OntoReasoner®: L&

of
ro
lm
Hu

x| ME 9l =2 A|AH

0|22 (KISTI)

okt (KISTI)



o el &



L R 1
1.1. TEE A (SCalability) weveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeens 3
1.2. A2 (PractiCality) e, 4
1.3. OntoReasoner® T2 ..c.ccccececeeeeeeeeeeeeeeeeeeeee e, 4

2. UEY 2EZ2X ME D e, 7
2.1 DB HIOIZ AJI0F A 8
2.2. ez EclE2l 228 & 13

3. BB e —————————— 19
3.1 FE 0188 SBHQ FE . 20
3.2 ol0IE 2l =(Hybrid) Rete T2 ..o 25

4. BOD KBl e 31
4.1 SPARQL &2 XMl I8 31
4.2 SEHO O el i 34
4.3 SE ZHA-FH F (ECPV) e 36

4.3.1. B 37
4.3.2. A 39
4.3.3. F b ol 42
D B i e 45
B, B e ————————————— e 48



1. ME

1990 20l Tim Berners—LeeJdt A|IGHE! & (Semantic

Web)E HMICtst 01F, SEME BXID| AIXSEH AICHE &0 28

U FHAE Eoglt. 2E2XNE Jl=ob)l Ast doZ, W3C
(http://www.w3.0rg)E ZA&2Z HEHOIHE Jl=dte =&

2 MZ2% Y RDF (Resource Description Framework)2t gl £

HII0l 20l(semantics)E Z=Jt8t RDFS (RDF Semantics)2t Ol

£ CtAl &2 OWL (Web Ontology Language)Z® & ol SHCH.

J

OWLE Jlz= =2l (Description Logic)tl 2JIEtotd 22 X9

SI0IE Jlsotl UL2M, AHIM A= Jlz= sHE FItoto

ol

SWRL (Semantic Web Rule Language)2 &6l It QUCH

Olcdet AITHE ol A7 &e2 A N 272 UH =

4

UL O R M= 2S2 X0 Uet g2, 212tel X4

z
nlo
0

S22 0¥ &HotD PEGID BEY A0 U o3P



ol
<r

Ul
™

)

0l
Al

)
Kt

Ju

fill

ol
o)
<
)

110

00

ol
<

)
Kk

&t

=
=

=ot= dlol

HIb ALB2 =2,

110
KO
o

ol

t

| A
OICt.

ESye)
=

2 MulA
oA 21

2l

| —

=

AICHE}

—

) 20=== O

I

[9)

Al

i

0

& 20| C.
I MHIASE &

21T Ol

&t

==

e

Ol

=
i
[

o

A2, 2EZX} FES E8ot0H AIEX
Ol A

oA L

HiAt=E XHE &t
zH

=
=

0l

0l

;
J
5
)
Kt

un

OntoReasoner Al

oJ
o0
<]

|

o)

ok

)
Kt

JSESIT;

2 X2

1]
0l

ol

Rr

]l
0l

—_

o

WH
K0
o

~

W

oll

B
AK

ol
uir

212 REZX (HE =Y,

ol
K
X

-

2]

e

R0
J

D
Kd

o)
H

el JIZS0A

—

—

| 201l

F9L|-, x
T AN HEAME 2S5

(o] Xe]
A

LS

Wine Ontology)0l XILFXI

=N

FHOAN 222X

Olcdst

ALY

L=

t A

g
=

qr
4

Atedl Ot

Ju
10
M)
Kk

~
110
KO

Al gH

ISWC20082]

| =l

S

A 20 (Karlsruhe) 0l A K

(Practicality) 0l
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(subject), =0{(predicate), =& 0{(object)2 &= RDF E2IE
(triple)2 oH&dIH OIS M2l Jisot== DBMS J|Bte E

22 MZ&A (triple store)dll Ol2l H2E DB HIOI2 AJ|0HN &

OntoReasoner®
RDF/XML
N-Triples A
| Tute RDF & OWL Parser
RDF Handler
Reasoner Triple Store

SPARQL-SQL C t
‘ oL S Copverter Query Result Handler

ECPV Generator SPARQL Evaluator

PR E—

SPARQL Parser SPARQL-Results/XML
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2.1. DB H|O|F A7|0F £/

E2X XAl9 Jlg2 2= F0{(subject), =0 (predicate),

SXM 0 (object) 2 FRAHEE=E Ee
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DB HIOIE2 MEGHI fIdid=s & SEHQ AIJ|0Hschema)
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(schema-oblivious)8t ZA(O&2)0let & = UCH 0l A2,
X YAl (vertical schema)Olet £ecled, S&=&0l E&O0IX
o, RE EZIEZ2 oLt HIOIEN MESE 22 a4 =H
OlA BHZEGHR 24CH HLISHH, HIOISO StLtel EclEZ(d2
E)E MESHL S M, MQl(index) MKl DedstH, RE Eel
SO HIW(SE, B+Tree CIEAQ} 22 &8 £2 Mol J|gsS
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g@E PloiM= =8 OcHE IHES ZMol0F ot=dl, 0l &
HY HDEE H= HOIS0 CHE MA X2 (self join) H&HS
BHEXOZ HM2lohoF StCHe O§DIDF SICH CHAl 2, Aterst 4
=284 WXEotY /U= &0l
Triples
Subject Predicate Object
g 20 AJ|0-2& H0lg *£

Property, Class,
Subject Object Subject

Pro'ﬁerty2 Class,
Subject Object Subject

a8 3 AJ|01-2/Xl HIOI= #&

Properties with range Resource

Class Instances

Subject Predicate Object Subject

Object

Properties with range integer
Subject Predicate Object

2 4: stolEelE(hybrid) HIOIE *X




Ecl=E MEobJ| #e OB HIOIE ##=E £Hole &= ©M
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MESH= gtals A6 E SHCH Al URIQE ID AFOISl OHE S
&2 Ab&(dictionary) HIOIS0| ISz FLMH, 29 2¢
S Mg M AMESXAH EsHe=2 URIE BOHFI| RdlMdes

IDE ChAl URIZ OHEGHI| ?loff & B2 £01= [ =2ali0

ol

= HE=S Z=h. EclE22 It Site== URIY =X SJtdt

== M&olJ| ?et DB HIOIE AJI0t2 AJ[OF-QIX &4

njo

i
EN5tD QUCHIAES5). Cieh, HIOIHENY =4 (datatype property)2
42, S 2l (literal)0l =0, Ol dlol=(label)t O
OlE{EF 2 (datatype), 2 0i(lagnauge)Z Lis = UI| WE0l Ol

Jddet DB HIOIE AJ|OHE ZAGHRULE. URIE H&ot=0 U0

M= URlI &A0ILE 1D 401 Otdl, URISl UWIZAHOIA
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(namespace)2 &S AH(prefix)2 CHAISH prefixed URI &HAle D

ot

—

o]

FHCH ESAE W AHOIA A0S OHEZEES <S8 Hols
(namespaces)S E€&& 1 U2H, otLIS 2EZ XA AIS
ol UIZAHOIAC = 12l X &I 20 0 tHEe &

H o220l =XotHA HES A MHelgd == UCH

A
o

At

prefixed URI= & il URIN HIoH SAtE 20|

i

| =20 A

0Q
ol

HET2o QHIE o

ol

| =2 £ UCH D50 A tablenames

= EcI= HOISS2 Het 222 JI1=otJ| ?1g HIO0ISO0IC.

<Resource Tables> <ObjectProperty Tables>
owl:Class rdfs:domain
VARCHAR(256) VARCHAR(256)  BIT DATETIME VARCHAR(256) VARCHAR(256) VARCHAR(256)  BIT  DATETIME
isrl:Person ! FALSE 2007-05-01 isrl:hasWeight isrl:Person ! FALSE 2007-05-01
rdf.Property rdfs:range
e = DATETIME VARCHAR(256) ~VARCHAR(256) VARCHAR(256) ~ BIT  DATETIME
L FASE | AR istlhasWeight xsdiloat " FALSE 20070501
owl:DatatypeProperty <Others>
namesapces tablenames
VARCHAR(256) VARCHAR(256)  BIT DATETIME
SithasWeight ‘, T VARCHAR(16) VARCHAR(256) VARCHAR(128)  CHAR(1)
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns# owl:Class R
rdfs:domain o
<DatatypeProperty Tables> EiiEEEg 2

isrl:hasWeight

VARCHAR(256) FLOAT VARCHAR(256) VARCHAR(16) VARCHAR(256) BIT DATETIME
isrl:PER001 0.9 xsd:float NULL isrl:PER001 FALSE 2007-05-01

12 5: OntoReasone2 DB HIOIE A3J|0F &H
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= 20| S50 2eHA AAEHA HOI2 (B2 2424 HOoIS3)
M= =0i(subject) Z&0l &t Mooz Z=Z56HH, HM =4
(object property) & OIOIEEtY =& (datatype property) HIOIS
M= ZF0i(subject)-=X 0 (object) Helnt &H SHO-=F

AHO|

—/ —
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22. 8% EB|S0| #8HQ I

OntoReasone/®= XtHt(Java)Z RS E A|AEOC=Z DBO CH

et AHs <ol JOBCE At=Eetlt. RDF Ecl=Z= DB HIOI=0

M&ots A2 JDBCE Soll SQLS INSERTES AMESE2EZM
JtsotCh, defl, E JH2l RDF EclES MEots X2 2L
= X0l OtLleh =89 Ecl=Z= M2 MEsH| ks 2
JEA dedolioF & 8=01 RUCH.

XM, ROF EcIE2 &(insert) HESOH CHEt EHME XK

clOICt. JDBCE Edf AN = SQLY 2XHES J|I2=o
2 otLsLIDE Btutel EdAEC2 Hel=t (012 Xs HA
(auto—commit) 2 E2t StCH). CHAl Z6H, dtLISl 2X0| AlgiE

MOFCH HS (commit) SZ0l LAECH D, HEES EIS
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H 1: 28X0 ECE MEsS s LHEl S84 &F
dzHel M= AN o? E= AN | 22 Al
- (auto commit) SELECT 49:28
10000 100 Exception 07:25
20000 100 Exception 07:22
20000 200 Exception 06:53
olatel Ul JHXl 22 AdsgsS Sol 1 =84S =0loth

M, H10lMd= 282X 2 LUBM(1000,0)2t DBMSZ MS SQL

Server 20052 AIZ23dl0H EclE NH&=S ol Hetst Wl JFAl &

ol
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0%
in
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Melet HA, S5 A Uiet eE4d= =02lot)]
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A HUGE 20l O %12 1O £S89 AJIE AH &£=2
Hh=e NS B0 =0 L8l 92 Melo dRUE otXl 2=

20 Blof 22 XMclE ™ot FR0, dcld, 22 Xl

Logx oz g sl RDF EglZo 42 71g 71t}
 LUBMS &}ihe] &3k (Department) S 5}‘%«] OWL 3d= &3}
lerl, ARe] Wl v o] Hle] A5E wAR Ak
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& ATt
H 2: PreparedStatement2t 22 X2l =24 AF

ASES 1 XHms) 2xHms) 3xt(ms) | EZ(ms)

S 13,204 12,985 13,031 | 13,073.33

S+B 11,000 10,172 9,328 | 10,166.67

P 5,047 4,969 4,922 4,979.33

P+B 2,188 2,188 2,172 2,182.67

222, HE20lM= PreparedStatement?t 22 X2l (batch

SENS 205 AES GIACH

. OHIIME, & N
(tlt= A =4 (object property) HIOIE0122, CIE

CIOIEIEFY =4 (datatype property) EIOIS)0I 242t

, StatementE AIS

ot= 210l HIGH PreparedStatementE At&E6t= 2101 E S0l Al
3 S StatementZ, PE= PreparedStatementS AF23l= 4 9-olH B
A& AP (batch execution)S F7I2 A& st A= PF/] 71t}
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rdfs7: <7?x,7a,?y> <?a,rdfs:subPropertyOf,?b> > <?x,?b,?y>

rdfs9: <7x,rdfs:subClassOf,?y> <?a,rdf:type,?x> = <?a,rdf:type,?y>

inverseOf : < ?7a,owl:inverseOf,?b> <7x,7a,?y> > <?y,?b,?x>

Jge2 UeusE ZEgs 2S2X2 227=Z2,

Ol

u
un
=

ex:name =4&2 rdfsilabel =42 ot®l 402 HEO
ex:name =4S 2= 2E F=0{(subject), =2ZF0{(object)=

rdfs:label 42 =01 € SHONZ =& E L. ex:Professor 2cH

2

A%} ex:Person 2AQ BRE, £40| Otd ZeActs &

& ool ZA0 2st &2 sZ2otth. DHAY2Z,

Ct

]

ex:hasMember =41 eximemberOf 42 owliinverseOf 2|

of AJ| 20U ex:hasMember HH2 2TE = &« 2=
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212t extmemberOf 42 =X & =02 H =0 0l
HE2 FE ALEY 2o SE TN 28ds foi EtEA
ZRotXg, EclZ9 =02 HWXMEAL &2 FII2 T =
Hojeh et £, 0 EZIE A0|< et Xgls 2= o
A &I 201 E=0otH EcIEZ2= =Moot M&Eol=s X2 EL
E & L F2 MAHS Hes4d2 sttt
<ex:name, rdfs:subPropertyOf, rdfs:label >
<ex:abe, exxname, “ABC">
<ex:def, ex:name, “DEF" >
<ex:Professor, rdfs:subClassOf, ex:Person>
<ex:abe, rdfitype, ex:Professor>
<ex:def, rdf:type, ex:Professor>
<ex:hasMember, owl:inverseOf, ex:memberOf>
<ex:depti, ex:hashMember, ex:abe>
<ex:dept2, exchasMember, ex:def>
v
rdfs7: <?x, ?a, ?y> <?a, rdfs:subPropertyOf, ?b> =2 <2x, ?h, ?y>
<ex:abe, rdfs:label, “ABC" >
> <ex:def, rdfs:label, “DEF">
rdfsg: <?x, rdfs:subClassOf, ?y> <?a, rdf:type, ?x> =2 <?a, rdfitype, ?y>
<ex:abe, rdf:type, ex:Person:
> <ex:def, rdfitype, ex:Person>
‘ <?a, owlinverseOf, ?b> <¥x, 7a, ?y> 2> <?y, ?b, ™x>
‘ <ex:abe, ex:memberOf, ex:depti>
<ex:def, ex:memberOf, ex:depta>
g 6 tHetws 222s 282X2 222 ROFS Z&2tH &2
0 OWL g2t REg NEEe=zZM =2 &&= ECEY o

22




2=, ME sS4l =S s8d= =01J| foiAd= XL
H B2 M S2l FE #F32 HEs 2 = UAs At

ZR0tH, &, 0ldd8 EXIJt RDF EclZ2 MEA0 CHet &

X F=E AMLEB2ZA ROFS Z2HH &2 A& OWL S&H

B, RDF EZIS0l YHIH, 0 ECIS0|l RDFS Zet2tH
g2 #E0ILF OWL S2H #&0l oiEot=XE & Atetlt. ChAl

o+l EZIZ9 = { (predicate) It rdfs:subPropertyOf 2t

rdfs:subClassOf, owl:inverseOf &=2| olLI0I dHEot=XIE &HA
StCH olgdE Zd=2, 10 e | dosttt. J872 ol =¢

FH

HYotH, StaE 2F ) 20| ECIZ0l LI MEE AE 0
A, E2lE <ex:name, rdfs:subPropertyOf, rdfs:label>0| & &
= Z=20 =0t ex:name?! E2IEQ F0UH2 SHNH= SAl0
rdfs:label®l =02t SHMIt & = U0 St=0l, e <i(a)0l A
SEe Bt 20l [ex:name] HIOIE21 [rdfs:label] HIOIZ2S &&

gH(Union)8t 2= [rdfs:label_view]2 &olotD &9 SHOAME=

O]l 25 AIBol=E 2 =M rdfs:subPropertyOftl 2lst ekt
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09
1o
3
Nl
3
I
o
Q
B
o
I
$Q
o

| <ex:name, rdfs:subPropertyOf, rdfs:label>

[ex:name]
subj oby
ezabe :'ﬁB@: [rdfs:label_view]
(a) acidef DIEP subj obj CREATE VIEW [rdfs:label_wview] AS
- aabe iy SELECT subj, obj FROM [rdfs:label]
[rdfs:label] U acdel "DEF” UNION
subj obj //' acchasMember | “member” SELECT subj, obj FROM [ex:name]
|=thashember | “member™

[ <ex:Professor, rdfs:subClassOf, ex:Person>
[ex:Frofessor]

?":albc— [ex:Pe.rson_vlew]
(b) aerdef ;‘f:éc CREATE VIEW [ex:Person_view] AS
wc.:def S_E.LECT subj FROM [ex:Person]
[ex:Person] ] v UNION
0] /' SELECT subj FROM [ex:Professor]
azghi

<ex:hasMember, owliinverseOf, ex:memberQOf> |
[ex:hasMember]

e:;::m w?:]bc . [ex:memberOf_view]
(e) e&c:ldepte ea(;\dgr <;’;}ig,‘ subj ohbj CREATE VIEW [eximemberOf wiew] AS
T aezhe aedapty SELECT subj, obj FROM [ex:memberOf]
- anezdal mideptz UNION
[eximemberOf] U It | adeptg SELECT obj, subj FROM [ex:hasMember]
gubj obi /
ansghi acdapty

18 7:RDFS Z&2H &2 73 & OWL 2 #&2 FE= U
= DBMS = &2 ol

rdfs:subClassOf0ll 2lgh ZEef2tH &2 #& FE2 ERE
O879l Jt2di(b)ilM 2= btek 20l [ex:Person] HIOIZSt
[ex:Professor] HOIES & & & (Union)st As
[ex:Person_view]2 &gt & SEOUHAM 0l FE AS5tE
£ Eo=ZM oHZ &Lt

OtXI& 22, owlinverseOf(fl 2lgt F&H HE FES Z=R
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HE OHE = <®lol LotEl Rete €12l&2 #& JIBE =20
E iz #8E =+ Jsl, 73 L8 <F0, 20, SHU>E
RAZ ot= e IHE (graph pattern)0lJ] WE0 E2IZ0
XS Mol &6l A2 JcHZ EO HEHsE E2IE &
s F= AW 22 HH01J] MHS20IC.

OO, Aoz ot 22X AR22 Mioles #2o
&= 2= EdZ2 HE20 ®Xote A0l sl 22
gk =49 0lae HEY EClEsS A= o= Z=R0U=
H22IE 20l AIEots JIE2 Rete 212l&S AUIZ ALESE
= A2 2Iitssit

F2 A
[rdfy: {?x ?a 2v) = (%a rdEvpe rdGProperty) |
(a) | [rdfsz: (?x 7a ?v) (?a rdfs:domain ?2) = (2x rdftype Pz)]
[rdfeg: (= 28 ?v] (Y rdfsrange 2) = (Py rdEtvpe 72)]
[unele: (*x ex:father 2%) (v excbrother ?2) = (?x ex:uncle 2z)]
7| 0F S5 & glpls Sl
<mi:father, rdfs:domain, ex:Persons> < prl, ex:father, mopros>
(b) | zex:father, rdfe-range, ex:Person <pipia, ex:father, excplos
<ebrother, rdfs:domain, ex:Person> || <ex:pio, ecbrother, ex:pzos
<ex:brother, rdfs:range, ex:Ferson = < pro, excbrother, ecpgos=

a8 8 =& #&1L AJ|0F ECIE

26
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o-H 22| p="rdfs:range”

<ex:father, rdfs:domain, ex:Person>
<ex:father, rdfs:range, ex:Person>

p="rdfs:domain”

<ex:brother, rdfs:domain, ex:Person> o-H 22| p="ex:father

<ex:brother, rdfs:range, ex:Person> p="ex:brother”
<ex:pll, ex:father, ex:p10> <ex:father, rdfs:range, ex:Person>

A, SN GO a-H 22| <ex:brother, rdfs:range, ex:Person> o022

<ex:pl0, ex:brother, ex:p20> <ex:father, rdfs:domain, ex:Person> a-0| 2 2|

<ex:pl0, ex:brother, ex:p30> <ex:brother, rdfs:domain, ex:Person> <ex:pll, ex:father, ex:pl0>

<ex:pl0, ex:brother, ex:p20>

<ex:pl2, ex:father, ex:p10>
P p <ex:pl0, ex:brother, ex:p30>

L.p=R.s
B -0 22| L.p=R. L.o=Rs
<ex:pll, ex:father, ex:pl0>,<ex:father, rdfs:domain, ex:Person> H w -_”_.__m_um_
<ex:pl2, ex:father, ex:pfl0>,<ex:father, rdfs:domain, ex:Person> <ex:pll, ex:father, ex:p10,<ex:pl0, ex:brother, ex:p20>
<ex:pl0, ex:brother, ex]p20>,<ex:brother, rdfs:domain, ex:Person> <ex:pl2, ex:father, ex:p103,<ex:pl0, ex:brother, ex:p20>
<ex:pl0, ex:brother, ex}p30>,<ex:brother, rdfs:domain, ex:Person> § <ex:pll, ex:father, ex:p10,<ex:p10, ex:brother, ex:p30>

<ex:pl2, ex:father, ex:p103,<ex:pl0, ex:brother, ex:p30>

B-oz2

<ex:pll, ex:father, ex:p10>,<gx:father, rdfs:range, ex:Person>

H <ex:pl2, ex:father, ex:p10>,<ex:father, rdfs:range, ex:Person>

! <ex:pl0, ex:brother, ex:p20> <ex:brother, rdfs:range, ex:Person>
! <ex:pl0, ex:brother, ex:p30>| <ex:brother, rdfs:range, ex:Person>
'

1

|

1
| <rdfs:domain, rdf:type, rdf:Property>
1<rdfs:range, rdf:type, rdf:Property>

1 <ex:father, rdf:type, rdf:Property>
<ex:brother, rdf:type, rdf:Property>

FYEE
R pupipuplipiay S
“Amx_vi_ ex:uncle, ex:p20>
1<ex:pll, ex:uncle, ex:p30>
1<ex:pl2, ex:uncle, ex:p20>

“Amx;&m. ex:uncle, ex:p30>

r
“Amx_upo. rdf:type, ex:Person> i
“Amx”_uﬁ_ rdf:type, ex:Person> H
1<ex:pl2, rdf:type, ex:Person> |
1 ]

_
i<ex:pl0, rdf:type, ex:Person> |
“Amx_cmo. rdf:type, ex:Person> H
1<ex:p30, rdf:type, ex:Person> |
1 ]

Rete WERK3A 0

—
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110

Ecl

210t

B

12 F N, &
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=

I8N 22 X(RDF Ecl

[

2l Z(instance triple)& F

Z (schema triple)
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o =
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t1)
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RDFS
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t= ECIS0IC OtEIHKZ =8 #& et AJ|0t &

el
g
o]

=y

(D8 (a)UlM rdf & rdfs =2 RAE)W AAEHA FE2 R
Z(0e8 (a)UllA uncle =2 #)22

N, 2910 =8 #E2 HRE Edl=E 2o =86 2gs 2R
£ okl %M, nA0l HELH= = S Ktk 0lHe &

SECZFH MSH &EEHes Ecl22 == BA &I W&ol VI

&2 Rete €0cIS0HALt 201 #& IHEOC MHE=E Z2UE OZ

cl &0l =Xlote A0l Jb=0otLt.

or

PIAEA FE A%
(a) | [uncle: (?x ex:father ?y) (?y excbrother ?z) = (?x ex:uncle ?z)] ‘

o-0 22| CiH = ®e|

CREATE VIEW alphamemi AS
SELECT T.subject AS s, "ex:father’ AS p, T.object AS o
(b) | FROM [ex:father] AS T

CREATE VIEW alphamemz AS
SELECT T.subject AS s, ‘ex:brother’ AS p, T.object AS o
FROM [ex:brother] AST

B-ti=al Cily & He|

CREATE VIEW betamem1 AS
(¢) | SELECT L.s AS c1, L.p AS c2, Lo AS ¢3, R.s AS c4, R.p AS c5, R.0 AS ¢6
FROM alphamemai AS LINNER JOIN alphamem2 AS R ON L.o=R.s

4 =E Oy 5§ He

(d) CREATE VIEW rulenode1 AS
SELECT c1 AS s, ‘ex:uncle’ AS p, c6 AS o
FROM betamem1

8 10: Rete UIERA0NA DBMS /& &E2 AtE Ol
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BIo, QIABEA EE2 2E2X2 AZ20 dlidoted &M
Stot22 AEA =8 HF0 HEE Z2hes JIES2 ReteX
g 0220 sXlots A0l WLt 0l BR0= JIE Retel
a-0I22I2t B-0IZ22IE DBMSS =7 d2lz WHMetth. 8102
AZ90AM AAEA =8 HE0U cHEots <0 ottt a0

222 p-ti2clE DBMSS| 7 d2=z UHlots ®E 20 =Lt
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4. ZEo| Xz
OntoReasone/®2] Z ol A2 W3C Z1DOHel SPARQL
AHE AIZstCh. SPARQL 2 2/HE AtEotHd M&EAS et
2 EclE EEE XN&EE ZTAHOU %LH ZM2 & = AL
OntoReasoneHl A At23t= SPARQL & olgi0i= W3C

SPARQL #119t & SELECT, CONSTRUCT== Xl&s6tH o2
ol 2BtEOl DBMSOIM XF At2EZ= T EH(aggregate) 2t &
XelE fIgt 282 SPARQLL SELECT=0 =J)IE#o=z Ao

DBMSS|
OntoReasone®Nl M=

Ol Parameterized-SQLS AF=EHLE.

4.1. SPARQL Zo| Xz| 1™

o

ChsS

&1 OntoReasone® A AEIQ

Hat| et DBMS2tel A2t - 0L

31
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A D] (Parser) 2t
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=0]2]

SPARQL-TO-SQL



SPARQL

- T
SPARQL-TO-SQL 3
B 37|

8 11: SPARQL-SQL &) 4%

ACSHEIE NHIAE dots MEUA AMHIAGH E QRTPALE

o

of ¢ 22 MBIA EAH EHE AT 0l Soll SPARQL

Zo|E Aol Zo=Ct. Dlel HeE SPARQL 22201 AL=

A&t M0 MBIAS] 70 Sl HEHE <=0

P,

Jiol fEES HAM SPARQL-TO-SQL H&I| HE2l SPARQL

2400 Lt dgE Z2oEs Ltdet 2=

Ecl gt WR 28 ddoti T, 1 0l 224

1]

0lZ0tH SQL7*=2 2 Hetote JE0| &d =

32
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SPARQL #2&4Jl= W3C o0l =Itel =XHEQ 2

= A&etth SELECT 20l LEH= B0 HEE = Ue F
JHEQl &8 MEdt=0 COUNT(E ), COUNT(DISTINCT &

-

=), SUM(E ), AVG(H ), MAX(E=~), MIN(E1+)2l 6572 &

It =Jb EACH 2l SELECT & 0I=0l GROUP BY &S

AH A

ol
Ju

SO0 X¥et =0 Ooi 1=20l Jtsg SQL=

o

S

HEol Hdet SPARQL 222 0O

M

Otele =ot&el 2Y

o

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX ref; <http://isrl .kisti.re.kr/...>

PREFIX aca: <http://isrl.kisti.re.kr/...>

SELECT COUNT (?article) ?year

WHERE {
?article aca:createdByPerson aca:PER_ 257486 .
?article aca:createdByPerson aca:PER_ 257487 .
?article aca:yearOfAccomplishment ?year .
FILTER(?year>=2000 && ?year<=2008) .
?article aca:hasTopicOfArticle aca:topURIO000 .
?article aca:hasTopicOfArticle aca:topURIO001 .

}

GROUP BY ?year

ORDER BY ?year
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4.2. g 8HQ Ho| Me

OntoReasone/® Zo| AAEHS 28Xl DBMS HM2lE <

O

N PREPARED STATEMENT Jls= AtEsttt. PREPARED

r

STATEMENTE= HMcZlot X ot= SQL Z220A Bste &=
#S 7 22 UHME 2222 0lcl DBMSZ otois 246H
ot 1 Z2UE M&Eol = 0=, dZHel X el &gt

BHZ 2 MEot0d DBMSS| Xiclass =0l= JI80I0L

PREPARED STATEMENT Jls=2 #=ol(d 0|2 222 =4
D M2ABUE oM 582 =2 + AU
OntoReasone/® &2 ANAEIS SPARQL R2=24AI|E 0|25t

O Olaiet PREPARED STATEMENT Jlss As2=2 HEot:

S A0 A A 2o 252 PREPARED STATEMENT
Jlss Felot)| flet 22Es Adeg 2Jt gl SE& It
0 A

SPARQL #2=24&Jl= Z2E Ita LEUAM &==(2IHZ)

U
X
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uy)
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HIAN AEEE et 72 2220 ol "7 XMelE ot
Lte 1O ORst 222 HES 22 = A =H0H 7 XMl
= Z2/20 00l CHoll OBMSOl 2loff dd= 2212 PREPARED

STATEMENT HMIE Q2 Xtst=El SQL A2t NE S2H0 ME

a2o=2 LFO tiBlotAH =Ct.

ot O

ol

eIxtet= SQL HAIN ME EX H2 2220 EFa 2

OBMSOll 2ot PREPARED STATEMENT XIS MAot0 7' XAl

Jz

= SQL &9 S22 HESIHW QlkteteEl SQL KA

o
_|j_7—r

Ho
o

Jon

MNEA0 MEotl, WA ME= H22 =H0lE HOE2 iz

PREPARED STATEMENT ZHIE O0lE0ot0 DBMS &#2E Al& st

rr
i

Ot Z1812= PREPARED STATEMENT Jls= #&ol

Yol et 2ol Mel B KE BHED UCH
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PREFIX aca:.<ht1p://‘..#> SPARQL
SELECT larticle lyear
\WHERE {

larticle aca:yearOfAccomplishment lyear .
ALTER(}year>=2000 && lyear<=2008).

=CEp]

SPARQL-TO-SQL
H1§_U| 2000, 2008

--__-_-----____.|_--------__--_ S

| | SELECT DISTINCT TC.subj AS [article], D3O.MKUTERAL(..) AS [year]
| DEMS ke——— FROM [acaiyearOfAccomplishment] AS TO
WHERE T0.label >= 7 AND TO.label <= !

& 12: Prepared Statement2 &
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90|= | subject P, P, |inve [ inve, | P, | INVP
2 A | URI_TYPE URI_TYPE &&= xsdType2SalType()

8 14 &H 2dA-54 |52 A0t
4.3.2. MM

sz 2YA-4 BE NSO MAG| SsAs 24 0

-~

2ol AJ|0IE RSO MM BCH J2130 CHe == 2
HA-S4 O] AJOHs 1149 20l 2EIH 0= 1215

of Jlsel 20250 2ol sz 48428 = AU, S8 2

u
0=

dero Sd=s2 5d UME 2 01822 N 8 g4l

I

’

A 0| owl:DatatypePropertyOil =6t GHE XSD datatypell CHE
= SQL typell T2 DX €20 URIN EESH SQL type(Od

JIM= URLLTYPESZ HEE)0| €l ChZ2 S0H2= g&o =
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Ol 22t owl:FunctionalProperty@ owl:InverseFunctionalProperty Ol

=5H0HH M2FEICH, 121159 ECPV_schemaSub()UIA  ‘flag’ It
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[rdfl: (?x ?a ?y) -> (?a rdf:type rdf:Property)]
[rdfs7: (?x ?a ?y) (?a rdfs:subPropertyOf ?b) -> (?x ?b ?y)]

ol

FM(comment)2 ‘#' 22 Al &S

4. E-BNF Grammar
ORL2 BNFZ OtcHet 20| EaZ

4
30
O

<rules> ::= <line>*

<line> ::= <ws>* (<comment> | <prefix_decl_or_axiom_or_if_then_rule>)?
<eoln>

<comment> ::= ‘#' (<character> - (<cr> | <If>))*
<prefix_decl_or_axiom_or_if then_rule> ::= <prefix_decl> | <axiom> |
<if_then_rule>

<prefix_decl> ::= ‘@prefix’ <ws>+ <prefix> .’ <ws>+ ‘<’ <absoluteURI> ‘>’
<axiom> ::= ‘->' <ws>* <triple> <ws>*

<triple> ::='(* <ws>* <subj> <ws>+ <pred> <ws>+ <obj> <ws>* ‘)’

<subj> ::= <uriref>

<pred> ::= <uriref>

<obj> ::= <uriref> | <literal>

<uriref> ::= ‘<’ <absoluteURI> ‘>’ | <prefixedURI>

<prefixedURI> ::= <prefix> ‘.’ <localName>

<literal> ::= <langString> | <datatypeString>

<langString> ::= ™ <string>

(‘@' <language>)?

<datatypeString> ::= " <string> " ‘™ <uriref>
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<language> ::= [a-z]+ (-' [a-z0-9]+)*

<if then_rule> ::= [ <ruleName> <ruleBody> ‘->’ <ruleHead> |
<ruleName> ::= <ws>* <ruleid> "’ <ws>+

<ruleBody> ::= <triple_pattern_list> <ws>*

<ruleHead> ::= <ws>* <triple_pattern> <ws>*

<ruleid> ::= [a-zA-Z]+ (*-' [a-zA-Z0-9]+)*

<triple_pattern_list> ::= <triple_pattern> <ws>* <triple_pattern_list>
<triple_pattern> ::= ‘(* <ws>* <subjVar> <ws>+ <predVar> <ws>+ <objVar>
<ws>* 1)’

<subjVar> ::= <subj> | <variable>

<predVar> ::= <pred> | <variable>

<objVar> ::= <obj> | <variable>

<variable> ::= ‘?’ [a-zA-Z][a-zA-Z0-9]*

<prefix> := <NCName>

<localName> := <NCName>

<absoluteURI> ::= <URI-reference>

<ws> ="' |\t'" /*space ortab */

<eoln> = \r" | \f' | \n\f’

<character> ::= [#x20-#X7E]

<NCName>l oM = http://www.w3.0rg/TR/REC—Xxml|—
names/#NT-NCName &Z=otJ| HtettH, <UR/-reference>Ull o M=
http://www.w3.0rg/TR/2004/REC-rdf-concepts—20040210/#dfn-
URI-referenceE & ZotJ| HtetCh.

5. OllAl
CtE82 ORLZ Jliz=& &2 GIAIOICH

@prefix rdf; <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
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@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>
@prefix owl: <http://www.w3.0rg/2002/07/owl#>

# RDF Axioms (RDF Semantics, section 3.1)
-> (rdf:type rdf:type rdf:Property)

-> (rdf:subject rdf:type rdf:Property)

-> (rdf:predicate rdf:type rdf:Property)

-> (rdf:object rdf:type rdf:Property)

-> (rdf:first rdf:type rdf:Property)
-> (rdf:rest rdf:type rdf:Property)
-> (rdf:value rdf:type rdf:Property)

-> (rdf:nil rdf:type rdf:List)

# RDFS Axioms (RDF Semantics, section 4.1)
-> (rdf:type rdfs:domain rdfs:Resource)

-> (rdfs:domain rdfs:domain rdf:Property)

-> (rdfs:range rdfs:domain rdf:Property)

-> (rdfs:subPropertyOf rdfs:domain rdf:Property)
-> (rdfs:subClassOf rdfs:domain rdfs:Class)

-> (rdf:subject rdfs:domain rdf:Statement)

-> (rdf:predicate rdfs:domain rdf;Statement)

-> (rdf:object rdfs:domain rdf:Statement)

-> (rdfs:member rdfs:domain rdfs:Resource)

-> (rdf:first rdfs:domain rdf:List)

-> (rdf:rest rdfs:domain rdf;List)

-> (rdfs:seeAlso rdfs:domain rdfs:Resource)

-> (rdfs:isDefinedBy rdfs:domain rdfs:Resource)

-> (rdfs:comment rdfs:domain rdfs:Resource)
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-> (rdfs:label rdfs:domain rdfs:Resource)

-> (rdf:value rdfs:domain rdfs:Resource)

-> (rdf:type rdfs:range rdfs:Class)

-> (rdfs:domain rdfs:range rdfs:Class)

-> (rdfs:range rdfs:range rdfs:Class)

-> (rdfs:subPropertyOf rdfs:range rdf:Property)
-> (rdfs:subClassOf rdfs:range rdfs:Class)

-> (rdf:subject rdfs:range rdfs:Resource)

-> (rdf:predicate rdfs:range rdfs:Resource)

-> (rdf:object rdfs:range rdfs:Resource)

-> (rdfs:member rdfs:range rdfs:Resource)

-> (rdf:first rdfs:range rdfs:Resource)

-> (rdf:rest rdfs:range rdf:List)

-> (rdfs:seeAlso rdfs:range rdfs:Resource)

-> (rdfs:isDefinedBy rdfs:range rdfs:Resource)
-> (rdfs:comment rdfs:range rdfs:Literal)

-> (rdfs:label rdfs:range rdfs:Literal)

-> (rdf:value rdfs:range rdfs:Resource)

-> (rdf:Alt rdfs:subClassOf rdfs:Container)

-> (rdf:Bag rdfs:subClassOf rdfs:Container)

-> (rdf:Seq rdfs:subClassOf rdfs:Container)

-> (rdfs:ContainerMembershipProperty rdfs:subClassOf rdf:Property)

-> (rdfs:isDefinedBy rdfs:subPropertyOf rdfs:seeAlso)

-> (rdf:XMLLiteral rdf:type rdfs:Datatype)

-> (rdf:XMLLiteral rdfs:subClassOf rdfs:Literal)
-> (rdfs:Datatype rdfs:subClassOf rdfs:Class)
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# XSD Axioms (XML Schema datatypes; excluding some less-useful)
-> (xsd:float rdf:type rdfs:Datatype)

-> (xsd:double rdf:type rdfs:Datatype)

-> (xsd:int rdf:type rdfs:Datatype)

-> (xsd:long rdf:type rdfs:Datatype)

-> (xsd:short rdf:type rdfs:Datatype)

-> (xsd:byte rdf:type rdfs:Datatype)

-> (xsd:unsignedByte rdf:type rdfs:Datatype)

-> (xsd:unsignedShort rdf:type rdfs:Datatype)

-> (xsd:unsignedint rdf:type rdfs:Datatype)

-> (xsd:unsignedLong rdf:type rdfs:Datatype)

-> (xsd:decimal rdf:type rdfs:Datatype)

-> (xsd:integer rdf:type rdfs:Datatype)

-> (xsd:nonPositivelnteger rdf:type rdfs:Datatype)
-> (xsd:nonNegativelnteger rdf:type rdfs:Datatype)
-> (xsd:positivelnteger rdf:type rdfs:Datatype)

-> (xsd:negativelnteger rdf:type rdfs:Datatype)

-> (xsd:boolean rdf:type rdfs:Datatype)

-> (xsd:string rdf:type rdfs:Datatype)

-> (xsd:anyURI rdf:type rdfs:Datatype)

-> (xsd:hexBinary rdf:type rdfs:Datatype)

-> (xsd:base64Binary rdf:type rdfs:Datatype)

-> (xsd:date rdf:type rdfs:Datatype)

-> (xsd:time rdf:type rdfs:Datatype)

-> (xsd:dateTime rdf:type rdfs:Datatype)

-> (xsd:duration rdf:type rdfs:Datatype)

-> (xsd:gDay rdf:type rdfs:Datatype)

-> (xsd:gMonth rdf:type rdfs:Datatype)

-> (xsd:gVYear rdf:type rdfs:Datatype)
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-> (xsd:gYearMonth rdf:type rdfs:Datatype)
-> (xsd:gMonthDay rdf:type rdfs:Datatype)

# RDF/S entailment rules (RDF Semantics W3C Recommendation)

[rdfl: (?x ?a ?y) -> (?a rdf:type rdf:Property)]

[rdfs2: (?x ?a ?y) (?a rdfs:domain ?z) -> (?x rdf:itype ?z)]

[rdfs3: (?x ?a ?y) (?a rdfs:range ?z) -> (?y rdfitype ?z)]

[rdfsda: (?x ?a ?y) -> (?x rdf:itype rdfs:Resource)]

[rdfsdb: (?x ?a ?y) -> (?y rdf:itype rdfs:Resource)]

[rdfs5: (?a rdfs:subPropertyOf ?b) (?b rdfs:subPropertyOf ?c) -> (?a
rdfs:subPropertyOf ?¢)]

[rdfs6: (?a rdf:itype rdf:Property) -> (?a rdfs:subPropertyOf ?a)]

[rdfs7: (?x ?a ?y) (?a rdfs:subPropertyOf ?b) -> (?x ?b ?y)]

[rdfs8: (?x rdf:type rdfs:Class) -> (?x rdfs:subClassOf rdfs:Resource)]
[rdfs9: (?x rdfs:subClassOf ?y) (?a rdfitype ?x) -> (?a rdf:type ?y)]

[rdfs10: (?x rdf:itype rdfs:Class) -> (?x rdfs:subClassOf ?x)]

[rdfs1l: (?x rdfs:subClassOf ?y) (?y rdfsisubClassOf ?z) -> (?x
rdfs:subClassOf ?z)]

[rdfs12: (?x rdfitype rdfs:ContainerMembershipProperty) -> (?x
rdfs:subPropertyOf rdfs:member)]

[rdfs13: (?x rdf:itype rdfs:Datatype) -> (?x rdfs:subClassOf rdfs:Literal)]
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[LUBM 8ITI0t3 HIAE A

1. LuBM 282X 2dA AE 7=

(Underaraduate Student)
(Student) {Researchassistant)

{GraduateStudent)
(Teachingassistant)

Director)
{Perzon) (
. . (SystemsStaff)
(Adm'n'StraWEStaﬁ){:(ClericaIStaﬁ)
(VisitingProfassor)
(Emnployes) (FullProfessor)
(AssociateProfessor)
(Pintessat) (AzsistantProfessor)
(Dean)
(Faculty) {Chair}
{PostDoc)
{Lecturer)
{Schedule)
{Institute)
{+TOP= TOP) (Pragram)
v {College)
{Organization) (Dapartment)
(University)
{ResearchGroup)

{UnofficialPublication)
(Specification)
(Manual)
i (Book)
tRublication) {TechnicalRepart)
(Article) {Journaléricle)

{ConferencePaper)
(Software)
{Fesearch)
(Wark) {:(Cuurse) —(GraduateCourse)

2. SPARQLZ J|=8&t LUBM HIAE &9

QlL:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT

WHERE {

X rdf:type ub:GraduateStudent .

?x ub:takesCourse <http://www.Department0.UniversityO.edu/GraduateCourse0> .
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Q2.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT X ?%y 7z

WHERE {

X rdf:type ub:GraduateStudent .

2y rdf:type ub:University .

?z rdf:type ub:Department .

?x ub:memberOf 7z .

?z ub:subOrganizationOf ?y .

?x ub:undergraduateDegreeFrom ?y .

}

Q3:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT 2x

WHERE {

2 rdf:type ub:Publication .

?x ub:publicationAuthor

<http://www.Department0.University0.edu/Assi stantProfessor0> .

}

Q4.

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT 2x 2y1 y2 y3

WHERE {
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X rdf:type ub:Professor .

?x ub:worksFor <http://www.Department0.UniversityO.edu> .
?x ub:name ?y1 .

?x ub:email Address ?y2 .

?x ub:telephone ?y3 .

}

Q5:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT 2x

WHERE {

?x rdf:type ub:Person .

2x ub:memberOf <http://www.Department0.University0.edu> .

}

Q6:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT ?2x

WHERE {

X rdf:type ub:Student .

}

Q7:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT X ?%

WHERE {

2 rdf:type ub:Student .
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?y rdf:type ub:Course .

?x ub:takesCourse %y .
<http://www.Department0.University0.edu/A ssoci ateProf essor0>
ub:teacherOf 2y .

}

Q8:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT X ?%y 7z

WHERE {

2 rdf:type ub:Student .

2y rdf:type ub:Department .

?x ub:memberOf 2y .

2y ub:subOrganizationOf <http://mwww.UniversityO.edu> .

?x ub:email Address ?z .

}

Q9:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT DISTINCT ?x ?y 2z

WHERE {

2 rdf:type ub:Student .

2y rdf:type ub:Faculty .

?z rdf:type ub:Course .

X ub:advisor 7y .

?y ub:teacherOf 2z .

X ub:takesCourse 7z .

}
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Q10:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT ?2x

WHERE {

2 rdf:type ub:Student .

?x ub:takesCourse <http://www.Department0.University0.edu/GraduateCourse0> .

}

Q11:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT

WHERE {

?x rdf:type ub:ResearchGroup .

?x ub:subOrganizationOf <http://www.UniversityO.edu> .

}

Q12:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT x %

WHERE {

2 rdf:type ub:Chair .

2y rdf:type ub:Department .

X ub:worksFor ?y .

2y ub:subOrganizationOf <http://www.UniversityO.edu> .

}

65



Q13:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT

WHERE {

2 rdf:type ub:Person .

<http://www.University0.edu> ub:hasAlumnus ?x .

}

Q14:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/0401/univ-bench.owl#>
SELECT ?2x

WHERE {

2 rdf:type ub:UndergraduateStudent .

}
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