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Abstract The Semantic Web is proposed as the next generation Web technology. In the

environment of the Semantic Web, resources are related with each other semantically and computers
can process this information easily. The Resource Description Framework (RDF) supports this
semantic relationship. RDF is the data model for describing metadata of the Web resources. To

establish and develop the Semantic Web, methods for managing RDF data efficiently are the most
important. So, in this research, we propose methods for storing and querying RDF data using an XML
database system. Using an XML database system, XML data, main data of the Semantic Web, and
RDF data, the metadata of XML data, can be managed in the same storage and by the same
mechanism efficiently. In addition, we propose an efficient data retrieval method and several techniques
to improve the system performance. Qur query processing technique performs better than an existing

system.
Key words : RDF, XML, Database, RQL
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RDF ©ioje} AF 2 Axo) gt d7Eo] A8 F4
e, ofAAAE uug Aoty AYPFA A+
Zo RQL 2] A& APsl= 322 ICS-FORTH
¢} RDFSuite[319} On-to-Knowledge TE2AE 2] AR
Ql Sesame(4] A28l o] Qo). o] F A|2® BH
RDF HloJelE A #AY gojetujo]x A|2do] A
Zstn RQL A7t Solew )& SQL3Z Wgstd
A2 At &3 A3 o, RDF Schema AXR
£ ol&3to dojetwojx A7|vtE P 276
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Sesame Al2¥l& A BAY dojghujo] 2 A AEo

IEEA @3, sojgio)x AlAHY FEPFHoE F
A5l gtk AT, of B Ao Ha AP AR
ol A9 A AlzleA olFolx]7] W& dlolgt
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2 Aadd ") a9g Aol U 4 Aok x4,
o] F Al2®E 7y diojeiHlo]a Alagoz A
#AE toletHo]2E AMEULERE AFE 9 H)
olefwolx 27)vtefl BA wlojetE: TAsY AFs
Aot 33, HNY Wdx 48 HoE 7y 22 T
LuF =7} ok

B =EdA zbse Alz2"e 7Nk glojeldiol s
Alagoz XML dlojeio]s A2RlS AMgste, A
28 o), 29 X glo] diojet adiE AR & 3
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HEl dlojelel RDF Hlolels 28 X2Ho A%
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3. RDF/RDF Schema HIOIEt & 7|8

3.1 RDF HIOIEl MZ 21H

RDF wlolet AR A& 13 1% 2tk RDF des-
cription H©j€l$} RDF schema Hio|ElZ} E0]o o]
£ Validatorsl A 7237 ofulof et AFE WS
I tHgoe®, Standardizerodld <# ¥eHl9] RDF/
XML 7&& 3 Frog Ejshs FAde 3%
) o] W), A% Fhe E&A4H HMe] folAE 1
% slute] RDF/XML ¥el2 5930k 5499 3d9
standard RDF/XML ®|oJe}7} XML Hlo[Eps]oj Al
2" AAHEG. olu, class/property hierarchy ex-
tractorolA] RDF schema HloJEle} Fe)2e} £A49)
A% T2 9 £49 domain, range Ao gk AR
E Polx ¥xe XML EAZE AFY o|FA Ex
2 AFY AREL FAe Aeg A7) A3 A
|4}
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3.2 EQE RDF/XML EEl

RDF description ®¢]g} @ RDF schema H©lE}:=
XMLEZ #¥¥ 4 Aok F, RDF/XML +&[9]& ¢l
&3l BREY 4 vtk wEhA, XML dojetd]o]= A
2" Hxzo dojet ANAA flo] AFE F Uk
A%, dhte] RDF 18l dojeirt o e
XML dielgl2 #igE 4 Ux, XML 29 dodd
XPath Ho= XML T 2&Folty matA, ¢
¥ RDE/XML dHlolele] Hejrl ofFEA 7ho] RQL A
o8 dAF e XPath g2 WIS 7 M=
Ygd RDF/XML Helelg Y€ Fe9 RDF/XML
dlelelz \e darl ok o] FYPe AFAUY 1
sixlo] F3Eo] Z 2= glol £BE & Ak

£ APelMe AAY Boldn AP EEHE
& RDF/XML dloJete] o8] t3(abbreviation) 7%
[9] FM F 712 FEE 383 Y2 ZE RDF
tlelets Fdstdnt. £, 9] RDF/XML FExT}
9E5E Fe2 EQ He AR Fho] WAIEE Y
3, Baze did $49 £4%8 s du= 23
st FANE of YE Hel9) XPath A2 W 7}
s3=g St

3.3 HIo|El 7|2}

o] AolXe A AF AMEEI, AT TFol ol
& RDF schema @2} 473 dHolgtg vz ¥} A
ke Tgol tafr] foliit, o] A dlojel A
#Hmaterialization)g} 3t} RQL-& RDF schema i)
2 2 &9 EWRXNEE FZA(transitive closure)E
A%t =3, 4799 domain, range Aol WiF &
Az APt ojd d4ESL RDF/XML ¥ RDF
schema HlolElolX ZHA3le YL 7187} ¥tk
a8 2= gYLEY AF 7RIS AR dE
RDF schema® RDF/XML ¥Eelg ®F&#H3F Ao|t}t o]
RDF schema Hlolelol tha) MotorVehicled] 2&E E
AAEH 319 SH2E Falge RQL At S0
7%, ol& XPath "9z w@sd oS3 g

R={/rdf:Description[/rdfs:subClassOf/@rdfs:resource
=“MotorVehicle")/@rdf:ID}

JreR, /rdf:Description[rdf.ID =r}/rdfs:subClassOf/
@rdfsresource

Z, MotorVehicled] 319 ZW2EL 73131, Z47H9
3t¢] 2259 9 FalaE F¥E= AAY B4
£ B A9E /MRS 4 vk 28EE, #3299 A
T BAL Zoprl ZoASLE v B2 XPath st
"odA B £49 A% WA FoE BE oo
7HAelt) wetA, Sl 2 49 ASAA bolels

<rdf.Description rdf:ID="MotorVehice">
<rdftype rdf.resource="htp./Aww.w3.0rg/2000/01/rdf-
schema#Class'/>
<rdfs:subClassOf rdf resource="http-/Awww.w3.0rg/2000/01/rdf-
schema#Resource"f>
</rdf-Description>
<rdf Description rdfID="PassengerVehicie">
<rdftype rdf resource="htip/ww.w3.0rg/2000/01/rdf-
schema#Class'/>
<rdfs:subClassOf rdf resource="#Motor\Vehicle'>
</rdf Description>
<rdf.Description rdfiD="Van">
<rdftype rdf resource="http:/Aww.w3.0rg/2000/01/rdf-
schema#Class'>
<rdfs:subClassOf df-resource="#MotorVehicie'/>
</rdf-Description>
<rdf:Description rdfID="MiniVan>
<rdftype rdfresource="htp:/Avww.w3.0rg/2000/01/rdf-
schema#Class'/>
<rdfs:subClassOf rdf resource="#Van"/>
<rdfs:subClassOf rdf-resource="#Passenger\Vehicle">
</rdf-Description>

1% 2 RDF/XML ##2] RDF schema Hl°o|El9] o

we] FZatel R, oW EFe HolgE ast
doe] A4 £58 YD & AT s S4e
AzBAd g Aol 9o, RQL Ao} Aolz @4 7

¢ BlolEetE 4739 domain, range HF Aol 9l
tl. RDF schema HIoJE}olA] o] ARE A= 2¢]
o 18 o]@A= &AW RDF schema HlolE}Y] o]
2 73 domain, range 44 HloJElRS plE] BolT
OlES AME uw, AN £=F PN & QU
a9 32 29 29 RDF schemadir & Az
TZ ARE Wol o] XMLY 2R dyUES} 24
dYAES] FAZ #AF Zolth RDF dlolgl e
g e BT golEe] e sz Heolw,
XML dolgl 2l k=ovt gojBe] gl Eg ¥
glolct. wiebA, RDF schema Hlolel Fojx Fej2 @
%49 subClassOf $422 4" doleluhs ¥
o} Fhiel HolEE gy, UF A& e FYxE

ol 49 gazol A B gdaz g7 saE

252 o

‘ /eg:MotorVehicle//*

<eg:MotorVehicie>
<eg:PassengerVehicie>
<eg:MiniVan/>

</eg:PassengerVehicle>
<eg:Van>
<eg:Minivan/>

</eg:Van>

</eg:MotorVehicie>
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2 3k o]2A XML Holelz EHE3 AFgaz
A, AZE PZRE A= RQL RS 298 shlg)
XPath Aoz Wsld ZAE /MRS 4 U &A
A3 E MotorVehicled] & EAXER 39 ZY2E
<€ A43h= RQL A9y vgd 22 XPath A=
HEE 5 gt

A UF AF TEE AR PHez XML H
olelz maEFo] NAFPch =& £l 3 domain,
range A Al Blg diojelx Zo] AFse=d], o
dolgEe AP £4¢ RHSE XML JddEY
domain, range YJEZREZ H¥E F Ut oA
RDF schema ®|oJe}2XE F3Hol T3 siolg
£ o]&&A &Y tlojelE ANske RQL AE BT
Eg&FHoz AP + Uch

4. RDF/RDF Schema GIOIE} 214 7|¥

4.1 F9 M2 33

RQL FE AHste AP 29 49 o MR
E3E RQL 497} BolQW, ©|& Parserdlx g
3 A9 2R wg} s A9 U7k RQL 2
€ XPath Fo2 wgste] XML djojedo]2 A2
Ql eXcelon XIS A"} Bujo] AE 7t £ 4
I AAR77E ARE HolE ez W3 AR}
A wiEA @ok el Ag A RDF Hojets ARd
W) ®olE RDF schema Z¥ 23} £92 AF BARE
ALgEe] Aog BgFoE At

Query Processo \

a7 4 RQL A9} X #4

4.2 RQL 39| &8

RQL A= #gld 3A F 714 - Select-From-
Where(SFW) Query, Non SFW Query - 2 /5% 4
gjc}. SFW query: select-from-where 7222 9|
2o} Aojojtt. Non SFW QueryE Ao 23 €]
3 Aol Helo] we} oA BFARE H7RAZE s
4 1&ed), Class query, Property query, Data query
2 EFY & Uk SFW 399 2o ©Ye RDF

description Hi°l€}, RDF schema E&ll= 2 £4 o=

¥ 1 RQL 299 7

TypeOf
SuperClassOf("]
SubClassOf["]
Domain

Range

URI
SuperPropertyOf["]
SubPropertyOfi"]
URI

InstanceOf

URI

Non-SFW
Query

Class Query

Property Query

Data Query

SFW Query

Aole ¥ 4 Utk ¥ 12 RQL A9l E/FE A
Rt}

4.3 Non Select-From-Where(Non SFW) Query

B oy

¥ 2= Non-SFW query9] EFoll s ztzto) a2
Ht RQL 299 do} 422 XPath A2 Mt
48 BoFm gul BN 49 Ao s 9 #
B2 Foel dolu, ol BEL2 o5 XPath &=
HBG Y2 Bo Frh wgE AoolA rdf_data.
xml& RDF dlojgl7} AZ= e XML &X49 9
£l classHierarchy.xmle Holet 4% A 7#A3td
g2 AF 72 BRI AFE e XML #4

¥ 2 Non-SFW Query®] XPathge] ¥ig

TypeOf | document( “rdf_dataxid”)//rdf: Description[ @rdf:about=“www.c
ulture.net#picassol 2”V/rdftype/ @rdf resource

Super- s

Culass ‘Cla.ssOf docurnent{ irarxml

[ document({ ‘propertyHierarchy.onl”)//NS-creates/@rdf.domain

Range =
URI
Super-
ProgertyOf
Proper
ty Sub-
Query verly
URI
Instance 2
Of
Data
URL 3 cESubClassOf(http://iwww.icom.com/schemal. rdf#Artist),

document( “rdf_dataxmi”)//rdf:Description[rdf:type/@rdf:resou
ree=cl/@rdf:about




XML Hlojehulo] 2 Al o]§3 RDF dolete] A% 2 74 199

9] o]&olt}t. vl AR propertyHierarchy.xmle <
A AE F= AR AR de XML EA49 o8
olty. A AF FAE FY3E=  SuperClassOf,
SubClassOf, 2zl $A49 A% FWAS FHsh=
SuperPropertyOf, SubPropertyOf %< A<9} £A49
Domain, Range E#2& Ad4de H9, 181 ®&
Fej29 BE $49& FA4sk= URI 29 T2 3324
A At diolel AR Al vy F&E Ed2 AS T
Z AR &4 A% 72 IR 2 domain, range %
A ARzt AREHY Qe FAE ol&dd ztagl
XPath o2 HEdg $ ot 29 EWJXEH 3}
9 FYP2EL A= SubClassOf() & €8 £
W ¥ 2004 SubClassOf(http://www.icom.com/ sch-
emal.rdf#Artist) Bo)E Artist FH29 EWXER
319 FH2ES AMsY] 98 Y2 AF 3B A
F=)o] U= classHierarchy.xml XA Artist I
HE9 A&(descendant) DIHEEE HA3=
XPath Zeolz W@k 2 9o HEE RDF des-
cription Hlojele] Thgt 7433 XPath A= WALt
4.4 Select-From-Where(SFW) Query Xz} 7|
441 Select-From-Where (SFW) Query?] 7
Select-From-Where(SFW) QueryE %3 RDF
description HoJelt} RDF schema H|oJ€} o] Zo]
U A4 4 ot SFW Query:e RDF djojel mul
€ N-Trples[11] #el2 B3 AN & de= IS
A)Fdct, =3 fromdel] AE E#H2(path expre-
ssion)& AH&-3le] RDF dHojel mdle] H=Zo o A
A4 & 4 gtk 29 55 RQL SFW 29| oejr}

select X, $W, Y, Z, $V, U

from {X:$W} creates{Y}.exhibited{Z:$V},
{X}fname{U}

wherenot@W <= Painteror Z like louvre)

298 5 RQL SFW Query9l <

g 59 #Aelx RDF description Hleletel RDF
schema Hlo|E}E BF FIA 2HE 7HAHLE 49
ot} From Fe ZA=Z HEYAM X, YF9 #Fe
RDF description d|olg} ¥Ho]31, ‘§7F BE& $W ¥
o] H4= RDF schema Z#)2~ ¥ojth From Aol
ARA Fz2 FHAA (X $Wicreates{YIe 40
creates?] E#Z(triple)e] ABAE zix X9} 19
Fe~ W, 18]a LBAE YE v zxF F
MY A2E VoR QA FAFHow RS X
3 vk WhereBol& ¥l didh 27& HAlgoR
M W3l doletuke AME 71 Qi

44.2 SFW Query X&) ¢xal&
SFW QueryE AH#shs ¢xme|E&e 1d 63 #rh

function process_SFWQuery(query g)
begin
Iiselect part, from part, ~12]3L where part® Lh=c}

pathExprs = separateFromPart( f rompart)
conjunctiveForm = getConjunctiveForm(wherepart)
atomicConds := getAtomicConditions(conjunctiveForm)
for every path_expr e which betongs to pathExprs do
pathQueryResul ts.add(getPathQueryResults(e,

atomicConds))

retum joinResults(stack(pathQueryResults))

function getPathQueryResults(pathExpr e, atomicConds a)
begin
for every var vin edo
xpathQuery :== E4.3°04 voll th-25%= xpath query
if some condition ¢ existin a for vthen
condsString = getCondString(v, <)
if condstringis not null then
xpathQuery = xpathQuery + condString
resul ts.add(getResuits(xpathQuery))

if some condition ¢ ' exist in a for e and not processed then
results = checkCondition(results, ¢ ')

retum results

function getCondString(var v, condition <)
begin
if operator oin cis 1ike operator then
condString = contains(node, o.arg)
else if operator ois =, !=, not operator then
condString = node o c.arg

retum condString
end

function checkCondition(results z, condition )
begin
if operator oin cis or operator then
checkCondition(r, o.arg1) U checkCondition(r, o.arg2)
else if o is and operator then
checkCondition(r, 0.arg1) A checkCondition(r, 0.arg2)
else if ois not operator then
r - checkCondition(r, o.arg)
else if o is (< [ <= [ > | >=) operator then
if var vin cis schema var then
for every result ' in = do
if r * is subSchema/superSchema of o.arg then
results.add(r')
else if var vin cis data var then
for every result r ¢ in rdo
if £ (<]<=[>|>=) c.arg then
results.add(r’)

retum results
end

function joinResults(pathQueryResultsStack r)
begin

rt == r.pop()

if ris empty then retum r1

r2 := r.pop()

if r1 and r2 have same variable then
joinResult ;= sortMergeJoin(ri, r2)

else joinResult := product(rt, r2)

r.push(joinResult)

retum joinResults(z)
end

% 6 SFW Query g ¢xuds
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HAHA BEL process_ SFWQuery 348 F3 ¢
F Jdoh HE BAE PP AEEd, S8 SFW
queryE select, from, wheref- 228 Yt 1 39
fromd9 Az XEHE B¢ HARAEZ BFg o
302 wheredd] e ZZ(condition)& andE &
29 e (conjunctive form)E HHE ¥ o] andE
71202 £gth o]E EY ZHtyH(atomic condi-
tion)o]g} Rl Uth 2 T YL ZE fromA]
7te] F2AE XPath A2 AR} old, where
de] =7 FolA 2ol MY = Y& REL XPath
doleo] Z#tiR (predicate) 2.2 29|, XPath A4 ©j
g A 7MAE o, 24 B2 vloERke slA LA
gtk 27 FolA 2o] HF F Qe AEL Y 4
229 ANE 7L F, 2A L dojgute s
ek nhAE Aoz Azbe] A=A ot AAGE
& AT Zzbe] dAE A4 A gL oed
X EE THEL

443 B33 A2 A

a3 59 SFW querylA fromde] A A2
AAe T Y ARE oz dFEIE dAE 22U
Uelda gt o]dl A= FEAL AHslr] Y& &
3hte] ZARZT olFolx AR RPHOE WHI.
2 59 fromde A2 FHEANES de AZ 53
2wy gL g
{X:3W} creates {Y}

{Y} exhibited {Z:3V}
{X} frame {U}

rx o Hd

o M

444 =3 B

Whered o] Z7E9 A4 dlojeiuo]x Al2g]o
2 WE)7I(push down) 913 228 4 andZ dZE
Hel(conjunctive form)E W& & noto & AlF}
1A @v Fez2 7pg3ich ol JHF el diA)
and7} Ho o] 7|F2o2 Uyy] YA otk 2AE
and2 9228 P2 uie PHS oFe 2 A |
g HH3] FLdo ARE 5 Ik
(A and (B or C)) = ((A and B) or (A and C))
(Aor (Band ©) = ((Aor B) and (4 or C))
not(not A) = A

not(A and B) = not(4) or not(B)
not(A or B) = not(A4) and not(8)

2% 59 ejollAa] wheredo] &£FE olefe] miAY
g HEsd v 2ol HEdd.
not($W <= Painter) and not(Z like “louvre”™)
°l& andE 71F22 U¥H $W > Painter, not(Z
like “louver”) 719 JJEY ATJHEL & 4 Atk

445 B2 FHA 9 Bt Az
E 3& B dF9M dF1 e dE A2 By
o BFs A7 SPsle XPath AE RoFT)
e FE FH4L RDF description ©o]g}le)

fu

41
@ g do

}+= Data path®} RDF schema ©lo]Ele}
3} Schema path, 221 F 7}A A=
8h= Mixed path7} th A2 E@AA &
94 Fo|A RDF schema Hlolete] oj= 3 S
°]2, pt RDF schema Hl°JE}e] ol & 4L
ugtth. &, Classs RDF Schemao] H2lso} gle
Class E#&E 9ujdla, Propertye= RDF Schemadl
Ao=o] Ut Property FHAE U3 WA
XPath Ao C= RDF schema Hlolglel g &
H2Ee FPolx, P EE HA4EY AU ¥
¥ XPath Aolojd yehta YE  SubClassOf,
SubPropertyOf, Domain, Range52 & doA 433
Faog dg F e FgEOEZ M= AAT
AHe Agic

Data pathdlle Ze29F 129 A2EHAE Jehs
clX}, $X{Y} A= E@27} RDF description H©°jE}
9] EgEE Yehle {XiplY), XI@P{Y}EY A=
x40l Ut} cE FolR F#2o|3, $XE RDF
schemad] 49l EH;W2E uigth mlzVIAE pe
Fol7 £Aoln, @P= RDF schema ¥ojo] £A4&
ouigct, 29 A2 AE UehllE B2E XPath
Aolg AFIE L FH2E typel P ZE EE #i
25 AN Aoz I 4 Ao EES ®d
3= A2 E XPath A2 ¥ £48 2= 4
29} £A3H2 78t XPath3A2 ¥ ¢ itk

Schema pathdll RDF schema®] Z& Z25 +
3 ClassiX)9} B £4L& T3 Property(P),
{}@P{}59 72 HEA] 3, Ee=9 EWAEH
AR W28 Falhe c($C), $XUSY)IS schemad] E
&L FE3= ($Xp($Y), ($X}@P($Y) 59 #
2 E32Ao] Ut} Schema pathSL EF ¢ AHoA
Y e, £49 AF 7= ZRE o) 83to A
7% 4 9t} 53] RDF schema E#ZE HEslc
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