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Abstract The paper proposes an approach to developing the semantic infrastructure for virtual
organizations by extracting semantics from resource descriptions in individual autonomous do-
mains and then fusing the extractions. The approach makes the extracted and fused semantics
more accurate by using an algorithm to identify the lexical space relative to current scenario and
enhances automaticity of the semantic extraction and fusion. The mappings between the seman-
tics of a virtual organization and the corresponding autonomous domains is reflected by the course
of semantics fusion, therefore, the approach can well support to integrate applications for virtual
organizations and transparently access heterogeneous resources across autonomous domains, Ex-
periments show that the approach suits the dynamic and opening environment of virtual organiza-

tions by supporting the development of the semantic infrastructures.

Keywords virtual organization; lexical space; semantics extraction; semantics fusion

(Virtual Organization, VO)™-

:2006-02-17; :2006-05-24. (90412005) . s, 51973
, s . . E-mail: chenwanghu@ software. ict. ac. cn. ., ,1980
s N . . ,1974 , ,
. »1980 s s



1128 2006
(Autonomous Domain,
AD).
1 , 1 )
2 1(VO,) 2) VO
, VO, VO ,

1
s 1
, VO,
, VO,
., VO, VO,
. , VO
> VO
(build-from-scratch )™
, [3]
. 1 ’

VO

Application @

SR
@D st
@D @B @ ™
= oz @




1129

WordNet!'?, WordNet

(syno-

©

7
nym set, synset) s
2 [11]
WordNet OWL [12]
) , WordNet
, , , DOLCE®
,OWL® [11,12] ,
OWL DL OWL s , match,
.OWL ,
(D)™ .
(5] WordNet ,
(DEF), ,
( N N . ) , [13]
(GEEN . N ) (mapping) . (alignment)
[6,7] , (merging). , ,
(7] [14] WordNet
, [15]
. OWL
(9] [13]
: i 1
Volz XML Schema ,
, XML Schema ,
N N N [13]
’ 5 (
@
* ) ’ ’
4] ; [14,15]
; 3NF, ) ,
(FD) [6~8] ,
(97 ;
. Volz

OWL Web Ontology Language Overview. http: //www. w3.
org/ TR/owl-features/.

Volz R. et al. OntoLiFT Prototype. IST Project 2001-
33052 WonderWeb Deliverable 11, 2003.

DOLCE, Descriptive Ontology for Linguistic and
Cognitive Engineering.



1130 2006

s . s term z .
s 2. Cterm)={C:(term) | i=1,2, -,
; ) ny. term .
s 3. Hypernyms(C,,C,).:=C, is a kind
) of C,, c G (
) ).
Hyponyms(C,,C,) Hypernyms(C, ,C,).
s 4. Holonyms(C,,C;)::=C, is a part of
) C,, c G (
; ).
H Meronyms(C, , Cy) Holonyms(C,, C,).
1.
3 (37,7 (C;Cterm) €C(term) NC,; (term,) € C(term,) \
R(C;(term,) ,C; (term))) ,
C(term,) C(term) , R
’ Hypernyms, Hyponyms, Meronyms Hol-
, onyms.
, s . . R Hypernyms, i
WordNet s
’ C; (term) € C(term) N\ C; (term,) € C(term,)
s . R(C; (term,) ,C; (term)) ,
term. sense| j | term; .senseli], C(term;)
C(term) . R Hyponyms,
3.1 Meronyms Holonyms .
2. term C.(term)
> . ’ (Vi) (Cterm~Fterm;)—> (N k) (C, (term; )& C(term;)
VO ’ ——R(C;(term) ,C,(term;))))
VO . 5 D
’ . . C. (term) R
C.(term) D,
() Ceerm Fterm;) N (k) (C, (term; ) €C(term;)
ANR(C;(term) ,C,(term;)))).

, j  term;.semse[ k]  term.sense[i]
N , C, (term)
— >
b
3
b
’ WordNet
: 1. WordNet ;
1. term C; (term) 9 i R Cterm, » -,
C(term) ={t | (Aj)t.sense| j |=term.sense[i ]}, term,) s ermy s term, .

st.sensel j | = term.sense[i] t 7 3. R(termy s+ term,) termy s e s



1131
term, ; Schema H
4. WordNet term; , s
C(term;);
5. C(term;)
b ’
C(term;, ), C (term;) 1
C(term;,);
6 . b b
7.
N b ’
2 ; ’
8. WordNet
b
. b
H H
, VO ,
’
VO \ )
, VO .
3.3
3.2 OWL
OWL . . .
.1 N
(ObjectProperty) (DatatypeProp-
erty), ;
)
= e 9
OWL ,
—
(2)
4
, OWL
, , 1
; XML
1
/ OWL OWL
C,Cy Hypernyms(C,, Cy) C G SubClassOf
C .G Hyponyms(Cy, Cy) C, C SubClassOf
C,Cy Holonyms(Cy , Cy) C G ObjectProperty
C .G Meronyms(Cy , Cy) C, G ObjectProperty
C,Cy synset EquavilentClass
C1,Cy,Cy Hypernyms(Cy,Cy)  Hypernyms(Cy, Cs) ( Ci=CNGC;
(3) (range) c, GC,. C G
, c, G Holonyms Meronyms, hasC1,
, C, G, reverseQO f
, hasC2, (domain) ’ ’



1132

b

P, domain range
( I8 ) < ry )
P, FunctionalProperty,  minCardinal
maxCardinal 1, r
L]
, domain range 7 r
P,, minCardinal 0,
maxCardinal . P, P,
(reverseOf).
OWL (Data-
typeProperty) , domain  range
R XML ,
(element)
(attribute)
4
, VO s
s VO
. VO
) VO
OWL ,
OWL
’ ()1
()2 Og 9 Ci Oi
3 P, O; 3 1 O,
1 C,=C UG, U C, C,

2006
[17] s
1. 1. O 0O
1.1.1. term&C,  term&eC,,
. term s
O, term 0O, term
1.1.2 termeC, term&eCy,, term
s O,
term 0, term 5
1.1. 3. term, € C, term, € C, ,
lerm, terms;
s O, term; O, term,
3
1.1.4. term, € C, term, € C,
s O, term, 0,
term, H
1.1.5. termé& C, terme C, ,
s term
term ,
1.2. O 0O
terme C, terme C,
y O term 0, term
1. 3.
1.3. 1. term C, C, , C,
5 term, € C, term, € C,
, Gy term, term, (owl; equivilent-
Class) » s
1. 3. 2. terme C, terme C,
O, term term [1]  term [2],
.
term Oy
term O, O,
1. 4. O 0O ,
C,
2. P,=P,UP,,
term, terms,
1 s
s term,  term, , O,
. .
s
.
VO s



C;
( ) O
).
o 0,
=
3. L=LUL.
4.
DP  domain
oP domain ,
, oP
P, (domain, , range, )
domain, domain,
range; ,
b
[19]
5
Java

WordNet 2.0, wnjnl. 6

MS SQL Server 2000
(LSPrunning) . OWL
OWL

tion)

VO

< . Cs
U ’ m s 7 ’
O;
O, (
term, terms, .
2
C
C ,

b

P, (domain, , range, ) »

, range,
Pl Pg
b
Windows
b
jena 2.2

(OntoExtrac-

(Ontolntegration).

(ADy).

1133
(AD,) (ADy).
VO AD, AD,,
AD;. AD, AD,
Schedule DB
Athlete Information DB. AD,
weather.owl, 5
1
location Jock
e 2]ia o B [ia
| | comtes name
| [ L1 age
o stadium
achievement
match == Jock
—re{| | =perts == [match]
=3} |location ¥ amde
] [time]
L |athlete match
L -2
athlete nams
LW lid [time]
name
- e Athlete Information DE
intraduction o
&
sports B
—=| Fid ThE-
name L=
5 AD, AD,

1. weather.owl
(owl; Class rdf: ID="“country”/>
(owl; Class rdf: ID="“city”/>
(owl: DatatypeProperty rdf: ID=
“# has temperature”)
(rdfs; range rdf: resource= “xmls # Integer”/)

(/owl: DatatypeProperty)

, match, game, ath-
lete, sports, stadium, location, time, swim, achieve-

ment, score, final, semifinal

1) L16] 1)
2
. TN
;EN 3 X
3V
match

Hypernyms Link: {match} > { contest, competition} >

{social event} > {event}.



1134

Hyponyms Link: {boxing match & -+ & field event

&. -+ &.quarterfinal final & -+ & ---} =>{match}.

TN EN

match match, lucifer
match > contest, competition
Match > ighter, light, igniter
match, mate
Match > score
catch, match
peer, equal,, match, compeer
couple, mates, match

Match > counterpart, ==

athlete  athlete, jock

rank Rank > line

Rank > status, position

w
5]

rank and file, rank
social station, social status,
social rank, rank

membership, rank

FIX XXX AKX KK XX X

2 AD,
Schedule.owl
2.
(owl: Class rdf: ID="“contest”/)
(owl: Class rdf: ID="“match”)
(rdfs; subClassOf rdf: resource=* 1 contest”/)
(rdfs: subClassOf)
(owl: Restriction)
(owl: onProperty rdf: resource=
“# has sport”/)
(owl: minCardinality rdf: datatype=
“&.xsd; nonNegativelnteger”)
(/owl; minCardinality)
(/owl: Restriction)
(/rdfs: subClassOf)
(/owl: Class)
(owl: ObjectProperty rdf: ID="has sport”)
(rdfs: domain rdf: resource=*“ # match”/)
(rdfs: range rdf: resource=" # sport”/)
(/owl: ObjectProperty)
(owl: DatatypeProperty rdf: about=" # has name”)
(rdfs: domain rdf: resource=* # athlete”/)
(rdfs: range rdf: resource="“xmls # string”/»

(/owl; DatatypeProperty)

2006
2 s
2 match
“match is a kind of
contest”.
R AD, Athlete
Information.owl.
3 AD, AD, Schedule.owl
Athlete Information.owl
3.

(owl: Class rdf: about="http: //localhost: 8080/
Shedule.owl # match”)
(rdfs: equivalentClass rdf: resource=
“http: //localhost: 8080/
Athlete Infomation.owl # match”/)
(/owl: Class)
(owl: Class rdf: about="http: //localhost: 8080/
Shedule.owl # Athelet”)
(rdfs: equivalentClass rdf: resource=
“http: //localhost: 8080/
Athlete Information.owl# jock”/)

(/owl; Class)

3 , Schedule.
owl  Athlete Information.owl match
, Schedule.owl match
Athlete Information.owl jock
VO ,
, , VO
AD;, VO ,
VO VAD; weather.owl
weather, temperature, humidity, cloudy

weather.owl VO

VO ,
VO



7 1135
6 ,
,VO . .
N VO
N N . 1
s VO, , VO
1
VO . s
VINCAMP VO s
. VINCA N )
s VO
, VIN- . VO
CA ,
s N , VO
VINCA VO 7
VIN-
CA ,
O ~vo_ O] ’
[ vO . | ) ,
— ’ ’

[op)

VO

-

1 Foster I., Kesselman C., Tuecke S.. The anatomy of the
grid: Enabling scalable virtual organizations. International
Journal of High Performance Computing Applications, 2001,
15(3): 200~222

2 Uhlir J. . Machkova M. et al. Creation of architectural ontolo-
gy: User’s experience. In: Proceedings of the 14th Interna-
tional Workshop on Database and Expert Systems Applica-
tions, DEXA., US, 2003, 65~69

3 Bruijn J. D. etal. State-of-the-art survey on ontology merging
and aligning V1. EKT-project Report D4.2.1(WP4), IST-
2003-506826, 2003

4 Baader F., Horrocks L. , Sattler U.. Description logics as on-

tology languages for the semantic Web. In: Hutter D., Ste-



1136

2006

phan W. eds.. Festschrift in Honor of Jorg Siekmann. Lecture
Notes in Artificial Intelligence. Berlin Heidelberg, New York:
Springer- Verlag, 2003, 228~248

o

Stojanovic L. , Stojanovic N. , Volz R.. Migrating data-inten-

sive Web sites into the semantic Web. In: Proceedings of the

17th ACM Symposium on Applied Computing, SAC, 2002,

1100~1107

6  Astrova I.. Reverse engineering of relational databases to on-
tologies. In: Proceedings of the 1st European Semantic Web
Symposium, Crete, Greece, 2004, 327~341

7 Astrova I.. Extracting ontologies from relational databases.
In: Proceedings of the 22 TASTED International Conference on
Databases and Applications, Innsbruck, Austria, 2004, 56 ~
61

8 Kashyap V.. Design and creation of ontologies for environmen-
tal information retrieval. In: Proceedings of the 12th Workshop
on Knowledge Acquisition, Modeling and Management, Banff,
Canada, 1999, 1~18

9  Aussenac-Gilles N. , Biébow B., Szulman S.. Revisiting on-
tology design: A methodology based on corpus analysis. In:
Proceedings of the 12th International Conference in Knowledge
Engineering and Knowledge Management, Juan-Les-Pins,
France, 2000, 172~188

10 Kornilakis H. , Grigoriadou M. et al. Using WordNet to sup-
port interactive concept map construction. In: Proceedings of
the IEEE International Conference on Advanced Learning
Technologies, Joensuu, Finland, 2004, 600~604

11 He H., Dayou L.. Learning OWL ontologies from free texts.
In: Proceedings of the 3rd International Conference on Machine
Learning and Cybernetics, Shanghai, China, 2004, 26~29

12 Gangemi A. , Navigli R., Velardi P.. The OntoWordNet pro-

ject; Extension and axiomatization of conceptual relations in

WordNet. Lecture Notes in Computer Science 2888, 2003, 820

CHEN Wang-Hu, born in 1973,
Ph. D. candidate. His research interests
include software integration and service

grid, service semantic.

LIU Chen, born in 1980, Ph. D. candidate. His re-

Background

The authors are members of Sino-German Joint Labora-
tory of Software Integration Technologies group of Institute of
Computing Technology, Chinese Academy of Sciences. This
paper is primarily supported by the National Natural Science
Foundation of China ( NSFC) under grant No. 90412005,

which involves in the research works about dynamic services

~838

13 Abels S. , Haak L. , Hahn A. . Identification of common meth-
ods used for ontology integration tasks. In: Proceedings of the
1st International Workshop on Interoperability of Heterogene-
ous Information Systems, Bremen, Germany, 2005, 75~78

14  Canas J. , Valerio A., Lalinde-Pulido et a/. Using WordNet
for word sense disambiguation to support concept map con-
struction. In: Proceedings of the String Processing and Infor-
mation Retrieval, Manaus, Brazil, 2003, 350~359

15  Richardson B. , Mazlack J. et al. Approximate ontology mer-
ging for the semantic Web. In: Proceedings of the 23rd Inter-
national Conference of the North American Fuzzy Information
Processing Society Proceedings, Banff, Canada, 2004, 641~
646

16 Do H. H., Rahm E.. COMA— A system for flexible combina-
tion of schema matching approaches. In: Proceedings of the
Very Large Data Bases Conference, Roma, Italy, 2001, 610~
621

17 Zan C., O’ Brien P.. Domain ontology management environ-
ment. In; Proceedings of the 33rd Hawaii International Confer-
ence on System Sciences, Maui, Hawaii, 2000, 2964~2972

18 Ram S., Park J.. Semantic conflict resolution ontology
(SCROL);: An ontology for detecting and resolving data and
schema-level semantic conflicts. IEEE Transactions on Knowl-
edge and Data Engineering, 2004, 16(2): 189~202

19  Baader F., Sattler U.. An overview of tableau algorithms for
description logics. Studia Logica, 2001, 69: 5~40

20 Han Y., Geng H. et al. VINCA — A visual and personalized
Business-level composition language for chaining Web-based
services. In: Proceedings of the 1st International Conference on
Service-Oriented Computing, Lecture Notes in Computer Sci-

ence 2910, Springer-Verlag, 2003, 165~177

search interests include software integration and service grid,
service semantic.

LI Hou-Fu. born in 1974, Ph. D. candidate. His re-
search interests include service grid and event-driven archi-
tecture.

WANG Jian-Wu, born in 1980, Ph. D. candidate. His
research interests include software integration and service

grid.

composition including virtual organization in Service Grid.
The paper proposes an approach to developing the semantic
infrastructure for virtual organizations by extracting seman-
tics from resource descriptions in individual autonomous do-

mains and then fusing the extractions.



