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97T.1X( ,:> 6=LE:W3 %W4!$:FZ e7W2%W448 9.W1K.
9$.WWZ 96J.WW�.1_ 97T.hWW3 +,%WW( ?WW@$ [$ H=7hFWW3$

LE:3 ( sT78 $6 9.1K=($ +%T%W4([71! ,%W( ?W@$ 7
�%WWm( [$ $6  WWU1M$.N e7WW@.D CWW8 LWW3$  XWW@.N7(97WWT

%T= e7<! �)Fk( %#7O( CZ �)Fk(.p@.N7( ?@$ C15N
e7U($ c"#$ H7K J L3$ 6$:2= �)Fk( l>74( 9$.Z.@QWR

LXWW1!)Upchurch and Kuby, 2010.([$ H=7hFWW3$
 ( ~*7Z CUm2 97Tt1A7!-e7W(t&T V6:W# CWZ C8 =:2

1G( e$:F!CZ $6  !$%4� �)Fk( 97T67W8LWM.K 67.9$.WZ
 ( |U<( ?@$ |bC@x e$:N N7*">$ 97T)7WT671G(($6

e[J=.8 l1h)N J  T=.
?1XWWb J 967WW@[9=.WW()2010(e[J 7WWZCWWZ  WWT=

e7U(  Z7@[6$ CZ +75!- l1h)N J 97T671G(H7I@7D 97T97T
%4FE$=.R LE:3.J �1W#:N 6= LW1G]^ r%W* 7W5!- 7($

CWWmN6%WW4FM.I! .WW{! 6= $6 7WWT671G( 9%WW4Z.J :)41XWWb
d1T$.Z$H=$[)2008(r%*.W{! 6= $6 7WT671G( 6= L1G]^

e7WU( ?1W1GN CWZ 9[7WM lW]4( [$ H=7hF3$ 7Z J %4FM.K
H7I@7D C415Z%4FE$=.R LE:3 97T.=.Z678 [$  U@97WT

dFXWW13 6= 9[7WWM lWW]4(LWW3$ 9[7WWM `7F4FWW3$ 97WWT.
6$ C41([ 6=  h)Fk( V7GA7](nW@ 9$.WZ  W�$6$  Z7W@[

 #7E 9.Z678)e7U( Z7@(g1'( 6=GIS[$ H=7hF3$ 7Z
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h'J%+      96JK<O +4:43  :$'I '#+)53 -9O, .  ;<<0^ 7,'(

   - :$'I '#+)5320       @U$ 7,'/( p/QJG3 V/q3      &+  /8+
     9O9A j)GJO, W%)63 r#U4^ )( .5263 .   ;#, j)GJO, 7,'(

Vq3              7)/8N<1)OZ U, *+)sJ/%, )/( ./01)23 +&43 .5263 -)8
GIS   .( 20    9#+'! S<K5^ 7$)K3 ]G(  .     ]/G( '/8 &+

     *)!9#+ .( .:4^ )( .25O t#      ./O4! .( -h)6A&)B 7)8   7,
        3)\^ H#)LO &+ .B 9#+'! j)GJO,20     ?&4/R .( .25O 

u)Y#'5^        96/A)( *9A r#U4^ .5263 &+ HI,46M#  .    ./v '/8
      'J=/<( k)/5O +,90^     w9/3 H/g+ -9/A)(      SJK/<% 7U)/%

    3 ]#,NX, 7U)X i)J6J%,  )#9( .       H#+$9/q3 V/<1+ ./( )3,
         U, )L6^ x<5q^ ;#, &+ h)6A&)B .(  %'J%+20   ./25O 

 9A *+)sJ%,) VMA2.(  
  

2-3-2"L&N' O)E   
  VMA3            r3)/: &4/e .( ,& x<5q^ ;#, &)B o)lO, VT,'3 

  3 @)=O  98+ .  VT,'31    )/^ 6    *+)/3Z ./(     *+,+ 7U)/%    )/8
 3 k4('3 ]G( &+ .B 9O4A  7)82-1 $ 2-2 *+,+ y'A 

9O9A .  .QT'37 .(    @U$ &4z63       *9A j)GJO, k)5O .(  8+
H%, .  VT,'38   )^ 11        SJK/<% +)/l#, $  T,'e VT,'3 

 7U)X i)J6J%,   9/O, .   ./QT'312  ./(        SJK/<% U, 7'<!&)/B
 *)//C#): H//<(4Q23 .=//5O 9//<14^ 7,'//( 7U)//X i)J6J//%,

H%, HI4%.  
  

2-3-1-         P&QR7I- S&QTI UQ!3BVN' W-X!' >3&</E- 
 ./&5 /- $%&Y70- &3 $MAAHP  

  *+,+ +)l#, 7,'(   7+$&$ 7)8 /     :$'I) ./(      +)/l#, &4/z63
  7U)X i)J6J%, SJK<% &)B+4I(    '#+)/53 H/%, 7&$'/{ -

   Vq3 H<(4Q23 @,N<3 .B  :$'I  ,& pQJG3 7)8)  k)/5O
 VM//A &+ *9//A *+,+ @)=//O2 ( *)//C#): m,9//T, 7,'//(

   3 @)=O HI4%        &+ k)5O H<(4Q23 @,N<3 ;<<0^ -968+
 +'/B *+)sJ%, .QT'3 ;#, .  7U)/XAHP) Kahraman et 

al., 2004  (|$& .Q\: U,    U, *+)sJ/%, )/( .B H%,  #)8
        pQJG3 k)5O H<(4Q23 @,N<3 ;<<0^ .( h)6A&)B ]O,+

 3 +U,+'> .S<\0^ |$& ;#,   |$& ./JX)#(Saaty, 1980) 

AHP )( H%, 7U)X x263 U, *+)sJ%, .  
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 VMA3 . o)lO, VT,'3x<5q^ ;#, &+ &)B  

  

  
# |$& $+ '8  60AHP  7U)/X $ AHP   7)/6Y3'( / 

.K//#)53  //:$U 7)//8  9//O,)Vahidnia et al., 2009 ( $
          SL3 .B ,&  OZ -V3)a )# &4JB)X $+ ;<( 9#)( h)6A&)B   '^

      ./B / 9/6B FG=/3 -@Z H/<\8, .:&+ )( *,'\8 -H%,
   w93 W:43 '3, ;<\8      +4I ]O,+ U,  =G( 7U)%    $ *)!Z

 +4I)O ;<6}\8      /3 *)/!Z   +4/A .   & U, *+)sJ/%,   7U)/X |$
AHP  w93 ~a)(          *)!9/#+ &+ H/<02g o9/a 7U)%    7)/8

  /3 7&)!U)%)O ]8)B $ h)6A&)B   ++'/!)Kuo et al., 

1999 (    |$& ;/#, U, -'{)T x<5q^ &+ 'e)I ;<\8 .( $
H//%, *9//A *+)sJ//%, .|$& p//QJG3 @,'C=//8$">  7)//8

     7U)X 7,'( ,&  O4!)O4!AHP   *+'/B .�,&,         @Z U, ./B -9/O,
  3 @)<3    |$& .( @,4^  8     ./( *9/A .�,&, 7)       QB)/( .Q</%$

)Buckley, 1985(  &9/O4( -)Boender et al., 1989 ( $
 bO)v)Chang, 1996; Vahidnia et al., 2009 (  *&)/A,
+'B .          &+ -b/O)v |$& &+ ?)Y%)q3 &+  !+)% V<1+ .(

     9A *+)sJ%, @Z U, x<5q^ ;#, .    .Y%)q3 VT,'3 -.3,+, &+
     #'=/^ &)�JI, .( bO)v |$& .( k)5O @U$  /3 �  ++'/! .

         )8&)<03 H<q:&, @)<( 7,'(  �Q�3 7U)X +,9a, |$& ;#,
 3 &)B .( 9O$&.  

  

 .2(,&)1(  
  

( , , ) (L , m , u ) ... (L , m , u )n n n
(L , m , u ) ( , , ) ... (L , m , u )n n nA (M )n nij ... ... ... ...
(L , m , u ) (L , m , u ) ... ( , , )n n n n n n

  !

" #
$ %
$ %
& '

12 12 121 1 1 1 1 11 1 121 21 21 2 2 2
1 1 11 1 1 2 2 2

 

  
 .///////////2(,& &+)1 (ij ij ij ijM (L ,m ,u )  $ 

ij ij ij ijM ( / u , / m , / L )(  1 1 1 1H%,  .  
         ?)K#)53 �#'^)3 7)8'2% U, t# '8 7,'( .3,+, &+

  |U&, - :$UkS  -H/%,  �Q�3 7U)X +9a t# +4I .B 
 .2(,& U, *+)sJ%, )( )2  ( 3 .Y%)q3  ++'! )Wang et al., 

2008 .(  

 .2(,&)2(  
n m n

K kj ij
j i j

S M M
(

   

" #
 ) $ %

$ %& '
* **

1

1 1 1
   

  
  .B)  .0%4^ j'{          H/%, 7U)/X +9/a $+ .JX)# . &+

      7,'( @)M3, .:&+ o$+ .QT'3i jS S+   .(  .Q<%$   ./2(,& 
)3 (   /3 ;</<0^   +4/A)Wang et al., 2008 .(  ./2(,& &+
)3( -, -i i i i j j j jS l ,m ,u ,S (l ,m ,u )    H%,  .  
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 .2(,&)3(  
i j
i j

i j
i i j j

j i

;m m
u l

V(S S ) ;(u m ) (m l )
;otherwise

l u     i, j ,...n; j i

+.
/ (/+  0 ( 1 (/
/2

3  4

1

1

  

!
  

  
 FI)//////A @U$ &,+'//////( H//////#)LO &+  )//////8

T
nW (w , w ,...w ) 1 2   .K//#)53 �#'^)//3 7,'//( 
  7U)XA    )(       ./2(,& U, *+)sJ/%,)4 (    /3 .Y/%)q3    ++'/!

)Wang et al., 2008 .(  
 .2(,&)4(  

V(S S | j , ..., n; j i)i j
w , i , ..., ni n

V(S S | j , ..., n; j k)k j
K

+  4
  

* +  4
 

1
1

1
1

  

  
  

  
         �#'^)3 t# 9#)( .25O '8  #)LO @U$ .Y%)q3 7,'(

          $ )/8&)<03  /:$U .K#)53 7,'( 7U)X .K#)53n)   +,9/0^
)8&)<03 (            /:$U .K/#)53 7,'/( 7U)/X .K/#)53 �#'^)3

     M=^ &)<03 '8 7,U, .( k)5O  +4/A V< .      &4/e ./( ;#,'()/6(
  9#)(  �QB1+n ++'/! V<M=^  :$U .K#)53 �#'^)3  . &+

             ./25O '/8 @U$ $ &)<03 '8 @U$ .Y%)q3 )(  #)LO .QT'3
       @U$  3)\^ W<B'^ $ &)<03 '8 7,U, .(     /3 )8     @U$ @,4/^

    .( ,& .25O '8  #)LO   +&$Z H%+ .      V/<1+ .( x<5q^ ;#, &+
  +4:$10    &)/<03 11   /:$U .K/#)53 �#'^)/3   V<M=/^  
9#+'!.  
  

2-3-2-   4./&Q5  !I-Ba ) U<BbZ c3-B# 6-*R70- 
23 &3 2ABC .*!DE&F  ./&5 .M83C Means   

   ./a4\l3 ;JA,+ )(    *+,+ U, 7,    7+$&$ 7)/8      $  /:$'I //
.A4I       3 )LOZ 796(           ./( ,& 7U)/X i)J6J/%, SJK<% @,4^

+'//B +)//l#, &)//B+4I ?&4//R . '#+)//53 x//<5q^ ;//#, &+
.=5O       )/5O &+ &)/<03 7)8          @,4/6a ./( *9/A j)/GJO, kX 

)7+$&$ (@U$ $  7U)//X'<� 7)//8) 7,'//( k)//5O H//<(4Q23
  HI4% *)C#): m,9T, (.(           7U)/X x/#'e U, *9/3Z H/%+

AHP    @,46a .( Y)  :$'I (     9O9/A ./JX'! 'zO &+ .  )/(

 .A4I o)lO,      *+,+ 7$& '/( 796(    7+$&$ 7)/8  //     /:$'I 
)X-Y (    *+,+ ;#, U, &,+'( '8       ./:&+ )/( )/8      H#4`/a U, 7,
3     .A4I U, t# '8 .( xQ0J         9/A 9/8,4I 7U)/X 7)/8 .  )/(

            ?)�/JG3 7)/8&4q3 7$& '/( ./A4I '8 @+'B '#4�^
 3            +'/B i,'GJ/%, ,& 7U)X ;<O,4g $ H#4`a r(,4^ @,4^ .

  .A4I +,90^ ;#,'()6(          '/8 7,'( H#4`a r(,4^ +,90^ )( )8
H%, '(,'( ;<O,4g +,90^ $  :$'I $ 7+$&$ '<�J3.  

 7U)XC Means|$& U,  7)8.A4I �#,&   7U)X 796(
   H//%, *9//A ?&)//zO'<�)Bezdek, 1981 .( ;//#, &+

    3 *+,+ '8 SJ#&4C1,            ./:&+ )/( .J/%+ ;#9/6v .( 9O,4^
H#4`a     +'<! xQ0^ ?$)sJ3 7)8 .    'J3,&)> SJ#&4C1, ;#,C 

) .A4I +,90^  )8 (       3 'zO &+ 7+$&$ @,46a .( ,&     $ +'/<!
  ./a4\l3n  /A �  ./( ,& C ./A4I     /3 &,N/X,   9/6B)Di

Martino et al., 2007 .(   &+ H//<\8, &4//I&+ .//JMO
SJ#&4///C1,  7U)///X C Means +,9///0^ ;<///<0^  .///6<L(

.A4I            $ H#4`/a r(,4^ +,90^ )(  M#+NO .2(,& .B H%)8
  +&,+ 7U)X ;<O,4g .     ./A4I .6<L( +,90^ ;<<0^ 7,'(     U, )/8

FI)A   .A4I  ()#U&, 7)8 )81) CVI (  /3 *+)sJ%,   +4/A
)Ramze Rezaee et al., 1998 .(  

          $  !+'=/X h)/%,'( ,&  143'X 46<:4% $ )3)#4B4X
            y'/23 ./A4I  ()/#U&, FI)/A .Y/%)q3 7,'(  #,9:

 96JI)%)Fukuyama and Sugeno, 1989 .(  - !+'=/X
     *+,+  !9/6B,'>  ()#U&, 7,'(  �I)A        '/8 V/I,+ 7)/8

      *U,9O, 7,'(  �I)A N<O t<Ms^ $ -.A4I      #,9/: 7'<!
.A4I     H/%)8)   ./2(,&5 .(   <3U ;/#, &+      HK/GO o'/^ ./6
@)=O               ./:&+ o$+ o'/^ -H/%,  !+'=/X @,N/<3 *9/68+

  .A4I ;<(  #,9:     $ -)8v @)=O        N/B'3 ;<CO)/<3 *968+
.A4I  H%)8 .  .A4I .6<L( +,90^          7U)/% S\</6<3 )/( )/8

FSV 7,U, .( maxc , ,..., c 2 3 !  "# $%& '().  
  

!*+  ,)5(  
n c n c

m m
FS k i iij ij

j i j i
V x v v v

    

 ! " " ! "## ##2 2
1 1 1 1

                                                           
1. Cluster Validity Index 
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    ,!*+ +&)5 (ij! -./0         ,10 $(234  5+& 6'78&j  9* 
    :2;  !i  <9*j ix v"     =>! "%'>?@* 9A0 jx   B iv 

 Bmaxc =(AC/>!  :2; &*'DE -*F># $%.8 .  
  

2-3-3- 314$5 6789 :84;4<' =4>1<   
           GH.IJ =>0*2I@ B $(234 K!*2E  7>L! 9AJ M*ANC%* G*A!

  "# =>/>O  ?PA#        Q>C0R GH.J M.C7C%* SCT>% H* -*2E
  &AIU 6&.VC%* .          "42I0 QI>C0R GH.IJ M.C7CI%* SCTI>%

     $%* GH.J M.C7C%* SCT>%  SC(+2WX* .!  U     "?#.IYE G.8
WX* -2Z[8 $%* 6': \>[YE Q>C0R SC(+2 )Cordón et 

al., 2001a .(    "I# QI>C0R SC(+2IWX* H* 6&.VCI%* .!   -*2IE
       SCTI>%  ! *+ ]>^,E B GA>_&.( "(.0*2E      M.C7CI%* G.I8

 &BFJ* GH.J)Herrera, 2005 .(  \YI:4   &AIY?[4 62I`0 
 a(.II[0 "!2II;  II! *+ QII>C0R GH.IIJ M.C7CII%* SCTII>%

"# '8&.  
-.[8       \Y: +&  U +2b4  cN/I#      SCTI>% <$I%* 

     H* Q>C0R GH.J M.C7C%*5      $%* 6': \>Y/E "?d* eF5 
)Cordón et al., 2001a .(

fX* ( GH.J g%*B  H.% :       $I%* "D!.IE G*+*& g%*B =(*
 G&B+B  IU     \('II^E GH.IJ A(&.II1#  I! *+ GH.IIJA>h G.I8

"#  '7U)Wang, 1996 .(i(*+ H* "Y(  GH.IJ =(AE   <.8H.I%
 GH.J -2C?W7>%1     1`E =(* +&  U $%*     6&.VC%* -) H* ]>

 $%* 6': .GH.J        ,10 Q( -2C?W7>% H.%*X U$   .!  
             GH.IJ "IV7# &'I4 QI(  ! *+ "1>1P +*'1#A%   +& U 

) K5A#  42[j# (  02_  !   "# G*       +& ]?DE +*'1#  U &+.W0
   ,10*X    .! A!*A! 1   AW(& +& B     k.I10 U       AVId .I! AI!*A! 
 &2:)  ,!*+6) (Mendel, 1995 .(  

  ,!*+)6(  & *
A

;  x X      (x) ;  Otherwise%
 !  1

   

l ( a0*& 6.W(.O :  B 6&*& 6.IW(.O eF5 B& H* 6.W(.O =(*
    $%* 6': \>Y/E =>0*2@ 6.W(.O .    K!*2E \#.: 6&*& 6.W(.O

            =>0*2I@  I42[j# =>0*2I@ 6.IW(.O B <$%* GH.J $(234
 m+2IId  II! GH.IIJ»AII_* -) III 6.II_ «"II# AII! +& *+  &AII>_  

)  ,!*+7 .(  

  ,!*+)7 (  
L L L

n nRule L:If(x ,A ...And x ,A )Then y,B1 1
  

    ,!*+ +&)7 (nx , x ,..., x1 2  G&B+B G.8A>nC#    '0*
 By  $II%* GH.IIJ M.C7CII%* SCTII>% "II5BA; AII>nC#  .

  =>7Z[8L L L L
nA ,A ,...,A ,B1 2    GH.J $(234 K!*2E 

   6&*& 6.W(.O +& &252#  .8 '7CT8 .      KI!*2E H* ]>1`E =(* +&
    6&*& 6.W(.O +& =>%2_ $(234  .I8    $I%* 6'I: 6&.VCI%* 

)  II,!*+8 .( < +2UoII# pII,!*+ +&c-./II0   FIIUA# 6'II78&
 B $%* "7`7#'"# cN/# *+  &H.%. 1  

  ,!*+)8(  

A
(c x)(x) exp( )"!  "

'

2
22  

  

  
 \Y:4 ..J G.7^# 6'4.@ M.C7C%* SCT>% Q>C0R GH  

K^7# :Cardón et al., 2001a  

M ( M.C7C%* +2E2# :       ^I%.`# M.C7CI%* +2E2#  V>qB
    G&B+B GB+ H* GH.J "5BA;         r.I%*A! 6'I: GH.IJ G.8

    $%* 6': f(ADE GH.J =>0*2@ .     \I>X&  ! <]>1`E =(* +&
           S[>I7># M.C7CI%* +2IE2# <m.^I%.`# +& "_&.%) sB+

"0*'[# AtU*'P \@*'P (     'I:  ICJA_ +.IU  I!)Wang, 

1996 .(  
     m.5+& u>UAE M.C7C%* +2E2# =(* +& $TN0  ?PA#

           AIW?[4 H* 6&.VCI%* .! G&B+B K!*2E GH.J $(234AND 
)\@*'IIP v&.IID# ($II%* . M.C7CII%* +2IIE2# 9B&  II?PA#

                                                           
1. Singleton Fuzzifier 
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        $%* G'4*2@ GH.J $(234  5+& ]>V?E \#.: "0*'[#
      $%* -.TY( .L0) GH.J $(234 K!.E  U .     I?PA# =(* +&

 AIIW?[4 H*OR <)\@*'IIP v&.IID# ("II# 6&.VCII%*  &&AII_
)Karimi et al., 2009 .(  

& ( GH.JA>h g%*B  H.% :GH.JA>h    \('I^E '7(*AJ GH.%
      $I%* GH.JA>h A(&.1#  ! GH.J "5BA; .    G&'I4 +*'I1#

   '(.! GH.JA>h !   02_          2I`0 =(ACL!  !  U &&A_ =>>DE G*
M.C7CII%* GH.IIJ A(&.II1# 6'II7(.[0 'II:.! "II5BA; w'II: .

sB+     "V?CN# G.8 GH.JA>h G*A!        IU '0+*& &25B GH.%
H*  "II#  II?[5 -)    II! -*2IIE(Ross, 2004) Mean 

Maximum Membership \II1x FIIUA# B )Al-Jarrah

and Abu-Qadis, 2006 (&AU 6+.:* .   H* ]I>1`E =I(* +&
i(*+ \>X&  ! <\1x FUA# sB+ ': 6&.VC%* -) -&2! AE .  

I8 ( Q>C0R SC(+2WX* :   J&.yE sB+ Q>C0R SC(+2WX* "
         "D>^b "Y(R2X2>! "?#.YE '7(*AJ H*  U $%*  ?zT# \P

 "# $>D^E  '7U .    IX.^0& SC(+2WX* =(*       l.INC0* =>0*2I@ B+
  I02_ "D>^b       $I%* ]!.I,E =(AICL! .I! .I8)Gen and 

Cheng, 2000 .($X.P     I! SC(+2IWX* =(* +&  ?zT# G.8
 {BAD# 9BH2#BAU          ";A! H* 6&.VC%* .!  U "7D# =('! |'0*

 2E G.8A>nC#'>X             G.3IJ  I! "IP*Ab G.3IJ <'IU 6'77U
"II# v.II1C0* "IIY>C0R 'II!.( . H* }~2II[D# SC(+2IIWX* =II(* +&

  9.h&* "#2[4 G.8+2E*AO*1       "I# 6&.VCI%* aIL5 B    &2I: .
        $>D[5 '>X2E \#.: Q>C0R SC(+2WX* +& "?#.YE \Y>%
             $I%* aIL5 B 9.Ih&* G.8+2E*AO* H* 6&.VC%* .! \#.YE B

)Morley et al., 2001.(  
  ! m+BA�     SCTI>% GA>_+.IU        GH.IJ M.C7CI%* G.I8

     "#  U $%* =(* +& Q>C0R           B $(23I4 KI!*2E 9AIJ -*2IE
   *+ GH.IJ M.C7C%* SCT>% +& &252# GH.J =>0*2@   IU I

    v'# $@& .! "[>1CT#  ,!*+   '0+*& GH.%     &AIU  I7>L! I .
    ! .! K@*B +&   SCT>% GA>_+.U      Q>C0R GH.J M.C7C%* G.8

"#    v'I# $I@& -*2IE   a(*FIJ* *+ GH.I% &*& )Herrera,

2005 .(  
     SCTI>% "P*Ab +& $TN0  ?PA#      GH.IJ M.C7CI%* 

 S>[yE <Q>C0R       I7>L! {'8 6+.!+& GA>_     GH.I%)  KI!*2E
  GH.IIJ =>0*2II@ .II( $(23II4 ($II%* .   IIU "E+2IId +&

 7>L!       �'# �{'8 $(234 K!*2E 9AJ GH.%     =I(* <':.! A�0

 -*F># '0B+  GH.%2  "# 6'>#.0    &2I: .     I%BAO +& I(   'I0B+ .
-*F>#  .%  42[j# GH           6'I: fI(ADE a>O H* =>0*2@ H* G*

              KI!*2E  I7>L! 9AIJ -&AIU *'>O .0.[8 {'8 B &+*& &25B
 $%* $(234)Yaochu et al., 1999(|   "E+2Id +& .I#* 

    7>L! <A�0&+2# {'8  U           .I( B GH.IJ =>0*2I@ 9AJ GH.%
 7>L!            GH.IJ =>0*2I@ B $(234 K!*2E 9AJ -.#F[8 GH.%

-) <':.! A>_&.( '7(*AJ 6._  &+*& 9.I0 G)cordón et al., 

2001b(.    sB+  ! =>0*2@ GA>_&.(      -2Z[8 "V?CN# G.8
 �A^TICO3 )Smith, 1980(  -.W>/I># <)Holland and 

Reitman, 1977 (   =>0*2II@ G+*AIIYE GA>_&.II( .II( B4 
)Venturini, 1993 ("# 9.j0*  &A(oIO .  <$TIN0 sB+ +&

          9B& sB+ +& B $I%* =>0*2@ 9.[E 6'7(.[0 9BH2#BAU A8 
          "I# -./I0 *+ -20.I@ QI( 9BH2#BAU A8       "#.I[E B 'I8&

  ! =>0*2@  >%B?      "I# 6&*& a(.[0 $>D[5 \U     '02I: . +&
    -*F>#  ! *'C!* ]>1`E =(*          GH.IJ $(23I4 KI!*2E GH.I%

               GB+ AI! GA>_&.I( \I[4 G'ID! 9.I_ +& B ':  C;*&AO
           $/I_ *AI5* �A^TICO sB+ H* 6&.VC%* .! GH.J =>0*2@ .

       # 'I0B+ +&  I52E +2;+&  CY0 -*FI>       <GA>_&.I( B GH.I%
              I>XB* GH.IJ =>0*2I@ B $(23I4 KI!*2E =C;.% cN/#

$%* . :2; H*  X.1# =(* +&  GH.J G'7!C Means G*A! 
           6'I: 6&.VCI%*  >XB* GH.J =>0*2@ B $(234 K!*2E &.j(*

$%* .          I! GH.IJ =>0*2I@ B $(234 K!*2E =(*A!.7!    $I%&
 :2; ](Ab H* 6'#)   GH.IJ G'7!C Means   -*2I74  I! <

   M.C7C%* SCT>% G*A!  >XB* GH.J =>0*2@ B $(234 K!*2E
      '0'I:  CJA_ A�0 +& Q>C0R GH.J .       -) +.IU =I(* $I(F#

           .I! 6': M*ANC%* GH.J =>0*2@ B $(234 K!*2E  U $%*
 GH.IIJ H* 6&.VCII%*C Means QII(&F0  II7>L! 9AIIJ  II! 

"II#    SCTII>% +& .IIL0) H* 6&.VCII%* m+2IId +& B '02II:
   +2WX* <Q>C0R GH.J M.C7C%*  K(A% Q>C0R SC(   "# AE   '0*2E

                *AIW[8 GH.IJ =>0*2I@ B $(23I4 KI!*2E  I7>L! 9AIJ  !  
&2:. 1234  

                                                           
1. Crossover 
2. Tuning 
3. Pittsburgh 
4. Iterative Rule Learning 
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2-3-4-       8@  !"# $"%&%'( )%*+' ,-./01 ,2345 
,26 78(, 9,:;#(  <"&=>"? @"AB  

              !" #$!%&'( )!*+  !, -./ 0123, 45 6 7 898:+ ;8<1:
-=+= 5+ -= >8:+       -.!(? =@!AB $!" C!AB'D ! 4=BEB 4 F

   " B G:+    -=+= $29*+ $" $A@,    4=BEB 4 F !   $" CAB'D   E H
         =@!D I!J+= 5+ C3K" -.J'1L'"E= 4@MJ $" $86E     B - !L?

=@D J   N 9/E H - L?      ;8<1: )*+'" 9" #.J+   45 !6 7 898:+
        =@D IJ+= 5+ IK" O PF 4@MJ $" -./ 0123,     B - !L?

=@D J     -=+= E= =@A@( - L?           C!( '!" E= +E  !F   ='!1L .  $!82J
  E= $A@, E@DE= O 1( )*+    7 898!:+ ;8<1: $H G:+ O? 

           -=+= $!" 4.*.!/ CQ8<!"+B #-.!/ 0123!, R45 6    4 !F
4=BEB   =E+= CAB'D ! .        =+.!S, I*+T!6+ #'!Q*= UE VW $"

-=+=   4=BEB 4 F        X.!( Y!W " C!AB'D !!      I!K" 45 !:
=@!!D I!!J+= 5+ 4'83!!1" =@D !!J B - !!L?  N 9!!/E H - !!L?

C(  =@/ .   O (5 01Z= $"  (+         45 !6 [BE O=@!" '"AHP  B 
 5+ \]6 ^1]M, )*+ E= N 9/E H $" C:'8:= G*=B.M(

20  4=BEB -=+=     .*='L -= >8:+ CAB'D ! .  4+'" )*+'" 9"
-=+= =+.!!S, =@!!VPH 5+ C!!/ J _S!!` O+@!!8" $!!29*+  4 !!F

4=BEB          !" C* !aJ $!%&'( E= #='!H b'!c'" +E CAB'D !
       =@D IJ+= 5+ 4'Q*= IK" N 9/E H  " $V& d(    B+ - L?

   "+@, eZ f E= T1J           ;8<!1: $!" 45 !6 )1J+@!f B G*@gW h
./ -=BT6+ 45 6 7 898:+.  

  
3-CD"%8   
3-1-@E= F"G%8( H"I8 J+52/KL 9(;+L M5"D!>( CD"%8   

              C!%( GH'!/ 5+ GD@!: N 9!/E H B= $!%&'( )*+ E=

 -=EB?'6 IKi        j ]J B  FE 1S( C" *5E+ $" O+'*+ C8>J 4 F
  .98D+='i -./ k K8J+ . C" *5E+ )*+     l*', !( E=  F    !F 4

 N 9!!/E H U !!1"'m, N !!:+'" 45 !!6 C!!AB5 U <!!* ](
) =@D J IJ+=    =@D B - L?  - L? (  $3]J '*= ]( B     E !1S( 4 F

    _%8K( j ]J E=)         02!/ E= -.!/ -=+= O 3!J2 (  n !mJ+
G6'L .     G*@ZB+ 4+'" CAB5 U <* ]( l*', ( o*    4.!9"

 B  !!!FE 1S(10  4+'!!!" C!!!AB5 U <!!!* ]( l*', !!!( 
G*@ZB+      F N :+'" _%8K( j ]J 4.9"  '10   C6'S( E 1S( 

     .J./ = m*+ )131i $%&'( E= -./ .     C!p%p( 45 !6 =+.W+
 G*@ZB+ 4+'"           E !H $!" -.!/ k K8J+ j ]J B  FE 1S( 4.9"

.986E .    45 6 =.W n@a>( #X p( O+@9W $")5 #3 #2/1 ( $H
     E 1S( B= $<* ]( 4+'"1C   B 2C    #-./ O 1" ?   $H G:+ O

       E !1S( G1PF+ X@PS( GZ & E=1C    =B.!& 3  !"+'"   E= #'
 [@D GZ &     =B.& $J 91"5       $J 91"." GZ & E= B '"+'" 1

2 
   E 1S( G1PF+2C G:+  .        \!"+BE 5+ -= >8!:+  " lq:2  B 

3 B 4  $<!!* ]( l*', !!( C( !!P, 4+'!!" O5B 4 !!FE+='" 
  .J./ $V: M( CAB5 .     XB.A #X p( O+@9W $"1  l*', ( 

  C!!AB5 U <!* ](10.!!/ $V!!: M( O5B E !!1S(  4+'!!" -
C( O 3J +E  FE 1S( C( P, .F= .  

         '!F N !:+'" j !]J O5B B  !FE 1S( O5B #O? 5+ li
       $!r]J '!F O5B n mJ+': B #.J./ ^1>%, 'Q*.2*  " E 1S(

)       GD@: - Q* A s+.&+ 4+'" 0M( O? G1"@%r( O+T1( (
               .!*='L $V!: M( 'tu!( 4 !FE 1S( C( !P, $!" $!A@,  "

) XB.A2 .(  

 XB.A1 . U <* ]( l*', ($" -./ $V: M( C* aJ O5B B CAB5  45 6 $%1:BAHP  
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10  !" #$% &'(

C1 (1,1,1) (1/2,3,5) (1,3,5) (1/2,3,5) (1/4,1/2,2) (2,3,5) (2,4,5) (3,5,7) (3,5,7) (1,2,4) 0.13827
C2 (1/5,1/3,2) (1,1,1) (1,3,5) (1/4,1/2,2) (1/5,1/2,1) (1/2,3,5) (1/2,3,5) (3,5,7) (2,4,6) (1,3,5) 0.12756
C3 (1/5,1/3,1) (1/5,1/3,1) (1,1,1) (1/7,1/5,1/3) (1/5,1/3,1/2) (1/2,1,3) (1,3,5) (1,3,5) (1,3,5) (1,2,4) 0.10376
C4 (1/5,1/3,2) (1/2,2,4) (3,5,7) (1,1,1) (1/2,2,4) (1,3,5) (1/2,2,4) (2,3,5) (1,3,5) (1,3,5) 0.12985
C5 (1/2,2,4) (1,2,5) (2,3,5) (1/4,1/2,2) (1,1,1) (1/2,2,4) (1/3,2,4) (2,3,5) (1,3,5) (1/3,1,3) 0.12128
C6 (1/5,1/3,1/2) (1/5,1/3,2) (1/3,1,2) (1/5, 3/1 ,1) (1/4,1/2,2) (1,1,1) (1/5,1/3,1/2) (1/2,3,5) (1/2,1,2) (1/4,1/2,1) 0.078236
C7 (1/5,1/4,1/2) (1/5,1/3,2) (1/5,1/3,1) (1/4,1/2,2) (1/4,1/2,3) (2,3,5) (1,1,1) (2,3,5) (1,2,4) (1,2,5) 0.10462
C8 (1/7,1/5,1/3) (1/7,1/5,1/3) (1/5,1/3,1) (1/5,1/3,1/2) (1/5,1/3,1/2) (1/5,1/3,2) (1/5,1/3,1/2) (1,1,1) (1/4,1/2,2) (1/5,1/3,1/2) 0.039415
C9 (1/7,1/5,1/3) (1/6,1/4,1/2) (1/5,1/3,1) (1/5,1/3,1) (1/5,1/3,1) (1/2,1,2) (1/4,1/2,1) (1/2,2,4) (1,1,1) (1/4,1/3,1) 0.0622042
C10 (1/4,1/2,1) (1/5,1/3,1) (1/4,1/2,1) (1/5,1/3,1) (1/3,1,3) (1,2,4) (1/5,1/2,1) (2,3,5) (1,3,4) (1,1,1) 0.094965
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 XB.A2 .j ]J 5+ o* 'F 4+'" -./ 45 6'1v C* aJ O5B  

P.N. 1 2 3 4 5 6 7 8 9 10
 O5B_%8K( j ]J   

) G1"@%r( O+T1(j ]J( 61/0 62/0 67/0 3836/0 6445/0 55/0 5294/0 86/0 87/0 72/0

87/0 11 12 13 14 15 16 17 18 19 20
 O5B_%8K( j ]J  

) G1"@%r( O+T1(j ]J( 5724/0 688/0 66/0 572/0 746/0 853/0 937/0 461/0 78/0 25/0

  
3-2-          $(-G%Y'(  !"Y# Z+8(2Y[ : JD2\1 ]5(2^ 

N=26 _D-S !( @E=  !"#  E&5  
   -=+= 0123, 5+ .S"   4=BEB 4 F        ;8*E@!QZ+ 5+ #C!AB'D !!

 45 6C Means$/@D 4+'"   .!/ -= >8:+ 4.9" .  '*= !](
$3]J               O+@!9W $!" -.!/ k !K8J+ j ]J E= E 1S( 4 FX  B 
O5B     45 6'1v 4 F)      - !Q* A s+.&+ 4+'" j ]J G1"@%r(

GD@: ($"        45 6 ^*'c 5+ -.(? G:=AHP    O+@9W $" Y 
   45 !6 ;8*E@!QZ+ 5+ -= >8:+  " B .J./ $86'L 'wJ E=C

Means $/@D    .J.*='L 4.9" .     $!91a" =+.S, )11S, 4+'"
$/@D    xD / 5+  F       @91A@:  ( *@H@6 $/@D C" *5E+ 4 F

)VFS ( / -= >8:+  .)  $r"+E5 .(  XB.A3    xD !/ '*= ]( 
   $/@D C" *5E+FSV       $!/@D =+.!S, 4+5+ $" +E       O 3!J  !F

C(  .F= .O PF             #G!:+ xK3!( XB.!A )!*+ E= $H E@c
   O+T1( )*'8PHFSV       E+.!]( 4+5+ $!" C  6    )*.!" B #

@D $91a" =+.S, e1,',$/   F6G:+ .  
  

 XB.A3 . U+'11y,VFS $" GV<J C  
$/@D =+.S,  F  

)C(  FSV  $/@D =+.S,  F  
)C(  FSV

2131/0-8571/0-
3412/0-9597/0-
4477/0-10584/0-
5  497/0-11558/0-
6599/0-12549/0-
7535/0-13545/0-

  
z(+=+ E= 45 6 5+ -= >8:+  " #E H C Means-=+=   4 F

 $/@D CAB'D ! 4=BEB       '!" $!/@D '!F B .J.!/ 4.!9"

           e!1,', )*.!" B G3L '*@d, U d8K( 4 FE@M( 4BE
         B 4=BEB '!1y8( '!F 4+'!" 45 6 )1J+@f B G*@gW h"+@,

    .!J.*='L 7+'K8!:+ CAB'D .        h!"+@, 5+ ^!1]M, )!*+ E=
 G:+ -./ -= >8:+ )1:@L G*@gW) $r"+E8( .  

 'F 4+'" -./ 7+'K8:+ G*@gW h"+@, B )1J+@f =+.S,
            '!"+'" $!%&'( )!*+ E= CAB'D B 4=BEB '1y8(6  #G!:+ 

            =+.!S,  !" G*@gW h"+@, =+.S, B 45 6 )1J+@f =+.S, +'*5
$/@D   .J'"+'"  F .             h!"+@, 5+ 4=+.!S, $!29*+ $!" $!A@,  !"

 $" G*@gW      $/@D ^*'c 5+ -.(? G:=       'Q*.!2*  !" 4.9"
;F   *5 CJ /@i           !" G*@g!W h!"+@, 01Vf )*+ #.98/+= 4= 

             = !m*+ +E 4.!&+B G*@g!W h" !, B .J./ n v=+ 'Q*.2*
       .!*='L {|!}+ )1J+@!f 4BE '!" T!1J  aJ? '1t~, B .J='H .

          F'1y8( 5+ CD'" E= G*@gW h"+@, =+.S, )*+'" 9") E 1S(
C!!AB'D O5B B 4=BEB ( 5+ '!!8PH $!!"6G!!6 * IF !!H  .

  XB.A4    5 6 G*@gW h"+@, =+.S,  $" 4       '!F 4+'" $86E E H
C( O 3J +E '1y8( .F=.  

     02/ #X p( O+@9W $"5   $" G*@gW h"+@,     -.(? G:=
          C!( O 3!J +E -+'LET"  , $%} 6 4=BEB '1y8( 4+'"   .!F= .

O PF        C( O 3J T1J 02/ )*+ $H E@c       h!"+@, =+.!S, #.F=
 '"+'" '1y8( )*+ E= G*@gW5G:+ .  

  
3-3-  )%*+' `+.a^       Y+%8V  !"Y# $"%&%'(   : P

 !"# Z+8(2[ : JD2\1 ]5(2^ N&+45 b-# $(-G%'(  
           $!" 45 !6 )1J+@!f B G*@gW h"+@, $%&'( )*+ E=    G!:=

$/@D ^*'c 5+ -.(?   45 !6 4.9"C Means   O+@!9W $!" #
         ;8<1: 0123, 4+'" $1ZB+ 45 6 )1J+@f B G*@gW h"+@,

.J./ $86'L 'wJ E= o18J� 45 6 7 898:+ .  
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  !"#4 .$ %&'() *+,'- .,"/-0+ 123 45678 49 1,4+ 07$: :3;  
1 23456 71%48 9%&:8; ;<=> >?@ ,/-<)

4 <3+35= 0+ >?&.@A >BC, 139
5 39 D,4E:@+ 0+ >?&.@A
3 39 F5G8 ! 14HI 139 0A3=.!: J&4K 2, 1:!.
5 58 2, LM3N8 ! .:,"A37M, 0BC3$,"4HI <
6 O/I 2, LM3N8 0BC3$0 139>B/$ 
5  139 14+:3; 2, 1:!.L5MP 4&QR
3 S-P @;,48 0+ >?&.@A >A3TA
5 <!:. @OM 13($ ! >8'U) 139 V:3R 2, LM3N8 0BC3$ 14HI
5 >8'U) 139 WN5;:3R 2, LM3N8 0BC3$
6 23E XUR 139 D3Y7G&, 2, LM3N8 0BC3$
6  >#!4= <2!)%='M D3Y&3# Z,"K, 1,4+ %5+'B[8 <,@58(

53 A4'B)
  

  <,@58 0+ \]M     *+,'- 123M    0^7=,.4R 123^$ %&'()
    3N/8 _&"+ `"I            123^$ _5A,'^a _7^I,. 0^YA %^+3b 3+ 0;

05c!,d %&'() *+,'- 0N5H+ e4$ "&.4E f,4g7M,.  
  

  
 F?I5 .0I'= h&4i 2, D"I f,4g7M, %&'() *+,'-  1,4+ 1"N+

D,4E:@+ 3- 0BC3$ 1.!:! 45678  

  
    478,:3^R :'jN8 _&, 1,4+       %&'(^) *^+,'- e3^U- 13^9

  123$) &'() *+3-  _5^M'E % (i i(c , )       4^9 F^=,. :. 
   0A'E 0+ d"A"I 1:,QE"; e!2'8!4;   e!2'^8!4; 49 0; 1,

     "I3+ 123$ %&'() *+,'- F; D"N&3UA .      0^?N&, F^5c. 0^+
    1,:,. D.,. D3Y&3R53        *+3- 49 ! %M, 123$ %&'() *+3- 

     D"I 1:,QE"; 478,:3R !. 3+ %&'()       e!2'^8!4; 4^9 d"A,

  1,:,.106 k   .'+ "9,'= < .    S^H# ! e3l., "C:. 3& m4A
      L5-4- 0+ n57Ak J7&:'Yc, :.7/0   ! 1/0 "A"^I o3g7A,  .

    0[pA !. e3l., 4YBU) _5NqU91      <,"^A24$ .3^r&, 1,4^+2 

   %$4E :,4a D.3s7M, .:'8 .          0^; %^M, 4^;t 0^+ e2u 07Oc,
              07G^+,! v"^9 *+3^- 0^+ S^H# ! e3l.,  3U7K, >$4/8

%M, .   :3;!23M *a,!:. v"9 *+3-   D2,"A, JG5A3?8 3&    145E
         e!2'^8!4; %5/^w! >+3^&2:, 1,4^+ 0; %M,     0^+ 3^9    :3^;

>8 .!: . 0[+,: v"9 *+3- 3rN&, :.)9 (%M,.  
  

 0[+,:)9(  
k

oi ci
i

MSE (y y )
!

! "# 2
1

  

  
   0[+,: :.9  dk  D.,. .,"/-    1.!:! 139      ! d>^#!4= ^^

   .3/820    ! `%M, ciy   N7M, J7G5M >#!4=   123$ f37
   1,4+ n57Aki     ! D.,. _58, oiy       :3^j7A, .:'^8 >^#!4= 

%M, .        %&'() *+,'- 0N5H+ e4$ n57Ak J7&:'Yc, 1,4#, 3+
 "A"I 0OM3x8 .      F?^I d 3y8 <,'N) 0+6     %&'(^) *+3^- 

0+    %M.P            ,: D,4^E:@+ 3^- 0B^C3$ 1.!:! 4^5678 1,4+ D"8
>8 <3TA "9..  

                                                           
1. Two Point Crossover 
2. Offspring 
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    +3b 3+ 1"/+ e3E :.         *^+,'- 0^N5H+ e4^$ _7I,. 0YA %
              123^$ _5A,'^a 0^N5H+ e4^$ f,4g7^M, 0^+ 123$ %&'()

   "I 07=,.4R) 145E.3& "A!: .(   e4- :'jN8 _&, 1,4+    13^9
         0+ d"A"I 1:,QE"; e!2'8!4; 49 F=,. :. 123$ _5A,'a

0A'E           "^I3+ _5A,'^a F; D"N&3UA e!2'8!4; 49 0; 1, .  0^+
      1,:,. _5A,'a D3Y&3R 0?N&, F5c.6  3^a   <'A)6  0^I'=  (  3^+

11   e4- )10     ! 1.!:! 45678 1   >^#!4= 45678  (  d%^M,
   e!2'8!4; 4966  .:,. <k  .  D.3s7^M, >?57Ak z3U5jN- 2,

   <,@58 "A!: :. D"I            D.3s7^M, 0^BK48 _^&, :. @^5A 123M
"&.4E .       123$ _5A,'a 0N5H+ e4$ n57Ak J7&:'Yc, 1,4#, 3+

 "A"I 0OM3x8 .      0^+ 123^$ _5A,'a >M:4+ 3+     "^8P %^M. D
              _5A,'^a 0+3T^8 {3^p5a. _5A,'^a _^&, 0^; "&.4E |gT8

    2, D"I f,4g7M, 0I'= h&4i     "N7G^9 123$ 1"N+ .  _^&,
  >8 <3TA }'w'8           f,4g7^M, 0^5c!, 123^$ _5A,'a 0; "9.

0^̂I'= h^̂&4i 2, D"^̂I 8 e4^̂$ _&4^̂7H+ d1"^̂N+U ,: _^̂?
07I,. "A,.  
  

  
 F?I6 . n57Ak J7&:'Yc, 2, D.3s7M, 3+ D"I f,4g7M, %&'() *+,'-

D,4E:@+ 3- 0BC3$ 1.!:! 45678 1,4+  

  
   0+ 123$ f37N7M, J7G5M        d0^BK48 _&, 3- D"8P %M.

     D.,. .,"/- :. %&.!"x8 F5c. 0+   1.!:! 139    >^#!4= ^
>UA                ! 1.!:! 13(^$ _5^+ ~3^O-:, F^83; :'^i 0+ "A,'-

   "9. SI'R ,: >#!4= .      0BK48 :. 0�5pA _&, *$: 1,4+
        4^Y&. S^g+ �3NI:3; 3+ 0OK3�8 3+ >&3HA    S^A,. 2, 1

.'=           0^+ 123$ _5A,'a ! %&'() *+,'- Lc3a :. @5A !, D3EP
"I D.!@$, 123$ f37N7M, J7G5M .  

  
3-4-2N4H T?R3?U 2/14VW) ;XY" ;/Z8   

 0TpA >83U-          13^9@5c3AP 2, D"I 0OM3x8 :35/8 139GIS 
  4&.3^̂p8 ! "A"^̂I >&3^̂HA 123^̂$ f37N7^̂M, J7G^̂5M .:,!
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