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<=,#-G:6          &_CD7P <3d/T 2#-;  =>,$Z $YCb * 0)$HT 2$K

      M!/" OD [6 +[6-T $T D-? #67h7Z) :1 (Q>"     {B@ O -"O
     O ~D-"-) xZ$/)  )$'T)2 (    Q>_" 2$p_R  8#7Z   -_"O .

    <Y) [6 M!/" OD L,6     M/3YZ <=,#-G:6 2$K[$3C L,7T    2[$_8
     _) #$'_? M_Z �_R-)   &_/,b)Deb et al. 2002 .(  {B_@

    5$|=C6 o$'=^6 $Z  '3U=>) �$!T#6 D-"-) xZ$/)  )$'T
   MZ 267Z 7=YZ 2$p16    +6-/1 MZ 273P#$@       &_9Z ]>_C &_:6O 

D#6D .   ]>C M@ $ACb [6 $)6    56-_" M_3:O6 2$_K    �_/3YZ 2$_K
   Q>_" *&C#6&C  C6&/c          Q_86 L_H') e_8$/)$C 2-_"O

            D-B_Z <=,#-_G:6 ]_@ x_h-) [6 q3X  ,67G'K MZ 7A/) .
 I#&__h $__Z  __H,D\C �__jZ6# r$__G/KDO[  __,67G'K n-__hO

Q>"    D#6D <=,#-G:6 2-"O .      2$_K7G0'1 M_Z n-%-) L,6
  733�T) qY" r$sD6 (       M_Z  0)$_HT  '=,#-_G:6 #D M@    #$_@

  ) M=R7P      _)  G=>Z *&C-?   &_Z$, .NSGA-II     _N7Z [6 
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M!/"     <=,#-G:6 7G,D $Z $K   &/c 2$K    IO$g=)  0)$HT MR&K
 Q86)Deb, 2007 :(  
1 . ~D#6&C  R$%6 7=)6#$X MZ [$3C  
2 .M!|C 2�T67=86 [6  ) FD$g=86 MC6#�$8  ~&/@
3 .    2$__K7=)6#$X 7,D$__U) [6 FD$g=__86 2$__" M__Z 

<3'.T           267_Z  T$!_8$() x,7_8 &CO# [6 *273P
  =39h-) 2�T67=861        xZ$_T 7,D$_U) [6 FD$g=86 $Z 

 ) F7YZ }&K  O ~D73P
4 .}$___j9C6  Z-c#$___c  �9___8-T 267___Z 6# 7,W___X

2�T67=86         <=,#-_G:6 &_/C$) {_0=|) 2$_K    2$_K
   <=,#-G:6 $, $,$X  0)$HT        7_Z  _/=!)  0)$HT 2$K
 ) D$A,6 *Q3("#6 &/@ .  

 VO#NSGA-II  kJ)$__@  =39h-__) 2�T67=__86 267__Z
 Q86 IO$g=) .           $_,  G=>_,$? �$._=N6 2$_" M_Zrank 

)M!T# (    M0^7)OD  ?O# *56-" 7K MZ      <=,#-G:6 L,6 #D 26
       _) M_=R7P #$_@ MZ   D-_? .   56-_" *Q>_|C      4$_867Z $_K

M__!T# Q>__H? 2&__/Z 7,W__X$C2 __) 5$__|=C6  &C-__? . *rOD
56-"            Q_39'" F[6&C6 #D Q,DO&() 7;$N MZ M@ 6#  ,$K
 'C   MZ +6-T            s-0_? #$_39) 4$_867Z *QR7,WX  0@ #-;

  D#-)    _) #67h  Z$,[#6   &_KD .       $_A/,6 #D * =39h-_) ]_'1
 M1-'A)7,[ L=R$,          56-_" M_@ Q_39'" [6 Q86 26    2$_K

     D#6D D-"O $YCb }67;6 #D 27='@ .       =39h-_) ]_'1 L_,6
�3K MZ [$3C Q?6D &K6-|C  R$%6 7=)6#$X MC-P.  

    56-_" <@67T D#Ob7Z 267Z   2$_K       _H,D\C #D D-_"-) 
M__jUC  f__8-=) �0__E$R [6 *Q__39'" #D �|B__) 26) #D

  }&K xZ6-T D6&=)6 ( MjUC OD         MjUC +b }7; OD #D M@ 26
)56-" (    ) FD$g=86 &C#6D #67h  D-? .    #6&_U) L,6idistance *

  �#\__Z nJ__%6 [6 2D#Ob7__Z +6-__/1 M__Z   e__9H) L,7__T
M;$^6     �jUC y&//@i         Q_39'" [6 27_G,D �jUC �3K M@ *

 b #D          _) M_=R7P 7_dC #D *D#6&C D-"O +     D-_?)   �0_E$R O
r$^D[63D#6D r$C .( 

      r$_^D[6 �>_,$U) 7G0'1n( )+      #D 5$_|=C6 &_/,67R *
            M_/3YZ M=_8D �_, Q'8 MZ 6# <=,#-G:6 {0=|) ]^67)

-T#$X4      ) �-8 *QN6-/H, x,[-T $Z  &KD .  ) i7R    <3_/@
  2$p16 [6 r6&@ 7K M@i6D Q39'" #D  Q3E-.N OD 26#

&/__?$Z :1 (Q>__H? �__!T#  27,W__X$C)irank( O ~2 ( �0__E$R

    0() r$^D[6)idistance .(        OD L3_Z M_@ Q8$/9) +6&Z L,6
F6#    M!T# $Z ]^           �3"7_T 7_='@ �!T# $Z �jUC *{0=|) 2$K

 __) FD6D   M__!T# 26#6D M__jUC OD 7__P6 L3__/`'K O D-__?
     M=_8D MZ O &CD-Z  C$>H,          +b *&/=_?6D �_09T &_^6O 26

UCMj      ) FD6D �3"7T 26         Q86 xh6O  0() #D M@ D-? M@
 MjUC D6&9T         D#6D D-"O +b #D 27='@ 2) [6&_C6y   e_9H) 

M;$^6 �#\Z +b F&//@ Q86 7T.( 1234  
  

2-1-1- G</;8>H,  !"# $%&' NSGA-II  
             !" #$%&'!( )*!+  " ,-./ 01-/. 234 56 .,7". )%    %*!8/

#9    ,6:(P )  . 234 ;6.  <3=> ?&@.A"      B!(A9 CA6DE&4
#9  %%AF .         G&'!7H. #I73!6&> ).,J9 56 K.*8 AL  "

 #9 M%.%    %*>)1    <!@. NO@ ;6A7P"  .(    #7"&!Q) K&!R74.
CAS6&"5           C.A!"  !T ,S73!L #6&LAIUVW XYP8 / Z&[%. X

      \].,4. &" ,4]A$ 234 %&^6.N  #9 M%&_7@.     ,4*>(Q )  . ].
) X,`"  " <3R4 234#9 a/&_79 b76)*I-. c/ %*>.  

       !" #!d1TA( 234 56 .,7".     a)*!eR P Q !1 1 1   
    !W*V^9  T !      ./ 23!4 ]. C. !-       <!@. ,!4]A$ 23!4 / ,   !!

  #9 M%.% 21=f(  %*> .  <1`V8Rt    \].,4.  " N2   g&VL &6 
   A".A" /%» <1`V8 M].,4. « %*" ,L.*H .   <1`V8 hi@Rt 

    <3!=>  8)% &" j"&O9     .*!8 CA6D!E&4K       ?&!@.A" / &!L
  36&J9 AIUVW       7@% / B(A9 XZ&k%]. C.   #9 C,S"    / %*>

   &P4: ].N    #9 K&R74. A(A" K.*8      ./ 234 / %%AF-  C,`" ,
1+Pt    \].,4. &" N  %*> ,1-*(  .       )&!1`9  !T <>.%  8*( ,6&"

   A" XCAS6&" #7"&Q) K&R74.   Z&!k%].  36&J9 C&Sd9n( )" 
 %*" ,L.*H)Deb et al., 2002.(  

  
2-2-()*  +), -.#/0  1&2* 3 4!56* 789:  

lAP!!> #!!k.A+ C.A!!"  2m&3!!9 X,!!6,8 #4*=3!!9 C&!!L
    9&4A" C/) Y1E C%,`79        %).% ).A!Q g&@&S>)&T / g.n6)

          ;!=V9 2=!> ;6A!7P"  !" &6  S1P" 2=>  " #736&"  T
                                                           
1. Niching
2. Non-dominated
3. crowding distance
4. pareto-optimal front
5. Binary Toutnament
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M%&1E   ,4*> C]&@ .       b76)*I-. ]. M%&_7@. &" YL/oE ;6. )%
NSGA-II    ,> Y>*T     fJ4 ,1-*(  " &(    C&L    !T X S1P"

  M&F,6% / &L]&14      .) %*8*9 C&L      ;!=V9 2=!> ;6A7P"  "
  #9 Ap4 )%    %*>  7H.%AE X,4A1F .        !UkA9 )%  !T &!^4: ].

  M%&1E ]. <3R4    C]&@NSGA-II #9       q,!L r".*( <36&"
  #!9 ;11`(       M%A73!F a&!`-&O9 X,4,!>       / r"&!S9 C/) C.

YL/oE        9&4A" 0S19] )% M,> Z&^4. C&L     #!k.A+ / Cn6)
<$AF a)*e CAP> .  

Feng / Lin) 1999(  !!9&4A"  !!" X   CAP!!> Cn!!6)
,!!Ss     #$,!!L 5!!174t b76)*!!I-. &!!"  !!$,L1MOGA 

,S7H.%AE .          =d> / CA")&T  -*J9 /% AL X&P4: q,L r".*(
  !!S1P" .) CAP!!> a&!!+&d().  #!!9 C]&!!@   ;=1!!- X%A!!T

#7!!@&T <!!>.% b!!L #6&!!L . %.,!!`( ;1!!1`( C.A!!" &!!P4:
u*U@  "  T #6&L#9 M%.% #e&'7H. CA")&T 56     ]. ,!>

               %.,!`( %*!" A!7P" #!-/ ,!4%AT M%&_7!@. <!"&v C).,J9
u*U!!@       #'!!Rf9 CA")&!!T  !!" #73!!6&"  !!T #6&!!L

G&'7H.            !=S6.  4 X,S>&" G&H \]&" 56 )% ,4*> #L%
       ,4*!> M%.% ).AQ <"&v C%,W &" A".A" .      <!"&v %,!W j!Jw(

      #!9 A().*>% .) x6.A> Xb76)*I-. C.A"   %]&!@ . !SyVL ;1
    CA")&T g&9,1s \*w4  " &P4:        )% AI6,!=6 a)/&^9 )% &L

       CA")&!T C.A!" / ,4%A=4 #P8*(  JOS9      a&1e*'!H &!L
  u*U!@ #F,ST.AE #I4*Is ,S4&9 ! .) #4&=9   C.).% C&!L

CA")&T 56 ,S7$AI4 Ap4 )% ! .  
Stewart    g.)&=VL / )2004(     !9&4A"  Uz3!9 X    Cn!6)
 ,Ss CAP>  $,L        .) #{.). CA")&T C.A" C.   g: 26,!d( &"

  Uz39  "   5( C.    "  $,L      r"&( 56  U1@/Scalarizing  &" X
        ,!4%AT 2!k 5!174t b76)*!I-. 56 .      &!" 2m&3!9 26,!d(

 ,Ss <1L&9   5(  "  $,L     6&" %&^6. g&=9.  $,L&?   &!L   &!6 
c)*(  C&LK.*8 )% .) #_U7R9  #9 %&^6. #6&P4 C&L  ,ST

)Aerts et al., 2005 .(  $,L,Ss r".*( )%)nL r".*(   !S6
    #4&!=9 a&1e*'H r".*( / (       j!1Jw( )% M%&_7!@. %)*!9

     CA")&T 2"&J79 a.A1v|( / x"./) X)*TD9       7$AF Ap4 )% &L
,f4 .  

Balling) 2004(   9&4A"  " X   JOS9 / CAP> Cn6)  C.
      <H.%AE  $,L,Ss #U9&=( b76)*I-. ]. M%&_7@. &" .  )% &9.

  2!!"&J79 a.A1v|!!( X<!!$AF ).A!!Q A!!p4 },!!9  !!T #$.,!!L.
")&!!TCA 2!!Vk  =d!!> / &!!L  )% &!!P4: C&L,!!9&1E / 2!!J4/

 g/)% C&LA_@            / )&7H&!@ ;1!SyVL / 5!1$.A( / CAP>
  CA")&T #4&=9 r6]*(              !7$AF A!p4 )% q,!L r!".*( )% &L

,f!!4 .Ligmann g.)&!!=VL / )2008 ( !!9&4A"  !!"  Cn!!6)
         CA")&!T ]. M%&_7!@. &!"  !$,L,Ss CAP>      #!{.). C&!L
     u,!9 C.A!"  !T #`".*!( )% &9. ,S7H.%AE     Uz3!9 C]&!@

      CA")&!T #!=1$.A( #I73"./ X,4%AT M%&_7@.       A!p4 )% &!L
%*" M,f4  7$AF. 1  

   9&4A" 2m&39 )%        b731@A6] /% ]. BU[. CAP> Cn6)
   2Vk / CA")&T #Ue.      b!P9 g.*SW  " 2J4/      2!9.*W ;6A!(
   #9 M%A" Z&4 ).DFA1v|(              / 2!9&`( )% a,!>  !"  !T %*!>

     ,S73!L AI6,!=6 &!" 2!"&J()Wegner, 1996 .(   ;!6. A!"
          /% %*!8*9 C&!L]&14  !"  !8*( &" j1Jw( ;6. )% X?&@.

,4,>  7$AF Ap4 )% ,6,8 q,L r"&( . <3R4 q,L r"&(
 u,9  "             !" ~*!"A9 2m&3!9 / x"./) C]&@  !9&4A"    Cn!6)

 #{.). CA")&T2 #9    #-&k )% �%].%AE        Z/% q,!L r"&!(  T
 9&4A"          M.) / CAP!> ~&d(). ~*OH #k.A+ / Cn6)     .) &!L
u,9   9 C]&@#  ,ST3 .u*9A$       r".*(  " ~*"A9 #{&6) C,S"

<@. a)*e ;6," q,L :  
<3R4 q,L r"&( :  

  O".))3(  

# $
I J

k d K
i j kk ijk iji j k

j j

Maximize X h B X , k%
% % %% % %

  

& '( () * ! +, -. /0 1( (2 3
4 44

1 1
  

Z/% q,L r"&( :  
  O".))4(  

# $5 6K k
kk ij i j kk ij,i j(i j k )

Maximize X X r a%
% % % % % %% % %

) *7 7. /0 14 41

  
 Uz39 %*1Q :  

                                                           
1. Multi Objective Genetic Algorithm
2. Land Use Planning
3. Transportation Planning
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k
k ij kij

k
ijk

ij,i j

Subject to : X , k

X , ij

D , (ij, i j )% %

8 9 9: +

 +

% %; < +

4
4 1  

  
k

ij

/
ij,i j ij,i j

ij,i j

Where X { , }

a (D )

i j ij,d d

7 =
% % % %

% %

>

 

% % ;  

1
0 1

  

  
         !" C&!L%&V4  !" ~*!"A9 b1L&_9          / u,!9 )%  !7$) )&!T

u*9A$ #9 �)%  9.%. )% q.,L. C,S" %%AF:  
?K [ , K], K [ , K]%> >1 1
?i [ , I] , j [ , J]> >1 1
?K

ijX  b1V'(A1�79 56           )% A!F.  !T CAS6&!" CA!1F
  u*U@ij     &" A".A" CA")&T k     #9 56 &" A".A" X,>&"     %*!>

A_e  4AF / .
?Bijk CA")&!!T %.,!!`(   *!!8*9 C&!!L #I6&3!!VL )% %

<fL     u*U@  4&Fij         g: &!" g&3!=6 CA")&T C.).%  T 
 ,S73L)CAOQ #I6&3VL.(

?ij,i jd % %    b1J739 0Ue&$ )#@,1UQ. (     u*U!@ /% g&19ij 
 /i j% %

?ij,i jD % %M&(*T   u*U@ /% g&19 A139 ;6A(ij / i j% %  T 
 =d> C/) M.) &L #9 ;11`( &L %*>.

?d
kkh %   ]&" )% C%,W \  X]1   / 0[     C)&F]&!@ AI4&1"  T 

  CA")&Tk     CA")&T  " <d34 k%       0U!e&$ )%  !T <@. 
 #!!@,1UQ.d,!!4).% ).A!!Q  .. A79.)&!!E ;!!6.M%.% ]  C&!!L

<@. u,9  " C%/)/.
?kkr    !"##$ %& '&(##) ]1 * 0[ +,-.##$/* 0##1%& 2##3 

   '4$%"3 5"67k   * k   +7 5"6$ /%  (83 .    !/ 4-7/%"#9 :;/
 &/& <=/ >(7 2$ '&*%* '"?.

!ij,i ja        @!"$ %& '&() ]1   * 0[      +#=4-=& 4,A"#6$ 23 
/4B >CD= *& 5"67 +E6Fij * i j  <=/ .

!"    4-7/%"9 G; #  "      +#=4-=& 2H="I7 '/4$ 23 
    2$ >CD= *& 5"67 +E6F/4B   +7 %"3         2#3 %(#J 4? * &*%

    "BC3 46KLB M(N"$ 4-O6$       '*% 2EHN <IB 46.7 :;4B

   +7 4-O6$ +E6F/4B +=4-=&         2#3 +#8P7 :;(#$ Q&CN
 R##7/C) 4;"##= "##$ S"##6J %& +##=4-=& 2D##T"F 46KL##B

   '4$%"#3 +,-.#$/* (8A"7 # G6F/4B 4$ %/UV46KLB  "#?   ##
+7 W;/XF/ ($"; .

!k k,$ %    3/(#Y * RJ/(Y MZ       +-.#;"$ 2#3 +-Y".#7 4
 '4$%"3 '/4$k&CN  &/& ["\-]/ .  
   46KLB 23 "^A_ !/ '4$%"3         &*(Y "B 4,;(E; 4$ `D-a7 '"?

       '4$%"#3 :6#$ 2DT"F !/ <=/ +P$"B '&";! %"6.$    /U#b M"#?
 >(7 '/4$        '4$%"3 4,;& 4$ +T"] '4$%"3 46KLB '!"=   M"?

 <##=/ '%*4##c "##dA_ :6##$ 2D##T"F 2H##="I7 . +##F4e !/
 !/(A/    +7 2DT"F '46V    f*% 2$ (A/CB      g"#^A/ +hD-a7 '"?
&46V .   i-.7 2DT"F !/  &"h-=/  j6) +#=(6DJ/ (    5/C#8) 2#$

  2##$ M'4$%"##3 *& :6##$ +##=4-=& 2D##T"F  %& [C\##]
 &*(I7        '4$%"#3 :6$ k"HB%/ 23 '4dN '/       l#;4e !/ "#?

  2mC3 4$"P7 2EHN    5"$"6] * "?    +7 g"^A/ "?   +nA &CN   (A/CB
>(7      (N"$ o;/4N !/ +PJ/* '!"=M   2EHN Rn) %& 23 /4m 

   /% * 4$"P7      '4$%"3 2$ +=4-=& '/4$ "?    "?  &%C7   &"h-#=/
 +7 %/4J  (A46V .2$   >(7 %Cp87       *& :6$ 2DT"F +PJ/* '!"=

 M4$"P7 2EHN %& '4$%"3 *& :6$  (N +e 2DT"F M'4$%"3
2mC3    5"$"6] * "?    +7 2H="I7 "?  &CN .    l6iIB :;/ %& /Ub

 +##=4-=& 2D##T"F)'4d##N 4$"##P7 4##$ +##8-H7 ( *& :6##$
  >(7 '/4$ '4$%"3      2#;q R6EOB * '!"=      +B"#)re/ '"#?

 &%C7(N  &"h-=/ !"6A.  
 '4$%"3 '%"V!"=    M"?d

kkh   4$ M      ̀ #;4PB 5"nb/ *& S"=/
+7  &CN:  '4$%"3 s"6TC\]         5"#67 +=(6DJ/ 0DT"F * M"?

 >CD= *& .     4$%"3 s"6TC\] %& 4-O6$ <?"HN :;/4$"8$   "?
            5!/C#B 2#$ 4^87 >CD= *& 5"67 4-n3 +=(6DJ/ 2DT"F *

 f!%/ M2^6-A %& * # 4-O6$ V+7 #X6A 4-O6$ '%/U &CN . "$
   +#=%4$ 2$ 21CB             <#h? M2#-F4V s%C#T s"#Pb"t7 * "#?

      (N 2-F4V 4pA %& u6\aB '/4$ '4$%"3 :)1 ( M+ACE.7
)2 (  M'%"^B)3 (  M+-P8T)4 (   Mv%"#9)5(     M+#N!C7_)6 (

 * M%/!"##$)7 (+##N!%* .kkr     !/ wC##A *& 5"##67 0##t$/% M
'4$%"3     +7  !/(A/ /% "?  6V          4-O#6$ 5_ %/(#i7 2#m 4? * &4

          4-O6$ '4$%"3 *& +,-.$/* 23 <=/ +8P7 :;/ 2$ M(N"$
<=/ .2$        23 "^A_ !/ M4,;& s%"H)kkr        +#=%4$ l#;4e !/ 
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     '4$%"3 !/ wCA *& '"?4h= 5/X67    !/(A/ "?   +7 '46V  M&CN
     2#3 %(J 4?kkr            h#= &(#PB 4,A"#6$ (#N"$ 4-O#6$  '"?4

     &C$ (?/C] '4$%"3 *& 5"67 5/(A*4dN .ij,i ja     +=4-=& 
 2$ M+E6F/4B  "BC3 0D6=*     4$"#P7 2EH#N <#IB 0DT"F :;4B

    !/(A/ >CD= *& 5"67    +#7 '46V         "#BC3 46.#7 * &C#N    4#B
          '4Bq"#$ %/(i7 2^6-A %& * <=/ 4Bq"$ +=4-=& 4,A"OA

<N/& (?/C] +9 %& X6A /%.  
  A x(? %&   286O#6$ M<.#a        '%"V!"#= 5/X#67 '!"#=

'4$%"3             <#=/ 4#pA %& C#,b/ 0O#iA G; %& "? .   W#a$ %&
 %/(##i7 M5_ <.##aAk d

i j kki j k
X h      &5"O##A   @(##8?&

  '4$%"3 '%"V!"= wCn^7    2OiA G; '"?  <=/  .   x4#e !/
     g*& Wa$ %& M4,;&I J K

ijk iji j
B X

' '& &1 1   +,AC,m 2$ M
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 >;Y3 .:/";* J"�!6 7%";,O6 )4'VM) :I56 ( }N-./ F56B)| ( B }JB! F56B)� (:/";* J"�!6 >VM 86 >Q"( F/8)d123  

                                                           
1. Connectivity
2. Cross Over
3. Spatial Cross Over 
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2-3-4-T;* =KL%M   
p\W1   "1 T2#9"<2*    0,1%2456 %! �"-( 7)4'VM     7"3=

              B :3,#AVW m23K< �3h( T[ !)G%"3G &3G N96 :'*";<
    &K#\O J6! 86 0,1%2456 :1"=%    N96 :_-/ 7"= .  )4'VM +16

TU )1!"33s* :d!"R33< )33##�< "33O :33* H"33=  F33/B% 86 F33/62<
F33KG 7)#E233'W >33*";< %! N33O"� B N33S62K;1 . 76)33W6

        O 0,1%23456 ]31 %! p3\W )4'VM &3K#\      B! :3` 78"39
   :3* P%2Q &'()*   !)1D3$ :         7!F3M TU ]31 76)3O 6F3,O6

      :* F#52< ]1 B )hQ +#O :d!"R<       +16 )E6 y�9 B H!2Y
     p\W �)/ 86 !FM)         N396  F3Y X.?3* p#3$ 86 &G (

]33@2G   :33<6)##�< t2.,339! TU T[ %6F33s* H!233O )33<
:*    :* &G !!)E       2#Y &O 6% "\/[ T62<       6)3W6 :M23K,* 7"=
!)G.    6 %! &G :YB%      !"3#$ 76)3O p=Bq$ +1      +316 78"39

 &O )4'VM      TU 76)3O HF3Y &,d)E %"G     +1F3O 7)O%"3G 7"3=
 �)/ 86  FY F#52< :d!"R< %6Fs* )E6 &G N96  !2O >;Y

 ]@2G p\W          TU T[ &O 7F1FW 7)O%"G H!2O )<)l2'9 (
 :* v"R,S6             �3h( :3'_i 7)O%"3G T"3V= &3/)EB Nd"1

:*  FY .  TU 76)O "*6         \3Y k"3_<%6 k23ZS �)A* 7"= 7)
        3c6%6 76)3O 23/ B 7%";,O6 :YB%b       !"3o16 p3\W )34'VM 

F1!)E .        TU 86 J6FG )= 76)O 6F,O6 tB% +16 %!  3=   F3K/"* "
     :* F#52< :d!"R< !FM ]1 >_i          !F3M +316 )3E6 &G !2Y

 ]@2G :d!"R<            �D3( l"R3<6 T[ FY"O p\W �)/ 86 )<
:*  !2Y    +16 )#� %! B       :3V/ l"VM6 7)##�< P%2Q   !!)3E .

    6 %! 0\* &'C-* "*6   HNV-i +1 "3/"V= connectivity   "31 
    N3S%! 7)396)9 l"R<6         TU �D3( 86 y3$ "3Y2$ 7"3=

 N96 :`"_<%6 .&O        p=Bq3$ %! >3#5! +#3V=      &'C-3* H"3=
&K#\O      &*"/)O B :(6)` :'*";< 78"9     7)\Y k2ZS 7^1%

     N396  FY &,d)E  F1!"/ x"_1)s< .       )34'VM l"3VM6 86 y3$
:33* p33\W  N33Y6! &33K1^E B! T6233< . H&33;K16 N-33./

2*B)G     &3,d)E )3u/ %! !2#i +,S"9  !%B[)O n"f5 86 JB8
      !)3#4O %6)3i :9%)O !%2*  FY .      kB)3Y JB823*B)G )3E6

  !8"9  !%B[)O 6% &'C-*HT[       :i"3O >3*";< &3S)@ %!  "3E
:*       :* �D( &S)@ 86 &/)EB F/"*   7F1FW 7"LM6 B !2Y

  :* T[ +1^41"W  !!)E .       �D( �M"O tB% +16 &G "o/[ 86
   2*B)G 7!"18 %"#-O !6FA< :3* JB8   >-3/ %! B !23Y   7"3=

      |62W 86 7%"#-O �D( &O )oK* )<~"O     F=62S &K#\O 7"=

 :V/ HFY     FY"O :_9"K* tB% F/62< .     �D3( l"( +#M %!
JB8233*B)G 86 7%"#-33O  7F33KG &33O )33oK* z339"K* 7"33=

          F3Y F3=62S ^3#/ :16)4V= &O TF#9% %! 0,1%2456 .  "3*6
      +3316 %! p3\W )34'VM b33c6%6 76)3O &3G 7F31FW tB%

  p=Bq$       :* >VM g1)` +1FO HFY &,d)E %"G &O    &G FKG
           !%23* p\W >VM 76)W6 86 y$ 6% &;_Y l"R<6 N-./

  :* %6)i :9%)O         :*B823*B)G HJB! B }F3=!     n"3f5 86 &3G
        !2S N-/62< F=62S HFY"O Xi"/ kB)Y +,S"9  !%B[)O

       %"OB! B FKG 78"98"O 6%     !!)E8"3O >3*";< &S)@ &O .  &3O
     &S)@ 86 :O62W �#= z#<)< +16        )`"3S &3O >-3/ F#52< 

:V/ �D( &'C-* kB)Y TF?/  !%B[)O !2Y. 1  
T"V=               +316 %! &3,d"1 +123;< lF* %! HFY  %"Y6 &G %2`

   TU &33'()* B! %! p33\W )334'VM 76)33O &335"s*  7"33=
p\W           :3* %6)3i :39%)O !%23* JB82*B)G b,d"1     B !)3#E

   :* �)`)O "\/[ Xi62/  !2Y .      :39%)O H&3'()* +#,-3./
   R<6 n"f5 86 JB82*B)G      &3O N96 :`"_<%6 k2ZS J"V< l"

7%2`             !23WB 7)#-* )41! bZs/ &O )\Y &Zs/ )= 86 &G
  F3Y"O &,Y6! .            7"3=%6^O6 86  !"h,396 "3O NV-3i +316 %!

   %! &;_3Y >3#'f<GIS    &33,S6!)$ J823*B)G :39%)O &3O 
:*  !2Y .              B! &3O p3\W l"3VM6 86 y3$ JB823*B)G )3E6

           03= &O :`"_<%6 �#= &G FY"O  FY 0#-s< 6^o* NV-i
F/       TU :*"V< :'Q6 JB82*B)G 86  !"h,96 "O HF/%6  "=1  &G :
:*              :1"39"KY F/8"39 %6)3i)O  %"3OB! 6% l"R<6 +16 FK/62<
:*       "\/[ 86 :;1 B F/!)E    :3*  !B^3d6 &;_3Y &3O    "3< !23Y

         >*";< &S)@ &O JB82*B)G B !2Y �)`)O l"R<6 >;?*
 !!)E8"O) >;Y4.(  

           823K= !F3o* l"R3<6 7%6)i)O 86 y$ &G 7)41! >;?* 
&@               &3;/[ !23WB "3O &G N96 +16 HFY"O &,Y6! !2WB "-O

      :* &Zs/ )= 86 !2W2* &;_Y 7B%      bZs/ &O 7)#-* T62<
   bV= &;_Y +16 "*6 HNd"1 )41! 7)O%"G   pY2$ !%2* 6% "=

:V/ %6)i  F3=! .     !23WB >;?3* +316 J"3/single vertex 
N96 .      :3* �"3h<6 :/"*8 &'C-* +16       JB823*B)G &3G F3,d6

  R<6 76%6! 82K= 7)\Y g`"K* bV= "*6 N96 7)96)9 l"
&,d)4/ %6)i pY2$ Nf< &A5"Z* !%2* &sZK* "1 F/6 .  

                                                           
1. Mutation
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 >;Y4 .p\W 0#*)< 7%";,O6 )4'VM) :I56 ( } FY &,--E J82*B)G)| (TU )< 7"= FY X.?* :V#*  B }F/6)� ( FY 0#*)< JB82*B)G  
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)�()|()I56(

 >;Y5 . n"f5 86 &;_Y T"Rs/ >( 76)O p\W 0#*)< 7%";,O6 )4'VMSingle Vertex 3 )I56 ( } FY &,--E JB82*B)G)| (UT  :V#*)< 7"=
 FY X.?*  }F/6 B)� ( FY 0#*)< JB82*B)G  

  
          kB)3Y &V= 76%6!  FY F#52< JB82*B)G &G "o/[ 86
               7B% p3\W >3VM &3G %"3O )= >(6)* +16 B N96 &#5B6

  :* P%2Q JB82*B)G      :3* :39%)O !)#E      +16)O"3KO HF/23Y
:*        x"AZi &G !)G T"#O T"K#V`6 "O T62<      >;?* &G %"O )=

single vertex &O :* !2WB TB8 86 :;1 "\K< HF1[  !%2* "=
  :V/ %6)i pY2$  !)#E .         n"3f5 86 &;_3Y X3s/ >( 76)O
single vertex:* |".,/6 !%6F/ pY2$ &G :/B8 H   !23Y

     &3O &3G :<~"R3<6 J"V< :'Q6 &#5B6 JB82*B)G 86 y�9 B
     :* B F/%6! !2WB TB8 T[         6% &;_3Y  %"3OB! l"R<6 FK/62<

    :3* :1"9"KY F/8"9 %6)i)O   F/23Y .        +316 86 )3S[ J"3E %!
          |"3.,/6 :d!"R3< %23` &3O P~"R3<6 +16 86 :;1 &'()*

:*       :*  !B^d6 JB82*B)G &O B !2Y   !!)3E .    z3#<)< +1F3O
 T"Rs/single vertex FY F=62S �)`)O ^#/ ) >;Y5 .(

            7!"\K?3#$ 0,1%23456 H>;3Y +16 &O )4'VM +16 J"o/6 "O
�#=     &O 6% :O62W  "E      i T!)3;/  !%B[)O )`"S   !23#  �D3(

:V/          NY6! F=62S !2S 0#*)< )O :A9  %62V= &;'O FKG .
         |623W 86 J6FG �#= �D( �M"O p\W )4'VM &;K16    "3=

:V/               F3=62S 0,1%23456 :16%"3G %! :16^-3O )#��3< H!23Y
NY6!.  

  
3-!=*! U@#J8 ' (2#H5#V. 389%8   

           :4/234@ +,S"39 X.?* B �F= �O62< +##A< 86 y$
   456 7%";,O6 7"=)4'VM !)G%"G   :1"Ld 0,1%2NSGA-II H

 &O T";*6     +123;< lF* 7)#E%"G          &3/2V/ ]31 76)3O &3,d"1
F33*[ 0=6)33d :<"33A5"Z* . !"33*[ >33(6)*  !6! 78"339  B "33=

 !"#$    86  !"h,396 "3O 0,1%2456 78"9ESRI ArcObjects 
&*"/)O   FY :-12/ .         X#R3.< p3.O +316 76)W6 86 �F=

7)O%"G             b3sZK* &3O 7)\3Y k"_<%6 k2ZS B :r6%6 7"=
Z*           F31FW )\3Y �6F(6 76)O  FY &,d)E )u/ %! :<"A5"

  &?33s/ "33< N3396     %"33#,S6 %! z339"K* :1233456 7"33=
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0#VR<    &*"/)O B T"EF/)#E     !2Y  !6! %6)i T6^1% . +#,-./
0,1%233456 86 7%"#-33O 76)33W6 86 &33'()*  H:'*"33;< 7"33=

�F/%6!)O%!         JB823*B)G 86 :d!"R3< >-/ ]1 !"o16     :1"3=
     ! b#5B6 a16)Y 76%6! &G N96        76)3O  F3Y &3,d)E )u/ %

 FKY"O 0,1%2456 .          76)3O :d!"R3< >-3/ +#,-3./ F3#52<
NSGA-II&*"/)O &'()* B! %!   !"#$ B :-12/ FY 78"9.  

    N-./ b'()* %!100        76)3O &3#5B6 :d!"R3< JB82*B)G 
7)O%"G     FY F#52< :r6%6 7"= .         &3O 6F3,O6 &3'()* +316 %!

    &*"/)O 76)O )u/ !%2* bsZK*    :'$ ]1 7^1%     "3f* T23E k
   "EF331! &33O &33W2< "33O &33sZK* y�339 B F331!)E  7"33=

 &;_Y H:9"KY%"G    7FKO)TB8  7FKO (   F3Y)   >;3Y6 .( %!
           +316 76)3O  F3Y &3,d)E )3u/ %! b#5B6 :<"A5"Z* bsZK*

   &;_Y +##A< "O p=Bq$      �86F/6 &O "=1000  !1000   )3,* 
  !6FA<173  F31!)E !"o16 7)O%"G v"R,S6 76)O &r%"M  .

    !6FM6 v"R,S6 "O1   "< 7    86 J6F3G )= &O :d!"R< %2` &O 
 N1"\/ %! H�%62M +16100 F#52< 7)O%"G :d!"R< b?s/ 

      TU 86 :V#/ T62KM &O &G F1!)E   >#;?< 7"=    >-/ �FK=!
F/FY &,d)E )u/ %! :d!"R< &#5B6 .  

  
  
  
  
  

 >;Y6 .TB8 B &A5"Z* !%2* &sZK* T[ &#5B6 7FKO  
  

 "33/";*6 86  !"h,3396 "33O PGIS  P"33M�`6 l"R33<6 B 
         F3*[ 0=6)3d T"3;*6 +316 :/";* �%62M &O :h#Q2<  &3G

     86 J6FG )= 76)O173    TB8 86 >Q"( l2'9      H7F3KO100 
    !23Y  !6! v"R,S6 7)O%"G .       76)3W6 86 JB! b3'()* %!

tB%    :9"KY)7U25BF,* (     :d!"R< >-/ !"o16 &O k2O)*
 TU H&#5B6   &c6%6 7"=     �"96)O 7)\Y k"_<%6 k2ZS  FKKG 

           F/F3Y F3#52<  F3Y &3,d)E )3u/ %! 7"=%"#A* .   +316 %!
    %! &;_33Y >333#'f< 86  !"h,3396 "333O NV-33iESRI

ArcObject   FR;1        b;_3Y b?3s/ T62KM &O "Y2$ NS%!
 TB%! :`"_<%6          &3O HFY !"o16 &A5"Z* !%2* bsZK* 7)\Y

&/2E   &G 76:) 1 (  TB8 ^G6)* J"V<        FY &,d)E )u/ %! 7"=

 B HF33/!2O k"33_<%6 76%6!)2 (6  >33G %! 7)3396)9 l"R33<
              b3Zs/ &3O 7)#-3* )\Y bZs/ )= 86 B !2O %6)i)O &sZK*

     NY6! !2WB T[ )41!)   >;3Y7 .(     z3#<)< +316 &3O100 
b?s/   >V( k2ZS            6)3V= &O &G FY !"o16 7)\Y >s/B
100        :3r6%6 7)O%"G &O k2O)* b?s/ )   JB823*B)G 0#3/( H
100  0,1%233456 b33#5B6 >-33/ T6233KM &33O 7)\33Y b?33s/ 

NSGA-II52< F/F33Y F33# . !"33#$ "33O  lB6 b33'()* 78"339
NSGA-II    2#Y +16 "O    &O H           )3u/ %! !23#i %"3G!2S %23`

      z33#<)< +3316 &33O B F33/F1!)E l"33VM6  F33Y &33,d)E
JB82*B)G       :* 6%  FY F#52< :d!"R< 7"=       �)3*8 %! T623<

|62W      &O J292* 7"=»:/FY«1        >3(6)* !%6B B !6! %6)3i 
N?E >*";< 7FAO.   

  
  
  
  
  

 >;Y7 .&/2V/ 76 &O !B%B 76)O :16F,O6  FY F#52< JB82*B)G B! 86 
&K#\O lF* 78"9  

  
 86 y$             86 JB! b3'()* H:d!"R3< &3#5B6 >-3/ F3#52<

  76)W6NSGA-II  !"*[    !"#$     !2O F=62S 78"9 .   +316 %!
               86 J6F3G )3= 76)3O �F3= �O"3< )1!"3s* :,-1"O &'()*

JB82*B)G            %! "3sO 76)O "\/[ :4,-1"Y "< !2Y &_9"f* "=
S)@b    !!)E X.?* >-/ F#52<  .     �O"3< )1!"3s* b_9"f*

   J)33/ a#33f* %! J"33E B! %! ^33#/ �F33=  7%6^33d6GIS 
&*"/)O   FY :-12/ .       :4,-31"Y )1!"3s* >*"Y N-./ J"E

JB82*B)G        �F= �O"< 7686 &O "=N-./      F3#G�< &3G N96 
   &*"/)O 7B% T[ :'Q6  7)O%"G :(6)` B 7^1%   :3r6%6 7"=

N96 .     "< )1!"s* b_9"f* &O JB! J"E      76)3O JB! �F3= �O
   :* k2O)* JB82*B)G )=           T[ :'3Q6 ^3G)V< &3G !2Y )3O 

&*"/)O       6% k"3_<%6 k23ZS :3(6)` B 7^1%    :3'S6! 7"3=
N96 7)\Y.  

                                                           
1. Feasible 
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)I56(  )|(  
1 2 3 4 5 6 7

1 1 4/0 4/0 9/0 9/0 6/0 1/0
2 4/0 1 2/0 4/0 5/0 5/0 5/0
3 4/0 2/0 1 5/0 4/0 7/0 8/0
4 9/0 4/0 5/0 1 8/0 4/0 3/0
5 9/0 5/0 4/0 8/0 1 5/0 1/0
6 4/0 5/0 7/0 4/0 5/0 1 5/0
7 1/0 5/0 8/0 3/0 1/0 5/0 1

1 2 3 4 5 6 7
1 4/0 4/0 1 3/0 4/0 3/0 2/0
2 4/0 2/0 15/0 05/0 05/0 1/0 1/0
3 1 15/0 5/0 05/0 0 05/0 3/0
4 3/0 05/0 05/0 0 3/0 4/0 1/0
5 4/0 05/0 0 3/0 3/0 1/0 05/0
6 3/0 1/0 05/0 4/0 1/0 0 25/0
7 2/0 1/0 3/0 1/0 05/0 25/0 05/0

 !"8.#$%$  &' () *$+,+ *-./(0:) 12%(*3),-4 *,-56-7  -.8  +)9 (*3),-4 :;<&)%+ + =->?,% (@,$ -.  

  
 A&BBBCD EFBBB. G)-BBB? 3H$-BBBI' J>BBB7-K' *%3BBB)

L+6M'+34    (N2+%  &D *-.           6% (BN2+% 3H$-BI' *3B7 OH 6% 
  PNBNQ? RNS           *3),-B4 TB7-U? V%WBN' *%3B) #FB"    *-B.

       WB4%3' J0X-Y Z6%FD% () (@M? -) 10<C' V+6       #$-[<B7% -B.
         TB7-U? (B\M]^' L+6M'+34 3. *%3) _`7 + F"    *-B.

*3),-4       #F" #$%$ a-b<c% *-.      (>B7-K' (dBID  4 ,$
  FH$35)   !"8-12% .(()          -B) V+6 3B. *%3) e3;H$ f,->\

     ZF" #$%$ a-b<c% *3),-4k        3H-B7 -B) TB7-U? V%WN' e
*3),-4      (>B7-K' -. FBH$35.          $%FBQ? (B) 3B5% PH%3)-BU) n 

   -H (g,-\          (B) :?->B7-K' hB^i eF"-) (<"%$ $M@+ V+6
  Z6%FD%N n C(n, )  2       Vj ,$ (4 $M) F.%Mc N  V-]. 

   AB7%  &D Z6%FD% . (dBID     *-B.» L+6MB'+34   -B.«  *  *%,%$ 
   k,W) EF. G)-? 3H$-I'     (<!D PH% 3;D-N) e3?      -lDj ,$ (4 FD%

         *3),-B4 mNbBC? JBUN'6 ,$ *3B<l) T7-U?      $MB@+ -B.
  AB7% (<"%$ . B].V-              ,$ L+$ L-B5 eFB" #,-B"% (B4 ,MBn

  L+6M'+34 :;<&H-" (>7-K'         G)-B? 3H$-BI' (>B7-K' e-.
           AB7% ABNQ]@ *-oB\% 6% L%F4 3. *%3) L+$ EF. . ,$

    #,-S () WND (0i3' PH%        A7% 6-ND *$+,+ L-c f-\pn% *%
)  !"8-9 .(  

      *%3B) #FB" (>7-K' 3H$-I' () (@M? -) f-\pn% PH%
 *3),-4 =->?,%     10<C' *-.     qB7M<' r-B7%3) 3;HF!H -)

          :B' f,MBX -BlDj PN) stM]Q' (4 A7% :H-.3[7   $3BN5 .
            A&BCD JB0.+ ,$ eL+$ EFB. G)-? 3H$-I' J>7-K' *%3)

:'         V+6 3H-7 -) V+6 3. =->?,% V%WN' A&H-)   () -.    AB7$

:'           V+6 Vj W4%3' PN) (4 *3N&' uMn _`7 + F'j    -B.
       AB"%$ $M@+ #F" :i%3n :n->?,% J!>" ,$e   (>B7-K' 

:' F" .   () -) (0i3' PH%    ('-D3) *-.,%W)% *3N5,-4    :&BHMD
     qNBK' ,$ (!>"  N0K? 6% #$-[<7% +GIS #$-BNS    *6-B7

F" .            + (!>B"  BN0K? :?->B7-K' :5FNvNS () (@M? -)
    #-?M4 :<&H-) ,-) 3. (!UH%    3N&B' PH3?1     J>B7-K' *%3B)
     () V+6 +$ PN) 3N&' uMn    :B' A7$        (B0i3' PBH% eFB'j

?->BB7-K' ,-BB) *%,%$ :UN;UBB7 : #$MBB) $%FBBQ? + ABB7%
    :B' %, Vj f->7-K'       $+FBi V%MB?N n (C(n, ))  22 

 $6 PN]C? .V-].              J>B7-K' *%3B) eFB" #,-B"% (B4 ,MBn
  L+6M'+34 :;<&H-" 3H$-I'           L+$ EFB. G)-B? *%6% (B) -.

    V+6 :'-]? () A>&D V+6 3. () =M)3' W4%3' *%3)   *-B.
  J!>" *+, e3;H$       e#FB" :Bi%3n :n-B>?,%   #-B?M4     PH3B?
F" (>7-K' 3N&'.  

             *%3B) L+$ + hB!H EFB. G)-? ,%FI' (>7-K' 6% _S
          LMBl[' 6% #$-[<B7% -) -lDj e(N2+%  &D *-o\% 6% L%F4 3.

A&!"    h<H,MB;2% *3HwS-D       (B>?, (BYF.FUx *-B.    *FBU)
  JBB>?, Vj ,$ (BB4 FDFBB"»OBBH «L+6MBB'+34 (BB)  :H-BB.

        L+6MB'+34 yNB. 9M0z' (4 F" #$%$ a-b<c%    *3B;H$ 
FdD FD$M) # .    A&CD ,%3!? *%3)17      FB"  N!dB? (<7$ 

     e(\M]^' PH3<l) ,$ (46      FU<B"%$ ,%3B{ L+6MB'+34  . ,$
           9-BC<D% 6% #$-[<B7% -) :D-!' L-|$% *,-!<)% 3;0]\ ('%$%

                                                           
1. shortest path 
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            %3B@% (BN2+%  &D *-o\% 6% L%F4 3. *+, *3UH-) :<)-{,
      $$35 FN2M? FD63Y  &D PN<&CD -? F" .     6% 3Bcj (B0i3'

  &D FN2M? FUH%3Y          RBl@ *,-B!<)% 3B;0]\ *%3@% -) WND  
    #$-NS FD63Y  &D *+, :D-!'    FB" *6-7 .     FBN2M? 6% _BS

     *M;2% }>n FD63Y  &DNSGA-II L+6M'+34     FD63Y *-.
 PHF2%+ -)     :' A)-{, () V-"       L+6MB'+34 -B? eFBD6%$3S    *-B.
(<&H-"      FD$35  '-!? (c3x $,%+ 3? .     eFQ) () h!H  &D 6%

)-BB? 3H$-BBI' (>BB7-K' 3BB) #+pBB\ + L+$ + hBB!H EFBB. G
(>?,   L+6M'+34 *FU)    A&!" r-7%3) -.     ,%FBI' e*3HwS-D

         L6M'+34 6% L%F4 3. *%3) WND L-i$6% (0X-Y () =M)3'     -.
 :' (>7-K'          9%MB@ PH3B<l) 9-BC<D% *%3) + $$35     6% -B.

    L-i$6% (&H-I' 3;0]\n( )! #3l)    :' *3N5   $MB" .  PBH%
   D% $%FQ? () FUH%3Y  PNNQ?  &D #6%F     ,%3!? #F" :B'   e$$3B5 

9%MBBB@ ABBBH-lD ,$  ,$ #$-[<BBB7% *%3BBB) (BBBUNl) *-BBB.
hN]b?  *3N5      (B'-D3) () =M)3' *-.         B)-{ *3lB" *WBH,

$M) FU.%Mc #$-[<7% .  
   !")9 (     &D *-o\% :;<&H-" :0'-!? FD+,    *-B.

  -B) #F" FN2M?Spatial NSGA-II  :Bn %, 5000  ,%3B!? 
#$-NS  *6-7    :' RH-]D #F"   FB.$    (B) (B4 e      ,%FBI' J0NB7+

     EFB. G)-? +$ #F" #WN2-'3D        #FB" #$%$ V-dBD V-B"   FBD% .
      f-bBCd' -B) (BD-H%, ,$ h<H,MB;2% *%3B@%IBM Intel 

processor core 2 duo T7300 2.00 GHZ e134 
  FNd4 uMn (IN{$ .  9%M@ %F<)% ,$     A&B!" *-B.    3HwBS-D

     :' (~%,% :?->7-K' *-oY ,$ 3<]4          (B'%$% -B) -B'% 8FDMB"
FUH%3Y  9%M@ e '-!?     #,-S JUNl) 9-.  M?1    *3<dN) $%FQ? -) 

 :' 3.-�         V-dBD $MBc (B4 FDMB"        $MB>l) FBUH%3Y ZFBU.$
9%M@            AB7% :0'-B!? h<H,MB;2% }H3n 6% #F" (~%,% *-. .

9%MBB@ 6% *,-N&BB) 9-&BB<4% -BB) PNBBUv].  e(BBUNl) *-BB.
    :' A43i :<]7 () h<H,M;2%    9%M@ (4 FU4     (BUNl) *-.
       (B~%,% %, TB7-U' :5FBU4%3S -)  FB.$  . (B)      e3B;H$ f,-B>\

V-].        !" ,$ (4 ,Mn)9 (  :' (�ip' WND      _BS e$$3B5
           3B) :QB7 h<H,M;2% e(UNl) 9%M@ :>7-U' $%FQ? FN2M? 6%

    9%M@ -? A"%$ F.%Mc Vj     (BUNl) *-B.        GBH6M? (B4 %, *%
    9%MB@ (\M]^' () :>7-U'     :B' -B.       FBUH%3Y ,$ eFUdBC)
A]&BB{ ,$ :BBUQH  BB'-!?  9%MBB@ *-oBBY 6% :H-BB. (BB4

�7-S  -.      FD,%$ $M@+ *3<dN) JUNl) *  +   () *3<]4 $%FQ?
 &D         RC) ,$ e_!\3) + 8FU)-H #%, *FQ) *-.     (B4 :H-.
9%M@       #FB" FBN2M? *3<]4 *-.         6% *3<dBN) FBX,$ eFBD%
9%M@        :{-)  '-!? (c3x ,$ -.)FUD-] .    ,$ eTN?3? PH% ()
,%3!?        9%MB@ 3B) #+p\ :D-H-S *-.        PH3B<l) e(BUNl) *-B.

  () WND GH6M?   Mc A7$       (\M]^' (~%,% () 3^U' (4 F'j F.%
9%M@ 6% :\MU<' F" F.%Mc -..  

    !" ,$)9-, (  T&x3) 9%M@ (7    #FB" *,%w5    FBD%
)a,b,c .(  9%M@a         EFB. G)-B? *%3) ,%FI' PH3<l) *%,%$ 

    :'-BB]? V-BBN' ,$  BBID +  BB]i =MBB�c (BB) =MBB)3'
9%M@      AB7% #F" FN2M? *-. . :B7,3)         (B4 $%$ V-dBD -B.

L+6M'+34    PBH% () =M)3'     &BD ,$ 9%MB@4563  FBN2M? 
      #,-S JUNl) (<7$ ,$ 3cj -? + F"  FBD-' :{-) M? .  T&Bx3)

b            ,%FBI' PH3B<l) *%,%$ (B4 A7% :)%M@ ,%FI' 3;D-H-]D 
      A7% :g%,% *3),-4 :UQH eA&CD EF. G)-? .  f-B\pn%
       L+6MB'+34 :;<&BH-" () =M)3' #F" #3Nc�      3;D-BN) -B.

       &D ,$ 9%M@ PH% FN2M?3231      j 6% _BS (4 A7%    -B? V
         AB7% #FBD-' :{-B)  '-!? (c3x ,$ -l<D% .   ,$ PNBUv].

   T&x3) $,M'c V-]. e       :B' eA7% mCd' (4 ,Mn    V%MB?
           EF. G)-? +$ 3. *%3) T7-U' ,%FI' *%,%$ (4 $34 V-N)

A7% #F" (<Y35 3�D ,$. 1  
    !" ,$10 L+6M'+34       T&Bx3) (B7 () =M)3' *-.

    !" ,$)9-, (       B) =M)3' L+6M'+34 (4 A7% #F" (~%,% (
  T&x3)a       :B2+ :n-B>?,% =MB�c uMBn PH3<]4 *%,%$ 

   *3),-4 :X-b<c%  !" PH3?F)    A7-.)    !B"10-9 .(
      T&x3) () =M)3' L+6M'+34 e_!\3)b    PH3B<l) *%,%$ 

   *3),-B4 a-b<c%  !"          (BUHW. PH3<dBN) :B2+ AB7-.
         A7% (<"%$ WND %, *3l" =->?,% =M�c �%Fi%)   !B"

10-12% .(      Bx3) (B) =M)3' L+6M'+34 PNUv].  T&c  ,$ 
  !BB")9-, ((BB~%,%    TBB7-U' s-<>&BBD mNbBBC? ZFBBUU4
*3),-4    (UHW. + -.       *%3) :n->?,% =M�c �%Fi% u$-Q<' 

 A7% FHF@ :DM!&' �3l" OH)  !"10-� .(  

                                                           
1. Pareto Optimal 
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 (�)  (9) (12%) 

 !" 10.) 12%(*3),-4 () =M)3' EF. G)-? ,%FI' PH3<dN) *%,%$ L+6M'+34 -.8) 9( () =M)3' EF. G)-? ,%FI' PH3<dN) *%,%$ L+6M'+34
 ]i =M�c +  ID+ 8) �( ID +  ]i =M�c + -. *3),-4 () =M)3' EF. G)%M? T7-U' 3H$-I' *%,%$ L+6M'+34  

  
3-1-        /O3 P8#OG4 ' :@#20Q1R S,.  D.;T     UO<@

 VA,.T(W51X YZ#B ;! A@#[G<! #3  
    A&!" V%WN' () =M)3' TH3g     &D *-o\% *3HwS-D   e-.

:BB53Nx mc-BB" L-BBD -BB)1 -BBH DI ABBN[N4 (BB~%,% *%3BB) e
9%M@   () *-.        ABY35 ,%3{ #$-[<7% $,M' #F'j A7$ .DI e

       $M) F.%Mc FX + 3[X PN) *3H$-I' *%,%$ .    PBH% (x 3.
          9%MB@ (B4 AB7% :UQ' PHF) FU"-) 3<]4 3H$-I'    *-B.

)(    9%M@ () #F'j A7$   A&!" *-.   OH$WD 3HwS-D     + FBD3?
    FBD,%$ WND :Ht-) AN[N4 .   (B2$-Q'5      (>B7-K' *%3B) DI 

() :' (<Y35 ,-4 $M":  
  

 (�)%,)5 (  in ij
i ijDI nN"

#$ %
" &  ' (
) *
+ 1 100%  

  

    Vj ,$ (4iDI A&!" TH3g -) A7% 3)%3)   *3HwS-D
   VM'6j *%3)i  eL%in  9%M@ $%FQ?    ) *-.(     (B4 #F'j A7$

   VM'6j ,$i  :B' #$%$ A43"    8FDMB"ij#    -B) AB7% 3B)%3) 
  (B>?3' $%FQ?         9%MB@ (B4 :H-B.j     VMB'6j ,$ i    L-B]? 6% L%

9%M@   A&!" VM'6j *-.  + A7% #$,McN  -B) A7% 3)%3) 
 9%M@ $%FQ?   () *-.       VMB'6j  B4 ,$ (B4 #FB'j AB7$   -B.

#F" #$%$ A43"  FD%)Feng & Lin, 1999.(  
  3H$-I'DI  VM'6j *%3)             !B" ,$ #FB" L-B^D% *-B.

)11 (    AB7% #F" #$%$ V-dD . V-B].        (B�ip' (B4 ,MBn
:BB'  &BBD $%FBBQ? (BB4 ,FBB{ 3BB. e$MBB" :BB' t-BB) -BB.  e$+,
9%M@   () *-.     :' 3<l) #F'j A7$   FDMB" .    mc-B" �H-B<D

    L+6M'+34 (4 $%$ V-dD :53Nx      B7% -) *FN2M? *-. #$-[<

  6%  h<H,M;2%NSGA-II       :D-B!' *,-!<)% *-.3;0]\ -) (4 
 ('-D3) *%3)     *3l" *WH, -lDj 6%   #$-[<7% F" () e    ,$ :)Mc

   (<Y35 ,%3{  '-!? 3N&'  FD% .()          :B2+WD FBD+, e3;H$ f,->\
    &D () =M)3' *-.,%$M]D             (B4 AB7% PBH% 6% :4-Bi -B.

9%M@          FBN2M?  B'-!? FBD+, :H-Bl<D%  Bi%3' ,$ (4 :H-.
F"#      9%M@ -) (&H-I' ,$ eFD%      A&!" 3<]4 e:H%F<)% *-.

#$,Mc  FD% .      L+6MB'+34 FB", (B) +, T7-U' A43i   ,$ -B.
  V-dD  '-!? 3N&'        *-B.3;0]\ (4 A7% (<!D PH% #FU.$

  (BB) e BB'-!? FBBD+, ,$ #FBB" #$-[<BB7% *,-BB!<)%  :)MBBc
(<&D%M?    FD%,$  A&@ *-oY           E-dB<4% + AB43i (B) M@+

      (0i3' () (0i3' + FD6%$3`)9%M@     TB7-U' *-B.     %, *3B?
           (B\M]^' (B~%,% (B) }YM' WND L-^D%37 + FUU4 (~%,%    6% *%

9%M@ A&!" *-. FD$35 3HwS-D.1  
  

  
  !"11 .L+6M'+34 :53Nx mc-" () =M)3' VM'6j  *-.  

#F" FN2M?  

                                                           
1. Dominated Index 
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4-/\1G4   !"#  
 !"           #$%&'() *$(+,-. /01&2 *, 34., 3"1-5 #6$7

    8 9: 9;-< $: !=!;        >4(?@A% B C1-(; #$D(E /8,&FG
     9HIG((" JK((HFL" M*1-((5 N$((4" O((:1B* /8!((4@4P

Q4AR<      *1-(), *$4G: 9E!%!?S #&48#  T(71  .   U&(2 61
 9: J&V=,   QF=*-VW1 #&48*$+   9?4': #$%       *, /H"$(X< #6$(7

  B 9XY(() 3((4HZ< 9((: 6$((4[ 9((+ T((7, >((=1 61 /H\$G(("
       NB6 9: ]-:&" ^+1&" 9H_$E !?[$" /7!?% `$Y7$Z"    J$(%

9Y7$Z"             T(Z< &4G(" >=&(F': B Q4aFG(" &4G("  -2 
             9(FE&V[ *1&(b 9(;-< ,*-(" N-(?+ $(< J![*1, 9XY)  !([1 B 

          ,-(Y': 9(: J$DE /c4_-< d$E&_ #*1e8!+ $: N1&Vf%BgP
  /" M*1-5 `$4_-R.  !?F.1,&P .   #1&: /[$X"1 >4?@A%

   C1-(; /VFG=$) /:$=6*1             QF=*-(VW1 h(=&2 61 9(+ /=$(%
  /" 9\1*1 /H"$X<     ?% i$ZW 61 J![!)     Q%1&(E /[$X" B /7!

 T71 j!"$4[ . C1-; >=1&:$?:      ,*1B 9(+ /"$V?% /=$'[ #$%
/((" #&48*$((+ 9((: 9((H0&"  N-((S /<kXf((" $((: J![!(()

     94;-< 97!?% B /2$Y<*1 9XY) /VFGG8     ]-(:&" &=eP$[
   9:B* JM*1-5 l4RL< 9:   ![,-: B* .     9(: &m?" 3\$G" >=1

  QF=*-VW1 /=1*$+ n%$+          /[$(X" 3\$G(" *, /H"$(X< #$%
j!)  9: J,-:   #*-2        QF=*-(VW1 >=1 61 /HA5 j,$cF71 9+    $(%

     /:$((=6*1 #1&(: 9XY(() 3(4HZ< 9((: 6$(4[ 9((+ /H\$G(" *,
 C1-; /VFG=$)       JT()1, ,-;B $% N$(X"1   &=e(P  ,-(Y[  . 61

      N$X" ,-4b 61 j,$cF71 N$X"1 J&V=, U&2      #1&(: ^4[ *-Z"
T)1![ ,-;B 9HIG" /H"$X< ![B* T=1!%.  

      (%&VHA5 /01&2 $: 9W$a" >=1 *,     #1&(: #*$(XF:1 /=$
   j&((': N$((X"1 9((E!%!?S /H"$((X< QF=*-((VW1  61 #&((48

T4H:$b               o(4F[p 3\$G(" 3(0 *, /(7!?% B /[$(X" #$%
 !"q Q%1&E .      o4F[p #$%&VHA5 K=&r< &: jBk5 >4?@A%

N$X"      #*1e8!+ *$F.$7 J*-Z"    /E&r" #!=!; B #*$XF:1
  !=,&8           s(4+&< 61 j,$cF(71 $(: 9(+ !() 9(FE&8 *$+ 9: B

 -H7 *$F.$7/W      !(" 9: /F.*, (        #&'() #$D(E #6$(7
/((" ,61,&((P .  61 j,$cF((71 $((: n%Bg((P >((=1 *, t((b1B*,

 &(("1 B !((=!; #$((%&VHA5B  QF=*-((VW1 *, /((X4F[p >=6
NSGA-II   9fa[ !4W-< 9:      9: #1&: -VW1 #$%     *, #&48*$(+

Q4AR<  #&48           B !(=!; #$%&'() /01&2 9: ]-:&" #$%
 6B* C$:   !() 9F.1,&P  .     /(" s(4<&< >=!(:    61 N1-(<   >(=1 

            N$Y4Ff(P *1^(:1 N1-(?5 9(: 9(E!%!?S /H"$X< QF=*-VW1
Q4AR<    "$[&: *, #&489       ,&(: j&(': #&') #^=* .  /(7*&:

       /8g=B 9: 9;-< $: 9+ ,1, N$f[ u=$F[       9(FE&8 *$+ 9: #$%
       9E!%!?S /H"$X< QF=*-VW1 #$%&VHA5 *, j!)NSGA-

II  C1-; /"$A<     3G[ #!4W-< #$%       i$(ZW 61 KHFL" #$%
j,*Bq&:    #6$7      /H"$(5 $('?< B ![!() 9F.$?) 6$m" J,-4b

          C1-(; o(= Ue(0 9: &m?" 9+) vB6-("B&+ (   9(.&S 61
 /" 3"$X<                9(: 9(;-< $(: Nq /E$(+ /VFG(=$) v!(5 !)

        C1-; &V=, $: w$4b *, 9HIG" x!) >4@F7, U1!%1    $(%
,-: .          /(8&4S l.$() N-("6q 61 3_$0 u=$F[ >4?@A%

N$f[             *, #*$(XF:1 #$(%&VHA5 s(7$?" ,&(XHA5 j!(?%,
b   QF=*-VW1 sW$NSGA-II           >=&(F': 9(\1*1 N1-(< 9(+ ,-(: 

C1-((; TG((; $((: 1* $((% C1-((; #$D((E s((7$?" #-((;BJ 
!?F((()1, . QF=*-(((VW1 61NSGA-II/((("   #1&(((: N1-(((<

9"$[&:                 $(: B ,&(+ j,$cF(71 ^(4[ ,-(;-" #$%&'() #^(=*
9:     9?4': 9: Nq #&48*$+        T(.1,&P #&'() #$D(E #6$7 .

/((" >4((?@A% yB* &((V=, 61 N1-((< *-((VW1 B $((%QF=  #$((%
9"$[&: #1&: 9E!%!?S      9(+ ( ,&(+ j,$cF(71 $%&') #^=*

/" 34Xf< 1* 9W$a" >=1 N$8![*$V[ x!?=q #$%*$+ !%,.  
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