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Abstract W3C has selected OWL as a standard for Web ontology description and a necessity of
research on storage models that can store OWL ontologies effectively has been issued. Until now,
relational model-based storage systems such as Jena, Sesame, and DLDB, have been developed, but
there still remain several issues. Especially, they lead inefficient query processing performance. The
structural problems of their low query processing performance are as follow: Jena has a simple
structure which is not normalized and also stores most information in a single table. It exponentially
decreases the performance because of comparison with unnecessary information for processing queries
requiring join operations as well as simple search. The structures of storages (e.g., Sesame) have been
completely normalized. Therefore it executes many join operations for query processing. The storages
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require many join operations to find simply a specific class. This paper proposes a storage model to

resolve the problems that the query processing performance is decreased because of non—norma-
lization or complete normalization of the existing storages. To achieve this goal, we analyze the

problems of existing storage models as well as relations of OWL elements and query patterns. The
proposed model, defined with the analysis results, provides an optimal normalized structure to
minimize join operations or unnecessary information comparison. For the experiment of query
processing performance, a LUBM data sets are used and query patterns are defined considering search
targets and their hierarchical relations. In addition, this paper conducts experiments on correctness and
completeness of query results to verify data loss of the proposed model, and the results are described.
With the comparative evaluation results, our proposal showed a better performance than the existing

storage models.
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INPUT : I /#xOWL document) */

OUTPUT : R /**R indicates PDM */

START Algorithm {

/** Reading a specific OWL document */

owlText = read(l); //owlText: OWL stream

boolean vr = validator.check(owlText);

// OWL document is not valid, return an error

if(tvr) {
ExceptionHandler.show(INVALID_ERROR);

return,

-
<

/** Extracting and classifying OWL elemetnts */
. EClassifier classifier new EClassifier(owlText);

R
[ I

: //Creating a Mapper object

[—
L)

» Mapper mapper = classifier.createMapper();
: /** Loading OWL data (memory or database) */
ifIMEM_TAG) { //Into both

—
I

16: memManager.load{mapper);

17: persistentManager.load(memManager);
18: }

19: else { // Into only persistent DB

20:  persistentManager.load{memManager);

21t }

22

23: /** Generating statistical information */

24. StatisticalManager.createlnfo(persistentManager);
JEND Algorithm

FuEFAM $28 FEL2 EClassifier A& 44
BHojt} EClassifier A= YFEY OWL B4
84F F23d EF3e IS YUk AdE &

olele} & OWL EA7F Qloka 7Has) Bt

<owl:Class rdf:ID="Wine">

<rdfs:subClassOf rdf:resource="&food;PotableLiquid”"/>
<rdfs:label xml:lang="en"”>wine</rdfs:label>
<rdfs:label xmi:lang="fr">vin</rdfs:label>

</owl:Class>
<owl:Class rdf ID="Pasta”>
<rdfs:subClassOf rdf:resource="#EdibleThing” />

</owl:Class>

Yo} e A7 Fo3E W, EClassifier AA=
Wineolghe ZHAF AE32 dfIDS} Z& EBQT
HE-E AATT ole} Zo] ERFE FHEE©|l Mapper
AA ol HEF L Mapper AA= ©|& o83 vl Z
of 2E3tAUY EL& EeFHoE HoqE T dHolE
z} diole} & AA3A Aot

a8 5= 9A Zie® A Rdy AR dagEd
a2t s 33 AZE dAE HAET “Loa-
ding” ¥ &4 OWL EAE Adsly 243l 715
o 8X, “View Processing Results"E E3] =+
WA o] WAt “Statistical Info” =2 AARAE AHH
& oY JIs’E FY AFE RoFe L 7lE
& A)F3 opx|ge g “View Results’= 8 33
< 53 AEE AA dHolggE RAFH 9% F4
OWL 84=2A 4dA EeF< HolgE HE vy
LEZ WL 7 HolE, § 7 OWL 849 44
#E BogFE)

4. 8 7}

o] X AFPE 9 AHZAbe] o Jedt
0. o] =EAAY F B FELS He W AIRE
(Query Response Time)ol™ o}-2#] 2o} Ao o)l
Q8 (Correctness)® &3 A (Completeness)oll 3l
B7Hgi.

4.1 @4

of =folAe 4F g A" Jena®t Sesame©]
ot 5 A" fdx DLDB[10,11], OWLJessKB[17]
539 2L Ugd @AY 2d 7Nk AR AJAEHE]
Ar=Eo] ey FA A A Rdou APl £& 4
271 FAHEA gol vim digdA ALt B3,
OWLJessKB= 7|& |5 ZA#oA], Sesameo]| H|s|
g 22 dees BRI A3 ddeE=A Fousln
2 oA ALjgi)

AEE 93 SEZ A= Lehigh tge] 2824 A
A E< UBA(University-Bench Artificial Data Gene-
rator)E ©]&3td ATt UBA £ DLDB Al2H
o HrE Y3 /iddE 2EZA Y EEAN OSF
2719 LEEA A& A" U4 o] =RdANE
Ad< 98 LUBM(1,0), LUBM(2,0), LUBM(3,0) H
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Fie =B® _ _

OWA Mles : ‘Cﬁprj.OnloSp&csUmpllOWLl?RDB.ﬂ\.testOWLDoc\nM ood.owl

View Processing Results

E-E-?tparsmgm )
le:CYpr.OntoSpacel mpho

++++Begin of 2 OntClags+++
ShelifishCourse

L--The 1 clases—
1 ocal name is:MealCourse
L--The 2 clagg—
§s AlValuasFromRestiction
onProperty.hasFood -
alivaluesFrom:(AS)Sheitfishg L _

-

L~End of handle intersaction § PTo™

F——Bagin of handls super cl

lsuper class1: nuli

Js AllvaluesFromRestriction
onProperyhasDrink
alvaluesFrom:  Anocther R

LighiMeatF owi

LighteeatF owl
NonOysterShalfish
NenOysterSheiifish
NonOysterShalish
NonOysterSheifish
CheeseMutsDesser
CheeseNutsDesser
PastaWwimnSpityRedSauce
NonBlandFish
NonBtandFish i
NonRedMext -
SpicyRedmest :
SpicyRedMeat
Oystertheiish

N WSSO S N |

gt IST_LAB

WLFIOTO.&*

® 1 429 deolgt A AR

B g % | 92z £ | eg24 3y
Holet A
LUBM(1,0} 15 103,074 802 MB
LUBM(2,0) 34 237,142 1840 MB
LUBM(3,0) 50 348,006 27.10 MB

ole} A& o|&3ct. Z}Zte] dHlolel Al 1570, 3444,
5070] OWL &4 Hdz2 FAEHo Jern Z biolg
Aol tigt A5 Jre= 8 13 2

o] dlojg} AlTHE o]&3dle= olfire ARE3le HlolE
FERCZE A% Aolg vHlu H71E 4 W7 HE
ojt}y, 427 A¥ AF}olA ¢ F UARE A violg
Ate 2% A5 Holg WA YT 5 U+ F
71HQ o|fFE2A Ao ATE FFoE Totd W UA
g 4 Qe LFE WA ol 3 AF Ay A
AL AFs7] Aol /AT &HEE Bt
AalMe 52 d3sHs A9 AFAE o} 3§
t}. @t LEZXE A7 AUR|A HdE B
FFoZ AT A AL FHoptd oM HE
BAE) ojfth dE3FLZ, o] =RdMe TE?D
T AolE ERIE 4 oW HEAT SHAS
g & e AR A7) LERAE o433

o] =& AFES % 2" FAL v 2o
Z71H o= o] =2 i A A|2EQ) Sesamed]
HAL 127 HAL AMS-3LT, Jena2d] A% 24 HAEAS
°o]-&-3ic}.

« CPU : Pentium D 3.0 GHz

- vzl Z7I(RAM) : 2GB

ox ©
4

L oox o

e

I¥ 5 78 3 AR A R A% 2

® 2 Ao 4% Bt A8 4% 49 Ae B9

A9 B9 EECEE
C =4 242 a4

CI 54 9y gaze) A29x 24
CH 54 gd29 A9 24
CHI SR EEAA A=EE A2

« 3t=tiA3 =Z7|(HDD) : 250GB

« ZdE . Windows XP Professional OS

. X}ul 87 : JAVA SDK 160

- o]-& DBMS : MySQL 4.1

A9 X A% H7HE AT Ao HHS Hf§ bkt
A AH & Ut} o] = oAM= A9 & AIE H
7¥st7) A8l dl Y A9 BdS FYJIHE 2). & 2
A, A AR e gY(O)2 FH2 ARE AME=
e Aoz e OWL LA4we oz ZA%
t}. o] E3) Jenas}t o] RE FHRE )9 HolE
o E3}8le L2} Sesamest o] o Ho]Ed] Ee
3l FEdhs AFree] He s vla HHE 5 Utk

e A Ao Bl F 7 o)t OWL 8471 #
sle A4 digk A AHes APl AT AeE,
Jena®} Sesamew EE AP AF Fd EF 20 AL
o] 87HL}: olE Fd vAFEI o]FAARAA] W&
Jena 7%9 A¥#s AYAA FAF3 @ FRE Y=
Sesame$}e} Hlx Bt bsslth. 53] F9 ER,
CH ¥ CHI® A%, gd&ed AF 728 st 2
A5 93t A2 A, sameAs, disjointWithe} 2]
29 Fell2 Y] BAIE ol&F Fo S uig A
T H7LE 9387 9% Ao mjgoln.
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® 3 H7IE A% A 29

28 (A9 g1l Hel A
Q1(C) 2E Ed28 A4
Q2(CI) 2E S HA
Q3(CH) 2E ag §YAE Y
Q4(CHD) EE asES AY

E 3914, QIO 2EFZA A= Ue EE
e FRE FAsle dool, Q2(CD= Graduate-
Student E&j2o] I3 EE U2E2E A=
Aojojt}. o] Aeje] Zg, WA L FEHE HAYF
I 3 SH2e dBFHY Qe ULEHE FHE HAY
3l71 A% 21 Ailo] olFofzittk Q3(CH)x= €&
AE F2E 1E§ dolgA, RE ugd HF 9
Y25 ZA3e Aotk meiA Professor W4
o} 9] Ed29 AssistantProfessor, AssociatePro-
fessor 59 & FHL2E HAA ok Q4CHD+
mg, F Professor S0 BE 39 FHLE A
. F3 74 S0 A2EAE FAs Aot}
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o] =FAg F uwul P}t FFL Ao @ A
o2 old iF dF A= F 49 Er)
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a9 62 7 Al2Ee e E A diF A4¥
AIE 4)E 2= 2dg EHF Aotk 74 A9
g3 v g ALEEY dF A"l 9% Bt 2
b= gy 2k

a3 6(a)d Q1S ol8F AF HAA A, Sesamee
Hol &S AM37] 93] o7 HolEE ol&3EE ¢
9] ZQ) dito] Wysdltt o]HF olFE T A2H
By A2 A7l AAEA SRt Jenaw 39| H
olBo] XE 28X HHE A i BE F
2 AN Al HolBe AFAE ZE ALEIAE AN
A v, 48§ uolelrtA] dlmdi) Al EdE
hte] HlolEd RE ¥ FEE AFslnz dd
golEths FAgch wels 29 d4E 87de o
E A" ®lg U AesE RHUo LUBM(L,0) Al
oAl AF Al2Hle] §& AIZK117ms)E 12 HILE
o), Jenax °F 20WH, Sesamex= ¢F 30w} oje] &&
AZEe] zolE Hojw dlojel A Frlel wet 3
AIZke] zol7b F7k8le AL ¢ 4 3ok LUBMI(3,0)
A9l AL A A2EHF} Sesamed] H AlHS] 2o
7} ¢F 1008 oS & F Uk

3l Q2 A9l i), Sesame® 53 FillF AN
Al g8 HolEE FX3A HIA olF F3 HA| F
A Euzd sigde A= HEE AA3Hr] fs oA
oz "HolgE FRI) wEtA o] HY FQl AjkS
F&A = dojg Alo] F7184E FH AlHY A
FH2 Z718AE Bt Jenar F#2s J2EHA
AE7L 54 HolEd EAsY] wiEd £ A B
Hag ZeiL FE dsiAx vl dite] s3ETh
w2tA dlolel Alo] F7MEFE FF Al HFFQ
F7He Hg B3 9 FHAE ZY43a g7 AL
B8 HA37) Y3 Fode Ed849 J28s F
7} JenaB T} F3l SesameRth 2 Aito] H7) &
o A4 Azto] ©@&gtrk LUBMI,0) AlolA, Jena:
oF 208}, Sesamet 9F 258} ol4te} §H AL 87
g},

e

4 A9 8¢ Ao oigk 4¥ A3 (&$1: ms)
2 o) QI(C) Q2(CI) Q3(CH) Q4(CHI)
dofel | S ] P S ] P S ] P S ] P
IEIIJB(?){ 3400] 21.00 1.17| 621.00] 703.00] 31.33] 3650] 3667]  043]1,267.00] 620.00] 510.00
LUBM
. 0) 7400]  36.00 1.17| 1,360.00| 1,547.00| 62.33| 7660{ 57.67|  043] 2,779.00{ 1,312.00{ 1,151.00
LUBM
5 0) 107.00|  36.00 1.17] 1,963.00| 2260.00| 8333 111.00| 6267|  043] 4,036.00] 1,953.00] 1,682.00
+S : Sesame, +J : Jena, P : At Aj2d]
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Q1o cf 3 Jo| ZEAlZH
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107.57
100 }
© % IR sl Sa5AME
E 60 P e e ona
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33 - = mee
20 0D - - - e e o e — ~ e -
{1, 0) (2,0 {3, 0
DataSet
(a) Qlol gt -SHA 3t
Q30| L ¥t e BGAT
120
100
o 80 =l Sesame
-E 60 el | B0
40 iy Proposal
20

(1, 0) 2,0 {3, 0)
DataSet

(c) Q3o i3t HAIZH

Q20| ci gt Fel Al
2,500 ~ - - - s m o —m e m e o
’ 2,260.33
2,000 l*" "1,963.00
G 1500 - - - ML —lp—Sosame |
§ | il ton g
1,000 [ T 038” T T T T T T T | ~~=d—Proposal
500 Ff 621..52
31.33 62.33 83.33
0 o i A
(1, 0} (2, 0) (3, 0}
DataSet
= Q
(b) Q2 st -SHAIZE
Q4o Ttk Ao ReAIZH
4,500 r
4,000 } 4,036.79
3.500 |
3,000 = - —pr= Sesame
£ :x | ,953.00 |« Jena
[ . o - Lo
1,500 } 1,267 - . e Proposal
yoso b __ - 1,682.33 -
o b - - 1,151.00
ol _mstess " T
{1.0) (2, 0) (3, o
OataSet

(d) Q40 thg 3|21

¥ 6 2t Aol ¥ A3 F¥ ag=

54 gd29 BE 3¢ FH2E FE3= Q39 4
o] Azl Al ¥ 6(c)dlX, Sesames 53 FHL
A4 g 3y U2 FAE 3 B2 2 At
< 879tk Jenac &3 2 HAZ ¥ I E
29] 39 SH2E A7 Y3t Prof =9 Fhol
“subClassOf’Ql Ed2E 25 A% o83 IAA
= WEgoEHN HF HAIYE QA Ho o] IFA
Hla Aibe] S22 18 Ao A Adee] Astdrh

uizleto g2 B Fd29 3¢ EWLEd D=
HE JA28AE &3 Q49 A9 AHQ 1d 6(d)
A, Sesamew Q3NA F&3F AHA9 instanceOf &
A e Ze FRE HAstH HF 2HAE A5
tlole} Mo} FI1d4E A|Zte] F ¥ F71gch Jena
= Q2% Zo] Aol Hlo]EA subClassOf #AE
A3 hA] 2o qid A2HAE HAE] W&ol
Q29 9} Zol dloje} Alo] FIMEFE A ¢ AT
o] F7IetAl Evh At AA¥e Q3¢ A9 A&
29kg A3 dHolETe 221 Qe FYFoEHN
HF dHE NP3, Sesamert Jenad w3 #HS &
' AZhe 8 7@k LUBM(L,0) AlolA, Jena < 1.2
v, Sesamew 2¢F 28} ojAtolw, LUBM(3,0) A& 3%
e At Al2HF} Sesamed] ¥ At ztelr) <
2.54) o]go]t},

AE&AOZ Jena2: OWL 84 BAES 3sA @
2 BE HoJelE 3h}e] ElolBo) AAsh= ulYE
2 F2E AY7] i A9 AHgA #E 2= AR
7NA FZ3A =Y S A3MAZIY. Sesamed] 7
<, OWL 84 #AE 183l 73 @ +2E AT
A7 Ao Heel #AAE 1A YSoEH A
9] XA B2 0 Aol 2ol g A3
v 82leg ZALPSE ¢ o Uvh ¥ A 2dL
OWL 849 #AE 33l F=3 a1 F9 &
& 333 FEge sz de doe BEE 22U o
o] g 7EE Aol digt Ay ZHdA BY UL
A5E BYh

F7HHo2, Aot 2dy} J|2e] mdxe] Ho ZAx
o iy AFAH L S4HAE HrRG | 55 Z A9
¥ AA WgE ool = A 4E RAFu, OWL
HYE T2 48t B Aol

#5274 2o H 7% ¥4 AR H o} 3= {FFE )

a4 A
Query
m QLC) | Q2ACD | Q3(CH) | Q4(CHD
LUBM(, O) 43 1,874 6 447
LUBM(2, 0) 43 4,319 6 1,032
LUBM(3, 0) 43 6,390 6 1,507




OWL 249 Ao ge] g BA 24 ¥ LE2A A2 78 % %7} 241
E 6 Ay wdet 8 @ {FE T (@9 7D
Query QI(C) Q2(CD Q3(CH) Q4(CHI)

Data sets S J P S J p S J P S J P
LUBM(1, O) 28 43 43 1,874 1,874 1,874 3 6 6 447 447 447
LUBM(2, 0) 28 43 43 4319 | 4319 | 4,319 3 6 6 1,032 1,032 1,032
LUBM(3, O) 28 43 43 6,390 | 6,390 | 6390 3 6 6 1,507 | 1507 | 1,507

S ! Sesame, -] : Jena, -P: AQ} A]AH

® 62 v HrHE A8 g do ¥@=2 g4 A
o] Aa2 A ¥3g {FF $F BAEH
AL 4 ZAdd g x2S Yvlss 43
AL £4E, & FAAFH O 3= EE volgE ¥E
sleXlE vt E 73 B 82 4 A=Y A4
I GHGE HEEE FHF AR LI 7e T4
o elsted ALtdTh
* A AL
Retrieved & Correct Results
All Results Retrieved by Each System
o AAA A
Retrieved & Correct Results 9
All Results by Manual Retrival
AEAAL ANE AA 2 AFE VIR SHlE
Ane] vgg ouigich FHAPL HA @wEEo o} 3]
= A4 A9 g IEeR 7 AlzdHdd oF AN
d ZdAE Tl &6t ZHATE 13t HEEZ
FastA dch 9 AoA, FAF FEE Jlers ¥ 6
A Ao osf HAE 'L FoA & oA H
Ag QIZR2e A3 Agolnt. 5 AT A
MeE E 594 A4E AFoln, A4 AA AFe
F 694 HAE JALEE Folny
% 79 Q1o wHalA] Jenast AL AAFL 100%
AL Bolx WA, Sesamer 33% AT AFAHE

x 100

100

Ze] Alzgo] OWL 5de drht 3&abl 243t
ARereAE AT & A= o FH, ok A9 ¢
g AZie] iR 49 2ne) A4e ATV,
E 89 @04 FrA, REe 875 RE 2
& 9@ 2 Quol WA Jenast At A2

go] 100%2 Ee AFE AA3E fi@s)] F= ¥y,

Sesamex= 50%9 Ad7He- WS F.

AgHoz AFg7A 7ed 4% EAE uge=
At AR mdo] 7& AR = Hls) Ao Az A
T, 384 2 gdAHMol +48E ¢ Utk

5. 2E % g% g+

o] =EAME 7I1& #AF doleiolX 7¥E HA
Al &elel FAF EA4s ol Ay A% AR =
g AtsHt olE 3 7€ AR 2do F2AQ
EAH 9 OWL 849 A9 dAezte] #AE A3}
Ak miAgez V& AR wdie] HHH Pris
A% AF € HE AA N 48 9% Bt ¥
28 Fo &9 Az A 2 Aoy ol FI
7} AxHe] e EE F9 A Add] dig A=
gell gt Hrpsigick 4Ad AR, o] =ENA
At AR 2dE Jena ¥ Sesame$} vl L
el A 4%E BAch =3 AHAT 8 Sa
ME AFE ¢ e dHE B 53], 2o &%

B ¥ Q39 A, Jenast At AlL®AE G AZrol] tigt e B daoA, 71E AHES FTH
Sesamet 50% <2 AFAAE Bl oy Aie =z " 2 A4 dd golEdAe &% giteg s
X 7384 B2t 49 (2 %)

Query QL(C) Q2(CI) Q3(CH) Q4(CHD)

Dataset S J P S J P S J P S J P
LUBM(1, O) 33 100 100 100 100 100 50 100 100 100 100 100
LUBM(2, 0) 33 100 100 100 100 100 50 100 100 100 100 100
LUBM(3, 0) 33 100 100 100 100 100 50 100 100 100 100 100
+S : Sesame, -] : Jena, P : At A|2E

¥ 8 93 Bt 2o (&9 %)
Query QI(C) Q2(CI Q3(CH) Q4(CHD)

Dataset S J P S ] P S J P S J P
LUBM(1, O) 50 100 100 100 100 100 100 100 100 100 100 100
LUBM(2, 0) 50 100 100 100 100 100 100 100 100 100 100 100
L.UBM(3, 0) 50 100 100 100 100 100 100 100 100 100 100 100

-S : Sesame, -] : Jena, P Ak AAH
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