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Abstract With rapid growth of Internet, the amount of information in the Web is increasing
exponentially. However, information on the current Web is understandable only for human, and thus
it makes the exact information retrieval difficult. For solving this problem, the Semantic Web is
suggested and we must use ontology languages that can endow data to semantics for implementing
it. One of the representative ontology languages is OWL (Web Ontology Language) adopted as a
recommendation by the World-Wide Web Consortium. OWL has richer expression power and formal
semantics than other ontology languages such as RDF and RDF-S. In addition, OWL includes
hierarchical structure information between classes or properties. Therefore, an efficient OWL storage
model considering hierarchical structure for effective information retrieval on the Semantic Web is
required. In this paper, we suggest‘the XPOS (XPath-based OWL Storage) mode! including hierarchy
information between classes or properties as XPath form and enabling intuitive and effective
information retrieval. Also, we show the comparative evaluation results on the performance of XPOS
model, Sesame, and the XML storage-based storage model regarding query processing.
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<?xml version="1.0" encoding="UTF-
8"

<pdf:RDF
xmins:rdf="hitp/f'www.w3.0rp/1999/02/2
2-rdf-syntax-ns#"
xmins:rdfs="hitp://'www.w3.0org/2000/0 1 /v
df-schemad#”
xmins:owl="http://www_w3.0rg/2002/07/
owl#”

xmins:ub="hitp://'www lehigh.edw~zhp2/
2004/0401 /univ-bench.owl#">

<owi:Ontology rdf:about="">
<owl:imports

rdf:resource="hitp://www lehighedw/~zh
p2/2004/0401/univ-bench.owl” />
<fow!:Ontology>

<ub:University

rdf:about="http://www_ UniversityQ.edu”>
<ub:name>UniversityQ</ub:name>

</ub:University>

<ub:Department
rdf:about="http://www.Dcpartment0.Univ
ersityl.edu™>
<ub:name>Department(</ub:name>
<ub:subOrganizationOf>
<ub:University
rdfiabout="http:/www.UniversityQ.eda”
> <ubisubOrganizationOf>

</ub:Department>

<ub:FullProfessor
tdf:about="http://www.Department0. Univ
ersity0.edu/FullProfessor0">

<ub:name>http://www.Department0.Univ
ersity0.edu/FullProfessor0</ub:name>
<ub:teacherOf
rdfiresource="hitp://www.Department0.U
niversity0.edw/CourseQ" />
<ub:teacherOf
rdf:resource="hitp://vwww.Department0. U

* /> <hb:mastersDegreeFrom>
<ub:doctoralDegrecFrom>

<ub:University
rdf:about="http://www.University6353.cdu
">  <fub:doctoralDegreeFrom>
<ub:worksFor
rdf:resource="http-//www,Depariment(}.U
niversity0.edu” />

<ub:emailAddress>FullProfessor2@Depa
rtment). University0.edu</ub;cmailAddres
s>

<ub:telephone>xxx-xxx-
xxxx<fub:telephone>

<ub;researchinterest>Research28</ub:res
earchlnterest>
</ub:FullProfessor=

<ub:FuilProfessor
rdfabout="http.//www.Department).Univ
ersity0.edu/FullProfessor3™>

<ub:name>http://www.Departmentd.Univ
ersityQ.edw/FullProfessor3</ub;name>
<ub:teacherOf
rdfresource="http/fwww, Department(.1)
nivergityQ.edu/Coursed" />
<ub:teacherOf
rdfiresource="hstp.//www_DepartmentQ.U
niversity0.edu/Course5” />
<ub:teacherOf
rdf:resource="http://www.Department(.U
niversity0.edw/GraduateCoursed” />
<ub:teacherOf
rdfiresource="http://www. Department(.U
niversity0.edu/GraduateCourse3"” />
<ub:undergraduateDegreeFroms
<uyb:University
rdf:about="http:/www.University74.cdu”
>  </ubundergraduateDegrecFrom>
<ub:mastersDegreeFrom>
<ub:University
rdf:about="http.//www.University336.edu
"> </ub:mastersDegrecfrom>
<ub:doctoralDegree From>
<ub:University
rdf:about="http://www.Univcrsityl 12.edu

LE L L L2}

niversityQ).edwGraduvateCourse(* />
<ub:teacherOf
rdf:resource="hitp://www.Department}.U
niversity0.edw/GraduateCoursel” />
<ub:undergraduateDegreeFrom>
<ub:Umversity
redfabout="http://www University84.edu”
> </ub:undergraduateDegreeFrom>
<ub:mastersDegreeFrom>
<ub:University
rdf about="http://www.University875.edu
"> <fub:mastersDegreeFrom>
<ub:doctoralDegreeFrom>
<ub:University
rdf about="hitp://www.University241 .edu
"> <hb:doctoralDegreeFrom>
<ub:worksFor
rdfiresource="http://www.Department(.U
niversity0.edu” 2>

<ubemailAddress>FuliProfessorl@Depa
rtment0. University0.edu</ub:email Addres
s>

<ub:telephone>xxx-xxx-
xxxx</ubtelephone>

<ub:researchinterest>Research20</ub:res
earchinterest>
</ub:FullProfessor>

<nb:FullProfessor
rdf:about="http://www Department0.Univ
crsity0.edu/FullProfessori”>

<ub:name>http://www.Department0. Univ
ersityD.eduFullProfessor 1 </ub:name>
<ub:teacherOf
rdf:resource="http:/fwww. Department0.U
niversity0.edwCoursel"” />
<ub:teacherQf
rdf:resource-"http:/iwww. Department0.U
niversity0.edwGraduateCourse2™ />
<ub:undergraduateDegreeFrom>
<ub:University
rdf:about="http:/Wwww.University260.cdu

Y <jubidoctoralDegreeFrom>
<ub:worksFor

rdf resource-"hitp://www.Department0.U

niversityb.edu” />

<ub:email Address>FuliProfessor3@Depa
rtmentd. University0.edu</ubzemail Addres
s>

<yh:telephone>xXx-xxx-
xxxx<fub:telephone>

<ub:researchinterest>-Research12</ub:res
carchinterest>
<fub:FullProfessor>

<ub:FullProfessor
rdf:about="http:/f/www.Department0.Univ
ersity0.edwFuliProfessord”>

<gb:name>http.//www. Department0.Univ
ersity0.cduw/FullProfessord</ub;name>
<ubteacherOf
rdfiresource="hitp://www.Department0.U
niversity0.edu/Course6” />
<yb:teacherOf
rdf:resource="http:/fwww. Department(.U
niversity(.edw/GraduateCourse6™ />
<ub:teacherOf
rdfiresource="http://www . Department0.U
niversity(.edw/GraduateCourse7" 7>
<ubzundergraduateDegree From>
<ub:University
rdf:about="http.//www.University608.eduy
"> </ubundergraduateDegreeFrom>
<ub:mastersDegreeFrom>
<ub:University
rdf:about="http:/fwww. University 737 .edu
"> <jub:mastersDegreeFrom>
<ub:doctoralDegrecFrom>
<ub:University
rdf:about="http://www.University143.edu
/> </ub:doctoralDegrecFrom>
<ub:worksFor
rdfiresource="http://www._Department0.U
niversityQ.cdu” />

<ub:emaiiAddress>FullProfessord@Depa
tment0. University0.edu</ub:emaitAddres

uapea

">  </ubiundergraduateDegreeFrom>
<ub:mastersDegreeFrom>
<ub:University
rdf about="http://www, University503.edu
"> <fubimastersDegrecFrom>
<ub:doctoralDegreeFrom>
<ub:University
rdf:about="http.//www.University882.edu
"> <fubidoctoralDegreeFrom>
<ub:worksFor
rdf:resource="http:/fwww . Department0.U
niversityD.edu” />

<ub:emailAddress>FullProfessor1 @Depa
rtment@. University0.edu</ub:emailAddres
>

<ub:telephone>xxx-xxx-
xxxx</ub:telephone>

<ub:researchinterest>Research | 2</ubires
earchlntercst>
<fub:FullProfessor>

<ub:FullProfessor
rdf:ebout="http://www.Department). Univ
ersity(.edwFullProfessor2">

<ub:name>http://www.Department0.Univ
ersity0.edu/FullProfessor2 <Aub:name>
<ub:teacherOf
rdf:resource="http://www.Departmentd.U
niversity0.cduw/Course2” />
<ub:teacherOf
rdf:resource="http://www.Department(.U
niversity0.edu/Course3” />
<ub:teacherOf
rdf;resource- *hitp://www.Department0.U
niversityl.cdw/GraduateCourse3” />
<ub:undergraduateDegreeFrom>
<uby:University
rdf:about="http://www.University862.cdu
"> <fubundergraduateDegrecFrom>
<ub:mastersDegreeFrom>
<ub:University
rdf:about="http://www.University 125.cdu
s>
<ub:telephone>xxx-xxx-
xxxx</ub:telephone>

<ub:researchinterest>Research7</ub:resc
archlnterest>
<fub; FullProfessor>

<ub:FullProfessor
rdf.about="http://iwww. Departmentd.Univ
ersity0.edwFulfProfessors">

<ub:name>htip.//www.Department(.Univ
ersity0.edu/FullProfessorS</ub:name>
<ub:teacherOf
rdf:resource="http://www.Department(.U
niversity0.eduw/Course7" />
<ub:teacherOf
rdfresource~="http//www.Department(. 1
niversity0.edwGraduateCourse8" />
<uh:teacherOf
rdfiresource="http://www.Department0.U
niversity(.edw/GraduatcCourse9” />
<ubmundergraduateDegreeFrom>
<ub:University
rdf:about="http://www.University451.edu
"> <ubandergraduateDegreeFrom>
<ub:mastersDegreeFrom>
<ub:University
rdf:about="htp://www.University718.edu
> </ub:mastersDegreeFrom>
<ub:doctoraiDegreeFrom=
<ub;University
rdf:about="http://www.University358.edu
"> <lubidoctoralDegrecFrom>
<ub:worksFor
rdfiresource="http://www.Department0.U
niversity0.edu” />

<ub:email Address>FullProfessor5@Depa
rtment0. University0.edu</ub:cmailAddres
5>

<ub:tetephone>xxx-xxx-
xxxx</ub:telephone>

<ub:researchintercst>Research 1 §</ub:res
earchinterest>
<fuby; FullProfessor>

(AL RN RJ

249



250 AEASI| =R dlo|epo]A& A 3B E A 3 Z(20086)

B, B4 338 58 OWL £4E Zgr/zawe
A% Aug TPshs 2R3 Fha/z2E/dids
2 E5E YRS TP RRoT EEIT OWL
49 £ 9 BiJ) dsdd E5Y S9Pa/Zay
Bt A% REE dolg 1@z A4le) gs ulole
a#zs 9k 19 68 Feas TENE A TR
of gt olole} Tefzold. dlog s} gAHR
Az An B o8] A4 =g Aoz Tu
wEAA Yol SA @A 7|ME olgs] wAG
B xS o2 AS MY x=9) B2 HH(path)S
QAT ojn) BAT 7 =SS BF = YEE
A AP @ BT woo A kT By Ade
7t =280 Ug AT PuE Az 157 AT
2H 22 A2 A4S PAIY E 6 ZYx A=
7z aze} ZowE A% 72 Iz B4 &
2 g 2 adn g A AAEE HEAHRE
ehdc}.

¥ 63 2ol ol 4 4 £Ad) w RE ==
£ g3 3 4 =59 path7t EF AAEHE AS
FZ¥ Class H©]E3} Property E}o]E<) path B
A=Y, 29 T2HE o|F, U282 Zh subject-
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path

[Class] Emp!oyee->PostDoc . Employee/PostDoc
. Employee/Faculty
> ->Prof
2 [Class] Em?i?:;? Przaf‘;l:slg Professor Employee/Faculty/Professor
Employee/Faculty/Professor/Full Professor
3 {Class] I%r:glsc;iz?;;F;:;l;g;zFroi'essor Employee/Faculty/Professor/Associate Professor
> - ; _
4 [Class] E‘r:fg:tea-m}“;g;letzs;ﬁoiessor Employee/Faculty/Professor/Assistant Professor
5 [Class] Ez%?ggf;g)??ggz;?mi essor Empioyee/Facuity/Professor/Visiting Professor
6 IClass] Emp loytﬁtg-gef“azﬁ:u]ty&l"roiessm Employee/Faculty/Professor/Dean
7 | [Class] Employee>Faculty->Professor Eruployee/Faculty/Professor/Chaic
8 |Class] Employee->Lecturer Employee/Lecturer
9 [Class) Employee->Administrative Staff Employee/Administrative Staff
->Systematic Staff Employee/Administrative Staff/Systematic Staff
1o | [Classt Employee->Administrative Staff Employee/Administrative Staff/Clerical Staff
i1 [Egﬁ;g{ g:g: ::E:§$ degreeFrom/Doctoral degreeFrom
12 ‘?::Es:g‘dg?;zg;? degreeFrom/Master degreeFrom
13 _>6E;gfgemn££:gdf;2:g om degreeFrom/Undergraduate degreeFrom
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rhas el ehyss e vidasy path prop path root id

01 Employee Employee Employee po1 deFrom degreeFrom degreeFrom
c02 PostDoc Employee PostDoc Employee p02 df;:;’l;lm degmoml degreeFrom
c03 Facuhy Employee Faculty Employee Mg degreeFromManer

c04 Professor Employee Faculty Professor Employes p03 degreeFrom degreeFrom degreeFrom
R e e I -l el
ae | G| emere Tyt 85 | s

07 mtr B@!ﬁywﬁgﬁéﬁmu’ﬁsﬁ Employee

wr | o [Emeremca et |

09 Dean Employee’l“acul:ly*&ofessornca Employee

16 Chair Emp]:oyee‘?anﬂ:yi?mfesso:-’(:}ﬁ Employee

cil Lecturer Emplovee Lectuzer Employee

ci2 mm En':ployee?tf?thﬁmmve Employee

(3 | TR | imoynemamcsan | Doy

e | Gap | emClecdsam | By

inst id st name

i01 http//www.Department(. University eduw’ AssistantProfessor0 Assistant Professor
02 http://www Depanment0. University0_eduw/FullProfessor2 Full meesspr
03 hitp//www Department0 University0.edu/FullProfessor8 Full Professor
i04 hitp://vww.Department0 University(.edw AssociateProfessor Associate Professor
03 http://www Department0 University( .edu/AssociateProfessor7 Associate Professor
106 http://www.Department0. University0.edu-AssistantProfessord Assistant Professor
07 http://woew Department0. University0.edu’AssistantProfessor2 Assistant Professor
08 |http://www.Department0 University0.edu UndergraduateStudent324 %g;i“f
Undergraduate

0% http:/Awww.Department0. University0.edu UndergraduateStudent 229 degreeFrom

110 http://wwor Department0. University0 . edu/Lecturert Lecturer
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{http://www.Department5. University0.edu’Assista rmp : oww lehigh edu/~zhp2’2004/040 { umiv-bench.owi#

ntProfessord mastersDegreeFrom http:/‘www. University264.edu
thitp://www.Department$ University0.edu Assista rm'p:f’.f'mw.le!:igh.edu»’~zhp2!’200df040 1umiv-bench. owh

ntProfessord undergraduateDegreeFrom http://www. University939.edu
Inttp://www.Department5. University0 edu Assista rmp r-wrorw Jehigh.edu/~zhp2/2004:040 1nmiv-bench.owi¥

ntProfessort mastersDegreeFrom http:/fwww. University965.edu
hittp://www Department4. University0 edu: Gradualhttp: ‘www.lehigh edu~zhp2/2004:0401 univ-bench.owi

teStudent126 undergraduateDegreeFrom http:/ Ao University307.edu
http://wew Departmentd . University0 .e-du-’Gmduz{http.'f.fwww.lehig'x.edw~zhp2.’2004:’040 amv-bench.owi#

teStudent 74 undergraduateDegreeFrom http://www.University33.edu
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select 7class
where {
{7class Uvihitp://www.w3.0rg/2000/0 /rdf-schema#subClassOf 7x.
?2x Uv::http://iwww.w3.0rg/2000/01/rdf-schema##subClassOf ?y.
7y Uv:hitp://www.w3.0rg/f2000/01/rdf-schema#subClassOf
Uv::http://www.lehigh.eduw/~zhp2/2004/040 1 /univ-bench.owi#Employee }
union ail
{?class Uv:http://www.w3.0rg/2000/0 /rdf-schema#subClassOf ?y.
2y  Uvihttp:/Aiwww.w3.0rg/2000/01 /rdf-schema#subClassOf
Uv::http://www. lehigh.edu/~zhp2/2004/040 1 /'univ-bench.owi#Employee }
union atl
{?class Uv:hitp:/fwww.w3.0rg/2000/0 /rdf-schema#subClassOf
Uv::http://www lehigh.edu/~zhp2/2004/0401 /univ-bench.owl#¥Employee }

i

<'Employee’ Tej29 B 3¢ ZAAE A8 d9 >

select Tinstance
where {
?instance rdf:type ?class {
{7class Uv:hitp://www.w3.0rg/2000/0 1 /rdf-schema#subClassOf ?x.
?x Uvzchttp:/iwww.w3.0rg/2000/01 /rdf-schema#subClassOf ?y.
7y Uv:http//www.w3,0rg/2000/01/rdf-schema#subClassOf
Uv::hitp://www.lehigh.edu/~zhp2/2004/040 1 /univ-bench.owi#Employee }
union all
{?class Uv::http://www.w3.0rg/2000/01 /rdf-schema#subClassOf ?y.
27y Uveihttp/iwww.w3.0rg/2000/0 1 /rdf-schema#subClassOf
Uv::http://www.lehigh.edu/~2zhp2/2004/0401/univ-bench.owi#Employee }
union all
{?class Uv:http://www.w3.0rg/2000/01/rdf-schema#subClassOf
Uv::http://www.lehigh.edu/~zhp2/2004/040 1 ‘univ-bench.owi¥Employee }

}
}

< Employee’ 22 2 319 Fel2ik Mt 4 gl sigsie QapA
#g H4asls gdop>

select ?property
where {

{ ?property Uv::http//iwww.w3.0rg/2000/01/rdf-schema#subPropertyOf 7y.

Ty Uvihttp://www.w3.0rg/2000/0 1 /rdf-schema#subPropertyOf

Uv::http:/fwww.lehigh.edu/~zhp2/2004/0401 funiv-bench.owl#memberOf |
union all

{?property Uv::hitp://www.w3.0rg/2000/01/rdf-schema#subPropertyOf

Uv:hitp://www lehigh.edu/~zhp2/2004/040 1 /univ-bench.owl#memberOf }

}

<'memberQOf XEWEIS] RE 319 T2 HElE F4ste A9 >

select Tobject
where {
7% ?property ?object {
{ ?property Uv:http://www.w3.0rg/2000/0 ! /rdf-schema#subPropertyOf ?y.
Ty  Uvihtp://www.w3.0rg/2000/01/rdf-schema##subPropertyOf
Uv::http:/fwww.lehigh.edu/~zhp2/2004/040 1 /univ-bench.owl#memberOf }
union all
{ 7property Uvihitpi//www w3 .org/2000/01/rdf-schematsubPropertyOf
Uv:http://www. lehigh.edu/~zhp2/2004/040 1 /univ-bench.ow!l#memberOf }

}

<memberOf ZZHE|Y RE 3¢ =T oHElE Al 7} ZEHE) sfgd:
Object &S ANste FY >

select 7subject
where {

?subject ?property 7x §

{Iproperty Uv:http:/fwww.w3.0org/2000/0 1 /rdf-schematisubPropertyOf 7y.

7y Uvihitp//www.w3.0rg/2000/01/rdf-schema#subProperty Of

Uv:http:/twww.lehigh.edu/~zhp2/2004/0401/univ-bench.owl¥memberOf }
union all

{?property Uv::http://www.w3.0rg/2000/01 /rdf-schema#subPropertyOf

Uv:hitp://www.lehigh.edu/~zhp2/2004/040 1 /univ-bench.owli#memberOf }

}

<memberOf ERHE|] BE 319 ZRElr PMstd 2z TR sy
Subject #h-& AN Hel >

select ?class
where {
7object rdfitype ?class,
Ix Tproperty object {
{?property Uv::http://www,w3.0rg/2000/01/rdf-schema#subPropertyOf ?y.
7y Uvihitp://www.w3.0rg/2000/01/rdf-schema#subProperty Of
Uv:http:/fwww lehigh.edu/~zhp2/2004/0401 /univ-bench.owl#memberOf |
union all
{?property Uv::http://www.w3.0rg/2000/0 1 /rdf-schema#subPropertyOf
Uv::http://www.lehigh.edu/~zhp2/2004/0401 /uruv-bench.owl#memberOf }

}
}

<memberOf MEUlElS] HE at9] ZHUE FMsie 4 MEIE sl
object k& 74 § & object?] A2F A gho] PHE: TAH2E HYs: Hel >

of sl XML Aol H&Est
49 €02 A F A F
BE EUE Employee Hlo}E A
E3) 8¢ ZoA RS AN
&A% XPOS 24 Z$5- £
go)& WA path §49 kTt
gAsle 31y FYPLE AN
Aok w2k Q1o A9 e
ol Buhs HAste AE 33
£ XPOS Edo] 714 §2 Asg
Hloh

a9 102 Q29 tigh 7 Ed e
Ao A7 Afo|tt Q2 A =
717y AR mWE A28 AETT
Z7Hgre 2R Aol A Al EF &
7}t Sesames}t XPOS Rde] 7
= Q19 ZAAE F3) instanceOf/
Instance EHIolE-E A3 3433}
e U2EAES FAg ALEs
AN JAz=Wx HHE A=
sl HiolE HANE B3 AHRE
A, sk EY2E FYst=T
Age A9 Aol A8 XPOS
2do| Sesamed Bl3) Q2 3 &
7 EI 5% dvS Btk @
H, XML &4 7¥F A Rd&
Qlel AAE F3I EFHL/Z=HE
H2 Urol AREHY e B2E ¢
2EAES £ A4HE T8 A4
slpg uE F Rdd H3 &
Aol g H-&-& Q73

2 112 Q39 uigh &4 Ede
A9 A Aot} AP =77}
F7rCHE ZEWE e WE
2] ¢k7] W& Q3 3 Al7rE T
d @A77t AXGYeEle Al A%

& #AIF) Sesamer subPro-
pertyOf Elo]Eol4 ‘memberOf =
29Ele 3¢ ZEHEE HAE)
A8 39 Z2HE ZAE 9HE A
dafjor FHoh XML AZA: 71wt A
Z 2de ‘memberOf &Ll o
3} XML AZdol H&dhd A
FHEE HUY F AF JERE B
E memberOf HolE HAE &
3 3¢y ZEWE EFE ZA4%Th

4t > 5o

A1)



254 AR =72
25 i
26 re/\‘
2
9
£ 15
v
)| " Sesame
2
w10 ——0a P2 NG 2
< 5 i XPOS 2N
- —
| ‘ K‘
N 4% qol:gﬂmbm) o
1" 9 Qlo} digk "o 43 Az
2000
1300 //
1800 V4
3 100 /)
< 1200 /
: A
—i—Syqame
E 600 /7// ——xML ABA Y 2Y
. 600 —
¢ T 77 ¥OS 2%
200 | 7~
[/ T r
M S5M 10M
49 Aol 37 Qbyte)
¥ 10 Q20 Uit deol 43 A
80
80 -

-

4 80

£

g 50

; 40 = Sgpme

m g ———ML AFA e Y
A “tYPOS 2Y

44 dold 27 Qbyte)

2% 11 Q39 gt 2 53 a%

XML AZA 7]9F A% 2de] 29 Helgde
SlxRlA AHHEIL A AFES Q7] WE ZEHE
o] A7t HE A FHE A2EA9] J9E
ol8-g HAsj o} v} a2y XPOS 2Ed B¢, T2
HE o8 o)A path £4 TS 43S 3+
Z2WEE A48 ¢ ot meEA Q3 AF Q1 1t
FANAR 3pte] ol ETHE Pt AdE Fse
XPOS Bdo] 713 #& 452 Bl

a9y 129 38 132 Q49 Qoo g &4 =dle] A
ol A AF AFE RAFvh wfd A7t FrHgl
uzl A2"HA JFr) F718ka o2 I3 EFE 72
o] objectZ} F78HAl Eot. WM Q4= w9 =)
7} Vgl mel 3 A|Zko] F7IETh Q49 Qb6
2o Feo Fo2ZH Q39 EANE Evgr FM 3 X

Holetdo] A A 35 H A 3 Z(20086)

140

120 + /1
4
9 100
g 30
;,‘ 80 ‘ —#--Sesame
o ./ —XdL ARA VY RE
s 4 el ———YPQS 29
20
0 Y
1M 5M 10M
49 dolg 271 (Mbyte)
¥ 12 Q4 tigt 2o 3 Ax
80
P -
50
-
4 4
s
B W
g 30 ¥ Sesame
- 20 » - w——h —eYML HZA Y 2Y
s ——¥POS 2Y
10
0
1M SM 10M

4 Y Hol 8 3 AMdyte)

I3 13 Q5o Wit A 53 A

ZHEZ predicateE AU+t objecte}d subjectE HAY
3= A2jojr}. Sesamest XPOS EdE Q39 AHE
23] Triples H|o|&-& A3t object®} subjectE: &
9. Z2HE Y] 39 ZTEHEY ik HA 3 AT
9] zlolZ I3 Q49 Q58 A9 +3 FHAAx XPOS
Fdo] Sesameol ®IF| Y& deE BUh XML A
i 7 A 2de Q39 AH/E EdZ FY H9
£ WolM object®} subjectE® BMIIEZ subjects}
objectol] thdt A A] L XF A|ZHE HolAT, =L
Z2HE 9 3¢ ZEHEe g A 43 Bo 2
el v&& a7gck gty XML Hgs 7y =%
Ede Q40 di3lA dolel =77t e Afdds
Sesame EUe FX| &L A4%S Ro|AT Holg =
V7t 71848 SesameB T W A& EG 3
A% XML AZA 71W A% 2 =E5aA A
2EQ XPOS BEHEO:= HESHYS & + Uk
29 4= Q6o digt zt mde] Aol Az ZAold,
mde] A7) Frtetel wet JIZ28 A JiFrt F718)
3 o]® A3 triple X9 object7} F7}sHA ok o
24 Q62 TdY ZA7|7F FUEl mhel =3 Ao
Z7}3kc}. Sesame$}t XPOS 2Hle Q49 438 EUE
instanceOf/Instance Eo]EolA 33 Q2829 g
25 JA3A dv. Z=2HEQ 39 Z2HEY] thE
A £ A7 2olg A Q69 B 3 dix



XPOS: E&3< 29 HYE AT XPath 7|¥ke] OWL A& =4 | 255

1800 + —- —

1800 /

1400
g 1200 / /
£ 0 /&
21} 800 / / —8— Sesame
= 800 / / XML HFA AU 2Y
5 —*—¥POS &Y

= L

M 5M 10M
49 Qoj g I (Mbyte)

2% 14 Q6o i Ae| 8 A3

o

XPOS =Edo] Sesameo] HIZ} F& A5 BAh
XML ARZE 7 A Zd Q4 g EE F
d HolE WM QQiEle] FY FHLE HM3o2
g Sz HE HA F3 AL #HAY, ZZHE
o} &9 Z2HE) it A 3 A7ho] e AYTh
w2t XML A&4 719 A4 2de Q69 thalM Q4
¢} vIVIARE Sesame EUe= ¥ AFE B,
XPOS REdHt= 3 42 45< HAM.

Gd Ay A, & Q1~Q69] A9 A7 Azt o
3 AY AnE FHEE, FUL = T2HED AF
A ARE HAsI=H o] XPOS Ede] Aol
SesameYt XML A4 7P AR 2do) H)3] $-523}
e RS 4 4 Utk Sesames YoM dFTE nkol
Zol AF A HARE FZ8 7] A3 subClassOf
Blo)E X+ subPropertyQf EjolEo|A At9] a2}
sk9l FULE FMde FAYE WESor ok XML
A2 7 AR 2l AZE FA4 FE 322 99
34 XML A&4d HI8A XPath FE Y
¥ A AFRE EYEZ RDBMSO HIse HRE 7
Aol g} oo} ¥hal), XPOS RdS FfA e =
ZHEL AS BE FRE FE3r] o8 &4 Class
Blo]E = Property ®Hlo]ld W] path &4 e
A4 getM g2 2 ZEHET AS AR
#do] Sie 29 8 Alde ¥4 XPOS 2de| tt
& F Edo v £4% %S Bk

5. 48 ¥ g% g+

AE 2 FE5EHe 9 ZR9 o] 7BIFFFHLRE 2
7}l whel ARRR7Y 3k AEE AW 30 £8
g olffE UFHI Uth ol F w7 &ollA AR
AulE Roslal FAHo 2 Hod= AWE o] T
#3574 =on RDF, OWLH Ze LEZA 7l& o
o] 7 P Algo] @A WYPHT Uk LEEXA
Aojol= EH&/TEHEETN ASHY 2 HRUL £
At ojo] g EEHA AR FE R o] &

A4 A85 AR F&5L& fsiMe

A 3 AWY g
b 5842 OWL dojge A7 7)

TZ ARE 13
Hol gasjr}

o] =0l OWL Hlolete] anAoln FFHF A
B FEE 93 AEH 725 1 5839 OWL
A7 2dl XPOS Edy OWL dlojelE #HEso
XPOS EdE #3t7] Y XPOS Al&® F29 df
st 713t XPOS A2He 48® OWL dlojet
o] 27w} BEE EA3Y A4 BAE 7R g
9} =2 HE]E-L Edge-Labeled Graphol dlo]e}l 2&j
=3} A 3 aHZE Y OWL HoletE 7]
810 8 Wi (Leaf) Fel&/ZEWEZLA] Ho] L4 Al
78S Hedt HA A2E FE23) F2F A A
B XPOS ®Ede] g gol&d XPath 2 A3
:23=%

ue}r] o] =EoA AUg XPOS Bd FERE OWL
doleld A& e}l Sesamed AEF: FFR FE&
A% WHE FPo g QF HlEEAR F XML HAFAA V)
Wk AR RdAY ol HoleH|o)2E ALl o}
g} dAE= A Aste] EAE FEE 4+ ok =3
XPOS 22 4%dA 71 AAY 71S9 Al="E
o wis) E&AYU A HE HeS Holy FAAo|wm
we AE AR FE85 7153 .

FF dTE OWL &4 XPOS Edzeo A%
HE, & A8AF A2, 29 A3 So] vlm Bt H
ojol & Aelth T3 AF LT AF F= Feo X
&7t A @A dg 97 =8 HaF Aot A
F B&ol WE A AF Al AF FF Wi aert
F o]FRXA ol AF T2 FYd i AP &=
T =¥ A7t Bon, AR A AF F2E A% 2
Bt At F¢ AEF: 72 Y ANE] £ w
231 At A% 58 =98 & Uk gakd F 7L
| BEo] g AW BAE udd F /A ELE
EF udEty] 9% 470t AsE ool jit)

N

FoEd

[1] Tim Berners-Lee, James Hendler, and Oral
Lassila, "The Semantic Web,” Scientific American,
May 2001.

[2] Stefan Decker, Sergey Melnik, Frank van Harmelen,
Dieter Fensel, Michel Klein, Jeen Broekestra,
Michael Erdmann, and Ian Horrocks, "The Semantic
Web:. The Roles of XML and RDF,” IEEE Intemet
Computing, Vol, 15, no. 3, pp. 63-74, Oct. 2000.

[3] Ismail Fahmi, Junte Zhang, Henk Ellermann,
Gosse Bouma, “System Description: A Case Study
in Information Retrieval, Inference, and Visuali-
zation in the Semantic Web,” LNCS 4519, pp.



256

[4]

[5]
[6]

[7]

(8]

[9]

(10]

[11]

[12]

{13]

[14]

[15]

[16]

(17

(18]

HEBEI=F A dojepol& A 35 A Al 3 5(20086)

769-778, Jun. 2007.

H. Stuckenschmidt, F. van Harmelen, A. deWaard,
T. Scerri, R. Bhogal, ]J. van Buel, I. Crowlesmith,
C. lut, A. Kampman, ].Broekstra, and E. van
Mulligen, "Exploring large document repositories
with RDF technology: the DOPE project,” Intelli-
gent Systems, IEEE, Vol.19, No.3, pp. 34~-40, 2004.
Resource Description Framework(RDF), http://www.
w3.org/RDF/.

Dave Buckett, "RDF/XMIL Syntax Specification,”
W3C Recommendation, Feh. 2004.

Ioanna Koffina, Giorgos Serfiotis, Vassilis Christo-
phides, Val Tannen, Alin Deutsch, "Integrating
XML Data Sources using RDF/S Schemas: The
ICS-FORTH Semantic Web Integration Middle-
ware (SWIM),” Semantic Interoperability and Inte-
gration 2005.

Zhuan Li, Yuanzhen Wang, "An Approach for
XML Inference Control Based on RDF,” LNCS
4080, pp. 338-347, Sep. 2006.

Jeremy J. Carroll, Patrick Stickler, "RDF Triples
in XML,” Extreme Markup Languages Conference
2004, Aug. 2004.

Michael K. Smith, Chris Welty, and Deborah L.
McGuinness, "OWL Web Ontology Language Guide,”
W3C Recommendation, Feb. 2004. htt{://www.
w3c.org/Tr/2004/REC-owl-guide-20040210/.

Jian Zhou, Li Ma, Qiaoling Liu, Lei Zhang, Yong
Yu, Yue Pan, "Minerva: A Scalable OWL Onto-
logy Storage and Inference System,” ASWC 2006,
pp. 429-443, Set. 2006.

Jeen Broekstra, and Arjohn Kampman, "Sesame:
An Architecture for Storing and Querying RDF
Data and Schema Information,” LNCS 2342, pp.
54-68, Jun. 2002.

$-2n), A, FNY, ‘OWL dHiojgt AL A3
HEA AR 270 75 9 A Ay /W, AR
HRE3=FA: HoJepH|o] A A34H, A3E, pp. 206-
216, 2007. 06.

Hyunchul Jang, Youngil Kim, Dongwook Shin,
"An Effective Mechanism for Index Update in
Structured Documents,” ACM CIKM 1999, pp.
383-390, Nov. 1999,

Kazuhito Kobayashi, Wenxin Liang, Dai Koba-
yashi, Akitsugu Watanabe, Haruo Yokota, "VLEI
code: An Efficient Labeling Method for Handling
XML Documents in an RDB,” ICDE 2005, pp.
386-387, Apr. 2005.

Jingtao Zhou, Mingwei Wang, Shusheng Zhang,
Hongweil Sun, "Semi-Structure Data Management
by Bi-Directional Integration Between XMI. and
RDB,” CSCWD 2006, pp. 1077-1081, May. 2006.
Yuanbo Guo, "Univ-Bench Artificial data generator
(UBA),” http://swat.cse.lehigh.edu/projects /lubm/.
Yuanbo Guo, Zhengxiang Pan, and Jeff Heflin,
"LUBM: A Benchmark for OWL Knowledge Base

Systems,” Journal of Web Semantics, Vol.3, No.2,
pp. 158-182, 2005.

AR ¥

20043 FAdistw AFEHIHIH(FI
AD. 20068 mE e FHFega(o]d}
AAD. 20063 ~8A] mHiEn HFH
St} YA, F4Eoks dlo|El o]
2, XML, #HIfFEX HFHEH, AlUE
kg 2EZX

4% €

AR AE S =E2)  dlojetu]o] =
ABAA2E A=

% 5
FRAE ] =EA] ¢ v o]EtH| o] &
ABAA23 F2



