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1. Evolutionary Algorithms
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      B?#%b GHHEK @18.9$8) 2$-S *+)   7"B&/2 .(  (!n&HA

          7BA $# yBY v+!-K (!-.V *+ @Y#-1 (!nHA " q?81%W
BPB9 #$!".  

  
2-4-+(),/= +,/QI/9 5 KQ'(R< S&TDA  /3  

 *.HA  $#    *A8P%+ rR]pA X8Y      (!nHA 0@5!$! X%+$8) Xn?$
           8&) %&+ %Hz{&K NH4# *+ 28EF' @l]1-Ho " @b#%fW qY

          @V8&3]/! L4!BV " @1%]1# X8JK$! nHP " Xc%P! y%eA
  L&1! %|P #$-A)Kai C, 2010 .(    $-&|.A *&+ GH&.m3Y

7BA       X%+$8) X!%+ @S8Q X%+$8) %Hz{K X 81    0%l?# X8Y
   X%+$8&) GH+ X$8b 81          B&9 *&]W%b %&|P $# 8&Y .  %&lR3V

D#8Ho " @6!%M  h}-K 2$-S *+ IHJCK G?! $# DB9 X 81
  $"8&iA D-&CP " @b#%fW X%+$8&) 02     " & r&R]pA X8&Y

 @A $!%' %|PBA !$ & 8TPU X$8b 81   *&) 2$-S G?B+ ~BY#
           @?-&l4! 0%&+!%+ @b#%fW 8+ @5!$! X%+$8) X-l4! "# GH+

    X%+$8) GH+ X%]fH+ X$8b 81 *)        0#$!# #-&/" (U X8&Y
       #$!# ,8&p]P! X!%&+ X%]f&H+  8H]A! .   7"B&/1   (!n&HA 0

@A (8fP !$ X$8b 81 783V! BY#.  
  

2-5-TDA U/V&#, S&  
        781 $# (!$8O3Y " @.sCA 28E48FA IdM1388    8&HP 

 -6 @+U5        (!n&HA *&+ (8&J48M *821429    $# ^&EOA%]A 
               ,U v+8&.A *&+ *&/-K 8&+ " 0L&1! DB?#%b *d18CA 781

       *P_8&1 *HRpK Z-3iA 8+ #-/-A8     0^&EOA%]A (-&HRHA 
    LsHP ,U #-d3) $8<# *JF.A .     *+ */-K 8+ 0^HK%K G?B+

  ,8P!"$ (!nHA *O.?!      �8&d?%JK *P_8&1 10       @&+U  8&HP %&+!%+ 
    N'!B6 IHJCK G?! $# 0L1!       %|P $# ,8P!"$ (!nHA X 81

 B9 *]W%b .            ! D#8[]&1! 8&+ ,8&P!"$ $!BJA 0*E48FA G?! $#
@.C.A D$839 `"$1B?#%b *d18CA .  

  
2-6-W9/CN S&TDA   

             *&E48FA #$-&A *&JF.A NHs&P8]o 8&+ ^18.K GHHEK X!%+
  X%+$8) *E1-K X!%+     #$-&A X8&Y     aH3e&K  ! 0%&|P     X%&Hb

 B&&9 D#8[]&&1! D$8HEAB&&.< .  GH&&HEK 8&&+ $-&&|.A G?B&&+
     X%+$8) ^18.K @+8? $! $# %z�A X8Y$8HEA    D#!# 08&Y     " 8&Y

 h%&&P \H&&CA $#  8&&HP #$-&&A 28&&VxM!  $!n&&W!ARCGIS 
v3/    D#8AU " X$"U   B?#%b X 81 .    X8Y$8HEA GHHEK  ! �o

    *Rs&R1 NHRCK $!#-3P 0@V%W      B&9 #8&i?! ^&K!%A .  X!%&+
 $!          @ds&P L&H3Y! 8&K #-+ h _ @+8?)( " (      ! h!B&) %&Y

         Dt&?" ^?!%&5 (U ;81!%+ " #-9 �pfA NA!-V     *&+ X!
         #-&9 783V! 28VxM! NHRCK " *?niK $# ( " (!-.V . $#

       ( " X!%+ @/"  *s?8JA `"$  ! *E48FA G?!   NA!-V @Y#
 B9 D#8[]1! .       0@P " @P89-�3Y `"$  ! D#8[]1! 8+ ��1

     *) @K$-S *+ 8Y$8HEA   @&A @o $#          ^&H)%K a&Y 8&+ B&.?U
  *?_ " BPB9      X%+$8&) ^&18.K X8Y       B&H4-K r&R]pA X8&Y

BPB?#%b.  
 7"B/1 .X%+$8) X$8b 81 ^?!%5 8Y1  

@5!$! X%+$8) @+U Lf) a?# Lf) vK%A @P-OsA �8+ 
@+U Lf) 1 7 / 0 4 / 0 2 / 0 8 / 0 
a?# Lf) 7 / 0 1 5 / 0 4 / 0 6 / 0 

vK%A 4 / 0 5 / 0 1 5 / 0 7 / 0 
@P-OsA 2 / 0 4 / 0 5 / 0 1 8 / 0 

�8+ 8 / 0 6 / 0 7 / 0 8 / 0 1 

                                                           
1. Curve Number 
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 *F+!$)1(  
n

i
n

i

WiSij
S

Wi

 

 

 
!

!
1

1

  

S : 0@&&/"%Q *f&&JP $# L&&HE'-A  8&&H]A!iw : ( "
i    X#"$" *fJP GHA!)$8HEA(  0Sij :]A!    8&Hj    $8&HEA GH&A!

  ! @&&V%Wi*f&&JP GH&&A! .*&&?_ $# G?!%+8&&.+  ^&&18.K X8&&Y
Ns&&OHo *&&) @JM8&&.A NHOf&&K X8&&Y  ` $! (U DB&&.Y#

^18.A %|P #$-A X%+$8) X!%+ 0BP$!# X%]fH+ BP%K.  
  

2-7-BCDE)  B<O3OCP +I/9  
              X!%&+ 8&TPU *s&?8JA " GO3A N6 D!$ B.< 8? w? G]W8?

       A $# ,-Q 8? *.HT+ 283H3eK *+ (BH1$   0DB&HmHo N�8s
*.HT+    @A DBHA8P X 81  #-9 . DB3V qp+        28&JHJCK  ! X!

   *.HT+ @R3V X8Y#%+$8) " wK N�8sA NA89 0X 81   *&WBY
       0@&E'!" (8&T/ $# 8&A (-&A!%Ho N�8s&A %]fH+ 8A! 0L1!
      B.]s&&Y #8�&&]A 8&&? $8b 8&&18P yB&&Y B&&.< %&&Hb$#  

)Villalta, 2009 .(sA *) @A8l.Y�*.HT+ *R   qH&+ X 81
  v+8K w?  !          ,!-&/ B.< 8? w? G]W8? 0#%Hb%+$# !$ yBY 

 @A !$ *.HT+ *.HT+ (!-K BHA8P *WBYB.< X 81 .  GH&.< $#
          *.HT+ !$ y!BY! *3Y *) ,!-/ w? (#%) !BHo 0@F?!%9

      @A @E1 " L1! GO3A8P �8d?%JK B.)    *&V-3iA #-9     ! X!
,!-/    *.HT+ 8+ 8Y        #-9 LW8? y!BY! *3Y $# @dsP X 81 .

      G]W8&? Be' 0v'!" $# ,!-&/       -K$8&o *&.HT+ X8&Y1   L&1! 
)Deb, 2001 .(      "# %&Y (-&< -K$8&o *&.HT+ *&V-3iA $#

          ,-R�A8&P %l?B&O? *&+ Lds&P *V-3iA  ! ,!-/      8&+ 0B&P!
     *FJP w?  ! L)%6),!-/ (     L&1# 0%&l?# *FJP *+    a&)

    @A %]T+ yBY v+8K w?         %KB+ %l?# yBY v+8K w? " #-9
)Yee et al., 2003 .(   G?B&+ *&WBYB.< N�8sA @R) h%W

 L1! 2$-S)Rezaei and Davoodi, 2009 :(  
 *F+!$)2(  

mMinimize / Maximize f (x),
m , ,...,M; 1 2  

jsubject to         g (x) ,

                              j , ,..., J;

"

 

0
1 2

  

kh (x) ,        k , ,...,K.  0 1 2  
(L) (U)
i i ix x x ,   i , ,..., n.# #  1 2  

 ,!-/ w?x  ! X$!#%+nL1! aH3eK %H�]A  :  
 *F+!$)3( 1  

$ %Tnx x x x  1 2  
JA G]W%b *+ #"BCA aH3eK %H�]A %Y B6 GH+ X$!B

 @.H?8&&o(L)
ix @?_8&&+ B&&6 " (U)

ixL&&1!  . 0#"B&&6 G&&?!
@&&A NO&&9 !$ aH3e&&K %&&H�]A X8�&&W B&&.Y# . GH&&.m3Y

f  ! X$!#%+mL1! yBY v+8K  :  
 *F+!$)4(  

$ %Tmf (x) f (x) f (x) f (x)  1 2  
ig (x)   " kh (x)   L?#"B&CA v+!-K       " 0B&P!J   #!B&EK 

    " *4#8EA8P L?#"BCAK      L&1! *&4#8EA L?#"BCA #!BEK  .
     aH3e&K %H�]A X8�W GH+ L98lP2     yB&Y X8�&W " 3  $# 

 NO93L1! DB9 D#!# q?83P .  
  

  
 NO93 . yBY X8�W " aH3eK %H�]A X8�W q?83P  

)  ! ;8d]'!2007 0Coello(  

  
2-7-1- NSGA-II  

  a]?$-l4! X8JK$! 8+ NSGA *dpP 0    *]&1# @?!%b      8&? XB&.+
^&&K%A  (!-&&.V 8&&+ w&&H]Pc a]?$-&&l4! $# ,-R�A8&&P X 8&&1

NSGA-II B&&9 D#!# #8T.f&&Ho )Deb et al., 1995, 

                                                           
1. Pareto optimal solutions 
2. Decision space 
3. Objective Space 
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2003, 2001, 2005 .(*+ aHY8[A L3s' G?! $#   *&]W$$8)
 $#NSGA-II@A D#!# �H5-K  BP-9.  

  
BY?Z [8EJA  

  ,!-/( )x 1     !"# $% ( )x 2         &' $() *(+! $,! -./! 0123 
452% 6!$7$% 8$5 :  

91! (    !"(#( )x 1            :! $;4(% <!4()! :! =(+ >?() 6' 
( )x 2 & @452AB   

  (   !"(#( )x 1 .(/'      :! $((CD% <4() =(+ 6' E(F
  !"#( )x 2452% .  

         !"(# GH+2IJ GK?J: -GAL3 M"DNJ GF 2OBP :!      2(% 2()
    QJ 2?DJ !6 GB2,4KR <!4)!      S&6 6' TU"(VWJ -':2/    X2()

GK?D%        .H(# X!$(% G(Y4)4KR Q%2+      !"(# X"(#&    X2()
QJ 62F G%  "LZJ2B '&6 .  

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

      !"(# G(["VOJ *?% :!     X2()P     !"(# G(["VOJ -    X2()
 \  "LZJ2BP    CH() Q+2(DBP -          :! =(+ >?()  "(LZJ G(F 4K

 G["VOJ X2][!P4KCH?B .  
  

'+,%-$  %./&0 12")( 3%4560 70  
           ̂(_ `!6 2(+  !"# $) GaK+! b$Y 2%i      G(A;6 =(+ X!6!' 

  c'"%  "LZJ2B)ri ( QLdJ M2_':! GLe2Y =+ &)di ( -./!
 GI%2HJ $fLV[     M2_':! X!c( )     `4([27 g2(/!$%      G(F X!

 QJ $Fh    -'"5       Q(J GH(+2IJ !6  !"(# &'        !6 Q(a+ & 4(KF
QJ$% 4K+i, .  

  !"((#i  !"((# 2((% .((%276 6' j Q;6"((e 6' T2Y$((e 
QJ  2jCB! 452% 6!$7$% k+!$5 *+! GF '"5 :  

!   !"#i      cP GF -452% GC5!' X$CD% GA;6     ̀2(,i jr r  @
 & 

! !"#    X2)i   & j           2(J! 4K(52% GC(5!' 6!$7 9e =+ 6' 
   !"#i e2Y            !"(# 2(% GH+2IJ 6' X$CD% M2_':! GLj 
'6!'@ lm i jr r" & i jd d# . 

  

3%4560 '"8%9  
  G(% X!$%            !"(# Q12(fR :! Q(K?Vj; c'6&P .(/'    X2()

                !"(# 4(KB2J n2(o  !"(# =(+ 62(KF 6' '"#"Ji  6' 
  .?WV#)  ̂ a54(  GLe2Y *?fB2?J -        p(7!&  !"# &' :! X!

 q 6'     !"(# *?Y$i         :! M!4(F $() X!$(% M     <4() p%2(; 
  Q(J GA/2dJ   '"(5 .     X'4([ 6!4(IJid      GA(/2dJ :! G(F 

        !"(# <!$q! QAWaJ X2]Y QA+$I;i    G(% 2(%       c'$(% 62(F
=+'iB   G+2HV) *+$;       G(% cP X2)     Q(J .(/'      GL(e2Y -4(+P

QJ `4?J2B M2_':! '"5.  
  

  
 ^a54 .M2_':! Qa?Y!$, r+2VB  

  

%!6 Gs)5(  
i i

i max min

f (x ) f (x )d
f f

$ %%
"

%
1 1 1 1 1

1 1

  

 Gs%!6)6(  
i i

i max min

f (x ) f (x )d
f f
$ %%

"
%

2 2 1 2 1

2 2

  
 Gs%!6)7(  

i i id d d" $1 2  
ix :  !"((#i -M!id1 :  !"((# M2((_':! GL((e2Yi 6' M!

    -t&! <4) p%2;id2 :     !"(# M2(_':! GL(e2Yi 2(; 6' M! p%
 & M&' <4)id :  !"# M2_':! GLe2YiM!.  

  ̂ a55    '$aLV[ `"dB NSGA-II    Q(J c2uB !6    4()'
)Coello, 2007(:  
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 ^a55 . '$aLV[ `"dBNSGA-II  

  
  2((+ c!4((B:$Y .((?WV# !4((C%! S&6 *((+! 6'tQ 2((% 

      2+ *+41!& .?WV# :! `'2NC/!tP  QJ GCo2/     lv/ @'"5
      Q(J 0?F$; E) 2% .?WV# &'       .(?WV# 4(B'$,tR   2(% 

  `:!4B!N2  QJ '2O+!   '"5 .  0;$J :! lv/      "LZJ2(B X:2/
 GC/' X!$%      .?WV# M2V; X4K%tR    Q(J `'2NC(/!    '"(5 .

   9e '2O+! :! lm      - "LZJ2B w&2NCJ X2)   X4(W% .?WV#
     9e *+! :! .+"1&! 0?;$; G%     Q(J $m 2)   '"(5 .    c'$(F $(m

tP $1      QJ :23P  "LZJ2B 9e *+$CD% 2%        G(% lv/ & ''$,
       *?(V) &  "LZJ2B 9e *?J&' 2% 0?;$;       & *?J"(/ 6"(q

      GF QB2J: 2; $oP Q1!tP $1  '"5 $m  .      $(oP 9(e '6"J 6'
 !"#    Q+2)      M2(_':! GL(e2Y X!6!' G(F1) CD (  X$Cu(?%

     c'$F $m X!$% 4KCH)tP $1       4(B6!' 6!$(7 .(+"1&! 6'  . 6'
    c!4B:$Y .?WV# .+2DBtQ $1   :! tP $1     =+ :! `'2NC/! 2% 
  GI%2HJ  2jCB! EC+6"f1!   M2_':! X!2

    pq2I; X2)$fLV[ &
 &QJ '2O+! rD# '"5.  

  
3- B5%CD         EF0;0 71,;%G H?1?I$ 701, JI$ 76%K

'LCA, '"M-$  !N;%N ;5 '9I=ILN 76%K  
         c4?(/6 X!$(% QC%276 X4K+!$Y Qx!6! X$%62F y?zj;

  *??W; <!4)! G%    E?Vz; & c!$+4J {45      .(/! c2,4(B$?,
   ̀'6 cP 6' GF     9LCjJ X2)» .%276 ^%27 «  Qx!6! X$%62F

  o! *?J: X2)4_!& G%QJ `'!' n2zC 4B"5 .   4(K+!$Y *(+!
            <!4()! G(aK+! $(% `&|([ w2V?Vz; c"R -./! `4?}?m

   QJ t2AB' !6 c!$+4J      .+'&4dJ .+2[6 Qm 6' -4KKF   X2()
    4KCH() i(?B '"(#"J)Stewart et al., 2004 .(  *(+! 6'

        G(["VOJ -G(W12sJ '6"(J G(IsKJ ~?Id;      X'!4(W; :! X!
          A(5 2(% G(F `45 GCY$, $�B 6' 4_!&aG    (W%&' X!   2(% X4

 X2(()6"dJ)i,j ( `'!' c2u((B X4((W%&' l+$;2((J =((+ :!
QJ  '"5) ^a56.(12  

  
 ^a56 .GIsKJ X4W%&' t4J =?;2V5 r+2VB  

  
3-1-'OPQ$  EF%?; JI$ 7%=  
QJ   GN1�J c!";           w6"(e *+4(% !6 GL�HJ Qx2+6 t4J X2)

'$F c2?%:  
  

RC)ST 7%=1C#/$3  
g|F c2V) E?Vz; X2)$?ZCJ Qx!6! X$%62F X2) 4B!.  

  

                                                           
1. Crowding Distance 
2. Crowded Tournament 
3. Decision Variable 
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6 Gs%!)8(  
lu LU, LU { , , , , }&  1 2 3 4 5  

    !"#$ %&LU   '$ 1   !( 5      )*!+,# -+.(/( %+0     '$ 1+2$ :
34++& 5++67  '*8!9++& :;++0<  '*8!9++&  !++=: :>++(/? 

@!0 8 ;2ABC?.  
  

 !" #$%&'  
 D1= >0!(1 :/E&$1F  7!GHI$ 7AJ  '!J  
 %K0$*)9(  

u uR CLU

lu ,i, j
lu i j

f MAX o
   

 !!!1
1 1 1

  

luo :++& ;=77A++J L$M++.?  /0*!lu  :LU : 7$1++N(
 :;O$*$  /0*!&uR  : :!=/KJ 7$1N(uC :  LAH+J 7$1N(  !+= .
   /0*!& /= %0)lu (   -6/O P6;=7'!0      Q81+R 3!+J$ /0 

 S*!TU21U S7$7 V!GHW$ .  
 D1= >0!(2 :XI$1F Y6!J/Z L$M.?  '!J  

 %K0$*)10(  
u uR CLU

lu ,i, j
lu i j

f Min d
   

 !!!2
1 1 1

  

    :*A&[? >0!( *7lu ,i, jd     1F$8 Y6!J/Z *$1\? )i,j ( !0
   /0*!&lu ]J$  .  *$1\?lu ,i, jd     S*!TU Q81R 3!J$/0 2 

1U S7$7 V!GHW$  /0*!& /= %0.  
 D1= >0!(3 :XI$1F  1.^A( _!2$8* L$M.?  '!J  

 %K0$*)11(  
u uR CLU

lu,i, j
lu i j

f MIN r
   

 !!!3
1 1 1

  

    *A&[? >0!( *7lu,i, jr       1+F$8 '$ _!2$8* *$1\? )i,j (
   /0*!++& !++0lu]++J$  .  ̀ 8* 3!++J$/0 _!++2$8* *$1++\?

         !+B6/?$ a!+W ]+b!cF L!?'!J  7!de9.f)SCS-CN( 
;? %,J!g? 77/h:  

 %K0$*)12(  
" #i, j lu ,i, j

lu,i, j
i, j lu ,i, j

P / S
r P / S

$
 

%

20 2
0 8

  

i, jP  0 i!c(*$    1F$8 ;h12*!)i,j (    8 :/+HT.j.? -CF/0

lu ,i, jS            k.+?' lK+J *7 _< ]+U$1dm2 %0 nA0/? X?!# 
)/HT.j.? -CF/0 (!0 ]J$ /0$/0 L< *$1\? 8 :  

 %K0$*)13(  

lu,i, j
lu,i, j

S / * CN
& '

 $( )
* +

100025 4 10  

%^7!N? k6$ *7 lu,i, jCN    %+0 nA+0/? ;+ege? S*!TU 
    8 *7 _< oAc2 *$1\?  1F$)i,j (  /0*!& !0 lu ]J$  .  '$ p+f

  *$1++\? k.++.N(lu,i, jCN *$1++\? :lu,i, jS qr9++? 
;?  77/h              _!+2$8* i!+c(*$ :;h1+2*!0 kHZ/+h /+s2 *7 !0 8 

;? %,J!g? 7AU.  
          8 Y6!J/Z L$M.? k.0 LAt %& ]J$ l.OA( %0 u'v

 %K0$* _!2$8*       $/R$ *7 :7*$7 7AR8 ;6!T2  $    >+0$A( Q1?  
    /m61+B6 !0 /0$/0 L'8 !0 ;2'8 )*Aw %0 uAJ 8 u87 D1=

121U -.&/(.  
  

    D1+= >0!(4 : /E&$1+F           8 ;h7/9+Z !+0 uxA+(  '!+J
 *!h'!J :  

 %K0$*)14(  
cc cf Max{C C }, %1 2

4  
ccC ,
1 :  34+++&  *!h'!+++Jc 8 c, :cC2 L$M+++.? 

 34& ;h7/9Zc  
  

()*+!,-  ."  
]6781g?             /+0 XTH9+? %jyC+? S1U %HZ/h /s2 *7  !=
]J!de6$:   

1F$8 /= *7  /0*!& /= '!z? -.U ]6781g?  
 %K0$*)15(  

min max
lu i, j luSlope Slope Slope- -  

i, jSlope : 1++F$8 -.++U)i,j( :)max
luSlope 8 

min
luSlope :(  /0*!&  $/0 '!z? -.U S781g?lu  

        /0*!+& /+=  $/0 '!z? -.U XI$1F LAtlu  /+0$/0 
]J$ /cw:  
 %K0$*)16(  

max
i, j luSlope Slope-  
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75$0.8 5" 9$ :&$5- (;.<- ()*+!,-  
 %?!2/0 *7          %+HZ!6 V!G+HW$ ]F!C? ;O$*$  /0*!&  M6*
 34& %0            7*$7 L$8$/+Z ]+.T=$ ;+O$*$ {+jHr?  !+= .$ '

  u8'A?8/& *7 ;Z/|      ̀8* '$ X+w!F  !=      :;j?!+B(  !+=
34&         ;+? ;+O$*$  /0*!+&  !+=     ]F!C+? 1+e2$A(     !+=

       1+e=7 V!G+HW$ 7AW %0 $* ;#AeH? .      k.+.N( 8* k+6$ '$
  34& ]F!C? ],C2       *!.C0 ;O$*$  /0*!& {jHr?  !=

 ]J$ 5d? .   S'!0 :%^!\? k6$ *7     34& ]F!C? '$  $     *7 !+=
     ;O$*$  /0*!& 7ARA? ].NO8      %+N^!K? 7*A+? %\Ke? *7

         1+U %+HZ/h /+s2 *7 ]6781g? L$Ae# %0 .    Q!+T#$  $/+0
            %+0  /0*!+& /+= ]F!C+? ],C2 '$ ]F!C? ]6781g?

1U S7!cHJ$ X& ]F!C? .  
 %K0$*)17(  

i, j lu,i, j
lu

i, j
i, j

A X
A

.  !
!

  

lu. :      iA2  /0*!& %0 %HZ!6 V!GHW$ ]F!C? ],C2
lu)  lu { , , , , }/ 1 2 3 4 5(  

 %K0$*)18(  
lu ,i, j

lu

X i, j 0! 1  

 %K0$*)19(  
min max

lu lu lu. - . - .  
lu,ijX        V!GHW$  /0*!& /h$ %& ]J$  /e6!0 /.}H? 

     1F$8 %0 S1U S7$7)i,j (  /0$/0lu       !+0 /0$/0  *$1\? 1U!0 1 
]U$7 1=$AW /cw !0 /0$/0 )*Aw k6$ /.~ *7 8.  

i, jA : 1F$8 ]F!C?)i,j(  
max min
lu lu( , ). . :  ],C++++2 /E&$1++++F 8 XI$1++++F

]F!C?   /0*!&  $/0 '!z?  !=lu  
          k.+e�T= 8 7ARA? >O8 �cF  $/0 �.\g( k6$ *7
            :7A+RA? >+O8 %0!9+? �6$/+U *7 Q1? 7/BjT# ;J*/0

  /0*!++& /++=  $/++0 ]F!C++? ]6781++g?110 1++w*7 
?         ;2ABC+?  /0*!& 7*A? *7 8 ;jNZ ]F!C10 +  1+w*7

1U %HZ/h /s2 *7 ;jNZ ]F!C?.  
  

3-2-=>?@A B?)0&3C% 0.?D.E   
 *7 !+++=/mjT# 7/&*!+++& 8 u8'A+++?8/& Y+++r0 k+++6$ *7

5H6*Am^$ ;? S7$7 l.OA( S7!cHJ$ 7*A?  != 7AU.  
  

F+G&-+58 ."  
    {6/N( u8'A?8/& :�.\g( k6$ *7    %+0 S1+U       8 !+($7 %j.+J8

  L$*!BT=2006   ]Z* *!& %0  .     u8'A+?8/& ;+O!6* Y6!T2
{6/N( ]J$ )*Aw k610 S1U :  

 %K0$*)20(  
u
ij u uCh [e ]R .C   

u
ije     /0*!& 34& e        1+F$8 %+0 %+& )i,j (  V!G+HW$

   :S1U S7$7Ru      8 !=/KJ X& 7$1N( Cu      7$1+N( X+& 7$1N( 
 LAHJ X&  ]J!= .          XB+U *7 %+& *A&[+? {6/N( �,|8 

T2          %+0 %N^!K? 7*A? %\Ke? S/HCh :]J$ S1U S7$7 Y6!
        %2Ah %0 :]J$ S1U %HZ/h /s2 *7 p6/(!? )*Aw    %&  $

       p61+2$ !0 1F$8 /= L!B?)i,j (         M+.2 1+F$8 /+= *$1+\? 8
]J$ 1F$8 L< ;O$*$  /0*!& /m2!.0 .  

  
#H.I' 53J2K1  

         7!+z6$  $/0 >|!\( /mjT# {jHr? iA2 87 �.\g( k6$ *7
 k61^$8 L!.? 12A.fS7!.f 8 ;F$/| XC2 P6 1U  '!J.  

  
(D%&L1) #H.I'2 (UC)  

           %\Ke? 7!N0$ %0 P6 8 /cw u!I*$ '$ ;Z7!G( p6/(!? P6
 1U 7!z6$ . QAjJ *7        ;Z7!G( p6/(!? 5I* /h$ :/.s2  !=

      %+0  /+..}( :1U!0 P6 71#     ;+T2 7A+R8   1+6< .    5+I* /+h$
L< :1++U!0 /c++w ;Z7!G++( p6/(!++?  ;++O$*$ 34++& S!++h

%2!W    'A?8/& 87  !=     ;? �A# 5= !0 1^$8 u8  12AU .  SA+g2
 7/BjT#UC XBU *7 7]J$ S1U �*7  .  

  

                                                           
1. Crossover Operators 
2. Uniform Crossover 
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  !"7 . #$%&' (#!%&' )*+,UC  

  
1;?.@* AB+C8  
    -./0!&1 2 03.()2006 (     45,(#6 758./. 94:;2( 9#$%&' .

     <".(#; /( =1 >;*%?@ AB0C, 76 .      D5B. /( -E F0!". 0@.
   DGG:3 H*%; 76 (*;       I2J*@2#6 J#@ /0KL. 7; )4")M@ 7N?

 7:O0?@ (/*@ (     >5@ #; /( =1 ./   <5P#Q .     R75:O0?@ D5B. /(
         945:;2( ST05N3 I05, 7; 9#$%&'1)TDC (   75,*Q 75;   9.

             2 U05VC,. DB45O.2 J. W(0X3 7; H*%; YB 76 4" (0ZB.
    >5@ [B*:3 0\,E DG;              H*5%; 756 ]205^3 D5B. 05; _(*5"

 >@ >;0VC,.            75:O0?@ (/*5@ 7N?M@ J. >C&`a #1 J. 4,.*3
455"0; .  !55"8)*55+,  #55$%&' (#55!%&' TDC -0b55, ./ 
>@ 41(.  

  

  
  !"8 . #$%&' (#!%&' )*+,TDC  

DEF 2%GHI12   
          75N?M@ J. >,0!@ /( >c./. 9#;/06 de6 f\L #$%&'

    4G@. 7; ./           #5GGg3 >5c./. 9#;/056 J. #5C\; >B*$O. DCP0B
>@  41( .           DG5G:3 F05&Ch. #C@./05i j`5h#; #5$%&' DB.

       ' DG@J 9014h.2 J. 94k/( 92/ #; R)4" >@  &    2 4M6
>@ #GGg3 #$B( >le6 7; ./ 4h.2 -E >c./. de6 41( .  

  
9H"2F A.+83  

  )*G5" R755&B#L S;0553 J. )(0^C5l.   80`55@ /( F2.455C@ 9.
      I2J*@2#6 -E /( 76 <l. 4Ga 9./.(     Wmh J0Z@#Gn 901

>&,         >5@ )(.( <5k#P DB. 2 R4,(#Q        ]05'eT. 756 (*5"
     (#GQ /.#a )(0^Cl. (/*@ 0\,E >!GC,o . . 0;   pJ.#; )*G" DB

U.*L  7; (*Ga J. q/0r 901 >@ =6 ]4" (*" .  75ZGC, /(
     I2J*5@2#6 <&l 7; U0VC,. 4MB.#P         0145Ga /( 756 >B051

s(0k    >@ fB.#Q R4,.  4;0B .       S;053 jB.#5c 2 7&B#L /.4N@
            #51 /( 2 4MC`51 >l/#; (/*@ 7%t`@ 7; 7C`;.2 7&B#L

`@t 4,*" DGG:3 7,0Q.4L ]/*k 7; 4B0; 7%)Bavi et al. 

2008 .(        <B(245+@ DCr0l )(/2E#; 9.#; uGN+3 DB. /(
     4" )(0^Cl. 7&B#L S;03 J. <h0`@ .     .45C;. /*vM@ DB. 7;

w0@#, 4Ga J. >?V3 -.xG@4" xB :  

 7?;./)20(   !
 !

min

max

max ,

max ,

" # $ % %

" # % % $
1

2

1 0
1 0

  

<".( =G1.*r U.*L #1 9.#; DB.#;0M;:  
 7?;./)21(  " & "

" # 1 2
2  

    05l.#; 75&B#L /.4N@  d"       75&B#L #C@./05i 2 )' (
>@ 7Kl0+@ ((#Q:  

 7?;./)22(  Penalty *# &' "1  
    7MG&6 S;.*3 /( <B0\, /(         /( W451 S;053 /.4N@ >;0B
4B(#Q U#c 7&B#L /.4N@ :  

 7?;./)23(  (i ) ( i )
m mF (x ) f (x ) * Penalty#  

   7MGbG; S;.*3 /( 2 .4N@ >;0B     /.45N@ #5; W451 S;053 /
                                                           
1. Two-Dimensional Crossover 
2. Mutation Operators 
3. Penalty Function 
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4B(#Q =G`N3 7&B#L:  
 7?;./)24(  (i) (i)

m mF (x ) f (x ) / Penalty#  
     /.4N@ R7L*@ U.*L 9.#;"         2 #^5k -E 05; #y05MC@ 

mF     <l. W41 S;03 >:a.2 /.4N@ 920`@ .   U.*5L 9.#5; 
         /.4N@ RW41 S;03 z*, 7; 7C`; xG, 7L*@0,mF {/x;     #53

Y|*6 0B  J. #3mf(*; 41.*r .  
  I#, }G+@ /( F4@    /.x5P.Matlab   2 >5h.#T 9/*5T 

)(0Gi     <B(24+@ 76 4" 9J0l         /( jG5" 75; ~*;#@ 901
        `5, >5T 2 7GO2. <G:&L 4GO*3         #5v, /( >O.*5C@ 9051

 (*" 7CP#Q .        ]/*5k 2( 7; 7GO2. <G:&L 4GO*3 DGM�&1
4;     >Ch0`@ )(24+@ �Gh J. >B0&M1./ 0; 2 >B0&M1./ -2

de6            75; R<P#Bm5i I05Z,. >c./. 9#;/06 >^%CV@ 901
            05B 75L*@ 90�P /( )4" 4GO*3 7GO2. <G:&L 76 9/*T

 4MCP#Q /.#a 5 -E 7; YB(x, .   Y5B #51 (#!%&' R)2e' 7;
       45" >;05BJ/. xG, ST0N3 901#$%&' J. .     �G5c*3 75; IJw

     (*L*@ <G:c2 76 <l.       75,0r(2/ 2 >,*!`5@ 9#;/056
    4" 7CP#Q #v, /( <;0� .      )J.45,. 01.#L. 7&1 /( DGM�&1

              75; f5\L F05&Ch. 2 ST05N3 F05&Ch. R75GO2. <G:&L
 jG3#3200 2 8/0 2 01/04" 7CP#Q #v, /( .  
  

4-NO. @ P"+!Q   
4-1- ;RR5&$8 #* /"+RRH=<'# J@;RR. S;RRM 1'2RRF' 

95&@' T5?HF  
 =CB/*55$O. .455C;.NSGA-II )(0^C55l. 055;  90551#$%&' J.

      �G1 -24; f\L #$%&' 2 ST0N3 �%CV@    >B0&M1./ 7,*Q
     <P#Q /.#a )(0^Cl. (/*@ 7GO2. <G:&L 4GO*3 /( .  J. 45:;

7000      4B(#$, 4GO*3 >\L*@ U.*L �G1 R `,  .   75; IJw
   7556 <55l. >;.*55L R755L*@ U.*55L 7556 <55l. �G55c*3

   9#;/06 7&1 <h0`@ <B(24+@         )45" <5B0'/ -E /( 01
4"0; .-0&1   76 /*T            R(*5; )45" )/05". x5G, DB. J. fGi 

 9#;/0556 #551 9.#55; <h0`55@ <B(2455+@(10 455k/( 
         >,*!`5@ 9#;/06 (/*@ /( 2 >%:P <h0`@10 +  45k/(

     4" 7CP#Q #v, /( >%:P <h0`@ .    !" /(9 7bN,     9051
7;  <l(          #5$%&' J. )(0^C5l. 05; )4@ETDC   2 UC   -0b5, 

  <l. )4" )(.( .      !5" 75; 75L*3 0;       R<5O0h 2( #51 /( R 
 9#;/06 SBJ*3       >&, <G:K3 >k0r 9*$O. J. 01  4M6 .   5GO(

  >@ xG, -E              756 S53#@ 9#;/056 xL 7; 76 4"0; DB. 4,.*3
 (2455h75 ./ 755N?M@ >55%:P <G:55c2 <h0`55@ 455k/( 

 >@  G!b3    9#;/06 7GN; R41(         2 45,/.( >MGB05i 4k/( 01
             ]/*5k 75; 75GO2. <5G:&L 76 >@0$M1 #T0r DG&1 7;

  X53 e@06    >5@ 45GO*3 >P(0          <5B0'/ <G:5c2 D5B. R(*5"
>55&, 9#;/0556 2 ((#55Q   7556 >B055L #551 /( #55$B( 90551

<B(24+@               �GX5V3 RF45@ u5B#T J. R(*b5, [5N, 051
>@  4;0B .      >5@ -0b5,  !5" DGM�&1        9#;/056 756 451(

    9#;/06 0; 7`B0N@ /( >,*!`@      fG; >Ch0`@ R#$B( 901
<l. )(.( �0XCr. (*r 7; ./ >%:P <G:c2 J..  

  
  !"9 -�O. ( #$%&' J.  k0h 7bN,UCU 2 _>B0&M1./ -24;  ( k0h 7bN,  #$%&' J.TDC>B0&M1./ -24;   
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  !"10 .�O. ( #$%&' J.  k0h 7bN,UCU >B0&M1./ 0;  ( #$%&' J.  k0h 7bN,TDC>B0&M1./ 0;   

  

4-2-           ;R5&$8 #* /"+RH=<'# +R. S;M 1'2F' P"+!Q 
95&@' T5?HF  

     (x, 0B 7L*@ 7GO2. <G:&L 4GO*3     )(0^Cl. 2 R7L*@ 7; YB
UC             45a0P F45@ 756 (.( -0b, >%Ka <;0� 901#C@./0i 0; 

       J. 45:; 76 9/*T 7; R<l. jl0M@ .#$&1 >B0,.*37000 
 2 455B(#$, )410b55@ 755ZGC, /( >,.455M| ]2055^3 R/.#55!3

  #�6.4h36    4B(#Q 4GO*3 7L*@ U.*L  .    R#5$B( ]/0K' 7;
 /(36 J. )455" 455GO*3 U.*55L 200 <B(2455+@ RU.*55L 
0`@9#;/06 7&1 <h (*; )4" <B0'/ 01 .>@ 7CKO.  <`B0;

         #$%&' J. )(0^Cl. /( xG, =6 >30Kl0+@ -0@JUC   (/*5@ 
  (#GQ /.#a 7L*3 .    #$%&' J. )(0^Cl.TDC    <;0� }B.#" 0; 

          756 9/*T 7; R4B(#Q >B.#$&1 (0BJ fB.xP. �'0; >%Ka
 U.*L >@0&3         45MCP#Q /.#5a 7L*@ 7Gh0, /( 01 .  DB.#;05M;

>55@ <55^Q -.*553 #55$%&' R#55;.#; /.#55!3 (.455:3 /( TDC 
      #5$%&' J. #C\; 9(#6/06UC (/.(  .    !5"10   <G:5c2 

      =CB/*$O. J. )4" 4GO*3 <G:&LNSGA-II    )(0^Cl. 0; ./ 
 #$%&' J.UC 2 TDC>@ -0b,  41(.  
-0&1        !5" 76 /*T10-     >5@ -0b5, �5O.     /( R451(
I2J*@2#6       #$%&' J.  k0h 901UC     76 9(/.*@ /( >Ch 
<B(24+@   , 01 )4b, [N   -o R4,.      de56 -0&1 0B 01    9051

   4,/.4, >Kl0M@ SBJ*3 9#;/06 .  O05h /( D5B.>   756 <5l. 

  de56 SBJ*3         !5" /( 05110-       (*5L*@ <G:5c2 05; U
)   !"2 (=1     (/.( 9#Cb5G; >,.*5r .    >5l/#; DG5M�&1

            J.  5k0h 7b5N, 76 (.( -0b, W41 S;.*3 #B(0N@TDC 
  05l#P R#3w0; 9/0QJ0l 5 >Q(#bP 2 jl0M3 9./.( 2 fB

           9(0X5Ca. >1(J05; �0+O 7; 4M| #1 _<l. #C&6 U0,.2/
    J.  k0h 7bN,UC          �0X5Cr. (*5r 75; 9#3w05; /.4N@ 

         75; #CbG; <h0`@ F0g". -E  GO( 76 <l. )(.(    7%G5l2
<l. >,*!`@ 9#;/06.  

  
4-3-          ;R?. @ UVW D"+-2: @ *$- J'X5M 9V-+OM 

9=5E. (' 1(+-  
@ 90551(/2E#; x55G, 2 (*55l 755; ~*55;#@ ]0K55l0+@ -.x55G

      7MG\; J. 4:; 2  Ka /( fB0l#P       F2.45L /( 9J0l2   2 3 
  <l. )4" 78./. .   F24L uKT2        (245h 05; S53#@ 9#;/06 

75        �0; 9#;/06 2 (/.( ./ �?l DB#CbG; 4k/(      0; 016/2 
     ./ �?5l DB#5C&6 4k/( . -05&1     )(.( J. 756 75,*Q   9051

  F24L2            >5c./. /( fB05l#P -.x5G@ R<5l. �Vb5@ 
    7GN; J. #CbG; =B( <b6 9#;/06    <5l01 .      75; -E J. 45:;

      �0; 2 >;E 2 >,*!`@ >c./. jG3#3    >c./. <B0\, /( 2 R01
4,/.( ./ fB0l#P -.xG@ DB#C&6 >:3#@.  
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 F24L2 .-0NO0T xGV;E 7c*h (*L*@ 9#;/06 <G:c2 /( (*l 2 fB0l#P -.xG@  

/0'#'  !"#$%&'$()  
)ha(&'$() *+#,

 !- ./$0!1
 !"#$%  

(t / ha.y)

23$4 ,50  
)R

ha.y
310(

678$0 ./$0!1  
(t)

 9% ,50
)R

y
610(

 !"  #$%$ 57 /490 7 /5 19/7 1 / 5463 3527 2680 
&'(  #$%$ 65 /974 5 /11 70 /9 1 / 2708 9454 2640 

)*+, 1 /6519 5 /75 01 /6 78 / 741 39179 4836 
 -./0, 263 4 /4 85 /7 375000 2064 98625 

1232! 14 /226 6 /2 19/7 1 / 5463 1626 1235 

45 46 /8473 100   55852 110016 

  
 67893 .:;<=! 68, >$+9$ ?$ 8@! (.A 7 B'2A+C D$E<, D2FG2H E<I!" :#.J %( >?2A  

  !"#$%
:;<#<

&'$()  
)ha(

 *+#,
&'$()

 !==>? *+#,
&'$()

23$4 ,50  
)R

ha.y
310(

./$0!1 
678$0  

(t)

 9% ,50
)R

y
610(

 !"  #$%$ 12 /341 7 /5 46/30- 1 / 5463 2453 1864 
&'(  #$%$ 65 /536 5 /11 94 /44- 1 / 2708 5205 1453 

)*+, 17 /7085 5 /75 68 /8 78 / 741 42582 5256 
 -./0, 38 /331 4 /4 26 375000 2601 124267 

1232! 14 /179 6 /2 78/20- 1 / 5463 1288 979 

45 46 /8473 100   54129 133819 

  
   >+!%2KK5 %( >(2LKKMN$  O(?2KK! D$EKK<, P<KK;QRO

    >+!%25 :<F! ?$ +MS<!  -./0,  TA2O .  UV  ?$    :K! &O D"
     W2K! 7  !"  #$%$ X<*+*             TK'2=- %( 7 &K'(  K#$%$ 7 2KO

   8K-%$( $% >(2LMN$  O(?2! D$E<, P'+MR5  @*+,  #$%$ .
D2RO  :-.Y    6789 :5 2    K, D2S-         )K*+, >+!%2K5 Z8KO(

             8KJ$7 %( $% >(2LKMN$  O(?2K! D$EK<, P'+KMR5 :[+Y$
 (%$( \]A .     TJ20K, P'+MS<! >$%$( D.[ 2,$)1/6519 
%2KKM/O ( >+!%2KK5 ?$ 8KK@! $% 4KK5 (.KKA ^7( :KK_*% ZTKKA$

(%$(  -./0,.  
            %( >+!%2K5 +KO :K! :KMC2' `2LMa$ b.]A :0'2F,

    :;<=! ?$ 8@! 7 4_N     cIS, Z>?2A    TJ20K, :5 Ta2A
>+!%25      W2K! 7 >?%72S5 >2O           7 TKA$ :KMC2' BO2K5 2KO

 >+!%25 TJ20,      B'$EC$  -./0, 7 )*+, >2O . P'+MS<!

 (78J 2! TJ20, BO25 8d%(45 ef@M, BO25 8d%( 
W2! 7  !"  #$%$ 7 &'(  #$%$ :!  2! X<*+* :! 2O46/30 7 

78/20     :_*% %( TJ20, BO25 8d%(        %$+KN >8K@! >2O
8-%$( .$(g(          K, D2S- %.5h, 6789 12ijH$ 7 2O    8K;O(

            :K;<=! 68K, >$+K9$ ?$ 8K@! B'2KA+C D$E<, :5    >?2KA
 2KK! ZD" ?$ 4KK_N D$EKK<, :KK! T_0KK-1722 62KKA %( PKK* 

)08/38d%( (     ?$ 7 TC2' BO2555852      :K! 62A %( P* 
54129    8<A% 62A %( P*  .   4/Kk11     D$EK<, 1$+K<<l* 

      :K;<=! ?$ 8@! 7 4_N B'2A+C       !%2K5 %( $% >?2KA>+    >2KO
   , D2S- mfMI,  8O( .           7  K#%2N" n'2KM- 2K! n'2KM- PK'$

   A78N)2001 (   &O >(2'? 8J 2*       n'2KM- 2! 7 TA$ D$.a
    D$%2/RO 7  R<O$+!$)2001 (     D$%2/RO 7 >7+A n'2M- 7

)2007 ((%$( T=!2S, D2FG2H :#.J %(.  
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D2RO       4/k %( :5 %.H11     K, g8K'(        ?$ 8K@! Z(.Kk
:;<=!     B'2A+C BO25 D$E<, >?2A   &'(  #$%$ :! ef@M, 

     TKA$ g(.! :RO ?$ B<! .      W2K! 7  K!"  K#$%$       %( EK<- 2KO
:_*%         X_KA :K! K B'2KA+C D$EK<, BO2K5 >8K@! >2O

   8K-%$( %$+N K (.9., T<@#7 :! T_0- TJ20, BO25 .
   6789  A%+!2   7 3     4/Kk 7 12     K, D2SK-       :K5 8KO(

              ?$ 8K@! :K@G2], (%.K, :KF];, %( 4K5  O((.A D$E<,
  :;<=! 68, >$+9$   2KA   ?$ >?110016      %( 62K'% D.K<f<, 

   :! 62A133819            1%2K_i :K! 7 g8<KA% 62K'% D.K<f<, 
  Z+o'(6/21      TA$ :Mk$(  O((.A D$E<, B'$EC$ 8d%(  .

         D$%2/RO 7 >7+A e<Fp* n'2M- 2! n'2M- P'$)2009 ( %(
   BO2KK5 :KK;<,? %( D2KKFG2H :KK#.J82/10 >8KKd%( 

(.A     :;<=! ?$ UV >%7"         -$.KIRO  K#$%$ >+!%25 >?2A
$8-             %(  -./0K, >+!%2K5 PMC+KY +q- %( D" 4<G( 7 r(%

           D$%2K/RO 7  f<f9 e<Fp* n'2M- 2! 2,$ rTA$ e<Fp* P'$
)2007 ((%$(  -$.IRO g2S-2,+5 8-.R'+! :#.J %(.  

D2RO       4/k %( :5 %.H12     K, g8K'(        ?$ 8K@! Z(.Kk
:;<=!  B'$EC$ X_A :! )*+, 7  -./0, >+!%25 7( >?2A

      (.K9., T<@K#7 :! T_0- TJ20,       D$EK<, B'$EKC$ 2K! 
   g8k :9$., >(2LMN$  O(?2! 8-$ .      P'+MSK<! P<K! P'$ %(

  KK#$%$ :KK! eKKf@M, >(2LKKMN$  O(?2KK! B'$EKKC$ D$EKK<,
 TA$  -./0, .      K, D2SK- E<- 4/k        O(?2K! :K5 8KO(

  W2! %( >(2LMN$ 2O     K#$%$ 7           :KMC2' BO2K5 &K'( 7  K!" 
TA$.  

   

  
 4/k11 .;<=! ?$ 8@! 7 4_N B'2A+C D$E<, 1$+<<l*: >+!%25 >?2A  

  

  
 4/k12 .:;<=! ?$ 8@! 7 4_N  O((.A D$E<, 1$+<<l* >+!%25 >?2A  
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5-6P=C7   !=Q  
        :Ki.Rs, 2K* 8k tj* e<Fp* P'$ %(     :SKF- ?$ >$    >2KO

           +K!  #$%$ >+!%25 +<uv* PMC+Y +q- %( 2!  #$%$ >+!%25
62lMk$ 7 B'2A+C D$E<, 7 w2-$7% (.k 8<G.* Z '$?.  

   >$+9$ ?$ 4d2J n'2M-      %( :<G7$  '2R;O$% D78! 68, 
   >+!%25  MJ20, T_0- `.La          %( :K5 ($( D2SK- Z2KO

       Tp* )H2F* >2O+ofRi (+5%25 Z #$%$ >+!%25 T'+'8,
  +<uv*  TA$ :<G7$ x'$+k .       8K<G.* :<G7$ T<@R9 %( 2s-" ?$

          %( >+!%25 +O :! y.!+, TJ20, T_0- ?2s, 8J Zg8k
 +ofRi :! 2/*$ 2! 68, ZTA$ g8S- :MC+Y +q- (.9., >2O

 R-     ((+Y z%2a T<@#7 P'$ ?$ 8-$.* .    +K<<l* 2K! {|2KRMJ$
             TJ20K, T_0K- ?2Ks, 8KJ D(+5 (%$7 7 68, %2Ma2A

>+!%25        , Z}8O )!2* D$.;i :! 2O         4/SK, PK'$ +K! D$.*
 (+5 :_f3 .    +ofRi ?$ g(2~MA$UC      X9., :5 4<G( P'$ :! 

w$.KK9 8KK<G.*  KK, >(2KK'? :KK9.,2- >2KKO  Ti+KKA Z(.KKk
  f5  '$+oROTA$ g($( BO25 $%.  

    )H2F* ?$ g(2~MA$TDC         2K' :K9., :K<G7$ T<@R9 2! 
            >2KO+M,$%2V 7 BK=9 +KofRi g$+RO :! :9., :! �'(E-

       8K'(+Y n'2M- D$7$+C (._=! X9., Zg8k P<<@* .   '2K-$.*
  w$.K9 :RO {2_'+F* 7 TC2' B'$EC$ &M'%.oG$  '$+oRO   2KO

    8;MC+Y %$+N :9., >2�C %( .  8<G.* :SF- P<;QRO  g8Kk 
)  4/k10 (  , D2S-      12@]N  oMA.<V �2pG :! :5 8O(

�j5           +KofRi Z>+!%2K5 mKfMI, >2KOTDC   >(+5%2K5 
 ?$ >+M=!UC(%$( .  

      Ti+KKA B'$EKKC$ %.KKq;, :KK! ($( D2SKK- n'2KKM-
T09   w$.9 >.97     w$.9 7 :;<=! >2O      ?2K<- ZP/R, >2O

     w$.9 e'+H ?$ &M0<A  '2R;O$% :!       &SK[ :! :<G7$ >2O
 , (%.a.  

  , (2=;S<V          %( TK!2u :KR'+9 +M,$%2V %$8F, :5 (.k
    g.<k 7 (.S- :MC+Y +q-        +M,$%2V P'$ :5 ((+Y �$8!$  '2O

      40-  H :C8O 8;[ �<M-� &M'%.oG$ %(     :! mfMI, >2O
   8;5 +<<l* XA2;M, 1%%.d .      7 :_A2p, g.p- :5 2s-" ?$

       w$.K9 t?$+! %( >(2'? +<uv*  MG2;V 62Ri$       n'2KM- 7 2KO
   $.-$ +<uv*  A%+! Z(%$(     :K9.* %.Ka%( :R'+9 )!2* +o'( �

 (.! 8O$.a .     , >8@!7( )H2F* +ofRi  J$+H    :! T0'2!

:-.Y                %8KN D" :K-  !2KIM-$ �.Kf! TJ20K, :5 8k2! >$
           �'(E- 2' :9., TG2J ?$ $% :f�0, w$.9 :5 8k2! �%E!
         :MKk$8- >+<uvK* :5 �[.5 %8N D" :- 7 8;5 %7( :9.,

8k2! .%(  #$%$ >+!%25 +<<l* :5 2s-" ?$ :!  @N$7 D2=9 
             :K! >+!%2K5 �K' TJ20K, B'$EC$ :5 TA$ 1%.d P'$

      , +s;, +o'( �j5 TJ20, BO25      +KofRi +Y$ Z(.k
         Z((+Y  J$+H 4d$ P'$ :! :9.* 2!  @H2F*    62KRMJ$ :K!

       8," 8O$.a TA( :! >+M=! n'2M- (2'? %2<0! .  P<K;QRO
           R0<-2/, ?$ g(2~MA$ 2! :5 (.k m'+@*  G$7% TA$ ?2<-

 * Z -2/,      P<! ?$ w$.9  _A2;, ($8@N      :K!  '2K=- w$.9 
8KK'" TKKA( .  %( TKK<@R9 XKKA2;, g?$8KK-$ :KK5 2KKs-" ?$

 T0KK9 %(  KKR=, BKKF- �KK<M-� &M'%.KKoG$  Z(%$( .KK97
 , (2=;S<V e<Fp* (.k (+'hV ^2s-$ :;<,? P'$ %(  '2O.  

:!     ,  f5 %.H      :�$%$ 68, :5 T~Y D$.*     '2K-$.* g8k
   w$.9 PMC2' %(  !.a    =! :-2Y8;[ >2O    2K! D2M0! g8! :;<

 g(+M0Y :;,$(           $+'? r(%$( $% }8O )!$.* >$+! +'(2F, ?$ >$
     :;<=! Z:@G2], P'$ n'2M- e_H +!    %(  #$%$ >+!%25 >?2A

          XK9., ZB'2KA+C BO25 +! g7ji :@G2], (%., :F];,
        TKA$ g8Kk E<-  f5  O((.A D$E<,  -7EC .  P<K;QRO

         :MC2' BO25 w2-$7% %$8F, :5 ($( D2S- 12_A2p, ZTA$
(%$(  -$.IRO B'2A+C BO25 2! P'$ 7.  
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