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1-*#,F#
 _N&$! )9<!(&_5 Y,+_!Z -D D"_?"! ~_o;&! >/6? (;

*+E!M_<:+$N 1;&_W ^5+.! 1+'4_.=+! _ x_/Am! 1+_'
 ,"2m_5+T 1;&W _ +].,; U? K ~2.? )1(-K+CI )[,+.B
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"B P-*+_,( D"C_= s+_J=;  A_5-D >W -+I 9,; >I1+_'

*;&e?D+#_A`; K 1u"_:"I; )M3_,( a<7! >W ;- 1&,ST+=
D&I 4';"@ D-;K  =+3=; [!;"?  Ao K >Qd.!.K- 9,; (;

t<.EP (; %D+wA5;-+_I 9_,; -D  P+e_5+7! p_<`D 1+_'
|+.A?; ! &,ST+=4,+6=.>_.<]W *+E! 9AN+, *+<! 9,; -D

B -;&QA5; 1;&W%X,K M<6'; [,+.t, (; >I ;&l )D-;D 1;
1"_5 (; K )M_5; [,+._B >_W >A3W;K >Qd.! D+#A`; "5

M_<:+$N &<bc_P M_7P F4V >W M3,( a<7! &2,D1+_'
-;&`  A$.BD-;D.H<6#P 9<.�6'1&_<L*;&,4_! 1+_'

&<bc__P x__/Am!  __w<I K  __�6I ~__!;"0 (; )>__.<!( 9__,;
 !D&,ST)_$P -D &2,4_E, +W H' �+!"60 >I�-+>_W )4_=;

>_.<]W M_5; 9_E6! >_I 1-"8~_!;"0 (;  _E, 1(+_5
D"_V &_2,D ~!+0 ^,&mP ^?"!.1;&_W )-"_k.! 9,4_W
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>!+=&Wg+5 -D >N4'4.l 1U,->_?"P D-"_! >AVSL 1+'
M5; %D"W %;&6' *KUN;(K- MN&C<T +W K >AN&L -;&`.

RK-! ~o 1;&W  PK+wA! 1+'H<6#_P ~�+31&_<L
>__N4'4.l1 __! >__/6? *Z (; >__I D-;D D"__?K>__W *;"__P

RK-*(K *K4W 1+' 'D2RK- )*(K 1+'(; Y<_T  'D
~o3RK- K )*(K 1+'~_o (; r_T  _'D4D&_I %-+_V;

)Hwang and Masud, 1979.(RK- -D*K4__W 1+__'
*(KH<6#__P ) __'D1;&__W ;-  A,"__:K; K �<?&__P %4__=&<L

K M3<= ~�+` +'-+<$!)�G!%4,; M:+o%4_V x,&$P gZ
>.,UL |+mA=; -+<$! K M5;%4,; M:+o >W  E,DU= )+'gZ.
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|;"?&b�! 1+'5 ! �mC!>_W >_?"P +W ry5 K )D"V

H<6#P i&8 (; %4V sG0; F+7<?&P>_W |;"_? )%4=&<L
 ! M5D4,Z)Zitzler and Thiele, 1998.(F-+_e0 >_W

D-;4_= D"_?K >_.<]W |;"? t, +].P *+<! 9,; -D )&2,D
>0"6J! ;- |;"? >E/W _! ~<ECP �+Q= (; 1;>_I 4_'D

 !4_V+W *Z U_? K  _.7.! )�d5 4=;"P) _.7.! >_I
Trade-off ! %4<!+=D"_V(.*+_6'>_koG! >_I >_="L

 !><:K; *(K �<' RK- 9,; -D )DD&LF+e5+7! D-;K 1;
 6=>0"6J! *4V �mC! (; rT K D"V)>.<]W |;"?

H<6#P ! D"@ F+7<?&P >W >?"P +W %4=&<L|;"? 4=;"P
M_:+o K D-KZ M_5D >W ;- D"@ &k= D-"!x_/Am! 1+_'

M_,":K; >_W >_?"P +_W U_<= ;- |;"? _5-&W D"_@ 1+_'
4.I.12345

g+5 -DRK- (; >AVSL 1+'*(K 1+'(; Y<_T  'D
D-;"_! -D )M_5; *+_5+.V-+I %+L4_,D (; &bc_A! >I ~o

*+E! -"k.! >W 1D4$A!M5; %4V %D+wA5; )[W+.!  W+,.
>_W H_` *+A_5; -D )g+_f! *;"_.0 >W*+_E! -"_k.! W+_,

>__B&0RK- (; [,+.__B �;4__o; 1;&__W ^__5+.! 1+__'
1K-H'1-;SL6*(K-;DM5; %4V %D+wA5;)Jafari and

Karimi, 2005((; %D+wA____5; \____.<!( -D  ____:K )
H<6#__P1&__<LK 9<!(&__5 Y,+__!Z -D >__N4'4.l 1+__'
*+E! W+,s+J=; 1DK47! 1+'-+I )*Z -D (+<= D-"! 1+'

M5; %4V.Matthewst_<A=u HA,-"2:; (; Y=;-+E6' K
>N4'4.l)MOGA(79<!( M,&,4! 1;&W ,+A5K- 1+'
wA__5;4__=D&I %D+.+__]=Z p__<Q7P -D >__AN- -+__I >__W g4__!
g4!>eP- |;"? \]e? 1+.e!&W 1+'>_I D"_W %4V 14.W

1. Multi objective
2.Methods for no Articulation of Preference

Information Given
3. Methods for a Priori Articulation of Preference
4. Methods for Posterior Articulation of Preference

Information Given
5. Pareto-Optimal Solution
6. Weighted Overaly
7. Multi Objective Genetic Algorithm
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*(K RK- >_E/W %4C_= %D+wA5;xC_e<l ~_W+QA!  _'D

)4IWTP((; ~__W+QA!  __VK- >__I M__5; %4__V %D+wA__5;
RK-*(K 1+';&_?; -+_W &' -D K M5; ~o (; Y<T  'D

 ! |;"? t,W �4'D-+_W &_' -D &W-+_I >I F-"B 9,; >
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>Qd.! -D 9<!(&5 Y,+!Z K 9<!(g+_}P&T |".? -D 1;
4=D&I %D+wA5;.�&V -+]l K i4' [W+P >5 -+I 9,; -D6

%4V >AN&L &k= -D4=;.>_W �"_W&! \C_Q= ~!+_V {,+_A=
9<!(9<!( )>=�+5 1(-K+CI ^5+.! 1+'^_5+.! 1+'

9<_!( ) _6�;D 1(-K+CIK ~_2.? 1;&_W ^_5+.! 1+_'
><V+o p8+.!1;7M_5;.>_W p8+_.! 9_,; M_Q<Qo -D
+JE, F-"Bt_, -D i4_' [_W;"P x,&$P K1;&_?; -+_W

%4!Z M5D >W HA,-"2:;4=;)Obayashi et al., 2007.(-D
>I 1&2,D p<Q7PYang(; )4_=D;D s+_J=; Y=;-+E6' K

HA,-"2:;9<_!( M,&,4! -D >N4'4.l  /!+EP 1+'1+_'
M5; %4V %D+wA5; 4./' -D 1(-K+CI.)p_<Q7P 9_,; -D
! HA3__<5 *;"__.0 M__7P  6A,-"__2:;\__N4'4.l ~__W+QA

9<_!( M,&,4!1(-K+C_I 1+_')IMAGES(8 _o;&8
K i4' [W;"P *D&I >.<]W *Z -D >I )>AN- -+I >W K %4V

M5; %4V ~o *+!U6' *Z �+@ a,;&V)Yang et al.,

2008(
HA,-"_2:; (; &_2,D  _E, (; 1&_2,D p<Q7P -D1+_'

*;".0 +W %-+<$!4.l t<A=u9PAES*D&_I g4_! 1;&_W
&W-+I F;&<<}P*Z -D >_I )M_5; %4_V %D+wA5; 9<!( 1

M_5; %4_V ~_o �&_V >_5 K i4' [W+P >5.&_@Z -D

>C__Q=>3__,+Q! 1+__'M<$__nK K D"__?"! M<$__nK 1;
g4!M5; %4V 4<:"P %4V)Koomen et al., 2008.(

*+6' ! >koG! >I -"8 P+_$:+d! D-;"_! -D )D"V
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M_5; %4_V)Agrell, 2004, Jafari, 2005(*Z -D >_I
H<6#P%+L4,D (; 1&,ST&<bcP +W 1&<L*+_5+.V-+I 1+_'

 ,�+_W  P+e5+7!  L4<�<T 1;-;D g+o 9<0 -D K M5;
M5;)Yang et al., 2008 & Matthews et al., 2000()

1&W-+I x,&$P +,&2,4_E, -+_.I -D *+_!U6' )9<!( 1+'
M__5; %D"__W �&__d!)Obauyashi et al., 2007 &

Koomen et al., 2008.(FGEC__! )p__<Q7P 9__,; -D
Y<TM5; %4V ~o >AN- -+I >W RK- -D >AwL.9_,; -D

HA,-"__2:; (; p__<Q7PNSGA-IIHA,-"__2:; *;"__.0 >__W
>.<]W*+E! x,&$P -D >N4'4.l 1(+51;&W ^5+.! 1+'

1+.e!&W q-UW [,+.B M@+5GISM_5; %4V %D+wA5;.
' [W;"P D;4$P[W+_P {._T p<Q7P 9,; -D >AN- -+I >W i4

>.<]W )HA,-"2:; >I M5;s+_J=; +_]=Z 1+_.e!&W ;- 1(+_5
 !4'D.1;&_W >/�3_! -D U_<= a,;&V 1D;4$P )%KG0 >W

M5; %4V x,&$P {,+A= *D&I &A]W.g4_! t_, [`;K -D
H<6#P*+E! 1;&W 1&<L%4_,D&L >�;-; q-UW [,+.B  W+,

HA,-"2:; (; *Z -D >I M5;%D+wA_5; >_N4'4.l t_<A=u
M5; %4V.123456789

2-GB( B )97#!-
HA,-"_2:; )>N4'4.l >/�3! x,&$P (; rT YmW 9,; -D

NSGA-II4V 4';"@  5-&W *Z 1+,;U! K.

1. Pareto-dominance ranking, Niche induction
2. Computational complexity
3. Decision Support System
4. Interactive Weighted Tchebycheff Procedure
5. Non-Dominated Sorting Genetic Algorithm-II
6. Constraint
7. Suburb
8. Interactive Multigoal Agro-Landscape Generation

and Evaluation System
9. Pareto Archived Evolution Strategy
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x_,&$P F-"_B 9,4W >N4'4.l >/�3! ) n+,- &k.! (;

 !D"V)Veldhuizen and Lamont, 1999:(
-;D&_W *D&I >.<C<W +, >.<6If(x)*Z -D >_I )x-;D&_W

nH<6#P 1+'&<}A! 14$Wnx (x , x ,..., x ) 1 2(;
\0"6J!S&2,D F-+e0 >W +, �M5;:

>dW;-)1(mMinimize f (x) (f (x),..., f (x)) 1

>dW;-)2(
iSubject to g (x) , i ,...,q x S!  "1 

4.l >/�3! 9,;&W+.W~!+V >N4'nK &<}A!q�&_V
Km ! i4' [W;"P *Z -D >I M5; i4' _d@ 4_.=;"P

4.__V+W  __d@&<� +__,. W+__,(-; [W+__P1F>/�3__! -D
 ! &,"#P H<6#P &<}A! -D ;- >0"6J! )>N4'4.l4_.I:

 .$,S fF#.

RK- -D*(K 1+__'>/�3__! ~__o (; Y<__T  __'D
�3! >W ~,4eP >N4'4.l>/t_P 1; _! >_N4'D"_V.>_W

|;"_? *D&I ;4<T 1;&W RK- 9,; -D )&2,D F-+e01+_'
%-+<$!4.l >/�3! 9,; &b�!:

>dW;-)3(mMaxf (x) f (x), f (x),...f (x) $ %& '1 2

 !t_P >/�3_! 9_,; \.<]W |;"? M3,+W;- %-+_<$!
MN+,:

>dW;-)4(
m

k k
k

Maxf (x) W f (x)
 

 (
1

*Z -D >__Imf (x))i4__' [__W;"Pf(x)i4__' [W+__P
D"_?K >_W >/�3_! i4_' [W;"P p<w/P (; >I M5;  ,+]=

K )M5; *Z *D&I >.<]W i4' K %4!ZkW*(K U<=1+'
i4' [W;"P4=;.

\.<]W >dQ= t, >E.,; 1;&W s(� �&V M:+o 9,; -D
K 4V+W -;&`&W &I+P K *+I a,;&V >I M5; *Z )4V+W  /I

V>_!+=&W >_I M_5; 9,;  N+I �&4_V+W |4_7! 1U_,-
)Cohon, 1978 & Hillier and Liberman, 1995.(

 ! *+<W 9<.l &I+P K *+I a,;&V -DD"V:

1-i4_' [W+Pz(x)4_V+W &_$Q!  $W+_P)M_:+o -D
*D&I &fI;4o(�

2-|;"__? \__0"6J!>__0"6J! ) .AN&,S__T 1+__'1;
4V+W |47!)*D&I &fI;4o M:+o -D(K �

3-pAC! i4' [W;"P4.V+W &,ST.
*+6' ! >koG! >I -"8&_W %KG_0 RK- 9,; )D"V
M,DK47!D-;D ;&?; a,;&V -D >I  ,+')K *+_I a,;&V

&I+P(*(K -D )|;"? K M5; >?;"!  PGEC! +W U<=  'D
*(K >_W >A3_W;K  _?K&@M_5; 1DK-K 1+_')Coello

Coello, 2002.(RK- 9,; -D )%KG0 >W1;&W +'M5D >W
|;"? \0"6J! *D-KZ>_W HA,-"2:; M5; s(� )&b�! 1+'

 ! ;&?; &' -D K D"V ~o F+$ND14,4? |;"? M3,+W
4,Z M5D >W)Deb et al., 2002.(
RK- -D*(K 1+' _V+= FGEC! )~o (; rT h 'D

*(K (;D"_?K _ 4_V *+_<W -"IS_! RK- -D >_I _  'D
D-;4=.HA,-"_2:; (; %D+wA5; +W 9<.�6'-D  /!+_EP 1+_'

RK- 9,;>_0"6J! >_W >/�3_! ~_o -+_W t_, )+_'(; 1;
|;"_?4_V 4_'"@ &_J.! &b�_! 1+_')Sarker et al.,

2003.(HA,-"2:; 9,; 9<.�6'>_W M_I&o &W 4<IcP +W +'
 ! -+I >.<]W |;"? 1"5>_.,U' [W+_P x,&$P +W K 4..I

 ! *Z -DD&_I x,&$P ;-  2.<]W a,;&V *;"P)Coello

Coello, 2002.(HA,-"2:; 9,; -D ) N&8 (;&W 14<IcP +'
RK- -D >__I >__�=Z &__<k= )&I+__P K *+__I a,;&__V1+__'

*(KM3_<= )M_V;D D"?K ~o (; Y<T  'D)Abbass

and Sarker, 2002.(1

HA,-"__2:; &__<@; >__'D -D>__N4'4.l  /!+__EP 1+__'2

M5; %4V D+].C<T 1-+<3W.HA,-"_2:; 9_,; >/6? (;+_'
 !-"2:; >W *;"PHA,1+_'3(Schaffer, 1985) VEGAK

4(Fonseca and Fleming, 1993) FFGA5SPEA

)Zitzler and Thiele, 1993(K6NSGA)Srinivas

1. Evaluation Function
2. Multi Objective Evolutionary Algorithms
3. Vector Evaluated Genetic Algorithm
4. Fonseca and Fleming Genetic Algorithm
5. Strength Pareto Evolutionary Algorithm
6. Non-Dominated Sorting Genetic Algorithm
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and Deb, 1995(D&_I %-+_V;.1;-;D t_<A=u HA,-"_2:;
)>_N4'4.l ~�+3! -D ;- *Z D&W-+I >I M5;  P+#mC!

__2:; &__2,D +__W �+__<` -D"HA,-+__'*+__5Z __! &__PD(+__5
)Goldberg and Richardson, 1987:(
) _,KDKD 1+'4I (; t<A=u HA,-"2:;1�.,4_I 1;&_W

H<6#P 1+'&<}A! ! %D+wA5; 1&<L4.I.
)g+_6Ao; \_@&l (; t_<A=u HA,-"2:;2|+_mA=; 1;&_W

4:;K3 ! %D+wA5;>_W *4V t,DU= �0+W D"@ 9,; K )4.I
 ! |;"? 9,&A]WD"V.

2-2-L97M NOPM:QR# =!-4

|;"?>,+T H<'+w! (; &b�!M5; >N4'4.l ~�+3! -D 1;.
>/�3! -D &L;1;f1Kf2K....kf)4._V+W i4' [W;"Px

^:+�&<� +, &b�! |;"?51;&_W >I  P-"B -D >Ae:; M5;
 !+6Pi , ,..., k 1 2'4_V+W -;&`&W �&V KD 9,; +)Deb

and Pratap, 2002:(
1-|;"?ixi4'  !+6P -D(; &P4W +'jx�4V+e=
 .$,:

>dW;-)5(
* +k , ,...,m" 1 2for allk i k jf (x ) f (x ),

2-|;"__?ix__o(; &__A]W i4__' t__, -D ~`;4
jx .$, �M5;:

>dW;-)6(
k i k jf (x ) f (x ) for at least one k { , ,..., m}- " 1 2

M3____? 1+�____N -D1"____?KnS R"1+�____N )
i4______' [______W;"PmR" i4______' [W+______P K

* +f (x : x S " f : S..#-;D&W )Sx"W;"_? ) 
-D &b�!SK 4V+W >AV;4= D"?K &L; M5; y">_W

>___I  63___`k kf (y) f (x)!1;&___Wk ,...,m/  1K
t____, 1;&____W ~`;4____okk kf (y) f (x),4____V+W

)Sivanandam and Deepa, 2008.(t_, M_Q<Qo -D
dQ=\>_dQ= �<_' &_L; M_5; &b�! |;"?-D 1&_2,D 1

M3? 1+�N-D >_I 1"_7= >_W 4V+W >AV;4= D"?K "?K
4_V+W >dQ= *Z (; &A]W i4' [W;"P \6'.|;"_? s"_]w!

&_L; 4_V 4';"@ &b�! |;"? \]e? x,&$P >W &J.! &b�!
>0"6J! >W s"]w! )>dQ= t, 1+? >WQ= (; 1;H<_6$P �+

D"V %D;D.>0"6J! &b�! |;"? \]e? )&2,D F-+e0 >W1;
�<_' >_I M_5; |;"? �+Q= (;>_e/� &2,4_E, &_W s;4_I

 6=4..I)Sumathi et al., 2008(>0"6J! 9<W -D K1;
>]e? )|;"? (;>]e? &2,D 1+�0; >I 1;>_e/� *Z &W +'

M_5;  _e,&QP "P-+_T \_]e? )4_..E=)Coello Coello,

2004.(12345

2-3-526(78&9 (,# >A#!"H =!-
HA,-"2:;>eP- �+5;&W >I  /!+EP 1+'14_.W6|;"_?+_'

 _2.<]W -+_<$! t, �+5;&W)>_.,U' [W+_P 4_.=+!(-+_I
 !|;"_? >]e? t, 4<:"P 1;&W  e5+.! ~o %;- )4..I

4.A3' ;&?; -+W t, -D)Coello Coello, 1999.(FK+wP
HA,-"2:; 9,; x/Am! �;"=;+_'|;"_? �<mC_P -D1+_'

&b�!)>.<]W(>0"6J! *+<! (; +]=Z |+mA=; 1+.e! K(; 1;
|;"?M_5+')Coello Coello, 1996.(9<_:K; (;  _E,

HA,-"2:;1+'MOEA>_I D"_W  6A,-"2:; )FlemingK
Fonseca L4____<�<T 1;-;D K 4____=D&I >____�;-; ;- *Z

D"W  ,�+W  P+e5+7!)Fonseca and Fleming, 2003.(
WHA,-"2:; FGEC! *+!( MVSL +K 4_V ~o  /e` 1+'

HA,-"__2:;4__=D&I MN&C__<T  /!+__EP 1+__'.(;  __E,
HA,-"2:;)>_.<!( 9_,; -D  /!+EP 1+'NSGA-IIM_5;.

HA,-"2:; FGEC! (;  @&W HA,-"2:; 9,;;- 9<C_<T 1+'
M5; %D&I ~o.FK+wP (;  @&W+_W HA,-"_2:; 9_,; 1+_'
HA,-"2:; &,+5W gK;4A! 1+'M5; &,( �&V >:

1. Binary Code
2. Roulette Wheel
3. Parent
4. Pareto-optimal Front
5. Non-Dominated
6. Ranking
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) !"#$%& '()*" %$+,& +,- ./,$+01 "2 3%,4"2 +,5
.,,,64"789,,,:;:< * 2"!2 39,,,=-74+6,,,&+>1 3+,,,5

?@$"ABC!D&! .@E" F:- G! HI "2 7J6K 3+5.L%,E +-
.M=$!M* N95 #-!A4 2!9O4NP9Q+- D:ORS  G!9T!

?@$"A,,BC! "2 74+6,,&+>1 789,,:;:<P7,,J6K 3+,,5
O(MN3)74"AU "2 D&!  2A-F,$! )*" F$! "2 .V

H!W:1O(MN2)D&!)Bui and Alam, 2008.(
 71+,,(2G! .J,,U+E G!1.,,X6S H2"*I D,,&2 .,,- 3!%,,-

DY!A=M$ Z!AS?@$"A,BC! %$+& G! 3%4F:,R[4 * +,5
Z!AS \A( ]+0T .@:/T!271  2+^@&! +59=V..- _G`

.JU+E .V D&! %Va.,V D,&! 3"A@V+,E P71+,(2G!
Z!AS %@X- Z+[@T! 3!%-3*" %,- 789=V!%< %bT G! +5
71  2+^@&! .X6S c$d,$%O4 %,$G e"AU .- * 22%8

712AQ)Deb, 2001 & Jin, 2006:(
oHI "!901 .X6S c$ 3+X@T! * !9@-! ]+0T 3!%-

7-71 L%E D$+XT2AQ.
oG! P.X6S ]+0T %$+& 3!%-2+41-ke"AU .-

.f-!")7(71 d$%O42AQ.
.f-!")7(

! " i i max min
m m m mCD i (f f ) /(f f )# $% $ $1 1

HI "2 .VCD[i]2%,E 71+(2G! .JU+E Pi3*" %,- _!
.X6SFPi

mfN9,5 #-+4 "!901m"2 _!i"2 2%,E F:,1!
.X6SF*min

mfPmax
mf* "!9,01 F$%,@RV g,:4%4 .-

N95 #-+4 "!901 F$%@h:-m.X6S "2F&!D.
.@Q!2 3%@h:- 71+(2G! .JU+E .V D&! %@X- 7-!AS

9Q+-)Gen and Cheng, 2000.(

2-4- !" #$% &'(")*+,NSGA-II

7JV ?@$"ABC! * "+V )*"NSGA-IID,&! %$G i%Q .-
)Coello Coello et al., 2007 & Jin, 2006:(
 .:C*! D:ORS 2+j$!2k
 789TG!%- 3+5"+:O1 .6&+>13k
 H2%V g4%1]%Q l+&!%- D:ORSkH2%V .6Jm 3+5
 k71+(2G! .JU+E .6&+>1

 Z+[@T!:l+,&!%- .,:C*! D,:ORS .,M=$! n,>1 .,-
]%Q.J,U+E "!9,01 P9,Q g,4%1 H2%,V .,6Jm 3+,5

G! Z+,,[@T! * 9,,Q 9,,5!AY .6,,&+>1 HI "2 71+,,(2G!
7,,1 G+,,mI .,:C*! D,,:ORS H+,:12A,Q.Z+,,[@T! F,,$!

71 e"AU H+RC! *2 l+&!%-2%$o<:123

)1(64"D:ORS .:D:ORS.64" "2 +5F:$+,< 3+5%,4
71 Z+[@T!* P9TAQ

)2(.JU+E .6&+>1:.M=$! L%E +-p*qG! Ap,q *2
7,1 Z+,[@T! 3Apq P9=Q+- .64" c$.,V 2A,Q

2"!2 3%@h:- 71+(2G! .JU+E.D&! %Va .- _G`
l+&!%- rs& * .64" +- !9@-! Z+[@T! D$AC*! .V

D&! 71+(2G! .JU+E.
 #t+04 _+jT!4uXS *59,$9S H!9,TG%E 9:CA4 3!%-.

7,$*2*2 Z+,[@T! )*" G!  2+^@&! +- "+V F$!6_+,jT!
71k2%:8

 G!  9,1I D,&2 .,- D,:ORS * .,:C*! D:ORS v:^J4
kuXS * #t+04

 3+p,q! F$%,@X- +,- F$9C!* D:ORS H2%V F$WB$+S
v:^J4 D:ORS',6K '(!%1 "2  9Q.P\*! .,J(%1 "2

.64" 3+pq!F:$+< 3+5+,S %,47,J6K 3+59,C!* F$WB$
71g,4%1 71+,(2G! .J,U+E l+,&!%- rs& * 9TAQ
719TAQ.'M,Q "2 .,UwY e"AU .- 9=$I%E F$!1

D&!  9Q  2!2 H+hT.H+R5'M,Q .,V "At1H+h,T
71* #t+,04 G! 7,Q+T D:ORS * .:C*! D:ORS P952

.@,&2 .64" g/(%- !9@-! PuXS7,1 39,=-* 9TA,Q
,64" 3!"!2 .V +XTI G! 7@R/KF:$+,< .P9=@/,5 3%,4

71 No(9T2%8. 9,T+R:K+- D,:ORS P9O- .J(%1 "2
7,1 g4%1 71+(2G! .JU+E l+&!%-9TA,Q.+,j=$! "2

g4%171 _+jT! .X6S c$ 'Y!2 3G+&* k2AQ
 '/T +4 '(!%1 71+R4)7,B=:X- x$!%,Q +$ *(2"A,1

71 "!%M4 %bT9TAQ.

1. Crowding Distance
2. Population Intitialization
3. Calculation the fitness
4. Cross Over
5. Mutation
6. Binary tournament
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'MQ1.?@$"ABC! "2 D:ORS H2%V g4%1  A>TNSGA-IIHI "2 .VP* .:C*! D:ORSQG! 7Q+T D:ORS
* D&! uXS * #t+04FiH+hTD&! .X6S  9=52.

3-5@&'(")*+, A?<C".%#$0./D A.8"4 567879:
E<0F?GH(.0I

.- G+:T .V  2A- 7Jy+/1  %1G "2  "!AR5 F:1G%& u$+1I
?:Rz43%:8PD,&! .@,Q!2 .E959={ *  "+:O19={ 3+5

=:X- !%$G7,&+&! u,0T HI "2 %|}1 3+5"A@V+E H2%V .
7,1 +^$!9,=V.H2%,V ~[h,1 .,- %,�+( u5*�,< "2

H+M1G! .,V �"W,- #$+=,U DY+,& 3!%,- g,&+=1 3+5
?,,X17,,1 .,,V D,,&! 7Jy+/,,1 F$%,,4u$+,,1I "2 D/,,$+-

D&!  9Q .@Y!2%< P2AQ '( F:1G%&.F$! H2%V .=:X-
P7q+,,R@S! P7M$�A,,CAV! d,,J@[1 x$!%,,Q .,,- .J�/,,1

32+z,,,@K!D/,,,$G *D,,,&! .@/,,,-!* 7,,,f:>1 ,
)Makhdoum, 2008 & Huston, 2006(.\*9,,S1

?X1H+M1 F@E+$ "2 .V !" 7$+5"A@V+E F$%4g,&+=1 3+5
7,1 �"W,- #$+=U DY+& 3!%-.,@E%8 %,bT "2 D/,$+-

7,1 H+hT P9TAQ9,52)Sarvar, 2006.(F,$! G! 7,Y%-
7,1 "!%K nK+=4 "2 %B$9M$ +- +5"A@V+EF,MR1 * 9,T%:8

"A@V+E c$ H2%V .=:X- D&!)2!A,1 .,- 7,&%@&2 �w�1
.:C*!(%B$2 "A@V+E 3*" %-)'B=S G! .JU+E �w�1(%:|�,4

9,,Q+- .@,,Q!2 7,,^=1.H2A,,- 32%-"+,,V 7,,8�$* F,,$!
?@$"ABC!3+5MOEA.,- * u$+,1I e+OC+f1 3*" %- !"

H+M1 �+Y "At71 H+hT �"W- #$+=U 7-+$952.
71 +5"A@V+E G! 7Y%-9=T!A4x64%,1 7,8�$* 9={ +-

9=Q+-.%:|�4 %-  *wq "+V "!G+- .- 7M$2WT \+�1 H!A=q .-
'1!Aq .- 7&%@&2 %-7$+=-%$G,\+�@Q! .- .SA4 +-7$!G,

D/5 W:T 7q+R@S! e!%:|�4 3!"!2..@MT F$! \+( %5 .-
.,06t * 2"!9,T 3%:|�,4 %�+( u5*�< N!95! "239,=-

\*9S1h:- g&+=4 .- .SA4 +-c,$ +,- "A@V+,E %,5 %@
D,&! .,@E%$o< _+,jT! 78�$*.3+,5"+V "2 c,Q H*9,-

2"!A1 G! u:- +5"A@V+E �A=4 * 29O4 D&! FMR1 7$!%S!
\*9,,S "2 �"9,,=11Pg,,[@=1 3+,,5"A@V+E +,,1! 9,,Q+-

?X1.,=:1G F,$! "2 .,@E" "+,V .- 3+5"A@V+E F$%4* 9,T!
.,,TART7,,8�$* G! 7$+,,5P32+z,,@K! P7q+,,R@S! 3+,,5
D/$G7f:>171 uQA< !" 7$+=-%$G *N!9,5! * 9,=52

71 F:1�4 !" v:0>4 F$!9==V.
71 .b(w1 .V "AfT+R5G! 7,Y%- D$+q" 3!%- P2AQ

\*9,,S "2 �"9,,=1 3+,,5"A@V+E1"!9,,01 * 2"!9T+@,,&! P
H+M1 9=$I%E "2 7@/$+- .V 2"!2 2AS* 7U+Y2"!* 7-+,$

2AQ e+6&+>1)3!%,- g[@=1 .0f=1 g:Q 9U"2 �w�1
* �!9(!G! 7@/$+6T �"W- 7@O=U 9(!8%@h,:- 9U"2

9Q+-.(+,$ .,=:RV 7@/,$+- +5"A@V+E G! %B$2 7Y%- 7C*
7RT * 9TAQ .=:h:-"!901 H!A41"2 +,XTI 3!%,- 7z[h

DE%8 %bT.\*9,S Pv,:0>4 F,$! "2 *" F$! G!1*2 .,-
D,&!  9,Q ?:/,04 DR/K:#,-!A4 * ~[h,1 x$!%,Q

N951.\*9S29,S * ~[h,1 x$!%,Q D&%XE\*3
71 H+hT !" N95 #-!A4 D&%XE952.

1. Objective functions
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\*9S1.H+M1 H2%V ~[h1 "2 ?X1 3+5"A@V+E�"W- #$+=U DY+& 3!%- g&+=1 3+5
78�$*2"A1

F:1G g:Q
F:1G DO&*

 G%C3W:Y
2+- DXS

78�$*F:1G 3+5

.O&A4 DXS%XQ
78�$*7q+R@S! 3+5%XQ G! .JU+E
78�$*32+z@K! 3+57M$2WT"+V "!G+- .-

4��%- F:1)7JU! \+0@T! xY +$  +8*%:T(
ZI .- 7&%@&2

 !" +4 .JU+E7&%@&2 3+5
7$+=-%$G '1!Aq .- 7&%@&2

.:C*! 2!A1 .- 7&%@&2
D�+^( vt+=1 G! 3"*2 9Q

'B=S G! 3"*2 78�$*D/$G 3+5-7f:>1
%XQ G! .JU+E

#6=1:Sarvar, 2006 & Makhdoum, 2008

\*9S2.A1 x$!%Q D&%XEH+M1 F@E+$ 3!%- G+:T 2"�"W- #$+=U DY+& 3!%- .=:X-
78�$*2"A1

F:1G g:Q
F:1G DO&*

 G%C3W:Y
2+- DXS

78�$*F:1G 3+5

%XQ .O&A4 DXS
%XQ G! .JU+E

78�$*D/$G 3+57f:>1
ZI G! .JU+E7=:1G%$G 3+5

\*9S3.3!%- N95 #-!A4 D&%XE�"W- #$+=U DY+& 3!%- .=:X- H+M1 F@E+$
78�$*2"A1

78�$*7q+R@S! 3+5%XQ G! .JU+E
78�$*32+z@K! 3+5"+V "!G+- .- 7M$2WT

�%- F:1�4)7JU! \+0@T! xY +$  +8*%:T(
ZI .- 7&%@&2

 !" +4 .JU+E7&%@&2 3+5
7$+=-%$G '1!Aq .- 7&%@&2

.:C*! 2!A1 .- 7&%@&2
D�+^( vt+=1 G! 3"*2 9Q

78�$*D/$G 3+57f:>1
'B=S G! 3"*2
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3-1-5M39052+.30 4")0
e+R:/,04 F$%,YI %,- v,6f=1 .,OC+f1 2"A,1  2*9>1

D,,&! H+,,jTG H+@,,&!  2*9,,>1 7T+@,,&!. 2*9,,>1 F,,$!
22164%@1A,,,J:VF$%,,,YI "2 * 2"!2 DO,,,&* #,,,-%1

_+jT! 3"+RQ%&\+& "2  9Q1385+,- %-!%- P901724
S %,,^T.,,V .@,,Q!2 D,,:OR15/50]+,,0T "2 HI 9,,U"2

.,,:0- * 3%X,,Q)7,,=O$85/49HI 9,,U"2(D,,:ORS !"
D,,&!  2!2 ':Mh,,4 7$+@,,&*"."2 "+,,M:- 2!%,,E! D6/,,T

.,,OC+f1 2"A,,1 �,,0f=115':Mh,,4 !" D,,:ORS 9,,U"2
71D&! 7$`+- "+1I +52"!9T+@&! v6t%- .V k952."2 F$!

"+:/,- H2+,O1 3!"!2 .,0f=1 F,$! .V D&! 7C+(7,=m
71 * D&!9Q+- 7qA=@1 #$+=U 3!%$o< 9T!A4.7,E%t G!

"2 * �A,,=@1 7M$�A,,CAV! u,,QA< 3!"!2 H+,,jTG H+@,,&!
D,&! "AhV 'V "2 2%E .- %z>=1 2"!A1 7Y%-.F,$! G!

71 #$+=U 2+j$! *".,0f=1 32+z,@K! DE%h,:< .- 9T!A4
H+M1 .V 7t%Q .- P2AQ %j=17@O=,U 3+59,(!* 7-+$

.TA8 .-.V 9Q+- 3!.,0f=1 ?:,JK! * D/,$G x:,>1 .-
9&%T 76:&I.74+,OC+f1 2"A,1 Z+[@T! ':C2 .J�/1 F$!

H+M1D&! H+jTG H+@&! "2 �"W- #$+=U 7-+$.'M,Q2
71 H+hT !" 74+OC+f1  2*9>1952.

'MQ2.v:0>4 74+OC+f1  2*9>1

3-2-L4.0IL4,4 AF.G.8
 2!2 \*! .J(%1 "2G+:T 2"A1 7^:UA4 * 7T+M1 3+53!%-

'(#RS .J�/19Q 3"*I..$` H2%V  2+1I G! r<3+5
7T+,,M1 e+,,qwt! .T+1+,,& .,,- 2*"* 3!%,,- 74+,,qwt!

)GIS-ReadyH2%V( 2!2 P 2!2 .,- 7^:,UA4 3+53+,5
x64%1 7T+M11 2!2  +,B$+< %,YI "2 * 9Q7T+,M1 3+,52

9$2%8 7(!%t x64%1.
x:,>1 "2 .J�/,1 F,$! ',( 3!%- .V +jTI G!GISP

,,jT! 2!2 3*" %,,- 7,,�+$" e+6,,&+>1 _+3%@,,&" 3+,,5
D(!".,$` 71+R4 P2A- %4 2!2 .,- 74+,qwt! 3+,53+,5

2+O-! +- 3%@&"250.,- .,SA4 +,- .V 9T9Q '$964 %@1
D&! \A6K 2"A1 H+@&! D(+/1.* H+@,&!  2*9>1 .$`

.,,$`.,,qARj1 H!A,,=q .,,- G+,,:T 2"A,,1 %,,B$2 3+,,5G! 3!
'/M:<)G"! +- +53q .- ~[h1?@$"A,BC! 32*"* H!A=

_+,jT! +XTI 3*" %- _G` e+6&+>1 * 9Q  2+^@&! c:@T�
DE%$o<.G+,:T 2"A,1 #-!A4 * ?@$"ABC! 789:;:< ':C2 .-

.1+T%- "2.1+T%- H+-G G! v:0>4 F$! "2 PHI 7/$AT7/$AT
Matlab.,- HI �$+,@T *  9,Q  2+^@,&! 7/$AT9V 3!%-

_%T x:>13+5"!WE!GISD&!  9Q x64%1.

3-3-5N9<O@ ",?M'NG, A,?N@ F.N<= 4")0 P(,?Q
R"S@ T(.9B

\*9,S "2  9,Q %,Va 3+,5"A@V+E G! _!9V %523!"!2 P
�!%[@,&! ]A,-%1 #-+,=1 G! .,V 9=@/,5 7$+52"!9T+@&!

 9$2%89T!.H+R5\*9S "2 .V "At271  9$2F$! P2AQ
D/,$G  *%,8 *2 "2 x$!%Q7,f:>1 ,47,8�$* *3+,5

F:1G57,1 "!%K89,T%:..J�/,1 "2 x$!%,Q 2*"* 3!%,-P
7,RT �9,U �A,E x$!%,Q "2 .V 7t+0T9,T2%V',V G!

2*9>1 9T9Q �"+Y e+6&+>1 G! H+@&!.\+�1 H!A=q .-
F:1G3`+- g:Q 3!"!2 .V 7$+583!%,- 9=@/5 9U"2

g,,&+=1+T �"W,,- #$+=,,U "!%0@,,&!9,,T!)Makhdoum,

2008.(':J>4 G!  2+^@&! +- F$!%-+=-3+,5GISPG! r,<
7,=>=1 3*" G! H+@,&! g:,Q .h0T .:X4PH!W,:1 3+,5

3`+- +XTI g:Q .V 7t+0T8e+6,&+>1 G! 2A,- 9,U"2

1. Link
2. Spatial Data Base
3. Value
4. Environmental - Ecological
5. Land Characteristics
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9$2%8 �"+Y..TART H!A=q .-7@O=U 3+59(!* P%B$2 3!
9==V D$+q" !" +5%XQ G! 7z[h1 ?$%( 9$+-.?$%( F$!

'/,M:< * 9,$2%8 .6&+>1 %E+- W:C+TI G!  2+^@&! +-3+,5
G! ]A-%19T9Q �"+Y e+6&+>1.H2%,V ?,V .- %1! F$!

"2 e+6&+>1 ?j(NSGA-II71 cRV W:T!%,$G P9,=V
'/,,M:< G! 7@R/,,K�9,,U .J�/,,1 x$!%,,Q "2 .,,V +,,5

7RT7,1 �"+,Y e+6&+>1 G! P9==V9TA,Q.7,Y%- %:|�,4
G! r,< * H+$+< "2 P2+- )G* DXS 7&"%- %:bT Px$!%Q

e"AU F$! .- k9$2%8 7&"%- ?@$"ABC! 3!%S!G! r< .V
DR,& .- 2+- )G* DXS "2 .V 7t+0T P�$+@T �!%[@&!

Z!AS .qARj1 G! P9T"!2 "!%K +5%XQ9T9Q No( +5.

3-4-5N9<O@ ",?M'G, A,?@ F.<= 4")0 U78 T@,)D
R"S@ T(.9B

F:1G %5 ':/T+@< .- 39$9Q 7B@/-!* F:1G%& u$+1I
.@&!AY * e!"+b@T! *2"!2 F:1G HI G! H!%$91 3+5.%,5

/K �,$* ':/,T+@< 3!"!2 F:,1G G! DR"2 .,V D,&! 3!
�,=5+R5 2AY N!%t! x:>1 +- 7@/$+- PF:1G D$%$91

H!%6S e+RfC G! #T+1 +4 9Q+-D/$G %$o<+T,,* 7,f:>1
2A,Q 7q+,R@S! * 32+z@K! 7@()Ducheyne, 2003.(

�N95 #-!A4 P.1!2! "2%bT "2.@E%8.J�/,1 F,$! "2  9Q
D&!  91I c:M^4 .-:

 :RV%XQ G! .JU+E H2%V .=:F:1�4 DCAX& "Ab=1 .-
F:,=;R5 P7@O=,U 3+59,(!* G+,:T 2"A1 "+V 3*%:T
* %X,Q * .,T+Y"+V F:,- H+=V"+V 91I * DE" ':X/4

.6=S\+�@Q! 3+5P7@O=U 3+59(!* 7$!GD,&! _G`
7@( 7@O=U 3+59(!*c,$2WT +5%X,Q .,- H+,M1`!

9=Q+-.J,U+E H2%,V .,=:RV N9,5 #-+4 F$!%-+=-G! .
71 d$%O4 %$G e"AU .- %XQ2AQ:

.f-!")8(

j j i

n

(x ,y ),C
i

f (x, y) min D
%

% &1
1

HI "2 .V(x,y)f1P\*! N9,5 #-+4 N%O1n2!9,O4
* +5%XQ(xj,yi),ciD'/,M:< .J,U+Ej%X,Q +,- _!i_!

iC+>1 e"A,U F,$! .- .V D&!7,1 .6,&2A,Q:!9,@-!
"2 .,=$W5 #-+4 "!901 7&"%- 3!%- .V '/M:< %5 .JU+E
�M6Q +4 ?:0@/1 e"AU .- PD&!  9Q Z+[@T! ?@$"ABC!

 !"7,1 .6,&+>1 +5c,$2WT * 2A,QD,&2 .,-  !" F$%,4
719$I1JU+E F$%@RV 7=O$ k�'/M:< !" G! +57JU! 3+5

9Q 95!AY .=:RV.2"!* .JU+E P.1!2! "2.-  9Q?@$"ABC!
D&! F:={:c,$2WT +,4 '/M:< .JU+E �ARj1 !" F$%,4

)D&! 2ARq xY \At .V(%X,Q +,4 2ARq 3+< .JU+E *
"+,:O1 * !%@/,j$!2 ?@$"A,BC! .,- .,SA4 +- .V %bT 2"A1

 !" .M6Q 3*" %- .JU+E F$%@RV71 .6&+>1 +52AQ."2
F:,R5 .,- .JU+E W:T  9Q  2"*I N95 #-!A4 %$+& 2"A1

&+>1 'MQD,&!  9Q .6.'M,Q3.,f-!" *)9( A,>T
c$2WT Z+[@T!H+h,T !" '/,M:< .,- 7&%@&2  !" F$%4

7129=5.

'MQ3..JU+E F$%@RV H2%V .=:RV �:�A4

.f-!")9(
' ((x,y),Roadsmin D min r Roads Disc(x, y, r)% ) * +

  !" G! .J,,U+E H2%,,V .,,=:RV7,,&%@&2 3+,,5:3!%,,-
D,&! _G` P7@O=,U 3+59,(!* .- 7&%@&2 DCAX&

I 7M$2WT !" .- +XT2AQ F:1�4 7JU! 3+5.

 .P2"!9,T 2AS* 7&%@&2  !" .0f=1 "2 '/M:< %5 3!%- .V +jTI G!
+E !9@-! F$!%-+=- !" +4 ?:0@/1 .JU71 D&2 .- 7JU! 3+5* 9,$I

71 .6&+>1 N!%8 3*" .JU+E 70-+1 rs&2AQ.F$! D0:0( "2
71 g6& "+Vc$2WT G! .JU+E .V 22%8.T * 2AQ .=:RV  !" F$%4

 !" 71+R4 G! .JU+E2ASA1 3+5.
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.,f-!" 'M,Q .- N95 #-+4 F$!%-+=-)10(9,5!AY"2
91I:

.f-!")10((x,y),Roadsf (x, y) min D%2
 3�%,T! 9,:CA4 #-+,=1 G! .JU+E H2%V .=:RV:G! 7,M$

H+M1 "2 .V 7Jy+/1"2 7@/,$+- �"W,- #$+=,U 7-+$
D,&! 3�%T! F:1�4 �A�A1 P2AQ .@E%8 %bT.F:1�,4

- 3�%T!.,TA8 .- 7@/$+F$%,@RV .,V 2A,Q _+,jT! 3!
.=$W59=V ':R>4 DO=U .- !" +5.W:T v:0>4 F$! "2

%,bT "2 .,T+8!9S e"AU .- #-+=1 G! _!9V %5 F:1�4
 9Q .@E%871  "+Q! +XTI .- .1!2! "2 .V P9T!2AQ.

dC!(*%,:T \+,0@T! ]A,fY G! .J,U+E H2%,V .=:RV:
W5 F$%@RV +- �%- 3�%T! F:1�4 3!%-.,=$D,&! _G` +,5

H+M1 "2 �"W- #$+=U!" .J,U+E F$%@RV .V 9=Q+- 7$+5
N"+z,1 3!%,-  2+^@,&! ',-+K 3*%,:T \+,0@T! ]AfY +-

9=Q+- .@Q!2 7@O=U.\+,0@T! ]AfY 'MQ "2 .OC+f1 +-
.JU+E "2 ]AfY F$! .V 9Q ~[h1 P*%:TG! c$2WT 3!

 !" 9Q #K!* 7JU! 3+59T!.]A-%1 N95 #-+4 F$!%-+=-.-
 !" .- 7M$2WTF:1�,4 W,:T !" N9,5 F,$! P7&%@&2 3+5

719=V.
Z(ZI 9,:CA4 #-+,=1 G! .JU+E H2%V .=:RV:v,6t

e"A,U "2 9,TG+j1 �"W- #$+=U P2ASA1 3+52"!9T+@&!
.0f=1 ZI 9:$�4ZI G! ]A-%1 H+@&! "2 3!2A,SA1 3+5

.,,T+Y2*" .M6,,Q "2 %^,,& * +59,,& W,,:T * +,,5ZI 3+,,5
1 3!%- 7=:1G%$GN"+z3!%,- r,< k9,==V  2+^@&! H+Q

.,=:RV +,XTI G! .JU+E 9$+- 7-I #-+=1 G!  2+^@&! ':X/4
2AQ.c,$ "2 2A,SA1 7,-I #-+,=1 71+R4 .J�/1 F$! "2

.J,,U+E F@E%,,8 %,,bT "2 G! r,,< *  9,,Q #,,:Rj4 .,,$`
 9Q .y!"! e+>:�A4 .- .SA4 +- P+XTI G! .JU+E P2"!9T+@&!

9Q .=:RV P\*! N95 #-+4 2"A1 "2D&!  .#-+4 F$!%-+=-
�f-!" e"AU .- _A& N95)11(71 d$%O42AQ:

.f-!")11((x,y),Waterf (x, y) min D%3
.,:C*! 2!A,1 * ZI 9,:CA4 #-+,=1 2"A,1 "2 !" .,V 3!

.h0T "2 +XTI 7J>1 7&%@&29,:CA4 2"!9T+@&! 3+5 9,Q
e"A,,U .,,- ?@$"A,,BC! .,,- 32*"* .J,,U+E P2"!9,,T 2A,,S*

.f-!")12(&+>1D&!  9Q .6.

.f-!")12(
(x,y),Water Per to road Per from resourse RoadD D D D$ $ $ $% # #

HI "2 .Vper roadD $+,4 '/M:< G! 32ARq .JU+E
c$2WTP !" F$%4Per from resourceD $ $32A,Rq .JU+E

c$2WT +4 #6=1 G!*  !" F$%4RoadD +4AV.J,U+E F$%4
4 '/M:< 2ARq 3+< G!.M6,Q 3*" %,- #6=1 2ARq 3+< +

 !"D&+5.
�(.,:C*! 2!A,1 #-+=1 G! .JU+E H2%V .=:RV:#-+,=1

?,,X1 G! +,,XTI F:1�,,4 * .,,:C*!"2 2A,,SA1 'y+/,,1 F$%,,4
7,1 "+R,Q .,- #$+=U D$%$919,$I.* H2+,O1 +,j=$! "2

"2 .,:C*! 2!A1 #-+=1 H!A=q .- .:C*! 2!A1 )*%E 3+5"!G+-
G! .J,U+E *  9,Q .@E%8 %bTD,&!  9,Q .,=:RV +,XTI.

.,f-!" e"AU .- HI .- ]A-%1 N95 #-+4 F$!%-+=-)13(
D&!  9Q d$%O4:

.f-!")13(

j j

k

(x ,y ),min e
i

f (x, y) min D
%

% &4
1

 D/,$G ?X1 vt+=1 G! .JU+E H2%V .=:h:-7,f:>1:
D/,,$G vt+,,=1vt+,,=1 '1+,,Q ?,,X1 7,,f:>1

D�+^(',B=S *  9,QD,&+5.D,&! _G` +,j=$! "2
2AQ .=:h:- .JU+Ee+,RfC F$%@RV �"W- #$+=U +4

D/$G9=Q+- .@Q!2 vt+=1 F$! "2 !" 7f:>1.
.f-!")14(

j j i

n

(x ,y ),R
i

f (x, y) max D
%

% &5
1

3-5--.J+, V(?2D;<'=> &'(")*+, A.8
H+RC! d$%O4  A>T DR/K F$! "2�c,:@T� ?@$"A,BC! 3+5

9Q 95!AY �$%h4 .@E" "+V .-.
 H�+5:'/M:< G! _!9V %5d$%O4 3+59Qvt+,=1 "2  

\A6K 2"A1)x$!%Q \+Rq! G! r< 74+OC+f1  2*9>1(
 9Q .@E%8 %bT "2 H� H!A=q .-9T!.

 _*GA1*%V+5:.qARj1H� G! 3!+,5)'/,M:<+,5(.,V
~[h1.,- .,V 9=@/,5 Z!A,S .qARj1 c$  9==V
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 9,,Q .,,@E%8 %,,bT "2 _*GA,,1*%V H!A,,=q9,,T!."2
?@$"ABC!!%S! %5 "2 P.E959={ 7J1+M4 3+571H!A,4

.qARj1 .-Z!AS G! 3!%,1! F:,R5 * D,E+$ D&2 +5
71 g6&9,={ .,M=$! g/(%- P"!%M4 %5 "2 .V 2AQ

.,:(+T .,- P9Q+-  9Q d$%O4 .J�/1 "2 \AXj1G! 3!
9:&" Z!AS)Engelbrecht, 2007.("2 D,&! %,@X-

\A,Xj1 2!9O4 .J�/1 F$!+,5'/,M:< c,$ G! u:,-
5"A4!%<! G! H!A@- +4 2AQ Z+[@T!u,XS * #t+,04 3+

9$9S D:ORS 2+j$! 3!%-1c,$ .,- *  2%V  2+^@&!
.:(+T).qARj1 .V'/M:< G! 3!D&+5(DE+$ D&2.

 uXS * #t+04 _+jT!:?@$"ABC! "23!%,- 7J1+M4 3+5
Z!AS 9:CA4'/T "2 %@X- 3+5D,&! _G` %4`+,- 3+5

2A,Q _+,jT! u,XS * #t+,04 .V)Coello Coello,

2007 & Haupt, 2004(.PF:1G%& u$+1I .J�/1 "2
712%,V  2+^@&!  2+& uXS * 7fY #t+04 G! H!A4.

71 2AS* .- +j=$! "2 .V 7JMh1 7C*D,&! F,$! 9$I
PuXS +$ * #t+04 "2 2"!2 H+M1! .V9:CA4 74+z@[1
9Q+6T 74+OC+f1  2*9>1 "2 .V 2AQ.F,$! '( 3!%-

u:< �J�/1 "2 'Mh1* #t+04 "2 7U+Y )*" G! *"
uXSD&!  9Q  2+^@&!.c,$ \AJ,& %,5 .,- !9@-!

3%=$+,- 9,V .-  "+RQ F$! *  9Q  2!2 D6/T  "+RQ
D&!  9Q '$964.3+,S .,- u,XS * #t+,04 rs&

 9,Q _+,jT! \AJ,&  "+R,Q 3*" %- P\AJ& e+z@[1
D&!.74"A,U "29,:CA4 9,$9S �"+R,Q .,V"2  9,Q

G!  2+^@,&! +,- 9,Q+6T W,:T 3%=$+,- 3+59V �2*9>1
2%V %$Az4H2'$9,64 %B$9,M$ .,- 3%=$+- 3+pE *2 P

719TAQ.#t+04 _+jT! 3!%- F$9C!* Z+[@T! F:=;R5
G!  2+^@,&! +,- P9,$9S '/,T 2+,j$! 3!%,- PuXS *

D&!  9Q _+jT! 7$*2*2 Z+[@T!.

4-W(.'=
H+M1?@$"A,BC! G!  2+^@,&! +,- 7@O=,U 3+59,(!* 7-+,$

 2!2 .O&A4HI G! ',U+( �$+,@T * .@E%8 _+jT!  9Q.,-
D&! %$G i%Q:

+- 3*+/1 7@:ORS +- ?@$"ABC! !9@-!15000'/M:<

'/M:< 'V 2!9O4 %-!%- �!2*9( .V"!%,M4 c,$ "2 PD&+5
H+M1 +4 9Q _+jT!d$%O4 x$!%Q "2 .V 2ASA1 3+5 9Q

71.06t D$AC*! g/(%- P9=j=89TAQ 39=-)'MQ4.(

'MQ4.D:ORS G! 'U+( .j:@T15000c$ "2 '/M:<.- "!%M4
.64" "Ab=1Z!AS 39=-+512

H+R5'MQ .V "At471 H+hTF,$! "2 �$+,@T P952
.- \*! "!%M4 "2 .J�/114?:/04 .X6S 9,Q 39=-9,T!

)'MQ4Z!AS .X6S3+514-1.(.X6S D$AC*! "2P+,5
H+M13%-"+,V .,- g&+=1 3+5�+z,@Y! 7@O=,U 3+,5

.TA8 .- PD&! .@E+$[h,1 \*! �,X6S .,V 3!~�9,==V
H+M1�,X6S * \*! D,$AC*! +,- +514H+,M13!"!2 3+,5

71 H+hT !" .64" F$%YI952.
H+$+< ]%Q .- .@/- P?@$"ABC! "!%M4 2!9O4 u$!WE! +-

Z!AS P"!%M471 �A& H9Q .=:X- DR& .- +59,=-+$."2
P'RqH9,Q v0>1 * 7B=:X- x$!%Q d$%O4 +- ?@$"ABC!

71 dKA@1 HI2AQ.0>4 F$! "23+5"!%M4 2!9O4 v:50P
100P150P200*2502"A,,1 P�$+,,@T 7,,&"%- 3!%,,-

D&! .@E%8 "!%K  2+^@&!.71 H+hT �$+@T�w,Rq .V 952
"!%,M4 "21507,C* P 9,$2%8 v,0>1 7,B=:X- x$!%,Q

.-v:K2 7&"%- "Ab=13+,5"!%M4 +,- ?@$"ABC! P%4200*
250D&!  9Q _+jT! W:T.

1. Offispring Population
2. Mapping
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"!%M4 G! 'U+( �$+@T250.:C*! D:ORS +- _!1000
'MQ "25.,V PD&!  9Q  2"*I28!" g,&+=1 H+,M1

3%-"+V 3!%-71 H+hT 7@O=U 3+5952.
Z!A,,S3+p,,E 3!"!2 .J�/,,1 F,,$! "2 .,,=:X- 3+,,5

�=<9=@/,5 , N95 #-!A4 2!9O4 .- , 39O-..,V +,jTI G!
�=< 3+pE u$+RT7=>=1 +j=$! "2 PD&! FMR1+T 39O-

Z!AS+4 .& 3!%- +5.& 7$+pE "2 N95 #-u$+RT 39O-

D&!  9Q  2!2.'MQ6Z!AS �$+@T]+,0T * .=:X- 3+5
7=>=1Trade-off"!%,M4 G! ',U+(250D,:ORS * _!
.,,:C*!1000N9,,5 #-+,,4 .,,& "2 !"1*2*5H+h,,T

71.- .V P952D,(!" * %,@X- �"2 "A,b=1.,& PHI %,4
%$Az4.,& D,C+( G! 39O-*2 9,Q  2!2 u$+,RT 39,O-
D&!..,& "!2ART 3*" .f0T %5'M,Q 39,O-6%BT+h,T

'MQ 3*" Z!AS .f0T c$5D&!.

'MQ5."!%M4 G! 'U+( �$+@T250.:C*! D:ORS +-1000

'MQ6.Trade-off.&N95 #-+4 .& 3!%- !" 39O-*2 * 39O-2P1*571 H+hT'MQ HI "2 .V 952)a(.X6S.& Z!ASH+:1 �=:X- 39O-
!A4N95 #-2P1*5'MQ P)b(N95 #-!A4 .=:X- Z!AS .X6S5*2'MQ P)c(N95 #-!A4 .=:X- Z!AS .X6S5*1'MQ P)d(Z!AS .X6S

N95 #-!A4 .=:X-1*29=@/5.
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5-5X<'= ! YZ@A?<C
D/4 _+jT! G! r< u[- F$! "23*" %,- d,J@[1 3+,5

,@Y!2%< HI �$+,@T * \9,1 7j=,&"+6@q! .,- P?@$"ABC!.
9Q 95!AY.

5-1-&'(")*+, A?([\",?/D ]^D
?@$"ABC! "2 .V +jTI G!.,- .,:C*! D,:ORS P7J1+M4 3+5

71 Z+[@T! 7E2+z4 e"AU3+,5!%S! +,- "+V �$+@T P2AQ
2A- 95!AY e*+^@1 PdJ@[1.?@$"ABC! D&! _G` F$!%-+=-

+,4 2A,Q !%,S! H+/,M$ 3+5%@1!"+< +- dJ@[1 e+OE2 .-

�$+@T "2 e!%::�42AQ .b(w1)Saadatseresht et al.,

2009.(?@$"ABC! Pv:0>4 F$! "25"+-1.:C*! D:ORS +- P
1000"!%M4 2!9O4 *100D&!  9Q !%S! "+-.\*9,S4

Z!A,,S 2!9,,O4'M,,Q * .,,X6S %,,5 "2 !" +,,577(!A,,T
Z+,,[@T!.,,-  9,,Q7,,1 H+h,,T !" ?@$"A,,BC! .J:,,&*9,,52.

H+R5'MQ "2 .V "At771  9$2P2AQZ!AS %@h:-,5+
7(!A,T * 9,T"!2 u,QA< %B$9,M$ +,- 74+z,@[1 %bT G!
G! ?@$"ABC! ':C2 F:R5 .- P9=@/5 H+/M$  9Q Z+[@T!

2"!2 e+6| 3%$o<"!%M4 %bT.

\*9S4.?@$"ABC! 3%$o<"!%M4 D/4
V(4" L".JQ 5<+!, ]<2J_ .8",?/D 4,72D `,)_ 4,72Da!, `,)_ bOc_ "4 .8

1 1000 250 29

2 1000 250 27

3 1000 250 31

4 1000 250 31

5 1000 250 30

6 1000 250 32
1

'MQ7.Z+[@T! 7(!AT.-  9Q?@$"ABC! 3%$o<"!%M4 7&"%- "Ab=1 .- dJ@[1 3+5!%S! "2 H+/M$ 3+5%@1!"+< +- ?@$"ABC! .J:&*

1. run
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5-2-?N@ .8",?/D ?<deD ! W(.'= #(,?*J8 #G"?@
-I A!"

H+R5.@^8 .V "At3+,5"!%M4 2!9O4 v:0>4 F$! "2 P9Q
50P100P150P200*2502!9,O4 %:|�4 7&"%- 3!%-

D,E%8 "!%,K  2+^@,&! 2"A1 P�$+@T 3*" %- "!%M4.�$+,@T
"!%M4 "2 .V 2!2 H+hT150 9Q v0>1 7B=:X- x$!%Q

3+,,,5"!%M4 "2 �$+,,,@T * D,,,&!200*250%,,,::�4
7=O19T"!9T H9Q .=:X- "2 3"!2.F$!%-+,=-"2 ?@$"A,BC!
"!%M4150D,&!  9:,&" _G` 7$!%BR5 .-.\*9,S5*

'M,,Q87,,=>=1 "2 !" +,,5"!%M4 F,,$! G! ',,U+( �$+,,@T
Trade-offH+h,T P?j=,< * \*! N9,5 #-+,4 .,- ]A-%1

719=52.

'MQ8.7=>=1Trade-off3+5"!%M4 "225P50P100P150P200*250N95 #-!A4 3!%-1)+5%XQ G! .JU+E(*5).:C*! #-+=1 G! .JU+E(

\*9S5.Z!AS 2!9O4.:C*! D:ORS +- dJ@[1 3+5"!%M4 "2 +51000
V(4" L".JQ 5<+!, ]<2J_ .8",?/D 4,72D `,)_ 4,72Da!, `,)_ bOc_ "4 .8

1 1000 25 41

2 1000 50 27

3 1000 100 29

4 1000 150 31

5 1000 200 30

6 1000 250 28
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5-3-]^D5<+!, A.8?'0,".\
2!9,O4 * "!%,M4 2!9,O4 HA,;R5 7$+,5%@1!"+< .V +jTI G!
P9T"!2 ?@$"ABC! 7S*%Y "2 7&+&! 7h0T .:C*! D:ORS

H+,RC! F,$! %::�4 +- D&! _G`7$+,XT Z!A,S %,::�4 +,5
2AQ 7&"%-.?@$"ABC! "2 H+RC! *2 F$!#-+4 P7J1+M4 3+5

9T"!2 _+T 7-+$G"!.\*9S "26',U+( �$+,@T P3!%,S! G!
#-+,4 .,V 7@C+,( 3!%,- e*+^@1 3+5%@1!"+< +- ?@$"ABC!

D&!  9Q  2"*I PD&! .=:RV \*! N95.H+R5.,V "At
71 .b(w1?@$"A,BC! "2 .,:C*! D:ORS u$!WE! +- P2AQ

Z!AS71 %@X- +5_G` H+,1G P%,B$2 N%,t G! 7,C* 9TAQ
7,1 u$!W,E! e9,Q .,- ?@$"A,BC! 3!%S! 3!%-9,-+$."2

\*9S6-./,$+01 H+,M1! * g,Jf1 H9,Q %4+,$A8 3!%
_G` H+,1G Pd,J@[1 3+,5%@1!"+< +-  91I D&2 .- �$+@T

./,,$+01 e"A,,U .,,- .,,1+T%- 3!%,,S! 3!%,,-D,,C+( +,,- 3!
�,,:C*! D,,:ORS1000"!%,,M4 *25D,,&!  9,,Q  2"*I.
?:Rz4 F$!%-+=-71  9T%:8.,- %@h:- H+1G N%U +- 9T!A4

74"A,,U "2 7,,C* 9,,&%- 3%,,@X- �$+,,@T.,,V3!%,,- H+,,1G

?:Rz4F:$+,< �,:C*! D,:ORS +,- P9Q+- ?X1 3%:8W,:T
719:&" 7-AY �$+@T .- H!A4.

5-4-&<JKDA?<C
H+R53*" %,- 7-+,[@T! �,f0T c,$ P9,Q  "+Q! .V "At

Z!AS 7=>=1.,f0T c$ P%bT 2"A1 x$!%Q +- .=:X- 3+5
#$+=U DY+& 3!%- .f0T F$%@X- H!A=q .- !" .h0T 3*"

7,1 H+hT �"W-9,52.7,=>=1 3*" %,bT 2"A,1 �,f0T
Z!AS71 .=:X- 3+5%,bT 2"A,1 x$!%Q .- .SA4 +- 9T!A4

?:Rz42A,Q Z+,[@T!  9,T%:8.N9,5 \+,�1 H!A,=q .,-
?:Rz4.f0T Z+[@T!  9T%:8.J,U+E F$%@RV .V D&! 3!

G! !" .J,U+E F$%@h,:- \+,( F:q "2 * 3%XQ ]+0T +- !"
D�+^( vt+=1',B=S *  9,Qk9,Q+- .@,Q!2 +,5F$9,-

�7,=>=1 3*" "AVo1 x$!%Q .- .SA4 +- .f0T F$! "Ab=1
Z!AS F$%@X-71 Z+[@T! +5�,j:@T * 2AQZ+,[@T! F,$!

71 ~[h1 .h0T 3*"22%8.

\*9S6.�$+@T 3*" %- ?@$"ABC! 3+5%@1!"+< %::�4 %:|�4

5f 4f 3f 2f 1f  !"#$ %!&'( )$*+, -$.&,  /01*2 3$*($ 3$*2 456 70/5

94067 99642 27145 2785 62670 25 t

95087 97105 26960 2754 62581 50 3t

98076 94053 25970 2698 61997 100 5t

101150 92569 24458 2689 60877 150 8t

101128 91167 23887 2687 60876 200 10t

101132 89710 22976 2686 60873

1000

250 12t

95680 89834 23760 2776 62539 25 13t

101237 89013 22903 2678 60760 50 20t

102872 88720 22003 2674 58970

10000

100 27t

101549 89190 23054 2762 56439 5 21t

103030 88534 21965 2660 52680
15000

10 30t
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8+9 :0;/ 7$<=>  230?@9#1070A?1 $) BC"0?D
B/E!'F, G.@ 7H )-  I .@-7-*?I 8J$.?D KL.1*!M

:#$ G.?@ N20, 7H )- B=&O P%Q$ 3*R9 S0T1 5$  UV0W
%Q$  =!'I.8+99XYT1 KZ0[C1$3#) *2 L.9Trade-

off Q3.&2)%?Q$ L.9 \[A/ B&2*/ 02(*O#0F?, #
A1 $) 0@)<]/ 3#) *2  YT1 7HB/ 70%!&?^# 0?, .?@-

BC"0D )- G.@ N2$<, *O0Q ?2 %Q$ )$*J*2 S*9 _O$  I
8+9 # -<9  C9$`M aO0'110S*9 _O$ :0'>$ Xb!C1

B/ \[A/  AT1 )- $).=I.8!U], )-%'c?J _O$ 30@

X?!"#$ %?!&'(  2 S<2*/ dO0C1 5$1000)$*?+, #250
%Q$ L.9 L-0eCQ$.Z0[C1$ XYT1 ?=!R2 Z$<( fO L.9

Q$5$  U?V0W _O*?C'I 3$)$- Bgc?1 h)<?V  ?2  ?I %
ij0??=/ 5$  U??V0W _O*CA??!2 :0??D _!??> )- # 0@*R??9

%k0eD8l=( # L.9%Q$  !"#$ -$</ N20=/ # 0@.
:#.(7 =!'I 5$ 8V0D dO0C1 m!1) =!A!2 0O #(7-*I

G.@ N2$<, *O0Q *k0=C/ *O-0T/ # G.@ N2$<, 5$ fO *@
B/ 70A1 7H 3$5$  2 $).@-.

(:#.7. =!'I) =!A!2(7H n0Q$ *2 G.@ N2$<, *O0Q *O-0T/ # G.@ N2$<, 5$ fO *@ 7-*I

8+99.3.&2#- 30@0oW )-  YT1 _O$ *O#0F, # 3*R9 S0T1 5$  UV0W _O*C'I S*9 02  YT1 fO Z0[C1$

@;!A
B,-

B,-
)*.1C</

*.1D1;(
1f2f3f4f5f

1fI =!'1.0e+005*0.52681.0e+005*0.02661.0e+005*0.25761.0e+005*0.89601.0e+005*1.0303

2f =!'I1.0e+004*6.24991.0e+004*0.00181.0e+004*0.83451.0e+005*0.76541.0e+004*8.3858

3f =!'I1.0e+005*0.69881.0e+005*0.01961.0e+005*0.00061.0e+005*0.56981.0e+005*1.3983

4f =!'I1.0e+005*1.09581.0e+005*0.01631.0e+005*0.12351.0e+005*0.01641.0e+005*0.2839

5f =!A!21.0e+005*0.91761.0e+005*0.00631.0e+005*0.28091.0e+005*0.45691.0e+005*1.7806
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8+910.3*R9 S0T1 5$  UV0W _O*C'I S*9 :0'>$ 5$ 8V0D Xb!C1

5-5-I6!23 >J.K(!L2M9
5$ L.?/H %Q-  2 dO0C1 KECO)<l"$ Bb=Q)0gC>$ )<p=/  2

ECO)<l"$NSGA-II75# q#) dO0?C1 02\r0?9 B?@-1

q#) s*/5 )-  I75# 30@ ?2 8?D 5$ 8?gJ B?@-)0'?9
B??/%??Q$ L.??9  c??O0T/ K.??OH.L-0??Q )-:.??/ _O*??,
E@ AT1 $.C2$ K\r09 B109<tB/  !R, )<CI0W 30@-<9

0?2 # 7H a?T1 # %?!'@$ n0Q$*2 )<CI0W *@  2 uvQ #
L0M.O-  2  (<,iU&, 75# KBQ0=9)0I 30@B/-*!M._O$

_!??!&, BF??[A/ s50??2 )- # 3-.??> h)<??V  ??2 75#
B/s502 )- w6<'&/  I --*M*e?V#1B?/ :0?/*1-<?9.

 AT1 uvQ75# *!xy, 5$ ut )<CI0W 30@*lO.?+O 0?2 K0@
E@B/ B109<t.1<9.

 AT1 .!"<, 5$ ut i!T], _O$ )-)<p=/  2 K)<CI0W 30@
02 dO0C1 XcO0T/NSGA-IIb=Q)0gC>$ # ?(<, 02 0R1H B

L0M.?O-  2B?Q0=9)0I 30?@)75#-)$.10C?Q$ 30?@s.?9
:#.?( )- z).=/8(75# :.?/ 5$ 8?V0D XA?T1B?@-

8+9 )-  I ./H %Q-  2 \r0911L.?9 L-$- 70A?1
n{??I K7H )- # %??Q$30??@10??,10%??O<"#$3.??=2

70+/B/ 70A1 $) |Q0=/ 30@.=@-.2

dO0C1 }0gY1$ 5$ utNSGA-IIdO0C1 *2q#) 5$ 8V0D

75#K\r09 B@-7q#) 5$ 8V0D  YT1NSGA-II)-
K:#$ %??O<"#$ 3$)$- ij0??=/63$)$- ij0??=/ )-  ??YT1

K4#- %O<"#$9K4<Q %O<"#$ )-  YT14ij0=/ )-  YT1
K4)0R~ %O<"#$ 3$)$-1# Eb=t %O<"#$ )-  YT11 YT1

-)$- )$*??J EA??9 %??O<"#$ )-.70??'@ _O$*20??=2 ??I )<??j
 ??pD{/B??/K-<??922dO0??C1 5$  ??YT1NSGA-II)-
%O<"#$30@10,370A1  I .1)$- )$*J# BC?Q)- s.=@-

%Q$ q#) )0gC>$.:.?/ )-  ?+=O$  ?2  (<, 02 BW*j 5$
75#70??+/ K\r0??9 B??@-*!xy??, %??], B20??[C1$ 30??@
75#:0'>$ 30@=9)0I G*?j 5$ L.?90 ?=!/5 _?O$ 70?Q

70'"$ 75# *!!�, 02 K.=Cc@dO0C1 0@.?@$<r h#0eC/ m!1
-<2.dO0?C1 5$ B?r*2  ?I %c?!1 )0?pC1$ 5$ )#- _O$*20=2

ECO)<?l"$ 5$ 8?V0DNSGA-II%?O<"#$ )-5$ .??&2 30?@
.?1)$- )$*?J 4)0R~.ECO)<?l"$ B?"#NSGA-II5$ *xy?C/

75# =!R2 7H dO0C1 # %c!1 B@-75# # .1$B/ B@-.1$<,
Z$<( _!!&, 5$ ut-*!M h)<V 0@.12

1. Index Overlay
 .B// 7$<,B'1  U�c/ �O$*9 )-  I $) BTj0=u?t .?=b=M

E@ :./ 5$ 8V0D dO0C1 7./H %Q-  2 5$K\r09 B109<t
-*I G`D.%Q$ L-<2 dO0C1 XcO0T/ *CA!2 G.@ 0b=O$ )-.
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:#.(8.70+/ )- *x�/ 30@)<CI0W  2 S<2*/ 75# # %!'@$ .V)-BQ0=9)0I *p1  2  (<, 02 B20O

BM�O#-)</ (<, 02  j<2*/ 75# # %!'@$ .V)-
BQ0=9)0I *p1  2*).V)-(

BM�O#3-0FCJ$ # B>0'C($ 30@*R9 5$  UV0W20

}*2 _!/y,)BUV$ :0TC1$ �r 0O L0M#*!1(10

ZH  2 BQ*CQ-10

L$) 0,  UV0WBQ*CQ- 30@20
BO0=2*O5 8/$<>  2 BQ*CQ-

 !"#$ -$</  2 BQ*CQ-10

%k0eD ij0=/ 5$ 3)#-L.915
BM�O#%cO5 30@-BY!]/

8l=( 5$ 3)#-15

*75#L.9  �$)$ KL.9 .1#) h)<V  2 0@.1$.

8+911.E@ :./ 5$ 8V0D dO0C1 02 ECO)<l"$ dO0C1 Bb=Q)0gC>$9<t\r09 B10

6-*J123=:1N
5$ L-0eC??Q$ 0??2 L�#*??t _??O$ )-NSGA-IIECO)<??l"$  ??I

B?/ )0?I f!C1� ECO)<l"$ n0Q$*2 # %Q$ BU/0+,K.?=I
70??+/s-#.??]/ )- �)m??2 NO0=??V 3$*??2 |??Q0=/ 30??@

%Q$ L.9 \[A/ 70b15 70CQ$ B,0&"0Y/.40?b1$ 3$*2
L�#*t # 70Q0=9)0I *p1  2  (<, 02 $.C2$ )- )0I _O$30@

40b1$70'"$ Kij0=/ *O0Q )- L.9_!!&, *2 )$`M*!xy, 30@
70+/3*2)0I 3$*2 |Q0=/ 30@z$*[C?Q$ BC&=?V 30?@

70?'"$ _?O$ uvQ K.1.9E!c?T, #- )- 0?@B?UI 3.?=2
.??=CW*M )$*??J G.??@ �N??2$<, # �O$*??9.K.??&2 X??UD*/ )-

B?'1 }.?V -<?(</ �O$*?9 )-  ?I BTj0=/5$ .?1-*I
uv?Q K.1.9 z)0r L-#.]/ ?/01*2 0?2_?O$  ?2  ?I 3$
N2$<, KL.O-*M BD$*j )<p=/ U�c?/ *2 *p1 -)</ G.@

0eCQ$ 02 # .1.9 :0'>$L-5$NSGA-II=/ ij0?=/0|?Q
Z$<( XRg( m!1 # �)m2 NO0=V %r0Q 3$*2 ?=!R2 30@

.1.O-*M .!"<,.B?D$*j X?/01*2 5$ L-0eC?Q$ 0?2 70O0t )-
Z$<( B=]=/ 3#)  YT1 fO Z0[C1$ 02 L.90@ ?=!R2 3

 A?T1 3#) *k0?=C/ S0?T1 K*O.?/ *?p1 -)<?/ �O$*9 02
%Q$ L.9 \[A/.ER/B(#*r _O*,8V0D dO0C1 # 0@

B/ *I�  /$-$ )- i!T], 5$.1-*M.
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 K*??^0D a@#�??t 30@-)#0C??Q- _O*??C'R/ 5$ B??+O
7-<?2 �J0?=, )- -<?(# 0?2  ?I %?Q$ B"./ X&Q<,

 =!R2 KG.@ N2$<, Br*2E@ 350QB/ 40b1$ 70/5.@-
B/ $) 70+/$ _O$ 7$*O./  2 #L$) f?O  I .@-$) 8?D

L$) _O.=~ 70!/ 5$.?==OmM*2  =!R2 8D.h)0?g>  ?2
B/0??D ECc??!Q B><??1 K3-0R=A??!t ECc??!Q K*??lO-

E!'F,B/ f'I *O./  2  I %Q$ 3*!M0?2 0?, .?=I
%O<"#$ 7-*I \[A/# .?=I L.@0A?/ $) dO0?C1 K0?@

-*!l2 $) E!'F, _O*CR2.
 3*O`t)$*+, %c,ECO)<?l"$  ?I -$- 70A?1 ECO)<l"$

Z$<( -$.&, # %Q$ B"<gJ -)</ �3*O`t)$*+, 3$)$-0@
Z$<( 70+/ #�?UC[/ 30?@$*($ )- K AT1 3#) *2 0@

B=&/ *!!�, K70c+O 30@*C/$)0t 02-)$.1 3)$-.
 B?O$*l'@ %c?, KECO)<?l"$ B?O$*l'@ B?Q)*2 3$*2

.9 40b1$. ?I %?Q$ 7H 5$ BI0?D %c?, _?O$ dO0C1
<??l"$X??!"#$ %??!&'( 0??2 ECO)1000)$*??+, )-150

-$- .@$<r B"<gJ -)</ dO0C1 # L.9 $*l'@.
 G*?V 0?2  ?I -$- 70A?1 m!1  !"#$ 30@*C/$)0t %c,

*CA!2 70/5)*,60?2 X?!"#$ %!&'( 02(B?/ ?2 7$<?,
Z$<()-  ?I B,)<?V )- B?"# K.!?Q) 3*?CR2 30?@
E!'F,X?!"#$ %?!&'( K.?902 -#.?]/ 70?/5 3*?!M
!1 _!O0t-$- .@$<r B"<gJ -)</ Z$<( m.

60?2 X?!"#$ %?!&'( -$.?&, )-  ?I 0b1H 5$ 70O0t )-
B/ $.!t a@0I ECO)<l"$ 40b1$ %>*Q-<?gR2 3$*2 K.=I

.9 L-0eCQ$ ECO)<l"$La@#�t )-B/ 3.&2 30@5$ 7$<,
q#)70+/ 3$*2 BO0@Z$<( # -*I L-0eCQ$ BgO*T, B20O

)-  !"#$ %!&'( 7$<=>  2 $) 0R1Hi?!T], _?O$ ECO)<l"$
-*2 )0I  2.
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