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A Document Clustering Method Based

on the Transitive Closure Tree

Seok-Beom Ko

Dept. of Computer Science

Graduate School of Pukyong National Universitly

Abstract

Therc are various problems that are hard to
apply a classification method or a clustering algorithm in
a document classification. Because most document
classification methods requirc a post processing or a
classification after getting search results from web sites
for any keyword.

Among those, two problems are severe. The first
problem is the need to categorize the document with the
help of the expert. And the second problem is the long
processing time the document classification takes.

Therefore we propose a new method of web document

#Vi_



clustering which can decrease the number of times to
calculate a document similarity using the Transitive
Closurc Tree(TCT) and which is able to speed up the
processing with a little lose of the precision.

On the other hand, a main property of web resource
is to continuously update an information by adding new
documents to the web site. Therefore we also propose the
web document clustering method that is ablec to make
incrementally a cluster. It is done to insert a new
document and to remove a document contained in a
cluster.

In simulations, we compare the effectivity of the
proposed method with those existing algorithms and

present the experimental results.
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<Table 1> The comparison of the document categorization method with the

document clustering method
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(Figure 1) Algorithms for the document classification method



to 7=

(e

(bayesian classifier algorithms)3

=

B =
(k—Nearest Neighbor algorithms)ell d

o)
=

B =
ATT

=

| =

H| o] #| |t

T

]

AA -

2.2 =M H=3st 7Y

k-NN ¢+i1g

o

A

Nl

—

i
oV

1S

A

2o A4 Azgl G

ot 7]

22.1 Hjo|X|
a
ATH24, 25].

& ol

g

T

—

0
il

~
ok

]

—_
o

Tl

—
o

S
it
ol

Nin
]

o
il
pld

o

s o] #]

pild

ot

)

ol

,Ar,mj_

(o)
=

Hlo] = o] &(Bayes's

A d7} Fol

[e)

=

SN

j= g

]

85

1

s o8
o

=

=

F3het

A
pul

tel 7l

[

2 ol

theorem)

wjr

~
ol



(2.1)
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2.2.2 k-NN Z112|E
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A HFEsE IR A] k-NN g 52 Azl os) me
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<# 2> A SHAHE 7Y §4 HW

<Table 2> A property comparison among document clustering methods
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=7kl A&E vuE 9 A &o] HJTH3E, 39 oA
oo M FAE A4S Fa dR= ast 2= b7t
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MEZ AakstA] Gk dAn a%) e FARIT AL HEskE A
ojth =, dlolEju|o] oA FEH @ =(duplicated record)E %
of AlAGE FAloA dAETre] SAMAS AdEA By 9
gto] o] al A #H ] o] Eo] A8 % A3

Tt oldl A FHHel whel FAIREE AlAtetA 3 [FAME &
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3. IDC-TCT 714

B oA = ol H FES olMEZ HEse wA A

g

IS A3t TCT(Transitive Closure Tree)E A9l s)ir, A&3h

T

A FYaHE S Fdsy] 9 292y A dare] S (cluster
creation algorithm)¥ A% ¥l <31 2] 5 (similarity comparison
algorithm)& Agelgty 2l A F2HY 24845 289
2 #3888 e FAY FA FY2HAY S s A g
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(Figure 5) The parameter to define the IDC-TCT

- 24 -



(19 B A minSE Ale F EAT FASGT B 9
3 /7o ALEE T, minCe Zol2Ee] 44 oRE Ade|

A% vFoR AMEH™, minMers oo ¥ Ze2H

-

g%z AQs] A% slFow ALSHM, minCarSime 53

.

FEzEol ol AR A 2R AP NFOR AL

2t BAE BREE FAH Atk o BYES el 2AS
o] wol HEom BRH:, of wel AWM BEAE Sl

=
2 o]Fojd o TAREH wol AL

Bxpo 5 A7 el
= odHAa B4 Y 8o AHgs Fdsts dHL B4V

a3t o] F da B w=FoldE =uldolA sgd deas ®
7] HAMI661S o &8rh HAMS 288 to] I3l B 8ol
% Abdel uet gl Edd

§ 489S o) oo Hals: AHY @

e
ofp
2
i
2
X
(e
)
=

I
b (719 6)2 HAMS o] &ste] #4or o] Fojxl A RYH

7IEER FAE FAR dEshs o E vebdh

e

425_



1

J ,—J
1 ]
& ,d

BAERYDAECEY HE 1
228 0M LHRT0L HA
17ave Bayes EAER QUSSR -L = 2NEE RN YIRS
F =8 2 N o F A Ed
%f !g S M NMB?S Stop—word B‘}i / Mg 228 404 Nave B mes
2qef uneEe os | (N2 / 28 4 ay
SYE 7 olE BHER 2 20 A 2R YL RS 3Y
|| gaaEgd= 25 e
L | ’—| y
] AsIC 2 PNE
2 EMNE S M &g

(18 6) EMZRE F|9E F&

(Figure 6) An extraction of keyword from a document
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(18 8) & =AZF Hlw

(Figure 8) The comparison between two documents

2ol FA FHe 87l 98 procDADE (29 99k 2

H O

tb. procDAD EZZ A AollA] F FAz7He] fALETE minS o)/l

g e, 194 gow -1 ddstel ol BAEE

Procedure procDAD(d;,d,)
/* d.: the compared document
d;: the compared opponent document */

begin

similarity — S(d,, d,),

if (similarity > minS ) then

call mergeDTD(d,,d,);

else return -1;

endif
end

(I8 9) 2Me A BES AR ZZAN

(Figure 9) The procedure to merge two documents
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3.3.2 2A2% E32H Y

wash 2o a8 FEe (g 109 o] dele) EAsh F )
ool fAb Bz EE 2exeshe) waolth #Ask A
e e BREE v wel,

Z (19 10014 #4055 #estr] Askel procDADA
Gedl S(d,d)E A minS o4& wEsEA WA #

H o3 s AAste A2 ERds

(28 10) EM2t EHAEZS Hl W

(Figure 10) The comparison between a document and a cluster
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ole]dt A4 HE 1H3 procDAC Z2ZAAE (¥ 1D

=8

Procedure procDAC(d,;, C))

/*

d;: the compared document

C,: the compared cluster

d,: the compared document with d, in the cluster C, */
begin

cCoherence < M(C,) ;

SA, < (S(d,, d(f) +cCoherence) / 2;

mCoherence «— M(C,U dd);

if ( (SA,. = minS) and (mCoherence = minC) ) then
call mergeDTC(d,,C));

else return -1;
endif

end

(28 1) 2Me 2HAH SFHE st ZEAX

(Figure 11) The procedure to merge a document and a cluster
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(d8 12) & S AEZ HW

(Figure 12) The comparison between two clusters
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Zej~gHe Felay g4He FAs7] §AE procCACE (18

13)x #&r},

Procedure procCAC(C,, C,)
[
C,: the compared cluster
C,: the compared opponent cluster */
begin
nCoh «— M(C,);
mCoh — M(C,,);
find a dp,, —ds,, link which approximates to nCoh;
find a dp, —ds, link which approximates to mCoh;
D, — {dp,, ds,,.dp,, ds,};
for all elements in Dy do
dSim — S(d,d;);
endfor
SC <« dSim / 6;
oCoh — M(C,UC,);
if ( (SC = minMer) and (0Coh = minC) ) then
call mergeCTC(C,,C,));

no
else returen -1;
endif

end

(18 13) 2 2HS S2(AH #HS I8t ZZAA

(Figure 13) The procedure to merge two clusters
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3.4.1 IC SA

IC 9AE TCTE T4 2719 Fa8ch (29 14)%F 7o)
TCTS HE-2A #oj(pair)Es 7t FAI=E A4t minSol
wpet g oRE AR

(38 14) IC ZAQ of

(Figure 14) The example of the IC step
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o, clusterInclude(d)¥ 4,9 FAHE A

el ZFejzElE ek daelth

Procedure proclC(7CT)

/*
TCT: transitive closure tree
d,: the visiting current node
d;: the d's parent node */

begin

while each d, in 7C7, i is an order of BFS do
d; «— parents(d,);

if comparisonPattern(d;.d;) is the document and document
then

call procDAD(d,; d));
else

C, < clusternclude(d));

call procDAC(d,; C,);
endif
endwhile
end

(38 15) ICc HAHAE st Z2AH

(Figure 15) The procedure to execute the IC step

IC SAlel A 2 EA sk BA el ALY, ¥
Ao} Fe] ¥ A= Rl

= HlaslE 947k g s
o] el A ol 33.1&-elA HEE procDAD EEA A
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3.4.2 SC ©A

SC @AE TCT a¥Ed=E {FAHA 4= FA =E(sibling

node)3te] 3HH o K& ZAASHY] A s EH-

(28 16) SC ZHA 2 of

(Figure 16) The example of the SC step

(17 16 E A4 sk wnsh deole, 3 A e

(child node) d,2} d3= o] dol] #a® IC WAl M fAb 842 areh
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#l 17)9 procSC Z2ZA| Aol A rSibling(d,) g

Al

4 == 49
SE% i wud Fai= otk SC HAE Fstd 4 E
7 e vFor FexEgol AREHAY, o FAHAE
2w 2] 9k 7)o (starvation node)7} WA T Vlolk e
ol A7t RolH Jop=rlg F~HHE TP Tiole

Cug Aty 91 HAL 3624 JEdh
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Procedure procSC(TCT)
/* TCT: the transitive closure tree
d,: the visiting current node
d;: the d;'s right sibling node */
begin
while each d, in 7CT, i is an order of BFS do
d; < rSibling(d));
d; « parents(d;);
if d;, and d, are not similar then
if d; and d are not similar then
case comparisonPattern(d,,d,)

the document and cluster:
C, < clusterInclude(d));

call procDAC(d;, C));
exit case;
the cluster and cluster:
C, < clusterInclude(d,);
C, < clusterInclude(d));
call procCAC(C,.(});
exit case;
default:
call procDAD(d;; d));
exit case;
endcase
endif
endif
endwhile
end

(8 17) sC BAHE +8sts ZRAX

(Figure 17) The procedure to execute the SC step
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3.4.3 DC oA

DC &A= F&GE9) wEos {FA8HA #v =54 292

i
i
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Q‘Ll
fE,
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s
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52
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A% 4w e di= FAES (dydydy dy ) 0% FHEE 3
s1 otk di ol Al SC BANA 4,9 olv] wmuo] FAHs

o}

(28 18) DC A2 of

(Figure 18) The example of the DC step

DC 9AE 5838t procDC ZRA A= (219 19)9F 72} (719
199] procDC =g A Aol A findDescendantNode(d,) &5+ 4
w4 oF A A e A WA AEnn g e dpolth

442_



Procedure procDC(TCT)
/* TCT: the transitive closure tree
d;: the visiting current node
d,: the d;'s parent node
d;: the first node that is not similar with d, in descendant
nodes */
begin
while each d, in 7C7, 4 is an order of BFS do
d, < parents(d,);
if d, and d; are not similar then
d; « findDescendantNode(d,);
case comparisonPattern(d,,d,)
the document and cluster:
C, « clusterInclude(d));
call procDAC(d,.C);
exit case;
the cluster and cluster:
C, < clusterInclude(d,):
C, < clusterlnclude(d,);
call procCAC(C,,C);
exit case;
default:
call procDAD(d;, d));
exit case;
endcase
endif
endwhile
end

(18 19) DC HAE 85t Z2AAN

(Figure 19) The procedure to execute the DC step
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3.4.4 AC ©HA|
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(23 20) AC TAHQ of

(Figure 20) The example of the AC step
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Procedure procAC(TCT)

/* TCT: the transitive closure tree
d;: the visiting current node

d,: the d/s parent node

d;: the first node that is not similar with d; in ancestor
nodes */

begin
while each d; in 7CT, i is an order of BFS do
d, < parents(d,);
if d, and d, are not similar then
d; < findAncestorNode(d,);

case comparisonPattern(d;,d;)

the document and cluster:
C, < clusterInclude(d,);
call procDAC(d,, C);
exit case;

the cluster and cluster:
C, < clusterlnclude(d,);
C, — clusterInclude(d,);
call procCAC(C,,C));

exit case;
default:
call procDAD(d,; d));
exit case;
endcase
endif
endwhile

end

(O3 21) AC HAHE $8sot= ZE2AK

(Figure 21) The procedure to execute the AC step
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3.5 FDC-TCT ZZA|X

FDC-TCT(Fast Document Clustering based on the TCT)+ 3.4
Ao A AAF fAE vla duFe ol &ste] 27| FHAHAY
S F8st7] 93 Aol FDC-TCTE 3 3i= procFDC-TCT
= (g 22)9F 2l procFDC-TCT Z2AAE WA 27 29
~Hdge FAst7l Y9st proclC EEAAE Fdstal A
procSC LA A& £33t} 181 FE =E=(root node)E T4
og 9% A8 Eg(left sub-tree)?} LEFH A HEZZ(right
sub-tree)& TAstY, ztztel thél procDC ZZAIAHE G gt
Fog AA wro dislA procAC ZRAAE FeH HF F

ol 2H7F A

Procedure procFDC-TCT(TCT)
begin

ITCT <« call proclC(7CT);

STCT < call procSC(/TCT);

L-TCT <« a left sub-tree of the root node in STCT;
R-TCT <« a right sub-tree of the root node in STCT;
DL-TCT < call procDC(L-TCT);

DR-TCT < call procDC(R-TCT);

D-TCT < merge DL-TCT and DR-TCT,

T-TCT < call procAC(D-TCT);

end

(18 22) FDC-TCTE $™ste ZEAX

(Figure 22) The procedure to execute the FDC-TCT
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(18 23) ZYLEZ FHE SHAH HE

(Figure 23) A set of cluster to be constructed by forest

(18 24) 2 EBAEHER S8 7|94 E HOIE ¥4

(Figure 24) A creation of public keyword tables for each forest
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Procedure procCreateCKT(R7CT)

/* RTCT: the execution result of procFDC-TCT
C;: the ith cluster in 7CT
m: the total number of clusters in 7CT
CKT: the ith public keyword table */
begin
for each C, i=1,2,---,m do
CD. < integrateDocument( C));
SD, < sortAcending( CD, K));
endfor
for each SD, i=1,2,---,m do
while all A, do
CKT, < findFair(count, A});
endwhile
endfor

end

(18 25 BS 7I9IE Hol2S H4sts T2AR

(Figure 25) The procedure to create the common keyword table
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B w=Xoa] Aotets IDC-TCTolA 4 Aol 4L v
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Ael #A 4,7 FE HolEHY] fFAETF minCarSim ©)7dE W
e Felag FolA AR 7HE & Fel2Ed £3Eh

do] HE ZE 719w HolE#9 FAS7 minCarSim ©| 5t
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Procedure proclnsertDocument(d,,, CA'7)

/* CKT: a set of common keyword table

d,: an inserted document

m: the total number of CKT */

begin
for each CK7,, i1=1,2,---,m do
s; < S(d,CKT,);
endfor

maxSim < 0,
position < -1;

for cach CK7T, :=1,2,---;,m do

if s;, = minCarSim then

isStarvation < -1;
if s, = maxSim then

position < i,

endif
else isStarvation < 1;
endif
endfor
if isStarvation = -1 then

return position;
else return -1;
endif

end

(18 26) 2A AUAS +8ots ZEZAKN

(Figure 26) The procedure to execute a document insertion
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3.6.2 A AN A 2]

Qoje] FexHRFEH FAZ AAY 0, Fezry YR
W7l B debd B4 Aol meh 26267 minCE §
Asp=A AAslor Bk,

24 AAE 88 E procDeleteDocuments (Z1% 27)3 2T},

Procedure procDeleteDocument(d,,/2C)
/* d : a removed document

RC: A cluster which includes d,
m: a total number of cluster */
begin
UC « {RC} - {d};
UCCoherence < M(UC);
if UCCoherence = minC then
RC <« UC;

else
store UC to the starvation document table;

RC «— -1;
endif
return RC'

end

(328 27) M MHE sHEots Z2AKX

(Figure 27) The procedure to execute a document deletion

454,



procDeleteDocument Z 2 A A ¢} zro] 2tAl"d F4 d,.5 A9

gl

ZejzE] UCo FY2H $3HEE 8ol minCEdY A9 4,5

A8, minCETE 2o o o] A EA0 JF FeaE

of J)%eg AAsgomE Aok @k 1Y A%HE #A
e B s} B4 dolRe] Aol AF vhe BAEW e
~Eg e Y@k

b BA Holel 2%® BAENY FAE ALE st &

].
A A& STRE WA, AA FA5ANA 7]oF w49 &
o] STRE

1.10

23} s A4S ey

3.7 IDC-TCT Z=2A|X

44 (association order)o] wel FAMEE AHHsta, 31404
geojgk TCTRE 74434, procFDC-TCT Z2ZAAE F3f 8-
He S szttt AA® ZF2~8 AHE procCreateCKT EZ A
Ae st FE 7195 Holss FAT Fol, MEE £49

A s8] A7

shar, AHAE = B4 7 2Aetd procDeleteDocument ZEA| A &

WA SEHE  proclnsertDocument 32 2 A
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Procedure procIDC-TCT(TCT)
/*  TCT: the transitive closure tree
CKT: a set of common keyword table

z: the ith common keyword table in CKT
RC: a cluster which includes d,

d,: an inserted document

n

d,: a removed document */

begin
rTCT < call procFDC-TCT(TCT);
CKT <« call procCreateCKT(r7CT);
if d, exists in CKT then

position <— call proclnsertDocument(d, ,CKT);

if position = -1 then
store d, to the starvation document table;
else insert d, 10 Z2,,540n 10 CKT;
endif
endif
if d. exists in CKT then

RC < clusterInclude(d,);

RC < call procDeleteDocument(d, ,RC);
if RC = -1 then
delete RC from CKT;
else update RC in CKT;
endif
endif
end

(O8 28) IDC-TCTE = ZEAA
(Figure 28) The procedure to execute the IDC-TCT
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4. Js H7t

4.1 dg &3

IDC-TCT®| ds& H7isty] ¢4 Z=1d,

dlolElo] 3k A IFAHS <% 3> 2ofsi)
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<H 3» AE 24

<Table 3> The simulation environment

IRAE == HAM 0|2

z2
IDC-TCT: A& T )2 (JDK 1.3)

0%

2td | PC: P-IV 2.0GHz, 512M RAM

]

EMHO|H | UIOIH 2AM &8, Reuters-21578 M &

rx
o

|
L
2
=
2
X
~

N
H
2
oK
ol
o
rr
pad
o
2
op
g
£
§
AC)
K
T
2

oA amEel WFe £%sE BA YFolth o BA AW
o v07he] MFR FAHE 4 WFEs 2% BATE <E 49

wr)
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<H 4 HolH A HE

<Table 4> Naver document set

UBHS CESE: A% 2M4
1 FTP 100

2 pP2P 60

3 PDA 80

4 WWW 140

5 IEE 80

6 K2 A 110

7 nEE] 80

8 IR 60

9 CH | &t At 40
10 ClHIOlA =210l H 90

11 2ol &l A 80
EE EIDICIOIS 160
13 M 2O 90
14 SN HED| 40
15 NP2 150
16 ATEOLH 180
17 2 HIH 120
18 SE2lEl 140
19 SDNET 120
20 HEAN, 28 80
Ll 2000

T odR Ad8o AEH FAE JdFoR 1A Reuters-21578

A AgFoluH17]. o] 41 A&S Reuters newswireo] Al A€
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71Abe] B g o 2 M Reuter®} Carnegie 1EIA FAPoRE HF
2 oldlAlsla] Reuters-221732. 2 3708+, o] & David Lewis
ol FEHE FAE Aste #Ag Aot Wiy HAE vlo)
J(text mining) okl 2579 A& #Hstr] 98t A5 AL
=i A d etk

Reuters—215782 <3t 5>9} 7ol 571 W9 zhzke] A%

FEm FAEC Atk

<H 5> Reuters-215782| {3 4

<Table 5> The construction of category for the Reuters-21578

SR NERCESS
EXCHANGE 39
ORGS 56
PEOPLE 267
PLACES 175
TOPICS 135

5719 WFE FollA B =iolAs AAl okl Wi VAR

TFAE TOPICS WFelA 10719 AR w5 A&ss A=
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<HE 6>7 7ol 7 AN HFHol| mt &% FAFE TG
Ago] ALg3t). A Reuter-21578 A A& 7

% dlo)E (training data)®} Bl A~E d|o]E(test data)E X &slal
ATH B Aol 7 HFHIZ AL g FAES vuA HHes
3 g dolHE Ao ® dAste] ARgstH F53 oA

of disiAut HAE vlo]HE HZFdte ARSI

<H 6> Topic HF =A HE

<Table 6> The document set for Topic category

UTHS H>d L5 EME
1 Earn 290
2 Acq 280
3 Money—fx 265
4 Grain 240
5 Crude 225
6 Trade 190
7 Interest 160
8 Wheat 130
9 Ship 120
10 Corn 100
Al - 2000
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4.2 M =248

AotEy HJHES agdoz AEr] Al <F >3 o
54 ¥ ¥ (document labeling) S TA gttt &, 4 SHHEHE F
d F EAV 5 HFd AEHEAE &S #d9d U

eh, A 2B Foll Ao 2% HFE Ads§H]

<H 7> 2A 2tdd £

<Table 7> The structure for a document labelling

the lowest level number| category_id | document_id

<3 7>°lA 'the lowest level number’ = 499 #4171 #HJ4
dldo] 191 WFeo] oA Haty WHFZ on et =, 'the
lowest label number’i= 1914 #3&}9 7hdae] F71Ae dHW
sojrk, 2elar 1o EA7F sl el B oA Wl &
Al category_id® E71EkaL, sl W ol oA EAR1A
document_id& 3 7|3t} category_idi= 1914 FH ) H F7HA 9
AWM T o]il, document_id 1914 ZHd A F7HA ] ddHE

ot}
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d& B (19 299 2 oAl 'AZEH THE

™
i

Mol he WE WA, FTP Wrol &abe 2A5e 2

2

gl glo] ‘2 1 document_id’' 7} 1L, "WS_FTP' HFol Hat

A

S
il

& Fx gago] '3 2 document_id' 7} ¥ Tl

azeqol ] Frp ]  AceFTP |
o | ws_FrP

> O

L)

[

e YR

(38 29) WOIHOIM <AZEQO HF Eg
(Figure 29) The category tree for the software in the Naver

olelgh w4 shuYe

O
ol
=)
il

daEe fa % gdele T RA

Hr

tl

B sbaelel SeheA org

(i
-~

b

i

sk v~ dA4Hmask

3

operation) &2 A &3&HA FEE £ . o F Fo, ¥4 fHd

= =

of FAEE &Kol 2t7; 32 vMER P A4 A9t Be &
A ebE e 7hzh L, kA SE, (1 3003 2 e vhs
Ao R Fd Wl AgE A Fudh
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if (( £, and (1111 11110000]) = ( Ly and [1111 1111 0000] )) then

"identical category”;

else "different category”;

i

(28 30) 5Y YIS Hsts O1AT oy

(Figure 30) The mask operator to decide a identical category

43 M85 3l 4

B Ao AeES ZFeaHy F3 5 IDC-TCT7/F &F/
g EA 5ol diste, el BA Heel L& EAe dA e

Agol dhgh wlgolth el A@Ee Al BA P £%d

1o,
kg
=2
Ex
db
i
rlr
Hd
=
o
e

FA g gk, i A T
2 sk Mol gk v ol

M AgE A& 37l fleke IDC-TCT7F 7/ &
daHEE i F2HE et i FHafHe 7707
BEs Zelaedi by 2o 2% BAE zdste Zel ol
ch At Fel s RCE ] 9 L, E A 4] shEE el
&3, ne BAe Fo4eta §Y, BRIV 2R FHEEER

A d7F o= el &eeAE Febe Lld)e (A 4D
et
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LC(d;) = L, AND [11111111 11111111 0000000000000000],
fori=1, 2, --

L n

“4.1)

RC= max{|LC(d)|1i = k, LC(d,) = LC(d,)},

fori, k=1,2,---,n, j=1,2,--,m

1eH Ag S IDC-TCT7F &

ol el

Iod

J
2
o
o
1
N
ofs
ol
rir
=
~f¥
=2
=

Fokel vjgolnw

ot 5)

o

Lo

".q[h

B

il

| o lepnRC)
* —_— ]:1,2,"',771, (43)
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v | CD;N RC|

=12, m (4.4)
=1 CDl

2oz A (458 %3] F-Measure F& 743k},

2XPX R
=""p%R *3)

4.4 ME 43 9 &Y

wode A IDC-TCTE 38 235 B4t gridoh
A 18 S =R dE del B4 H1eE, 249 2 9

7199 =5 A9 Reuters-21578 4 3§S ooz A
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zol tha AskslE 4ol it

FelzH $HEv 2% BHEd wAb Ak

i
i
o
=
(d
it

ZelsE $UES BAHY FeiHY g

miN

o 548

k%)
12

1) minC2 Hatol ME 2 AH = Bt

A doln FAF g st IDC-TCTE FastHA, minC
2 05, 06, 07, 08, 092 AAste] Fx=¥ i WEE SL

5
ol E CL €3 AL dael 53 vutsle] <x® 8>3 (19
=S 7k A SL, CL, ALE (7] shu}

<H 8> minC2 W3O CGE S2HAH 4 HW

<Table 8> The comparison of cluster number according to a minimum
coherence

(29 )

) minC
\\\:j\ 0.5 0.6 0.7 0.8 0.9

SsL 121 65 39 28 20
CcL 82 | 49 o8 19 11
AL 94 55 33 24 17

IDC—-TCT 142 | 88 61 34 25
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160

—a— S| —+— CL —e—AL ——IDC-TCT |
140 ‘
= 120
=
™ 100
A
E{ 80
5 60
T 40
20
0
0.5 0.6 0.7 0.8 0.9
minC

(38 31) mincSl H3lO| ME 22 2AH i+ Hlw

(Figure 31) The comparison of cluster number according to a minimum

coherence

(19 313 #o] IDC-TCTH AFH 22"l daudsse
minC7} Z7vgol whet minS7t %S BAES dHeRs 29

2B 9 7t it ol Ao ® minCe Z71

{

Sol 2UaHYe AUE FRste AL L F 9

Pss Sz A7 AL 2L avsE e 7lEol

b

ks

1aha 2esEe Ao wrh= AL Yed, 2w CL
AL, SL, IDC-TCT #o2 94248 Ze~H9e s, +9

A|ZEe @ol A Eth (19 3DS T3 ¥ ¢ %ol minCrh st
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S o= IDC-TCTS ALOl whel @usls e zele Asel

7} AR, minC7t 5245 11 A7t 2o

a

minC7} 069014 HEl= Zei2E AFe] gart g As o

AAsE Aol HAs o2 minCt U koW AR Fel
sEje e Sadte] SelsEgr A FAE ZelsEne] @

_‘C_I)_
oltjet® sjAE 7heAel 27 W&ol

2) minCel Bistll M2 2HAHY B2 SA2

minCel F7bo| wheh BelsiEg Wi BASFE gad ol

A S3E ol% F A A4l A= A 1BV WEl

o} <X 9>9} (118 32)5 ® SL, CL, ALo] IDC-TCTE.t} oj

Ao Felat] A a5 BAFsE gob wad QA

ld

to] ~EHE S F3ste o 5

al

minC7t 05% wi= IDC-TCT% SL+ CL# ALel wlste] Z#

2~H9 Hyt A5 #Ha7r AA T minC7b 082 AXWA A

o
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o
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i
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e
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e

F oot ageg FHrHYE F
AW minC7h 08 ol S MAste] S ZelAHYS F3
g wo= FAEEsE wol Hu= ALY CLE A& ARG
IDC-TCTH SLE 483z zlo] edsitt,

~70_



<H# 9> minCS W30 MGE 22AHYG B EA4 HlE

<Table 9> The comparison of an average number of document per a cluster

according to a minimum coherence

(291: 7))
T~ minC
T~ 0.5 0.6 0.7 0.8 0.9
ol U -
SL 7.35 | 515 | 3.74 | 3.18 | 2.98
CL 513 | 3.58 | 2.68 1.97 1.79
AL 574 | 3.97 | 3.15 | 2.63 | 2.3/
IDC-TCT 11.85 | 7.92 | 474 | 3.41 3.19
2 4 —
~ 4 —a—SL —+—CL ——AL ——IDC-TCT |
=
gt 10
8
BTE
2 6
4
N 2
4 0

(28 32) minco H30| OE SHAHT Ed As H

(Figure 32) The comparison of an average number of document per a cluster

according to a minimum coherence



3) mince Hist0ll ME Bz 2AH SdHE

minCe 7t wet Hi FY 2 SHAEE <E 10> (L™
33l etk (28 33)5 w9 IDC-TCTHU SL, CL, AL¢]
mal A =e Wy FeaE $HEE dERATh oA AFH 2
ey duglFol IDC-TCTRY A== Fefxee do] #
thu & F vk a2y IDC-TCTE minC7F AZASTE vy o
g E5 e JEart FolEr

Rl

<HE 10> mincQ #3l0] OE FH SHAEH SHX HlW

<Table 10> The comparison of an average for cluster coherence

according to a minimum coherence

(29 1 &)
S~
minC

0.5 0.6 0.7 0.8 0.9

etagl&E
SL 0.59 0.65 0.74 0.83 0.91
CL 0.67 0.72 0.78 0.84 0.92
AL 0.61 0.67 0.75 0.83 0.92
IDC-TCT 0.56 0.63 0.72 0.81 0.91
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= ' ——IDC-TCT —e—AL —&—CL —=—SL
0.9

0

0.8

>

0.7

H A 010

0.5

0.5 0.6 0 0.8 0.9

(18 33) minC2| H3l0| ME HF E22AH ST Hluw

(Figure 33) The comparison of an average cluster coherence according

to a2 minimum coherence
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g3 vl % grheth (2 3DolA Se2E el et ghu
A asElE AHeR minCE 0625 A4k, 2 9l minS

2 06, kZ 20, minMerE 0.7% AAsto] Fe]2ed S 835k
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<H 11> Z=E, MEE Y F-Measure Hl 12

<Table 11> The comparison of a precision, a recall, and a F-Measure

T~ 238 E | k—means

L | CL | AL IDC-TCT
157}3& aazz O © c-TC

d&Es 0.51 0.7110.86 |{0.74, 0.68
e s 0.49 0.73]10.9210.78] 0.75

F-—Measure 0.50 0.7210.89 10.76| 0.71
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1.00 ——————Ok-means BSL OCL BAL BIDC-TCT
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

m &£

Pk POE= F-Measure

(18 34) HEE, YSES LU F-Measure H| W

(Figure 34) The comparison of a precision, a recall, and a F-Measure

g Bustes 3ot IDC-TCTY FaAE ERetEe &
el F4E nolet &a, AAEE ZelaH 8 ceba st
Fo] Faalgte] Al IC BANA nlognW e AR ¥l 3]
F7b Aasty aelan SC, DC, ACRHAIA = g5 e

AFakE F7bAe Mk BLSuE enlogn¥ o) i 557}

g astth d71AH o WY 1< e <n/20] Huz Al Azt
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BAwE On’logn)oz f=dch iy @Azt ddeo) &

b

ol

b

drlole el @ AEm TR FRs wun
SRR EE R EE

IDC-TCT®l #8%=E F7hsk/l As) £4e AFE 1000,
2000, 3000, 4000, 500070 = A8t k-means ¥ alels, SL, CL,
ALY} vl <3 12>9F (719 35)0l A B Hpel o] G234

bl A= k-means @arelsol 7bg $-4% des Holw Wi

IDC-TCTE AgEo] Ax3 k-means FitejFE Aejstd o
HA dugFE Hrh b wE FAAsS Bk IDC-TCT+=
frAbe wlal ehare) a 544, 27l S sl A &

FEFE vk 5 FAREE EA471E ol EY dAC w2l A

of el BARMFE 27ldl £% BAZ Be ZosHE YD
oh. olelgl Aol olaH ) Feol el FAE A A5
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<H 12> &7 28 2HY $£#EE H|W

<Table 12> The comparison of a processing time for an initial

clustering

(&9l =)

gasE k-means| o | o | A pc-TCT
A g F

1000 38 | 196 | 876 | 26.8 | 17.2
2000 114 | 644 4173|716 | 59.4
3000 586 |127.91385.2| 163.2| 108.7
4000 1045 |207.32439.7]1255.3| 158.3
5000 126.7 | 286.814932.7| 385.9| 194.3

EEENE C| —%—k-means —®—S| —e—Al —4—IDC-TCT |

400 5000
350 4500 .

~ 4000
T 300 L

st 3500
AL 250 3000 T
] =
200 © 2500 f
iﬁ 150 2000 7t
S 1500 T
100 S
1000 _

50 500
0 0
1000 2000 3000 4000 5000
M= (00)

(28 35 =7 2AHY $HEE HlR

(Figure 35) The comparison of a processing time for an initial clustering
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| FAEEE Friety] A8 A bste 71N 27 29

~HEE& Fds FDC-TCT Faddaet »3 4 Fex

£

8)al= IDC-TCTS vl ¥ H7pghoy,
M <3 13>, (28 36)N M= minCarSimE 05914 098 A
A ate] wRAlEl s VoA e g E S S

<H 13> A4 FHH 2] FALZO HE0| MHE J|0t2A £

<Table 13> The number of starvation document according to a

minimum category similarity

(a9: )

minCarSim | 0.5 0.6 0.7 0.8 0.9

7|0t= A

2 2 7 2
R 251 523 1245 1671 053
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05 0.6 0.7 0.8 0.9
minCarSim (&l 2> FHE| 02| FALE)

(O3 36) =4 FHE| 12 FALES HA0| OE J|0t2A +

(Figure 36) The number of starvation document according to a

minimum category similarity

(28 36)C minCarSim® Z7to] et 28 FA9 F5 7|

= dHolE#e fFAES Sd, T)7F BE 3% 719= dHelEel

nd i

=

stol, minCarSim ©)4S 2E58A] b 7oA WA A
2 FA% otk minCarSimeol 0790 A& XA 7)o 7 &
AsHA WA R minCarSim< 06052 AAste] A2 FA

selaHg e FaAsE o] Bgsir

IDC-TCT® #R4E F43st7] Aste] 30001 45 Sl

Bl 3 AxE AR, 2 FAo 4kl 1000714 F7tst
of AAA FA ZelxEge £33 £5F FAHNCG AHUH FA
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Fel2Hyg S FdsA &= FDC-TCT &ugs3 H34

=4

Fe~HEgS Fdss IDC-TCTSe] FdEH=E v aldh

S

(19 37elA & F AFel EAF 400070 FH = IDC-TCT9

TP L7 FDC-TCTo| vl3] €453

45zt o2& FDC-TCTE= Az$ 2Ae A wnie
oA 2 AE P fadsior a4 W, IDC-TCTE ol de] Zejx

e AHE ol&feny 7z Fe2Ho &5 7|95 Heleie

<HE 14> IDC-TCTY HEH ZA 22{AHY ds Hlu

<Table 14> The comparison of incremental document clustering performance

for IDC-TCT
(H9): =)
T 22 E
T IDC-TCT | FDC-TCT
2 SHLRIYENL) T
1000(0) 17.2 17.2
2000(0) 59.4 59.4
3000(0) 108.7 108.7
4000(1000) 34.7 158.3
50000(1000) 47.2 194.3
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(b)) o2

200

180
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140

120

100
80
60
40
20

1000(0)

B FDC-TCT mIDC-TCT

2000(0) 3000(0) 4000(1000)
|

E EMT(E 2M5)

50000(1000)

(28 37) IDC-TCTR HAX 2M 2P AHY M5 Hl@

(Figure 37) The comparison of incremental document clustering performance
for IDC-TCT
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4.4_2 Reuters-21578 2A|Z| &}

2g 2 $4<2 Reuters-21578 EAHH S 4 /5 98 A
T dolEEA JFor A U o w4 HES A
oA AREEE dlolW FAlel Hg T WFol aFHs ATkl
thro] 2E JY9ER sk Ao m olFofA dvt. 1ea vlo
B B S 207 WSl Ag&E e 2000709 wA R A EH
A A 9k Reuters-21578 &A1 A& 10719 HFdd A%H= 2000

hel M2 AR

1) minC2l B30l ME S AH M+ HEL

minCE 05014 097tx1¢] ® Ao mt& Ze2g e ¥

i3

sl <H 15>, (29 38)3% vk dlolw &AM F el H st

‘

Reuters—-21678 &4 L W39 A7 10707F A7l oo
minC7y Z7}1shol wel A8 dAasEe 542 sdshA R

49 19 wiskel FelaE ASsk G4 HaEe & & 9l
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<H 15> minCQ B3t0| ME SHAE 74 HlW

<Table 15> The comparison of cluster number according to a

minimum coherence

(g A)
minC
0.5 0.6 0.7 0.8 0.9
e E
SL 86 58 27 19 17
CL 59 31 14 11 11
AL 73 44 25 15 13
IDC—-TCT 94 63 31 22 21
100 —=— S| ——CL —e—AL ——IDC-TCT
90 .
~ 80
2 70
A 60
B 50
40
30
F 20
10
0
05 06 07 08 09

minC

(13 38) minCSl H3O| ME Z2{AE i+ H

(Figure 38) The comparison of cluster number according to a minimum

coherence
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2) minCel Bistll ME S AHY o BA=

-

minCe W weE Fe|2Ago A%EHsE FAY HAS 8
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<Table 16> The comparison of an average number of document per a

cluster according to a minimum coherence

(81 )

T~ minC
T 05 | 06 | 0.7 08 | 0.9

otng| s \
SL 19.3 11.6 8.4 6.2 56
CL 12.5 8.4 56 5.1 4.9
AL 16.2 10.3 7.9 5.6 52
IDC—TCT 21.4 12.7 9.3 7.1 58
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(Figure 39) The comparison of an average number of document per a

cluster according to a minimum coherence
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<Table 17> The comparison of an average for cluster coherence

according to a minimum coherence

(391 L)
~ minC
o1 0.5 0.6 0.7 0.8 0.9
ANe|F
SL 0.61 0.69 0.75 0.82 0.91
CL 0.71 0.74 | 0.81 0.87 0.94
AL 0.64 | 0.71 0.78 0.85 0.92
IDC—TCT 0.59 0.67 0.74 | 0.82 0.91
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(Figure 40) The comparison of an average cluster coherence according

to a minimum coherence
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4) HEE 88 L F-Measure

o] (19 3992 HY minC7t 06%] AN ZFel~H H
A7 FAA gAaste As o 7 dv adem JoE
Ad &, F-Measure ¥ S 2HY T35 42 A minCE
0.6, minSE 06, k& 10, minMerE 0.7%2 2A3%o] zt dug|EF&
of diate] Fej2HEE S A <F 18> (1H
ok,

(19 4D 2ol oW Al g tol HlEte] Reuters-21578 &

Qg BAe §AEZL 2 RARR PAALY] AR,

X

SL, CL, ALdA = A3 18 $2 dss Birh 12y o]
A oH ool wel mE FAee FAIRE wnslxA gE
IDC-TCTA A &= wAle] A3 Aaglol A9 uHis=g de& Ho
=40l T

<H 18> =& Y& U F-Measure H| !

<Table 18> The comparison of a precision, a recall, and a F-Measure

(&9: vs)

. #3225 |k-means sL | cL | AL IDC-TCT
Holes T~ | ¥12E
Hag 0.56 | 0.74 10.91]0.79| 0.71
HEe 0.51 0.78 1 0.95 0.83 | 0.73
F—Measure 0.53 0.76 | 0.93  0.81 0.72
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(Figure 41) The comparison of a precision, a recall, and a F-Measure
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<Table 19> The comparison of a processing time for an initial clustering

(&9 %)
o gRAT kemeans) | e rer
M4 - |gnas
1000 3.7 | 203 | 88.4 | 203 | 16.3
2000 109 | 67.3 4248 | 743 | 525
3000 59.3 | 138.2 1473.9| 168.5| 96.8
4000 1125 | 211.8 2498.5| 263.4 | 132.8
5000 1253 | 292.1 4975.4 397.8 | 174.7
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(Figure 42) The comparison of a processing time for an initial clustering
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