K2% ] RDF API %%, [fil ]
Windows Fl. Net *F-& ) RDF. net. Vcsoft JF & {4

Jena 1E by B S50 5 T A I FFIRCBE YA, s ST SCI N FH R 8 (R0
EMRRRGE) A TR, W2 sEilE R IR T H L —.
Jena2 SZFF3E T RDFS M1 OWL 2518 AERE . Jena SCf—Fhif XM & i) i
7 :RDQL. Jena2 WAl — PRI )24 112 RDF Web APL. ‘& HEFE{IE Web
By RDF . IXFh3ET Web & A A SR BT 024k T LAy
RN R QPR 1. 5 SRR D3R AR 1) & B A o
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2.2 AHH#IEES OWL

2.2.1 OWLIEZHIf/N

OWL =%k Web Ontology Language, J& W3C #EF# 1115 SCH M A
PRRGRTE T IIFRE . e MR SE — e ST LA 1) — B & & PR I R s
Daml+Oil & &K1, Jrh Daml >k H 3¢ [ 1932 % DAML-Ont, Oil & 4
KRN I — Rl AR R TE T o 78 W3C R FIARMAKE SHT, OWL & T
B2, 2 s

Kl 2 OWL 7EiE S A i) 2 Ik

AR TR OWL A =AN1iEE, fMidyIRuw T

(1) 7iEH: OWL lite

fik s TP g s G AN 3 R R UM o] B g R 2 SR P o

7. SZHEFEEB (cardinality), HARVEEERCH 0 5 1,

(@) riEE: OWLdl

ik IR TR R 4 bl T R KRR RIA R -, X
IHEHE R 48 et PRAIE TF 3 5¢ 4P (computational completeness, B[} T4 il
S5V HRBENE DR UL U1 5 HH R ) IR Y€ 1 (decidability, RIFTA (R v S4B 7R
HRREIE A A SER) . EEFE T OWL WS T AL, HJE 0] PLgHAY
BITREMNZAHR T .

10
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Bl B ADNRATLLE AR A TR, ERAR AR T H
— AN

(3)FiE7: OWL full

PR : SCFRIR L T B B VIR TS H B rdf BT KRR
JERIEM . B RVFE—A ontology 7ETE X J(RDF. OWL)ii- %
R, AT AT HEBREAF ) AN RESCRE OWL full (1T feature.

Bl AN 2] DU [R IR IE V2 MR — ANME S LR M E S
AR [ R S HEBE— AN

X =B S 2 R A2

BEANEVEL I OWL lite #B 2 —ANA7A 1 OWL dl;

TG OWL dl #52 — 5721 OWL full;

BN AL OWL lite &5 1882 — M 241 OWL dl 451

BN 240 OWL dl 51852 — /M 21 OWL full 4516 .

F P A B PR 5 35 I 1) 32 2% L8 2 % OWL lite i& & OWL
dl BT H P T AR SR 2 R gyt T AR m] Rk 1
%48 OWL dl i& 2 OWL full FEHRTH P E2 KFRE FG % rdf 17T
B (e ORISR T DL SO R 7 )@ k) e OWL full
AN Z OWL dl i, HEE I SCREA nT el KA H RTie %A 5641 OWL
full FSEHL

X=MPEE S df IR 2

OWL full v LB B2 rdf

OWL lite M1 OWL full 7] LAE st —NAHRALH] rdf 9 RE: Ir
1) OWL CH4(lite, dl, full)#Bie—A> rdf SCRY; Fra 1 rdf SCRYHSE —
A~ OWL full 3CRY; KA 28 rdf SCRE— 5751 OWL lite A1 OWL dl
R

OWL 5 RDFS b, B %8R g R osge difT 79 e, $n
TR A disjointness) FEJFH(UN exactlyone). 5. EHEEM
JEPESR . B R M A R P E R RR PR ). ME$ 255 . OWL =AM TF
TE 5 418 OWL Lite. OWL DL 2 OWL Full. OWL Lite /& 4 A 464V 75 2

“RIZIRT Fe “TRILIR” ERINBR RIFA 0 8L DT RAF e HE e,

11
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1 & INE, IF A FEAH X7 88 . OWL DL [ 215 g /1 L OWL Lite Lo (1
T oneOf. hasValue. disJointWith 2551, MNXF “4EMA” BI5E 43 Fr
&), [AIIHALH] OWL DL 37 ASAA AT (R UEATAr] $E B AE A7 R IS TR] A 58 B
OWL Full [ RE 1ok, & ARVF/E Ontology "3 hnjfAliH OWL
RDFS ZAMAENE, Bk, AFELRUELEAEA F OWL Full & 7k[¥) Ontology
AT AR HE RS RE A A BRIN TR N 58 k. SEBs |, OWLDL & OWL Lite
(}97 &, 11 OWL Full W] &4/ OWL DL (U9, £ 1 FhH* S
(5B & OWL DL 1 OWL Full £ OWL Lite [5EA_F 3 nakdy @ i
(Ao JFR A AEIE B AN E 5 I, N FIE BE ) R HERE g
N TT G E %18

2.2.2 OWL [ RDF Schema %

OWL 5 RDF Schema H X & FIHFHEW T -

Class(2K): 2K5E X T HARELILFE & PR — LMk . 24 KaT LU
TRRKRMALN —MFRE MR o — W E 5 IR A
Thing, EEFIRPEITAME, e Ef OWL KLk, Hoh—
A B IHRFIRIE Nothing, & BATHEM LB, IR AER OWL K1 12K,

Rdfs:subClassOf( 1-2K): [ LAGH — AP EZ AN KT “—NRET—R
1727 IERIR KB i — N8 2 Ik 4574 (Class hierarchies). 41, 7] LA
2K Person( )28 Mammal(Wi L3I0 112 o HEBEATL v] LAY 4
RN ZE A “ N7, IBaethg—A “WFsiy”.

rdf:Property(JE1): J&PERR AL [ 8iE MAMERIEE IR R 7
h %) % @ 1 (ObjectProperty) F1 24 J 'k (DatatypeProperty) 5 2 .

Rdfs:subPropertyOf(J~ & ). it 25 th— ek 2 ARk T “ )8
e T Ab— e N B 1 B k7 @ R IR lhn, W] LA
hasSibling(f3 L 53 4 4K) & hasRelative( =) 1T @ k. ik, HEHHLAT
DAAE R — AN LL hasSibling J& 1E 5 o —AMAACHE, A e —
5E 1] LS X AMA LA hasRelative i P AH ISk .

rdfs:domain(E X35): —ANEPE I Sk HH R L & o T BLE A 11
A WER— AR AN 8 R S — ARG, FF HAZ s 1 ) e X

12



S AR RARRAIOGE S A A

BN, BAZAELIRE TIXANFE. rdfs:domain 245 T, 1%
PR A A R e LA YR, AN A 23X N T AR I A A

#£ 1 OWL Mt 57 R0 BT [ DL 3L 1 R 7~

OWL {25 #)i& 15 DL 2R &

it DL 72
intersectionOf* ¢N--NG,
unionOf* CIU...UCn
complementOf* 1C
oneof* {Xeeinx, }
allValuesFrom VP.C
someValuesFrom r.C
maxCardinality* <nP
minCardinality* > nP

OWL "' A ¥ 5 DL K &

L DL 5%
subClassOf* C c(C,
equivalentClass* C =C,
disjointWith* Cc1C,
samelndividualAs {x}={x,}
differentFrom {xntc{x,}
subPropertyOf PcP
equivalentProperty b=P
inverseOf F=P_
transtiveProperty P cP
functionalProperty Te=lF

T =iFP

InverseFunctionalProperty

rdfs:range({E4k): AN P (1 {3 Ok BRI MR L8 A~ AR T e A Jeg 8
e AR — AR AN MEA S — MRSk, JF iz v (a2

13
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A, AT IR e TS (R e 4 R R
Individual(MA): AMAGESEIG B, AR TR T LU e AR G

2.2.3 OWL FHIESNMAEM

R OWL 5 H o T-28. @k KAMKIA S RS 1.

owl:equivalentClass: 4PN/ NH A B SEMTING, e A5 B e AT T A
AR S AP mT DU R AN [ K. filtn, 28 Car nf AR U Ke 28
Automobile FISEMNAE. Hudt, HEFAHLATLIHEL . (BT Car HSEHIEE
Automobile [FJ5E4, [ Z BT,

owl:equivalentProperty: P4 & It m] AR 75 B A S50 o AH B S5 1
JEPERE AR IR B[R] — 2 H e AN Bt ] DA F Rt [R) SO e
1141, hasLeader 7] Aiji i /& hasHead 11254/ J& 1 (owl:equivalentProperty).
Pt, HEMALREHEL . R X Wi JE P hasLeader 5 Y KL, B4 X
Wil JE 7 hasHead 5 Y X, HEHIHLILREHE L : hasLeader /& hasHead
(17 J&PE, hasHead [A]I 52 hasLeader ¥ J& %

owl:sameAs: PR LU B g AH TR . XA 3] FH SR B — R A1)
fi 10 [F]— MR 245

owl:differentFrom: — M MAR LR B G MIILEAMAAE . #Hilan, 7
75 B Frank & 55 Deborah AN [A] ({14 2 J5 75 B Frank A1 Deborah [7] 24 —A>
PREY (functional BYEVEE & Z —4) EYEMERN, Wi ETE. &
I CLE 2, e W OWL (RDF )F8iE 5 I, i TIX 28l 5 WA B
W HRA DT, FrLO s A A [\ ) AR E S, it
B EHINGE B, HEBALAGEREHEH Deborah F1 Frank $5 )& A
LIRS

owl:AllDifferent: £~ owl:AllDifferent FfRi&H, FATA]LAFEH —
SERE MR AR . @10, TELH owl:AllDifferent A Frank,
Deborah, Jim AN A

owl:AllDifferent 5 owl:differentFrom AN A2 4b7E T+, owl: AllDifferent
AN 95 T Deborah 5 Jim tHJ2 ANF ) (AMXANJE Frank AN[F]T- Deborah
A Frank AS[A] 1+ Jim) .

14



L AR ARG A 2

ow1:AllDifferent [ HE S ARIIAE LK IE —ANEES XTGP B A
] FLEEA S A o X LM A ST I . 2 AT owlidistinctMembers
B FH 2R 75 B 1) 6 A 1) i 3 B S SR 1) EL P AT

2.2.4 OWL HIBHASME. BIE:L RAIZ[REE

OWL "7 — LBk & (AR AT FH LA it o0 T @ Pk A B I B .
LA

owl:inverseOf: —MMEPERTLLA UL 5 — M@ g e, ik Pl
WAk P2 (W gk, AR X JE Rt P2 CHKE] Y, WY ik Pl oG
B2 X

owl: TransitiveProperty: J& £ 1] DL B AL BB PER) . R (x, y)iefk
W JEYE P AL, (y, WELISEENE P A, AKX, 2)~2&
i J@ M P I —ANS245] . OWLLite Fl OWL DL 45t T 2% A% J@ M —
AN TR AR B A e 1 A @ 1 (superproperty) A fE A A 2K
(owl:cardinality) PRl IR EA XA F 54, OWL Lite A1 OWL DL #
WA HETE T .

owl:SymmetricProperty: J& ¥ 0] LLgE 75 B R XTRR I Wi (x, y)&
XIRRJEIE PR —ANE ], Ay, x)H2 e m—Al,

owl:FunctionalProperty: J& 'k v AR A B O A ME—{i. RI—AN @k
an SR 75 0 A o8 B JE P (owl: FunctionalProperty), #5455 TR/,
JeB 1 5 22 A —IMEL (R 0] BT AR A {E)

owl:InverseFunctionalProperty: W15 —A & PE#k 75 8 4 H s R B it
[*)(inverse functional), 4 &0 JE e R AL (1), AL Uiz s e
W& AR —DAMARR Bl 2 R —ME . XANRFAE R A PR $E
(unambiguous) & . #1140, hasIDNumber(5 43 1E 5 )t v] LL BH 4y 2 bR %L
B XHERAMEALRA R GRS, BN E R RZ — 1. H
BEAEART N B 35 A2 0 Jg M o P b, HEBEHL AT HEH - A WA R CE
Person [15CB)REA AH IR B S il o 54k, k] AHERT d - S A~ A
(Person [P SN A A1 A I B O0ES, IS4 X AN SE) K 7R [R]— AN AMAK

OWL FCVIRT PR In 2 o LA I e % 1 ] T L85 5 SR S« X

15
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R TITE owl:Restriction H{# . JCZ owl:onProperty H 45 75 8 £ WK (1]
JE o

owl:allValuesFrom: ZJ3 ow1:allValuesFrom &% & H3E H T AN
I . e IR A XA M T AR — AN R 2 R
PRI, 4n SR 28 1R SE A I X AN S PR Iy — ARG, A 55 AR AN
AMRERE A 58 N e 1% R A AR R ) — AN 5L o AHEHEREALIFAS
fe MJEPEN owl:allValuesFrom 2 HUHfE i M 2 DA —AME.

owl:someValuesFrom: ZJ3 owl:someValuesFrom &%} J& V£ H Tt
AR FE . ZARIREA B2 DM E TR .

OWL 15 7T e M BRI HEZ R . OWL (AR 4
PRAJRIAI A, A EATR N — AN @ PN T 5 e R i A ] ol
FE UL IX LAY H T AN SR S0 I w25 45 s P 25 30E S . OWL
Lite (AR PRI E R SRVFREEUE ) 0 8 1(AMEAE OWL DL Al OWL
Full HISHE SRV IR EUE AR EH)

owl:maxCardinality: 5 KIEECE AT & PG H T3 KI A .
g 3E T AR ) owlimaxCardinality 24 1, TIJEX AN AT = 5L 45
#Rm XA B R 2 — ANMEICER . B owl:maxCardinality 4 1 [1]
JoE P At Y A o) £ 28 (functional ) B ME—{E (unique) J& 7E o« AN M 5K
BB 1 AR, ERALA G H I DR 1o AN B R
FEHUEA 0 Fonize B -

owl:minCardinality: $5/NEEEUE X 8 YENY T3NSI A B . 4o
Bk AR E, SN EMN owl:minCardinality f/NEECH 1, W
XA S AT — A S A 2 I 12 Jg M 2 D — AN MR DG . X
FHRFEIENS T AR BEA L, XA PR 2 2 DA —AME ) i
OWL Lite F1, fe/NEEE(E R LVFA 0 88 Lo 0 /s iR S 0 T A4 2-
M 5 XA B PR A w1

owl:cardinality: FEECH T~ R0 Hh 3R 7 @ 1 18 FH 5 — AN R Rl B A
21 “ owl:minCardinality” }. JFH “owl:maxCardinality” A 0 835 [F]
N HA AW “owl:minCardinality” A 1 I “owl:maxCardinality” 4 1 [
(- phS

16
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2.2.5 OWL K. 3. #b

owL A7 T — AN Al BRI 1) AS B A 1]
owl:unionOf: K1 F4E,
owl:intersectionOf: FR[AHE . OWL RVFAER LA R A 1A 4
40, & EmployedPerson (Ji 1) 7] € k2K Person F128 EmployedThings
(RN A5, HA 2K EmployedThings 7] %€ X #H4 hasEmployer
(T EHIE %@ A 2K minCardinality 24 1. #EFHL AT LG G
i : L& EmployedPerson ¥ 5L #5 HA 2 /b—AN i .
owl:completmentOf: FE[J#ME.

23  AHEFRET JENA

2.3.1 JENA &SR

Jena Stk B T B 5206 = 78 UM H (o R0, T
BIEETE LMY F R SE I Java HESR S5 K, &0 RDF. RDFS. OWL $&fit |
— AR IERIAEEPS AR S H T RDF SCE RS REA T A 2E ) RDF
API, H{ 756 RDF. RDFS. OWL Xff (T XML 85D MEATEHT IR
Hrés, RDF BAIRRFEL IR 7 58, TR 280 AR A B 1) 2 T fr 4
HHL7 RS, HTX Ontology #EAT AL AIHEEAEN Ontology T &%E, HT
5 B RDQL & ifliE 5 . Jena X L4 BB 0 26 R w1 MRS T
T SRR A 5w HLHR, R B E I EH K 2 R

7EF 2 ', RDF/XML SCRSR A5 B SR I B AR AE it A bR 5 14 =, &
AL RDF/XML fi# #2851 RDF API 75 i RDF Model f7fif 75 145
BLIT A A7, i n] LIE I RDF B3 R RF S0 A7t /7 21 RDF API ¥ RDF
Model 174 £ K0 2 b I n] LU it RDF APT BB, X5 AT $dE &
5 K1) RDF Model [147f#%; RDF Model ] DL T15 BRR, (Hi2E
WG LR B S HERNL T R M Ontology T~ & 40 A i B AT 1E UL AE
] InfModel 5¢{# OntModel M SEHLE A Z ) HEr; ik RDQL X
Model [ 38 45 28— 5 (AR B 2 Ji5 {5 ] LS P 3T A8

Jena #&—/MET Java 15 I ZEHETE UMIT R T H .. BIE K

17



55 A A
Ao Jenal, AT 2000 4, CZH7 M T 10000 K. Jena2 1B T A
AN N AR, XARAE T S8R IRE, T 2003 4 8 H KA. HAE
LU R4 13000 21K

T SO HERE I T R AR IR T 5 1% 02 RDF [#l(Graph), X /&4
R H M EAE 454, — RDF EZ&H—41 = 4l (Predicate, Subject,
Object)41 ¥, P s&(Subject, Object)F)—A~JGiHIHK FR. Jena2 [FIFF/E
5¢ Graph 1E iz 0810, AR JEREILE A1t

v v

XML/RDF f# i RDF R i35 e A2l

3
v

v

WAL T B4 RDF Model Ontology 7 &5
[ |

h 4
InfModel /OntModel

v

RDOL

v

kR A

K2 Jena &4 Ao £ETE R R H I
Jenal I EoTk/e HALEE RDF E#ME T EE K H T Model 2K11)
AP, %4 1X2E API, Jenal #8477 K= LH, BFEXNEI(Model)
(12 B N VO(RDF/XML, N3, N-triple), RDF #ifi55
RDQL. ffiHix4t API, HI/"nJLUIL#EK RDF EIAAf 7R A B 2 4y
OANEAEGE (SO aREHE 2 77 XD o Jenal & # 4L T B b vy A T Ak B
DAMLAOIL ##%[] API, {Hs Jenal - ASCKF OWL.
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Jak, FERZH IR Y Tena B AL 4 % DAMLA+OIL Al
X RDF [F)3c8, DSKIEBIHEGR ) TIRE, F1 W47 DAML £ B8 2144
FPES o X T Jenal SRUCSEILERARIAME, 24 Model 281 API CL&1R
27T, TCIEFYRELSILE 2 (1) APL.

N TR YPX L ) B, Jena2 KH T HAFI R G o LLSRIE RPN G
it H br

XTI v AL 2 il R 5 (1 L B RDF 1R J5 560 IX T2 fu
VR P n] DU O gy J 24 1 Bl Al S 2 48 AN [R) 5 X ) AL B RDF
SEAEITP

fefit—7h RDF B ()8 a7 S R O X——=ocd 5 a0, FBE TR
GRFET I RN A G . X0 T RDFS 1 OWL HEERAE A H .

S pSEPR PR AL AE S NSRBI PN DGR H AR N R
GUFEFY B PO B T RE A . RDF B (1R BLT A UE BUE 1 Model APT
ifil HL 4257 i) Ontology API (/1] T- OWL, DAML+OIL, RDFS %5) (%At .
1M 7E RDF Graph [RILZ N A R VERT — oISk, B FEAA s e 2
JEBY N A7 1K = 04 DL SIS S AR B R R R B A AR I e = e CLhlndE
PR AR AR B TED -

Jena2 SZHFI3ET RDFS Al OWL 2535 UHEHL . Jena SCRF—FhiE UM £
W1 5 :RDQL. Jena2 G4 — MR ZE: 11 & RDF Web APL. ‘& figdfit
Web % iy 25 1] RDF . XL Web A ifi (15 Sk U7 20448 B ]
LUKy R G0 RN TR e 0B 1 o 3R a0 AT fig A2 Jena I LUJR I K
Tl

2.3.2 RDF MAEFREO

RDF API [f) E ZIh e FE QI AL, 5 RDF BiAL, #\HIK R RDF
Fr R,

(HBJEEMEE. 5 RDF #%: Jena HA—RFIMT7iknl LLAIE—A4
RDF B 0] LUK N A5 A 5] RDF SC/Er, i n] LU RDF SCf )
B R RBIA Ty, W 2 P, MRAH5CH RDF SCAF#RZEEENE XML
B AR R o
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*2 UL, 5 RDF i

/183 —/~4%[¥) RDF Ky

Modelmodelname = ModelFactory.createDefaultModel()
/PR AR 145 S 5 N 2] RDF 3CAF
modelname.write(system.out)

/144 RDF SCA A A5 S e B A 2

modelname.read(new InputStreamReader(inputstreamname), )

Q)R HKI R RDF #5484: Jena $41k— R FIIK /772 H 1% RDF B4
R EAE AT DR R« EEEY RDF BB, 158 nT IR Y5 Resource
[/ UR T (Universal Resource Identifier) Hiht WA F$EHL—> Resource
X154, SR AT LARI ] Resource % AR EL LRI IL P (KA O N 25
Bl R AT & € ST E(E; fiH] RDF API X RDF Fi8 H et
LCACHTRE AN TR B A 2, BRI R R DR 245 B T RDQL A fiih 5,
Al LS B — 32 1) Jena AP J7VA{E RDF B AT R A7 & 4 HF 0015 E .
%3 PR

* 3 {£ RDF B R R 5 R

//F3 4 Resource 1) UR I iZ[H] Resource % %

Resource resourcename = model.getresource(URI)

/I FH Resource X % 1145 1 51 455 & 2 A4 10045 B (— M8 )

String stringname = resourcename.getProperty(propertyname).getString ()
/M3 — IR 7 2K % RDF #

Reslterator iteratorname = model.listSubjects WithProperty (propertyname)
/MEEH Selector X % LL = JuZHVEAC K U %8 RDF LAY

Selector selectorname = new SimpleSelector(Subject, Predicate, Object)
118K J5 AT LA liststatement 5 R4y HiAH DG &5 1R

Stmtlterator interatorname = model.listStatements(selectorname)

2.3.3 RDF R RSP A7 Ak 15 R

Joit & RDF. RDFS i&& OWL, HAERZM#HEE (Subject). 18
(Predicate ). < (Object) M) —=Jud 458, BR T 15 WAF A7 fifd Bt A Y
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Ak, X R K Data 58U Ontology i nf LLE ik RDF $24E )£k
e VR AT AE B e b, FH P n] DR 4 i SR X L 5 s I H s
PE R R T 618 RDF A8 DL dE— DA AR BE . H AT, Jena %
PaE 5157 FF MySQL. Oracle fll PostgreSQL 5444, SZ¥F Linux Al
Windows XP #E RS0, A& 2 1) AR ERE IR 4 Pros.

R 4 JENA XU 2 (A #AE

/1IMEE A FE IDBC YRz

Class.forName(className);

/1B Rl 2

Conn = new DBConnection (DB URL, DB-USER, DB PASSWD, DB);
[ EARERR G, KA OWL_DLEF, AR
OntModelSpec spec=On tModelSpec. OWL-DL _MEM;
spec.setModelMaker(ModelFactory.createModelRDBMaker(conn));

/6% db_gghz AR ()

Model base = maker.createModel(’db_gghz”),

OntModel m = ModelFactory.createontologyModel(spec, base);
IFBENAARESCAE

URL ul;

ul = ClassLoader.getSystemResource(ontoFile);

m.read(ul.toString(), “RDF/XML-ABBREV*);

/BRIRAAAPE db_gghz

Model m = ModelFactory.createModelRDBMaker(conn.openModel
(“db_gghz “);

T SR B HE TS S L& [A) (1) 56 R AT 138 M2 R R
HOCHEAE TR S M HERL . Jena $RALIEE TR HEREHL (W1 RDFS
Reasoner. OWL Reasoner 55), ‘B T — M HEH IIGE, AN 7 iew]
DARR A 75 22 1 SCHEBAUN, 0 m] DA SIS FH 20 = D7 #EBE 5 |4 ] 3
7, HEBEALI TAE BR L : HEBEALA ML IR JEAX RDF — o #A
ST AT Ontology (WA A HAEFEHL, U HERAL AT DUAE st 5 4
FEHLHI BTN} 5 (Inference Graph, InfGraph), 7E Jena #', & (Graph)
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o AR AN KA 5 4

WA PR A B (ModeD, TRIMIEAAE A G (Modellnterface), A
J& ] LA ] Model API Fl1 Ontology API XJ AR A A THE/EFIALBE, AT
SEILE XZ TS SRR .

Model Factory > Ontology/ Madel API

l Find

A2 PR RLL ) A AR BT R
4
HEBLALIE AT m i AL (Reasoner)
Bind T T BindSchema( A3 )
HAR AR =LA (Data) Ontology % (Schema)

K3 HEREHLA TAERLE
234 HHETFRS

FEAER “HERRNLEM” UEEHERENLII MR, A =R =
F1 OWL Reasoner, [A]H 3 DAML . i SEHEFE AL PR 4 B0 0 &R 2
TN, LL OWL Reasoner M, EARKEHNEWER 5 .

*£5  HEEHLAYAE H (L OWL Reasoner A1)

//3REX Ontology £ 4k

Model schema = ModelLoader.loadModel(SchemaFileURI)
1R B B U i dh

Model data = ModelLoader.loadModel(DataFileURI)

18R 1 OWL L

Reasoner reasoner = ReasonerRegistry.getOWLReasoner()
ML 4R 52 Ontology £k

reasoner = reasoner.bindSchema(schema)

HTEE ML 4R A5 R B8 At

InfModel infmodel = ModelFactory.createInfModel(reasoner, data)
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Q)i FHFET A s S HEREN L. HEBEHLAG P9 382 AR — 52 i ik
LA 0 %o BRI DU) %) A e AT SRS PR 8 SR . EL AR Rl A L )
) HTRED 1 ) J5 B TRV A sCRU 5 1 5, m) B 5 2R 1) 5 i | 4
A DA ST AT A, B 1) JBE 5 1 n] LATAa A 1) JE B S 14 0 THERE
FUN), AT DU 55 22 0 SRR, AR AR H o SRR AT 2L
BERE € PHEREAL, SEBR b, Jena H 4 HERLALIN AT LLZES\ete T HAHIE
SO R B CHEE RN R HERAL A R 6 R .

R 6 HE SO HEL A 1 A H

/1B FE SCHEFR I

String rules = ” [r1: (?c eg:concatFirst ?p), (?c eg:concatSecond ?7q) -> ”
+ 7 [rlb: (7x 7c ?y) <- (?x ?p ?z) (72 7q ?y)]]”

/AR B T SCHE PR UG 55 . P AL

Reasoner reasoner = new GenericRuleReasoner(Rule.parseRules (rules))
IR B E SCHIHEPLAL G 5 4R F O R B B i Y

InfModel inf = ModelFactory.createInfModel(reasoner, rawData)

QYA =7 HEHENL. B T Jena H i HEEIALL I 2 4k Hgn]
DL AR E SC AR I HERENL, X YEHERENL AT LLS Jena HEATSE R, AT DA
T Jena 15, AR K e =7 #EHENL.

2.3.5 RDQL BHiES

RDQL J RDF I #3575 . B4R RDQL EAZIEZ frifE, HE
i RDF #E4Y) 2 $447. RDQL A VFfaf Wi ik o)Ay, &g 8,
AT U5 B B ) B T 4E . RDQL Bk 2L SQL 1B, &
1) — LB 2 o0 Al I % R s 1 A ) 1 A OR DR EL AR . iR
SQL 11 IR 28 04l J26 () B #fs P o b &y £l — 4, RDQL A RDF
Model (fLFf InfModel F1 OntModel 45) Hs A, KRS RA-AELE
— s s AT AR Y, gk 7 BoR, KIS R A R ST s
PRIBCANEE B, DI mT i e ids SR 28 NV R 4 5 P A8 B ) 1) 7
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#* 7 J RDQL S F Bz il
/R S A T )
String querystring =" Select -
EIEESERUIRIE S
Query queryname = new Query(querystring)
/1% E R H AR Model
Queryname. setSource(modelname)
/1 B AT R B
QueryExecution gename = new QueryEngine(queryname)
AT WHAT IEA7 Gl 4 2R

QueryResults resultsname = gename.exec()
2.3.6  Jena HEEERNRIMETEL

HP D5 il DM S BT 2 A SERUAS PR b (R4 RE 55—,
R PXS Java ARG, W] LA E I AHERE RN o R0 ) ik m 2 h

Rule := bare-rule

or [bare-rule]
or [ruleName :bare-rule]
bare-rule := term, ..term->hterm, ..hterm /[0 FifEEE
or term, ...term<-term, ...term /1) e HERE
hterm := term

or [bare-rule]

term := (node, node, node) /1= e R
or (node, node, functor) 1Y e = e 2
or builtin (node, ...node) /AL B s
funclor := functorName (node, ...node) 1R SC AR
node := uri-ref /%10 http://w3c.com/eg
or prefix:localname /1140 rdfitype
or ? varname 117 18 44
or 'aliteral’ 15

24



BEE AR AR SEGE F A
or number /N 7 5% 14

24 /B g

KREFEA 41 T RDF FIZ000E X OWL 1 5 I IE S 7 A P 2
BELR JENA Ak e XSS AT LA BT K I A AH G At B
WA, Oy BUJE XS OWL S5 A FE U MBI SN S0 B S BT 24t
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BB ARHER N T 5T

H=F AR IR

ARFEIE T X AAAERL . RDF 0 BLUAT OWL ¥ 5 51 it se, 4
T OWL SRR m e R HERC R, PRAIGRH T 48
A ST IR DG AR

3.1 AN A

3.1 ARARHEEFEA TR

R BRSSO, e AR SR M AL &
HERE, XA HAERIM 2 BRI 2 AT A S, Bk
THEANK . M%) 2% 2 FAg — L8R IA subclass, subProperty F)4% 3 74 DL A X6
property IIZIRUT: range, domain 55 K] — L83 SCZRR AL G I, B 4 2 1T
o, AR,

Biltn: AEASRIE 520 S R, AR S 7 2R s
JE S SEH 7

(owl:subClassOf ?child  ?parent

Rdfitype ?instance  ?child)
=>
(Rdf:type ?instance  ?parent)

n EfR, HEMRER B “ RSO TR JF B A —
T RIS I, XA, AT RO Y S5 R T 0K
SR AR A 7 RS, R IR AR

FrEE -

BRixFEATE L4 T hasFather A1 hasGrandFather [ X .

<Person rdf:ID="TOM”>

<hasFather rdf:iresource="#Jack™™>

</Person>
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PR AR AT

<Person rdf:ID="Jack>
<hasFather rdf : resource="#Mike”>
</Person>
HITGEAMEH
<Person rdf : ID="TOM">
<hasGrandFather rdf : resource="#Mike”>
</Person>
B TOM 15555 & Mike, 73X E1 2 ARl (1) —FpfE e .
PRI, A7 0 0 ARTE 5 AT 05 SO B9 780 T8 BN AAA I 4h 78
HITEE o R IUNAS I FRIBIF 7 R LA 25 5 43 38 AN el A ik A 25 R )
DU B AR BHERRAT T EEAR T AE LT 51 -
® A P RAG
® KikFHIZFRIBAL
® AKIIFLA
@ SRR ) KR
® IGIE AR B IE A

3.1.2 H A HERE ) R

M S AAR TR BB SRR — 23 D I T AN 5T -

(1) 2K (W& —SIBICRMER: HEMREK, C £ KPm—
MR, T2 K R AAE, w3 LR S i1 5¢ R AT HEPE:
FIWr— DI C 19— ASEBl; FIWHE K o C BT sesl; Filr
FE K AR T MRS Szl T A S48 2 i) R DR AR A I 5 A
BT RE SR (15451 o

(2) 2K (W& KIRRMER: 455K C M D, FBreflz iR

SN AANE IV DR

(3) TERHIMERG P REATHERL: 45K C, RIFEK T C WPTE
SRR . BEEAE K C BT B SR 1 72K

(4) R LPEER: 458 R C, FIWHE R C 78 K2R

(2.
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PR AR AT

(5) FETRVERHER: JmiE 2R (B AABIHERE, 4.
JEME—SCBIRR, R, JE IR SR AT P ] A MRS

3.1.3 RARBETRR R

SIVRHEBL IR — AN A N UL F 25 € AN RTHERPE I Al s
A 2 J7 TN FH 06 TR e (R AL, AHERE A 3 2R RS A I e SRR
I X FRIREE A, HEBE AR F 3 B T3R8 A Uz Hh (1 %0
PURIIZE ISRV FP (0 AR AT T R i o

H AR 5T T, b @48 (Description Logic), HIFJ&
TER 7R BE ) B HE B AT 2% o 2 ) A 1 i o O 3 B R T i U R
(Propositional Logics) F1—B/r151#i2 45 (First order Logic) & @Mk,
PR A i 2 O S BB N I 1 fin AT, RIA IR AZ . m—Br
)12 8 S T 3Rk el s 3 U OC (AR Sk T Y, TEVEA AL
Mg HIERLN ], EATAMRIE 5 A . 1988 45, Schmidt-Schau.B
#H 7 ALC (Attributive Concept Description Language). XEi# 5 W16
MESE S, ZIuRREN, MEMAZ. IF. #h, RRARES. £ ALC
HT RG] Tableau 5325 AT LUSE I HME RS () m] 3 A2 P 4R I HL A %
JERUAG, TRy, M R A A3 R LA Dy ml il 2 oK S 3. Tableau 507K
(1) REAEL S FE AT 3 A M AR 5 Tl — RVHE PR A T 404k . 37,
BRI . W R EH SIS 8 2y AR B An R 5%, wi
A LATS 2 S A I M, AR ISR G2 nT LI 1. )
Ah, FH— S8 T ALC I3RIE D)3 98 4= T ALCN, ALCQ, ALCF
Ak, RUE T T ALC RS,

R ZH AR E: TBox

TBox(Terminology Box)/& — /MR s (1) 4544 () A BRAE . A4

ENXANH (definition axioms)A = C: woman = human() female ;
motherOFdaughters = woman () (= lhas — child 1) (Y has — child. woman

wH R
(inclusion axioms)C, c C,: Jhas —degree.PhD < Jhas —degree.PhL;
binaryTree < node(\ (< 2edge. 1) (\VedgebinaryTree
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PR LI A=C, HHAI=CT ;

WEC cC,, MHEMNUMCIcCI;

Wi TBox T Y4 HAUCY LN AR xeT .

R 2 HREE: ABox

ABox(Assertional Box) & — Ml I T HARNARFE S 1 2 FREE

ME& Wi 5 (concept assertional)a:C;Peter:student;cat N 3 offspring.—-

8.1 5 (role assertional)R(a, b):has-friend(Peter, Mary),

filf R I=(AL, DM REA M a 23— AN J0% a€ Al

—MERE T L a: C 24 HAY apCl;

WAL R(a, b)* HAL X (ar, b) SRI;

i ABox A 2 HAU i 2 BT a€ A

AAR RS 3 F0 RAS S B U TS B ). T H, B RERIARE
PRIA AR I T P R SRR AR AR F B AN REAE A Ba ik () iR 2
XMFTR k. B, SRECAA A Ba vk i e HEBA LI JEA AT 55
FITRSR I ) R0 3 th AR IR 52 5% B AL A SR A AR R s, B SEBIL AT
e o Tl Al P — = A SRR A P 3 S . X I A A 6 P 7 1 -

1. BREL Toox HHRIME R B TERI KR, BRI RGN 1K 4%
G2t B HER) . JBYE B IR . BRI REAE . R () SR 185 55
o EHEL TS AN, DIHER I A RE PEEOR R R, AR H I
R

2. 3B Abox HRENR,  RACK UL IR AR A S SE
(M RIS IR AT S 1 A5 45, Ol A SIEA8] PRV ARG, 28 R B )0
W, IR IR T T B R SR AR R I B e, T TR ARSI e
PERCH T IREET K

TEGIANA SO AR AR P& 20T, FRATHE R — L T-3RATT
JE ARG 2 I BEA SN

— ki, — Ontology FHME®(concepts), K F(relations), PR
(functions), 2P (axioms), =4 (instances)5s L0 7T 24 .

(1) APPSR SRS, EER TR Bl —Rom RS
CLAL, AT LORAESS Thhe. AT8. ns. MRS, AR pyix
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SRR T R N R E IR
(2) AARA R R F S 2 (8] [ — S, TR ) — o ek 128
RKATE M RINZ RG], — G TFH R:C1 XC2 X...XCn XI/R

B

&,

KCl, C2, .., CnZlififEn JLKER R,

(3) HREUE—MREIRINCR, PP n AJTCEMN TR n-1 AT
FREME), BT, BB F:Cl XC2 X...XCn-1 —Cn £R,
(4) AHMTRR SR IA, WAL, RV 2, R
() B QB R A7 4 R IR B2 TR
(5) S ETRJE T M SR REA TR, RIS ST e 1 B Ak sk

"R ) P 5 1 ) 3 ST - SR A 12 U ) R PR

AR R HEA SR AT W K DY ol
part-of Bt 2 18] 70 5 AR K OC R
kind-of ME&xZ B II4EARR, RLTIKR;

instance-of W& 1S FE & 2 R R, T ZERKLZ MK R,

attribute-of F- MR 57— MR JE V.
AT TR J LR ARG 5 1 Ja -
1. Je#ebE: Wi ¢ R(inverse) o #1:
<owl:ObjectProperty rdf:ID="hasMaker">
<rdfitype rdfiresource="&owl; FunctionalProperty" />
</owl:ObjectProperty>
<owl:ObjectProperty rdf:ID="producesWine'">
<owl:inverseOf rdf:resource="#hasMaker" />
</owl:ObjectProperty>
XH, JEME producesWine F1 hasMaker HtA10KC R,
<Chardonnay rdf:ID="BancroftChardonnay">
<hasMaker rdfiresource="#Bancroft"/>

</Chardonnay>

hasMaker

BancroftChardonnay Bancroft
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ok, &A1 ol BLOH#E Y Bancroft A4 5* HY (producesWine)
BancroftChardonnay, K7~ OWL 5 W F:
<Winery rdf:ID="Bancroft">

<produces Wine rdf:resource="#BancroftChardonnay"/>
</Winery >
2. AL3# ¢ R (transitivity)
S A NS B 7RAR R I, & B MM& A XA R
—1, WFKZR BRAWEME, SRR R AR H:
<owl:ObjectProperty rdf:ID="locatedIn">
<rdfitype rdfiresource="&owl; TransitiveProperty"/>
<rdfs:domain rdf:resource="http://www.w3.0rg/2002/07/owl#Thing"/>
<rdfs:range rdf:resource="#Region"/>
</owl:ObjectProperty>
XH, & X T @M locatedln HALIHVE,
<Region rdf:ID="SantaCruzMountainsRegion">
<locatedIn rdfiresource="#CaliforniaRegion" />
</Region>
<Region rdf:ID="CaliforniaRegion">
<locatedIn rdfiresource="#USRegion" />
</Region>
oot , 3 AT A BL#HE 8 SantaCruzMountainsRegion & i/ T
(locatedIn)USRegion HL[7],
AT OWL 5 Ron k-
<Region rdf:ID="SantaCruzMountainsRegion">
<locatedIn rdfiresource="#USRegion"/>
</Region>
3. gk & (kind-of)
WA C MDD, i C” ={xx & C ML}, D ={xjx & D 5L
iy, WANMEREN x BT D, x #ET C’, WHKC A D KIS,
12 4E C=Parent(D); ¥ D 4 C HF#:&, icdfE D=Child(C). f%r:
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<owl:Class rdf:ID="Food"/>

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

<rdfs:subClassOf rdf:iresource="#Food"/>

</owl:Class>

<Wine rdf:ID="FormanChardonnay"/>

JE& T subClassOf J& ML A [ 4k K ¢ ZR OCHE 7] . Wine J& Food 1128,
1M FormanChardonnay #& Wine JE[— N2, HHAkAC R, TAlTn DLHE
i FormanChardonnay /& Food 21— ANSE4]

AT OWL ¥ 5 Ron k-

<owl:Thing rdf:about="#FormanChardonnay ">

<rdf:type rdfiresource="#Food"/>

</owl:Thing>

4. {5 R (part-of)

WE Z TR AR Z TRl R 2R, RS C 2 D I8
4y, WAE C=Part(D). fill:

<owl:Class rdf:ID="Food"/>

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

<rdfs:subClassOf rdf:iresource="#Food"/>

</owl:Class>

X H Wine 2KHL/2 Food 2K 1)—#77 . Wine 28H1 Food 827> 5
AR R AR

5. SEAH]9R A (instance-of)

RIS R LPIFIE S Z K%, E 2M& C Bspl], idfk E=
Instance(C). 1 %:

<owl:Thing rdf:ID="CentralCoastRegion" />

<owl:Thing rdf:about="#CentralCoastRegion">
<rdf:type rdf:iresource="#Region"/>

</owl:Thing>

iX 5! CentralCoastRegion & Region []—>5LH1 .

6. J& LR R (attribute-of) KA KM 2 7y — M EYE, € 2D
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@ ME, iC/E C= Attribute(D). 11:

<owl:ObjectProperty rdf:ID="hasWineDescriptor">

<rdfs:domain rdfiresource="#Wine" />

<rdfs:range rdfiresource="#WineDescriptor" />

</owl:ObjectProperty>

X W JE Pk hasWineDescriptor [ & X 3% & Wine, W L& Ut
hasWineDescriptor ;& Wine []— &,

B 2 w1, XA %,

Xt RDF )97 e -

2. AEIZARTR, 2RI T SR ESRATE ST ] I\ — BB 7 R
BN N E RGBS LB B TEA) . RDF #EREA 51N T 2R
M.

] FRZ5K . B S F1E 4% RDF [, WAL S BT SR 2
E, WFRS 54k Eo RIS (9RF—MEALRIIN B2 B AR, K S
] FLZE0 T E.

2RI . A PR SO B I EARR A ] R P A A
R B URRAE T BB AL HTE 2R E X, b T S E S
FUNLE R FE 7 o] DAASHERE . 76 RDF 1, XS8R (0 JEA T A0 an it
RDF 405 7 LB U = o4, AT DURR 9 26 0 AL U 7E RDF 1 A in
N V) = T2 RDF 1 SCHIL T ek 26 IR ) 32222 93 Ay 67 B 260 ),
RDF Zi i LU A1 RDFS ZEi ) = K2

* 8, %9, K 10 73745t T RDF ZiIR ), RDFS Z& i #L W A1 RDF
FEATLI 9™ R o

7 8 RDF Z i

MR | R E A s n

rdfl upy a rdf:type rdf:Property
_n rdfitype rdf: XMLLiteral

rdf2 upl S R 1g S 1B A 4 AR
5
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%9 RDFS Z8 5 )

M rR | Wk E Ay WS n
rdfsl upl _:nnn rdfitype rdfs:Literal

p rdfs:domain x
rdfs2 u rdfitype x

upy

rdfs:range x v rdfitype x

rdfs3 P s P

upv
rdfs4a upx u rdf:type rdfs:Resource .
rdfs4b Xpu u rdf:type rdfs:Resource

dss a rdfs:subPropertyOf b a rdfs:subPropertyOf c

rdfs

b rdfs:subPropertyOf ¢

X
rdfs6 Py xby

a rdfs:subPropertyOf b

X rdfs:subClassOf
rdfs7 x rdfitype rdfs:Class
rdfs:Resource

x rdfs:subClassOf'y
rdfs8 x rdfs:subClassOf z

y rdfs:subClassOf z

x rdfs:subClassOf'y
rdfs9 ardfitype y

a rdfitype x
rdfs10 u rdf:type rdfs:Class u rdfs:subClassOf u

u rdfs:subClassOf v
rdfs11 u rdfs:subClassOf x

v rdfs:subClassOf x

diso u rdfitype rdfs:Container | u rdfs:subPropertyOf

rdfs

MembershipProperty rdfs:member
rdfs13 u rdfitype rdfs:Datatype u rdfs:subClassOf rdfs:Literal
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# 10 RDF FEAMIN Y &

M4 | R E B A WS n
Ig vpl leL vpbl
gl v p bl lel vpl
rdfl VpW P type Property
rdf2-D v pl [=(s, a)e L+D | bltypea
rdfsl v pl lelp bl type Literal
p domain u
rdfs2 vVpw v type u
VpWw
p range u
rdfs3 weUUB w type u
Vp W
rdfs4a Vpw v type Resource
rdfs4b VpW weUUB w type Resource
v subPropertyOf w
rdfs5 v subPropertyOf u
w subPropertyOf u
rdfs6 v type Property v subPropertyOf v
subPropertyOf
rdfs7x P peryd geUUB vVqw
Vp W
v subClassOf
rdfs8 v type Class
Resource
v subClassOf w
rdfs9 u type w
utype v
rdfs10 v type Class v subClassOf v
v subClassOf w
rdfs11 v subClassOf u
w subClassOf u
v type Container- v subPropertyOf
rdfs12
MembershipProperty member
v subClassOf
rdfs13 v type Datatype

Literal
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3.2 Xt RDF #UK 5 R

D* gk PSS T o0 T O S 2R 2L 1 e D o) Hiedi o)
(¥ f0 & #fE B (F) RDFS 4k & P¥ . 5t D A 55 b v S0 28 Y
rdf:XMLLiteral, A2 D*4R7K5E 4151 RDFS k7K. EKHIZSH D*4RK 1)
HBR . AEIXAN R R rdf (1 HTEE B 200, 41 URI rdfitype. 1X L840
W Eeh s ST RDFS (1) 18 ANMALR, A rdf2 Al rdfs7 A
SR MU rdfs7x I T SCHR[36] RISCER[3 7] B — MR Rl
rdfs7 HIANEAET, B L7 AR — R AR IR 5 7 BN FH 5l RDF =c4l
(177 1 45 5 () RDF = 02, X8 R A A, R0 rdf2 AR T S0
[FIREI rdf2-D . USE & FHBT I 2% F 42 10 BL 200, BL S AQREAS 4%
Mo HFEUU LG 73 fc. 7ERE) rdfst . bl gl 2 Be i — AN H 4 R

D[4k A& L D 4k& 55 B, fldn. 56 F XML £ E¥E KA
xsd:boolean, —Jt#l ap true, ap false , b type Boolean H D ZkAHEH
—Jt4l(apb), {HJE, XA D* gksK.

pD* QRIS 7ESCHR (36, 37] 8k 41 OWL k& K28 S 4k /241
TEZR 10 T 18 /> DGk AL FR3E N 73 11 ) 23 A~ P k&IN5,
SEE T pD* gk . FRYE rdfpl5 #b, XF someValuesFrom &4 & — H14k
AKI, YA rdf-svx, SRAARIIEA RN rdfpl6 Y allValuesFrom. XA
B TR a4 s R BT D R 4hR88 . 78 pD*iE X, f—
P S EAR v differentFrom w Al v sameAs w AN = e 1, il
A& v disjointWith w, utype v, utypew ——=JC4 3.

3.3 X} OWL iE T —L8 5 %80 PR i &8 1 i 43
OWL ifi 5 /275 RDF b SRR, BT LAFST RDF (125 0 FH 4% 2K
WS AT OWL 8 F WHEBREA R R B . 7258 — & rh, IRAI4AH
T OWL MM 51 BFANT0 WA AN () RDF 6 .
AR LR OWL MG H T, X545 HILE W OWL K& 1k
(A EEEAE )

1. owl:sameAs
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<Wine rdf:ID="MikesFavoriteWine>

<owl:sameAs rdfiresource="#StGenevieveTexasWhite"/>

</Wine>

TEIXA) T IR AT AT A5 br i Lo AT IATT TP e T i 21 1) el 2
Mike XX —FEE A . sameAs B0 SIS 84 (1) 22 AN [
SRR E SCHI AT ISR, A G — IS AR 0

HIXFET R TN . OWL A7 A PRME— X — g « Y
L FRANFFEAS EIRAT X AN 24 PR R 2 AN ] A

FE_LT A7, AR PN BARAN R 1) 42 Bt — Sk s . H
e AHERXFR RGN, A T RESATHERL . JRLEn] BEM ok 8
PEPAF I R . R0 hasMaker J& — M eR AR @ 1, 54 47
A—rE P R

<owl:Thing rdf:about="#BancroftChardonnay">

<hasMaker rdfiresource="#Bancroft"/>

<hasMaker rdf:resource="#Beringer"/>

</owl:Thing>

BRAEFAFRATTAAA oh (I E AR R EPh S, AN IR IR IX A R34 2 ¥
HRI, E W Bancroft Al Beringer S AH [A] (K44 .

HI OWL i 5 & /m i F

<Winery rdf:ID="Beringer">

<owl:sameAs rdfiresource="#Beringer"/>

</ Winery>

FEARICH, RT A ERIAE, FATN L 58 4 Emii, By DURSE L
MR AR, FdlIgs

RSB g P AE N 1 FIFRH)JE P minCardinality, Y)AAH—A>
LB P EYER 2 MAFIME T1, T2, WHEH: T1 R T2 A4 sameAs
JEtt.

2. owl:intersectionOf

<owl:Class rdf:ID="WhiteWine">

<owl:intersectionOf rdf:parseType="Collection">
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<owl:Class rdf:about="#Wine" />
<owl:Restriction>
<owl:onProperty rdf:resource="#hasColor" />
<owl:hasValue rdf:iresource="#White" />
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
i AR A A AL 3 (0 2 B AT H AT I 21 1 B A 8k TP D E SO
fBhe SEI R G 58 A i L A S R AR U B I . LI 75 A) Ui W] WhiteWine
Pe Ut 228 Wine 5 T A B0 2 H O W AR S A2 45 « XU AT 2R
H—FY2atnift B2, A et WhiteWine H)52]. Wil
AR SCRATT I RESRNIE A 246 0 2 i 4 WO Hog B, B2
SRALRFARIZRE T o XA BEAT 73 2K 0 5ty ) TR .
<owl:Class rdf:about="#Burgundy">
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#Wine" />
<owl:Restriction>
<owl:onProperty rdf:resource="#locatedIn" />
<owl:hasValue rdfiresource="#BourgogneRegion" />
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
FEIX AT LT Burgundy 8. XNRG S TR /D —A>
locatedIn K&, MR X — 3¢ R X EEHE R 2] Bourgogne HbIX (155 % 119 »
ARFATT 0T LU B — AN 2% ThingsFromBourgogneRegion, Ff H.#1%
XK fE & owlintersectionOf %5 ¥ & 1 K H . (H B A&
ThingsFromBourgogneRegion AN FiAA H g Ak, F 1 1) 7 B 5k {245 58 o
R VAT, JF HIX— A AT ZERATE AR 44 k.
<owl:Class rdf:ID="WhiteBurgundy">

<owl:intersectionOf rdf:parseType="Collection">
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<owl:Class rdf:about="#Burgundy" />
<owl:Class rdf:about="#WhiteWine" />
</owl:intersectionOf>
</owl:Class>

73, WhiteBurgundy & Burgundy 1 WhiteWine 224, F LA
WhiteBurgundy 25 .4 Burgundy 1 WhiteWine [¥]J& 1. FTLL, 1R%E 5
[F)4E H WhiteBurgundy Hf5 hasColor J&YE, DIHAEN White. F1HA
locatedIn J&1'E, VJIAE & BourgogneRegion.

R B R, A1z

WERSEHI T/ CT A C2 At W T HAT C1 A C2 gtk

3. someValuesFrom #1 allValuesFrom

TATCAE KT —Fh PRI B MR T R KRB 7k . BB R
1E, AT UFA AL L 4 SR (global), - PR A IX LEATLHI#R 25 W H 21 &
PEI BT S o T T R BRI AN S8 PEBR HIALH],  allValuesFrom 55
someValuesFrom, & JE#BMI(local), B MXANAERL & EAT TR 1K) & X
HE AR

owl:allValuesFrom J& 1 PRI : X T-5F— NG F5 58 Ji8 1t 52451 (1) 28
SER, % JE PEIE A 0E B owl:allValuesFrom M) F8 2 IS Al 0 .

<owl:Class rdf:ID="Wine">
<rdfs:subClassOf rdfiresource="&food; PotableLiquid" />

<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasMaker" />
<owl:allValuesFrom rdf:resource="#Winery" />

</owl:Restriction>

</rdfs:subClassOf>

</owl:Class>

Wine [1] ]38 7 24 202 Winery. allValuesFrom PR HI{ AN N FHZE Wine
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[¥) hasMaker J&VE b Cheese [1)Hilit i H: AN 323X — Rl BRI 2 3
owl:someValuesFrom PRl 5 2 AL 752 EAME 7o, dn R 3ATH
owl:someValuesFrom %t owl:allValuesFrom, Mt E Mk £ /0H —4
Wine 2545 1) hasMaker J& 1 4245 18] —> Winery 2R 1M .
<owl:Class rdf:ID="Wine">
<rdfs:subClassOf rdfiresource="&food; PotableLiquid" />
<rdfs:subClassOf>

<owl:Restriction>

<owl:onProperty rdf:resource="#hasMaker" />
<owl:someValuesFrom rdf:iresource="#Winery" />
</owl:Restriction>

</rdfs:subClassOf>

</owl:Class>
T A B o) T X TR (R A [l AP f 1l 55 A7 AR B[R] R AN R . n
11 P
2 11 allValuesFrom F1 someValuesFrom {757 X

allValuesFrom TP A AW, RN TG R, AR
AR RS ERI)

someValuesFrom XTI A A, e AT A AN I R
MR .

A AR — PP 40— A — MG R . R e sl —4
R ANHIE R, A IXLLHIE i I L BRI . R Bk b
NI IR ), (EE T LA IR ) B R

<Wine rdf:ID="SelaksIce Wine">

<hasMaker rdfiresource="#Selaks"/>

</Wine>

4, SelakslceWine J&—#f wine, wine [} hasMaker J&:#K H
Winery, T SelakslceWine [1) hasMaker ;& Selaks. FTLL, FRATTIRZE ST
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BT AHER A 5

HEH Selaks #& Winery []—4N5E41 .

ErindArE 3 A g5

3T OWL IR JLAS e P i fij 5

HERE, T EPA]ZE e 4 OWL s PR HERERL I, HAACHE PR R

N 12 fros.
K12 48 OWL A& P A0 HEE
M4 | R E B At s n
rdfpl p type | vEUUB v sameAs w
FunctionalProperty
upv
upw
rdfp2 p type Inverse u sameAs v
FunctionalProperty
upw
VpwW
rdfp3 p type | wEUUB wWpV
SymmetricProperty
VpwW
rdfp4 p type upw
TransitiveProperty
upv
VpwW
rdfpSa Vp W v sameAs v
rdfpSb Vp W weUUB w sameAs w
rdfp6 v sameAs w weUUB w sameAs v
rdfp7 u sameAs v u sameAs w
v sameAs w
rdfp8ax | p inverseOf q w, qEUUB |wqvV
VpwW
rdfp8bx | p inverseOf q weUUB wWpV
vVqw
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M4 | Rk E i s n
rdfp9 v type Class v subClassOf w
v sameAs w
rdfp10 p type Property p subPropertyOf q
p sameAs q
rdfpl1 upv veEUUB wpv
u sameAs u’
v sameAs v’
rdfpl2a | v equivalentClass w v subClassOf w
rdfp12b | v equivalentClass w weUUB w subClassOf v
rdfpl2¢c | v subClassOf w v equivalentClass w
w subClassOf v
rdfpl3a | v equivalentProperty w v subPropertyOf w
rdfp13b | v equivalentProperty w | wEUUB w subPropertyOf v
rdfp13c | v subPropertyOf w v
w subPropertyOf v equivalentProperty
w
rdfpl4a | v hasValue w u type v
v onProperty p
upw
rdfp14bx | v hasValue w pEUUB upw
v onProperty p
utype v
rdfpl5 v someValuesFrom w u type v

v onProperty p
upx

X type w
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M4 | R E B At s n
rdfpl6a | v allValuesFrom w x€EUUB X type w
v onProperty p
u type v
upx
Rdfpl6b | v allValuesFrom w w subtype u
v onProperty p
p range u
rdfpl7 u disjointWith v u’ disjointWith v’
u’subClassOf u
v’subClassOf v
rdfpl8a | u complementOf v v complementOf u
rdfp18b | u complementOf v v disjointWith u

Horp, U # 7K URI references 84, B R HSE A

34

g

fERX—FH, FA170 4 T RDF Z8 B0, FFE9T 7 OWL i 5 i
TN, R PEANSE A T 5 RDF AR O, BERT
OWL X LEIEARL G @ L, St eI M HEHICR, 2 T

[ HE LA o
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VU ORBO Hi:

#V1E ORBO &

HRYE AR FRE R T, A AR OWL SO R R, T
OWL SCAEN XML 3CRY, 2 — M TR IS, B REAN45 e —
XML 45 50), @S8R B RRANRFRAME LB KR K
I, B OWL TR AT LLR IR A — M B 5 M RPIRAS S TR XFE—2K,
BT 8 (O e 45 R HE B ARV mT DA Y BACAR R HERE Aok,
Baarder®145 A1 H! /) Structural Subsumption 43%; Ian Horrocks %5 A\
Hi i) Role absorption B2, 2006 4, Li % A H T LT RDF Al
PD*if SCHERE S0, 2SR S TN AR I HERE,  H P [R) 55 2% J
W . I Li FEVERIA L, AJCHEH T ORBO &%k, X Li
SR T OO, FRAS T IR S 2R .

4.1 LiZT RDF fl PD*E X

41.1 LiZEENE

2006 4, Li%E A W7 42 T —Fp3E T RDF M1 PD*E S IE ] 43
Bk PD* L . 2 5EN R AR 2
BTG A BT A A fk 2 2% o
A RDF K G ffirf A X =74l
AR GEEINS
SHRRACHIIN, WG e A G — AR b & o SR R iy
P B Ja kAR = AR ) =T AR VLS, A4 X AN EIE FH 2K G H,
s B e e A AL

5. BTN ZTeL AR, G

XL T T RDF MU A T, 454 741 sesame
VR PD*iE SRR B8 HI .

FEXAE LA, 4602 DR BOE T B G R, a2 10,
BT AR I T — UAEA R P2 A R = e A S — SR =4l
VCRECRTHE, MR psh, WIZARTE G kB e e, WA MR

AW N =
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RERZVLHAC, X2 RN I 58 st i iy EUINBI I G wh e 2800k, M
) rdfs2 fid A, AR Jo B RAE SR SR 21 =4, g ZRDM
A= u AN RTRILAC . RS, WA G LR =Jo A i —A
A $ e LUK AN SR UL A I = o 4bRe At 458 —ocdl, Pra ik eem =
JUS R AR B, iy HAE S AN 2598 S, 4 rdfs2 fid A AR
Hac kT FEA.

A AR L, AR A A W HE R U 1A R Kkl
Tl A . FATRT LU, XA SR 4 RORHE BRI e A g EA T DL
Me, R4l ROnHE B R RTS 22— DLRC, D0 A AR 2 K R S VL fic
(RIFCA S i, WORAHR AR, WIHE 458 .

4.12 LiHEMARE

B —ANIE A L, AR ) T 5 AT S5 s ke
TRl o ARBT R A,  ESRLRART EE CAR R B B A . T L, %
SRR G5 O R IR R R AT I, LB A 45 ORI HERE R
WA — 45 AR UTHL,  WUAR R RO U) () i S A S LAt &5 OB T VS, I 7R 2%
RZ AR, ok B ARk S ah, R 4 mi FIRE 4%
FEE ) P B A R OC R A ATUC L . FRATTH RS, o SN )
[R5 — R HERIOC R AN AL ,  JUDX AN HEBE A DU A 25 Bl 12

BEXT BT BN PN R, FRATTE B NGS AU, 0 B R
B AHMEEOC RIS L, W, WAk S 12 4% A0 A
JE HEREOC R AT L, RS FH G 4% I 1 3 2 HERE G R AR AN
g T UCHC o 6 T8 A 1 &5 A, FRATIGRSEFH PD* S AR, IXHE,
A DA IR A 5 AR AT ER T, 1548 T FIR], $een TR, FRK
IS R] A2 R B

4.2 ORBO &

4.2.1 HERFEA RS
FETFLLEMI5 0T, AL T ORBO 35, S b (A /2 b LA
fRpR, STV RA AR R
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1. WIEATTA ROUAE A fid A 4 o

2. 2N\ RDF & G fFTf HE =04

3. K G FAE X = 85 mOB, FEINBAS L .

4. % L o RS2 5, AU T e 2 5 R A ) B — AN
%R R ARILAL .

WS, UK ) 12 25 R 12 A HE B U PR i 4 HE B OC 2R T (1) T4
SAREEAIT, WA SE AN, WHEH 4518, FRAIWRL IR g R
CVAAE L AR, WA, WPRRE ™ AR 1) 45 s —ANBr Az L1
UNRANASERIUCHL, 2k S ) 2 A5 R AR 1R — 4R BN (1 38— 4% K
ENINIGE

WAL, WA — S HERN)

5. WIHAK IR VT EC 25 sSSP REAN 45 55, B2 54 L i 4l
ks

6. % L1 J1i¥ 4 siiz H PD*5%

R 145 H ORBO H% M) ADL 75 ik

4.2.2 ¥k ORBO [ ADL it

%% ORBO(G. P)

// G 37~ ROF IR A A g L —=Jodl. P RRHEEEAEE . D J& RDF
K G i — AN =Jed g . 00 ARV 23508 =02 45 A R object T,
attribute JAFl value Wi, D K7 A (0 A V) o PLi][j]RARHERIR L+
51 AMMEENES §NERECR . TO, PLIILGD AW DO A V)21
APLiT[JIUERC. DPL1, j13& D &l M) PLi] (G119 20 = a4 rie n
FORHE A A, HEBERUA 2580 mli] o5 1 ARHMERNA m 4%
HEHIC R L) FRBII LR k Ao, BIEE k AN —Judl 4 i,

C1(D, PLi]) [X5E 1 4NN § 430 R AT AT

j < 1.

WHILE j<m[i] DO

(

j <= j+1.

D <- DP[i, j].
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IF T(D, P[iJ[j]) THEN
ELSE END
)

R(D).//RG) KRS 1 SHEB AR BOFT i) =04 45 A
LIR@)). // L1RA)) F7RIE=J0Z 45 5 RIS L1 .

C2(D) DX 28 1 4RHfE 3R I EAT 41 7 ]
i< 1.

WHILE i<n DO

(

j <= 1.

IF T(D,P[i][j]) THEN

(

C1(,PLi][jD).

i <= i+l.

)

ELSE i <- i+l.

)

C3(G) [XF 1 G k]

LG(G). //LG(G) Fam¥ B G & U A BAAI L s
k <~ 1.

WHILE P1 # nullDO // P1 R/n$R1HBAF L 12411 70 2 K FR4ET .

(

C2(L(k)).

k <= k+1.

)

PD(LL). A

45097 ORBO A an 1] 4 P
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A

PR i,

(1>

T

i+1
gk

b= = VAN

UL

> TR

it a5t

UL

K 4 &% ORBO [RI AL K]

ORBO 5k B8l 4, Epi-Fisr, 45 iz A
B, AR ES RUE A BR, BT, Bl ESE WG fE
Jatsy, SRAT PDRIEIRA HIEE, {E3CR[17]T &bl 15
B R, Kk, ORBO —ES4 W,

BRI IER M R D& uE B TR EE— 8 A A BRI ] A 450
ZSE BT RN F SR AW, BT L, AR RTR AN 2 s LT, a2
TEHMES AR SR 1), TSR T2 1, B ami—E Rt gl
Wo B, — &5 D1 FMHEREAI rdfpl5 28— SRHEREC RINATIR v
someValuesFrom w ULHC, B ESTESS EH A rdfpl5 FIHAB I R
VLRGN &S i, BRI ATBULEC, 8510 sl 78 WA VUL I HEBEOC &R, W
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G RONZ AR AR T 45 0, Ak Sl B — SRR

FER I A% J5 T, ORBO HiJ KA T WHILE f§3kiEfy, BT
RGN, AEREH ™ AL 1) 4 SN 4R 27 ] PD*RE I HERE . (X1, ORBO
LRI TR B . O (KMN+KIMY) , i) PD*5y0:a gk i Sk ) 1]
SRR Ny O ((K+HKDMY). Horr, KA1 K1 251 RE G b g4 tisom
B4 A M AN 2 s AR R MBI, 4 B 3
ZH N 4K FR. AT LUIR 2% 5 1) %F i) 18] 52 2% & HE AT L 5%
O (KMN+K1M) <O ((K+K1D)™MY) o fr ATRATTHEH ) ORBO 5% %E LK PD*
R STESK (REARI ]

BT 32833 FRgHEREEN, A1 3.4 TR HEREEE,  FRATTE AT BAXY
AARATH RS T

4.3  HIXLH
IS - BOAHR ) OWL AR, 6 SEIAIMREAT B LW

<owl:Class rdf:about="#animal"> //5€ X animalZ
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#eats"/>
<owl:someValuesFrom>
<owl:Class rdf:about="http://www.w3.0rg/2002/07/owl#Thing"/>
</owl:someValuesFrom>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:Class rdf:about="#person"> /15 X personk
<rdfs:subClassOf>
<owl:Class rdf:about="#animal"/>
</rdfs:subClassOf>
</owl:Class>

<owl:Class rdf:about="#man"> /15E X man
<owl:equivalentClass>
<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
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<owl:Class rdf:about="#person"/>
<owl:Class rdf:about="#male"/>
<owl:Class rdf:about="#adult"/>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#eats"/>
<owl:allValuesFrom>
<owl:Class rdf:about="http://www.w3.0rg/2002/07/owl#Food"/>
</owl:allValuesFrom>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:ObjectProperty rdf:about="#eats"> /17 X eats)E@ P
<owl:inverseOf rdfiresource="#eaten by"/>
<rdfs:domain>
<owl:Class rdf:about="#animal"/>
</rdfs:domain>
</owl:ObjectProperty>

AT AT 45t AR AR D AR, ) ORBO i
TR, BATHEEE B RS 2R (R 13 FR).
% 13 B rdfpl A1 rdfpl5

rdfpl p type | ve UUB v sameAs w
FunctionalProperty
upv

upw

rdfpl5 v someValuesFrom w u type v
v onProperty p

upx

X type w

SE TR ER IR 20— SRR T da P, s AT 1 AR
I, BRI A3 B AR 45 B doAe, i it 28 — SR BE 3k 4T
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FIWro TR S, e O AR M 2R T U4 .

MIZATRIE 15 25000 rdfpl5 I, (animal someValuesFrom #Thing) /1
rdfp15 Hi$e v someValuesFrom w VLHL, Pk, SEFFLARHIWT rdfpls 15
TAMEFER R v onProperty p, (animal onProperty eats) 1 rdfp15 [ 55 4k
HHOC R ALILHD, MgRa W el = MEBICR up x, HBI—EA, 20K,
B =JudH (2 eats ?y), X HLF] T 455 (man eats #Thing), =5 —
AHERIR R WAF RN, ARELE VY5 (x type w), SBPUSCHT IR 220K
#Thing J& T#Thing, 1XH#Thing I JE T H L, FrLAGkEhlr, KoA%R
HIRIRAERIR R, It DAZ A HEBL A 2030 2, A= pHEBES5 12, (man type
animal). 2K J5 Y5 Il(man type animal) 2l A4 F gt o

44 B %

ARFE LT Li A5 AU BE T RDF A1 PD*iTE S HERR VAT
A, #H T ORBO 5%, 43t T ORBO SEAMTEAfIR, JHil it Sl
TR R PR Sl R
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FAE ET OWL E=HLHEE Fs2

FEAF R, FATPRARYE £ O HER R, SEEL— AT OWL
ST RFER AR o 45 0E (A RN 2B R, 2B Ra I AE
S8 SCMURE BT A SRS R oK, 25 BT (8 3 58 38 (K AR 4

5.1  RHERERAMLI

511 S FEATE
KR RGEMEIE 68 Win32 ‘¥4, JFk T HKN HP A+ JENA
HIIT KRS, JAVA 9wiFi05s .,

512 AREGHEZ

KRG T AEFHEBR 2> ST %, Ll e REE,
R T AR RN AL A s AN R . USRI R 48 n] DU 2 A4k
122 HE RN A2 K N

AR R FFE T Z 5 N LU LA RR:

1) A OWL ST AHER ) B ST

2) XK OWL AAARN H] ORBO SykbATHERE, S HIAAT R

Btk an iy, A ZIA R
3) KA OWL AR S A7A B4 0 S0

52 HERER

521 HEEIMNERE

SETARHERALE], 5 B, IR AR
= R AR (R R A S, LASCA S IE A RS S5,
VRGP FA 1R T A AR B 440 B8 (O HERE 2R 48, FTLA,
FRATT AT DA A ) AR A B TR

5.2.2 HEERGERS
LR PSR AN S, il s Bros. R R AR AR
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B BT OWL 15 5 U HERE s B
(OWL &) F BT B4 H I HERE RN AR . X, A2 N W3C L
B FH I people+pets.owl 4K, CARIRK, (HEMHRZ HE,
FERFFEAARHERE LAy F A AR HERE RN 45K F FRATT4E L 25

HY R e SRR o
(=1E
BEAFEEENRE. | 5m
FEAFEEREES. | "
® R

I 5 S ER G T
2. B, T ORBO SvkScBIN S & AT, i 6
s
3. 443 B I A A7 B S8 2 SCPEOWL B2
SSCRE,  JRAT T 1T LA 5 7 A 1 SR A7 5 UM SO 4%, DA
9778 o6 JE S
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SIE T OWL 1 5 FUU HER A S

=13
RIEEEMAE R, || aoow
SEERER Tt g nRGY & g =] alow
S
i ,

K 6 dEAT R
53 X W

5.3.1 ORBO H:H PD*HEIERIXT L

TXHL, FRATDO 4P S 2R 48 1K 5243 70K ORBO 41 Li [¥) PD*
=R

1. BEANPIAR: F-ATT#RAE H W3C HEFZ P peopletpets.owl A4A, HE
PH RN )R FH AR ST 25 H IR HE BN 4

R A BRI E I e — LA E g ek, HAEE
THERLEE R, FEAR 3

IEATIN ] FATD AN RIE e AT 1 =k, HAag AT I 23 5 A -

DORBO #ik: 43 %, 447, 448

@PD*H%L: 5.1 80, 5.0 %, 514

2. BEAIAE: TATHALTH W3C #EFE ) wine.owl A&, HERL R
AR AR K AR ST 25 H BN 4

RO A BRI B R I e — LA E g ek, HAE
THERLEE R, AR —E
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BAE ST OWL i 2 MU 1 520

IBATIS ) FRATTRT PRI 2 BISAT T =k, FLag AT I A 23 A -

(MORBO Hik: 7.8, 8.0%, 7.7%

@PD*#i%: 8.8 ), 8.6, 8.9

3. BEANBIAAR: FRATTEME ] W3C HEFEHT wine.ow] A4,  HEFEHI
EENUKHH JENA 47 1) OWL HLU4E owlrules.

s R BRISRB MR & — SRR s sah,
THEPREE L, A —FL.

IBATIS ) FRATIRT PR AR A BIBAT T =k, FLag AT I a3 A -

OORBO Hik: 135, 13.6 >, 13.6

@PD*H%: 16310, 16.7%, 1631

XF L AR VR B AT I R, sk 13 R

14 WAEIRIZAT I R R L

BT (8] ORBO £k (F) PD*SE (B2
1 43 5.1
4.4 5.0
4.4 5.1
2 7.8 8.8
8.0 8.6
7.7 8.9
3 13.5 16.3
13.6 16.7
14.0 16.3

TSI B R R B XA [R] B AR FIAS ] (R HE B AE , AL
HES A4 B AR —5 ., 7EisAT R E) |, ORBO SL#IEL PD* 5L
FHEI ] 2 o 244 BRI AE (K U %2, ORBO 53 H () i 1] LE PD*
B BT ) s Ta) /D ) ek 2
5.3.2  HEIEETEAA SO IR

TRA T H A BT (R A AR ST RN HE B S (AR SO L, B R
HIIBAT 45 R GERARIE), Ik 14 Fin.
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RARTET 2 ANRAEHERLFTAHERE S AR, JRATTAT LA 3.
* 15 HEHHT A XS B GRR 204KA)

HEBHL A - PG
<owl:Class rdf:about="#cat_owner"> <owl:Class

<rdfs:label>cat owner</rdfs:label>
<rdfs:comment><![CDATA[]]></rdfs:comment>
<owl:equivalentClass>
<owl:Class>
<owl:intersectionOf
rdf:parseType="Collection">
<owl:Class rdf:about="#person"/>
<owl:Restriction>
<owl:onProperty rdf:resource="#has pet"/>
<owl:someValuesFrom>
<owl:Class rdf:about="#cat"/>
</owl:someValuesFrom>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
</owl:Class>

rdf:ID="cat_owner">
<rdfs:subClassOf
rdfiresource="#cat_liker"/
>
<rdfs:subClassOf>
<owl:Class
rdf:about="#pet_owner"/>
</rdfs:subClassOf>
</owl:Class>

<owl:Class rdf:about="#sheep">
<rdfs:label>sheep</rdfs:label>
<rdfs:comment><![CDATA[]]></rdfs:comment>
<rdfs:subClassOf>
<owl:Class rdf:about="#animal"/>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#eats"/>
<owl:allValuesFrom>
<owl:Class rdf:about="#grass"/>
</owl:allValuesFrom>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:Class
rdf:ID="sheep">
<rdfs:subClassOf
rdfiresource="#vegetarian
"
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty>
<owl:ObjectProperty
rdf:about="#eats"/>
</owl:onProperty>
<owl:allValuesFrom
rdf:iresource="#grass"/>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

(1)cat_owner FRAEHERLFT & XN : OQUWIRAE pets JE@E, HE pets J&PE
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B AEKH cat X5 @2 person. X 2 NEMEIACHE . EHERLS,
AT LURZE 2 0 2 cat_owner 282 cat liker 1128, iBJE pet owner
(72, XAMERBHE T rdfpl5.

(2) sheep 2, FEHEHIFIE LA OE & animal [ 138; @'E eat B
PE#S IR B grass. {EHERESG, sheep ZBHAL I T vegetarian {172, IX /M
Mytiz 1 T rdfpl6.

HT A, AT RS ELHERERT )5, FRATTA protage 1 T HEHE A
JE I owl SCAE, XFEE BRI 2 ANEE R B 7 RS — AN TS
8 S 88 AN B HE R )i

AT 45 AL 44 1) RACER HEBEHLAE S 045 R T L, 45531
hEEA—FL.

owl:Thing

/ v

4] 7a cat_owner ZEHERE Y [FIHPIR A

pet_owner

] 7b cat_owner ZEHERL 5 [F B4R K]

4] 8a sheep ZSHERE A [FIHPIR A

pet_owner

eeb
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owl:Thing

]

vegetarian

)
v

sheep

J

%] 8b sheep ZEHERE 5 [1IAFHR

54 /b 4

ARFESYL T AT ORBO HIL MR RS, At TS Aar 5t
I, SEHL T X AMRAESR 2 SR RHERE ;. 45t T ORBO $AAT PD* 592
FEREFPAZATINTB] B LE s 25T ORBO SLAHERL R /5, AR A& S
PERORSLE o R SCHUARGEMHERE,  JRA 0] ASRAG AR B Anil,
LURAEEHBE T Al
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zk %

AR, ARES S FLAF 978k ik 52 21 5] ) 4h 1 M (Semantic
Web). AN TR GE(AD AR KA EEAR T ER . ASCHIZE OWL
BT IS 7 F0 RDF 2 R HE L, & OWL 1 5 Tl i A (A HE 2 e
SANA N7y ILTI T

HARTAEW T

L.
2.
3.

6.2

X AARFIAAA TR 5 A T ] o4

XA R B ARG RETE 5 JENA AF T4

RS HT RDF ZERi R OWL 5 5 2R A g MR T 118 3,
23T OWL 5 5 b LuSONUR M P 438 (1 HE 2R

ML PD*SE, $RHY PD*SEIL AL, X PDRSEEREATILAL
Bt 7 ORBO #EHSHE, 43t T ORBO HAMTEAN ik ;
BRI T AN E T ORBO HAH s R 48 # Hl T-X OWL i
5P R AR BEATHERE, A3 B)AA A B B AR

#H—PTAE

H I ) R BR A AN 22 R A A2, RSO R AVR 2 5 IR AT 5 7e
56T o (HAMIIWEFUEAERE S B, By LAEAT VF 2 )8l S . 1
A TAEA

1.

XA B ) OWL 5722 8] (R HE BRI 2EA T 58 22 1y, %
FCP 2008 1) HE B BEA TR AT

XA SR IEEAT T — L8 OWL Sy k7404, JF520e
I AR A HERERLI, - 3 Fe HE A 4R 5

XA ) ORBO SLEIEATAUAL,  BRARI ] 2%
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Abstract

Abstract

Since 2000, due to the identification of grammar structure by Time
Berners-Lee, people have focused on the application of Ontology. With the
development of Ontology, the descriptive language of ontology is going to
diversification, and every ontology has its own structure operator and
grammar basic. Since 2002, OWL (Web Ontology Language) became the
recommended ontology descriptive language of W3C, the research on OWL
is more and more important. Because we can know the grammar of language
much better by researching on ontology descriptive language, we can prepare
for discursion regulation research.

Recently, the discursion of ontology has been focused, and the research
of discursion becomes more and more mature, but much research addresses
on the discursion domain ontology, not too much research on Tbox. The set
of axiom is the basic part of descriptive logic, and it supports the ontology,
the research on discursion regulation of axiom can help us obtaining
knowledge. People can get the knowledge from ontology, but some of the
important knowledge is often get from the recessive ontology. The recessive
knowledge is the key information, which is not presented directly but in the
ontology content or the relevant webpages. So far, the research on the
discursion of recessive knowledge, especially the recessive knowledge
deduced from the OWL descriptive ontology, has been the hot point of
ontology discursion.

Through the research and analysis on RDF(Resource Description
Framework) implication regulation and OWL language operator, this
dissertation locates the implication grammar of OWL, creates the regulation

set and formulate the applied arithmetic, then implement the recessive
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knowledge deduced by ontology.

The specific research content as follows:

1. Introduction of ontology research

The introduction of the ontology function in grammar net and the
development status of ontology.

2. The specific introduction of OWL and compile tool JENA

The discussion and analysis are the theory basic for further research. It
presents the three sub-language of OWL: OWL lite. OWL dl and OWL full;
OWL structure operator and the descriptive logical relation of axiom; the
introduction of OWL and RDF characters, which includes: the detailed
demonstration of the equivalence and the inequation relation among class,
attribute and unit; the introduction of OWL attribute characters, attribute
restriction and restricted radices, moreover, their intersection, union and
complement. The introduction of compile tool-JENA uses and grammar,
which includes the introduction of how-to-use JENA to implement the
modeling, reading and writing operations; the save of ontology; query of
ontology by RDQL.

3. Through the analysis of the recessive regulation and attributes of

RDF, I research on the recessive grammar of OWL operator and
give out the deduce regulation of these operators.

Based on the research of RDF class and attributes, the basic RDF of
researching ontology descriptive logic has been done, and the deduce
regulation has been found. the research of the recessive deduce regulations in
RDF supports the research of deduce regulation based on OWL; in the
process of introducing the relation between OWL structure operators and
descriptive logic, the grammar relation of OWL operators has been discussed;

According to the relation of class, attribute and instance, the deduce relation
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among them has been analyzed.
4. This dissertation analyze the shortage of the grammar algorithmic
based on RDF and PD*, create the algorithmic of ORBO, and the
ADL description of ORBO algorithmic.

Through the analysis of RDF and PD* algorithmic created by Li, such
algorithmic is a iteration arithmetic, the node of such algorithmic could
estimate with every deduce relation of every deduce regulation. We found
that if the first deduce relation of regulation cannot be matched, the whole
deduce regulation cannot be matched. Based on above ideology, we create
ORBO algorithmic, and give out the main ideology of ORBO algorithmic
and the description of ADL, solve the shortage problem of PD* algorithmic,
and give an example of detailed deducing process for ORBO algorithmic.

5. The design and implementation of the deduce presentation system

based on OWL.

Based on the deduce regulation set and ORBO proposed by this
dissertation, an presentation system has been implemented, the main
functions including: the implementation of deducing the specific ontology
deduce regulations; saving the deduced ontology to the specific location;
spotting the errors in deducing process; the contrast between the execution
time and the deduce result, the contrast result presents no matter the same
deduce regulation set used on the different ontology, or the different deduce
regulation set used on the same ontology, the time cost of ORBO algorithmic
is much less than PD* algorithmic.

RDF is the basic for describing ontology, this dissertation based on the
research of RDF attribute relations and recessive regulation, proposes that the
OWL deduce regulation base on the TBOX of ontology, through the analysis
of the relation attribute between the OWL and RDF and the OWL grammar,
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therefore, the OWL has the universality; the proposed ORBO algorithmic do
not use the conventional deducing methodology of point-to-point, but use the
methodology of estimating the precondition of deducing regulation, which

could avoid the duplicate estimate of node and decrease the time complexity.

The work of this dissertation is meaningful for acquiring the recessive

knowledge by deducing ontology and querying work in further operations.
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