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1. Cluster Validity Index 
2. Siltstone 
3. Curvature 
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1. Digital Elevation Model 
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            3fIA*@ 7189Y  !  QlmL n# A F)2A-A 7189Y  !  QlmL
T01 .   7(+L B1129     FK+LB M?1- o212 25    7189Y  ! H212 

   R*/9. c(J?)     f!  f. 3p(fJ?       f! q#(f/? R*f/9. )1*    -(f.
3L  $?A- (    H212 7189Y  !  +J! A    3f:B8LE )(D)   )1*f!  f.

   ! _/G+0 rB8LE     3fL -(f.   $f?A- (      -1*f< H2(Q/f01 2-8fL
$9/>*,.  
  

2-3-#E)1F7  !"   
  "e:3            'L(fI -8fp  ! 1- N+JX& K#1 -(. W(s?1 "t1*L 

 3L 7(O?  $D2 .  "t1*L1    (f& 7      H2(fLE  f! c8f!*L     )B(f0
H212     -2  . $9/GD (D M]!     )(D2-1   A 2-2    H212 u*f:
H$:   $f?1 .   "ft1*L8    (f& 12       H2(fLE A 3ft1*p  f!     )B(f0

       3fL c8f!*L )B(f> v(/9/01 _/G+0   $?8f: .    f5t*L13 
 !              OfJ? $f+l8& )1*f! )B(f> v(/9/01 _/G+0 )*+,-(.

T01 K+LB M?1- T+0(Gt. 1   
  

2-3-1- GH15       #I5.H AJ1IK-"* <1=   1I=2   <*:IJ 
 <-12 L/K".M)*C Means3  

 )B(>C MeansrA- B1     f:8@ qf#1- )(D    )B(f> )$f9!
k-(j?*+w    Tf01 H$f:)Bezdek, 1981 .(  35f=1 )2A-A

 )B(> _/#-8^l1C Means :8@ 21$g& F  (D)C (   f. T01
                                                           
1. Nominal  
2. Cluster Validity Index 
3. Fuzzy C Mean Clustering 



#$%& #'(N /O* L/P'O 6K:Q -* RS'7- T&*" U'O1PV +4W1X Y1/Z  ! <-12 <1Z[7GIS) #E)1F7 ,".7 #%FZ7 :>*"4&-17 >1/O* -* A$\J(
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      R$L T<2 A K+?18< 21$g& (! 3e#2V?  C!1-  _/G+0 )B(0
     A 2-12 )B(> v(/9/01  )1*!    :8@  9+U! 21$g& K++g&    (fD

 x@(: B1     :8@ 3!(#B-1 )(D  D  ()CVI ( 3L H2(Q/01   28:
)Ramze Rezaee et al., 1998.(  

 39! A )B)Xie and Beni, 1991 (   K+/Gf]? )1*f!
    3!(#B-1 x@(: -(!XBV      3,2*O> 3,y#A A2 *!  . F1- 1 

nff+eQ& A2 ff:8@   FTff01 -18/ff01 (ffD$ff?2*. 3ff>*gL .
    3,$ff9.1*6 3!(f#B-1 )1*ff! 3zf@(: 'ff<1A -2 3,2*Of>

H212           3zf@(: V+? n+eQ& A FT01  :8@ *D "@12 )(D
HB1$?1 )1*!  :8@ 3#1$I )*+,  T0(D)  C!1-1.(  

    C!1- -2)1 (  7(O? *G. k-8=       A 3,2*Of> H$f9D2
     :8@ K+! n+eQ& *G. v*]L       3fL 7(Of? 1- (D   $fD2 . B1

      f:8@  9+U! 21$g& A- K#1       _i+f9+L (f! (fD     )B(f0XBV 
 )1*!maxC , ,..., c 2 3 !  3L T02 $#E .  
  

  C!1-)1(  
c n

x vij j ii 1 j 1VXB
n(min v v )i k i k

! "# #
   

"$

2

2  

  
     !"#$ %&'(   )ij   *+,-.         /0!1-2 3-4 ) 56-78)

 3--&9.j  3--:!; 3--' <(i = >/--?( <(j ix v! <@--. 
   AB' C?6BDE(jx   = iv /?(  .maxc     *(F-B$ A0@G,-B' 

 3:!; )(6HI        JK!-LH$ 3-" /?+8maxc n"   M+-NG.( 
C$  ))@O)Pakhira et al., 2004 .(   

  

  
 PQ:3 .3' C0(@4( PR(@$ SB9TI A0(  ) 3GU   +"12  

  

  

                                                           
1. Compactness 
2. Separation 



 !"#$%& ' ()*+! ,%-. 
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 *(!")Kwon, 1998 ( 3' 3L0@4 V'+I *)@" 3U+W( +'
 0X ( Y;+:    )+Z7,-B[ = \@&$ ]C'+          3-' ^C-7' = _X `6-:

 /--;(!7Q0 a8+--" b#--RXBV )(6--HI 3--" C.+--$X  ) 
3:!;     5)() )(6HI 3' +8    C$ c0)F. +8     /-;()@[ 6.!-: .  )

 3------&'( )2 (  (6------9$ A0@------GL"KV _(@------' 
maxC , ,..., c# 2 3      3-7BZ' )(6HI +' @d+7G$    3-:!;     +-8

/?( 56: 3e( (.  
  

 3&'( )2(  
n c c

x v v vij j i cj 1i iVK
min v vi k i k

 ! $ !% % %
# # ##

!&

2 22 1 11 1
2

  

 ^*f  )v3--:!; F--"@$ ABg.+--B$  /--?+8 . A--0(  )
  ̂SB9TImaxc #10         @0)+-9$ = 6-0)@O M+-NG.( XBV  = 

KV    _(X( 3' C , ,# 7 8 10         = >/-?( 5)!-' h F-'  +Bi' 
 C$ A0(@'+7'          3-7BZ'  (6-9$ 3" /jO *(!IC   kB-8 (      5+-O

CL. aB[ @0)+9$ *+B$ X( *(!I 60FO@' 3GjO.  
  

2-3-2-/,0#1 2#3435! 63785  9:#; 9#4<.  
  562+E l+G7G?( mGiB?      ;+? _(@' C:=  ^_X+U _+7n$AG 

o6$          C0+.(!I +' _@,' a.() X( CjB" _+8  *=6' 3n?+T$
/--?( C--pL" q+n--?+T$ X( 5)+jG--?( . l+G7G--?( mGi--B?

562+E       mGiB? A0@I)@' +"@[ X( C.(6L$ _X+U _+7n$    _+-8
           56: 5)+jG?( *f X( FB. SB9TI A0(  ) 3" /?( l+G7G?(

/?( .    X( mGiB? A0(4         /-?( 3-GU+0 PBQ,-I CDr( sF4 
) PQ:4) (Cordón et al., 2001 :( 

tu( ( _X+U v?(=   M >X+? ([  l >a.() 5+g0+ (  mGi-B?
) = >l+G7G?( (_X+U@Bw v?(= X+?.  

 9:#; =5!'  :#5:  _X+U v?(=          /-?( CH'+-I _( () X+-?
 5)() 3"         C$ P06nI _X+U @0)+9$ 3' (  _X+U@Bw _+8    6-7"

)Wang, 1996 .(  
 >)!? /#@A#B:    a.() 5+g0+[         56-: PBQ,-I sF-4 =) X(

/?( :      AB.(!-E 5+-g0+[ = ^5)() 5+g0+[ .    5)() 5+-g0+[  P$+-:
 5 (FO 32!Lx$  _+81  3' C.+'X          V-'(!I = AB.(!E  ) 3GU   +"

            C.+-'X AB.(!-E 3-2!Lx$ AB.(!-E 5+g0+[ = ^/?( /0!12
»*f - @O( 5+O «C$ @'  ) (   )@BO)Ross, 2004 .(  

 2#3435! 63785:      3n-?+T$ l+G7G?( mGiB? 3jBd= 
_)= = _=  X( _X+--U C--4=@;  y+--?(@' = _X+--U _+--8

t0@HI AB.(!E ?( 56: /)Wang, 1996 .(  
 9:#;C8D =5!'  :#5:  _X+-U@Bw         P06-nI 6-70(@U _X+-?

      /?( _X+U@Bw 37BZ'  (69$ 3' _X+U C4=@; .z=     _+-8
  _X+U@Bw _(@' CjDGN$            A-0(  ) 3-" 6-. () )!-4= _X+?

_X+U@Bw ^SB9TI   P-9{ F"@$ X+?)Al-Jarrah and Abu-

Qdais, 2006 (3.!O 3' AB.(!E <+LI @B{|I *f  ) 3" -  _(
G$C$ 3GU@O @}.  ) ~?+7 )!:- /?( 3GU   +" 3' .  

  

  
 PQ:4 .562+E l+G7G?( mGiB?  +G;+?  _X+U _+7n$)C.(6L$( 1  

E<4.: Cordón et al., 2001  

                                                           
1. Terms 



FGH) F8IJ 35! 63785 KACL :! MN8.: >)!" O85#7P /,0#1 2#34  ' 9:#; 9#4<.GIS) FQR#S. ?"T. FHS4. : !",):#.  #35! :! (GUV(
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  mGiB? @�"(  )      56-2+E l+G7G-?( _+8      _X+-U _+-7n$
           y+7-: +" (  C-4=@; = _)= = _+-8@B�G$ AB' �+nI (

 C$ ABBHI  67" .   . y+7: +" JK!LH$ 3Gnu(CL     C$+-LI 6.(!I
   3.!O 3' (  AB.(!E       6-7" *+-B' 3GU+0 +G;+? _( . 3-'    ̂5=�-2

         y+7-: +" 3' C?@G?) *+Q$( +8)@' +" X( _ +Bi' _(@'
) (6--. )!--4= . V--'(!I  +--")!; l(@NG--?( ^~--BI@I A06--'

      3:!; S0@� X( _X+U AB.(!E = /0!12     C-$ _6-7'    6-.(!I
  6-:+' /?) A0( X( CI�Q,$ _!gN?+[)Sugeno and 

Yasukawa, 1993; Wang, 1993.(  
  

2-3-3-       /?#W35! #V 9:#; 2#3435! 63785 ?#XA! 
FYTZ :!  9:#; 9,4VC Means  

   3-2!Lx$ AG:() +'    5)() X( _(         = C-4=@; = _)= = _+-8
3:!;    C$ +Z.f _67'           3-' (  _X+-U l+G7G-?( mGiB? *(!I

     )@-" )+-x0(  +")!; q !r .          A-0( /-B8+$ 3-' 3-4!I +-'
    ? C4=@; +Z7I 3" ^SB9TI        a-.(  q6-: *f  ) mGi-B

   o6$ X( ^/?( AB$X      3-' +' _X+U _X+?      A06-7� _@BO +-"
_)= =1  6--: 5)+jG--?( C--4=@; c--0 = . �!--. A--0(  )

o6$    _X+?X  5)()  ()@'         6-H�' +' _)= = _+8P    ^/-?(Y 
 5)()  ()@'       6H�' +' C4=@; _+81   = ^n   5)() )(6HI FB.    _+8

 /?( C:X!$f . 5)() 3�.+7�         +-' C-4=@; = _)= = _+-8 
   Pr+R  ()@' 6H�' ^6.!: <+w)( @g06Q01+p*(X ) 68(!; 

6:.  
  3:!; <+x.( +'      _=  @' _67'*X   5)() ^ ()@' @8    _+8
    C4=@; = _)= =*

ix  34 ) +'          3-' S-DHG$ /0!12 X( _(
   3:!; X( c0 @8     )!' 68(!; _X+U _+8 .'     *)@-" @0!�-I +

      C$ q+�GN$ _+8 !T$ _=  @' 3:!; @8      V-'(!I 3' *(!I
    /U+0 /?) @}. ) !$ _X+U .       3-' 3:!; @8 z=  A0(  )

           _)= = _+1-U 3" _X+U *!.+E c0 *(!72 3' 56$f /?)
        C-$ vnI@-$ C-4=@; _+1U 3' (          3-GU@O @-}.  ) 6-7"

C$ )!:.  
       3-:!; S-0@� X( /0!1-2 V'(!I       3-.!O 3-' _6-7'   _(

 C$ ABBHI  .!:        5)() @-' A-QL$ 6R +I 3" 6      )!-4!$ _+-8
 67'+0 zX(@' . A0( X(          3-' /0!1-2 V-'(!I V-0X!I =     /-?)

    5)() V0X!I Sn� @' ^56$f      /-?( C-:X!$f _+8 .    ) o+-R

   5)() V0X!I 3" CI !r   C' +8        /0!1-2 V-'(!I ^6:+' 562+E
      3' _X+U l+G7G?( mGiB? = CHE(=@Bw FB.     m8 56$f /?)

)!' 68(!;  +OX+?+. = P$+"+..1  
  

2-3-4-   637[85  !"#$%&         '$"() *"+,+(-& '"(.
  ".%"/01 2#& 3"-&4! :       5 6'%"7$"(- 689:(! ;(1"<

=>9  
 !"#$   %&'() *(+          &,- (,. &,/(0 *1(,2 3(!4!,$5 *(,467

               &4,8(0 9,):(0 ; <(=1(,$ >(,- ?#,' <: ; @7(A ?BC7
)Cordón et al., 2001.( *1(2 3(!4!$5  !"#$ DEF(4G 

      #$ ?/5 H&8(0 D!85: 5< 9"IF JK8    LM,NO7 *5<5:  !"
  :M0 &+5MP QB/R#2 .         *<;K,S QF(,71 L;: JK,8 >(,C'5

          :(,/1 *1(2  !"#$ <: :MTM7 *(+K#U!7 :5&V. DA 9$5
&48(0 .  !"#$ WXMCV7      *:;<; Y($5K0 DA *1(2 *(+   ; (+

QT;KP    Q7 :(Z/5 (+  &FM8H        <M,[ D,0 5< <MA\7 *(+<(#V7 
   Q7 (75 ]&F<5&F @7(A        :(,/ *(,+<(#V7 15 ^5M,.    *5K,0 %&,8 

  !"#$ Q0(/1<5        *1(,2 3(!4!,$5 *(+)     >(,C'5 15 @,_(-
 `;(O!7 K/:(a7C (:KA %:(O!$5.  
>&,,7 *5K,,0  15 D,,b(a7 ?,,/5 <: H^:M,,0 @,,7(A *1(,,$

    *1(2 9+(68 cP(8)A,B(S     D'MCZ7 ;: *5K0 A   ; B 
 9$5 %&8 %:(O!$5)Yaochu et al., 1999 .(  

  
 Dd05<)3(  

M(A) A(x)dx
 !

" #
$!

 ; M(A B)S(A,B) M(A B)
%"
&

  

  
      *:;<; K#U!7 ^e <: DAX D0      Df#,$;m     g,fV. h0(,. 

 *1(,,,,,21 2 mA (x),A (x),...,A (x) %:5: i/(,,,,,CF 
Q7  :M8 .          *1(,2 D,'MCZ7 ;: *1(,2 9+(68 cP(8 K=5

  H<;(Z7 KO_)KO_ D0 j/:RF (/ (^e &8(0  D'MCZ7 ;: %(=
 @7(A(F *1(2  + (/ ; &F5   &,F<5&F Q2(,A k5K!85 ; QF(8Ml .

   9+(68 cP(8 ^:M0 X(0    ̂(mF *1(2 D'MCZ7 ;:    %&4+:

                                                           
1. Multi-Input 
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 +            9,$(NFe *X(,0 k5K!,85 (,/ ; QF(,8Ml .    <5&,a7 5\,b
S(A,B)           n(,I!F5 j,GMA Qf#P (/ ; o<R0 Qf#P &/(6F 
::K= .         X(,0 &- ;: DA 9$5 1(#F ?/5K0(40)UB (   ?#/(,l ;

)LB (           (,. :K,#= <5K) KpF q&7 *1(2 9+(68 cP(8 *5K0
      ,+ ; *K/\lR/(C. ^5R#7 ^5M!0     h,05M. QF(,8Ml   9/Mr,' 

 :KA >K!4A 5< *1(2) Dd05<4.(  
  

 Dd05<)4(  
i iLB S(A A ) UB'  ( (1  

  
     D,0 *1(2 9+(68 cP(8 K=5         15 3<(,P %&,7e 9,$:

           *5K,0 D,C/KT ^5M,4' D0 *<5&a7 H&8(0 <MA\7 %:;&s7
        Q,7 D,!2K= KpF <: *1(2 3(!4!$5  !"#$   :M,8 .  <5&,a7

        *5K0 QtRT DC/KT K/:(a7 L(C. uMCZ7 15 Q/(NF DC/KT 
Q7 9$: D0 <;(Z7 *1(2 h0(. ;: K+ &/e .  

   9C") DA Q.<M_ <:        &4,8(0 D#68 <(#"0 L&a7 *(+
 9C") Qb;        ^e H`;(,O!7 Qb(,. *(,+        *1(,2 ?#F5M,) %(,=

    &F<(=1($(F ?#F5M) %(v/(l <: :MTM7.     ^MF() ;: *5K0 kR H
iR5;< ?/5 H09$5 <5K)K0 w :  

  
i i n in n

i

R : If (x ,A (x )...And x ,A (x ))
Then y,B (y)

1 1 1

  
k k n kn n

k

R : If (x ,A (x )...And x ,A (x ))
Then y,B (y)

1 1 1  

  
    ̂MF() ;: *<(=1($R(i)   ; R(k)   D,d05< 5<       <: D,A *5

Q7 Ql Q7 x/KV. &/e  &4A)Yaochu et al., 1999:(  
  

 Dd05<)5(  

SRP(i, k)( )
SRC(i, k)Cons(R(i), R(k)) exp
( )
SRP(i, k)

) *$+ ++ +" $, -
+ +
+ +. /

21
1 2

  

  

 

n
SRP(i, k) S(A ,A )min ij kjj

"
"1

  
  

  SRC(i, k) S(B ,B )i k"  
  

    ̂ e <: DA)SRP (  ;)SRC ( ,0      cP(,8 ;: y,#.K. D
  ?#F5M) L&a7 9+(681     ?#F5M) Qb(. 9C") 9+(68 ; 2  ; H

n    9$5 *:;<; *(+K#U!7 :5&V. .     iI0 *5<5: ?#F5M) K=5 
              j,/ D,0 *<(=1(,$ D,T<: H&4,8(0 ^("B/ Qb(. ; L&a7

  &8 &+5MP j/:RF .       ?,/5 g,6[ ?#F5M) %(v/(l *<(=1($(F
Q7 D6$(s7 w05;< :M8 :  

  
 Dd05<)6(  

N
f Incons(i)Incons i

" 0
"1

  

 ;  
N

Incons(i) [1 cons(R(i), R(k))]
k ,k i

" $0
" 11

  

  
       <MA\,7 w,05;< <: DAN      H?#F5M,) :5&,V. Incons(i) 
      ^MF(,) *<(=1(,$(F DT<:i        ; ?#F5M,) %(,v/(l <: L5fIncons 

9$5 ?#F5M) %(v/(l *<(=1($(F DT<:.  
 Dd05< 15 R#F 9): D6$(s7 *5K0)7(&/:K= %:(O!$5  .  

  

 Dd05<)7 (  
k

oi ci
i

MSE (y y )
"

" $0 2
1

  

  
 D,,d05< <: <MA\,,7k%:5: :5&,,V.   HQ,,81M7e *(,,+yci 

        *5K0 *1(2 *(467 %&'() 3(!4!$5  !"#$ QT;KPi ?#75
  %:5:)   >K!4A (/ ; Q81M7e (  ;yoi      <(,p!F5 :<M,7 QT;KP 
9$5.  

  
                                                           
1. Similarity of Rule Premise 
2. Similarity of Rule Consequent 
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2-3-5-       6'$"() *"+,+-& K+L/- 94?W@R 9:SI! 
3",X%"< OA&9 894< F)"Y& "!  

(,,2 3(!4!,,$5  !",,#$1* *5D,,0 (,,0 w,,a2 D,,A   *K#=<(,,A
%:5:  *(+      DG H9$5 %&8 :(Z/5 ?#71 iF5<       Q/(,F5M. (",0

   i#,l *5K0 Q2(A             5< J(,aF K/(,$ <: ?#,71 i,F5< Q,4#0
    %:5: Q=&,4A5Kl ; :5&V. 5K/1 H&8(0 D!85&F    :M,TM7 *(,+

               y,$(47 ; Q2(,A W(,7;Rb %<5M,C+ ?#,71 i,F5< :<M7 <:
&4!"#F . %5< ?/K!N0             15 %:(O!,$5 @Bm,7 ?,/5 *5K,0 @,-

  9$5 Q$(48<(A iF5: .   ̀ <(6' D0     i,F5: @/&6. (0 HKv/:
           Q,7 *1(,2 ?#F5M,) ; 9/Mr,' h05M. D0 Q$(48<(A    ̂ 5M,.

        @,7(A 5< *1(,2 3(!4!$5  !"#$ iF5: %(v/(l       ; :K,A K,.
<: C' DZ#!Ff&#mI0 :M6N0 5< ^e :KB.  

  
3- Z#"+A   
3-1- F! Z#"+A [\"X '4/7%"< FX:\  !"#$%& '". ".  

      D8MP :5&V. ?#0 Dd05< D4#N0 9b(- <:     %:5: ; (,+     ,0 (,+ D
 `<M_nk (   ! "# $% &'(k $)*+, #(-./    0 1)2n 

3#(# #(-./  &'12)Pakhira et al., 2004 .(    $)4 $)5+/ 1)4
      6( $7189 :;( "# $<=;(104     3-)* 3#1>?)'( @*6+9! 3#(# 

     $*+, $=AB4 #(-./ CD%(-E :;(C41=4 F&'(     @)9 1)2    -)G(+/

10 -*14  .       "1)H?I( J,1)* 0# 6(VXB   0 VK)  K)4(0" 1  0 
2 ($4      $*+, #(-./ $=AB4 :AA./ "+L=9      -)* 3#1>?)'( 12 .

  M0-53   J,1)* C;#189             N)O?P9 #(-)./ Q(6( $)4 (" 1)2
$*+,    @9  1RG 12  -2# .  1)S2           M0-)5 :);( 6( $)% "+)T
@)))9  C;#1)))89 F&)))U1;"#  (+)))/100907=C :;C?R)))A4 

J,1*        @)9 -)A7+/ (" "1H?I( Q12   -)==%F     V1)=A8; :;(C41)=4 
@9      89 :;( $% &>W  (+/  @SG XWC2 C;#1       (+)=I $4 -=G(+/

   $=AB4 C;#189C           6( Q61)U Y1?=?)'( Z?[)A' #1)\;( Q(C4 
$*+, ];CT -G+* ^1P?G( Q-=4 .  

  
3-2-    !"#$ %&'()*+ ,('!-        .)'/0 1'!2!/$+ .'3

456 7 .*'8)'$ 7 96:& ;<'= .'3*'#>< ?'$+@&  
               (X)A9 :;C/_1)4 Q("(# $)% &)'( @)G! F$)=AB4 Z?[A'

    #+4 `91% 0 Q"1W61'    3#(# -G(+?4 0 -*14      @)*6+9! Q12
       -GX4 a;C8/ &b# :;C?RA4 14 (" @7C?=% 0 .   ̂ 1)P?G( Q(C4

  $*+, $=AB4 #(-./    F126      N)O?P9 Q61U Y1?=?'( Z?[A' 
  C;#1))89 1))48 0 6 0 5 0 4 0 3 0 2=C  0 F-))* #1))\;( 

               C)2 Q(C)4 &)b# 0  #+)4 `)91% 0 Q"1W61)' Q12"1A.9
-;#CW $H'1c9 Q61U Y1?=?'( Z?[A' .  

  
5 M0-3 . Q(6( $4 @41;6"( J,1* C;#18910 -2=C  

KV  XBV  C 

002/35  334/0  2 

164/63  6/0  3  
073/122  155/1  4  
595/164  552/1  5  
566/207  951/1  6  

2736124939030  40337085543  7  
525/825  679/7  8  

3010 54/2  1029 × 818/1  9  
3010 80/7  1029×134/1  10  
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   $4 $7189 :;( "#   3#1' "+L=9    ZASd)/ Q61'     "# QC)AW
      $)*+, $)=AB4 #(-)./ #"+9          0 Q"1W61)'1G "1)A.9 0# F1)2

         "1)A.9  (+)=I $)4 0 -)G-;#CW ])A>O/ Ce;-<; 14 @O91%1G
 $4 @O91%1G ) Q"1W61'1G -G-* $?UCW "1% .   $H)'1c9 Q(C)4

 61)'1G Q12"1A.9    $)f4(" 6( @O91)%1G ) Q"1W)8(  Q(C)4 0 F
 $f4(" 6( &b# "1A.9)7 (-* 3#1>?'(.  

  
 $f4(")8(  

f .f fIncons & Incompl Incons Incompl! " #  
  

     "+%g9 $f4(" "# $%fIncons     Q"1W61)'1G $5"#   31)e;1h
   0 F:AG(+bfIncompl     3#(# 31e;1h Q(C4 $S;C5 "(-89     &'( Q(

      #+4 `91% K;(C* $%)  $f4("4 (  @SG 1i"( ("    0 F-)=% " 
       &'( Q"1W61' jf' MC?=% Q(C4 &41k a;Ci XAG . l4(+/

 $4 &;+mI          6( Q61U Y1?=?'( Z?[A' #1\;( Q(C4 $?U" "1%
:A'+W n+G1 -=?[2 ) $f4("9(   

  

 $f4(")9(  
(c x)(x) exp( )A
$

% ! $
&

2
22

  
  

    $% Q"+T $4C  1RG           0 &)'( @)=c=9 X)%C9 3-=2#
&

 
-=%(Ch@9  1RG (" @=c=9 @W -2# .  

 M0-54  Q(C4 (" @O91%1G ) Q"1W61'1G 0 1f, C;#189 
129      C;#189 0 @*6+9! 3#(# 8   0 6   0 5   0 4   0 3   0 2= C 

 @9  1RG   -)2# .          0# o1)'(C4 p1)IqT( FM0-)5 :);( "#
  G 0 1)f, "1)A.91      a)/C9 $)G1W(-5 F@O91)%1G ) Q"1W61)'

3-*        @)9 :;(C41)=4 0 -)G(         QC?R)A4 p1)IqT(  (+)/   ! 6(
#C% Y(CP?'(.  
 1))S2  M0-))5 6( $))% "+))T4 F&))'( JPR))9 8=C 

        ) Q"1W61)'1G  (X)A9 :;C/_1)4 0 1)f,  (X)A9 :;C)?S%
#"(# (" @O91%1G .2=C  ) Q"1W61'1G  (XA9 :;C?S% Q("(# 

      &)'1f,  (X)A9 :;C?RA4 0 @O91%1G .    $)=AB4 @S?[)A'
  1f, 0 @O91%1G ) Q"1W61'1G "1A.9 0# C2  ! "# $% &'(

 89 Q("(#  -=*14 @<r+% C;#1 .  @)9 :;(C41=4      $)\A?G  (+)/
   $% &UCW4=C     $*+, #(-./ Q(C4 $=AB4 "(-89      0 &)'12

             F-);! &)'# $)4 ];CT :;( 6( $% Q61U Y1?=?'( Z?[A'
#"(# (" @;("1% :;C/_14.   

  
  
  

 M0-54 . @O91%1G ) Q"1W61'1G 0 1f, C;#189)a/C9 3-* (1  
Inconsistency 

Incompleteness  C  MSE  
(Training Data)  C  

398/0  2 222/159  8 

421/0  4  373/160  4  
4260/0  5  563/160  6  
4268/0  3  113/161  3  
462/0  6  472/163  5  
478/0  8  467/165  2  

  

                                                           
1. Gaussian 
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         #(-)./ "# &;#0-c9 `A7# $4 Q61U Y1?=?'( Z?[A'
3#(#     @SG :A96 sG(" Q12         t1)H/"( `)91% p"+u $4 -G(+/

      h (" @50C, 0 Q#0"0 Q121mU :A4 -)2# s*+ .  :);( "#
    3CH, o1=*"1% p1IqT( 6( ]A8c/       14 1/ F-* 3#1>?'( Q(

          @?)'1% :;( Q61U :AG(+b 0 &;+mI l4(+/ #(-./ s;(XU(
##CW vCTC4.  

  
3-3-O#<) P-+* 4#$'"Q GHI- G#JK   

 $R8G @91S/    $H'1c9 "1A.9 Q12       Q1)2XA71G! 6( 3-)*GIS 

   3-I1b Y1?=?'( Z?[A' #"(0      -G-)* @;1)BG Q61U Q1=H9 0 
    w/ Q(6( $4 @50C, C;#189   ̀ [<Ah w/     $H'1c9 #"+9 12

&UCW "(Cb .`[<Ah C;#189 &;1BG "#  :A4 120 0 1 M19CG 
       "1Br $4 xy' 0 -G-* $?,1=*3#"    oq% 1; 25/0-0 0

5/0- 25/0 0 75/0-5/0 0 1-75/0ZA[))))8/   Q-))))=4
-G-;#CW .  ̀ <*5  $4 $R8G   &'#     @9  1RG (" 3-9!    -)2# .

    @;(-?4( @'"C4 14$R8G     $R8G 0 "1A.9 Q12    &A'1[E Q12
 @))9 JPR))9 F:A))96 s))G(" (# ]T1))=9 $))% #+))*" Q(
`[W $4 V1/-SI _14 QC;ghCf, w;#XG 12 -G(.   

  

  
 `<*5 .Q61U Y1?=?'( Z?[A' 6( `u1E :A96 sG(" &A'1[E $R8G  

  
  

 M0-55 .1f, C;#189  

C 2 3 4 5 6 8 

MSE (Control Data) 863/42 37/39 866/38 354/41 915/38 680/39 
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4-GX#!-  .@#8  
@W-AzAh    -* "(+*# $4 F:A96 sG(" {-;-h  (0(CU Q12

M-9             o1=)*"1% $)A70( s)G(# ];CT 6( 3-;-h :;( Q61'
 @9 :9(#  -G6 .   |0" CT1, :AS2 $4    s)G(# Q12      $)4 1)=H9

}6_ @;("1% -b1U @;1B=/ -G( .|0" 3#(# Q12 @9 1=H9  -=G(+/
    CLG-9 :;Xe;15 |0"  (+=I $4      1)88c9 0  (CeR20~h 

 -GCAW "(Cb .     |0" 6( }(-% C2 F@UCT 6(    3#(# Q1)2     0 1)=H9
sG(#                 -)G"(# X)AG (" #+), �1), a);1.9 0 1);(X9 F1)=H9 .

            @)9  1)9XS2 F|0" 0# :);( ])A>O/ 1)4 :;(C41=4    6(  (+)/
#C4 #+' 0# C2 :;( Q1;(X9.  

$4       v1)f.G( "1A[)4 `)A7#       Z?[)A'  #+)4 C;g)h    Q1)2
    3#1>?'( FQ61U Y1?=?'(   @)9 1BG! 6(       @H)'1=9 |0" -)G(+/

  $R8G -A7+/ Q(C4    -*14 &A'1[E Q12 .  |0" 6( @<;   Q12
  $))4 FQ61))U Y1?=?))'( Z?[))A' -))A7+/  |0" QCAW"1))%

$*+,             3#(# $)% a)A/C/ :;-)4 �&)'( Q61)U Q-=4    Q1)2
  $)*+, F@)*6+9!  @)9 Q-))=4     #C))% C;+d)/ 1))4 0 -G+)*

$*+,                l)4(+/ 0 :AG(+)b p1d)?P9 Q1)2"+c9 Q0" C4 12
 1U &;+mI @9 "(Cb $H'1c9 #"+9 Q6  -)GCAW .   Z)B9 $)?<G

 $4 "#            #(-)./ :?,1)' JPR)9 @)*0" :A=r QCAW"1%
 $*+, $=AB4            &)'"#1G ^1)P?G( p"+)u "# (C);6 F&'12

  $*+, $=AB4 #(-./      3#(#  19-Ar 0 +e7( F12       Q1m)U "# 1)2
   M-9 @4+, $4 Q-.4-=r   @SG Q61'   #+)* .    :A)A./ Q(C)4

  $*+, $=AB4 #(-./    J,1* 6( 12    );6"( Q12  $)*+, @41    1)2

 @9 3#1>?'(  #+* .         "1?,1)' Q_1)4 @W-)AzAh `A7# $4 19(
3#(#   @SG 12     $4 �;1?G $4  (+/      J,1)* 6( 3-9! &'#    Q1)2

 $*+, @41;6"(      #C)% #1)S?I( 12 .       6( 3#1>?)'( 1)4 F:;(C41)=4
   "(-89 :;-=rC)  $*+, #(-./  12 (@9   Z?[A'  (+/    Q1)2

#C% #1\;( (" @>O?P9 Q61U Y1?=?'(.  
)))4 F$)))9(#( "#  @41)));6"( Q1)))2"1A.9 6( 3#1>?)))'( 1

Z?[))A'    ) Q"1W61))'1G $))OS5 6( Q61))U Y1?=?))'( Q1))2
   @9 F&b# 0 @O91%1G     Z?[A' @41;6"( $4  (+/    Y1?=?'( Q12

  &,(#Ch NO?P9 Q61U .        Q61)U Z?[)A' $)<=;( F:Si "#
3#(#       $4 (" @*6+9! Q12  @9 a;C8/ @4+,     :;-4 V190X7 F-G6

    3#(# -G(+?4 $% &[AG 1=.9   MC?=% Q12    @4+), $)4 X)AG (" 
 -=% #"0!C4 .         Z?[)A' &)b# 1)/ &)'( }6_ :;(C41=4    Q1)2

      $*+, NO?P9 C;#189 Q(6( $4  +W1G+W Q61U     o1)'(C4 12
3#(# -G+* @'"C4 V(#-\9 MC?=% Q12.  

  M0-55             Q(6( $)4 (" 1)f, "0g)\9 K)'+?9  (X)A9 
   NO?P9 C;#189C  3#(# Q(C4      @9  1RG @7C?=% Q12   -)2# .

 1S2      -5 :;( 6( $% "+T    F&'( JPR9 M04=C  :;C?B4 
@9 "1S* $4 Ci1E ]A8c/ "# $*+, #(-./ -;!.  

  #"+))9 $))8f=9 :;C?R))A4 @))'"C4 Q(C))4 :A))=zS2
 $R8G F$.71f9    $'q% "+?%1U Q12        ]);CT 6( 0 -G-* Q-=4

  :A96 #(-./ $H'1c9  |X�7          :;C/Ck�)9 Foq)% C)2 "# 12
oq))%    -=?R))W :A))A./ :A))96 s))G(" 60C))4 Q(C))4 1))2  

) M0-56 .(  
  

0-5 M6 .:A96 sG(" 60C4 Q(C4 "+?%1U $R8G C2 $4 t+4C9 oq% :;C/Ck�9  
9�oq% :;C/Ck "+?%1U $R8G 

/ /$7 5 14 5   aA* 

@4C� M1S* aA* &B5 

106/0 -101/0  1=cG( 

1100-0 `[W 6( $Ou1U  12)C?9( 

2500-0 3#15 6( $Ou1U  12)C?9( 

2500-1500 $G1,#0" 6( $Ou1U  12)C?9( 

Z% Z%(C/ 14 @Oe=5 @i("( QC4"1% 

Mlgs �=' @'1=* 
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 ! "#$%  ! &'$( &'$( "#$%

 !"#$ !%&  '( )*+

,-
./

  
  !"6 .#$%&' ()*+ ,-. /%0 123%4' +*5' 1647' *+ 849 :;<=' /%0  

  
   1> ?@%<A B>%@C*D /D8>       E%<7<FD G<&HF CD I('J #F+

         KD8L5<&MH0 NOH'C PAD* #HF%&$ 1Q6A 1HRS *+ /C%T
              GHMF8S 8M49 ,-M. *%MRU /D8M> 1Q6A O@D 1> V5>8'

L  (@+8)   !"6 .( W%MX0           N#MFD Y=QM' 1M. *5MZ82 
      +*D+ B.(AD /8@[\849 1647' ()*+)PAD*    OHM'C /%0 

  G. ]X^ %> (    *+ _6T `56/1    CD ()*+   1647'PAD*   /%0
B' a%X<$D (@(" +`*.  

bMMF%7'  c`* B@D*%MM. Pd7MMF /D8MM> *%MMH2' O@8MMS
    1> E%<A 1&@%6' NI(" +%R7QH\       B2eD` ?@%<A %> I('J #F+

 #FD +5f5' .(>   1&M@%6' N*5g7' O@       (M)*+ ,%MFD8> /D
             1M. B6Z%M7' *+ PMAD* K(M^ ` PAD* ]Z%7' /8HL*D8e
   B;H9 M G. /8@[\849 ` +%@C B;H9 M +%@C /8@[\849

     !" *+ 1. #T8L h*5) N(A*D+ G.7  I(M" I+D+ W%QA 
#FD.  

  !"7B' W%QA   1. (0+3/83 PAD* ]Z%7' ()*+ 
     PHM\ B$D5MA *+ +5f5'   BM7H>  (M"i     H&M> ` j%MA849  *%

     ` (A*D+ *D8e j%A8497/92        PMAD* K(M^ ]Z%M7' ()*+ 
     PHM\ B$D5MA *+ +5f5'   BM7H>  (M"i  GM.        *%H&M> ` 8M49

G. keD` 849 (AD .  
          NOHM'C PMAD* #HF%&M$ 1Q6A 8<QH> B>%@C*D /D8>

    &M!H\ 8@+%6' _F5<'            8M49 ,-M. *%MRU 8M0 *+ %M0

   (@+8L 1lF%m')   !"8 .(      BM49  !" ` BQ@DnTD (A`*
  B' W%QA *D+5XA  (0+          1M> /8@[M\849 ,-M. *%MRU 1. 

I(" oH!pS 8q@(!@ CD BlF%7' *5Z (AD.  
           BMXA c`* OM@D CD I+%p<FD %> 1!7@D 1> 1f5S %>    WD5MS

WC`   1Q6A /%0          N+8. ED8=<FD  '%. *5Z 1> D* *%H2' /%0
              WDnMH' ,%MFD8> %MS (M" 1M<T8L GHXrS #X&e O@D *+

       1Q6A ` OH'C PAD* #HF%&$ 1Q6A W%H' Bq<&>D`   /%0
N*%H2'        ++8ML +*`J8> B^5A 1> hD8HstS WDnH' O@D  .  WDnMH'

  +%M@ hD8HstS            1QM6A Bq<&MlX0 b@8Mu ,%MFD8> NI(M"
  1QMM6A ` OHM'C PMMAD* #HF%&M$   *%MMH2' /%M0LSM ,C  

I(" 1lF%m'  (AD) 14>D*10.(  
  

 14>D*)10(  LSM,C
LSM,C

LSM C.
!

 "
! !

  
  

 1MMMM4>D* *+)10 (CLSM ,!A vA%MMMM@*D`5.  1QMMMM6
           ` w#MFD *%MH2' 1Q6A ` OH'C PAD* #HF%&$LSM!  ` 

C!        *%H2' 1Q6A ` OH'C #HF%&$ 1Q6A *%H2' xD8mAD  .
  a`(f7  1> ?@%<A       B' W%QA D* I('J #F+   (M0+ .  b@D8Mu

    1M<!A O@D (@y' NBq<&lX0           1QM6A 1MF 1M. (MAD»  *%MH2'
z7MMF  *%MM. ` NI+%MMf CD 1;MM)%T NBMMF%7"BMMuD*D /8> «

          PMAD* #HF%&M$ 1Q6A %> D* Bq<&lX0 WDnH' O@8<QH>
(A*D+ OH'C .  
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83.3

92.7

70
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90
95

100
B$D5A *+ PAD* ]Z%7' () *+
*%H&> ` j%A849 I(" B7H> PH\
j%A849
B$D5A *+ PAD* K(^ ]Z%7' ()*+
*%H&> ` 849 G. I(" B7H> PH\
849 G.

  
  !"7 .?@%<A #e+ 1>  ,-. *+ PAD* K(^ ` PAD* ]Z%7' /8HL*D8e ,%FD8> NI('J #F+ /8@[\849 /%0  

  

0.064
0.259

0.518
0.814

0
0.2
0.4
0.6
0.8

1

G. B;H9 G. +%@C +%@C B;H9

 !"#$ !%&  '( )*+

9,
: ;

<=
>8

  
  !"8 .#HF%&$ ,-. 80 *+ OH'C PAD* h(" OHqA%H' *D+5XA  

  
 a`(f7 .F%&$ 1Q6A W%H' Bq<&lX0 b@D8u%0*%H2' ` OH'C PAD* #H  

*%H2' 1Q6A  q<&lX0 b@8uB  
bH"  28299/0  

bH" #Rf  009536/0  
OH'C /%7mAD  0022336/0  

z7F BF%7"  51714/0  
1A%9+`* CD 1;)%T 10D8>J ` %0 %0  079674/0  

BuD*D /8>*%. ` P"5\  33431/0  
 &L CD 1;)%T %0  76997/0  
I+%f CD 1;)%T %0  39131/0  
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 1> ?@%<A  F+             %M> 1&M@%6' *+ ]MH6mS OM@D CD I(M'J #
 K%dAD P0`{\  1> I("           WD*%M!X0 ` D(M6^ BXZ%MT 1;HMF`

)2005 (I(MM^%e E%<7<MMFD G<&MMHF CD WJ *+ 1MM.  /%MM7l'
         OHM'C 8M49  H&MA%<\ 1Q6A 1HRS /D8> /C%T    *+ cnM|3

        #MFD 8<R> bSD8' 1> N(" I+%p<FD *%>+`* 1647' .   MH3+
     B' D* ]H6mS O@D #e+ P@DnTD   1> WD5S  *%.   W%M'}5S /8HL

 c`* CD   PAD+ /%0    I+D+ ` %7l'      k>D5S %RAJ D8@C w#&AD+ %7l'
             I8Ml9 Y=M" PMAD+ 1@%\ 8> D* /C%T OHAD5e ` #@5~^
             G<&MHF 1M> *%M.+598H� h*5M) 1M> ` (A+8. ED8=<FD

   (7<9%F +*D` /C%T E%<7<FD . 1> %RAJ      H&A%<\ 1Q6A NI`-^
OH'C 849  *+ nHA D* cn|310(A+8. 1�D*D ,-. .  

A WD*%MM!X0 ` *nHMMF P0`{MM\ ?@%MM<)2010 ( %MM> 1MM.
      I(M^%e E%<7<MFD G<&MHF ]Hp;S         1!lM" ` /C%MT /%M7l'

             8RM" *+ OHM'C PMAD* #HF%&M$ 1Q6A 1HRS 1> Blr^
*5qA-F1            ]MH6mS OM@D ?@%M<A CD 8M<R> N(7<9D+8\ /n3%'
#FD .            BlrM^ 1!lM" CD W%7@D 1. #FD WJ 8'D O@D  H3+

     ^%e E%<7<FD G<&HF +8!;X^ +5lR> /D8>I(     /C%MT /%7l'
              #Me+ 1M> GM0 #M@%RA *+ ` (A+8. I+%p<FD 57Hf5F98 

 ()*+)a(' #3%$ O@8<R> *+ /C%F ((7<T%@ #F+.  
   +D+ W%QA ]H6mS O@D  GHXrS I(^%e  HX!S 1.  /8HL

   #MMe+ +5MMlR> NBMMF%7"*%. PMMAD+ CD O<T8MML I8MMR> %MM>
a('          #M"D+ (M0D59 BM\ *+ D* /C%MF .    M)%$ G<&MHF
1>       CD W%'nX0 I+%p<FD  H3+I+D+        NBMF%7"*%. PMAD+ ` %0
B'            GHXrMS %M@ I8Ml9 /+8MT CD BAD+8L8> (AD5S      %M@ N8MHL

("%> WJ /D8> B7@nq@%f.  
   B' NI(7@J h%23%4' /D8>       B;'%M!S BX<@*5q3D CD WD5S
    1M> oH<A� G<@*5q3D W5�X0          K8MT W+8M. 1M7HR> *5Mg7'

             8S�%M> #Me+ 1M> W(HF* ` /C%T OHAD5e ` #@5~^ k>D5S
  I+%p<FD+8. .OH7�X0  B' +%R7QH\       a`D(Mf c`* N+5"
#&f  `          +*5M' /C%MT E%<7<MFD G<&HF  H!QS /D8> 5f

+8HL *D8e 1&@%6' ` W5'CJ.1  
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