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Performance Improvement of Radial Basis Function Neural
Networks Using Adaptive Feature Extraction

Yong-Hyun Cho'

ABSTRACT

This paper proposes a new RBF neural network that determines the number and the center of hidden
neurons based on the adaptive feature extraction for the input data. The principal component analysis
is applied for extracting adaptively the features by reducing the dimension of the given input data. It
can simultaneously achieve a superior property of both the principal component analysis by mapping input
data into set of statistically independent features and the RBF neural networks. The proposed neural
networks has been applied to classify the 200 breast cancer databases by 2-class. The simulation results
shows that the proposed neural networks has better performances of the learning time and the classification
for test data, in comparison with those using the k-means clustering algorithm. And it is affected less
than the k-means clustering algorithm by the initial weight setting and the scope of the smoothing factor.

AR HEELAY, duts 222 ¥ T &
A€ 7HAL ol 28F HAE EAG A T34 2
AFEuHolY 2HE X 53 22 o4 388 < BAELS dAsk= vidl Bol oj8-=1 An1-9).

.M 8

okof] o] &-E 3 = £ ZIYe) tigtez HZ 4
Aol du] 853 9ot o2 ARG L v F
A2 F5Y S 7S Fd(neuron) o] 22 435

'8 T EA/IEY ST FANE AFHAREA

oy

drkA o2 71ES £a17 7YHNME dEEHe
HolE &9 tFt 8 Y =3 (probability density
function) o] Abde] &7 E AL & BE H o]
£9 BEI AFYUEE 71A ok Fohe AL bR
1 ek 53] BA Y F27 F71E5E A A o]
AYAA 715 A Abde a7He §EUEF



264 REIDICIOSS =2X HN3A X3&:(2000. 6)

T 5E 088 + gl FAFE X2 9.
olg gt 71& 7|y E°] 7tAE BAAE A3}
AshA J= 7 2879l A (mapping)S 71 8HA
e A AT gy A7 1 ok A AYE o] &3
= 7IHS iR ¥y AL E4hE S22 E ALY
o] £4 dolXe BAA 7Igelu ALt o] 23
W e FAER AT F Utk 23 g
g&daaEo] FojAtky RE SR ELE T} 8
FAE e gon, durdo® MAYL g9 7
Z, 7o 8438, 181 g7 T g
og] FHA 2 Yo AT AF AR dE] o] &5 §]
€ AR3Y[2-4]2 2+ §¥= 2 (Hopfield model),
Kohonen® A}7)1Z A3 5 A X % (self-organizing
feature map : SOFM), %-8-F 9 o] Z(adaptive reso-~
nance theory : ART) 24, 2&8lx AN 4%
(layered feedforward neural network) E°] ¢lt}. o]
€ A F2= 2dL o)AYY L tAE Az
F-(supervised learning) 9] 4173 o] ¥, SOFM3} ART
Fde A£Y8E 7IxE AL &< (unsupervised
learning)®} 417 golth =3 thF3AFN AL L @
£ S o e ARG ARGt
A QY F £9F Alojd 29 F & A= o
FAFNELL 429 dolg o XFE o u)
AE & E A AY AFAE 5 Aol o
@3] guboAME §54 e $4S MR A
. o83 dF A FA AL e 2 9 A (backpro-
pagation: BP) @318]&9 tF417 W (multilayer
perceptron : MLP)3} radial basis function(RBF)&
o] 83l A 3G Fo] F2 o)§HTH23] o5 F 7
¥ ¢rgoez gAY guglE g o] 83e dF
ARl AF7A 713 g o] &= Krh5). of
E MLP7} 383 7l 7HAL & o ojd 9
9] g SAAIE £ Ao A e, A
74K B-& Al E# o7} g o] )17 W o)t}
LA T MLPE T2 M| A 8] K83 2d& 47 93
A e EgprlolE et A g olH & a3, v}
2v)8] 2 (non-parameter model)o]gte @4 &
7R 2 Ak 53], 718713 B (steepest descent)S]
%48 ol g3 gy dueEHd d4uEnE
o) A uiel FPEE) AU F ) o) 3
BEAE 7HAH, A9 42H 029 $30] BAF o]
AR gt o]l HF FAE AAs] A% oI Hy

o] B2 ATAE A AFEH o] giri2-4].
3 FANRINFH AETA 7 5L 2y
IR Ao 2 FZH(locally-tuned) M AX & &
Y& wHOZ o] 83l RBF A3 %] 32 59
2o Z3g wm UAoH7-9]. o) RBF AA%=
MLP¢} Zo} v gy b3 HgNZdd 29 ol
2 AwkE Q) A7) (universal approximator)©o} 7] o
Eolth. 53] RBF 217 %-& MLPY) vlsj H4 wg
FHELAY AGH L2 7o) BAATT & A
At 28U RBF AAYME 29F FAY 7+
o g9 F4l(center), ¥ 8 A (smooth factor),
283 A7 X (synaptic weight) 59 He}v] €
Eo] 4= ofof 3t} ol F ulein|E FoM &
Foll &4EF 7Y S 5o FH L HEaAL
© I E gkeln AF7HER vho] 7hAEE el
Beolth &3], 24 % we M9 g9 343
AR L AN73%Y F2E AN, £ AAG Y A
TAE B2 4%E vt ol A 48 o
2 7}A 7P Eo] AtER oy gRtHo e 4
W) o] Frgtel el 29F wHe 49}
FAE A3 YT AdFe VEFSAE F
7vgtct. whebA] 1 A gE £017] I =EHER 9
H(random) A&, k-FH 7 F33Hk-means clus-
tering) &118]&, 18] 3 Kohonend) A 71% 43} &
FAAZ Fo] o]z UtH9). 2}t tiRE9] o]
E 7IMEL A& WY oE &Y F9 HgevlH
AT g Axsrge] e &9 A4t
ANE 2Tt A7 XA PFL HA AF
£ 8% 9 AR £ ¢dnEE E F o
Bhutel & A 2= ojof & gepvlE Eel v F
e 442 7R a gled, o) @4 A
FHEAQN BRAE 2 YA E&te dHE 7HA
I QY @Ex] ZEFHo 2 Y volHrt AAE
AL S HAANE F e 2L 7IHE E0F0E
N ARl d 29Z Y v HES FY F IS
Zolg. &, Foiz UH HolEH Y (UL TAAIA
o HFEH= EA S RBF A3 %9 243 g
HEHZ Ao 24 olEg AAsted 87HE
AdFE a9 AN F A& Holth
£ AFdM e £2HQ doje e xUE 3
A3t ol & AaATE Aer gy ¢Ed F84
2 X(principal component analysis: PCA) 7%

tio

v

810 o oy wid nf



N |AZEE 0/|B Radlal Basis Function MBES MENM 255

[4-7]& o] &3l SR} F23 S, FEE 5
A& RBF A3 % 243 7 9 F4oa
o] &3t MEL Z2¥Y 71U Attt A7 o]¥
Al 38 PCA7} 7t A= v 32 4 dolEE 54
Aoz £ EAHES Aoz v = A
7 RBF7} 7H A& 948 £4¢ a2d= 48 4+ 3l
th AR 71 2] RBF 47398 44 699% 9 o3
2ZH10] 5 2009 9 BAE 2R F(279Y e B
F3te EAll H&std Al Edol st 1 e A
£ st en, AF7tA 9 o] 891 = k-
7 A3 guEe 42 RBF A3 3 348
A7 vln uF3gel.

2. FRMEEM J|® 0|28 radial basis
g9 SMAH

2.1 RBF &&Y

Ao} B5F 5o FAHEL 1237 93 MLP
9] ¢t 8 & radial basis &4 & ©]-8% RBF 2 3%
o] d¥] o]&=H3 ItH23,4]. MLPS} RBF 41 4%
Apojol & AL 5Ad0] Slv wiHo] &Y %9 49}
2o rzrUZ e R Y3 oY Ay
Y - 8 Aol tijE 2R B2 ok T2 48
73 ok 29 1& 3F A AAYA MLPS}
RBF 2173 %-& Yebd Aotk dwtdoz 1d (a)
o] MLP A A %A 243 7l £83% wdY
843 e 2o, 29 b &Y% w7
W2 radial basis §50]1 8% 7L G&3] 7}
Z8 ¥9E 243 A7|A radial basis FE
AHuE x9t T4 ¢ Aol A r=|lx - c|
&3t thatl Feolth. Hl M F 3ol AL
& 7g 3aE A Fo dhve dukrdog 1y
B vy 7] x84 (basis function) ¢, (08 182
ol o8 BHEHET. F, vl EF40) ZA A2

F®= 3w, 9,02 (1)

ojt}. ojm AAW FFEHL AFAFA 47}
FA w E FR3E Aotk 28y a7 EHE 712
g9 Are g9 Add we A FFHes
Z7+49t}. radial basis & A9 x190) 015
d me} 245 g FAEAE HAY +

y(x) = y*(1)

y(x) = y*(t)

(a) (b)

28 1. (a) Multilaver perceptron % (b) radial basis
e 35ME AAY

AT A ZAE 97 2E S 3 g A3 @k
Auryg o 2 o] 451 = AE A2 radial basis &
F e)=0(Ilx-cEE 713284 (Gaussian
function, @ (r) = exp(- %/ ¢%), thin plate splines
(0(r) = 7’ log( 7)), 28 I % 23 ¥4=(multiqua-
dratic function, @ (r) = (y* + ¢)"?) £l Yo}, o] 5
e ¢ & A-lY Al$(scaling) FetvE1 HP
84 0)th YukA C Z radial basis 2 F4 cd
A AFAE MY 1 FHL2RY At S48
F& 9z Zade e HE M85 MR
de] ol g5H3 ik

39, RBF A3 % MLPotE €3] 3} &4
FeE 7HAY, 2y Fe dde JEHA geth
F ZZtel 24F wi& 7 =g 2d & o}
radial basis & 8 3= AR el), Aty
2.2 radial basis = MLPY ©Zx s-23
(monotonic sigmoid) ¥4¢ dl2H o2 vdzx g
7t o) B-drh &8 Fo UL MLPY #AEHA
PP E9] Dt 7H5E ERhe ALt 19 19
(b)) RBF 4729 8% wd9] €82 radial
basis @49 AHZFL Aoz Aojd 4 3l
==

sND= wot B w, 0,(1xD~ ;1) @

olt}. o3 71 t& WhB-G o) I x(k) = [xy, xg, ..., Xn) 2
U8 dolgEolm, e R (i=1,2,.. ,heg &F
9] FAolth ek FEIF M5 2HE FHE

o] 853 FHEC] AL FHo) HFEA &



256 REDICII&S =82X H3A M3=(2000. 6)

X =5of v, RBF A3 %2 thg 59 vl g
A §EE ZAEE £ e Aotk 2
RBF 2179 A% radial basis @59 54, ¥
¥ad agx AA7MEA gt WA 1 Fo
Mz Ag e g4 FA560 71 nAsHA Wi

radial basis ¥4 ¢] Seivjg &2 374 9] A& A
A2 AAHE 5 Utk A A=, Y F49H
¢ 7t AR ojok gt o] & 9% M 3 Wy
o2& 3¢ dHolHe) REFAF oz HEH AGIA
A slE Aok 2t o] Pl E AA YY Y
A& o} X477 A AuFo 2 gL 49
SYZ 7ol BasHA Hr olg9 FHRE A
37] Y% AL FT B0 FrheA E€d e
dz] o] & Ha e e g k-HTE T3} ¢
g FEol gl o] dnEFe 1EAHA WAL 99
dole e W=7l Folxd F49 A= % A &}
Ftke Aol o]l ¢ FLe v Y FAIHH T
& Heleg 28 Id= ¥Ey ¢ugFolth. &4
T3 9 F4& RBF AAFANAN e 2HF wH
Zo shiet BA Y. Z, dolHe 133 7 vt
7HE FAE N FR FHe HoR 2 8d
otk 23y o] d1EFE JA| 279 3 FAE o
D dAstertel wat 2 Aol 2A W o
£ dA 2 7 A radial basis T4 FAHAHEHE
o] 83l B AL 0, & T3v ALR o P-J
2% 0] 2(P-nearest neighbour) L 256 A4 E 5

At F,

0

o= Bl eim e, 19" 3

oltt. J7|N & 09 P-HA2H ol %ol B AF
AME 0,9 ol 2 45S B2 A8AM o
9] Fegtos A3 A3 ATt At A A=
47 @ radial basis &9 FH9H ¢ o HEaL
o6& o83ty 4 (LI £ 433 HAlinear re-
gression) & A AT =N AA/NFA wi & B3
Aot 3 A2 A¥HxAEY EES HE4Y
o} a3 #H 4% 7 Al F(least mean square : LMS)
&S A 5 Atk F, FANEA wel AL

iy er oKD= TAHD—(w,t

2 w010~ c;DIOIxD— ¢, 1) @)

g o] §3te o] R0 Ak, AqI|M 5 & FFEEA
G gkold, e =yk) - y" (k)olth.

ot 2RHo 2 A HolE ) 7lA e Y&
A2NY £ e A2 71ES =9F22ZH 3F
Fok € 29 Z9 7 5 2 1 FAUY 2L v
TE &9 dAo] olaA B Aolth. F, FojA ¢
g dojg ¢ A9e ZaAA 2 AFEHE SR
< RBF 273 %9 2493 geng2 AHggozs
°olE& AAse fT7HE AMFSE anFoes
ZaAE £ g Aotk

2.2 H8H B3IFEE 98 PCA

PCAT F013 8 do|8 9 EAE &3 7l
Hoeg ge o851 glon, ol FFTAEHAA
(stationary stochastic process)d] YW e) e} E
g Ao EH9EE 93 HH o J¥HB(linear
transform)& ZAA s FAH P oItH4-7]. A=
A dlolg Wol TgE ARE F&337 ¢33
SAA FHES Fgohlie Aolth Wl PCAE o
49 AdYuolHE FAFLE FYU SHE
Aoz WEAI e 7igolth

PCATE n 29 Y FY el E m A4 &9
F7H HelHz TG 7= Aot 9714 m<n
olrf, ol& Sl dlole] WE o] Y FE WEZLE
XH=E A9 F4E de Aol AU AP E
(auto—correlation matrix) Rxx = <xx'>& 7}3 %
ol 92 YHYE x =[xy, Xz, , Xa ] 0 THA
A8 1A o714 <x>€ ZIHAE YErdT E
g wi,wz, - ,Wm ©] Rxx @ 284 E](eigenvector)
9 AnEE A7 ER dE ¥ W), wy = [ w,
Wiz, Win )& 713 & 3182 (eigenvalue) 113
AAE, wo = [ war, wa, =, Wan '8 F HAE
Z DA 129 wa=[ wal, Wz, 0, Wan 1 E 7HR
ZHE 1R AL dRjT) o) de] BAE A E
Aoz Yepld o3 #o F

R wi= A5 w; G =12, -, ) 5

Otk AZA A1 2 A, == 4. 20 oY,

Zojd YHME x& A A WA m A9 F8
ERHE yE o dYRBNLZ YE 5 9
4. =,

y=Wx (6)



H®mE WAEEE® 0I|B! Radial Basis Function MFYQ| MEIJM 257

olth. A7IH W =[ wiwz, =+ ,Wm 1" € R™ 0|t}
o] A& qd W9 o] 717 & 1L/} A F}e
483 E Ree® THHEIL S ofu| g} thA] T3
W, 08 doly FUNM m AU F8EHE e
We 378 R m A F8 aH9E0 93|
T Rggoez Fodn A= PCAE < |l wi'
x |17 >7F Al THHE wiwe, o wn 9 TFE
e Aol

9, JE = diolHe FAEHES FE317)
A 7189 YHES AWEY, FXFH Yy Me
AA 273 #FE RuE AL g8 231 43
e TR E & At 28y A g ofE WE
Zh R AL S 7RG, AR Ee dd] 2
A =HY =% a7EHE TFEEHE g Az e
E3s dojth A V&9 £X 3 7HEL UFE
o AN A7t 8 EHE SEEA N of$ 1)
Ag&Holr} o] & A3 HF Uit E P
9 D RHEE AR 3387 At F&5
F dnElFY AREFE o] &3t WHE] At
Atk H71M e 94 dolE dEHEZRE Y a9
HE FAE 4 A7 W Eol FBPH FHHA0)
27HA gt olH o] FH AN AL F2 YYF
I EYFoz FAY dFFxolt Qjaldle B+
¥ &8¢t & (normalized Hebbian rule)] ¢
S WY E o] 83 NEd wHEY S Hotetd H
2B E AEe 8 5O E AP7FA HE
(weights vector)7} 8 @S S 3 Th 28y o]
A & A T3 F2EYNE FE2E S
qer, Jelel mle EAFEEY 42 EVtE
4t} Sanger S14] Y3} € (generalized) 3 8]
A E oG FoZN AR m AY R F
83 FREASE AN Y% s DS
A ¢ret ok 3H9, Foldiak(4,51 %¢] ¥484 &9
Atole] dArFA AMdle A7 sl
£ o] 83, we] Aol FHAA 7HEA A4l
ol = ¥} & ¥l ¢t & (anti-Hebbian rule)& 37 o] &
g g e EE Alets st 32 Bannour S[6]
2 Gram-Schmidt 239} #8342 (recur-
sive least square) & ©]| &3} gFLd 1S & At
A or|ME @3 AEY S 422 Sangerdl
of ) AU S ¢ &7 Foldiakol o] ) At
¢ g Eol i Yol

2.3 Sanger™ Foldiak2l &&dnz|Eo o3t

Hed SAES

Foiz o tijg A HAZ FF EAHL
3237 Yl e PR 3 Ay MHF
A& 7HA o] o] &} o] & AF BE Fx5dn
g EFEo] A=A, ojH ) FL A& G0l
ot mlY FLEAES FEI7) A= m A
AE HYAANZ FAHE Fo] a7=HY & A9
A He AR E M S 9% dednHdES
Fate] o A H8 He]FA & 712 4-& GEFA
71& 2L E7bsdtth gakA Fol A dFHH e o
g mA A HA FREFE 5237 A=
mAe A% HAFANE 2YF 0= 3h= FFAUA
o] A E oo} 3, o] F-& A RS Y
T Fol 8TEY 28 22 m Y A HA FRE
A& A ndle dEFHEA m A FYWA
o8 8 9EFAAY Fxoltt aHAAM YH
# 2o BAE FEFAHALE eI 2 (6)F
Yt A7 4 w9 48 HBES
ol W=[w,wp,  ,wn] & QA5 o]
o, wi = [ wi, Wiz, 0, Win ] & @278 R] WE o]t}
wetA AFGE SgAAH dFAERE TR
H FoZ n A9 AHHE xEFEH m A F8
EQHE & 2949 y& 78 + ok

dntslg Ut o) S F 19 29 ©E
ARRE A7l dnelEFe den 2o F

wilt+ 1) = wi®) + 75 vi®) [ x50 - glwm(t)
yet) ], (i=12-m,j=12,n (7)

olth, A471A & SHEEA T WHE S 7l F}
ol et 5% A5 FFH o2 4 A (DS
0|83l AANFAE T3 U JHHEG A
2 (G)o igstE =854 HEHE 78 5 Ut
Z, sge Aadde HHEE 24387 98k
Pl 27147 7tEAERE Fo5F L WX
T 93 JIEXE FEe Aol 2F AT e
dEdolg ol T FEEYY RS REg
A7lE A&7
9, dYwHT 287 Aol 942 2 &

i A30eE d4L Ml AEE G373 Yol
m/ie] A HA FRLEHE FE37] Y3l AAHU



258 SEIOICIoES =2X K3A KH3&(2000. 6)

O3 2. moHe A WM FREN £58 A cEMAY

tH2). 28 3& n 8] B8 w3} m N9 £E7d
S8 7Y Y Y FUN R Y wE 43T
9 SUAEE 7 SR T Fxolth. 1Y
M gEs 299 BAE Yehid tg 2o &,

V= glw,-,« x,-+ zlu,-h y;,(i=1,2,"',m) (8)

otk o7l M wit YA AN AR AL A3
QANFA L, wE FYFD B37e] FW
AEA o\t oW EH WA el A5AWL BA ¥
¥ i e h<Q) R T ARET mea A7 %
& BEAA 9EY FEL B FARA 4329
AANENE 44 FHe2A T4 n A9 98
MY x27E m e FA5HEE 5 2H9E y
g 7% 4 9ok

rom e

3% 3. m e A HM FREF FEE Hf FHoH
cEAEY

1Y 3% 2e BFUBYE 5717 e
AFSE HUAFHI W AT e F
LuZzol o)Atk YYH 25 ) A%
32 ZyelE AAHE AWML ol g &
A 79 W AAAFA Aol W A

Hg olg@nh WA 92Y RUT AANFA
widl ZAFHE 4HRY the 2o &,

wi(t+1) = wilt)+ 7 [ yvi(t) x;(8) - wy(t) Yi(t)2 1,
(i=12m,j=12-n) 9)

olth. E FYFY o HW AANFA ua] 4
AFHe e 2. 3,

uin(t+1) = un(®) + o vilt) yult), (i>h) (10

ojth, 71X p & A (99 79 YFHoE TG
grolth. whebA 2] (99 (10)& o] &3t Yga =
Yy e AAZER 2 YA 4EY &9
A FAE 42 BANA A @) dHYsE m
Mo FREAES 2 F ok

A5 PCAE & A9 g 3te o ve &
4o REFTOZ AMGAA dEuloler) 7t
FEHI EAES FE3e 7IHolth ol 98 ©
ol ol EAdte FAEHES FEHLEZN
g AFE FaA7led 049 5 Ut g
RBF 417 % e &Y% 7& /lee a9 4o
HE 422 PCAY 93] dojx& ZHaH F8E
A Ne2 dAs, 2495 7w TR dof
A F8 EJULE AT 5 UL Aolth o7
gobH RBF QA oA 9] 245 gelng el 74
o] Mt 49 F4%% AFo) &ol3Al Hol o
Aol M e 543 £4¢ 12 48 F UL
Aolt}, AREH 0 2 Sanger Bl 93] AUAP &
73 Bt Foldiak ol &3] AIXE 572 0) =8
ZEHA o 53 Aoz o4y Sl

3. AIBHIOIM Zn U B

AtE PCA 71 & o] 8% RBF 21 3% 45&
Brretr] AMAM 3F WY AAYES THsdd
RBF A 7AW A Y7zt Y7 Atolg 2
7] QA7) PCAE A% 93434 A+
da 287d & 28 gl SHAZE AT
27} dENEXE 42 WPA E(random seed)E
o] &3t -1o14 +1 Alo]9] de] Fro g HAIY
o} gk AR wrE 3 S 20,0000] 0] A HA)
A7 HEA ojdld w, e AA LT 2%k
Rzl 10°%18Y o FesEE o



IRE RAE&® OI®B Radial Basis Function AIZUO| MEJiMd 259

A otel RBF A3l PCA 71 & 2+ Foldiak
o] uy g o]&& ¢t PCA 711Hg o]8&% RBF Al
AEE AA GBRE 2 RF (27 AR E7E
e EAE dAe g 9E Y I-MMX200 M) ZHFE
g o] g3l Algd oA F 1 e S 83
on AF7AR @ ol&HI Y' k- *HE
U112 EL 0]-&3 RBF A3 4o 23 A9 vl
nEsych

AP o] &7 SA FHE B IF =&
o] W xvta A 2 o] &= Yo n[2-4], 1 HolH =
2 AAFEA et A A A FHE= “Wisconsin
breast cancer databases”(10]& WA 2 3t
9 vl Mo 2 6993 &) #ALE tFLE 9
A4 1 - 1002 TEE 2A5AHY 279 ©7|
(27]:2, %7 : 98 Y= 1 MY BFEHe=
FAE 223 699 Sl A 16 el fabo] 3|
AE 2 S FES WY B dgddAe £4
ol el 12 & 16% 9] 848 A g YA
6835 o] §A1 F Y29 2008 L e = 3la, 100
We gge A dolHE UrA 10082 A EE
A5 dlolHZ o) &3t 3 Ao o] &-d dlo]
B S A gxle] AEMagl 3 AA AL A A
A, BE ZAHAHES AT 1022 ren,
BEga&gdo (&7))o|d 02 4(L7)olH 12 ¥
et stgol 8 E F 28 wAY ghol 0.1 o3t
ol (72 3l 09 olAeold (LY E BA
sttt o] I 4% 599 g8 ez 4
Ao dlole et B AP AL EHE dlo|HE vE
We oot}

1081791, 6,2, 1, 1,1, 1, 7,1, 1,2

1084584, 5,4, 4, 9,2, 10,5, 6,1, 4

1091262, 2,5, 3,3,6,7, 7.5, 1,4

1096800, 6, 6, 6,9, 6,2, 7,8, 1,2

1099510, 10, 4, 3, 1,3, 3, 6,5, 2, 4
(a) Ao E

0.6, 0.2, 0.1, 0.1, 0.1, 0.1, 0.7, 0.1, 0.1, 0

05,04, 04,09 02, 1,05, 06, 01,1

0.2,05, 0.3, 03, 0.6, 07, 07, 05,01, 1

0.6, 0.6, 0.6,0.9, 06,2, 0.7,0.8, 0.1, 0 (&&ollr M2l
1,04,03 01,03 03 06,05, 021

(b) 2¥ & HolH

a2l 4. 5He| EXlofl chEt H4eolef of

agelA 2 1 4 dHolEZE g A UA got
Ao e g dolHE o] &5 ¥ Aot

Y5 BEAA 0(0=109 AATY 27 &
AZMEA(APEAE =) 238 E &Y% wAF
o) Wale} k-H T3 F ASE duF 44
M +E g BAE Ve Aojh. A7 H
o4 3 APAE 3o A 48E F3d
dolZ gEolth 2N BH, AXE dnFE
o] &8 AA e FHEA ] k-Hd T3 &g
L o] 83 ARG v o S5 S
ASE HAFET) oje Fo) 7 A o i3 A Atd
qrngEo] k-Fa TAS} G Fol vidte A7
o) edF FHe F4E U AR AR
FzEc =3 F d3eF 259 AL 249 F
wHo #7 FESE 1 FHER A SUHES
& 5 ok a8y 2YF vl Foke ALE
ol 2718 ALY A AALE FgHATE 2.8
d2lA €k g8y &9F 7Y F& AHGsA
A ojof & Zo|th B AP MEe &4 F 7
FE 18712 & wol S5 1 P E S
A 4 ARAYS A AJT

¥ 1L eYE HASFU8 M AAT 27 @
ANFANRHANE =0)F A3 HEateo &
o 2 F duEFe) $H4FE g Aol
HAA N} Np= 22 k-5 S-S Algtd &
1Y Eo & ARG stFH4-E vepdiy, 48
to A7) FAIZte 2 CPU A S vER A
olt}, 3 P2 gk Fo)l 100 7] AlF dlolE =2
ANgE B 2utEA BHA L)Y, BT g5E
BEAY HaAs 2Ae UERA Aotk oA
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1. g welol ME $HMs H|w
o K-means alg. Proposed alg.

! Nilti) P(%) Ex Np(tp) P(%) Ex
0.01 2( 0) 50 25.000000 o O 50 25.000000
0.1 839( 14) 50 24.995972 o O 50 25.000000
0.5 20000(296) 68 4.160935 6396( 98) 72 3.871657
1.0 5640( 89) 89 0.344699 1499( 23) 38 0.336547
2.0 3C 1 50 78110.164 304( 4) 100 0.022349
2.5 —{ o 0) 50 114369725.00 20000(296) 49 18145.125

N:! no. of iterations, t;:
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CPU time(sec), pr: convergence rate(%), E.:

duFolvk-HF £ ¢ungF

ool oj

Gaussian radial basis
233t detuHE A3%) Jgx
FGe WYe ¢ Ak EE Kol
nejFol k-Ba T dugFR ¢
dol &S ¢ 3lon, HEasrd
2 ¥AT # Uk &
By o] W3t 0.501]*1 2.0

, Algre

ool MAE A k-BF 28 Y0 E 7

€ 05914 1.0 Abo] &) M9 S
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el we} BHEAle 2agt Eot 44 24.995972,
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982, 183
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Al dlolg 10070
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mean square error
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K-means alg. Proposed alg.
Nk tx Ex Np to Eyp
X 6194.69 97.27 0.368058 1966.80 30.64 0.335882
u 786.75 26.11 0.045847 173.12 2.81 0.000326
P, 86 83

X ' means, u
square error

. standard deviation, N;: no. of iterations, tr :

CPU time(sec), pr: convergence rate(%), E; :

mean
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