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Topic Segmentation Based on Minimum Within-Cluster Fluctuation Algorithm

Katsuji BESSHO
NTT Cyber-Space Laboratories, NTT Corporation
bessho.katsuji@lab.ntt.co.jp

Topic segmentation dividing a given large text into a consecutive topic sequence
is one of key technologies to generate meta data of the text. We propose a novel
segmentation algorithm based on the minimum within-cluster fluctuation criteria.
Generating a conceptual vector sequence from the given test by using singular
value decomposition, the algorithm derives the most likely topic sequence based on
the criteria from the whole conceptual vector sequence, where the topic sequence
is equivalent to the cluster sequence and a cluster is a partial conceptual vector
sequence. The segmentation experiments using several articles on the newspaper
show that the proposed method achieved far better performance than a conventional
method which determines topic boundaries by using the local conceptual vector

sequence.

01770


研究会Temp
－177－


1.0000

ugoooboboobobobobooodooooooboon
goobOO0o0ooooboooooboooboooon
goooobooboooboboooooooooooon
gooooobooooOo0o0o0o0ooooooon
goooobooboobooboooooooooooooo
gooooobooooOo0o0o0o0ooooooon
goboobooboobgooobd

ooooooooobooboboooooooooo
goooobobooboooooooooooooon
goooooboobooboo0o0oo0oooooooo
goooobobobobobooooooooooooo
goooooboobooboo0o0oo0oooooooo
goooobobobobobooooooooooooo
goooooboobooboo0o0oo0oooooooo
goooobobobobobooooooooooooo
gooooooobobooOoooo0ooooooon
goooobobobobobooooooooooooo
gooooooobobooOoooo0ooooooon
goooobobobobobooooooooooooo
gooooooobobooOoooo0ooooooon
goooobobobobobooooooooooooo
gooooooobobooOooooooooooon
goooobboboboboboodoooooooooo
goboooobon

ggogoooobobbobooododoogad
goooooobooboooOooooooooooon
goooobobbobobobooodoouoooooo
goooooobobooboooooooooooon
goooobobbobobobooodoouoooooo
googo

2.00000000
ugogobboobobobooodooooooboo

goooooobooboooOooooooooooon

gbboo0ododdaugodd Hearst DDOOOO

00000 Hearst 0000000000 [1][2]100

ggooobobbobobobooodooouooooooo
goooooobobooboooooooooooon

0ooo00ooDoDO0o0ooDUOo0ooOooooOoo
0ooo00ooDoDooooDOoooooooooon
0ooo00ooDoDO0o0ooDUOo0ooOooooOoo
0ooo00ooDoDooooDoDOoooooooooon
oo0oo0oooOooo0ooDoDOoo0oooooooon
O0O0Odepth score OOOOOOOO0OOODODOO
ooooooooooooon
O0o0oDO0ooO0ooDOooooooooooon
000oo00oooO0oO0ooDoDOoooooooooon
oooo0oooDOoooooERIoEEUOooooon
0000000000000 OHearst 0O O OO
oooo00ooDOoo0ooDOoooooooooon
ooooooooooooooooooon
O0o00oO0ooooDOooooooooooon
00oo00ooDoDO0ooO0ooDoDOooO0oooooooon
0o0oo00ooDO0o0ooDOooOooOoooooon
00oo00ooDoDO0ooO0ooDoDOooO0oooooooon

ggoooboobobobobooooooooobobobooo

gooooooboboooooooooooon
ggoooboobobobobboooooooooooboo
gooooooobooboooooooooooon
gooooboboobobobbootoooooooooboo
gooooooobooboooooooooooon
gogboobooobaood
ooooooooobobobobooooooooo
ggoooboobbobooooooooooooo
gooooooboboboooooooooooon
ggoooboobbobooooooooooooo
gooooooboboboooooooooooon
ggoooboobbobooooooooooooo
gooooooboboboooooooooooon
gboooooobobooobooooboon
gogos3sgoooooobbooooooooog
ooobOo0ooooobOOoooooboooboooon
gooooooobooboboooooooo4 0000
gboooooosooooobooooo

3.0000
3.1.0000o00o0o

goooobobbobobobooodoouoooooo
gooooooboobooooooooooobooboboboo
goobObOooooobObOoooooboooboooon

gguouooooboboboboooodooooooboo
gooooooobooboboooooooooooon
boooooobobooooobobooooo

01780


研究会Temp 
－178－


01 000000

0ooo oa ooo oo ooo
ooo ooo ooo ooo 0ooo ooo

oa 0ooo 287 | OOO 3| 000
ooo ooo ooo ooo 0ooo ooo
oa 0ooo 2| 000 93 | 0ODO

ooo ooo 0ooo 0ooo ooo oo

goooobooboobooboooooooooooooo
gooooobooooOo0o0o0o0ooooooon
20000000000DO0O0O000DO0O00O00O0
gooboboooobooobD 200000000
gobooboobaoood
ggooobobooboobooooooooooo
guoobooooobooobbo 1 g4aooan
gooooooboboooooooooooooo 1

goooooboobooooboooooooooooboobooo

00000000000 0000000000O
0000000000000000000000
00000000000 0000000000O
0000000000000000000000
00000000000 0000000000O
0000000000000000000000
00000000000 0000000000O0
00000000000000000O0([4][5]100
0000000000000000000000
00000000000000

nxp0 00 XO0OOOOOOOO0OOOOOOO

ggooooobo Xxoooooooboooooao

X=U sV €))

nxp nxaaxaaxp
0000 a=rank X <min(n,p) 0 U'U =ViV =1 (I:
000D0)0O000 s=(g)J0o0O0000
Gi2c; >0(1"i<"<a)0 000 g (1i<a)d X

00000000 1P<ab000

X' =U' sVt )
nxp nxbbxbbxp

gbobooobO Xxooibbobobooooodad pO
0000000 bpbOOODOODOOOOUSODOI
goobobOooooobbooooobbovusoon
ooooobv booobobooooooDboon
goooobobbobobobooodoouoooooo
oooboooooobbooooobbovusgon
gouvoboooboooboobooooobooobooon

O O 0 0O 0O 0O 154-25

oooooo oo OO

goobb0ooooobOoooooboobooon

gooooboooboobobooooooooooon
gbooooooboboooog

3.2.000000000000D0DOO0
ugogoboboobobobobooooooooooboo
goooooooboooo0o0o0o0oooooooo
gooooboboboboboooooooooooon
goooooooboooo0o0o0o0oooooooo
goboooboobooboooboooban
ooooobooobobooooooooooo
goooobooboboboboooooooooooo
gooooooobooooooo0oooooooo
googano
ggoooboboobobbobooooooooooo
ggoooboobooobooooooooooobobooo
gobooboooog
ugooobboobbobooodooooooboo
goooooobbobooooooooooooon
ggoooboboboboboboooooooooooboo
goooooobbobooooooooooooon
ggoooboboboboboboooooooooooboo
goooobobz200000000000000
ggoooboobooboboooooooooboobobooo
gooooooobooboooooooooooon
goooobobobobobobootoooooooooboo
gooooooobooboooooooooooon
gooooboboboboboboboooodoooooooo
gobooboobooobo
uguodgobbooboboboododooooooboo
ooooooooopeoobooobooooooon
goooooaoo

Wi, WolJ 0 0, wy ©)
00000000000000
s1.5H 0 O sy ©)

0000000000000000D000000
00000 1<hsgO00OO
T=0L2000m-1),T,=(np,np+10 0 0,0y -2 0 0,
T=(n.n+1000n, -0 00T, =(n;,n; +10 0 O.g)
®)
0000000000 s 00000000000

Woy Wiy 4000w, 4000000000000

01790


研究会Temp 
－179－


ooo
dooodooooo@uoooa Aoo
X
A=§]N@—Wf (6)
k=1
1X
w=;k§:;wk )

goodoowbOOooooooooooboboo
AllOOO0OO0OO0OO0Oooooooboooooooad
ob0o0obo0oboobooboon

ODO0DO0O0oOoG)D0O0O0oDoDooaDn
BT, 00T,)00

j
Br.T,0 O D,T]-):Z(WH1 ) -wE @

i=1

W >w, ©
I’T"ni+]._n’1nik:rn'_i
gbooog

0000000000000«
T; =(ni,ni +100 D,ni+1—1) good C(ni,r1i+1—1)D
My, 1
cnma-1)= > w-w|?
k=m,
0000000000000 @G)D000oonaon
0 e 0 00T;)0

(10)

j
4@5@5[ﬂﬂ:§:qqnﬂ—ﬂ

i=1

an

0ooooO
000000000000000@G) 00000
0o

A=B(L,T,0 0OT,)+el, 0 00T;) (12)
00000000000000

000 ADDDODDDDDDDD000000
L0 O0T;))000000000000000

B(LTL,NOOT)000000000000000

goooooooooobbobboobobobboo
goodouooogooooboobobooobobooboo
gbooboobg
ooo@oooooooooooooooo
goooooooooobobobboboobobboo
gugodououoooooobboboboooobooboo
goooooooooobobobboobobobboo
obOb0O0oooobOOo0ooooboobOoooo0ooon

O O 0 0O 0O 0O 154-25

oooooo oo OO
goobo0ooooobOoooooboobooon
gooooboboboobobooooooooooon
gooooooooboo0o0oo0oooooooo

0000000000000
000000000000 C(n,n,-)000

0000 T 00000000000000(G)00
0000000 ¢nnL000T)00000000

GYooooooooooooo
goboboo0oooo joobooooogg jo
vooooooooobobooouodE oo

0000000000000000000
D000 s,5000s01<shsg00qO0000
0000000000000 000000O00
PhoOOODOOOOOO
Pha): =020 00, -1)000,
Tq-1 = (Ng-2.Ng—a +10 O O —1),

Tq :(nq,nq +10 0 D,h)

(13)
0000000000000000D000000
00o0Oooooooo

Plng-19-1): ;=200 0n,-200 0
Tqa = (g1 Mg1 +20 0 Oing -1)

14

0000000000000000000000
jooo0o0 P(g,j)o0 eP(gj)(=EH0O0O0OO
00000000D000000([7]J0000000
00000000

goboobooobogon

stepl
lsr<ssgUO0O00O0Ors0D000O0OO0ODOOOO

(rr+wmoos)0000C(,s)000000

step2
eP(h,2)) 0 2<sh<gO OO
e(P(h.2) = minlc@t-1)+clt.n) (15)
2<t<h
ooooooo
tn,2 =agmj NIClt -1 +C(t.h) (16)

2st<h
goboobooobo

0J 1800


研究会Temp 
－180－


step3
0OD0O00O0DO 3sqsg 00 O O ¢P(haq)

O gshsgO OO

e(P(h.a)= mMinlePt-1a-1)+cth] @
ooooooo
thg =aominlePt-1a-2)+cth]  (18)

oboobooboon

step4

0000002<jsg0000000000

P(g,j)0OO0DO
P(h,2)=00 D Oty -1){tn. .0 O C.h)

P(h,q)=Pltnq ~1a-1}(tnqD O 0 h)
0 3<g<gl gshsgO (20)

0000000000000000000000
00000000000000000000000
000000 P(g,j)000000O0O00

gboobooboon

oobo@uoooooboooo joooooo
obEg0ooooooooboooooooon

00 R =Ej/E400000 000000000
00D00000000000000000000
D0DO00000000000000000000
00D00000000000000000000

gobooobooooobb 100000000
URO0O0O«0000RzaOOO joOOOONO

jooDo0o0oDO0000P(gj)0000000
0000000

4.0000
4.1.00000
ugogobboobobobooodooooooboo
goooobooooDb 200000 10000
106,000 OO O OOOODOOOOOCOOOOOO
goooooooooobobbooboobobboo
00 30,000 0000000O00O0OCOOODOOO
gboobooboosiboogooa,seononod
oo0oobooooogoboi000000n0n

0 O O O O O 154-25
000000 00 OO0
0000000000000000000000
000000000000000000 [8][9]10
oooo
000000000000000000000
00 2001 000000000000000000
0000 200000 6000000000000
0000000000000 00000000O
0000000000000000000000
00 100000000000000000000
00000000000 20000000000
00000000 20000000000000
0000000000000000000000
0000oO0O000o0o0oo

U2 0oooooogo

oooo oooo
ooo 6000 6000
0oo 1109 O 830 0
oooooo 68 O 740
0ooooo 20 20
oooooo 18.50 13.80
0ooooo 5.3% 7.1%

4.2.000000000
D0000D000000000000000
00D0D000000000000000000
00D0D000000000000000000
00D0D000000000000000000
0000000000000 j00000000
0EO0ODO0ODED 000000000 10
00D0D000000000000000000
O Rj=E;/E;,00020000 0000000
00D000D00000000 10200000

gooooboboobobobbootoooooooooboo
oo RrRUO0O0ae0U00 @=1000500000

uooonbooo0RzeOOO jOOOO0O ]

gooooooobooboooooooooooon
gboooooobobooooobob eononOO
gooooooobooboboooooooooooon
gbooooos3sbooooooboooon

goooon
000=00000000/00000

000=00000000/00000
00 =(x000x000)/(0D0+000)

01810


研究会Temp 
－181－


9300
9200 %
9100 %,

9000 s,
8900 T

w
8800
8700 [ \\
8600 W

8500

8400
0 20 40 60 80 100
DSR4

01 00b0o0obooobooboob

1.0045

1.004

1.0035
1.003

10025
o
1002 [ ooee

. *
1.0015 ““\“
1.001 o,
.b..,
1.0005
1
0 20 40 60 80 100
DIR8—H|

02 00obooboobooboobgoon

03 oobgoog

good
0000 | ooo [ooo | oo [ ooo
0000 | 0000 | 69.5% | 78.8% | 73.9% | 10.6%
00053) +00 72.9% | 82.7% | 77.5%
0000 | 0000 | 76.3% | 76.3% | 76.3% | 10.6%
00060) +00 79.7% | 79.7% | 79.7%
good
0000 | ooo [ooo | oo [ ooo
0@O000 | 0000 | 84.7% | 84.7% | 84.7% | 9.4%
00060) +00 86.4% | 86.4% | 86.4%
0@O000 | 0000 | 84.7% | 84.7% | 84.7% | 9.4%
00060) +00 86.4% | 86.4% | 86.4%

goooooooooobobobbooboboboboo
uboobuobuoobuoobuoobuaob+ 0
goooooooooobobobbooboboboboo
goodaguouoooooobobobobooboobooboo
oboob 200000 10000000000
goodguouoooooboobobooboobooboo
goooooooooobobbooboobobboo
oboobzb00000000001000000¢0
oboobooboobon

g 0o 0 0O 0O 0O 154-25
ogbobooodo oo oo

U4 0OO00OO0OO0OO0OOOODOOOO

oooo
oooo goag goag oo goag
o@ooo oooo 64.4% 51.4% 57.1% 19.4%
0ooovs) + 00 67.8% 64.9% 66.3%
o@ooo oooo 59.3% 59.3% 59.3% 16.1%
0 00e0) + 00 62.7% 74.6% 68.1%
oooo
oooo gog goag oo goag
o@ooo oooo 67.8% 80.0% 73.4% 11.1%
0oos1) + 00 71.2% 90.0% 79.5%
o@ooo oooo 74.6% 74.6% 74.6% 12.0%
00 060) + 00 78.0% 84.7% 81.2%
05 HearstO O OO
gooo
oooo gog goag oo goag
o@ooo oooo 22.0% 19.1% 20.5% 48.7%
0o0oe9) + 00 25.4% 22.1% 23.6%
o@ooo oooo 20.3% 20.3% 20.3% 48.5%
00 060) + 00 22.0% 22.0% 22.0%
gooo
oooo god goad oo goag
o@ooo oooo 22.0% 31.0% 25.7% 41.9%
0o0o43) + 00 22.0% 42.9% 29.1%
o@ooo oooo 30.5% 30.5% 30.5% 37.9%
00 060) + 00 35.6% 49.2% 41.3%

4.3.0000000
O0o00oO0oo0ooDOoooooooooo20O
0000000000 00000 HearstOO OO
000oo00ooOo00ooooooooO 100000
00 300 1000000000000 o0ooo
0ooo0ooDOooO0ooDOoo0ooOooOoooon
oo0oo00ooDoDOooO0ooDOooO0oooooooon
0 depth score 000 Odepth score 0O OO0
000oo00o0o0o0oDOoooooooooon
oooo00ooDOooooDOoooooooooon
000 depth score DO ODOO0OOOOODOO
00000000 w+13c0 p:000 ¢o:000
O00O0O0OHearst 000 pw+l5c0000000
0ooo0ooDOooo0ooDOooooooooOoon
0000000oooooo s 000000ooon
0o0oo00ooDOoo0ooDOoo0ooooOooOoo
00o0pooD 40500000000
O0o00oO00o0oooOoo0oooooooooo
00000000000 oOooOooOo 5.2%0
17.000 0000000 1.7908.80 00000
00000000 Hearst 00 OOO0OOO 45.1%
05040 0000000 28.5%038.1%0 000

0 1820


研究会Temp 
－182－


obObOo0oooobbooooobboooboooo
gbooboobooboobooban
obobOooooboobobOoocooboar4 o
ob0obooooono 2000000000000
goooooooooobboboboobobobboo
gooooooooooboobobooboobooboo
goooooooooobboboboobobobboo
gooooooooooboobobooboobooboo
goooooooooobboboboobobobboo
goooooooooobooboboobooobooboo
gboobooboobgooboon

5.0000
000000000000000000000
000000000000 0000000000
000000000000 0000000000
000000000000 0000000000
000000000000 0000000000
000000000000000000
000000000000000000000
000000000000 0000000000
000000000 2000000000000
000000000000 0000000000
000000001 0000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
000000000000000000000
0D0000000000000@O)00000
0000000000000000000000
000000000000 0000000000
0000000000000000000000
000000000000 0000000000
0000000000000000000000
000000000000000000
0D00000000000000000000
000000000 [0][11]000000000
0000000000000000000000
0000000000000000000000
0o

0 1830

oooad

[1]Hearst, M.A.: Multi-Paragraph Segmentation
of Expository Text, 32nd Annual Meeting of
the Association for Computational Linguist-
ics, pp-9-16(1994).

[2]Hearst, M.A.: TextTiling: Segmenting Text
into Multi-paragraph Subtopic Passages,
Computational Linguistics, Vol.23, No.1,
pp.33-64(1997).

[3CO00: OO0O0O00ooOoOooooooog
dooooooooo, bobooooooo,
Vol .42, No.11(2001).

[4]Schutze, H.: Dimensions of Meaning, Proc.
Supercomputing ' 92, pp.787-796(1992).

[5]Schutze, H. and Pedersen, J.0.: A Cooccur-
rence-Based Thesaurus and Two Applications
to Information Retrieval, Proc. RIAO ' 94,
pp-266-274(1994).

[p(]JOOO0O0O, OOOO, OO0 O, 00 OO
ooooog, 0Dooo@97).

[7]John, A_H.: Clustering Algorithms, John
Wiley & Sons(1975).

[8]Kato, T., Shimada, S., Kumamoto, M. and
Matsuzawa, K.: ldea-Deriving Information
Retrieval System, Proc. 1°* NTCIR Workshop
on Research in Japanese Text Retrieval and
Term Recognition, pp.187-193(1999).

[9]0O0 O, 0000, O0OO0OO0OO0O ODoOOOog
do0oo0oooo0—0000o0ooooon
ooooo, ooooooooog, Vol.SIG-
ICS 115, pp.9-16(1999).

[10]00000 DOO0O0O0ODOOoOooooooog
dooooooooboo, goesoooooon
oooog, (2003).

[11J00D0D0O0: O0000o0ooooooboog
goooboboobobobooo, oo
oooooooood, (2003).


研究会Temp 
－183－


	4.1.実験データ



