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Abstract

This paper proposes an implementation of SPARQL-DL, which is a query language for OWL ontologies,
for query-answering over the OWL ontologies virtually generated from existing RDBs. The proposed
SPARQL-DL processor internally translates input SPARQL-DL queries into SQL queries and then executes
the translated queries. There are two advantages in the query processing method. First, another repository
to store OWL ontologies generated from RDBs is not required. Second, a large ABox generated from an

RDB instance is able to be served without using Tableau algorithm based reasoners which have a problem
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in large ABox reasoning. Our algorithm for query rewriting is designed to create one corresponding SQL

query from one input SPARQL-DL query to minimize the overhead by establishing connections with RDBs.
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executAtomsWithoutPresenceCheck () g4& A2 A
gH 2B U9 47te] atomES sy A2’ el
atomell T3t Ae] A= true 22 falseclt}. o] d5=
g 2E U9 ZE atomE9] A2l 27} trued W trues
2HsAE gl ~E 9] 0] atomell ek Az At
falseol 1 o] 2] A2]=]A] ¥ atome] EAIZA|
5 Azl 4 vlZ falsed 2lEgt} ASK Bl 29
T2 BE atomEQ A2 237} trued Wl HF Ae| A
7} trueZt =71 wEelot.

% of

01: Get (RO, TO) from the Query Metadata Component.
02: // (RO, TO) is an array of lists of atoms.

03

04: for var atoms in (RO, TO) {

05: if (atoms is not empty)

06: if (executeAtoms(atoms) == false)
07:  return false;

08: }

09:

10: Get AO from the Query Metadata Component.
11: // AO is a list of ABox atoms which have no variables.
12: if (AO is not empty) {

13 if (executeAtomsWithoutPresenceCheck(A0) == false)
14:  return false;

16: if (executeAtoms\WithPresenceCheck(AQ) == false)
16:  return false;

17:}

18:

19: return true;
J2/ 5. ASK Zel2g flst AAIEE! UeiE

Fig. 5. Scheduling Algorithm for ASK queries
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AE ZRHER JA o] 7] Wil falseE TRleitt 2
= executeAtoms() F4E false® €t ©] atom=
F3 ASK de)#9] HE Ae falseoltt.
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atom ol T A Z2 FHE S YA & 9
B Hlo|El7} AA 2 DBel| EAfak=A] of el tigh 22l
o] BasiARE EAlol R &Rl M} o] Hof g false
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atome] EATFEAIE Feth a8 125 ALY 282
Al 7Nz o] A AGshe dARAM  atom
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U T A Qs T2 ol E2RE Y SPzolrh o
2 A WA QA AAAE DBl o] A} WgE Beo) &
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atom®] A] 2= falseo|th

a8 59 158 ZlAE Al ¥d4H atomE2] ABox
24 AAES ARA B DB 247} AA R EAekeA] oF
£ A3sks Yol o] e 4 oRE g
DB 247} E57joltigt® AEE SQL AoEe 170l
th a8 62 o] YAlA sk SQL HeliEe] doltt.
a8 6 3PS AQ B 2E0) ¥ atomEe|H 28 69 4
e o] atomEel X3 7 R4 IRI®] DBeAe] &
AARE ERlek= dofRoltt, EAARE glsl= AL
5 Mel7] W&o SQLES] WHERE Aol EXISTS 71XE
HETZL 20 ARERIT F, o] BN AAste SQLE

) fr

=AY o [ A S

SELECT CASE
WHEN count(*) > 0 THEN "true’
ELSE ‘false’
END
FROM DUAL
WHERE EXISTS (SELECT 1
FROM T4
WHERE T4.SID = "1") AND
EXISTS (SELECT 1
FROM T5
WHERE T5.DID = 3")

Type(:t=T1&c=id&v=1, :T4.SID), Type(:T2&c=id&v=3, :T5.DID)

T2 6. ABox 22| ZAf Eelg 25t SQL Zel2
Fig. 6. SQL Query for Presence Check of ABox Elements
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01: List vertices; // a empty list for instances of the type Vertex.
02:

03: // (T1, T2, R1, R2, A1, A2, A3) is an array of lists of atoms.
04:

05: for var atoms in (T1, T2, R1, R2, A1, A2, A3) {

06: if (atoms is not empty) {

07:  vertices = executeAtoms(vertices, atoms);

08: if (vertices is empty)

09: return an empty result set;

10: }

11}

12:

13: Vertex mergedVertex = getCartesianProduct(vertices);
14:

15: ResultSet resultSet = mergedVertex.getResultSet();

16:

17: if (A1, A2 and A3 are empty)

181 return resultSet;

19: else

20: return executeSQLQuery(resultSet.getQuery());

&l 7. SELECT ZeEE #Ist AEd d2lE
Fig. 7. Scheduling Algorithm for SELECT queries

28 9% Jd8 7oA AHEH Vertex$t ResultSet Fel~
o] goF Fuolth, I8 99 F A Vertexs 18 79
vertices B]2EQ] 84 Elglolt}, F2 Vertexd] atoms
dE= HEE atomE H5o|M resultSet B== HWHE
2] A3 Alelot,

a3l 9edlA IRIResultSet?}  Zef
SQLResultSet-2 QlE]#H o]~ ResultSetE 73t} &,
S JI-H A5 FAIl ResuletSet B Q1212
olt}.

3ol IRIResultSet 914B14E shke] TBox - RBox
g1} Al A=lo|t}, slte] TBox -2 RBox atom®] *&]
A7 AL 32719 APT <2 A9 gl 3f g5
IRIResultSet ?12=-2 W] 22+ Bjo] 8o A2t o]
glol&e] A7 o] 5L MFHE|H o] HeolEE9 uyd
AL 3k getNaturalJoinedResultSet () 9] &3 -3
gtk whzbA [RIResultSete] o] F= UiellA A4 T 2
% glolE7te] A 29 AxkS 33t

3ltbe] SQLResultSet Q12El~E o] ABox 449
g ZAzoltt. ABox atome AE A3 AL SQL
Generatorol|A] A4¥ SQL Zel&el™ SQLResultSet <!
Wil AFEY. ABox FHe Wi 4
getNaturalJoinedResultSet () o4 B3 t’d SQLEES
ke g dlod FALD A oJsle] AA 20" AjEE

S

4

i

S




38 Journal of The Korea Society of Computer and Information March 2015

SQLES AAsk= ol

N Fmmmmmmmmmmm——mmm——mm—o— ymmmmmmmm -
component 1 component 2

B

2|

H

N e ____ M __.
0 W AR VT T T T N
" ! component 1 11 component 2 |
Ao 1 :
2l | (?a, 7, 2c, 2d) i !
N X |
N A S J N !
28 ARRE Tx
Fig. 8. System Architecture
<<Java Class>>
Vertex
List atoms;
ResultSet resultSet;
<<Java Interface>>
ResultSet
boolean is Empty()
String getQuery()
Vector<String> getColumnNames()
ResultSet getNaturalJoinedResultSet(ResultSet arg)
ResultSet getProjectedResultSet(Vector<String> vars)
<<Java Class>> <<Java Class>>
IRIResultSet SQLResultSet
T2l 9. Vertex@} ResultSet 2 Clojoj224
Fig. 9. Class Diagram of Vertex and ResultSet
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| SELECT recInd(PK(7)) FROM T
21 10. Type(*, ds )2 £l SQL Eel2
Fig. 10. SQL Query for Type(*, cls ;)

SELECT (DISTINCT) fldind(¢) FROM 74B(C)
(WHERE ¢ IS NOT NULL)
% O PK(TAB(C))NPK(TAB(C)=1 0]
DISTINCT M=
¥ O NONULL(TAB(C))ol™ WHERE & A2}

a2 11. Type(*, ds.)2 <It SQL Zej2
Fig. 11. SQL Query for Type(*, cls )

a8 119 SQL AoEe 2 dsf BE A &
ind8& Tl H% Zeltt. d= Cr=RE 49 A
IRI= SELECT AellA A& < fldindOlA 241
Al oJste] At o] vt sk JHAl [RI= &
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Declare Qs. //a set of queries.
for each root table 7% in the RDB Schema

add “SELECT recIind(PK(7%) FROM 7% to
Qs.
end for

for each root column €% in the RDB Schema
add “SELECT (DISTINCT) fldind(Cc*®) FROM
TAB(C"™ (WHERE C”1S NOT NULL)" to Qs.
end for
Combine Qs with UNION operator.
¥ cfe PR(TAB(CP) N PK(TAB(CY) =1 0|H DISTINCT
=

Declare Qs. //a set of queries.

add “SELECT ‘owl:Thing’ FROM 7 WHERE ¢
= ‘FLD(ind,)" to Qs.

for each family column ¢™e FM(C)

add “SELECT ‘cls.» FROM TAB(C™) WHERE
c™ = 'FLD(ind,)" to Qs.

end for

Combine Qs with UNION operator.

T2l 14. Typelind,, *)S $Ist SQL &elg2
Fig. 14. SQL Query for Type(ind,, *)

SELECT reclnd(PK(TAB(C))), fldind(C) FROM
TAB(C) (WHERE € IS NOT NULL)

% CE NONULL(TAB(C))old WHERE & Az}

¥ ce Nvovurr(T)0|™ WHERE & AM2f

T2l 12. Type(*, owl:Thing)S £Igt SQL Zelg
Fig. 12. SQL Query for Type(*, owl:Thing)

Declare Qs. //a set of queries.
add “SELECT ‘owl:Thing’ FROM 7 WHERE ||
c? = ‘FLD(ind, %)’ with ‘AND’ conjunction
lipiny” to Qs.
for each family table 7€ FM(T)
add “SELECT ‘cls,». FROM 7% WHERE |
PK(T™ ¢ = ‘FLD(ind, C™)" with ‘AND’
conjunction] gy to Qs.
end for
Combine Qs with UNION operator.

% O e PK(T)

T2l 13. Type(ind,, *)2 93t SQL Zoje
Fig. 13. SQL Query for Type(ind,, *)

12! 15. PropertyValue(*, op,, *)& <Ist SQL Eel2
Fig. 15. SQL Query for PropertyValue(*, op, *)

a9 15% QHAE Z2HE op.2 AZ% domain 7l
A<k range NA9] 4 T8kE SQL Aol Eoltt. ZH €9
4= ko] nulle] ofd EE gR=aRe ARE AL
domain ZAlelH 1 #R=e] AY ¢ =9 HoRRH
A32dE NA7F range 7NA ot}
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Declare Qs. //a set of queries.
for each family table 77 of the table T
for each key column % in the 7%
add “SELECT ‘op.’, fldlnd(C*) FROM 7%
WHERE [ PK(T*, ¢ = '"FLD(indu €)' with ‘"AND’
conjunction]p; (AND C* 1S NOT NULL)" to Qs.
end for
for each non-key column C"* in the 77
add “SELECT ‘dp ', lit(c™) FROM 7F WHERE
A PK(TE, ¢ = ‘FLD(indp C™)" with  ‘AND’
conjunction]py (AND ¢V IS NOT NULL)" to Qs.
end for
end for
Combine Qs with UNION operator.
% e pKr(T)
¥ 0%e NONULL(T)0|™ WHERE & 442}
¥ oM e NONULL(T)0|H WHERE & Mg}

a3 189 SQL A& HlolH Z2HE dp2 WEE
A7 C7} key 2RV} obdrlel whet @it} 27 Cv)
key Adold A7 ¢ =27 A499 71A 7} domain 7N
Aolw A7l C =25 BYH 2B o] range 2|HE0]
o A" C7t key HHo| ofvd A7 CF EFs= Hol
£ dz=g28E A" /MA7E domain AlelH 2R C
Je2 5 AdE geldo] range EEI oIt

37| 16. PropertyValue(ind,, *, *)& <lst SQL Zel2
Fig. 16. SQL Query for PropertyValue(ind,, *, )

a3 16 WA ind 7} domain A2 A A Fols}
£ BE d29 Z2HE9} range A9 A & ggE
S BES F8l7] Y% SQL FeEelt). golE 79 BE
dz) HolES o= AA ind, < B F dEEE
o RE S FEIT 35 ZHlo] key ARlold 1 2™
o2HEH A LEAE 22 ‘op 't 1 BHE| Fhe
F2RE AGE A o] Fatnrt dhe 9AE F el
th. % ZHo] non-key AHo|H 1 AfZRE AdH
tlol8] Z2HE] ‘dp vt 2 AR ghomtH Agd el
el o] Folaat she AAE F shveltt. 11 169141
AHEE e litO)2 AR A3 AR S 7wt s & 39 Uit
= 4% Ay ARE ke PEE RIS AT

I 17 A indo 7t range AHA<] AAZA o)
£ 5 A9 Z239E 9} domain A2 MAES AES
Fa17] 913 SQL Aejeltt, a7 172 Ad €9 BE o
9] ARE FolA ind, MAE A8A & 5L X3}

= 472259 primary key ZEES FE3H]

if & KEY(TAB(C)) then
SELECT recInd(PiA(TAB(C))), lit(C)
74B(C) (WHERE ¢ IS NOT NULL)
end if
if Cce KEY(TAB(C)) then
SELECT (DISTINCT]) fldind(C), lit(C) FROM
TAB(C) (WHERE ¢ IS NOT NULL)
end if

# Cce PK(TAB(O))ANPK(TAB(C))=1 o|H

DISTINCT A=¢

FROM

% CE NONULL(TAB(C))olH WHERE & 442t

12! 18. PropertyValue(*, dp., *)& <Ist SQL Eel2
Fig. 18. SQL Query for PropertyValue(*, dp, *)

Declare Qs. //a set of queries.

for each family column ¥ of the column C
add “SELECT (distinct) ‘dp., lit(C") FROM
TAB(CY) WHERE ¢* = 'FLD(ind.)" to Qs.

end for

Combine Qs with UNION operator.

% cfe PK(TAB(CH) A PK(TAB(CH) =1 Ol DISTINCT
et

Declare Qs. //a set of queries.

for each family column ¢* of the column C
add "SELECT ‘op ., recind(PK(TAB(C")) FROM
TAB(C*) WHERE ¢ = ‘"FLD(ind.)"” to Qs.

end for

Combine Qs with UNION operator.

321 17. PropertyValue(*, *, ind.)g $f6t SQL Zel2
Fig. 17. SQL Query for PropertyValue(*, *, ind.)

a2l 19. PropertyValue(ind,, *, *)2 €5t SQL Zel2
Fig. 19. SQL Query for PropertyValue(ind,, *, *)
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Declare Qs. //a set of queries.
for each table 7 in the RDB Schema
for each column C in the T
if dt, == XSDC(lit) then
if CeKFEY(T) then
add “SELECT [(distinct) ‘dp.,
FROM 7 WHERE ¢ = ‘VALUE(it)”
else
add “SELECT ‘dp.,
WHERE C =
end if
end for
end for
Combine Qs with UNION operator.
# C€ PK(T)AIPK(T) =1 ol DISTINCT Aef

fldlnd( )
to Qs.

recind(Px(
‘'VALUE(lit)™ to Qs.

7)) FROM T

T2 20. PropertyValue(*, *, lit)S {Igt SQL Zelz
Fig. 20. SQL Query for PropertyValue(*, *, lit)

a9 212 Ay 09 H=E oA 1 grol A ind,,
F BLE v EAROE O 228 ¥k d=

)
TERTE ARE AAEe] A2 JFe domain /HAIZF €

2 omiie,

o

SELECT recIind(PK(TAB(C)))
WHERE ¢ = ‘“FLD(ind.)’

a2l 21. PropertyValue(*, op, ind,,)& 9Iet SQL Eol2
Fig. 21. SQL Query for PropertyValue(*, op., ind )

FROM 74B(0)

if C& KEY(TAB(C)) then
SELECT reclnd(PK(TAB(C))) FROM TAB(C)
WHERE ¢ = ‘VALUE(lit)’
end if
if ce KEY(TAB(C)) then
SELECT (DISTINCT) fldlnd(C) FROM 7AB(C)
WHERE ¢ = ‘VALUE (lit)’
end if
% C€ PK(TAB(C))AN|PK(TAB(C))l=1 o|lH
DISTINCT AdZf
2| 22. PropertyValue(*, dp.., lit)S 2I8t SQL Eel2
Fig. 22. SQL Query for PropertyValue(*, dp., lit)

a8 22 A 09 BEE FollA] 1 gl 2HE it
AT LI Aot EAE o), 2 CVF key ZA™o] oW
O d=g 3osle dZ=E2RE AAE fAEe] 23 3
gto] domain 7HAI7F EH AY C7) key Zylold o1 Z=
258 A€ AMAZE 27 A3 domain A7 €S 9

=}

[Eik=3

a3 23 HelE 79 2e] HolEEe nonkey 2
% 9| SQL dleleleisiz}t Wgd XSD7} lite] el
Zom FE Fo] 2BE o g3 $UI =2 ¥3)e
= ZAdo] &AM 1 Aoz e Y49 volH ZzulE]
7} Azt Agel 23HES oujditt

O

Declare Qs. //a set of queries.
for each family table 77 of the table T
for each non-key column C* in the 77

if dt, == XS8D(lit) then
add “SELECT ‘dp.« FROM 7" WHERE ||
PK(TF, ¢™) = ‘FLD(indp C™)" with ‘AND’

conjunction] s AND ¢ = *VALUE(lit)”
end if

end for

end for

Combine Qs with UNION operator.

% oe pr(T)

12 23. PropertyValue(ind,, *, lit)S /st SQL &2
Fig. 23. SQL Query for PropertyValue(ind,, *, lit)

to Qs.

Declare Qs. //a set of queries.
for each family column ¥ of the column C

add “SELECT [(distinct) ‘dp, FROM 7T4B(CY)
WHERE ¢ = '"VALUE(lit)” to Qs.
end for

Combine Qs with UNION operator.
¥ cfe PR(TAB(CH) A PR(TAB(CP) =1 0|H DISTINCT
AME}
J% 24. PropertyValue(ind,,, *, lit)S st SQL &2
Fig. 24. SQL Query for PropertyValue(ind,., *, lit)

Declare Qs. //a set of queries.
for each family column ¢ of the column C, where
c’ecor(rh
add “SELECT ‘op,» FROM TAB(C") WHERE |
PE(TAB(CH, c™) = ‘FLD(indp C™)" with ‘AND’
conjunction] iy (AND C7 = “FLD(ind.)’)" to Qs.
end for
Combine Qs with UNION operator.
% oPe pr(T)

# e Pr(TAB(CT)ol™ WHERE ®e| (AND ¢7 =

‘FLD(ind.)") 4t

T2l 25. PropertyValue(indy,, *, ind )& 25t SQL el
Fig. 25. SQL Query for PropertyValue(ind, *, ind)
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2% 25% AW ind, & AHE 5 A HolR T )
e ol gl AS=E FAH A ind S 9T 9
=43 Co dde Ase BuE TPk At &
AgehE 7AYo el ARERE YT enAE
Zasege] A% 48 PES dvig
3% 26914 key 28 O HolE Tel o) |85
el ZFuel Qi Belelth. Y CF EFHE Ho]
AEES FA AA ind, B AT 4 e =S
Ae 1 Blese) 49 ¢ Buseyy 4498 AN
A3} A% PADY. 29 27€ 29 269 vmald 2
% 7} nonkey BHolehe 23t A% Hol Pleld g
A7 AL Adskn Aol Pl FLs.

e rl-}l e ofn

i

SELECT  fldInd(C)
PK(TAB(C), ™) =
conjunction] 7y

FROM  TAB(C)
‘FLD(indy C*’  with

WHERE |
‘AND’

¥ e PK(T)
T2l 26. PropertyValue(ind,, op., *)& 2igt SQL Eel2
Fig. 26. SQL Query for PropertyValue(ind,, op., *)

WHERE |
‘AND’

SELECT lit(C) FROM TAB(C)
PK(TAB(C), c™) = ‘FLD(indy C*™)’  with
conjunction] 7y
¥ C™e PR(T)
T2l 27. PropertyValue(ind,, dp., *)& <ist SQL Hel2
Fig. 27. SQL Query for PropertyValue(ind,, dp., *)

wRAoRE A7 t2s dEH [RIVF $Y9E 25
Ao re FUSEE FelEo] Ao k. & =
SameAs?} DifferentFrom atom2 ¢3+ 23} 3gH2- o8
S g -l 7|Wste] A

i

f

I 3

2ERA 9 7Hzﬂ o [RI7} T2 49 227]9] 23
=
A

Iv. & &

o Aol B E=ralq A
& e Azl Hlm

Hak Al zwle] Aol Ag dF
AEE Bl Pristaat gt
vt AlAElE Tableau 27190 Pellet 2.3.1
(18)%  Tableau FE/1E o =
SPARQL-DL ZZAA<Q derivo GmbH SPARQL-DL
engine(19)22 FAE. o] AlzEl& OWL API%
Tableaux ¥a12]F 7|9 2719} AFdt] A 4 e
438 SPARQL-DL 29| alizlo|t}, Hlw A|2~ElS RDBE
HE] Egzow Ak ABox¢} TBox 252 ¥3et=

9% =,
2% %%101 A
]O

SELECT [DISTINCT] lit(¢) FROM 74 B(C) WHERE C =

‘FLD(’ind(J)'
# CESUK(T)V CE PK(TAB(C)) A PK(TAB(C) =1 o|™
DISTINCT 4§2f

12! 28. PropertyValue(ind.r, dp,, "2 €&t SQL 222
Fig. 28. SQL Query for PropertyValue(ind ., dp,, )

a8 289] atome] A 7Fsdbr| M=
A g Aeel AY ¢UF 2™ 9] dwe] Agolo]
of At} A €9 = gho] WAl ind 2l 43 Vel @3

=dslthd 1 P grozHE AAFHE FEde] A7) A3
T3t

Atom Type(*, *)& £E2Ad| AAE BE 2 vf
3t 1 Yl W A BEE A JPoR gt
o] atom$ 91% SQL~ I3 10~129] SQLES ZE Zi
2o et A-4g & UNION dikatz Attt

Atom PropertyValue(*, *, *)& ABox°l Ad¥ 2=

7Hiﬂ indcz«'

tlo

i «‘
OWL &= SPARQL-DL Z=x*
=2 & *H O ﬂ 3 t
Customers N Orders
Employees —
N INTEGER PorderNumber INTEGER — |
INTEGER |
VARCHAR(50) IN o omema«e DATETIME
& lssiName vaRCHAR(SD) e ame VARCLAR D) PequiredDate: DATETIME
S ARCHAR(S0) $ contactFiatNime VARCHAR(O) e DAY
!xt nnnnnn \IARCHAR(SD} # phone: VARCHAR(50) # status: VARCHAR(15)
® email: VARCHAR(100) - address.‘nel 'VARCHAR(50) | $ comments ToT 11
{~# officeCode: VARCHAR(20) # addressLine2: VARCHAR(S0) erNumber: INTEGER
# reportsTo: INTEGER # city: VARCHAR(S0)
# jobTitle: VARCHAR(50) # state: VARCHAR(50)
# postalCode: VARCHAR(1S) OrderDetalls
# country: VARCHAR(50)
N - & salesRepEmployesNumber: INTEGER forderNumber: INTEGER ——1-J
# creditlimit: DOUBLE productCode: VARCHER(50) —|
Offices ¢ quntosres INTEGER
|- officeCode: VARCHAR(50) S D e s
# city: VARCHAR(S0) ™
# phone: VARCHAR(S0) FERTS %
# addresslinel: VARCHAR(S0) e
# addressLine2: VARCHAR(S0) 1
JocheckNumber: VARCHER(50)

® state: VARCHAR(50)
# country: VARCHAR(50)
# postalCode: VARCHAR(10) ¢ paymentDate: DAYE‘WE me: VARCHAR(70)
# territory: VARCHAR(50) # amount: DOUBLL : pmdu:tL ne: VARCHAR(50)
$ productScale: VARCHAR()
ct VARGHARGD

PproductCode: VARCHAR(50) —|-

< brodue oo iption: T
# guantiyinstock AT
uyPrice: DOUBLE

08l 29. 4 RDB 7|0} clolo{azy
Fig. 29. RDB Schema Diagram for Experiment

a7 29 Al AHEE RDBE| 27)wlolt), & 5 17
29| ~7|n}2 53k 4709 RDB Z12e] RDBESH A
AE OWL 2E2x]9] JHo|t}, & 59 LEEAE £ =7
AlEle] Ontology Generator ZEIEV} 22 o= YA
& =, RDBE OWL #Hd 2 |23t 2EZx|olt}, upe o]

2E 72X TBox9 ABoxE ¥33it}. 32 A/39] Fe] 74



AAE HlolElM|o] AR EE] OWL, 2EZX

12 F2317] 913 SPARQL-DL ZZAA 43

E5 A% o Al FE
Table 5. Experiment Data Sets

Y 224 FEH FEZ
g=E= = | DB Z7| 7| Zape Zape
DB(1) 4,297 | 528 KB |6.25 MB| 32,711 37,754
DB(2) 6,929 | 896 KB | 12.4 MB | 64,811 74,524
DB(3) | 14,274 | 2.2 MB | 18.1 MB| 92,469 | =106,000
DB(5) | 18,337 | 3.5 MB | 29.5 MB | =150,000 | =170,000
£ OWL 345 Tableau FE712 Pelletell AA5le] F27]

ZHE dojdl FHelth DB(3)] & & ¥4 DB(5)<]
F2 /% Fege 793 glolth, 1 o] f= Tableaux 2

7] DB(3) Hlolel Ale] 2Ajel=
FEo 7 Qlslo] R Aasilen DB(5) FEle AA
A Aol Heap wl22] FE02 Qlsto] Asigly] wiioltt. oA
2 DB(3) 4% ¥l Tableaux 2718 53 2524 AH|
27t BrFsdE onlgith,

F 6 B AEE g 9 do7 HFolrt. do7e
T4 SPARQL-DL ABox 9] #&] 4% W75 g A
T (200 wskth AoE Q12 TBox®} ABox atome] &
FEAE o Ao Azl e HrRl] fiFtoltt AR
Q2+ RBox®} ABox atome] EE S v A9 olzle] A
< k] dgelt. ZeE Q32 PropertyValue
atomel|x] &o] X|o] W7t EAlske Aot} £, o] A
o= Bt atomell o] 2R E Fo] 7xoF HAo] 728 BAE
Zholok sh= Ao @A) R KAON29] 7% ol2|dh Fie
Ao Az & 4 gl (8). HolF Q4+ down-monotoic

7 2% ¥gd Aoty ABox atom$l Typet
PropertyValue®l F W& wj7ffFE= TBox L4xe|th. o]
929 WEE 3 gtk &, ABox
atomol] ¥&¥ TBox L4t}

4331 o Heap W22

S down-monotoic

. =
Table 6. Query List for Experiment

wE Hofz

Type(?x, :payments.customerNumber), Type(?x, ?C),

a1 SubClassOf (?C, :customers.customerNumber)
Type(?z, :offices.officeCode),
@ PropertyValue(:t=employees &k =employeeNumber &v
=1323, ?y, ?7z), SubPropertyOf(?y,
owl:topObjectProperty)
Q@ Type(?x, :customers), PropertyValue(?x, ?y, 72),

Type(?z, :employees.employeeNumber)

Type(?x, :orders), PropertyValue(?x, 7y, ?w),
73 Type(?w, ?2), SubClassOf(?z,
‘customers.customerNumber)

Aol ALeH AFE A28 648 E Windows 7 AH|

2 3 1 2FAAY 3.0 GHzY Intel Core i5-3330
CPU% 8 GBS w9l Ml=2&], 18]x 1 TBS HDDZE 74
Ho}, 2 A8 4L JRE 7.001H Heap WRe] 995

71€ 1 GB, #d 2 GBZ AA35ict.

1800 1559
1600
1400
1200
. 1000
£ 800
600
400
- 151 189
200 2
P - - Il -
DB(1) DB(2) DB(3) DB(5)
|E!Durs 65 131 189 1559
|E3der'rvo 37 51

21 30. E92Q
Fig. 30. Experiment Result for Query Q1

ERCE:"

I3 30~332 AY Adelnh. AR 34 @9l 1/1000
Zolt}, AARY v ms} B =Re] AlxEe] A2] A

Folz A7 w2 Zr) vl Al2wle] Ae] dojelrt
Hla AJz=Ele] 735 DB(3)3 DB(5)E Wz & ddo]

BFsS] heel 293kE B8 L;am BE 4
o thet A Aol HAF 5 9ol
B e e

27t 7hs it

Q2

25

14 15

ms
"
o

DB(2) D8(3) D8(5)
15 14 15
[Edero 14 25

|@ours

% 31, EelE Qe Ay Znt
Fig. 31. Experiment Result for Query Q2
Q3
8000 F006
8000
7000
6000
. 5000 4541
H
4000 3002
3000
2000 1315 1570
i
]
DBI1) DB(2) DB(3) DB(5)
|Eours 1315 3002 4541 8006
|Bdervo 416 1570

J% 32. EolE Q39 AF Znt
Fig. 32. Experiment Result for Query Q3
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Q4

50000 45974

ms
r
&
8
5]

15641

3607
2z 2

DB(3) DB(5)
3607 7397

DE(1
|EDUTS 1214
|Bdervo 13841

O%l 33, EolE Q4o Ay Znt
Fig. 33. Experiment Result for Query Q4
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YI=2 7| wlEo|tt. HoE Q49 A¥= Tableau
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Uos HoFrh Ao Q¥ 4% Q39 A
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ARt FARE SR A A3 Ao ddEr
v. 24 2
2 =Ro A2k Azsle ofnl 2550 9l RDB
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w
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FPI

wolth, B =] Al A 4= 9l RDB 7|7}
2212 Al 1 g e ?]‘3} o] BE go]Eol
primary key A|2F Z71o] EAsH= 27]0f ot}
SPARQL-DL #e#& SPARQL-DL T¢I <l
atomE9] H&Ee® 749t & =&l E SPARQL-DL
THAeA 23t Annotation atome A|$E ZE atomo]
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9J3iatt. SPARQL-DL Zeo|#e] FHE Hofd ¥4&E
W3 T3 e ASK ERR] HeolEn WsE ¥dshe

SELECT B} dejRo® BHe 4 9lon B =RdlMe
T 79 o BFE AYT § Y=F T} 2o
T THE 259l RDBY] A4 9ol nhE eHEes

?»]Jj}om 9alo] B =8e] SPARQL-DL ZAME ¢
¥ shte] SPARQL-DL Aois 7IHes @ shiel
SQL Ao Adet=s TR 5, AlE A2’ A
LA=RE 9YH shtel SPARQL-DL Hel&-& AHzshe
ol & 3 wel SQL Aol HE WAz
B =Rlxe A8E B3] At AlzElo] Tableau 71
Bk 28718 7|ute g sfo] Mulz & o 9= ABox &9
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7050l . https://github.com/jwchoi/OWL4RDB
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