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R R X R X R← + −±ηδ C C( ), ( )a fa f¦
¦

be¦hfX¦bg[Xe¦?ID¦gXV[a\dhXf!¦¦

¦

4WW¦I\eghT_¦Fhccbeg¦IXVgbef¦ÝIFIÞ¦Tg¦g[X¦UbeWXe¦\Y¦

aXVXffTel!¦

¦

EXcXTg¦fX_XVg\ba"bcg\`\mTg\ba¦fgXcf!¦

¦

<Y¦?74¦be¦FI@¦Ýf\aZ_X¦[lcXec_TaXÞ¦Z\iXf¦UXfg¦eXfh_gf¦

ba_l¦%¦cebgbglcX¦iXVgbef¦TeX¦fhYY\V\Xag!¦¦
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C eh_Xf¦ÝcebgbglcX UTfXW¦eh_XfÞ¦

¦

@beX¦ZXaXeT_¦g[Ta¦Yhmml¦eh_Xf2¦

7\fgTaVX¦YhaVg\baf¦01¦`X`UXef[\c¦YhaVg\baf!¦

¦

FXiXeT_¦`Xg[bWf¦gb¦VeXTgX¦g[X`-¦

¦

• aXheT_-¦E59¦be¦?ID _\^Xþ¦aXhebYhmml¦¦

• WXV\f\ba¦geXXf¦TccebTV[Xf¦

• `\a\`T_¦W\fgTaVX¦be¦f\`\_Te\gl UTfXW¦TccebTV[Xf¦

¦

• g[X¦aXTeXfg¦aX\Z[Ube¦`Xg[bWþ¦^AAþ¦^0$¦¦¦

• bcg\`\mTg\ba¦bY¦W\fgTaVX¦YhaVg\ba¦¦

• fX_XVg\ba¦bY¦eX_XiTag¦YXTgheXf!¦¦

¦

8k-¦cebgbglcXf¦Ybe¦<e\föabg¦Tg¦g[X¦VXagXef¦bY¦V_hfgXef²¦

¦

¦

¦
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F5¦`Xg[bWf¦TaW¦AXheT_¦AXgjbe^f¦

¦

ETW\T_¦5Tf\f¦9haVg\ba¦aXheT_¦aXgjbe^f¦ÝE59Þ¦TeX¦T¦

fcXV\T_¦VTfX¦bY¦@7¦`Xg[bW¦j\g[¦¦

¦

:ÝWÝ⋅þeÞÞ¦ö¦:Thff\Ta¦be¦bg[Xe¦eTW\T_¦YhaVg\baþ¦¦

W¦ö¦8hV_\WXTa¦W\fgTaVX¦Ýbg[Xe¦`Xge\V¦YhaVg\baf¦`Tl¦

UX¦hfXWÞ!¦¦

¦

7 @?Cþ¦W\fgTaVX UTfXW¦@?Cf¦¦

¦

σ θ σ θW X W X W X⋅ − = + − − −F
HG

I
KJb g e j

1

2
2 2 2

¦

G D d D( ) ,= −σ 0 W Xb gc h ¦
¦

d W X0

2 21

2
= + −e j θ ¦

D W X W X( , ) = −1

2
2e j ¦

¦

d X Yi i
i

N

X, Ya f = −
=
∑

1

2
2

1
¦¦VbeeXfcbaWf¦gb¦@?C¦j\g[¦g[X¦

fgTaWTeW¦fVT_Te¦cebWhVg¦TVg\iTg\ba¦

¦

F\Z`b\WT_¦YhaVg\baf¦fVT_X¦g[X¦\aY_hXaVX¦bY¦eXYXeXaVXf!¦

W
#
¦ö¦fVT_X¦YTVgbeþ¦σ(0)=0.5  Ybe¦¦7ÝJþ¦KÞ¦0¦W

#¦¦
¦¦

¦

σ(X;W)

d(X;W)d0

1.0

0.5

 0

 0
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¦

@\a^bif^l¦W\fgTaVXþ¦@?C¦Y\efgþ¦g[Ta¦α¦0#!(þ¦$þ¦$!(þ¦%þ¦*¦

¦

¦
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F\`c_Xfg¦F5@¦aXgjbe^¦eXT_\mTg\ba¦

¦

;\WWXa¦abWXf¦Vb`chgX¦W\fgTaVXf¦7ÝK EÞ!¦¦

^¦abWXf¦j\g[¦`\a¦W\fgTaVXf¦bhgchg¦V_Tff¦_TUX_¦¦[]ÝK.EÞ06\¦¦

Bg[Xef¦abWXf¦[]ÝK.EÞ00!¦¦
¦

Bhgchg¦_TlXe¦Vb`chgXf¦VbaY\WXaVX¦YTVgbef-¦

¦

¦
P C M W hi ij j

j

| ; ( )X Xb g = ⋅∑ ¦

Bhgchg¦jX\Z[gf¦¦W S C C C C Nij i j j i C= ( , ) /  , ..=1 þ¦¦

 
Cj V_Tff¦iXVgbe¦\a¦g[X¦e¦eTW\hf¦bY¦K¦Vbage\UhgXf¦S(Ci ,Cj),  
j[XeX¦S(.,.)¦0¦f\`\_Te\gl¦T`baZ¦g[X¦bhgchg¦V_TffXf!¦
¦

4YgXe¦abe`T_\mTg\ba¦g[\f¦aXgjbe^¦Xfg\`TgXf¦cebUTU\_\g\Xf-¦

¦

¦
p C M

P C M

P C Mi
i

j

( | ; ) =
( | ; )

( | ; )
j

X
X

X∑ ¦

¦

6bfg¦YhaVg\ba¦hfXW¦Ybe¦geT\a\aZ-¦

¦

E M k r W R C C p C M C Ci i i
i

( ( , , )) , ( ) ( | , , ( )= −∑∑ X X X
X

b gb g b gδ 2

¦
¦

j[XeX¦¦R(.,.)  \f¦g[X¦e\f^¦`Tge\k!¦
JX\Z[gfþ¦k, r¦¦TeX¦geXTgXW¦Tf¦TWTcg\iX¦cTeT`XgXef!¦
¦

@Tal¦bg[Xe¦aXgjbe^¦eXT_\mTg\baf¦TeX¦cbff\U_X!¦
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CTggXea¦Vb`c_Xg\ba¦TaW¦`\ff\aZ¦iT_hXf!¦

¦

<a¦F5@¦cTeg\T__l¦^abja¦\achg¦K0ÝK
W
þ¦K

h
Þ¦`Tl¦UX¦hfXW¦gb¦

Y\aW¦aX\Z[Ubef¦\a¦g[X¦fhUfcTVX¦bY¦WXY\aXW¦\achg¦K
W
!¦

CebUTU\_\gl¦bY¦ha^abja¦iT_hXf¦K
h
¦Ý`h_g\c_X¦WTgT¦

\`chgTg\baÞ¦\f¦VT_Vh_TgXW¦Ul-¦¦

¦

p X X M p C X X Mu d u i i u d( | ; ) =   ( |( ,  ); )', 'max ¦

¦

8V[bVTeW\bZeT`¦WTgT¦ÝH6<Þ-¦$&%¦iXVgbefþ¦$%¦

Tgge\UhgXfþ¦ba_l¦$ ,¦hfXYh_þ¦%¦V_TffXf!¦

$(¦iT_hXf¦bY¦4)¦`\ff\aZþ¦$$¦iT_hXf¦4*¦XgV!¦¦

¦

;XcTg\g\f¦WTgTfXg¦ÝH6<Þ-¦$((¦iXVgbefþ¦$+¦Tgge\UhgXfþ¦

$&¦U\aTelþ¦bg[Xe¦\agXZXeþ¦%¦V_TffXf!¦¦

4$+¦[Tf¦)*¦`\ff\aZ¦iT_hXfþ¦4$)¦[Tf¦%,¦XgV!¦¦

¦

$# Yb_W¦fgeTg\Y\XW¦6I¦gXfgf¦hf\aZ¦9F@¦aXgjbe^¦¦¦

¦

@Xg[bW¦ 8V[bVTeW\bZeT`¦ ;XcTg\g\f¦

<ZabeXW¦ +*!+½þ¦%'¦abWXf¦ *,!,½þ¦$,¦abWXf¦

4iXeTZXf¦ +(!(½þ¦%#¦abWXf¦ +$!#½þ¦$%¦abWXf¦

AXj¦iT_hXf¦¦ +$!(½þ¦¦%%¦abWXf¦ *,!$½þ¦¦$)¦abWXf¦

@Tk\`\mX¦c¦ ,#!%½þ¦$+¦abWXf¦ +&!'½¦$#¦abWXf¦

¦

¦
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@XgT _XTea\aZ¦T_Zbe\g[`!¦
¦

6b`U\aX¦4<¦fXTeV[¦TaW¦6<¦bcg\`\mTg\ba¦TccebTV[Xf!¦

¦¦

:\iXa¦T¦YeT`Xjbe^¦Ybe¦ZXaXeTg\ba¦bY¦6<¦`bWX_f¦fXTeV[¦g[X¦

fXg¦bY¦T__¦cbff\U_X¦`bWX_f¦n@Tp-¦

¦

fgTeg¦Yeb`¦f\`c_Xfg¦`bWX_fþ¦

TWW¦`beX¦cebVXWheXf"cTeT`XgXefþ¦¦

fX_XVg¦g[X¦UXfg¦`bWX_fþ¦

Vbag\ahX¦fXTeV[¦hag\_¦g[XeX¦\f¦ab¦\`cebiX`Xag!¦

¦

5Xfg¦0¦f\`c_Xfg¦TaW¦`bfg¦TVVheTgXþ¦\aV_hWXf¦Vb`c_Xk\gl!¦¦

4ib\W¦biXeY\gg\aZþ¦V[XV^¦`bWX_¦Vb`c_Xk\glþ¦hfX¦iT_\WTg\ba¦

fXgf¦be¦Ve\gXe\T¦fhV[¦Tf¦¦

¦

@\a\`h`¦7XfVe\cg\ba¦?XaZg[¦Ý@7?Þ¦

:hTeTagXXW¦E\f^¦@\a\`\mTg\ba¦Ý:E@Þ¦

<aYbe`Tg\ba UTfXW¦Ve\gXe\T¦Ý4<6þ¦5<6þ¦F<6Þ!¦¦

¦

6<¦`bWX_f¦TeX¦[b`bZXabhfþ¦hfX¦g[X¦fT`X¦glcX¦bY¦

cTeT`XgXefþ¦TWW¦`beX¦X_X`Xagf¦gb¦Uh\_W¦WXV\f\ba¦UbeWXef!¦

¦

8k-¦7XV\f\ba¦GeXXf¦VeXTgX¦[lcXeUbkXfþ¦¦

AA¦hfX¦fbYg¦[lcXec_TaXfþ¦¦

E59¦hfX¦:Thff\Taf¦!!!¦¦

¦

EXfh_g-¦f\`c_X¦cebU_X`f¦UXVb`X¦Vb`c_Xk!¦¦

Fc[Xe\VT_¦W\fge\Uhg\ba¦\a¦A W\`!¦eXdh\eXf¦Aý$¦

[lcXec_TaXf!¦

F\aZ_X¦c_TaX¦eXdh\eXf¦`Tal¦:Thff\Taf!¦
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¦

8iT_hTg\ba¦YhaVg\ba¦6Ý@
_
Þþ¦Xk!¦TVVheTVl¦ba¦iT_\WTg\ba¦fXg!¦

@¦\a\g\T_¦`bWX_fþ¦fX_XVg¦>¦Y\aT_¦`bWX_f!¦¦

¦

G[X¦`bWX_¦fXdhXaVX¦fX_XVg\ba¦T_Zbe\g[`¦UTfXW¦ba¦g[X¦5Xfg 

9\efg¦FXTeV[¦Ý59FÞ¦cebVXWheX¦\f-¦

¦

6eXTgX¦T¦cbb_¦bY¦@¦\a\g\T_¦`bWX_f¦n@
_
pþ¦_0$¦!!¦@!¦¦¦

Bcg\`\mX¦TaW¦XiT_hTgX¦6Ý@
_
Þþ¦¦

TeeTaZX¦`bWX_f¦\a¦T¦WXVeXTf\aZ¦beWXe¦6TÝ@\Þ¦≥¦6TÝ@]Þ¦Ybe¦\1]!¦¦

FX_XVg¦UXfg¦`bWX_¦@E¦Yeb`¦g[X¦n@_p¦cbb_¦Tf¦g[X¦eXYXeXaVX!¦¦

EX`biX¦\g¦Yeb`¦g[X¦cbb_¦bY¦`bWX_f!¦¦

¦

EXcXTg¦hag\_¦g[X¦cbb_¦bY¦`bWX_f¦\f¦X`cgl-¦

¦

8kgXaW¦@E-¦

∀ @_¦XiT_hTgX¦cXeYbe`TaVX¦@Eý@_¦¦

<Y¦g[XeX¦\f¦T¦f\Za\Y\VTag¦\`cebiX`Xag-¦¦

eXc_TVX¦@E¦←@Eý@_¦j\g[¦UXfg¦XkgXaf\baþ¦`Tk¦6Ý@Eý@_Þ¦¦

¦¦¦eX`biX¦@_¦Yeb`¦g[X¦cbb_¦bY¦TiT\_TU_X¦`bWX_f!¦¦

8?F8¦fgbcþ¦eXghea¦@E¦¦¦

¦

@¦ ¦?¦fXdhXaVXf¦XiT_hTgXW¦cXe¦fgXcþ¦?¦0¦@ $þ¦!!¦þ¦$!¦¦

EXfh_g-¦fXdhXaVX¦bY¦`bWX_f¦bY¦\aVeXTf\aZ¦Vb`c_Xk\gl!¦¦

¦

JTea\aZ-¦fXdhXag\T_¦bcg\`\mTg\ba¦WbXf¦abg¦ZhTeTagXX¦

TUfb_hgX¦bcg\`h`!¦¦

¦

¦

¦
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59F¦ö¦cebaX¦gb¦_bVT_¦`\a\`T!¦

5XT`¦fXTeV[¦ö¦`beX¦Vbfg_lþ¦Uhg¦UXggXe¦eXfh_gf!¦¦

FX_XVg¦fXiXeT_¦`bWX_f¦bY¦f\`\_Te¦TVVheTVl!¦

¦

8kT`c_X-¦¦

FgTeg¦Yeb`¦@E¦0¦f\`c_Xfg¦^ aaþ¦^0$þ¦8hV_\WXTa!¦¦

6Ý@
_
Þ¦\f¦g[X¦_XTiX $ bhg¦TVVheTVl!¦¦

¦

@bWX_¦XkgXaf\baf¦\aV_hWX-¦¦

¦

• Bcg\`\mTg\ba¦bY¦^þ¦^$¦≤¦^¦≤¦^%¦¦
• FX_XVg\ba¦ bY¦ g[X¦ glcX¦ bY¦ WÝKþLÞ-¦ 8hV_\WXTaþ¦ @Ta[TggTaþ¦

6[XUlfV[Xi¦TaW¦6T`UXeeT!¦¦

• 9XTgheX¦fX_XVg\ba!¦¦

• Bcg\`\mTg\ba¦bY¦fVT_\aZ¦YTVgbef!¦¦

¦

d s X Yi
i

N

i iX, Y s;a f
α α= −

=
∑

1
¦

¦

α 0¦$þ¦%¦jTf¦hfXW¦j\g[¦fVT_\aZ!¦¦
¦

CTeT`XgXe¦bcg\`\mTg\ba-¦¦

f\`c_Xk¦`Xg[bW¦ý¦dhTag\mTg\ba¦bY¦cTeT`XgXefþ¦si ← si ±0.1¦
Fb`Xg\`Xf¦Z\iXf¦eTg[Xe¦_TeZX¦iTe\TaVX!¦¦

¦
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@ba^¦cebU_X`f¦¦¦

¦

4eg\Y\V\T_¦WTgTfXgf¦hfXW¦gb¦gXfg¦@?¦

cebZeT`fþ¦WTgT¦Yeb`¦H6<¦eXcbf\gbel!¦

¦

)¦fl`Ub_\V¦\achg¦YXTgheXfþ¦¦

$%'¦geT\a\aZ¦VTfXfþ¦¦

'&%¦gXfg¦VTfXfþ¦¦

%¦V_TffXf-¦`ba^þ¦abg `ba^!¦

¦

@ba^ $¦cebU_X`-¦¦

`ba^¦\Y¦Ý[XTW¦f[TcX¦0¦UbWl¦f[TcXÞ¦∨ ¦¦
]TV^Xg¦Vb_be¦0¦eXW¦¦

¦

7\YY\Vh_g¦Ybe¦F5@þ¦XTfl¦Ybe¦eh_X UTfXW!¦

¦

6Ý@
_
Þ¦\f¦g[X¦_XTiX $ bhg¦TVVheTVl!¦¦

EXYXeXaVX¦`bWX_-¦^ aaþ¦^0$þ¦8hV_\WXTa¦W\fgTaVXþ¦¦

6Ý@
_
Þ¦ba¦geT\a\aZ¦*)!)½¦ÝgXfg¦eXfh_g¦+(!,½Þ!¦¦

¦

@Xg[bW¦ 6Ý@
_
Þ¦geT\a¦½¦ GXfg¦TVV!¦½¦

@
$
¦0¦^ aaþ¦^0$þ¦8hV_\WXTa¦¦76.6  85.9 
@

$
ý¦6T`UXeeT¦W\fgTaVX¦ 79.8 88.4 
@

$
ý¦^0&¦ 82.3  80.6 
@

$
ý¦YXTgheX¦fX_!¦$þ¦%þ¦(¦ 96.8  100.0 
@

%
0@

$
ýYXTgheX¦jX\Z[gf¦ 99.2  100.0 

aXj¦eXYXeXaVX¦   
@

%
ý¦6T`UXeeT¦W\fgTaVX¦ 100.0  100.0 
¦

JX\Z[gf¦fX_XVgXW-¦¦Ý$þ¦$þ¦#!$þ¦#þ¦#!,þ¦#Þ¦¦
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@ba^¦%¦cebU_X`-¦¦

¦

Eh_X-¦@ba^¦<9¦XkTVg_l¦%¦bY¦)¦Tgge\UhgXf¦[TiX¦Y\efg¦iT_hX!¦

$),¦VTfXf¦Ybe¦geT\a\aZþ¦'&%¦gXfg¦VTfXf¦

¦

5Xfg¦fXdhXaVX-¦^ aa¦j\g[¦6T`UXeeT¦W\fgTaVX¦YhaVg\baþ¦¦

geT\a\aZ¦TVVheTVl¦+,!,½þ¦gXfg¦TVVheTVl¦,#!*½!¦¦

¦

¦

k-NN 

+d(x,y);  
Camberra 89.9/90.7 % 

+ si=(0,0,1,0,1,1); 
71.6/64.4 % 

+selection,  
 67.5/76.6 % 

+k opt; 67.5/76.6 % 

+d(x,y) + si=(1,0,1,0.6,0.9,1);   
Camberra 74.6/72.9 % 

+d(x,y) + sel. or opt k;  
Camberra 89.9/90.7 % 
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@ba^ &¦cebU_X`-¦

Eh_X-¦¬ ¦ÝUbWl¦f[TcX¦0¦bVgTZba¦∨ ]TV^Xg¦Vb_be¦0¦U_hXÞ¦∨ 
  ¦Ý[b_W\aZ¦0¦fjTeW¦∧ ]TV^Xg¦Vb_be¦0¦ZeXXaÞ¦

$%%¦geT\a\aZ¦VTfXfþ¦'&%¦gXfg¦VTfXf¦

)¦`\f_TUX_XW¦iXVgbef¦\a¦g[X¦geT\a\aZ¦fXg¦Ý'!,½Þ¦gb¦f\`h_TgX¦

g[X¦XYYXVgf¦bY¦ab\fX¦\a¦g[X¦WTgT!¦¦¦

¦

¦

¦

¦

jX\Z[gXW¦ W\fgTaVX¦ j\g[¦ ]hfg¦ %¦ aba mXeb¦ VbXYY\V\Xagf¦ ZTiX¦

geT\a\aZ¦TVVheTVl¦bY¦,&!'O½¦TaW¦gXfg¦eXfh_g¦bY¦,*!%O½!¦

¦

¦

¦

¦

¦

¦

¦

¦

¦

¦

¦

¦

¦

4_g[bhZ[¦gXfg¦eXfh_gf¦jXeX¦UXggXe¦j\g[¦YXTgheX¦fX_XVg\ba¦

ba_l¦g[X¦geT\a\aZ¦eXfh_gf¦`Tl¦UX¦hfXW¦Ybe¦XiT_hTg\ba²¦

¦

¦

k-NN 

+d(x,y);  
Euclid. 86.9/91.0 % 

+si=(0,1,0,0,0.1,1)  
93.4/97.2 % 

+selection,  
 93.4/98.6 % 

+k=2 opt; 88.5/91.7 

+ si=(1,0,1,0.6,0.9,1) +d(x,y);   
Euclid 93.4/97.2 % 

+si + sel. or opt k;  
Euclid 93.4/97.2 % 
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6b`cTe\fba¦bY¦eXfh_gf¦Ybe¦g[X¦@ba^¦CebU_X`f¦
¦

<aWhVg\iX¦`TV[\aX¦_XTea\aZ¦`Xg[bWf¦[TiX¦fb`X¦TWiTagTZXf¦

Ybe¦g[\f¦glcX¦bY¦cebU_X`fþ¦Uhg¦F5?¦j\g[¦`XgT _XTea\aZ¦WbXf¦

Y\aX!¦

¦¦

¦

¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦@BA> $¦¦¦¦@BA> %¦¦@BA> &¦Ý½Þ¦

@?¦@Xg[bWf¦

<7&¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦  98.6       67.9   94.4    
<7(E¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦  79.7         61.8   95.2   ¦
4DE¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦  95.9       79.7   87.0   ¦
6A%¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦  100.0    69.0   89.1   ¦
6?4FFJ85¦#!$#¦¦   71.8        64.8   80.8 ¦
@?Cý5C¦¦¦¦¦ ¦ ¦ ¦¦¦¦¦¦¦100          100    93.1 
F5?ý`XgT¦¦ ¦ ¦ ¦ ¦¦¦¦¦¦¦100          90.7    97.2 
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;XcTgbU\_\Tel¦W\fbeWXef!¦

L!¦;TlTf[\þ¦4!¦<`heTþ¦>!¦Lbf[\WTþ¦9hmml¦aXheT_¦XkcXeg¦

flfgX`¦TaW¦\gf¦cc_\VTg\ba¦gb¦`XW\VT_¦W\TZabf\f³!¦+g[¦<ag!¦

6baZeXff¦ba¦6lUXeaXg\Vf¦TaW¦FlfgX`fþ¦A!L!¦6\glþ¦cc!¦(' )$þ¦¦

$,,#!¦

(&)¦cTg\Xagfþ¦Gb^lb UTfXW¦[bfc\gT_¦

¦

'¦glcXf¦bY¦[XcTgbU\_\Tel¦W\fbeWXef-¦¦

$!¦ T_Vb[b_\V¦_\iXe¦WT`TZX¦Ý4?Þþ¦&'!#½¦

%!¦ce\`Tel¦[XcTgb`T¦ÝC;Þþ¦%&!,½¦

&!¦_\iXe¦V\ee[bf\f¦Ý?6Þþ¦%%!&½¦

'!¦V[b_X_\g[\Tf\f¦Ý6;Þþ¦$,!+½¦

¦

8TV[¦eXVbeW-¦,¦U\bV[X`\VT_¦gXfgf¦ý¦fXk!¦

$)&¦VTfXf¦hfXW¦Tf¦g[X¦gXfg¦WTgT!¦

¦

FgebaZ_l¦biXe_Tcc\aZ¦V_TffXfþ¦W\YY\Vh_g¦WTgT!¦

$##¦Yhmml¦eh_Xf¦Z\iX¦TUbhg¦*( *)½¦TVVheTVl!¦¦

¦

^ aaþ¦^0$þ¦8hV_\WXTa¦W\fgTaVXþ¦*%!*½¦?$B¦Ý**!,½¦gXfgÞ!¦¦

¦

9\efg¦_XiX_¦¦

¦

Bcg\`\mTg\ba¦bY¦^þ¦^0$þ¦TVV¦*%!*½¦ÝgXfg¦**!,½Þ!¦¦

Bcg\`\mTg\ba¦bY¦W0@Ta[TggTaþ¦*,!$½¦ÝgXfg¦**!,½Þ!¦¦

9XTgheX¦fX_þ¦eX`biXW¦$¦Ý6eXTg\a\aX¦_XiX_Þþ¦*'!&½¦ÝgXfg¦*,!$½Þ!¦¦

9XTgheX¦jX\Z[gþ¦8hV_\WXTaþ¦*+!#½¦ÝgXfg¦*+!(½Þ.¦¦¦

jX\Z[gf¦TeX¦[1.0, 1.0, 0.7, 1.0, 0.2, 0.3, 0.8, 0.8, 0.0].¦
¦

AXj¦eXYXeXaVX-¦@Ta[TggTa¦W\fgTaVX!¦



#$@XgT_ %*9¦

¦

FXVbaW¦_XiX_-¦

^¦bcgþ¦^0$þ¦ab¦V[TaZX¦

9XTgheX¦fX_þ¦ab¦V[TaZX¦

9XTgheX¦jX\Z[g\aZþ¦+#!$½¦ÝgXfg¦+#!'O½Þ!¦

ÝY\aT_¦jX\Z[gf¦TeX¦[1.0, 0.8, 1.0, 0.9, 0.4, 1.0, 1.0, 1.0, 1.0]¦¦¦
¦

Method 
Training 
set 

Test 
set 

Reference 

IB2-IB4 81.2-85.5 44.6 
WEKA, our 
calculation 

Naive Bayes -- 46.6 WEKA, our  

1R (rules) 58.4 50.3 WEKA, our  

T2 (rules from decision tree) 67.5 53.3 WEKA, our  

FOIL (inductive logic) 99 60.1 WEKA, our  

FSM, 49 crisp logical rules 83.5 63.2 FSM, our  

LDA (statistical) 68.4 65.0 our calculation 

DLVQ (38 nodes) 100 66.0 our calculation 

C4.5 decision rules 64.5 66.3 our calculation 

Best fuzzy MLP model 75.5 66.3 Mitra et. al 

MLP with RPROP   68.0 our calculation 

Cascade Correlation   71.0 our calculation 

Fuzzy neural network 100 75.5 Hayashi 

C4.5 decision tree 94.4 75.5 our calculation 

FSM, Gaussian functions 93 75.6 our calculation 

FSM, 60 triangular functions 93 75.8 our calculation 

IB1c (instance-based) -- 76.7 WEKA, our  

kNN, k=1, Manhattan 79.1 77.9 our calculation, KG 

K* method -- 78.5 WEKA, our  

1-NN, 4 features removed, 
Manhattan 

76.9 80.4 our calculation, KG 

¦



#$@XgT_ %+9¦

<babfc[XeX¦WTgT¦

¦

7TgT¦Yeb`¦H6<þ¦%##¦geT\a\aZ¦iXVgbefþ¦$(#¦gXfg!¦¦

&'¦Vbag\ahbhf¦YXTgheXfþ¦%¦V_TffXf!¦

¦

F`T__þ¦ j\g[¦ `Tal¦ YXTgheXfþ¦ \a¦ g[X¦ geT\a\aZ¦ fXg¦ [T_Y¦ Yeb`¦

V_Tff$þ¦\a¦g[X¦gXfg¦fXg¦ba_l¦$+½¦Yeb`¦V_Tff¦$!¦

¦

^ aaþ¦^0$þ¦8hV_\WXTa¦W\fgTaVXþ¦+)!#½¦Ý,%!#½¦gXfgÞ!¦

¦

9\efg¦_XiX_¦

Bcg\`\mTg\ba¦bY¦^þ¦^0$þ¦TVV¦+)!#½¦ÝgXfg¦,%!#½Þ!¦¦

Bcg\`\mTg\ba¦bY¦W0@Ta[TggTaþ¦+*!(½¦ÝgXfg¦,)!#½Þ!¦¦

9XTgheX¦fX_þ¦_XTiXf¦$#¦YXTgheXfþ¦,%!(½¦ÝgXfg¦,%!*½Þ!¦¦

9XTgheX¦jX\Z[g\aZþ¦8hV_\WXTaþ¦,'!#½¦ÝgXfg¦+*!&½Þ.¦¦¦

)¦aba mXeb¦jX\Z[gf¦TeX¦_XYg!¦

¦¦

FXVbaW¦_XiX_þ¦eXYXeXaVX¦0¦YXTgheX¦jX\Z[g\aZ¦

Bcg\`\mTg\ba¦bY¦^þ¦ab¦V[TaZX¦

Bcg\`\mTg\ba¦bY¦W0@Ta[TggTaþ¦,(!#½¦ÝgXfg¦++!#½Þ!¦¦

9XTgheX¦fX_þ¦ab¦V[TaZX!¦

¦

Ab¦VbeeX_Tg\ba¦UXgjXXa¦eXfh_gf¦ba¦g[X¦geT\a\aZ¦TaW¦ba¦g[X¦

gXfg¦fXg¦\a¦g[\f¦VTfX²¦¦

:bbW¦eXfh_gf¦`Tl¦UX¦bUgT\aXW¦Ul¦V[TaVX¦ba_l!¦

¦



#$@XgT_ %,9¦

FgTg?bZ¦ceX_\`\aTel¦eXfh_gf¦¦

¦

%&¦T_Zbe\g[`f¦¾¦%%¦WTgTfXgf!¦¦

:bT_-¦ZXg¦UXfg¦eXfh_gf¦hf\aZ¦F5@¦Ybe¦T__¦WTgTfXgf²¦

¦

7TgT¦ ^ AA¦¦

eTa^¦

F5@¦

eTa^¦

5Xfg¦

T_Zbe\g[`¦

;TaWje\ggXa¦W\Z\gf¦ $¦ $¦ ^ AA¦

>? W\Z\gf¦ $¦ $¦ ^ AA¦

FTg<`TZX¦ $¦ $¦ ^ AA¦

;TaWje\g\aZ¦

fXZ`XagTg\baþ¦6hg¦(#¦

$¦ $¦ ^ AA¦

<`TZX¦fXZ`XagTg\ba¦ $)¦ $¦ 4__bV+#¦

;XTeg¦W\fXTfX¦ÝýVbfgfÞ¦ $#¦ $¦ 5TlXf¦

eh_X¦

:Xe`Ta¦VeXW\g¦ÝýVbfgfÞ¦ $#¦ $¦ ?74¦

4hfgeT_\Ta¦VeXW\g¦¦ $(¦ %¦ 6T_(¦Ý7GÞ¦

6hg¦%#¦ %¦ 2¦ 5TlXf¦

eh_X¦

?XggXef¦ %¦ 2¦ 4__bV+#¦

6[eb`bfb`X¦ (¦ 2¦ D74¦

IX[\V_X¦\`TZXf¦ $$¦ 2¦ D74¦

¦

¦



#$@XgT_ &#9¦

¦

6baV_hf\baf¦

¦

$!¦@XgT _XTea\aZ¦`Tl¦Thgb`Tg\VT__l¦Y\aW¦g[X¦UXfg¦

Vb`U\aTg\baf¦cY¦cTeT`XgXef¦TaW¦cebVXWheXf¦

XfVTc\aZ¦Yeb`¦g[X¦ab YeXX _haV[¦VhefX!¦

%!¦<agXZeTg\ba¦bY¦`Tal¦6<¦`Xg[bWf¦\f¦cbff\U_X¦\a¦g[X¦

F5@¦YeT`Xjbe^!¦¦

&!¦@Tal¦aXj¦6<¦`Xg[bWf¦eXfh_g¦Yeb`¦g[X¦YeT`Xjbe^!¦¦

'!¦E59þ¦@?Cf¦TaW¦bg[Xe¦aXheT_¦aXgjbe^f¦TeX¦T_fb¦T¦

fcXV\T_¦VTfX¦bY¦F5@!¦

(!¦@\ff\aZ¦WTgTþ¦cTggXea¦Vb`c_Xg\baþ¦TffbV\Tg\iX¦

`X`bel¦TaW¦bg[Xe¦Tcc_\VTg\baf¦TeX¦cbff\U_X!¦

¦

6[T__XaZXf-¦¦

¦

• CebZeT``\aZ¦T__¦cebVXWheXf"`Xg[bWf! 

• Bcg\`T_¦fXTeV[¦\a¦g[X¦fcTVX¦bY¦T__¦`bWX_f! 

• F5?¦aXgjbe^¦eXT_\mTg\baf¦bcg\`\m\aZ¦W\fgTaVX¦

YhaVg\baf¦fXcTeTgX_l¦Ybe¦XTV[¦abWX!¦ 

• 4ccebk\`Tg\ba¦`Xg[bWf¦[TiX¦abg¦lXg¦UXXa¦\aV_hWXW!¦ 

¦¦


