Dotz folE HE 98 WA BE gyg=
O]):(l-_ﬁj* . ];I_]'—%}v\_}** . _?‘og%*ﬁ
‘oltdtw A" n| o] 23t

g st HFE E3
“*5«11‘415—}”’ HEr Yo} g5kt
Fuzzy Classification Algorithm for Incomplete Data
Chan-Hee Lee” - Choong-shik Park™ - Young Woon Woo™"

*Dept. of DigitalMedia Eng., Dong-Eui University
"Dept. of Computer Eng., Youngdong University
mDept. of Multimedia Eng., Dong-Eui University

E-mail : chanyl026@deu.ac.kr

e &7 v‘} A= 714 sk &okollA ¢ Fa3 A5 FAoIt AT B4 HolHe A
Zoll A DHT s A & @Rk ofyet £7 29| ST woe Xﬂ’%‘% AYa do. =<
A% dHeolHE tgFs A dd 82 ‘ﬂ“ﬁ—o] At o] AN iR WSl FA GA A
S8kl Atk B =&dAE A EﬂEH«l HA g o]83h %%‘r"d delEe] B/ dadEs
Abeer. AR 7ol B 54 HEdA e B HolHE st shgeislen, 5
4 dolE 9 ﬂ?ﬂ% Azh HA e BR710 &8kt Ade Tk AR 7ol i

O F& AHES UEES EIT & AU
7=
A {7, 244 delH, 47 HA @5
.M 2 g3 B HolHEL EF R HeS A
s Al Be oYzl e o EAZ U4
& Q12 (Pattern Recognition)S o8] W2l o El=h
= Aol @ g JRAT Aol e AR man olHs vwsl A¥ we sMEol
A BAEFE)E ol d S A4S 24 gormm g, AAZAH AFE delXt B
s e A3AT & wopetal Aedt A 7](Bayesian model)& ©| &3 7|'H[1]¥} SVM&
Hal Adlell dA A= 5 de FE2 HolHS  oga 719[2~4]°] U, J. Ross Quinlan[5]°]
= A3 x¥sh= AL =8, gt YU naqe golg= TAST R /WS A
A5E BRsta Aeet] A 1go]l dFIAl  grsigom o9l wigiz Bod HolHE 223
T FHol 23 9tk IFAgNE A4 Jlee H = Fuzzy C-MeansE o] &3 Ze~Ed 7]4[6]
HE AAsta 25, A2lstr] 9 7HE Hold o) germgo.
ZlEol®, 14 Zl=e disAQl Zlo] Y 1 2 =EfdAE 71E9 ¥R E(unsupervised) &
olth. thiEHdl S8§ worRE EARNY, WAL o) wadF HolHE ©| 8% Fuzzy C-Means
2] 3} "JZ} B A 24, 45 Y EM o 2o ~EY(dustering) 7H[6]1S AE S5
(medical diagnosis) 5T AXE, =9 1y, (supervised learning) 224 9] HA| EF7]ol| &
d & A2 Heokyl FAF Bof 5o 9t A st sl ' B F(classification) ol 283}
AR Aol e Fof HolHE aRHe g
2 EfFste A2 v 8T vk ople Aokek MBS o] 45t UCI machine
Tt SAT AARM dojx= HoH S learning repositoryAO]EolA AlFEHE EF H
& 3%l wet BAHA L 2= Ho I o



Sharal O BN 2009 FAIEE 83

©]E]Q] Breast Cancer Wisconsin H©]E{ €} Ecoli
HolE MEE o|&sted Adsty I AF}E o
o, B4 AT

I. Meket x|

gne|E 71y

N

4 dole 9 tiA

s=zolAE BG4 HelHe &4 HelHE
’6‘}1, Ed s} -47(] gl A&
WROZME 2 FdlX(dass)® TS ©l
Ho‘ﬁﬂr 71Ee] W A dHolE Aol
g8 fFEds ﬂﬁ](Euchdean distance) &
&t Tr/‘]'a BAEE gbEst] P /AR
tolEe] FE= "417‘1]"]94‘7::‘_ WS Ha A

1
£

rjz _I[N’

}.

i

o

oL & O 10 ofp fm )
of

L 32
g

g%‘r dlolg el 713 o2 (1,2,3,4) Y ),
(7,2,3,4)= 25%9] &2 do|go|n, (?,2,7,4
= 50%Y &4 delEgda & & Uth B =&
ol A Agtsh= Z1Rel Aol W Aol Ws
S 571 Y 2 1A 8 2AES AAIY

[6].

.{

Aol 1: =94 oy X,

XA = {IPIZ’ "'7I71}C Rn

Ty = T2 - T} © RY

Xy € Xy and Xp C Xy

where

Xy= {IkJIkEXA,IkiS awhole datum}

Xp= {I]|I7 e X ,x;isan € complete datum}

Xy ={nje,=71<j<s1<k<n}

Xy = {xk7|xk7 = certainvalue,1 < j < 5,1 <k <n}

XN Xp=
XN Xy =

¢, XU Xp =X,
&1 Xpd + X = X

4] 2 : The effect factor ay;

1 xkje Xy

=14 oyl =l
o7 SR TR 2, E Xp, 1, E Xy,

9] 3 : The resembling factor ﬁu

Bi; =llay, —ayll, 1 <k <s)A@EX)) A (2,EX))
22 71&9] A2 714

712 FH 2T ZIHAelAs HA tlold
g ooz B4 Mes Aaw ME o) g
AEE (B9 3)9 WHoz Axkste Z4 ©o]
o ahe 14 Be 54 wee 54 gloz o

Askdt. dlelEle] thal Al (€] 2)«] a5 A

AFsted Fuzzy C-Means @alE]FolAlel S
FAE a0 FUz 25 WD AFA B
oz T3tk

2 =wdAe 7124 7ide d"E &R
(classification)ol] 4grA 283t aL, &4 TlolH
of tiAl WS tad #Zol JiAdste] vl A9
&ttt
23 Add A HA 718
Aok A WA 7IHe ged 2o
9A 1 A Fze A AT

Tl
Exm

ck={cklﬁck2#...ckyn}where ck,]-,='7:1; (o))

ki

where x,;,E Xy,

2 )9 o 7 2Yzo FAoW, S4w
A s 24 HolHE Alflsta At
e kRA 2z WA 53 T ZAEHA
o3& dolee] +F onl @,

A 2 0 dele) gk B4 HolE Abeld] gl =
4 @ ge o T

ﬂk,'=||ckjij||7 1<k<cn @)
4 A2 e Fohsol S Ui, g
g EAHE 2o HolH @ T B HA &
o Holg ge oimaoh

97 3 ;b Ae Adel kel gol APt
A #Hoem Bdd HolH e 4 (3% el
o) A gkt

Replace z; by c;; 5 ¢i;€ ¢, 3
WAl 4 (Fel 99 oy, RS AL,

24 A4 F HA 718

Are = ThE JPEe F1Ee) g ol
A elolElste fAHS AT F AT Hlo|
HEe) BEghe tANTIE otk AAT A

9 g tet 2ok
WA 1wl Eehd 54 wElst RE 54
HolAel gdd Wezte] Ae ¥ DE T
=

Di, = {517527'“7515} 57’1 = 57)2 » 1 = Ty (4)

where §8), = ”Iij*ij”

— 388 —



o

o
2
i)
)
i
2
&,
Zo
ot
i)
S
H
%
files
)
k)
N

%
AAF =4

WA 3 AR w8 UF UsHE D
153 ¥

MEle] e Wstel Bod W doly @
o=z ﬂhﬂ/\l At

1
Iiﬂnissing_jg k,missing (6)
202 7,2 gl deEHE AT WEE 2w
.

@A 40 (B9 2)9 a = ARG
25 ¥A 77

AEA A" g doly HES o]l
HA ER7IE A ddstd. s
549 B o8t 4 ¥A FeE A
doh 54 #Ee 54 m7hA o A mAY
e R e e S A L

M, = EI(H where ;€ X, (7)

o]%s}oq Zy gy z=e EE Hds
WA FP o iR 5HE

"/‘H Fehz=e] A 54| H)

o8 ole). ol e WelElst 21E A A
Akl RkgetA] o=t

pi () = 0.1 (x;— M) + ifz; <M, (8)
pei () = 701(:c5M”)+1 1fx >M

ud(xj) =0 lf,ua( )<O

A Fef o] i ——77219] é?‘
ot

Bl =E AloAo] ol S4E & gk
3} effect factor ay; & ©&3k 4 (9)9 2]
TA BEoE FYx

= =
= =
ozH BddA & F e EF dHEs €<

mernbership)

AEE 3t UCI(University of Califonia,

Irivne) machine learning repository Ako]E[7]e]l
A AE #F HolHE F Breast Cancer

Wisconsin Eﬂ o]E]9} Ecoli Hl°]E] M EZE o] &3}
o AFSIATE 7+ HolHE 542 3F 13 2o

E 1. Ago AF2E HolEY EX
BCW Ecoli
FY F 2 5
54 & 9 7
tloly & 699 336
o]y 24 Integer Real
Missing data Yes(16) No
AL 10-fold cross validation[8] W& Al-&
3lda, oo Eod Hxel B4 HolHE
2dshs Wel] mek Al A 2Pe Sl 5
of "tk B¢Hd A= fv 4 100 ol &
st AArst STt
ny, |XU|
St BOW Ao BE 2P AolE Hels
71 9&l 1.0, 0.95, 0.85, 0.75, 0.7°] ThalA UCI
Holg ¥E Aggth §7F 1.08 A ARG 2
A dolEel e B Aelo] ololAA %
o2 BE AL 22 AHE AT & li’iﬁ}.

MZE& YA ANA AFSA EL4A dolHE A
Al AE sl uﬂT,__oﬂ 10-fold cross validation
H2E ]3] uity algo] @ikt meta 4
g2 o wgt AAFIE= 24 deolHE dHolH
2 7]Ho ue} 1084 10-fold cross validation
st O HAEpS W JAMER AAEAT. &4
Ao g F7E & 29 Zo] Aot

— 389 —



Sharal O BN 2009 FAIEE 83

E7 243 714
A [71EY ELA delH Ag 71H[6]
B & =&dA At A HA 71H
2 =EolA As + HA 7H
F 3. Breast Cancer Wisconsin HI0|E{ & 0| &t
A
S| eaaw REL
deolg A B C
1.0 0 95% 95% 95%
0.95 307 93% 95% 94%
0.85 922 93% 96% 93%
0.75 1537 92% 97% 92%
0.7 1844 92% 95% 90%

k23 3—8— Breast Cancer Wisconsin H|¢|E]E ©]&
olty, BE HXEoA B =FdA At
5}5 A WA “}‘ﬁ( Yol 71 &2 Q14ES Hol

£ 218 el ¢ 5 sle 53 Be] 49 Al
A #RE HolHETE o ¥ ANFL B9
g 5 Agith oldw Ashe Bead dolel
A E Holelel 23 8 wiel Fal} sl

Bages Al s A Bl B A
ay & o183t HEX BEy
&

AollA A2 ‘Rl% =

T 4. Ecoli HI0o|E{ & o| 83 AH

5 X A4 &
dlolE A B C
1.0 0 86% 86% 86%
0.95 114 83% 85% 84%
0.85 343 7% 82% 79%
0.75 572 71% 78% 76%
0.7 687 69% 76% 71%

£ 4% Ecoli HOEE o83 49 Aol
AR E do) Aohiol M) R 2
of Zfob e & % Utk AT %ol Pt v
AN B AFIA 7HE B ANBS AT
F Uit

v. & B

—

e

=adAE AAEAA AT & Q=
JolElE o]&sty oY &7/ o= W
71&9] Fuzzy C-Means®l| A}
Y28y WHE dd Z2R A
s 0}95\_1_ 284 oy E Edst
PHES AAEt 71Ee WY BT £
< <l FFY. B =52 &% dolH
NES Zole A Rus B9 dHolHe

)
e
i)

2
F3
of
=L
iﬁ
o

i

rlr o ofo u:E liA

i o 32
i go o o
o

l

1>
O

¢

B82S drht BY F A v 2UE Fu
oA, adsd AME WA BF EW
3 71RAQ 47 WA G4 Agstar A
2 oo} ge Aol ST wolHel 23

re
1>
it
m{o

o 2 N R 0 (o 0 2 o i o o
-0,
~

e & Ak

T AT JAZ= Ecoli HlolE Aol
AAE A3t EAE BT Aoy 43 o
Hol thaiAE 23S Fof S W A A=
E &8I 2N HE FeHor Sz &5
£ 9ste 7IHES Bostel 2E dolHd of
A AR EFRVIE AAGE A T &
= A3 dHolE AEE o|&3sto AL 7R
AT dtds ASshe Aol 28T A=
A 23t

223

[1] K. B. Korb, A. E. Nicholson, Bayesian
Artificial Intelligence, Chapman & Hall, 2004.

[2] V. N. Vapnik, The Nature of Statistical
Learning Theory, Springer, 1955.

[8] V. Vapnik, Statical Learning Theory, John
Wiley & Sons Inc., 1998.

[4] V.N. Vapnik, “An Overview of Statical
Learning Theory,” IEEE Transactions of Neural
Networks, Vol.10, No.5, pp.988-999, 1999.

[5] J. R. Quinlan, “C4.5:Program for Machine
Learning,” Morgan Kaufmann, 1993.

[6] Zhiping Jia and Zhigiang Yu “Fuzzy
C-Means Clustering  Algorithm Based on
Incomplete Data,” IEEE International Conference
on Information Acquisition, pp. 20-23, August
2006.

[7] A. Asunion and D. Newman, UCI machine
learning repository, http://archive.ics.uci.edu/ml,
School of Information and Computer Science,
University of California, Irvine 2007.

[8] Ron Kohavi, “A study of cross-validation
and bootstrap for accuracy estimation and
model selection,” Proceedings of the 14th
International Joint Conference on Artificial
Intelligence, pp.1137-1143, 1995.

- 390 —



