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A SPARQL Processing System
Supporting Efficient Property Path Search

ISHIKAWA YASUTAKAY® KENJIRO TAURAL:P)

Abstract: In many area, for example, semantic web, social network, we can see the data including graph
structure, and more efficient system for graph data is needed with increasing of the amount of data. Up to
date, several new graph specific systems have been proposed because existing system like Relational DataBase
(RDB) is not suitable for graph traversal. SPARQL processing system is one of these graph specific systems
which managing RDF graph data and SPARQL query, one of graph query languages. Besides, the latest
SPARQL specification, SPARQL1.1, has Property Path query which enable us to write query with using
regular expression and enhance the power of expression. However, many SPARQL processing system can’t
manage Property Path query, and systems following SPARQL1.1 don’t provide enough searching power.
Therefore, in this article, I propose new SPARQL processing system, which can manage Property Path query
and provide enough searching power by using several techniques and efficient parallelization.
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1 Regular Path Query Ol

2.3 RDF
RDF[8| 1377 77— #RIMAD—HETHH, K2D
X 9I1cRIN %, RDF ZHERLT %2 514 (subject, object,

0
(] y 2
\ C

a
g A d C
/ b o B C C
a C d D

Each tuple is “triple”

B 2 RDF 57— % D&M

predicate) TH D, TN 6% 3D F L DIHNZ triple &
. subject, object I vertex Z# L, predicate & subject
75 object IZMA>9 edge DT X)LEFLT\%, RDF T
W INSD triple DEAEL T I 72EL LTS, 0D
S 2 ERICR T HiERLYH D, 20RENLDHD
D—21Z xml Z H\»7- RDF/XML[16] 3% 5. 31x%
DHITH 5.

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/">
<rdf:Description rdf:about="http://en.wikipedia.org/wiki/Tony_Benn">
<dc:title>Tony Benn</dc:title>
<dc:publisher>Wikipedia</dc:publisher>
</rdf:Description>
</rdf:RDF>

K 3 Notation3 Dl
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RDF BIACEREINL 77 77— ICBHET 28 E L L
T, DBpedia[l7] % EIcfRES N2 <> T 4 v 7 web B3
EFonsd, i web EDOF—4%% RDF %\ CHE
WL, B%EREZEZZVI—ALF 94 F -2 27
(WWW) @ HTML D7 —% 75 EKDH % 7 — & % R
T LIk T, WWW OFIEMEZEDZ, LwvwId
DTH%. DBpedia lZZD—2THH, 74 FXF 4 7he
SlEHREEML, ZoEH% RDF B oidk L 2T
web ECHAHMEEICTS 7027 N TH B,

2.4 SPARQL

SPARQL X7 7 7 F—=% KT 2 ~fn 7 Y FiET
HY, BfRT—FX—=212BIT% SQL DX 92, RDF
XTRINKLT 77 T —FIINT M7 =) ZEEHEL L
£ LI XRTEENZLDTH 5.

SPARQL I b1k 4 R ADEEL, ZDHIBHD—
O, K4DkIHik s,

PREFIX abc:<http://example.com/exampleOntology#>

SELECT ?capital ?country

WHERE {

?x abc:cityname ?capital;
abc:isCapitalOf ?y.

?y abc:countryname ?country;
abc:islnContinent abc:Africa.

B 4 SPARQL 7Y Ol

X4 oflix, 77 HhIH 32 TOEDOEED 4T %R
T, VI XIARSPARQL 7 2V 2 E£L T3,

2.5 ficHR T 553, SPARQL DOfLEEICIE, 2008 FEI21E
Kz W3CHIfE &2 o7 1.0 &, 2013 4EICH L < W3C #)
2o 11 BFET 5,

2.5 Property Path

SPARQLI1.0 TiZ, MIGL T3 27 = VIZHARNZ DD
KRN TWT, RPQD &) RIEHERHEZ M -2 FK
FUTIIMIE L Tk o7z, La2L, SPARQLL1 206 1%
Property Path EFFEI% 7 Z ) IHELTED, 2D
fREIC RPQ L HFEDIERIEIZ 2 Z D3RS &9
Ik o7, K513 SPARQLL.L 26 &I} 5 k9 ik 7%
Property Path Zf[H L7227 =V ThH 5. ZoRzHlIcEE
FCHHTZE, D72 VI3dH 5 vertex &, 2T 5
like &\ 9 BAGR Tl D HilF 72 IREDHE D vertex D Z IR T &
V7T TH D,
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3.1 SPARQL UEH

Hammoud 5 [12] ®738IC K4, SPARQL LHE% X
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(1) —e T/ 20T 25
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=1 WS 2T LD IR

SPARQL Processing System Parallelism Managing Proerty Path

RDF-3X[18] parallelized as categoryl No

TripleBit[19] parallelized as categoryl No

Hexastore[20] parallelized as categoryl No

Sesame[21] not sufficient Yes

Jenal[22] not sufficient Yes

Trinity. RDF[11] distributed as category?2 No

DREAM][12] distributed as category3 No
SELECT?A?B IZ Property Path D X 9 IZH v 7HBIKE WK ZFTT
WHERE( LLEHEZDE, BHERT2 Yy 72BATL k6

?A (rdf:like) * 7B PREETLTCLE) 2 EZ NS,

B 5 Property Path Query Ol

(2) B~ vIcTF— Y 5EIL, ZRZRDFEL 7Y
ZHET 3
(3) BB~ vIicTFT—s 2L, HiczhzZnTnrs
VgL 772 29715
(4) BB~ vz nT—y 2kx2 s, pEIn:
V7)) mETT D
#ilZ1¥, 1 ofilicix, RDF-3X[18], TripleBit[19], Hexa-
store[20] E Vo e b DIH B, TNHIFH—D2T v
TRDF 77— % 2T 272D AT L TH %D,
SPARQLI.1 THH— F I T2 % X 9 % Property Path
JIVIEMIELTE 6T, RENB ORI AT LT
HBEIFF A\, £, Property Path ICIGL 72X 9
Y AT L ELT, Sesame[21], Jena[22] 72 EDEED b
DT 5N 5D, T4 513 Property Path 7 = U AL
T B EN R Th S, 7 3.2 W THRIBT S
SPARQLL.1 D<= v T 4 7 A 5 7 W% (T 9 72 0,
[14] THRRENT WS X I IT, DRVED vertex IR LT
HBIFEN 2R CUBEEZ 5NB VLI LD 5.
£ 7, AL 2 > 2T L ofil L LT, Trinity. RDF[11],
DREAM][12], Huang 5D T 23] 52T 6N 5. HIAIE
DREAM 1 EZ D38 D 4 123%2% L, Master-Slave € 7
LVERHALTWS, Master 32— =062t >7%7
IV%2AAPETIVIHSTH 772V ICaEL, &40
7977 =% &kEFo7 X9 % Slave ICBLL, W%
T9. 2D AT LTI, & Slave v TOUNUEIZ 11
M2 K BB RLT) 0, MR AT LZFIT S
CEDHEK, BOINREZR o TWwB EER 5. LL,
Master 237 TV 273E]9 % a2 2 ;€ 7 V1Z Property Path
IR L TWwRWnid, INsn 7 ) 2AET 5 2L
KRR, 7, Huang HOMERL 722 AT LDMEFFT
37— T, RN 77 ET2hy 7UNZSH
—De Y VYNTHEREITA S &I R ZE R > Tw 2728,
¥ AT L3 Property Path ~NOXE 22 0 DIcz2 <, K
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%57 DD SPARQL1.1[10] TH D, Property Path %D 7
I EMS N, RENOMH TRIRICEEES .
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DHD SPARQL WHRITH L CHEEEZIT> TV 528, 13
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By 7 CEDNSTWE T 7) IR L T Property Path
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EDRRINTVS,

4. BEVATL

AR TIFADBRD SPARQLL.1 D= T 4 7 ATiE%L,
WMHDX YT 4 7 A% M L7 T, Property Path 7
T ZEHICEITHR 2 Y AT LB IRET 2, REL Y
%Y AT L TlE, Property Path #& A7 Y 2RI
ICHRRT 270, W OPDOTEZVTWS, BIFTIE
ZNo z2HHT 5,

4.1 ERFIdEIVT1IR

iR 3.2 fiTiB_7 X 512, SPARQLL.1 THIE I
TVERRABFKEDE IRV LT, FHEE2RAT
MHED vertex IZW L CORTORBEERF TS L Hi1ko
T 528, ZIUTIRBIEN R TOFETIZIEFICE L v,
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NLTEZ) 2L TCORBKEERT 20 TIER L, RIS
5 THIHD vertex DD AZTERT L LHICL T3,
5 &5 &, FlZiE (AB) ofie LT, (Bob,
Alice) DB RO» o ET 5L, ZDHBDEE T Bob
& Alice 2B ETORMERRL L) LTI, 2D
MTHRERZDEHICLTwS, itk ), Property
Path 7 =V OBERZHENRIFHANICKZ 5 2 L 23T HE
7%, LT ST AT L TIE Property Path 7 ) & L
T, predicate DS A DIFEIZLLT O IEMEEZ 5 R — b
5.

o cltx: elt Z 0 MDA DRI R

o clt+: elt Z 1 [P ERED KGR

o clt?: elt 230 ¥721% 1 [0[dH 5 %A
eltl/elt2: eltl ITHEV T elt2 AR D & 9 %8R
o elt: elt Zfilcills X 9 %8R
eltl|elt2: eltl £7z1% elt2 ZiH 5 X 9 %2/8 R
elt{n,m}: elt ’n 25 m [l X9 %3

4.2 EMG RPQ BROiEFIL

P57 F=FR=ATHDI LY D—2IZ Regular Path
Query (AP RPQ) LI bDWH %, ik, EHRH
ko Tr 77 ETORRERIBL, ZDMibHD vertex %
W92, Lw)i)bDThHs, ZD7x)IF SPARQL I
E1J % Property Path 7 TV D% 7%y PO X HIEZ S
DK S,

Z TRV AT LTIELIREDERS [24] BMHEEL T
W5 RPQ MR 2L L T2 2 L 2 REL
Tw3, UTNiczo7Lray) X a0 % Algrithm.1 T
R,

Algorithm 1 Parallelized property path query

Input: graph G, property path query Q, Memotable M (= ¢),
queue q(= @)

Output: a set of node pairs N

1: divide edges of G by label

2: convert Q into NFA Ap

3: for a node ng in G do

4: add the pair{nog, start state So in Az } to ¢ and M

5: while q is not empty(in parallel) do

6: pop pair {n, S} from g

7 if S is final state F' then

8: add the pair{n, no} to N

9: continue

10: for label I outgoing from S do

11: for node Npeqt linked with n by label I in G
do

12: if pair {Nnext, Snext} is not in M then

13: add {nnext, Snewxt} to q,M

14: clear M
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6 ¥t X 97 Property Path Query R D

CDFHETIE, IEHEBED NFA GEREWHERA — L= b
V) IKEHRTESL Z EEZFAL, 35 X 507 SPARQL
7 XY % NFAICEMT 5. 21T, 777 LTHEMMT
DTz vertex &, F ZITWUN FWFED NFA EDRED
Mz FEk L 2 SRR EED TS,

ZD X IHIZNFA DIRREL 7T 7 ED vertex D% Gl
T5IET, V9 7LTzyPRlloTHERTS LI %
vertex IR LT, ZD vertex ICHICIRETUWH EL LkIH 7%
BERZAT > CORGEICEA ) DS AlRE L %2 5. £/, WF
WKWET LRI AR IDT—h—DE—DRAET—T V%S
W HHT 32 LT, DT —h—DEEREZEAN D I
FHT 22 EHBBIC R 3,

X6 lxzofltchh, BCroRUIRED ¢ TDIZE
BT 20, ZORODERPEND SN D,

4.3 Property Path 7TV DHEIC LD XA E(L

— M7 77 7128 T B vertex DEBE Z FRTIHEEIC
centrality (D) &I bDAH 5. centrality 1&Y —
NI T 7 DR TOERBAYL, Fy NI =0T —FT
7F X COEERA Y7 72l s L vofbaic
i, centrality IV OMENH D, HlE LT
TRDEIBDDOWEET 5.

e betweeness centrality

e degree centrality

e closeness centrality
5l Z 1, betweeness centrality (& % 2 fi & Z 1% S
R DI 5. 2 & T2 IRFITHEE L 72 vertex 23 %2 DS LICF7
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E9 5MEFEEZ R L, degree centrality 1315 L 7z vertex 23
B35 T 2% edge DEZ KT, centrality 23X FE
vertex % central vertex & WE.3,

F 7, —fMIZ RDF 7—4% 3% { ffibit % web-graph 13,
AT =7 ) LI EH 2R > Tw%, ZOMWH
1%, %< D vertex DT 8D vertex 72 BEE DLy
PEFL, % DALD vertex B oT W53, Z oMK
BAD vertex 1BV I Yy Y LR TRy, Ln) k)
ZbDTHY, centrality DVE\NH DDOEIIR S35 T &
2% %, web DY ¥ 7 E2PIET 5 L, —HDANKRD
web R—=Y 3% D=5 ) v 7 2RoNEINT
V5D, ZDMKREED web X—YRSENT2 Y ¥ 7 DE
FETHARn,

22T, KPATLTIX, ZOWEZFMAL, Property
Path 7 =Y Z &l § 2 Tk 2R TS, A7r—L 70—
WEF->7 77 718V TIE, &5 2 filoRkERE%
> T & 72BRIC, SHZC central vertex 23,8 A EICHIA T
5L PRI ND 79, central vertex T Property Path 7
IV EGHIL, Z2I00ME 2RBHELZHANAT 3.

SELECT?A?B
WHERE{

?A (rdf:like) = ?B
}

SELECT?A?B

WHERE(
?A (rdf:like) = Central vertex
Central vertex (rdf:like)* ?B
?A (rdf:like) « ?B

}

7 Property Path 7 2V 53|

central vertex CH# L7 VK7D LI IckD. C
DIk, 8DEI %777 TOWEEZEZ, RBED vertex
3 central vertex TH 5 ET 5L, HD vertex PH A —
b L7 8RZE DB D central vertex % #]& Tl o 7= I,
8D EIHICZ IHh HIHDIIOLEREE X £ & L TR
T 5. [HA—® Property Path 7 =Y 23 % 725D vertex ¥
SRE A B LT, central vertex IZWU D H iz k35 L,
AEZFMT S LTZI0SROWELZEET 22 L
AIHEIC 72 5,

COTHEOMRE E LT, HRROPHEEFIRD Iz
FLTELREITT, L OBMBTOEXD 23H[EEICK 5,
EVIHIEMBEITOND, TNUCEoTKERT T 71T L
THXAEY 2R LA L THERZEELT 5 2 L3
X5,
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Start ve rtex End vertex

~~

R Central A
Central E
Central G

M)
|
¢
=

B 8 central vertex (& %277 7 D43

4.4 Property Path ZERB ULV TVIEFANEX

ZOfficlk, SPARQL 7 =V OWFNETOMS, b5\
BT 57 ) DIEFICOVTIERS, #lELT, K9
DEIBRIIVDENENDITEZY 772 &L TATHL
WD ICEINCETT L 2ERD L,

SELECT?A?B
WHERE{
?A (rdf:like) x 7B
?A rdf:hobby "Soccer"
?B rdf:hobby "Running"
}

9 HHD Triple & A7 SPARQL 7 Y

74 (rdf:like) » 7B “ -

Alice Dave
[Eve Bob ]
Matild a Charlie
These result are useles s Ellen Bob
Flank Carol
; . 2A “soccer”

?A rdf:hobby "Soccer Eve

B “Running "

?B rdf:hobby "Running" Bob
o]

10 M Z2TbRVEAD Triple HOMRE

10 WRING L) RfERICRD, —BERIICETS
17z Property Path 7 =Y OHEFERDIZ & A &3 EERIC
“oTLESTWS, IN6DY 772y 2WIETT S
£ LTH—F LD Property Path ORI b R 252> 2>
279, ZORIEDERMIC2EDOFATRIEI AR I T L
£ 9. HIT, RENERRZFRT IHERET, Z2nzn
D7 ) OFEFERZ join T2HLENH D, T DUHE
DA ==~y FPBELCTLEH. o OREZ R
Brwic, [12] 4 ETRAMEETOEFI B LTH, 2
ANETNENT, HLHREEINCFEITTLLIICLTY
%, Ztuckb, Wior ) omBREREAHTs LT
ROWBDOBRIZRKESEAD T2 LAAlREICAR S L, *
7z, FREFEROY AL ANz o, FHREO ZNEFNno
2 vICEIr NS ROBED a X M 2 HIEHER S,
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AR AT LTlE, H—/—FAIKEWT Property Path
ZEALE X)) OWANBFZICK 27 1) FTO MR
LziR%d 2. RET2WEABZDLL YT 4 7 ZAFRD
WY TH S,

(1)i% edge BHWDHDIT XD RBRICFHITINS. Fik, *
BEAET ZVIF—FHRICETIND

(2) ¥ 7729 D vertex BWEBTIZH VT IV THoT
Be, Z20¥ 772 )dkICHETINS

(3) ¥ 77TV ICEENLTINND, 75710815 HE
BIENL WGE, 20377 213 L DRBICETS
ns

INSZMID7IVIHEHTSE, M11DX )Tk
COMEFTr7 L) Z2EINCEITT S 2 LIk >T, 7A, 7B
12T BB DR 2 P 6885 2 L SHSK, Property
Path 7 T VR ZFEITT HBEOERBORBRZRE (Ko
TRHAZ RIGICEA D 95 2 LASHREIC 78 5.

SELECT?A?B

WHERE{
?A (rdf:like) x ?B
?A rdf:hobby "Soccer"
?B rdf:hobby "Running"

}

SELECT?A?B

WHERE({

?B rdf:hobby "Running"
?A rdf:hobby "Soccer"
?7A (rdf:like) x ?B

}

11 Property Path Z&t: 7 Y O~ 2

5. HER

BifE, @@ cHh b0, SR THERE LT, 44
ficib 7, 72 OEFMEFIMARRE 212 K 2R OHE
irot. 28, 7Y DOUREBEZIZTEHTT>TEY,
2 TIRIEFIIZ T > T,

FERICIE, F— %ty FERO 751 LUBM[25) % i
AL, S k> THMERICBET 24 v by —%2#&
TALF=%24EKT 5 Z UK, 7= A4 MR
ICHREHK S, FEEERBE L L TiX, Intel (R) Xeon (R)
CPU E5-2699 v3 (2.30GHz), X €Y Z770GB D~ v
ZHW, C++Z2HWTHERITo 2,

HEIZIZ 3 DD, 2T Property Path # &AL 9 %7
IVZMBAL, 22N Ql, Q2, Q3&:75%, TNsiEK
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12, 13, 14D kI o T35,

SELECT nameA ’nameB

WHEREY
7A (takesCourse / “takesCourse)+ 7B.
7A undergraduateDegreeFrom “schoolA”.
7B undergraduateDegreeFrom “schoolB”.
7A name nameA .
7B name ?nameB.

i
B12 Q1

SELECT ?addressA 7addressB

WHERE{
7A ("publicationAuthor / publicationAuthor)+ 7B.
7A emailAddress 7addressA .
7B emailAddress ?addressB

7
B 13 Q2

SELECT ?nameA ?nameB
WHERE{
7A ((masterDegreeFrom [ doctoralDegreeFrom)
("masterDegreeFrom | “doctoralDegreeFrom))+ 7B.
7A researchinterest “Research”.
7B researchinterest “Research”.
7A name 7nameA .
7B name 7nameRB.

}
B 14 Q3

QL ZFNcH s &, ZHUEN-> T B EELIL> T
oM D FAED HARBIEE DG Th - 1 5E, —AD
HHiERT LI R TH S,

ZOQLZUNRFEZLEMIEDLHICK S,

SELECT ?nameA namebB

WHEREY
7A undergraduateDegreeFrom “schoolA”.
7A (takesCourse / “takesCourse)+ 7B.
7B undergraduateDegreeFrom “schoolB”.
7A name 7nameA .
7B name nameB .

y

B 15 FTEFPETHE#ZD Q1

QI~3 IR L CFRETHOEZ 21T\, ZhFhi T —
Fxy MWL TEITLTHELZDD, XDX 16 TH
%, BN T — L E o TV B,

ARENTVE EHI, WTNHIAORF ZH DT
B o Tw3, Q2 oLaIdEROM RiFE X2 EKR
ZLR0D, Ql, Q3 DIFIATORRICIE, MERHEITRIFIC
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Il Not ordered
[ Orderd

10° b

time[ms]
=
o
>

Q1 Q2 Q3
Query

B 16 ST LA Z D Ll

fELCw3, C4Ud, Ql, Q3 Tl SPARQL 77XV ic,
Vertex D 7 NV ZHEL TV 5IT23H 0, 2 DTzt
IZHEITT 5 2 £T, Property Path 7 Y OFEITDERDOE
REMPBRIBIHFEN L o tEZ65NS, £, Q2T
i¥ Vertex D7 XV ZIHEL T 5171374 <, ETIHFZ
ZEFE L T Property Path 53R OB OERRZZM DK & I 28
IRBELLS oI EEZEZLNDE, INLDREDLS,
Property Path 7 2V O X J) ICHWAE 2 G A5G, 7
IV DETMEFOMOFZDREFHICHZ >TSS LT
25,

6. ¥&&

AfETlE, EFELBICHREIEML T3 7= DT
b, V77 L0IEERobDIEHL, 2k as
T35 27 LOEEEICO VTN, £, VI T75F—
ZIZxY 5, 72V FHONTT 7 7RAED 7 L) 2EH S
Z E DK S Regular Path Query 12D W CHIB L 72,

79757 —%OED—> L LTRDF, ZHUxd %7
T E3D SPARQL Ic W CHIIL, 2405 %Mo
%F B W7D SPARQL ALFLR 125V TR, SHIC D
THHLZ, Z2LT, ZNo6DT AT LDRIETIE, RPQ
EFERRICIERIRILD 7 =) 23F ) % Property Path Z#k 2
BWIE, FEBZDYATLBWMIHCES I TEL,
L DORMDH 5 T EERIRNL T,

Zh o 2B FE 2 TARE T, Property Path Z 4% R —F
L7 bThBrO2>ZN 2 @m0 T2 AT L2 REL
o, TOYAT LTS FIRIIRECTTT,

o WML RPQ $RZ WML L THIH
e Property Path Z &R L 724 77 ) Wi~ 2
e web-scale 7' 7 7 D= L 7= 7 =) 43
EVo b DR S,

BE, CNOOFHEZREL 2P AT LDIFEZED T
BY, SBRELLFHIZIT) TETH 5.
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