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Constrained Clustering based on high independence
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These days, the classified by independence semantic analysis based on independence of the data distribution have
been proposed. But the clustering method is unsupervised learning, so in many cases a clustering result of a large
data and user desired result will not be the same. In this paper, we propose the method of adding user constraints
to the classified by independence semantic analysis. This method first classified the data without constraints then
reclassified the clustering result by using constraints. We use Los Angeles Times datasets to evaluate the proposed
method, and we show the proposed method is valid form results of experiments using this benchmark data.

1. OO0

OO0OWebOOOOOOOOOOOOOOOOOODDODO
00000000000 00O000000 WebOOOOOO
0000000o0o0o0o0ooo0oooUoooooOooog
000o0oooU0oOooooOooooooUoOoooUOoOooO
o0o0oo0ooOooooooooooooooooooOooo
oooooooOooooooOoooooooooooOooog
oo00oo0ooo0ooooooooooooooooOooo
pogbooooobobboooboobooboboboobooboo
000000oO0O00o0o0o0oooooOoUooOoooOooo
o00oo0o0oo0oooUooOoOo0oOoUoOoooOooUooo
gooooooooOoOoOoOO0OO0O0OOoOoOoOoOoOoOoOooog
o00ooooooooOooo0ooooooooooooog
pogoboboobobooboboboobobboobooboo
000o0o00ooo0oUoo0oOoOoooOooOoUoOoUoOoO
000o0ooo0ooO0o0oO0oooooooooooOooo
o0o0oo0oooOoooo0oOoooooooooooOooog
oooooooooooOooo0oooooooooOooo
0000000 jooo00ooo0ooUoooboOoooOoo
000000000O00O000o0oooooooooUoooog
000oo0o0o0ooO0oOoUooOoOoooOoOoooUOboOoO
oooooooooo

O0oo00ooooO0ooooOoooooooooooo
ooooO0oo0oOooOo0ooo 100000000000
Oo0ooooOooooOooobDOoooooo [2,3]o000
0000oo0o00o0o0o0o0oOo0oOooO0ooOoOoooUoOooO
Ooo0o0o0oooO0o0oU0oooOOoOooooOooOooooooo
ooo0oooooO0oo0oooooo0ooooooooooo
oo0ooo0o0oo0ooUoooooO0ooUoooUooooUooo
ggobobooobboooobuooobboobobboooboo

00020000000000000000000O000OO
ooooo300oooooooOob0ooooooooooooo
00040000000000 Los Angeles Times 00O 00O
ooooooO0ooooObooOooooOo sb0b000D00B0O0O
oooOooooooo

oo0:000:0000,000000000 000000
OO0 O0ooooDb0O0000,0 226-8020000000
000000 4259, nishigaki@ntt.dis.titech.ac.jp

2. 00O0ODO

gboooobodoboooooooboboooobooooono
00o00oo0o0Oo 2,3]00000000000O0DOooOO
gooooooooooooobooobooooooobooooooo
oooo

goooobooooooooboboboooO0O0dx.,.,,0000
ci,. -»00000000O00O0O0COOOOOOCOOOO0
0dds,,. .0000000000000000000000
gooooooooooboobooooooobobooooooo
gooooooooooobooooooooboooooooon
gooao

ooooOooobO0O0 cODOO0OO0O0 sOO0O0DOOO0O0 “000
OooooOooooroooo0oon v(s,e)booooooo
ooo0db0 xO0bOOoO0o0O sODbOoO0o0oOoD “cooboo
0000000007’ 0000000 U(s,x)0 20000
gooooooboboooooooooboob. eOobOobooOoO
xO0O0OOoOooO ‘«coooooooboooob”pbobobobobo
0O R(kx,c)ODODOOOOOOOUOOsOOOOOO xOO
00000 “000000o0o0ooooo’o00ooooo
Akx,s)020000000000000000000000O
gboooooooobooooobooboooooooobooobooon
goboooooooo

Z R(x,c) - A(x,s) = Z R(x,c) - V(s,c)

00 c 00 c

(1)

doooobOo0obO0ooobOoobOoooooobobOooobog
gooooooooooboobooboOobooboooboo
oooood

gooooooooDooooboooDoooooooooo
000 k000000000000 xO0OA(x,s) 00000
ooooooo

Xi = O(x;81) *S1F O(x;80) * OS2+ - Ay s4) - Sk 2
O000anx,s) 0000000 x;, 00000000 s;00
ooooooooo

ooooooooo A(x,s)D000OoOOoUOoOOoOO
gob0o00O0o0bO0o0obO0o0ooO0oobOoobooooooo



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 201/

gbooobooobooobooobbobooobooboboboob
OO0 k0O0O0OOOOOCOCOCOODOOO

1. 0ooooO0O0 Xooooooooooooooooo
000000 R(x,c)0000000OO

R(x,c) J00000R(x,c) 00000

0000 2. 0000 R(x,¢) 00000000000
U'"R - V=D«<— R=U-D-V'OUDO VOO
00000000000000000000000000
00 DO0OODODO0OOODOO0ODO0OD0O0ODO0 k
0000000000U,0D,0V,000000

0000 3. 00000 UyOD, 0000000000
000000000000000“0000000000
0000O00”A(x,s) DOFPICA [4) 00000000
00000000000

oooo 4. 0000 “0000O00b0O0O0b0O0000
0"A(x,s) 000000000000 0OOOOOOOO
gboooooooooooooooooboooobobooDo
goboooooooooooo

C; = {xi | arg max a(xi,s5)},

ie{l,---,n}, je{l,--- k}. (3)

goooooooooooooooooooooboobboo
goboooooooboooooo

gboboooboooobooooobooboooooooboooo
goooooooocoooboooobobobooooooooo
gooooboooooooooooooooooobooooooon
goooooooooooboooooboboooooooooon
goooooooo

3. gnono

0dd0d0ddooooooooooooooooooooo
00o0o0o0oooooDoooooooooooooogn
must-link OO0 0000000 must-link 000000000
00000000000 20000000000000003
J000000000oodoooooooooooooog

000o0000o00oo0ooDoOdooooooooooo
000000 must-link 00000000000 O000O0OO
gooocoooo

0. 0000000000 0O000000Omust-link000
gobooooo 20 x,0=x, 000000

1. 00oooboooooooobooooboo

(a) x, 000 x,0 mOODO0 ¢c000000000
000“00000000000070000000
00000 2z = (ri+1)/200000000r; O
000x,0mO0000000000000000
oooo

boboooooobooboooobocoooan
0000000000000 FPICA 40000
ooo

20000 kO0COOODOOODOO.oO0ODOOODO
gobooooooooooooboocoboooooooon
gooboooooooo

gbobooobooooooboooboocoboooooooon
0000 FPICA 4)00UpoOooooo

kO0ODOOOOO00OOOOOOO0O0O0OOO00000O0
0000000000 FPICA 400oOooooon

boboooobooooooboooboocoboooooooao
goooad

OOD0O00000O0000000 must-linkO00000000O
goboooobooooooobooooboooon

4. Los Angeles Times [0 00

000 00Los Angeles Times 0 000 “lal2”[5,6]000
0000oo00oO0o0o0oo0ooooooooooooooo
0000000000000000000000000OLos An-
geles Times 0 19890 0 1990 0 0 0O O O O “Entertainment” O
“Financial” 0 “Foreign” 0 “Metro” 0 “National” 00 “Sports” O
60000000000000000D00DOOODDOO6270O
0000oo0o03147200000000

goooooobo 2000000000D00DO0ODO
00100000000000000 6000000OOOOO
OD0000000000000O0O000D0O0O00OO00O0OO
O00000bOmust-link 00 0000000000000
o0o000000oopoooooOoOoOoOooOoOo 100020
oo0oo0ooo0obobobO0obO0o0oo0ob0obDOoDOoD 10
0000000000 0a000000000 900000O
O0000000ObOmust-link 000000 9000000
O000oooooooooooooo

4.1 0OO00O0OOO0ODOOODOOO0
o0ooo0ooed0DO0OOO0O0OO0ODOODOOODOBO0OOO
0000000000000 0000oO0oOOo0oOoooOon
00000000 D0O0NMIONormalized Mutual Informationd
[700000000O0ONMIOOOOOO 100000000
oo0o0oO00O0000000O000O00ooOooooooo
0000000000000 0ONMIDO 100000000
godoooooooooobobobobobbbobbooogga
000000000 O00000 149000 342000000
O must-link 0000000000000 O00OO0ODOOOOO
149000000 “Financial” 0000000000000
000000000000000000 “National” 0000
0000000000000 “Financial”’ 000000000
OO0 3420000000 149000000 must-linkO0000
ooo
NMIOOOOOOOOODOOODODO 043550000000
oooboobo482r00000OD0OOOOOOOOOO0O0O0O0O
0000o00o0o0o0O0oo0ooooooooooooooo
0000000000000 00O00000O0UDOooODOOO
0000000oo0o0o0ooooOooooooooDoooOo
00000ooo0o0oooooooooooooon
O00o0o0o0o0oo0oooOoo0oooO0 “c00ooso
OU00o0o000OcO0OO0O V(s,c)»0000000 10000
1000000000000000000000 20000
01000000000 s:000V(s,c)00000000
sovietOafghanistanOisraelOforeign 000000000000



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 201/

0 1: 0000000000 ‘21270 V(s,c)JO0O0ODOOOODOO 100

oooo c S1 S2 S3 S4 S5 S6
t=1 soviet aleen polic million game bush
t=2 afghanistan | macmin bush earn scor counti
t=3 israel art counti | quarter lead presid
t=4 foreign entertain car bank team budget
t=5 govern report arrest rose plai citi
t==6 militari morn offic compani season propos
t="7 bush nation kill revenu | rebound | insur
t=38 afghan music diego billion coach school
t=9 datelin intern orang corpor league house
t=10 israe film san net fullerton | feder

02 000000000000 ‘921270 V(s,c)00000O0O0O0ODOOO 100

OO000 ¢ S1 So S3 S4 S5 Sg
t=1 bush soviet polic aleen game aleen
t=2 million | afghanistan | counti | macmin scor macmin
t=3 bank israel car art plai art
t=4 billion foreign offic scor team entertain
t=5 earn militari bush | entertain lead polic
t=06 polic afghan arrest nation season morn
t="17 compani govern diego report coach nation
t=28 loan israe orang morn league bank
t=9 insur datelin san quarter | fullerton million
t=10 budget kabul kill music rebound counti

00 s 0 “Foreign” 00000000000 ODOOOOOOO
00000000 “Entertainment”d “Metro” 0 “Financial”
“Sports” “National” 0000000000 OO0OOOOO
0000000 2200000000000000000000
0Os; 0 “Financial” 0000000000000 O0OOO
00o00ooooooO0ooooooooooooooooon
sy s 0000000000 ODOOOO 100000000
200000000000000000000000O0O00OO
gooooooNMIOODODODOODOOOOOOOOOOOO
00o00o0oooooooo0oooooooooooooon
00000o0o00ooooooooooo0oooooooooon
oOooooono

4.2 [O00O00O0O0OoOooooOOd

000000 Los Angeles Times 00000000000
o0oo0ooooOooooo0ooooOoooooooog
ooo0ooo0oooooooooooooooo 1o0o00o
oo0oooOooooo0oooO0ooOoooooooooooo
OO0 must-link 00000000 ODOOOOOOCOOCOOOO
goooooooooooooobOOOoOOooOoDbOoOnO
oooooooooOooOoooOooUOoooooooooo
oooooOoO00 1000000oooo0ooooooog
ooooooog

must-link 000 00000000000OC0O0OOO0O0O0O
01000000 V(s,c)DODODOODDOUOOODOODOO
Oooo0ooo0oooooOooOoUoO0oOo 2000000000
000oooooo0oooooooooooooooooo 2
oo01904000 2830000000000 “Sports” OO
pooobooooo

ooooopooooooo9boOoOoOooooooOooooo

O0o0o0oo0oo0o V(s,c)DOOOOOO 10000300
0000000000000 0000000DO00O00ooDO0OO
00 V(s,c) 0000000 10000 40000

0300 “Sports” 0O0DOD0OOOODODODO sz30 sgd 20
000000 4000s: 0 1000000000000000
0000001904000 28300000000000000
goo0boboobOob ssdsgbdboooobooog
00000000000 00O0O0000 200000000
0000000000000 400000 s40se 00000
0000000000000 “Entertainment” 000000
O000o0o0o0o0o0oo0oo0ooooooooooooo
googboboobobobooobooboooobobo
00000000000 000O0o0o0ooooooooOoo
O00000oooO0000oo0ooooooooooooo
O000000 must-link 000000000000 O0OOO
O0o0o00oooooOooo0ooooo 10oooooo
O000000Omust-link000000000000000O0O
0000000000000 000O000oooooooo

ooooooO0O0o0oo90UoOooOOOoOoooDOOOOn
ooooooooOobO0oO0oooObobobOeODOOOODODOOOO
ooooooooooooocooooboooboboobooboooono 3o
O0000s:0s;, 00000000 “Financial”’ 000000
0000000000000000s: 000 “revenue” 00
000000 0O0000oooo00 s, 00000 “stock” OO
OO0OO0O0O0O0ODO000 ss0 sg000O00 “Sports” 00O
00000000000 000000 “game” 0000000
0000000000000 0000000ss 000000
OooOoooOo0 “lead” O “quarter”d “half” 000 Osg O

O0000DOo0oO0O0oooO0Od “team” O “bowl”0d “coach”



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 201/

0 3:00000009000000000D00O0UD V(s,c)UDOOODDOUDOOD 100

oooo c

S1 S2 S3 S4 S5 S6 S7 S8 So
t=1 bush million scor soviet aleen polic stock game counti
t=2 tower earn game afghanistan | macmin arrest bank team citi
t=3 senat quarter lead israel art car price bowl school
t=4 reagan revenu | rebound foreign entertain offic market | player orang
t=5 presid net league afghan report kill rate coach san
t=06 budget corpor | fullerton union morn investig | bond football diego
t="7 congress rose quarter militari nation murder index season student
t=28 house incom half kabul intern robberi trad plai lo
t=9 committe | billion goal govern new suspect amp super angel
t =10 white loss victori israe tv driver loan counti | california

04 000000090000000000000 V(s,c)UDOOOODOOUOODO 100
Oo000 ¢ S1 So S3 S4 S5 S6 S7 Sg S9
t=1 scor counti soviet aleen polic aleen bush bank million
t=2 game citi israel macmin arrest macmin tower loan earn
t=3 lead orang afghanistan art car art reagan insur quarter
t=4 league school israe entertain kill stock senat israel revenu
t=5 quarter diego palestinian israel offic price presid sav net
t=26 rebound san afghan stock murder market aleen amp corpor
t= goal student union price investig report macmin | deposit rose
t=28 half lo foreign polic robberi | entertain | budget feder incom
t=9 shot angel govern market suspect rate house 1 loss
t=10 victori bush militari nation brief index congress rate billion

gooooooooodooooooooobooooooooon
goooooooooooboooooboboooooooooo
oooood

5. oo

000o000oo00o0oooo0ooooooooooooog
00o00o0oooooooooooooooooooogn
O0must-link 00 0000000000000 OCOO0O0O0O
O000OLos Angeles Times 000000000 OOOO
00000000 NMIOOOOODOOOOODOOOOOO
Jdddddodoooooooooooooooooooon
OO0ONMIOOODOOOOODOODODOOOOOoOoooo
00o0o0oUooooDoUooooooooooooogon
O0000Omust-link 000000000000 0OOOO0O0O
J000000odoDd0oo0ooooU0oooooooogon
J0d000o0oO0oo0oOoodooOooooooogon
must-link 00 000000000000000O0O0O0O00O00OO
00o00ooooooo00oooooooooooooooon
000ooooooooooooooOooooooooooon
J00oo0o0oo0oooogooooog

00000000000 must-link 000 cannot-link O O
Jdoo00oo0oooooooooooooooooooog

gooo

[1] Scott Deerwester et al., “Indexing by latent semantic
analysis”, Journal of the American Society for Infor-
mation Science, Vol. 41, No. 6, pp.391-407, 1990.

[2] Takahiro Nishigaki and Takashi Onoda, “Indepne-
dence based Clusteirng”, 2012 Joint 6th International
Conference on Soft Computing and Intelligent Sys-
tems (SCIS) and 13th International Symposium on Ad-
vanced Intelligent Systems (ISIS), pp. 389-390, 2012.

[3] Takahiro Nishigaki and Takashi Onoda, “Clustering
based on independent component”, 2012 International
Conferences on Web Intelligence and Intelligent Agent

Technology, pp. 74-78, 2012.

A. Hyvarinen, E.Oja, “A Fast Fixed-Point Algorithm
for Independent Component Analysis”, Neural Com-
putation, vol.9, no.7, p. 1483-1492, 1997.

George Karypis,

“CLUTO - A Clustering Toolkit”,
http://glaros.dtc.umn.edu/gkhome/views/cluto/ ,
Department of Computer Science and Engineering,
University of 0 Minnesota, 2002.

S. Zhong, J. Ghosh, “A comparative study of gener-
ative models for document clustering”, Data Mining
Workshop on Clustering High Dimensional Data and
Its Applications, 2003.

Hao Cheng, Kien A. Hua, Khanh Vu, “Constrained
locally weighted clustering”, Proceedings of the VLDB
Endowment, vol.1 no.1, 20080



