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Abstract:

resolve such problems. In terms of rule inference, it always leverages the inference algorithm of Semantic Web directly . However,

For some complex specified domain retrieval requirements, many researches use semantic related technologies to

the efficiency is not good.On the respects of searching results ordering, the ordering algorithm for search engine, which is based on
keywords, is not suitable for ranking on search results generated by semantic retrieving. Focusing on the above issues, this paper pro-
poses a semantic rule modeling method, and gives a new rule reasoning algorithm based on closed world assumption backwards rea-
soning chain to get higher inference efficiency compared to most semantic inference engines. Moreover, this paper proposes a new
ordering algorithm based on feature similarity . Taking advantage of the above methods this paper describes, the search engine-Mate-
rial Hub has been built up. Experiments show this semantic search engine improves the searching precision rate, recall rate, and ratio-

nal responding time. So far, this system has been applied in industry.

Key words:

1 358§

T SRR G VAR B T O P IR G | Y it
AERE LM FE R IR T ) B 28 Ll UK, T
i VPR AR ZAL AT I o T N A 3 4
ERARBAELL T LA J5 8 = (1) [7) 287 i BA A [F 28
LRIAARH 2, I8 A UEE T, KR T 18
AL SR AR AT A b (2) fE A i) P
ZA W H E RSO L ARTE A BER R, H T #

W B 4 :2011-11-10 ;#8181 H 3 :2013-02-19

semantic retrieval ; semantic rule; semantic rule inference ; semantic rank

RME ) i Jg 2801, ok i ik DG B DL T . (3) A Ay R
FEENT. LA AR ) 50 SR D) DA 4 v A R I ME R 2 L (4)
T Xof A6 FR A R AT I T8 SO s HE Y 45 X S 2 g
FOCHE TR R T AR ME I, 75 B A 5 TR U
ARSI

H I, AR SO T R ARG R oK, $ 45 R D)
HENT FRIUAERE | DA S T8 SOMAMEHE 7 S5 ik ik
i FIRNAS AR S T A TR LR T Ma-
terialHub, H Hif & ZFE MR HE Be SEPR IV A

HATH  E R 973 TS SRR FEH R (No. 2009CB320706 ) ; i U4 A B 4 T BIBF I H (No. 513150202)



978 H +

EE ' 2013 4F

2 MAX#HR

T SRR BT 5T 32 2R el SO A 57 56
SR AT SCA T Y e S B0 AN S R S A 1
551 .

(D) TETR SCHLI #2775 7, de 8 Y /2 SWRL AR £
HFHEEALAR S H 5L T SWRL I HERE . Qn S M IR &
e HUR B AR I 35K, WAl R AT W3C AR I 5
OWL(Web Ontology Language) t

X THE OGS e O T AT R ST
FARY AL 37 2, BN SOk (2 1R F 7 267 A AR = Ak
18 75 OB O e i oAy T 508 A 4 O 5L SCIR L3 g A
WA el F AR & 17 N AT A B R P R AT
7] S A S VE FC , SR )5 428 A SPARQL I Uitk 47
TAERKER.

(2)FEAEBR T T, R 2B R 51 2B B2 58 T
TR, O ZR AR, A B A Sk [ 4 ] v B 2
1) tableau 3.7 . JH A, BT R IU) £ B 2 1 SCHE R
— 773, SRS T P R0 D00 A i B0 5 A
R ) S A BRI R G AR E A TSR

G) i ARG 50— KR A T RBWE R
9 “SHOE™ 1 S 2R 5 4R AL 1 3L F 2 o1 38 L4
;5 5 J2 3 T RDF (Resource Description Frame-
work) T HH K 5| B LR A0 Corese 1R 5145
SRR ORI AC A B I Ok i A i)
(I Y38 2R 51, SemSearch'® 5 J2& M 71 ) 53X Fh 48 &% 5
U RAET A 7 2 i A ARE E LB T
23R AL T AL FE A 2 51 %, Aqualog® Fl ORAKEL
SRR R,

3 BEXRRREREAR

AR P S 14 S AR A A A L A 57 52 B I
T AR L AE A ST R A 1 T
R AT I RE RS I G BEFOAR .

[ woammesr  K—> swrumuzs |

smrmmnsearauivs | ) SR,
~ >

ETF WA R R

BRUOGER (== mamemmws

B K srmusmm s |

Bl ERRIITIE

HEATREAR I, (1) R GG B 1 SO, o 45
RUN3E 1 SWRL ) FE 2 57, K FEAE S PR 1 — 6
13 (2) KRBT T Xk HL BT T sl A A iy 1 1, 28 5

TSR ] S R AS S 109 A 45 45 R AR B8 135 5 0, LA
B 0 38 2RI Y 25 6 TR A U A (3) 2R A &
E A X SR IN F) BER R G T AT 3 T R ) A
B ARG R FAS SCHE 0 55 F A A THe 530 1) S 1 42 1)
HEPRS PR AT R s () I Ja , K R R T
FEF B SCRRAE 0 5 0 45 SR R AT AR BE R AR 1
RHNEHELL T A .

3.1 E-F SWRL HJiE X H M 1

AR E R OWLIE S , B2 U R AT .
S I R B SWRL, Hi ik ZAKE OWL 1B &
SRS HEA Y ARAE Je 5 F, T LAKILIN iy 2 7 R FH ) 2
OWL + SWRL [IER..

XA Hp R A i TR S R A T LU OWLL o
FIEZ IR SR ARG R Rk (R RN S R & M
D], B 5 e ik =X, 80 an J i 1 A A L B AR 5, A
OWL 15 & XMELAFR IR, T ZAH B SWRL.

3.2 EFXBFHIENKER SPARQL #Fif
3.2.1 ETFTXEBFHUE AT

B R AN AREITR R, 5T
B PR R AA . AL, T B BT A STk A (A (1)
R AR R FOCHE R A A AR, T —
ST SR R AMAE £ N K R ALK, B T REAAAE T
ANl A e T B B A W LR AR . an SR AL
FAETFT— AR TR 20 05 T 9 3 T35 ARG R 2
FEXPIXAAARSEAT . QSRR T AR, B 245 LA [l 2
(97 3, BERE 95 K 403, A2 DT BC IS, B T 4 A i) 2 T 4
S FEBLVCECI K AT S EUC L, IR T A AR L
TR FEG HAH AR AR A2

no,

e A
sim(i,o)=uik+r4'i/ (1)

WS A BT 5K 0 Wi
BE i, FRBEETEARMR 0, K R Rk S 7Y 1) o it
Foip FORTERTR I OB I T AT, R BRI 4R
FNISHC WRARERF i =1, BN 0. n HSEIAEL.
u N REET ZRE, FR AR TN B D RC T A . -
FHEHE BERAETE i, FMRERS u+r=1.
3.2.2 ETBHARIESH SPARQL #i%

TEIE LR R Y KR H IR AR E R B
A WIE S L B bR AR 250 A4S, AN o TR R
AT IHHERR, MARHARES. Bk, EXABr B
T B H ARIE S T B U 1H)1E S SPARQL.

TE R il SPARQL 2 1l , 28U B kA7 Hikb
By AR A A A& T TR R T DT IR, Gn SR AR AR A
S E S AR, WA RES IT L. TR0OR %
JE, 1A F ] WordNet! ' 53 Hh Scim] 7 25 07 Rk 46 1



5 M

Ly FR TR HE R T SRR A T ORBEBR WS

979

IR AR SR SR F5 , AR i SPARQL 7 A 4L Al 17 2% 1)
B PR T S S 42 AR G B T 5 i SPAR-
QL, HEATRI & .
3.3 ETFSHARMIMNMERE

TESBRVCHC I, 5% 1 28 20 o) A4 3 1B DT i b, ik B
SR AT I AT HE PR UG GIE . A R AR T — 3k T
A THE SR 1) 2 A4 R D) 4 PR
3.3.1 HEEHLHIT SWRL # N H A5 E M

T SCHERRHLAAT SWRL #fE 2 3 F FF it A8 15
), A P ELAT N M e, B G IE R R —
ANREEAT PR [ HE 2R 9 307, 6T SWRL ANH A2 1 1)
TEBAZ WLSCHR[4]. S T 4 v 4 R ASCR 0 HLAEAS R AR RS
RUEFRITE DT, RE 0 PR UE 4 FEL7E A BRI 8] 52 %, &R
G4 HLAE T 5 T IR X (Closed World Assumption,
CWA) . 764 FR 6 1 2R 00 A0 N HE BEAIL B35 (.
AR I AR R, TA R O R R R, — A
TCBR FHAHE I, X F A F A AR BRI L E M, B
PISRFH OWA B £ B 7 AR SCHE B 1) 07 FH 2 A % A 43
B, LB R R AT BRAS /N, I AR A CWA 4 BEALR
TR L Ah A SR R B HE B AL R 3 T 1) B 2
B RUARPE S50 0] O AF AR S5 9CHE S A B O B 44
B AHEEL A AR T IR R, I ) B4 4 PR AT RE S 4 T
LT SR BRI LEE, BARIE T 5 & TEH %
IR TROR . B XHE R 5% B A e B br i3 B s50R
P SE R T 58 28 PR 1% 0 T, 5 48 o 1) 5 2 3 T
HAIE.
3.3.2 EF CWA /) SWRL g 72

FEFHHLE 56 4% OWL-DL ' /) TBox!'2 ¥4, & 37

N
N

G — MR A% 2. TBox 7EAAR 2 8 rp R ML EARTEES
WAL THEEARIERIZRCR . Pl R b alfE
DR - R G E LR R R AR, O Hix stk B2
2T 5 il B T 3 4F, TBox
JR 26
DesignatedSupplier , Device , Project
TE S
TrustedDevice = Device

(N 3 isMadeBy DesignatedSupplier

N 3 isUsedIn Project
X4 @
isMadeBy ( Domain : Device , Range : DesignatedSupplier )
isUsedIn ( Domain : Device , Range : Project )

SRJE A4 OWL-DL S He iR i) SWRL LI 5 1352
HELAFFE ) SWRL A IF. 3 s 0 J0) 45 76 41 BE ML fin
3, AN A T BN ABox! 12 H B 7 JE K S8 JR A B, 7
77] isMadeBy FE N A RS HL R R R i, 1B 3R isUsedIn
FER Vs HAEMRAS I H A% ABox & LANT
Device ( H30 Filter; CEFU Duster ; TD Grinder)
DesignatedSupplier( S1;52;53;54)

Project( P1; P2; P3; P4)

isMadeBy ( H30 Filter , S2; TD Grinder ; S4)
isUsedIn( H30 Filter , P4)

3.3.3 #EHE

TEPRAT 1 BRI, 000 25 8 Al & TR AT . 25 08 — R
O BRBM IS5 o DR, RN L RE A m
MA B AR I 2 B AT mt DG, XL
RORARAR.

—_——e— e — e ———————

7
Z

!
7x:U,?y:U,?z:U

N

1
BWI=F R R <My HiBiA % 2=D, K &RIx . e
isMadV/jﬁ]?yE%Eﬁl ﬁ?FG,ﬁi’ézE]?yﬁg@ﬂ
isMadeBy y

‘ 7x:F,?y:U,?z:U | ‘ ?7x:D,?y:U,?z:U 7x:G,?yU,?z:U ‘
——’—:: ::: :/’ - - //' l' ‘\ \\
I__.—’_ _____ ’_I —_—— e e I._I_ A __L____I
: {(®} ) {(s2)} {(P1,P2,P3P 4)} : I {(D)} §{} {(p1,P2,P3P4)} | : {(G)}_I_{S4} {(P1,P2,P3,P4)} :
B2y=S2, 8% 2y R 22083 HRRERA L B2y=S4, 0% 2y RI2 251
isUsedIn isUsedIn
‘ ?x:F,?y:SVZ,?z:U ‘ | 7x:G,?y:84,7z:U |
II Il l\ Il l‘ \\
r - PRy A W, — L Ja Y —\— _I
! {F}_I_{SZ}]_ {P4} | : {G)} 1 {s4}} (T} :
B WA RL L

U: Unlcuov;;l Parameter

B2 HEEEENTEE



980 H +

2 2013 4f:

BRI A )R AL T — BR AR . R AR B Y A B A
WA S, 5, A A,
AR I3 32 AEEE 73 3T, 33 5 3% 428 1 G HR Y
7L Sk R BRI BT, SR DA 1 3 PR A 2 B i il n SR T
A B A IR 23X 2B A0 TT LAAE S — A fige . dn 2R
— AR UE A 2, IR A A SR — 28 o RTAH O
IBUEAREAE N B M SEUEAR T

(1) T4 21 B BE - 43 A KLU H i) 9 3], 3 21 45 038R

PEAHIC AR , I 25 KLU e ) 2 8 T
(2) B A S W AL S , $> BROT R IR T N A 4k
(3) HCHHE HL D) P25 v Feg 0L 0], 2 25 ) ) G 2 e 2
S BCAELIRE , R DU 45 18 AN BE 4 21 AH 17 1 i 5 i 4
Xof L, A8 2 I AN Sy TR ) IBCLE A 2 A . B 4R
FURLI e BT A7 0 A2 A U SRS I 2k
YRR s A% AR S .

(4) YA REEHN R 2588 S W ZARIES .

IS TR ok — A S 451 A 10 B 4 B ok AR HE R H
PRmT A B HoE SO - i 48 8 R g 4R AR 7E i H o
fii 11 9 % #5. SWRL # W JE X 40 2 Device (7 x)
AisMadeBy (7 x,7 y)AUsedsedIn(? x,?7 z)
ADesignatedSupplier (7 y) Ay ) AProject
3 TrustedDevice (7 x)

P& 2 3R 1 Bk i ar % B R AT HE B, MR 6 3.3.2
TRE L ABox HEAT HE S, 8 2 Y £ . AT LLFE B
H30Filter 1y Al {5 1 4% .

3.4 BXAELEHF

SCHRL13 18t 758 TARAE A 3 SCUT BRI, A SR
P SCHE R 7 202 % Heae A7 it ekt B
Sim(A, B, 0)

1 (Coper(A, 0) N Coaper( B, 0))

1( Coper(A,0) N Copee( B, 0)) + min{ Py (A, B, 0) }
n(Cy(A,0)NCyw(B,0))

U (Con(A, 00N € (B, 0)) + min| Poy(A, B, 0)]

=u

+ goﬁ:t

HA € (A, 0)F Copee (B, 0) FRAEARIERS O
AL A B RSSO, Fh AT n( Cop(4, 0)
N Coper( B, 0)) TR EHERIAEL, 50 BE P min{ P (4,
B,0) R A, B LS AR B A i S i A A 3K
P wov e AT REH D o Rt A, B M
XFFANER 0 SR AR U 1) R, v WS A, B
X F AR 0 FHES M BE R R, ¢ B HY
W R REL MRS AR Z, o BIE A XK — 2,
=AZEHIFR 1, BD u+v+o=1.

7 ER AL HF 0< Sim(A,B,0) <1.24 A= B I},
Sim(A, B, 0) = 1,45 &AM, s EHBA LG 1AL

M2 0 T4 L R [ 1 2850, Sim (A, B, 0) =0.
4 FLHHRFLIE N

FEFASCHE 0 P A AL S I R R AR T 4R
H TR 5| % MaterialHub 1Y ZEASHEZR WA 3 s .

T8 SUHL g ST & n RERNTY
moga | | WERE | e || GTEE
BRI . ak
| ommsmgen | | wwersesns |
EXTTE
| m—
— e =
SR EEWKER  GHAER  EEREE

B3 MaterialHub¥ & 5| #{E24R

T SRR S N E] 4 Frzs 48R 1 H s 2t g bl
AEBE A ALY 28 H S U AL HOAE TR S P LAR
TEASAHEBRAG AR R . AR5 HEAT ML DE FE , AR 435 mT 515
F AU RE SO G 28 4 SR A7 R U 4 L 3 gl £ 3
B B JE AR R AE AR IR AR 3 7 1 34 A B TR A AR (DA
LT HET

< = T
& HTRERWE, . Smmm.

AT o fue 2o AREE)

B4 EXRRAE

SEIG Java PREE K JVML .6, Web %5 %% % FH ) /& Tom-
cat7.0, k55 #5 e B T Pentium( R) Dual-Core2 . 5GHz At
#5701 3GB RAM.

S50 v 5 G G A R T OB A R B R L
BT SCHR [ 13 ] Ameri&Dutta ()15 I R 5] 9%, 5256 %)
S i AR AR DG T R Y AR S AT TRHR, MR AR
BN KL 2G 7= S Bl , 7 R 51 K2 20M, AR FEA 1875
AYPRME S, 16 ARSI 133 AL Ly 25 4. 1 X)
T SR BRSBTS 7 5
PEAT 1000 YK 2118 HL e i R Je A 4R 45 SR A
5,6 i/~ , Material Hub YEf 2 |2 R T 5. X8 3Kk
X, an &l 6 s , 15 B [FAE Y 4518 .

5 RE

AR SCHIAR T TR0 0 A 3 ) o SOR R T R B4
AR T — R T L 1 5 i) R A R AR AR



Ly FR TR HE R T SRR A T ORBEBR WS 981

100%

= REFER
50% ___ = Ameri&Dutta's

MaterialHub

0%

Bs #AmHEERE

90%
U Y T T

m Ameri&Dutta's
75%

MaterialHub
Ee EHEFHRE

TIEFE PR A 258 (017 00 T ol 0 DU HE BRSO o vy R s T
— LT SCRE AR HE R SR (AR SO R A Rk
FF RN A B FEF A SO & 1 R &R MaterialHub £ 42
PR3 52 B i T, S HAIOR R AR SCHR S iy i TR AE
MHF B TEE T 5Bk, RS HE T
T3 T4 ey, EL AKX ANy, ol LA Gy %of i SCAG 3R
0 285 SRR T A RO HE AL I E R B 58 4 5 1]

S 3k

(1] mE, XU LT 20300 B 285 5 R8T E] OWL (1915
B EAELT] . TR, 2007,35(8) 1 1598 — 1602.
GAO Ming-xia, LIU Chun-nian. A constraints-based semantic
mapping method from natural language questions to OWL[J].
Acta Electronica Sinica, 2007, 35(8): 1598 — 1602. (in Chi-
nese)

[2] Qi Zhou, Chong Wang, Miao Xiong. SPARK: Adapting key-
word query to semantic search[ A]. Proceedings of the 6th In-
ternational Semantic Web and 2nd Asian Conference on Asian
Semantic Web Conference [ C ] . Heidelberg: Springer, 2007.
4825:694 - 707.

[3] Angles R, Gutierrez C. “The expressive power of SPARQL”
[ A].Proceedings of the 7th International Semantic Web Con-
ference[ C] . Heidelberg:: Springer,2008.5318:114 — 129.

[4] T Horrocks, Patel-Schneider. Owl rules-a proposal and prototype
implementation[] 1.Journal of Web Semantics: Science, Service
and Agents on the World Wide Web,2005,3(1):23 - 40.

[5] D Elenius, David Martin. Reasoning about resources and hierar-
chical tasks using OWL and SWRL[ A] . Proceedings of the 8th
International Semantic Web Conference [ C ]. Heidelberg:
Springer,2009.5823:795 - 810.

[6] Heflin, Hendler J. Searching the Web with SHOE[ A] . Proceed-
ings of the AAAI Workshop on AI for Web Search[ C] . Cali-
fornia: AAAI Press,2000.35 - 40.

[7] Corby O, Dieng — Kuntz R, Faron-Zucker C. Querying the se-

[}

mantic web with Corese search engine[ A ] . Proceedings of 16th
European Conference on Artificial Intelligence[ C]. Valencia:
I0S Press,2006.705 — 709.

[8] Yuangui Lei, Victoria Uren. “SemSearch: A search engine for
the semantic web” [ A]. Proceedings of the International Con-
ference on Knowledge Engineering and Knowledge Manage-
ment[ C] . Heidelberg : Springer,2006. 238 — 245

[9] Lopez V, Pasin M, Motta E. AquaLog: An ontology-portable
question answering system for the semantic web[ A ] . Proceed-

ings of European Semantic Web Conference[ C ] . Heidelberg:
Springer,2005.3532:546 — 562.

[10] Cimiano P. ORAKEL: A natural language interface to an F —
Logic knowledge base[ A] . Proceedings of the 9th Internation-
al Conference on Applications of Natural Language to Infor-
mation Systems[ C] . Heidelberg: Springer,2004.401 — 406.

[11] Miller G. “WordNet: A lexical database for English” [J].
Communications of the ACM, 1995,38(11):39 - 41.

[12] F Baader, Calvanese D. The Description Logic Handbook

[M] . London: Cambridge University Press,2002.

[13] Ameri.F, Dutta D. “A matchmaking methodology for supply
chain deployment in distributed manufacturing environments”
[J].Journal of Computing and Information Science in Engi-
neering,2008,8(1):1-9.

EE T

O & W,19804F 10 A AT RE, I
TR B SRR LA F TR
R SR AR SCBEA N K

E-mail : masen @ pku. edu. cn

B X W,1967 4F 11 H AT TE K
T, A AU R TR E R TR
DRI B . RIS TR TR

A

E-mail : zhaowen @ pku. edu. cn




