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Search for RDF data
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Abstract By development of the technologies for P2P network, we can share various type of data such as rela-
tional table, xml data and so on, and we can query the data not only by simple keyword search but also SQL-like
query expression. Applications which are developed by using these technologies should design query interface so
that it helps users to reach any information they want. Especially on P2P network, when there is no rule for adding
metadata of the objects, it is not easy to find appropriate keywords for searching. In this paper, we focus on ’
faceted search’ , which is one of design patterns for helping query behaviours, and we investigate some architectures
for applying faceted search on P2P network.

Key words P2P0 Faceted Search, RDF

gobooooboooboooobooooooobooooboo
goboooooboooobooobooooooobooooboo

1. 0000

gobodoooobooooooboooooobooooobooo
gobooooboooboooooooooobooooboa
goboocoobooooboooooooooooboouooDooboo
P2PpO0000000000000000O00O00O0O0O0O0O0O
O0o0oo0oo0o00ObHTOOOOODOOODOOODOOOOO00O0
goboocoobooooooobooooooooboooooboo
ORDBOO P2POUO0ODOOOOO PIERQOOOOODO
oo0oopP2pO00CO0O0O0O0O0DOOCOOOOOOOOODODOO
goboocoooboooooooobooooooooboooooboo
goboooooooooooooooooobooooooooo
oboboooooooooboboobooooobobobobooo

gooboooboboOobobooooboboooboooobooa
0000 ppOO00OD0DOOODOOODDO P2POOODOOO
gdo0boooobOooboboooobooboooboooooa
Jdo0bo0o0o0ooObOo0obObOoOoobObOOoooboooooa
0oddooooooooooooooooooooooon
0000o00o00oooOoooooOooooO2Jooop2rPO
0000000000000 0000000 Faceted Search
000000000000 0dFaceted Search DO OO0 0000
00D00000b0o0DbO0o0ODO0o0 P2PpODOODODOODO
oooogejoooppOOo0O0l0OUOOUOOOoOOOOg
goobooooboo



00000000000 000000000 RDF(Resource
Description Framework) [1] D00O0O0OP2P 0 RDFOOODO
00000 Faceted Search 000 000000O00O0O0O0OO
000200000000000000000 Faceted SearchO
300000000000400 P2P0O0O0OO Faceted Searchd
s500000000e600000000DDO0OODDOODOO

2. 0O g

0000000000oooooooooooooooon
0000000ooooooooooooooooooooo
000 Faceted Search 0000000000

2.1 00000000OOOOOOO

O00o0oooUo0oo p2PpO000O00OO0OUOUOOOOOO
O0oUooUooooU0DooooO0ooUooUoooooooo
0000000ooooooooooooooooooooo
000000000000 oooooooooooooooo
000o000ooo0ooo0ooo. DoDooooooooooo
20090 0000000000000 "0DOOoOOO0DoOOO
00000000oooooooooooooooooooon
0000000o0ooooooooooooooooooooon
000000000000 0000D0000 genred0O0O0OO
0000000ooooooooooooooooooooo
000000oooooooooooooooooooooo
0000000ooooooooooooooooooooo
oo0ofdfddoooooooooooooooooooooo
O00ooooooooooooooooooooooooo
000oooooooooooooooooooooooooo
oooooooo0oo0oooooOoooUoodoooooo
o00oooU00oooUopooUOoooUOoooUUoDoooooDo
000o0oU0ooU0ooooooDooUooooooooooo
0000000ooooooooooooooooooooo
000000o00ooooooooooooooooooo
go0o0o0o0o0oOoO0oOo0oQoUoUoOooOoUOooo 1ooooo
OO0 RDFOOOUOOOORDFOOOOOOOODOOODOO

title

#BsubjectHMi D ‘
subject®object|Z
55 EEHD
N 7

01 RDFOOOO

00 subjectdd 0 O O propertydd 0 O OO objectd 0 3000
OgO0000. subject 000 OO ,property O subject 00 0O 0O
subject 0 object 0 0O O Oobject O subject 00 OO OO0OO
OO00OoOo property DO0O0OO. RDFOOOOOODOOO
000000oooooooooooouoooooooooo
000000000000 FOAF(The Friend of a Friend) [2]
0000000000000 00000 MusicBrainz (3] 00O
000000000 RDFOOOOOOOOOOOOOoOOOn

(1)
(2)

goo

2.2 Faceted Search

000000000 o0oooOo©ooooooooooo
gooooopoooobocOoboOoRbFODOOOODODO
0 Faceted Search 00D O OO0 [5][6]0000000000
000 Faceted Search 000000000 O0O OO Faceted
Search 000000000 DOO0O0OO0OOOOOODOOOOO
gooboooboboobobooobbooobuooooboog
goobooobobooboboooobobooobooooog
jooobooooobooobobooooobooooooboo
0000000000000 Faceted SearchOO0OOO0OOO
goooOoooobooboboooooobooobooooog
gooooooobooobobooobbOooobooboo
Joo0bo0oo0ooObOo0oboDbOooobobOOoOooboooooa
gdoboooobOooboboooooboooboooooa
Jdo0bo0oOo0ooObOo0obDbOoOoOobObOOoooboooooa
0goo0o0oO0oO00oODOO0oO0obObOO0oOoobOoooboOoooa
00000000000 0OFaceted SearchOO0O0OOOOO
Flamenco Search [10]0 0000000 20 Flamenco Search
OO00OO0OQ0COOoOoOoOOOFlamenco Search DO OOQOOODO

Nobel Prize Winners

These terms define your current seareh, Clickine [ 10 remove 3 term

e

counTRy: 3l » Jagan

AAFFILIATION (group esus)
Japane

chemisty)

YEAR: 3 » 2000 {grovp tesus)

20000
200t

l\ Recently Viewed Rems

2000

\

0 2 Flamenco Search

000000000ooooooooooooooooooon
000000000000000000000000 Flamenco
Search 00 000000000000 O0OOOOOOOOOO
O00000000000000 GENDER OOOOO male
ooooOoOo0o010oo0000O0O00O0O0ODO GENDERO
O00=male000000000QCCOODOOOOOOOOO
oo0oooooooooooooooooooooooooo
00000000oooooooooooooooooooo
00000000 COUNTRYOUOOO=Japan OO OOOO
O000C0O0GENDER=male 0 COUNTRY=Japan 0 00O
000000oooooooooooooooooooooo
000000o00oooooooooooooooooooo
ooooooo

Faceted Search 00000000000 200000000

oobooooooo
goboooobooobooooooooo



3. 0000

0o0O000O0DbO000 RDFODODOOODODOOOODO
Jgo0obO0o0o0OD0O RDFODOOO P2PO0OD0ODOODODOO
OpP2PpO00OD00O0ODOOOO PIEROOOOODOOODODODO
RDFOODOO RDBOOOOOOOOODOCOOODOO

OO0 RDFOOOO P2PODOOCODOCOODOCOODORDF-
Peers[7] 0 RDFCube[11] 00000000 00O0. RDFPeers
0o00ooOoO0oooOoOoOoDbHTODODOO RDFOODOOO
gooooboo0ooboooooooboooooboooboo
RDFOOOOOOOOOODHTODOOODOODOOOOO
0000000000000 bOobOobooooooooon
00000000000 ORDFOOOOD subject, property,
object IO OODOOORDFOOODOODOOODOODODOODO
gooool1boobobobouoboo 3bobobouobooooo
0 O subject, property, object 00 000000000000
000000000000 0000D00D0000 RDFCube O
O subject, property, object 0000000000 O0OOOO
00 (RDFCube) 0 RDFOOO0OOO0OOOODOOO RDFCube
ggobooobobuooobboobbooobboooobbo
Jo0o0o0o00o0oD0D0O0O0O0ORDFOOODODODODDOOO
J000O0O0O0O0ORDFOODODOOOOODOODODO,DOO
goooooooboooobo

OO0,Adabi0 00000 RDFOOOO RDBOOODODOO
000000000000 40000000 ORDFOOOO
RDBOOOOO 300000000 0ODOOTriple Store, Prop-
erty Tables, Vertical Partition 010000000000 [4] 0
00o000O0oDO0bO0o0obo0ooUooUooOooDooOono RDF
O Faceted Search 000000000 Longwell[5] 00000
000000 Faceted Search 00 000000000000
Jooooooooooooooboooo

RDFO0OOO P2PO0OOO0O [7][11]J000 RDFOOOO
Faceted Search 0000000000 [6|00000D0OOO
Jd0o0o0oo0ooObOoOobDbOoOoOoboObOOoOooboooooa
ogo

4. P2P 0000 Faceted Search 0 OO

0000 P2PO0OO0O Faceted Search 0000 OOODO4.1
OO0 RDFOOOOOOOOOODOOOOODOOD4.200 P2P
000000000oooo4300 bHTOOOOOOOO44
OO RDFOOOOODOOOUODOOOUOOO450000000
00000o0ooooooooooooo p2PpO0ODOOCOCOO
O0000o00oooo0oooooooooooooD P2PO
ood

4.1 RDFO00ODOO0ODOOOODOOOOOOO
RDFOOOOOO0OOO0ODOOOODODOOOOODOOOOO (6]
gooboOoooOOoooboooboooooooooo 34
OO0 RDFOOOOCOOOOOOOOOOOOOOOOO
e Selectionl OOOO0O0O0OOCODODO

00 genree0 0" 00000000000 3(a)0

o Intersection] 00 O0O0O0OOODOOO

o8 genre:0O " OO
3(b)O

e Inverse selection] 0000
00 title0 000000 "0O0O0O0ODO"
0000000 3(c)d

(a)Selection

year:2009” OO OOOOOOOOO

ooooooorg

(c)Inverse selection

03 0000000000000 RDFOOOO

4.2 P2POO0O0O0OOOOOODO
gooooobo p2pO0000OobDODOODObOObOOOO
oob 3000000000 40

A keyDOOODOOOOO valueODOOOOOOOOOOOOO
0000000000000 P2POMIO 4(a)d
O00000000000000 keyOOOO value O
00000000000 OoODHTOOOOOOO keyd O
goboooooobooobooobooooobooo

B ODO0O0OO0O0O0OOOOODOOODOOOOOObOOODO
0000000000000 ooOomOo 4(b)0
gobobooooooooooooooooobooOooog
gobooooooobodoooboooooooobobooooo

C 0000O0O0oO00oO00ooooOOoOoOoUoooooooOoog
0000000000000 O 4(c)0
ooboooooooboooobooobooooboobocoooo

s @@{”/’”,w@ : @
”&\ ﬂg”é,&/{gjnaég
@ & e @ e

(a) & AP2PE! (B ISVTAT R ()7 B—FFrRRE

04 P2POOOOOOOCOOOO

2200000000 Faceted Search 0000 100000
Ooooooooooooo,co0oopoooooooooan
000000000 00oo0O0ooooooooooooon
00 l000000O0O0OO0OO0OO0O0O0O0OO0O0OO0OOODOOOOOoOO
gooo0D100o00oo0oooooooooooooceca
00000000000 0000000000000000O00



O000D0O0OO0OO0O0o0oOoOoooOOoOO0 A0DO0O0O0O0OOOoooon
000O0O0O0O0OBO COOOOOOOOOOOOOOOOOO
O000000o0oooOO0o0ooooooooooooooO DHT
0000 Faceted Search OO0 OO0OOOO0OOO

4.3 RDFOO0O0O0OOOO

O000RDFOOOOOOODODOOOOOOOOOOO
O000DBOOOOOOOUOOODOOO[12]00 40O
00000 300 RDFOOOOOOOOODOOOPPOOO
000000000000 000000OFaceted Search 00O
000000ooooooooooooooooooooon
00000000oooooooooooooooooooon
00000o0ooooooooooooooon

41000000000000000000000O0O RDF
00000 1000000000000000000ooon
0 subject 00000 Selection 00 O0OOOOORDFODOO
0000 3(b) 0000000 100 subject 0000000
propertyUobject 00D O00D0O0O0O0ODOOD0OODOODOOO
0[12]000000000subject 00000000 0OOOO
00000 5000000000000 000O0000OO
O000000000o0ooOoOo0oC0OO0O0OO0gdg subject O
0000000 subject 00 OO0 OODO property, object 0 O
00000000 Intersection 00000000000 3(c)O

1IDDROFRTLELRT LEL TR ] sub | propd | obj1 | prop2 obj2
n book1 | genre | /h3i title 1Q84
sub prop obj
- book1 | genre | /3 | year 2009
book1 genre NG - =
bonk2 BJ titl /b (0]
book1 | title 1084 | 2ok | genre TZ re 1;:; =
% enre | /3 ear
book1 | year 2009 aﬁ‘é |g Y
book2 | genro i, suo®
book2 | title | JNHTIOHE (a)subject B 2HEE
book2 year 1987
book2 Zm| bookd sub prop1 obj1 prop2 | obj2
—/ » book2 | £H | book1 | genre | /I3t
- l’%j,g~ book2 | £ | book1 | title | 1Q84
2
(book2 | £ME | book1 | year | 2009

(b)subject-objectfE &

05 OD0O0OO0O0O0O0O0oOooODOObOOOOoOoooo

OJOO0ODODOORDFODODOO subject OO O subject 0 object
O0000000000000D0O000 5(M)0000 subject
Oobject 0000000000 ODOOOOOOOOODODOOO
Inverse selection 0000 O0OO0D0OOOOOOODOCOOOO
4.4 DHTOOOOOOOO
O00000ODHTOOOkeyOvalueDDOOOOOOOOO
000000000000000 keyOOUOOOOoOOoOoOOOO
value 000000000 OO0OChord O Pastry 00000
000000doooooooooooooooooooooo
Oo0ooogoooooo
0O DHT 00 00O O put(key, value)
0O DHT OUOO0OOOO get(key)
OO0 keyOvalue 00O O0O0OOO0OOOOODOOOODOO
ODHTOOOUOODOOOOUOOO keyOOO valueO OO
00000000000 dFaceted Search OO OO0OO0O
O property 0 object 0 D0 OO0ODOOOO0OOODOOO
subject 00 OO O0OQO property, object 0O OOOOOO

00000000000 O0O0000 property O object O keyOd
00000000000 valuveOOOOputO0O0OOOO0ODOO
000000000 10000000000 keyOODOgetO
000000000oooooooooooooog

4.5 O0O0O0O0OOOOOO

000000000000 Stepd00oO0Oooo
Stepl. 00000000000 1000000000000
genre:J 0000000
Step2. 1000000000 keyOOOOOOOOOODOODO
ONode SODODODODOOOOOOOO
Stepd. OO0 O0O0O0OO0OO0O0O0ODOOOOOOOOOODOOODODO
ooooo
Stepd. 3000000000000 COO0OO0OO0O0OOO
0000 year:20090 00000
Stepb. 204 00000000000000O00OO

Step2 0000000000 60000 200000000
ooo

H—/\AICEHNES
BRHERPTISAT IR
~ET

ET—SERYITNES
SEHREIZI54T7 M

(BZRLB2TVERERZE QEHNBERREAE

06 ODOOOODO

& 00O (1)
Node SOO0O0OO0OOODOODOODOODOODOOODOO
oooooo
1000000000genre:0000000O0OOOOOOO
oooOoOoOoOoO0OO0OO0OO0O P2POO0O00O0OOOOOOOOO
o0oooo000O0004100000000O0ORDFODOO
ooooo0oooO0oooooooooooooooooooo
oo0o00o00ooooo0oooooooooooooooo
O0oooooooooooooo

& 00 (2
Node SOOOO0O0O0O0O0OOOOOOODOOOOODODO
Oo0o0o0o0O pPPO0OCOOOODOODOOODOOODOOOO
O0000000D000000 genre: 0 O0ODODODODODOOOO
OO00O0Ogenre: 00000 keyJOOOO NodeSOODOODO
000000 year:20090000000000C0C0 1000
00000 genre:d 00 key 00O Node SO0 0O genre:0 O
OO0 year:2009 0 0000000000000 0OOOOODOO
000000000 000O000ooO0ooooooooooOn
gooo00ob00o0ob0OoDbOOo p2PpO0OD0ODODOOOOODOO
ggoobobobooooobbbooobobobooobooo
ooooo



OoO0O0D0 Step20000 1000000000 keyODOO
O0000010000000000000 keyODODOOOO
goboocooobooooboooooooooooboooooboo
000000 Faceted Search OO O0O00OO0O00O0OOOO0O
gobooooooooooooooooooobooooboboo
OO0 keyOODODODOOOOOOOOOOOOOOO0OO key
goboooooboooobooobooooooobooooobo
gobooooboooooobooooobooboo

OOOStepl O0O00OOOODOOOOOOOOOOOOOO
OO000OStart Server 000000000000 OCOOODOO
O Start Server 0000000000000 10000000
gobooooooooon

5. 0O 0

4500000 Step20 000 20000000000000
oooO0o0oooO0O0o0oooO020000000 20000000
O0o0o0oooo0oooooooooobo RbFOOOO 10,000
000 subject 000 Oproperty O 10 0 O Oobject 0 2000
000000000000000000000 Intersection O
00000000000 subject 0000000000000
OO0Oooooooogo00000000000000000440
Ooo0O0O0O0O00OODO0O00000 keyOOODOOOO P2P
O000o0oooooooocooogog gno000000000
0000000 keyODDO 1000000000000000
propertydobject 0000 ODOOOOOOO10000000O
OO00000Q0QOproperty d object 0000000 OOODOO
0000000000 subject 000000 subject 0 /000
subject 000000 OOOOOODOOOOOODODOOOO 2
0000000000 subject 0000 50%00000100
000000 subject 00 O0O0OOOOOOOO

OO0 ()0ooooo1l1o0o0oooooooooooon
000 Node SOOOOOOODOOOQ@QUOOOOOODOOO
O000o DbBOOOOOOOOOO@UOOOO DBOOO
o0o00o0ooo@uo 1o0oooooooooo2000
O00oO0ooo DbBOOOOO®@OOO 70

4 i‘:EUDB’\ EHIZEZETD
insert FHITERZE
e o ] — @ 2T IILERE
@ :1 DB Node S
GJdUP % A
o

@ soizfrs

07 00 (1)00000000

gobooooooboooooobooood

@ SELECT *
FROM Triples

@ Insert into Triples.onMemory values (sub="bookl”,

propl="genre”, objl="00 "7 prop2="year”, obj2="2009")

® SELECT distinct prop2, obj2, count(*)
FROM Triples_onMemory
GROUP BY prop2, obj2
ORDER BY count(*)

@ SELECT distinct t1.prop2, t1.0bj2, count(*)
FROM Triples_.onMemory t1, Triples_.onMemory t2
WHERE tl.sub=t2.sub AND t2.prop2=’'year’ AND
t2.0bj2="2009’
GROUP BY tl.prop2, t1.o0bj2
ORDER BY count(*)

00000 (20000 Node SOOOOODOOOODO
ggod

e 1000O0ODODO
SELECT distinct prop2, obj2, count(*)

FROM Triples
GROUP BY prop2, obj2
ORDER BY count(*)

e 2000000OO

SELECT distinct t1.prop2, t1.0bj2, count(*)

FROM Triples t1, Triples t2

WHERE t1.sub=t2.sub AND t2.prop2=’year’ AND t2.0bj2="2009’
GROUP BY tl.prop2, t1.0bj2

ORDER BY count(*)

0000000 subject 000000000 DOOOODO 80
Jgoodoboopoooooboo110bo00oobooOoooa
0000000000000 (yooooooooooooo
00o0o0o00oo0o0oooO0oo (2)0ooooUuoooooo
000000000000 (1) 00000 subject DO0DODO

Hfij:msec
9000
8000 FIHRETILEEE
7000 FHRGERMIEE)
g 6000
# 5000 -
B 4000
= 3000
2000 —
1000 it
0
0 1 2 3 4 5 10 20 30 40 50 60 70 80 90

subject:Z R (FHZsubjecti/ 2 (AD subjectE) &y.9,
0O 8 subject 000ODOOOOOO

gbobodoboboooooooboooooboooooboooooo
oooooooooooobooboboo pBOoOoOooooooo
goboooobboooboooooooooobooooboo
0(2)0000 NodeSOOOOUOOUOOOOOODO subject
ooooUoo0oo ()ooUoooooUoooooUoooooo
gboodooobooboobooboooobooobooboooooboo
gboboooooooooo2000000000000000
goboooobooooboooooboooooooboooooboo
gboobooobooboobobooboooooooooooo



00o00oUo0o0oUo0oOoUoOOoDbDOoULOoDOU (2)0
Node SOOOOOOOOCOOODODOOOOOODOODOOOO
goboocooobooooboooboooooooobooooboo
(H)oooooOoOoUoOoOOoDODOOUODOOoOoDDOoOoOooo
ooboooobooooooobooooobooboo

6. DOOonoooooo

0od0oODbOOo0OoO00oDoDOO0O RbFOOOOOOOOOoOO
000000000 o0oooooooooooooboooo
00000000000 0ooooooooooooboooo
00O Faceted Search 0000 0OP2P 0000 Faceted Search
goobooobobuooobboobbooobboooobobo
gooobobobooooobobbooooboboobbbooo
gbo0ooooobboooobboouobbooooboobooo
ogo

g g

[1] World Wide Web ConsortiumOResource Description Frame-
work(RDF).“ http://www.w3.org/RDF/"

[2] The Friend of a Friend (FOAF) project® http://www.foaf-
project.org/”

[3] MusicBrainz http://musicbrainz.org/ "

[4] D. Abadi, A. Marcus, S. Madden, and K. Hollenbach.:

Scalable Semantic WebData Management Using Vertical
Partitioning,” In Proc. the 33rd International Conference
on Very Large Data Bases, pp. 411-422, September 2007.

[5] Longwell" http://simile.mit.edu/wiki/Longwell "

[6] E. Oren, R. Delbru, and S. Decker.: “ Extending faceted
navigation for RDF data,” In Proc. the 5th International
Semantic Web Conference, pp. 559-572, November 2006.

[7] M. Cai and M. Frank.:“ RDFPeers: A Scalable Distributed
RDF Repository based on A Structured Peer-to-Peer Net-
work,” In Proc. the 13th international conference on World
Wide Web, pp. 650-657, May 2004.

[8] R. Huebsch, J. Hellerstein, N. Lanham, B. T. Loo, S.
Shenker, and I. Stoica.:* Querying the Internet with PIER,”
In Proc. the 29th International Conference on Very Large
Data Bases, pp. 321-332, September 2003.

[9] P. Morville: “ Search Patterns,” In Proc. iA SUMMIT,
April, 2008.

[10] Flamenco Search: UC Berkeley School of Information The
Flamenco Search Interface Project

http://flamenco.berkeley.edu/index.html ”

[11] D000, M.Said, 000O0O“ RDFCube: OO RDF OO0
gooobooooobooobooogo,ooobooooboo
00, Vol.4, No.4, pp5-8(2006).

(12] ODOOO,000000 P2PO0OO0ODODOO Faceted Navigation
gooooooooooooooobo,"ooooobooooobo,
2008-DBS-146, pp.283-288 (2008).

(13] 0DO0OO0OO0,000000° P2P0O0000O0O Faceted Navigation
gooooooooo, o 1l1bo00obooobooooooboooo
000000000 (DEIM2009), C9-4(2009).



