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3 2 7b5e @ BB YRR RRAE Aok Bd AFBHAA

r°i'
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A T2 f2e BAZHE fM3te AF7MEANA %é%‘j‘&?_i 12] 5| of
of 3t& MAEE AEIEE st ALdAE & F AU i 3

787 o8& /RAEC] 2 % F9= Clustering 9| %Z_-}?_ A7 02 A9
71%& A8 AF B A"eE £ 47 Ao

B dFdAE 71€9 Fuzzy JFEA Y DS BA37] Yt B2
Entropy /fd€ =T AME2L #49 SXF%5E HEA HUS ol & vgez
JFENE 3 A2 YoM AV ZARE A2 & F U5S €A I}
FH MEL FATF =QoE Qoo FH EAFFE AT 2 5} 71% <l
Fuzzy ISODATA € 1g&Fol M2 53T Al = AA
st AR 2FFAA HZ s JdF &3t MFAY e
t}. 2 23 Fuzzy ISODATA €1 Fo] AAH JHHE A F3
3 AAHYA HAHAE 2E 2HE A

B Aqe 74L& g3 2o D&M E Fuzzy Clustering®] 71 &g ol
M dHry MANME FuzzyE 3 &< Entropy HE& AUAAA AAE
of B2YE FAAN BHTTFE AN o] FATFFE HH sy A% 7Y
Q) MFAY 3 E]Zd] tistd AHEST VAAME 583 g Aag F3}
o] Fuzzy-Entropy Z4&59 7129 Fuzzy 54 SFE AH43 23E 6|23}
A, A5 $yo 2= MFAS8F3 Fuzzy ISODATA WS 7 AL&3
Aok 5FAME FFEY AHE FTFIAAL o2 AFHAE EQFAct
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TAAY JAFEN HHE AHEEE Z Al A e g &3
2ok F, Z AAEY 24T FL 0 5L 12 FoAT a2y 454 I
S AA o NAE daiMe 258 #& 0 EE 12 Fo] E7T

v AL BAZ Ak o8 EAE fFste HHOE FuzeyI g2 2AS
% Fuzzy &4 #Wio] Atx Ut
Fuzzy A EA 98 & Bezdek(1976)0) 2&ilA AtEHRN T A dsts ddo
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2 Fuzzy K-means Wo] @o] AA&HEd 3 22 5RTSE 20

rir

Slgry) = Zl ’leimr gl(xik - Zok) .2.1)

] < r < o

AAA, X = Ky o, Xip) 1=1,2, .. € IHAY 7RA)Z Yy = ( Ya,
S Yig )E DA AAZE 24 JFe £ G50l Zy' = Zmy, .., Zap) (M= 1, ...
, g miA FFe FTHE YEdo.

A7NM, Zmk = 2 Yim * X / 2 Yim

(

o

=1,2 .., p)
o]t}

Fuzzy K-means <& t&34 & AgzAs A EHT+, S(g, 1, Y)E
HAAi 3= Yi'=(Yy, Yo ..., Yim)S T3 AHolth

1) 21 Yim =1 (=1, 2, .., n)

m=
2 0 < Ym <1
(i=1, 2, .., n:m=l, 2 .., g)

A e FYsr] At A5 AdE g Fol Fuzzy ISODATA ¢3i18]
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2. Fuzzy ISODATA &12|&

Fuzzy K-means o2 ZAF3E 97| 93] Bezdek(1976)0] A|<Hg+ Fuzzy
ISODATA ¢xndFL v 2o,

S(gry) = 2 ZlYimr gl(Xik - Zok)® .(2.2)

o714, 1 < r < oo
) AZY £ g8 A3 Y=, 2, .., NEY VXS
2) 7+ A9 FAQ Zo' (m=1, 2, ..., g)& AT
3) g Ao} A Y=l 2, .. n)E AAZT}

o},

AN

1/ B0 (K- P/ B O -z P

1=1

1 <m¢< gl<x<1Z<%< n
4 Y I Zy' Eo) FoIA FHZXAE UEY d7tA 2)9) 3)E& NHEFYI,

AR o2 HA3z A lojA whE s (iterative improvement) ¥ 18 F
o] 271x A wat AHFFH HaAd FH}E dHol e AT AR
Fuzzy ISODATA ¢ F= 25859 2714 A met A3 o] oid A
93 H2Ad FEste gl AT 2HdA E =TdME A5 PHRer 2
AL AYH ARG E AF T MFA 222 EFL AHE3A =J.

M. &== Fuzzy EeEA
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do
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FAHE Fuzzy ZIEHEY
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oft

71E9 Fuzzy A EN Y EXFTSFE NAEAdA ZF g &8 &
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17} opd 7hgt i@?-rt 71’_‘4 HegEAM o] AAA
&S vge AS Rgstde JxolM Fuzzy &4 0] Atd R
24 o ol EF FAAHQ Holgdux & £ gld. 2y HFEA 9
Z Fol stz oW omol A FAAQA AAE FAste FFe EA
gt Aot & w 75 & 243 AAES AP £IHEE e A
#Asitta Az
ol & =FdAE e XA Entropy7t HA<Q Aste] g AHIE o=

to e B
%

m g 2 2
L2 g ooz

o

Aed &8 12 25595 JH9S nEsod EATFA Z AAL 2 AT
&3l FEE WEAE Entropy F& FUMetATh ety EF{EgFE F A
4oz F4HME, %1—1?}"—4 Hasgte AA ZoA Z Ao FHHoR

AASA 2 APl St FEL TIE 4LL =S &3, FA A B
141 Entropye] H&3kg Foto] YL 23 5 AAES Hee @
@ 3o By £ £ A & o9 go 1 4 A2 gdd F Aol Fof
QA Az wed FEL 2 3 2 3}7] 93t Entropy el 7}
Ag AHgSEA e e

3]
BN
x
)
P
3:2

S(gry) = Z] ”leimr gl(Xm - Z V- A 2 2 Yim * l0g Yim ...(3.1)

=1 m=1

0.7

0.6 € ©
05 ¢

0.4 e
0.3 ¢

0.2 © €
0.1

01 02 03 04 05 06 07

<38 31> HHEO 2XA= A
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<aY 31> 2L AREL JFP Yol B3 EF/ A A5H 4
Ao oo Eold vlel zto] Fuzzy ISODATA ¥He Z+ AA7t ojx At
&% g9 Fxrl 253 d 889 Fuzzy-Entropy 22 45 o] 43 343
MFA ¢xn21F Hiez2s 3AFd £ 2457 S0 3834 Y.

2. 2H&E Fuzzy TEHREAM L02(F9 viH

Fuzzy ISODATA 238 Fe] JFe zZ+ A5 57 AFU9 T 19 2
2k AlFe &E T2 S Fuzzy BAESFE 42NN e E2 ¢ ELE] Zo
ARSI 3, o] dnFeAE &4 AH FAR i 27138 4
T F835H o) we AFH st obd A HAH HAAo FHI}E @i
LHAAGAAN Fe ol AMA Sl 287t Z5d A S dsiA
o £% RA=rt BWeaA &S wrt duks AEE A AF 3 g

2 dFNAE 71€9 Fuzzy 53§59 Entropy 3to] F7id dyd =3
o HA37F 27EH = Fuzzy ISODATAR Y S ¢ xng&e EXYA 7}
Entropy @& A& nestx] ¢7] wlEol o ol A48 F7} itk Wy B
TAME 313894 ALY FHTFY J423E I dngFY sige] o
A HAAt

71€9 Fuzzy 73]?4’-:*«] HA3E $3 Fuzzy ISODATA ¢glFo] A4
AGA HAX 9 FAE FEI7] sty HAF °]§a o] &3 MFA €13 &
& Aese Wy 7H‘”3}°1 F AndEe] A%e vad b Jded o] Q7
AE MFA €33 % 0] Fuzzy ISODATARTE o e 34 e A2sis &)

pel
=
o
h=
o]

shr%rrﬂu%

rlr

(FEIE AFsH oY o Aol7t IHA A UgURE F& ez ey
o fﬂra}’ﬂ 2 d7dAMes E77 E58 AEE o8 MFARRHES 34 1
&3t o] duEFE 3180 A At Fuzzy-Entropy &2 3ol 3 &84
71 & WLd Fuzzy-Entropy B39 HAstE 93 ¢ngEoz
AdstAct. HAg 2A BHNAM o] dnPF] EAL wELY dqelF
(iterative improvement algorithm)©] X1€9 3 A g 83T = & A& =
a3t S 2 e Aotk o] HE BT ol U 2 = 9
€ dHE S WHEE 2T e Aot o] WHE FAFTS ol 7t
2 FEU UFUES AGT dES Fn HY 7 JEE e Y-S L2z
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Fol YT oItk MetA B2 £4 FueFo] WA AL F4 @ A
FE WEEDE Gu7l AR AU ALA2 FUAE 4BE 39l BB
& 23 98 4 A Bk

, S exp(-Hy/T) dsi

. exp(-Hi/T) dsi
Q711AM, Hie si§ A UdnA AFES 13T FedAY Ay A

A (B2)4& MFA €18&S d4std Yy g & olg A7 2%
E Hele #3 & 83t £Ystd 4 B85 227 A4 we 0% H 1 AL
ojg] ol ¥ o= FHsA ok v AAR 32)2S Addsizid Qi
oA HES A7) o2& Byt olye, AigaA -‘-‘i—%—i*’l‘-@ 2

Hol Z&3g Asto]l BrbsEA Ert olgt 22 oH e g FH3] Y8ty <si>
g gEdsgF

f) = 1exp(-Hi(u)/T) du o A
fo exp(-Hi(w)/T) du

m/e $EFEE FE59 15 FEHFOR FAE WYL ALl
3 gk 2™ old AZjHe ZAY f(wWE WEE XES FEs Wye
Metropolis7t R HEAE thE o 13 ¢ua)E S e Ex2 Ags
o AMg371R Y. o] ¢nYEFS AYdsd gL 2o,

Al M D e AT s HEdd o5 25 E 3
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A 2) Hisi)& AMsa o]d 3 His)% #o)l2 ANsd @ 1) A gk
siflM s’ g OeH 2L 52 wolZo)EE 3}
Pr(si-—->s)=1 Tk Hi(si') < Hi(s)

=exp{-(Hi(si') - Hi(s))/T} %k, Hi(s') < His)

€A 3 @A DI} ¢4 2)F o3 W wEsig
TA 4) @A DA 9A 3)9 42“"*1 ZotEolA B
AT aRE Fold 2ETHAY <s>2 7HEd)

EXS
€ AT Bl & W5E WBshe] TR AY GRE ARRYL o2y
& Ve BEHSAA A HY, RE WSS MBI E o9 o)
e AAHes BEE 249 4+ QA Ho) HHY HE T £ U= B
o gtk

ol 2ol A% WS HE RE A2YolNY FEE FHE QuaE

€ °1 8% FPd MFAYRAEL T 2oksid dead 2o oy due
AFae A3AY o T71 9] gat 4822 2487 98t Assts =
T2 5”11%% 1M ZaE g atn, & & 13 1 Alo]9 Yol ol W@
g 29 i9 Fol 388 T Wold A4 gow FHFo} s o)
et Wk AR S e 39 499 AAdE wAbol Addm s W
Tl w2 Wgd o] 998 Yoy A 1 AAE JFoz wyH
9 HE WAE & dsx2 Fa

(A 1)

D 2 87k s e Y 0% $294 F0e w0l Z(noise)Z A
7h3te] x7) 83t
2) Z712E(T9E A3,

(EH] 2) g go) wHF wrlx wiE3r}
) a<s>2RE gl 3 MY ¥HEyTF g <s>2 A=)
b.<s>™ . < > + alpha* £
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c. AE < 0o]9, <sp>™ A=
AE > 0°]9¥, exp(- E/T) > random[0,1]0]® <s;>™" s}
%A oy AYEHA Feo)
2) D€ W&t A2 Aegte HF <sp""g A,
(A 3) 2= TE Za2A7n HA-&7 242 w74 99 (44 2)8 wis
o},

NV.d m

mell M B 349 Fuzzy ZH 34
st A2 AAEl 4 Ao &t &

2 ES ol &3t HAAS(AY 2T 253875 2 Fuzzy ISODATA HEe
THACEY 3) L 25FEHRS MAS HE 9 FUE 2= A2E A}
A3 vl wakg o

£ MFA ¢3aglEez Ho3t(49E 1)
&2 E 47 Fuzzy 2342 MFAY

MHE0| & FEtez EEEHO HY = ES
a.6
}
5 :
0 _ 6 12
04 o} O
2 5 ; 8 s 10 14
0.3 O o O o O %
02 e} O
‘ 3 . 4 ' 13
paf| O : o

0.0 g1 02 03 04 05 06 0.7

<d8 41> VA Eo] F Moz Lalgo HXY UEs AP
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<E 41> <38 41> JHH S0 th5to] YY1, 2, 38 A8 F TR
2R3 2% HE
7R ady MFA( A =0.001)
W | DATA Fuzzy-entropy MFA Fuzzy Fuzzy ISODATA
1 { [0100] | [05001 | [0.871] | [0.128] | [0.866) | [0.134] | [0.685] | [0.315]
2 | [0.100] | [0.300] | [0.990] | [0.009] | [0.973] | [0.027) | [0.790] | [0.209]
3 | [0100] | [0100] | [0.871] | [0.128] | [0.866] | [0.134] | [0.685] | [0.315]
4 | [0200] | [0.200] | [0.963] | [0.136] | [0.947) | [0.053] | [0.789] | [0.210]
5 | [0200] | [0300] | (1.000] | [0.000] | [0.999] | [0.001) | [0.936] | [0.064]
6 | [0.200] | [0.400] | [0.963] | [0.036] | [0.947] | [0.053] | [0.789] | [0.210]
7 | [0.300] | [03001 | [0.901] | [0.098} | [0.883] | [0.117] { [0.787] | [0.213]
8 | [0.400] | [0.300] | [0.500] | [0.499] | [0.500] | [0.500] | [0.500] | [0.500]
9 | [0500] | [0300] | [0.097] | [0.9021 | [0.117] | [0.883] | [0.213] | [0.787)
10 | [0.600] | [0.300] | [0.000] | [0.000] | [0.001] | [0.998] | [0.064] | [0.935]
11 | [0.600] | [0.200] | [0.036] | [0.963] | [0.053] | [0.947] | [0.210] | [0.789]
12 | [0.600] | [0.400] | [0.036] | [0.964] | [0.053] | [0.947] | [0.210] | [0.789]
13 | [0.7001 | [0.100] | [0.128] | [0.871] | [0.134] | [0.865] | [0.315] | [0.685]
14 | [0.700] | [0.300] | [0.009] | [0.990] | [0.027] | [0.973] | [0.210] | [0.790]
15 | [0.700] | (0500} | [0.128] | [0.871] | [0.134] | [0.866] | [0.315] | [0.685]
A Rt 0.271 0.263 0.334
2. 3 Heol= 7ix S0l B CtE el AiXoZ xS0l He e
0.5 02
§
0.4 ©
’ 4
50 6 4 5
§ 10
0.3
2, 90 u 14
o (o]
O 12
0.2 7 o
O s
o)
0.1
0.1 0.2 0.3 0.4 05 0.6 0.7
<3dd® 42> o "oz JHAIL B cfE Hzboles A E0 He d=e




F145% A 2E Fuzzy AZEAMA T SimulationZ| 8] &8 |73 61

< 42> <07 42>2 i S0l thstod w1, 2 38 AlE F Moz EFe

o HEH —

;{g DATA < F '\F"nge'r?tgx MFA Fuzzy Fuzzy ISODATA
1 | [0.100] | [0.300] | [0.000] | [1.000] | [0.046} | [0.953] | [0.230] | [0.769]
2 | [0.100] | [0.230] | [0.000] | [1.0001 | [0.0471 | [0.952] | [0.232) | [0.767]
3 | [0150] | [0.200] | [0.000] | [1.000] | [0.042] | [0.957] | [0.217] | [0.782]
4 | [0.150] | [0.320] | [0.000] | [1.000] | [0.0311 | [0.968] | [0.196] | [0.803]
5 | [0200] | [0400] | [0.091] | [0.909] | [0.157] | [0.842] | [0.340] | [0.659]
6 | [0.200] | [0.270] | [0.000] | [1.000] | [0.0071 | [0.992] | [0.042) | [0.957]
7 | [0.200] | [0.150] | [0.000] | (1.000] | [0.131] | [0.868] | [0.318] | [0.681]
8 | [0250] | [0.100] | [0.243] | [0.756] | [0.291] | [0.708] | [0.425) | [0.574]
9 | [0.280] | [0.270] | [0.352] | [0.647) | [0.372] | [0.627] | [0.468] | [0531]
10 | [0.2501 | [0.270] | [0.000] | [1.000] | [0.088] | [0.911] | [0.255) | [0.744]
11 | [0450] | [0.270] | [1.000] | [0.000) | [0.984] | [0.015] | [0.899] | [0.100]
12 | [0500] | [0.200] [1.000] {0.0001 | [0.965] | [0.034] | [0.757) | [0.242]
13 | [0.500] | [0.330] [1.000] [0.000] | {0.952] | [0.047]1 | [0.755] | [0.244]
14 | [0500] | [0.220] | [1.000] | [0.000] | [0.957) | [0.042] | [0.727] | [0.272]

22g¢3 0.125 0.124 0.159

3. F ZiEo] ¥ e HMHES= HZH E=

0
5 .
O 14
0.4 ©
S
12
1 2 S 6 9 319 O
0319 © ©co0 o © 013
O
2 - 1
0.2 o 1%
8 O
0.1

0.1 0.2 0.3 0.4 0.5 . 0.7

0.6
<38 43> F Fato] ® e HHER dHE B=
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<E 43> < 43>2] WA S0l ofsto] wh
5 X

W L MFA( A =0.001

W | DATA Fuzz(y—entropy) MFA Fuzzy Fuzzy ISODATA
1 [ [0020] | [0.300] | [0.080] | [0917] | [0.083] | [0.916) | [0.269] | [0.730]
2 | [0150] | [0.300] | [0.002] | [09971 | [0.005] | [0.994] | [0.126] | [0.873]
3 | 01701 | [0.250] | [0.014] | [0985] | [0.017] | [0.982] | [0.146] | [0.853]
4 | [0.180] | [0.350] | [0.014} | [0985] | [0.0171 | [0.982] | [0.139] | [0.860]
5 | [0200) | [0.300] | [0.0001 | [0999] | [0.003] | [0.996] | [0.009] | [0.990]
6 | (02301 | [03001 | (0.019] | [0.980] | [0.022] | [0.9771 | [0.086] | [0.913]
7 | [0200] | [0.500] | [0.196} | [0.803] | [0.196] | [0.803] | [0.349] | [0.650]
8 | [0.200] | [0.100] | [0.196) | [0.803] | [0.196) | [0.803] | [0.348] | [0.651]
9 | [03501 | [0.3001 | [0.398) | [0.602] | 10.400] | [0.590] | [0.470) | [0.529]

10 | [0.430] | [0.300] [0.804] [0.195] | [0.803] | [0.196]1 | [0.727]1 | [0.272]
11 | (05501 | {0.280] [0.999] {0.000] | [0.996] | (0.003] | [0.895] | [0.104]
12 | [0550] | [0.320] £0.999] [0.000] | [0.997] | [0.002] | [0.896] | [0.103]
13 | [0.600] | [0.300] [0.990] [0.009] | [0.987] | [0.012] | [0.823] | [0.176]
14 | [0.600] | [0.480] {0.858] [0.141} | [0.857] | [0.142] | [0.686] | [0.313]
15 [0.650] [0.120] [0.858] {0.141] | [0.858] | [0.141] | [0681] | [0.318]
EX g% 0.196 (.19 0.239
v.d B
& QTN AE Fuzyd S e A2 7o) QolA e et
T A%E BRSE o REE PR ytd, B QTN ALY Iy
Fuzzy R 24¢ 343 7/14E 42 E992 gt Ao 2719 e 1833
& B olUP ARH AN JYIAE ROE § 298 AA} ol P
£35S BRSO AL B4HAT B9 IA5H MFAZ TS A

FEAM HEad AGHA HAsAM Bolu ZAH A AGA HAsHr Hes
At olE @ EA &N Yt MFAWHC uge Fol sE 78 Fuzzy-
Entropy I &40 £3& thg1 2o,

AR, 71€9 FuzzyJZ2EX L F2 Fuzzy ISODATA #H & AL &35td g
uh o] WL Ao A ro] o] ™A $e o AFEY Fh Y= AANSH
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ol taAE BFE A Rie AL 2REd 2L Fuzzy-
Entropy S3 oM A gtel Wl wet 258 #3384 A3

A, 7€ RS {4 Ao W@ FRAHA o] 7120 W AgAs
b A Afolded A2E Y Fuzzy ASEA & Avte] A7)
ek A9 g 2ARAEFE Bod 388 fES dds Holth & o] =3
A 2R ute} ol AL o= %‘J@fql £8 5ol o {7stA L}EPL} e gt
A%E FEAE QLSS dvhs FHo) Uk AL V&Y JARAY wyy
ASHETHE 5

AR, 715¢] Fuzzy ISODATA ¢n8Z9 9@ 273td FoHE= X9
HAHE 7HHAed 2L MFAWHE S o83 dd e FEsa 24 Add
HHHE Zevdes FEL 2

SAM 8% 5AE 7HAE Fuzzy-Entropy FFEM A 2AT 259 A7
FAZ g3 22 el gk sve AT £5 /Y M2 Fuzzy-
Entropy 54 &sE A &3t9 EFste i3 02 1 & ogA RAsiA A
kAl g o] deosichy By Fuzzy-Entropy J&24 e FJetd
et e RN JFAg) wAE B o2 AYE A4F I3 A
2 & 5 At
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Abstract

A Study of Simulation Method and New Fuzzy Cluster Analysis

Im, Dae-heug

We consider the Fuzzy clustering which is devised for partitioning a set of
objects into a certain number of groups by assigning the membership
probabilities to each object. The researches carried out in this field before
show that the Fuzzy clustering concept is involved so much that for a certain
set of data, the main purpose of the clustering cannot be attained as desired.

Thus we propose a new objective function, named as Fuzzy-Entroppy
Function in order to satisfy the main motivation of the clustering which is
classifying the data clearly. Also we suggest Mean Field Annealing Algorithm
as an optimization algorithm rather than the ISODATA used traditionally in
this field since the objective function is changed.

We show the Mean Field Annealing Algorithm works pretty well not only
for the new objective function but also for the classical Fuzzy objective
function by indicating that the local minimum problem resulted from the
ISODATA can be improved.



