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In this paper, we focus on the characteristic that huge data of the data stream changes as time eries, and we
propose the technique for discovering the rule and the pattern of the change. Our approach is to express the data
stream as a graph sequence, and to analyze the change in the graph structure as a change in the data stream. The
proposed approach is extracting the change pattern of each community from graph sequence in consideration of the
character of the data stream. The methodology is to extract the change pattern of the community from the graph
sequence by focused the transition of the node that composes the community, and analyzing it as an association
rule. We use SBM data for experiment, we extracted user community that marked same web pages for long term

with high threshold of confidence rate.

1. DOdo

goboooooooooocoooooobooobooboooon
gboooooboooooboooooboboboomooooooo
gobooooooooobooboooobooooooooboooooon
gooooooooooooboooooooobboooooooo
gooooooooooooooooobObbOoOoooooo
gooooooobooboobooooooobbooooooooo
gobooooooooobooodobooooooooooDbooboo
00o0o0o0oUoo0ooUooooooooogoo o)

goooooooooooooooooooooogg
goooobbooooooboooooboobboooooboobooo
gooobooobobooooboobobooooobooboboooo
[Yamaguchi 090 0000000000000 OOOOOO
gboboobooooboooooouoooooboboooooono
ooooooooobooooooooocoooooboooooon
goooooooooooooboooooboooooooo
gooooooooboooooobobooooobooooo
goooooooooobooboooooooooooooooo
oooooboooooooobooobooooooOoboOoboboOoOoo
oooobooooooooocoboooOoboOoOoooobooboooo
goooooboooooooobooboooooooobooooo
gooooooooooooooooUUUULoooooDbo
oo

ooboooobooooooooboooboobobooooOooonn
ooooobooooooooooboooooboboooooooo
odooooooobooooooboooooooooooooo
goobooooooobooboooooobobOo0ooooooo
gooooooooooooobooboboooooobooooo
ooooooooooboooooooooooooboooobn

ooo:0boooo
goobobooooboooboboooboboooooo
godoooooooo 11e 00O 20
Mail: g2109046@fun.ac.jp

goooboooobooooooooboobooooooooooooo
gobobooooobooboboboobobooboobooobo
gbooboboboooboboobooboobooboobooo
gobogoboooooboboooooooboboboboboo
goooooooooooboooooboooobOboOooooooo
goboobooooooobooocoooooooooboooon
gboboooooobooboboobo

2. 0000

gooooooboob40000000000000000O0O
000000000000 Do(l)0o00Do0Uo0ooDoooo
ooooUoOoooUoOo@)oUuooooUuoooouo
ooo0oUooooUoUoOooOo@)uuoooooooo
0oUoooO0o0o@UooooUoDUDUOoLDOoOOooOOo

21 0JO00O0OODoOOOOOOoOoOoobDO

goboobobooboobooboboobobobobooo
gboobooboooboboboooooboobbobooo
goooobooooooooooboooooobooooobooo
gooooooooooooobooooooboooooooo
gboobooooboobobobooboobboobooobobo
gbooboobooobooboobooboobooooboooo
oboboooooooooboooog i, e, VoL
O00o0o0ooo0oooooooooooooooooo®
goboocooooooogoo

Q= Z Q= Z (e — af)

lel...L lel...L

(1)

eg 0 VOOOOOOODOODOODODODO,OODODO
gooooooobooobooooooocooboooooooo
ooooooov,ooboooooooboooooooooDooon
goboooooooobooooooooooooboooooo



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

(2)

€l =

1 ..
7 2 2 Al
i€V jEV

1

CLIZ%ZZA

i€V JEV

AG,j)0000000OU00O0OO0OU0OOUOOUO g,yO0O0O
gobooob 1igocogboooboboobobooboobooooon
goo02mU00000000e,D0D0DO0O0DOODOOOO
oo bbboooooooo
J0o0od0ooooooooooooooooonoo ooo
gbooooobooobooooooo

gboooooboooooboooooboooooooooooon
CNM/(Clauset-Newman-Moore) O [Clauset 04] O 00 OO
poboboboooboobooboobooboobooo
pooboooooooooboboobobobobbbbooogoa

goboooooooobooooooooobooooobooo
00ooUooooUooooUo [ooo 08,00 o8]0

22 0OOO0OO0OOOODOOO

gooboooboobooboboobooboboooobo
goboboooobooboboobooooboobobooobooboo
gooobobobooboobooboobooboobboon
goooooooooooooooboooboooooooooon
goooooon

goobooooboobooboobooboobooobboooo
goboboooboboooobooobooobooboobooobo
goobooooooboobooboboooboooooooon
gobooooooboooooooboooooooooboooon
IDOOOOODOD

000000 IDO CPOO0D0O0DODOODODOOO &
gooooooooooobooooooo Ib0o 00000
goooooooboooobooobooobooooboobogooon 1D
gooooooooobooooooooooOobobobooooooon
gobooooooooocooooobooooonon

(4,9)
(4, 4) (3)

ID(Cf,vm) = ID(CFT vn) (4)

gooooooooo0O k0ODOO0OO00C0DODOD0O0O0IDO «
goooboooooobooooboO0Oy,00k+1000000
gooouoibbo jOobO0o0booO0oOobOOoOoboooDboOoD
goooo0oodoook00O0Oooooooooooogoo
IDOO0O0O0OkE+10000000CC0000O0CCOOOIDO
gobooooooobooooooooooooooboooooon
gboooooobooooooon

gobooooooooboboooooobooboooooboon
gooooooooobobooooooooobooogooooo
gooooooboobooooboobooooooooboboooooo
gooooooooooboooboooooooooooooon
gboboooooooooooooooooooooooooon
goboooooooboooooboobooooooooooooo
goboooooooooboooooooooooobobooooo
gobooboooooooooooooooooobooboooooo
gbooooooboooooobooboooobboOoboooooDooo
gbooooooooooooooooooboooooooooo
gboopooobo/ooooooobObOooooooboDbobOOonon.
goooooooooiooooooooooooooooo
gooooooooooooboooboooobooo

23 0OO00OO0O0OO0OOOOOOOOOOOOO

gboboooooboooobooboooooboboooog
gobooooobooooogoboooooobooooooo
goooooboooooooooobobobobooooooDon
oooo0ok000O00OOoOoOoODOOOOCOOIDOOOOO
k+100000000000000DOO0IDOODOOOOO
000 (eonfidence) 0O UOUOOOD0OODOOOOOOODO
aoono

Number{ID(Cik, Um) — ID(C]I'H_Ia Vm)}
Number{ID(C¥,v,)}

confidence =

Number{ID(CF,v,,) — ID(C]’.“"'l,vm)} Ooao
ID(CF,vm) — ID(Ci*'v,) 00000000000
00000 Number{ID(CF,v,)} D0EOD0DOO0D0O0O
O0O0IDD :000000000000000000000
000000000000000000000000000
0000000000000 00000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000000

24 00000O00OODOOO
000000000000000000000000000
00000000000000000000000 (00 03]0
0000000000000000000000000000
000000000000000000000[000 08]0
00000000000000000000000000000
(1)000(2)000(3)000(4)000()000(6) 0000
00 600000000000000[00 03]0[000 08]
00000000000000000000000000000

0D: 000 ¢*000000000D0Ck0000n gvto
00000000000000000000

0UD: 000 ¢*000000000D0Cckonoon ¢g*+' o
00000000000000000000

OD: 000 ¢*0000000000Ck0000n g*=' o
000000000000 D0000000000000
oooo

O0: D00 ¢*00DOooooOOooCctoooon ghtto
0000000000000000000000000
oooon

OD: 000 ¢*000000000DCckonoon ¢g*+' o
0000000000000000000000000
000000000000 0000000000000
0000000O00O0Oon

000000 ODO00g¢*0noooooooockFoooon
¢Jt'00000D0000000000O0NONNnonooon
00000000000 00000000000000
oooooooo

gboobooooboobooboooboboobooobgbo
gbooobooboooboobooooboooobooboon



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

gooooooboooooooobobooooooooboooooo
gooooooooobooooooobooboooo

ol -00000 =00 —-00

goooooooobooobocoooooobooooooooon
gobooobooooooboobocoooooobooooooooon
goooooooooooboooooooobobooooooooo
gooooooooo

3. goOoo

gooUoooUoooOoUoooUoooUOooUoo (oo
SBMUOOO)0OoOoUoooooosBMOOOooooo
gobooooooooooooboboobooooooobobooooo
gooooo webOOOOODOODOOOOODODO SBMOO
O00Olivedoor 00O OOODOO livedoor D OOOOOOO
00oOoooooo [livedoor clip, EDGE|[DODO0OOOOOO
gooIbobobooooooobDO0O URLOOOOOOOODO
gobooooooooocooo

goooooooboooooooboobooboooboooo
gobooooooooooooobooooooooboboobo
gboooooboooooouoobooobbooooooo

3.1 0000

000000Olivedoor 000O000O0O0OOODOODO 2006
eddn20080 900000020 5000000 1500
go0oooooooooooooooosBMOOOOOOO
go0o0oooooo wWebOOOOOOOOOOODOOOUOO
gbooobooboboobooooobooboobooo
oboooboboobcooobooo1000o00oo0oobooo
00000 10000000ooUooO0 CNM(Clauset-
Newman-Moore) O [Clauset 04| 0000000000000
goooooogoooboobbOoooooooooooon
goooo

g(lﬂ)

U1l 00000o0ooo

3.2 UJUOOoOoooooO
goooooooDoboO00oo0OooOoboDbO0004,2200
goobooooooooboooboobooooooboboooo
goooooboooooiysoooooooooooosnn
000000000000 24%000002,77700000
goboooooooobboooooooooobooooooo
gboodb 2gb0ooooobbooooooooboouoooo
ooooboooooooooobocooooboboooooooo
gobooooobooobbooooooobboobobooooooo
000000000000000000 90% 0000000
gobooooooooboobocooooobooooooooooon
gbobooooooooocoooooboooooooooooon
goooooooooobooboooboooooooboooooooo
goooobooooooooboboooooooooooooo
gooboooooobob 2300bo0oooooogno

10000

% 1000
]
H 100
(log)

10

14
1 2

I,l-,,l,,l, —————m

4 5 6 7 8 9 1011 1213 1415 16 17 18
ERMDHRTSFETOERL/NZ—28

3

0200000000000000

gbooboobooboobooboboobooboboboon
gobobooooboooboboobooooobooboboon
goboooooooooboooooooooooobooooo
gboooobooboooboobooooboobooooooooo
ooSsBMO0OO0OO0ODOOOOOCOOOOOOO0OOO0OO™
O000O0oooooo wWebdOOGO 3000000000
gboobobooboooboobooboobboboon
goooooooooocoooooboooboOobooooooo
gooooooouooooooooooobobooooooooo
goboocooooooooo

4. 0OU

gboooooooboooooooboobooobooboooo
o00oOooooOooOooooooooSBMOOOOOoOOO
gooobooooooobooooooboobooooooooon
Oooooooo webOOOOOODOODDODOOOODODOO
goooooooooocooooobooobooooooboooo
gooooooooooooooooboobobooooooooo
oo/oooobobooooooobooooooboooobobo
goooboboobooobooboooouooboobobooboooo
goooooboooooooboooooooobbooooooo
goooooogoo

goon

[Yamaguchi 09] Takehiro Yamaguchi, Ayahiko
Community Graph Sequence with Sequence Data of
Network Structured Data. 5th International Workshop
on Computational Intelligence and Applications 2009
(IWCTA 2009), Hiroshima, Hiroshima, Japan, IEEE
Systems, Man & Cybernetics Society, ISSN 1883-3977:
pp-196-201, 2009.

Niimi:

(00 05) 0000: 0000000000000000000
000000,00000000000, D-1J88-D-1(3),
pp.563-575, 2005.

(00 03 O0000,0000: 000000000000000
00000,0000000000 letters Vol.2, No.1,
pp.35-38, 2003.

[D0O0 08 0O0O,00000,0000: 0000000
000000000000000000,0000000
00, Vol.49, No.2, pp.765-773, 2008.

[00 08 DOOD: 00000000000000,0000
000000000:00000, Vol.53, No.9, pp.529-535,
2008.



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

[Clauset 04] A.Clauset, M.E.J. Newman, and C. Moore:
Finding community structure in very large networks,
Physical Review E, Vol.70, p.066111, 2004.

[livedoor clip] livedoor clip, http://clip.livedoor.com/

[EDGE] EDGE Datasets, http://labs.edge.jp/datasets/



