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Effective way of clustering on categorical

attribution database through improvement of

existing k—mode algorithm

Abstract

In recent years, as importance of categorical database has increased,
various researches about categorical data are performed. Especially, k—-mode
algorithm which is partitional methods for categorical data as an idea of
extending k-means algorithm shows excellent capability in time efficiency.
However, similarity calculation through simple comparison between
random-choice and mode about initial points mode shows low accuracy
about result of clustering.

In this thesis, the selecting method of initial points, which is not
random-choice about Initial points but based on frequency of data
attribution has been improved. Also accuracy of clustering results has im

proved by giving weights which it follow in frequency.
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k—mode algorithm
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(1) A9 dolee] tat 2715 kSl e mode 47
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(3) $ALE kol me Zesy B
4) 21289 mode 74
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—~ 29 A4 0 k Fo)xE

k—mode ¥ie]F RFEA] HolHE Hugoza FX%21 fdo] 7HsdhH o
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A =2

S

3) k—prototype algorithm
k— prototype <3125
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k— prototype algorithm

— g9 nyhe £ dHolEulo]l s, 271X HAEk
(D J=4 dolgd dgt =71A kNE A4
(2) koF dlolEzte] AW A 2
dolE =-g7|uke] fAE=AY ZH
(3) FrAME Fhel whe Se2H &9
4) 22y 7324

(5) FE 2o Wt gls WA @2)~()eA Wk
- &9 A w4 k E2H
k—prototype 42]&S FAPEAI MFFEH0l FE dlolHol el a3
2 ZY2HY & £ = ZHS /K3 Yt AW k—prototype LB EL 7)1E9)
k—means ¢1E]F3 k—mode ¢ig]Fo| thsto] @sd] E3FeE WAolnRE 7|Ed 7h
A3 dv FARE 2R FA B AFFEFT AP EHGT] dolE()AE W
Ao figt F o s AdFE daE s
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2. k—mode 7NA daE=

ol SIFs|OlN k—menas A0 EHR k—mode FNLZE 2tzke] vlelEl %ol )

sto] &t olth ST k—means Gne)Et k—mode NAFE P A BARES

A3 gtk B ERA AT Be A7 AdHn Qe WFgeld FesEge 9
1

g k—mode ¥ielEE NN daegjES ARSI AA 27| ko] AU Ul

D z71A k A" R 71

AA, & ky, k& N={N,,...,N, }70¢] dlojgle] tjate] A={A,,.., 4} £4<
Fake dlolelo] hske] MElEel 27] Fejxg ol

ke

dutA o2 k—means S8 Z3 k—mode dag=e

N

z7] AgEolzl FeiE
TAE VIR FYAHY HER A5 FPHY FEAEY0 oFot. &, fA:
Aol we w7 el sle AAES WA T4 SH2EHC 23A7= Wyl &4
9t k—mode LT ES WFFY dHolHE 7wow sz TP FeAEHo] HiE
A& RHA = etk kARt A SHes & A, £49 8 Adew £ F
Atk o= Ao = ol wiste] kel I FAR WEo] sl HH daE
= Wastoe] o] 7hestiet,
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2) FAE AR A

& k—mode FnTFES] A FAE AN §Eo Fom RelwoHtt =, AL

5 0fke] HolAA e SYLEHE FY2EHY Hu shAT o] WA orE ofF F1H
=

2

g Atz gl ek A BSeit 5, ¥ w8
g dopgttt, i =EelAE dedl tidk ArbAS sl
71§kl tiste,

{(1J (@, =y,) {wa (7 =) (i€m) (z,y EN)

0 (:Ui#yi)

S} o] Fjstelrt.
ARE Agaom Fetoll FAE FUXHES F O 2 g A =0, 529
cANE Ao st Addol ohd AR ol AME Ados M@ £

F

2ol A ALAL p,gol dhalA

ARl 7heAl Azks ok ol VIEAR] VA W oEA S AP 4TS

2
12 Folheen oy Ad3 Se2Ed 23ds At
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® A= ARt

N &S| S |

(@) FAME ALES fgk A4 AR HE 54

3”8 N={N,,...Ny } el dloleo] diste] 54 A={A,.., A}l EAsv, z
Zye] &XEL {Al:5},{A2:4},{ASZQ},{A4:3},{A5:3}7H9] Hrow FAE

P &o] i EE ARES] F2 472X EE HoHES

glolglo] tiste] 5% 2(:=2.35)0|th. =, HolH S &Ad s}

E8sitl. olu), 47709
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B AR ol 2rt e 1(R)S AT A A, 3 MY ARWR) BA "ok 2
Z Ae ZozdHd 9FS FA FE 22(@2 9 od oz &4
{A, A, A} 9 9= 2e2HE0 9FE T £4 (p)ol Bvh WA p= 1+ 1+1)/2
+ 2 = 35009, fAME AREA 7bEXE T={1,1,0,0,1} ] oJsix HgoJBEs AH I}
e, {4, A, A} D S F7 A (w)E e {4,419 B 7HEAE Ass
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3) HAZL AlE()H &

FH R B =il £47Y] dolE A8 S F
k—prototype &ig]Fell A&H = o] Eqgke] F4olnt
Auba o 7 k—prototype L] FolA ¢olE Fhe B4

2 &
"k AR folEs A =AY S WY S0 grel o Rlus vt
A %

[e}
A8 £A AFS O, olFa s WEH HA Are O 0lFa At B2 g
C
JolE 7S ~= C’i“m 2 & 5 g} sx U ol= v nlar) Ho] nu) AFgE Zd

cat

2EY 3o oJu|7} ofsu),

SHANE Y £ FH2EP 9FS FE 245 O, UL AR HEFE &
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ol HACIE @& WMFFEA Y FAZEAY HEA T8 vlash= Aol of
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4) MAE k—mode L=

k—mode 7§ &g

AN

— g nAlel WFY doleulel s, 24 A kel A%

Step 1.
L1 4= dolgel ek pAt 31 T 44
1.2. 271k AA

Step 2.
2.1 AA AAs} koke] Tol o fAE ALt
2.2 FAEE S &H A g3

Step 3.

3.1 Fe/=H 9 W7t §ls W7k (Step 2) W53
3.2 W7k gla ul AFE At 5 F9

— 23 A% WA k2ol
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Iv. 4345 % 24

B omRdAE B FelsHRRoldN Be ¥l

1 5o] o]Fo|x a1 ¥ UCI Machine

Learning® small Soybean Database ¢} Mushroom DatabaseZE thi}to 2 AlE# ol &}
At th 5o shelom, V.38 A=
Mushroom DatabaseZ H|w A3 vt 28ar V.38 = A B8 A7 1859l
e A5 AR i E vlaskgith

Ao = BE AEFo]AE R-program(ver 2.3.1)& & 783t RS SAAE
Edojz A we o] AAFd FIMaZE o olth R-program A FHAE F
 Tglgo] Aoz thEE = (http://www.r-project.org) & & 9Jow HAztE 7AHFU

HE T8 B2 AR uFTolth

V.24 A= Soybean Database©l v A 3 S

1. Database 4 ¥

1) Soybean Database
Soybean Database® k—mode 2 k—means <112l HAE Ho|EHo] A& uf$-

FEs dolguolat: & 47/l AmEdele e Hste] 35709 SHozA o] Fold

A=

= [e) 5 A=
qoH, £ MTE F49

4 E71¢] dHl, A, A7) so2 o]FolA .

=

A

¥ (1) Soybean Database® &4 A

%7 e A FAEEd
1 |date April, may, June, July, August, september, october, ?. 0,1,2,3,4,5,6,7
2 |plant-stand normal, lt-normal, ?. 0,1,2
3 |precip lt-norm, norm, gt-norm, ?. 0,1,2
4 |temp lt-norm, norm, gt-norm, ?. 0,1,2
5  |hail yes, no, 7. 0,1,2
6 |crop-hist ?;;—eléﬁggf_e;er‘;_s};rar;egst-yr, same-Ist-two-yrs, 0.1.2.3.4
7 |area—damaged scattered, low-areas, upper—areas, whole-field, ?. 0,1,2,3,4
8 [sevrity minor, pot-severe, severe, ?. 0,1,2,3
9 |seed none, fungicide, other, ?. 0,1,2,3
10 |germination 90-100%, 80-89%, 1t-80%, . 0,1,2,3
11 |plant-growth norm, abnorm, ?. 0,1,2
12 |leaves norm, abnorm. 0,1
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13 |leafspots—halo absent, yellow—halos, no-yellow-halos, ?. 0,1,2

14 |leafspots—marg  |w-s—marg, no-w-s—marg, dna, 7. 0,1,2,3
15 |leafspot-size 1t-1/8, gt-1/8, dna, ?. 0,1,2,3
16 |leaf-shread absent, present, ?. 0,1,2

17 |leaf-malf absent, present, ?. 0,1,2

18 |leaf-mild absent, upper-surf, lower-surf, ?. 0,1,2,3
19 |stem norm, abnorm, ?. 0,1,2

20 |lodging yes, no, 7. 0,1,2

21 |stem—cankers absent, below-soil, above-soil, above-sec—nde, ?. 0,1,2,3,4
22 |canker-lesion dna, brown, dk-brown-blk, tan, ?. 0,1,2,3,4
23 |fruiting—bodies absent, present, ?. 0,1,2

24 |external decay absent, firm-and-dry, watery, ?. 0,1,2,3
25 |mycelium absent, present, ?. 0,1,2

26 |int—discolor none, brown, black, ?. 0,1,2,3
27 |sclerotia absent, present, ?. 0,1,2

28 |fruit-pds norm, diseased, few—present, dna,?. 0,1,2,3
29 |fruit spots absent, colored, brown-w/blk—-specks, distort, dna, ? 0,1,2,3,4,5
30 |seed norm, abnorm, ?. 0,1,2

31 |mold-groth absent, present, ?. 0,1,2

32 |seed-discolor absent, present, ?. 0,1,2

33 |seed-size norm, lt-norm, 7. 0,1,2

34 |shriveling absent, present, ?. 0,1,2

35 |roots norm, rotted, galls-cysts, ?. 0,1,2,3

=
3l soybean H¢|El:= K=4= Aol glow, Z7h2
C(Charcoal Rot), R(Rhizoctonia Root Rot), P(Phytophtoora Rot)® %o Xt} o}
Al 2 AHNAE p gholl ME 271k AAd st kyky kg kyE AGsHe] 29 2~H

Yo s

D(Diaporthe Stem Canker),
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123 4567 89 101 R21BUBIBITBODAZ2BIADDBTBDDI2IBAD

“139(9) Soybean Database © o3k A¥ U=

I%(9)E Soybean Database®| wste] u%
S5 FFSUT 2 A et Ee] £49 HTt FHAHY WA TS = F U &
2ol M 21, 482 Aol 17 olstzA FYLHH dFS 4 ¥ ATe
ld(@Aelth. webs pu=p/2+q=2452 Axte] HH, oF =252 AidAL. agx

g J1F0R kRES AAAH
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ky | ky | Ry |k, ky | ky | Ry |k, k| ky | Ky |k,
D|2]4]3]1 D 10 D 10
cls8|z2 Cl1]9 cl1

R 46 R 10 R 10

P |12 5 P |8 9 P 9

138(10) 71¥ k—mode daglEo] HZA 3 A

aFA0E 71E k—mode FneZEe] AR DAL weFI Uk DRANA 2
7] AAE kSl el FAE S0l oF FeAHANE BT or, (DAL ()
dAe] MEse] MERAS Fo FesHPS AU Aol MEiYoR Qs 2
| Ze269 H9t ol SugFe WEAFE 6

s= 24 GRS w7l o] e Joe 242 98 EG2RA 17)

HAHELS QAT v)wE 3=

X

o Holgrt &7 HNer 63.8%9 AgEE Bt =& o= A" AdEH=
S0l thslid B2 d¥Fs Torz 9 AddS uA Aldshd oA A" s

=
o A o B AE HelE: FE ov, Fe o we s welE: FE Yk
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(1) (ii) (iii)

kl k2 k?) k4 kl k2 k?) k4 kl k2 k?) k4
D 10 D 10 D 10
C 10 C 10 C 10
R |9 1 R |10 R |10
P |4 13 P 17 P 17

1%(11) k—mode A dag]Ee] HA s #A

JHAD2 M8 k—mode FadlFe] FAAS FAS AT OEA NN ol & A

)

Holzl k= Q8 x7] E2HHol 7IE k—mode €ilEEel HE Z AEEAA 1

T2 = F Utk (DEANAE BErds $3 FHAH oS ovietd, o] u Wt

e 33 wbEEAY. (iD= HHe mMEY2ES ARt ditelr. 9 aydM=
al

100%9] A== HolFa gk

A
o

Iz
ol

A s £ AIe H2EES 98] 7|E k—mode L1FEZ7 AstE

k—mode /N4 <ug]&S vlwsigdtt. AL 103], 1003], 10003 AHES wE 83}
fon Z2HYo AL " dugFe ubE FP3FE S-S

100
98
95 1 1
90
87
83
80
70 1 1 1
60 4
50
40

19(12) Soybean Database©] ™3t 71& k—mode &¢118]59 103 249
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% 1 2 3 4 5 6 7 8 9 10
100 3 4 2 4 1 1 1

98

95 2 2 3 1 2 1 1
90 1 1 3 2

87

83

80

70 2 12 4 2 5) 1 1
60 1 5 10 4 4 2 1 1
50 1 4 2 1 1

40 1

% 1 2 3 4 5 6 K 8 9 10
100 16 37 69 44 22 20 7 5) 3
98

95 11 20 16 19 14 11 2 2 3
90 1 7 8 22 12 4 3 1

87 3 2 2

83 1
80

70 24 86 Y ol 21 13 6 2 6
60 10 85 76 o8 31 19 7 2 8
50 3 7 18 13 3 1

40 1 4 1

18(14) Soybean Database©] ™3t 7]& k—mode L18]=29] 10003 A g

23(12), 238(13), 238 (14)= 712 k—mode 2380l thale] 103], 1003], 10003

o APANE HEo] g WY Aol hete] AL Lolth

el
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i}

E(©2) 71¥ k—mode €1]Eo AdAAE

103 2% 1003] 43 1,0003] 23

full best good full best good full best good
100 1 1 1 16 16 13 223 223 166
98
95 2 2 1 12 12 8 98 98 66
90 7 7 5 58 58 38
87 7 7 5
83 1
80
70 3 27 266
60 4 28 296
50 9 45
40 1 6
total 10 3 2 100 35 26 1,000 | 386 275

F@)NA fulle EE HolHo thg AdnESgoln, besto] 45w 2 SY2HE

O

o] ATt F F Y& 87%0l o] AFEE B Aotk I good? H$-E 87%
ol gl Aol distel g Fo) whRo] 53] olstEA besto] Ag-oA WA wE Az
S BAFE 299 3ol

o M k—mode iEFe] ARSI FRRIA WAOR k—mode MA &

a2 tiske] 103], 1003], 10008] WHE =85} o,
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10

100

98

95

90

87
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80

70

60

50

40

Z13(15) Soybean Databasecl

%

3k k—mode WA Laig]Fel 103 23

10

100

14

20

17

98

95

14

90

87

83

80

70

60

50

40

713 (16) Soybean Databased] ™3t k—mode WA Lag]=9 1003 A Y
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% 1 2 3 4 5) 6 7 8 9 10
100 112 297 119 120 5) 3 2 1

98

95 48 106 85 3 10 1

90 7 21 5) 8

87 12

83

80

70 15 5)

60 6 3 3 1 1
50 1

40

19(17) Soybean Database k—mode 784 &ag]Z£2 10003 A&

103] 4% 1003] 23 1,00038] A3

full best good full best good full best good
100 5 5 5 57 By 57 659 659 648
98 4 4 3 31 31 30
95 3 3 3 253 253 242
90 1 1 i 41 41 41
87 12 12 12
83
80
70 1 20
60 7 14
50 1 1
40
total 10 9 8 100 92 91 1,000 | 965 943

¥(3) k—mode NA daelFe AdA3x

ZB)E BH 7|EAo R 103] A3 A5 87%cldel Adee 93 yEien, 100
3] Aol A5 923], 1,0008] A A5 965632 Fel2E7E & HAY 53] &ags
o] wHgo] 53] ofgtz YEli= good ] 9= 747t 83], 913], 94332 yEhtal glor

ol& 71¥€ k—mode 23253} v uskglth



X(4) 71E daE Yy NA daelse 2849 v
103 A3 1003] A3 1,0003] A3
best 7= 7Had 7|& 7Had 7= gl
€S k—mode k—mode k—mode k—mode k—mode k—mode
>87% 3 9 35 92 386 965
d 7= 7Had 7|& 7Had 7= il
goo k—mode k—mode k—mode k—mode k—mode k—mode
>87% 2 8 26 91 275 943

T (4o E Soybean Database © thalo] 7]& k—mode$ k—mode 7§34 L9

Al &)

AANE At RE AdoA 7€ k—mode &gl XU k—mode WA &

gl5o] €453 P S 2HY A3E RAs
%(5) 7€ dagsd M dugFe H dkE 35
103 43 1003 A¥ 1,0008] A&
71E& 7N 7|& MA L A
bt k—mode | k—mode | k—mode | k—mode k—mode k—mode
es
4.3(3) 3.7(9) 4.4(35) 3.4(92) 4.5(386) 3.4(965)
A 70 7| 7hA Az gl
J k—mode | k—mode | k—mode | k—mode k—mode k—mode
goo
4(2) 3.3(8) 3.6(26) 3.3091) 3.9(275) 3.3(943)
G gueze] FaA5E wusglt. BE
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2) Mushroom Database.

Mushroom Database?] RE HoJEHE2 8,124719] dmZ==2 FAHoown, 717t ¢
FEEL 22719 £A4& qdet 4 SAES EYAJ] A, B, A7), WA el diske]
Aeojeo] glom, HA 9 HolE F A& 7hed 4,20871¢ WA H} 391670 =HA o=
TAK=2)59] 2l

A= p=1322 7AxtERNow, A3 103], 1003] v Ffsi3ith

A

(3 6) Mushroom Database?] &4 A

B &9 i
1 |cap-shape bell=h, conical=c, convex=x, flat=f, knobbed=k, sunken=s
2 |cap-surface fibrous=f, grooves=g, scaly=y, smooth=s
_ rown=n, buff=h, cinamon=c, gray=g, green=r, pink=p, purple=u, red=e, white=w,
3 |cap—color elloRey
4 |bruises bruises=t, no=f
5 lodor almond=a, anise=l, creosote=c, fishy=y, foul=f, musty=m, none=n,
pungent=p, spICy=S
6 |gill-attachment attached=a, descending=d, free=f, notched=n
7 |gill-spacing close=c, crowded=w, distant=d
8 |gill-size broad=b, narrow=n
9 |gill-color black=k, brown=n, buff=b, chocolate=h, gray=g, green=r, orange=o,
pink=p, purple=y, red=e, white=w, yellow=y
10 |stalk—shape enlarging=e, tapering=t
stalk-roof us=b, club=c, cup=u, equal=e, rhizomorphs=z, rooted=r, missing="
11 |stalk-root bulbous=b, club al=e, rhi hs ted ?
12 |stalk-surface-above-ring ibrous=f, scaly=y, silky=k, smooth=s
stalk-surface-below-ring ibrous=f, scaly=y, silky=k, smooth=s
13 |stalk-surface—bel b f, scal lky=k h
B B . brown=n, buff=b, cinnamon=c, gray=g, orange=o,
14 |stalk-color-ahobe-ring il oy wite— vellone
e o brown=n, buff=b, cinnamon=c, gray=g, orange=o, pink=p, red=e, white=w,
15 [stalk-color-below-ring .
16 |veil-type partial=p, universal=u
17 |veil-color brown=n, orange=o, white=w, yellow=y
18 |ring-number none=n, one=o, two=t
. cobwebby=c, evanescent=e, flaring=f, large=l, none=n, pendant=p,
19 |ring-type sheathing=s, zone=z
O black=k, brown=n, buff=b, chocolate=h, green=r, orange=o, purple=u,
20 |spore—print—color white=w, vellow=y
21 |population abundant=a, clustered=c, numerous=n, scattered=s,several=v,solitary=y
22 |habitat grasses=g, leaves=l, meadows=m, paths=p, urban=u, waste=w, woods=d
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131(18) Mushroom Database®] W3t 7] k—mode <ag]<2] 103 A g

% 4 5 6 9 10
100
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1
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o,

E(7) 71¥ k—mode €185 AdAAE

103 A9 1003 ¥
full best good full best good

100

98

95

90

87 3 3 2 9 9 2
83 9

80 7

70 2 8

60 3 37

50 2 18

40 12

total 10 3 Z 100 9 2

&= 0.
S
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7} 87%°)%,

%(18), 19 (19)% Mushroom Databaseol U]
gz Ay AdeAE £2 AHE HoFaL
F(DoA Bzt
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3E®) k—mode 7N LarelFe] A AR
105 &9 100%] ¥
full best good full best good

100

98

95

90 1 1 1 3 3 1
87 4 4 3 23 23 14
83 2 8

80 17

70 1 10

60 1 17

50 1 22

40
total 10 5 4 100 26 15

a9(20), 1921 k—mode W aElFS A&3 Aotk 9 E(B)S ¥
Y2l thE dA velE et 87%ol e F SHAHY HoJXl good& TiEdt
Atk BN E(B)S HlaLstd 103] 1003] v Adel st /M dagFe] o -5
Z23E HoFErh

103] A3 10038] 23]
7|& i Z|& 7
k—mode k—mode k—mode k—mode
best
5.6(3) 4.4(5) 6.1(9) 5.1(26)
7= 7Had 7= 7Had
k—mode k—mode k—mode k—mode
good
5(2) 4(4) 4.5(2) 4.4(15)
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2. AF ¥|aL
A2 7120 k—mode F3AFE ART BFP BueFo] AT qluk ol
el B AAE dfse]l WEHeld AATER B =ReM s dumelBEe

Fel28Y Aae vwsheh

- Initial point refineing algorithm (Ying S. 2002)
- k—representative algorithm (Van H. 2004)

® Initial point refineing algorithm ¥}+e] W]l

Z712 A

ok
filo

MM Initial point refineing algorithm-2 A dlo]g ] o3k
subset S 2 H-E ZHMEYS F35HA "o} subset > bradlyetal & 7|Hro 2 e 2HH
S 8 A Bt (bradly P. 1998) A= subseto] Aol wa} Fej~EFo] JFS w

e subset o Ao wl§ F 23t}

Initial point refineing algorithm

step 1 : // sub-sampling
1.0 CM=0
1.1 For i=1,...,J
1.1.1 Let SZ be a small random sub-sample set of Data
1.1.2 Let SP; be a randomly seleted K sample from S
1.1.3 CM, = Clustem'ng(SP,Si,K)
1.1.4 CM=CM U CM,

step 2 : // Refinement
2.0 FMS=0
2.1 For i=1,....J
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2.1.1. Let FM, = Clustering(CM,, CM, K)
2.1.2. Let FMS=FMS U FM,
step 3 1 // Selection
3.1. LetFM= ATgMnFM{Distoﬁion(FM, C’M)}

3.2 Return (FM)

Mels o)zl sudbseto] diste] wHRSalS F3 FEAHES W AA] AAS F

S B HA Y AoE HolE.

¥(10) Initial point refineing algorithm3}e] S ~EH® A3} nlil

] No Initial point k—mode
e re fineing refineing N SaelE
algorithm algorithm

0.98 5 'S 10

0.94 2 ¢

0.89 2 1

0.77 3

0.70 p ]

0.68 o

0.66 3 :

X(10)NA  Initial point refineing algorithm< £ A3}E HoFil At} 98%2]
A EE BT Flo] 143 oo 2 7|E k—mode &ag]Fol W&l Iitial point
refineing algorithme £ ZA¥E W1 Q. B2 AQtsl= k—mode EazFH

T st s HoFa vk SR AAHo® HWW Initial point  refineing
AR7F obF fFetAY F& AWe] W AdE 4o HAU
o} HE AtsteE duEEFS 98%ole A ToAME=  Initial point  refineing
algorithm Bt} @& FX& B3O HI% 94%0]4 oAM= 1832 AStst= dagsH
o ¢FatA SAHAT. EFF, 89% oFe] AIEE Hl AL HA 203 AT 193] =

algorithm-& 22 2~E "

lo

Initial point refineing algorithm <ilg]FHT} $-

-
ot
i)
_&3
il
T

Q
T
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® k—representative algorithm ¥}e] B 1L
k—representative algorithm & Ze]2H AHE AHsts WHE MAds 4
2A Y 2P AHE 29 2HY MY HIEE o] &ste] Alitbste ol

HE Ot Q=g @ 39 99 W, ¢ = {(,), )l ED,} = B@sA Ak,

k—representative algorithm

1. Initialize a k-partition of D randomly
2. Calulate k-representatives, one for each cluster.

3. For each X, calculate the dissimilarites
B NN, W
Reassign X;to cluster C
Update both @, @

4. Repeat Step 3 until no objet has changed clusters after a full
cycle test of the whole data set.

¥(11) k—representative algorithm3}e] e 28y A3} vl

e k— representative b mode /4 obE =
algorithm

1 ~ 0.978 519(good) 659
0.977 ~ 0.936 87(good) 253
0.935 ~ 0.893 80(good) 41
0.892 ~ 0.851 89 12
0.850 ~ 0.808 86
0.807 ~ 0.765 94 15
0.764 ~ 0.723 28 5
0.722 ~ 0.680 8 12
0.679 ~ 0.638 7 2
0.638 ~ 0.531 2 1
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