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Abstract Ontology plays an important role in multi-agent systems, and provides and defines a sharable semantic vo-
cabulary. However, within multi-agent systems, it is almost impossible for multiple Web agents to completely share a
same semantic vocabulary. Because of incomplete information and ontological heterogeneity, an agent can partially un-
derstand the contents of other ontologies. This makes multi-agent communication difficult. In this paper, we exploit
and utilize semantic approximation for implementing better multi-agent communication based on partial shared distribu-
ted ontologies, and hence achieve coordinate query among multiple agents, We use description logic based on OWL on-
tology language for describing ontological information. We also develope a multi-agent coordination system based on se-
mantic approximation.
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2.2 FHiER )
B ET7EE X Web PR AR ERKIESHRE , A4
H g AAKMH RDF,RDFS, OWL =#iEF

RDF B %% ¥ & X HE (Resource Description Framework),
RDF $iBRILL XML 1B IL R E Rl A EYEE R E KT
B A=md (B8 Bt 5O #ik. RDF BAHE %,
FHARE T AU P28 3R E Lo

RDF Schema & RDF {E X Hl#l. BT E, RIITLIR
EREEXACHENL, M AARFEAIFRBEGRERER
FE SCHTANL . RDF Schema F3X L i) 2 B F 72 7 5 4201
SFRYL BT LA R X XML X SH 5 — g
.

OWL(Web Ontology Language) ¥ T DAML+OIL
W FIR 456, 2% ROF #79 BEM L RREXK.
OWL A LLE AL ZMMX R B E5EMXR BHEEHE
ZIME R EE, W AT LME M R F AR BT,
MIEMNRE R RER. OWL 2ATAKERERK Web AKIEF
#5¥E, B OWL Lite, OWL DL 1 OWL Full 3 N33k 8E J158
B TES 4.

X 3MMETHRBE KK BEEE, P OWL K&
BEENRR, AXEREMRERITHHREFRH OWLIES
A, TER—MHRKMA R AR &8 T, H
# xmlns AR K47 B 22 18] .owl: Class & X AR, rdfs.
subClassOf & X AR FE, XFXNMAEKEIE RS LA
2 PR 1 A fk,

(? xml version=%1, 077
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{rdf:RDF

xmlns: rdf = “http://www. w3. org/1999/02/22-rdf-syn-

tax-ns$”
xmins; xsd=“http: //www. w3. org/2001/XMLSchema# ”
xmins: rdfs=“http: //www. w3. org/2000/01/rdf-schema$t”
xmlns: owl="“http. //www. w3. org/2002/07/owl# ”
xmlns = “ http://www.
wareCom. owl# ”

xml; base=“http: // www. owl-ontologies. com/softwareCom.

owl-ontologies. com/soft-

owl”)
{owl:Ontology rdf:about="“"/>
{owl:Class rdf;ID="staff”)
(rdfs:subClassOf>
{owl;Class rdf;ID="“SoftwareCompany”/>
{/rdfs:subClassOf>
{/owl:Class>
{owl:Class rdf:ID="“DeviceMaintenence”)
(rdfs;subClassOf rdf;resource=* # SoftwareCompany”/)
{/owl:Class’
{owl:Class rdf:ID=“Manager”)
{rdfs: subClassOf rdf: resource=* # staff”/}
{/owl;Class)
(owl:Class rdf;ID="“Programmer”)
{rdfs: subClassOf rdf.resource=" # staff”/>
{/owl:Class)
{owl;Class rdf:ID=“ComputerFittings”)
(rdfs: subClassOf rdf: resource = “ # DeviceMainte-
nence”/»
{/owl;Class>
(owl:Class rdf:ID="“Identifier”)
(rdfs;subClassOf rdf:resource="* # ComputerFittings”/>
{/owl:Class)
{/rdf: RDF>

2.3 FU(HETR
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Jena 2—A~f HP S B FF R M E R ML 2L 450 L 3
#E(EERET ROF WER. B M Java FHETE, 0
FITIREA ROF 3038 4325 fd i, RDF Mg 8., & BRIk
% ,RDFS,OWL.DAML+OIL &4 & ¥4, FI H SQL ¥
RERFEYE, AIFAKERIES RDQL KR, E T ALK
B HE AN IR 5

2.4 F{EEHIES RDQL

RDQL J2 Jena # &I £ ] 2 ] RDF U A #)
B5 CFE SR OWL &4k 304, —4~ RDF BEGE % fiid
BETHERMEE ., RDQL EMHEHR —RAM=TTHM
ERER A, MEN~ = o d R h AR, XARMAELR,
RDQL B2 it XA B i AR R R AT E M. UL
FEHIAE R B, IR RATEER staffl iF 23, B AE
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HRATATLAE R #E B staff T 252 Manager I Program-
mer, AR RDQL BN .

SELECT ? x |

WHERE (7 x, (rdfs:subClassOf,

(http ://www. owl-ontologies. com/softwareCom. owl #
staff))

fEx /B4, WHERE FA PRI BT R XRG4
R FHARE, X BREN X RAAERAREEN.

3 EPERRSEREHT

3.1 BRgzhes _

ARG EERMA A PR LA R RZIEE, BIY A P R4
—MEAE, A TRABEAFZHFRE(FERBATLE - KL
A, A F— NSRRI RERX A FR BT R—1
— AT ELF S LI B P 5 “ontology jena” , R R L
H R “ontology” #1“jena” I P . 7 LAE i3 76 74 £ MU B E N
“IE A—NFAF R R JEAE H B A R ontology HIPIA,
BLTT LA A “-ontology” ., # F R BEMHTIFH— B E N F
FRERBAREPHITIOCEEN . WRBB A AR
AHHFR S, R B PRS 28 2 A A, i R 55 283K [ £
HEEXBHITERN. BEUERNGERERARI.

EX B BN RRBTFES - MUERLEA P
BIER Xk R BB A E L IR R AW A 8B
A AP AR, B A B TR ED R A
PFEEANFHRRE, FEMNEANERRATEREE
.. RAVIES 4 3 W3 Xt v AT P40 R , B 5k
RINMB-TERENEH,

3.2 RGg&Hngit
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BWHRRRRE, FEATRAPWE, B P NEARE
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et WREEAR, FTEAHENF B8, QHEFH R EN . FH B
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EX VCFREL # LCEAEAM AN R E S
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2) MRAE C' € SC #1413 C'TC B4 CLCyw

X B, 2 glbgureon. (O FHEA: C 7 SharedOnto AAKH)
SCHFAEMTABENES.

EX2(FREE # LCEFA BRI AREMS
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AUBE - MESHBRAN - L6 z BAR— 1AK%
RIS IR R RN RS TETEEA
ER—FEUERSR, RS

D sk = & SC KM C WT RAMBAMES, RAE
Ry i1 C 324515
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EXARIBEBHAND T A3 A2 A4
ABPFLE ALK SharedOnto HIFLE A ESHNE LT -
MR CWMRR KR B AR
Vv CREMEC.

C € b grerdOnto ©©

— MRS CRRR NI AMEH
C€lbg iom (C)C'ﬁﬁﬁﬁ C.

T LT A E AT AR X — 4R B AR

EEFTERIANENERE—ERTESNENERE. A

EARANREEEEAFH BRRE, XHENERCERRA
. AxL b UERERIEHESEX(13]. B TR, &
TMER—RFIRE (B 1 BB 3K Java LHE AR %]
EXHRN—NETEREREN I G IEEA BN R(E
BB, EdXWER, B TAREMAIEZ R AT YA
SR HEEREATS . HPEE 3 B 2 —HX 5]
HMRER queryString HIE L, X B RGH T queryString
PR RIE X .

Byl RiESHRED (Terminology Replacement Algorithm)

public String[ ] replacement (String node, boolean isComple-
ment, String owlFilePath) {
if(isComplement)
return lookupDirectSupers(node,owlFilePath) ;
else
return lookupDirectSubs(node, owlFilePath) ;

By 2 HRTAEDY (LookupDirectSubs Algorithm)

public String[ ] lookupDirectSupers (String node, String owl-
FilePath) {
String[ ] result=new String[ 50];
String queryString = “SELECT ? x WHERE (? x,
(rdfs:subClassOf),
(http;//www, owl-ontologies, com/un-
named. owl # ”+node+“))”;
OntModel model=q. getOntoModel(owlFilePath) ;
Iterator results=q. query(model, queryString) ;
int resultNum=0;
while(results. hasNext()) {
ResultBinding res= (ResultBinding) results, next() ;
String x=res, get(“x”), toString() ;
x=x, substring(x. indexOf(‘ # ?)+1) ;
result] resultNum ] =x;
resultNum++;
}
String[ Js=new String[ resultNum;
for(int i=0; i<lresultNum;i+ +) {
s[i]=result[i];
}

return s;
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B3 R EAE Y (ookupDirectSupers Algorithm)

String queryString=“SELECT ? x WHERE
(¢(http://www. owl-ontologies. com/unnamed. owl #
“+node+"),

{rdfs:subClassOf>, 7 x)”;

THEHRMZEEIVHA TR BRI MUTAR . WE 2 B
KRBT AR REIE AN T SR EMTRBHRIEE, K
RERBEARALARLAZNHE. M ERBRRTFERAEFEL
R H #AL5% W R AR TR EEEBE, 110 R
YA R LA, R A AR TR R T,
S —REER—ARTAF ETRAHEN  ARHEL
FIBEAT B BE B A, X IR 45 T B — 2k CPUL AR SN
—BHEEfRE,

AbR P LRARENBRER, WA AR [ 1 LK
RFBRIBU R R 3X BTSN B e A o 2R R 28 4%
AR B — T R K. RATHKIILEAR R BRI X
BRETR RELERA .

RE1HRHE
2 AT A A A S

LT R A B B IR P F 24 A 20 ) L A
FIEHE, BTl gE @ B F AR M ARBE SR E —EERS M
BREFEHEHBEROEGRG. I TEZRIHENEN, R
fIAEX AN E B RERTENT N UME.

Bl . RATE LR 2 ) Intel AR A =M EHLIE
£ (ComputerFittings) , BB AL TR N

ComputerFittings' (x) A Intel? (x),

BRATZARE 2 RREHHENBREXIARE, IRFE
FE 1 PhAt RN E#. H50AHE 1 ERAF In-
tel SEALERMAE, R XHEAFTERHBREULERRYY
i

B 2 PR AR BT R REATRI : CPU, Memory,
PeripheralEquipment #§& ComputerFittings fJF2&, 4L Bl

CPU’L_. ComputerFittings' ;

RE 2 AHK
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Memery’ __ComputerFittings' ;

Peripheral Equipment?_

ComputerFittings' ,
B LA AR R B /NE B A 4h SharedOnto IS IE RN 7T LATR
# ComputerFittings BT B RN

&lbstaredone (ComputerFittings' ) = {CPU?, Memery*, Pe-
ripheralEquipment? } ,

RIGIBIE AR E BT #H M Computerfittings! (x) A Intel?
(x) BATLLERIE /R : (CPU? (%) V Memery? (x) V Periphe-
ralEquipment® (x)) A Intel* (%),

R, RRAMTEAR Intel A7) E = HWIETHHIRE,
o XACHR R -

—(ComputerFittings' (x) A Intel* (%),

ComputerFittings BJ_H# 50 .

1ubspiredono (ComputerFittings' ) = { Hardware? }
B i, —ComputerFittings' (x) A Intel’ (x) 7] L % B &&:
—Hardware? (x) A Intel’ (%),

4.2 HSEBEFHERRBRPHERA

FRGEME W R, BRI Jena WA RN B LK
RDQL 2 i) Zh Bk, MR8 F P 9 & 7 7F B3 R # 2 RDQL i
A, BRYAPBABRKVERS, HPTRE N TFHF
BEEALAMEMERRNRE, REEEA/ -1
FN AR, R RDQL &A1 A /D BRI . T
FAVHE BB A — AR AR AT LU A
EHEAMTRER. AT REILEGETEF IR HE R
BATRIME S, XBERNE AL RACHEAREH R
FEHTBGER, Flin EEEHF -
(CPU% (%) V Memery” (x) V
PeripheralEquipment? (x)) A Intel? (x) fif Fi 4 Bo At 54 e i AT B
AN : (CPU2(x) Alntel* (x)) V (Memery” (x) A Intel’ (x))
V (PeripheralEquipment? (x) A Intel? (x)), Bk 4 HHT &
BCAERY java fURSSEBE.

By 4 ECHRE D (Allocation Algorithm)
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public static List solve(List srcList) {
if (srcList==null)
throw new NullPointerException() ;
List tempList=new ArrayList();
tempList, add(new HashSet());
while (srcList. size() >> 0) {
List tList=(List) srcList. get(0);
tempList= Allocate(tempList, tList);
srcList. remove(0) ;
}
return tempList;
}
public static List Allocate(List dst, List src) {
List tempList=new ArrayList();
int index=0;
do {
for (int j=0; j <C src. size(); j++) ¢
Set s=new HashSet((Set) dst. get(index));
s. add(sre. get(j));
tempList. add(s) ;
}
index++;
} while (index <C dst. size());

return tempList;

3RS Allocate(List dst, List sro) SREELH T {EH
MR R H AT IR, solve(List srcList) 5 $0E i
FESF VA Allocate BRI SELIE B A4 IS L 8 AT B
=

4.3 B2 BMHE

fE L ES R PR, YAERER - MR EH
o, FEZAEOME A, FREREN. BRITXEBRES
FAME, AR RN A 3 R, WERBRKME—-IAR
ERRAE TR .

B3 REhE

D MFARBFETRE 1 50, R EEERXIRIE
WERAR, GARBEAENRE 1 FEH, RICEH#ITRE,
SEBUCHE 2 FPfATAL .

2 A8 2 R BIRIE LG B X BT, REH
WriZARBERTERE 2 REFAEA S, MRE A4
PARAEFXNAE, 2R ELRE 1 —“no”H,.RER
B2 AEEBXIARE. WRERBENIREFRIFE,
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AARBRRE: REREMARERE R, BHRITEXHME
ER—FRE, R 7RI .

O ) & R A B ) E A TCP @ IR B, R A java
Socket EIREIA, IR B EB R 5. RBEZRAZ
SBALBEOR , SRUE S5 7 35 (1 R AR AR B o ez

QU EMRG A BN EREARBN R, B AT B
AT - EREE TEITHEM. XREERWT

public class ListNode{
boolean complement ;
String node;

String [ ] replace;

int nodeNum;

Heb complement /R ZEARERE H3E; node id FAIE
B8 s replace 10 57 AR & B P& B/ s nodeNum it AR BB T
B3 24 nodeNum=0, REZAREBE A BB HMA; 4
nodeNum=1, REZAREFLE TR | PRELEREHHEE
—A XEMERATA node MM TIZEHE . %4 nodeNum>1 {{
FKEARBHOR BT FFHF B ICERE A B4 X ERAITA re-
place {HHITIEHE .

5 HifJRyLIH

5.1 #Eifj#ED

BEHRFRENEENE, RGP KB 5L BLER
RETFEAZHN . BRHERE P LI IR T - ERED,
HHABR B U REAWE MRS . BREORETOTFIL
MEAINEE .

K324 (queryIntersection) . ¥F A &N EHIARE ML 4
FIEH];

KIHLE (queryMerge) . AR ENMEHIAREBEB R LR E
#s

K3k (queryComplement) , ] — M ARIBEMHME;

FFAEHIWT (nodelsExit) . HI Wi — M ARIBEFE AN F R
EFE.

BT ERBEA, RE NI EE T BOR HA S
S, RDQL BEHIIER . LIRISEN B R P HA
1 “ComputerFittings Intel”, 15 88 i /= 48 25 #] ComputerFit-
tings i Intel PN RIBRIZE. RABERIIFHBE 6%
EXNFR PR KEY 2 WEFBHA AR EXF
BB N BBUL 77 queryIntersection, JyEl L LT
B E RDQL &5 4]

String queryString=
“SELECT ? x WHERE”;
for(int i=0;i<node. length;i++){
queryString+ = (“(? x, (rdf:type), (” +nameSpace+“ # ”
+node[i]4+“))”);
if(i! =node. length—1)

queryString+="%,";
}

Hoeh node[ 8k REAE i ComputerFittings Hl Intel ¥4 ,
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nameSpace & A — ISR, XA H BT H. BLBIAK
RDQL &A1 4 :

SELECT ? x
WHERE (7 x, (rdf:type),
(http: //www. owl-ontologies. com/softwareCom. owl # Com-
puterFittings)),
(? x, (rdf:type),
¢http: //www. owl-ontologies. com/softwareCom. owl # In-
tel))

EEREE#HBEE T ComputerFittings X8 F Intel f 3L
B,

5.2 #HHFM@E

T R P RMR SF R R ERE T R BRI R
3 R4 AR AE R BN R, A 4 BRR.

OntologyQ =
L

ceron

Telorvu 15 the lov-end (xad low cost] mewber of the tamily of micropeocesacrs from Intel that is hesed
Pertiom
Pestive mrchitectwe chips offersd just wder twice the parformoce of & 436 processar sy clock cycle,

B4 REIEFER

B4 EmAE AT EATREAPHERRS
B EERHAETUA —IHEL. YRERZNH,
BRI, B E A TITER; TERZA
LRATFEREALR. MRAERAEALER, RARER
KRR, BESEBENERNSR!, A 5 Fin.

A5 XEILAcHEil

6 #HEXTIE

T T A B30 {022 B AR B BE R A0 R B Se ok IR F T
% (Knowledge Compilation)t™, £ —f7E %A 4% 5
BRIVC B B0 T BT R R — R RS B s . HRTW— R T
MR BENIAEEMER TR N EEEN THAERE
BAS R BENERET . EMFARMREMEERAR
¥ REGREENENAESIREUERN. EREN
XA, XSRS R T AR ENEE . L, 2GR
FBRET AEHRIEL Web RET . RREFRBHMNEE
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BUBRAREBHER. Bt RNMFERTELRIETH
EREM ., AXERIZRBREHAEETEILIE X
RIERETEAE—LTENEEE R AASEESHEL T
fTSEPIEM TS X E#). Schaerf i Cadoli™ E X T —1 R
WHZEFRET - REE R, A TEMMEE. il
HNERIKB T RSB %H, XESRR—NFRE
HTFE, ATHRIGICUEENERE, BARMXESHORER, B
IR AE R B B 1T B, RIEMERIE M. RATH T
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