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2-1-1-1-=64>? @26"0A./  B6&<*' C6;,  
  F -T K% 7A+ P/) *+% P/) *+,3   Q;R :-$TSP Y;T%  .

          ,5@6 *5523 k-`.$ '< YT% *+% ," )!<l6 P/) :-.J6
    ̂ + \9 '[58$ '>R,6 ,$ )      4%K)% / *+,;3      ,5@;6 *+,;3

 76 X-OE9%    ,G .%           K% 7C!;9 ';" SE+)!;`V% *+% '< -W9] K
SE+)!`V%    :-$Greedy  76 X!@Z6    F -5_ D !1   4] :K-T

       76 Q8C \59 m+,T )-5@" / YT% F -T #.< .   *;+% ';d,G%
       X%!;= m;h%!6 7n;2" )  SE+)!`V%        ';g%)% 7J;T-.6 :-;$

76    '" -6% D#.<          / ';.+\$,_ :-$,5@6 K% :)-5@" 7>< )!M
76 \59 %) oT-.6-9   #;5V!3 #9%!3  #;.<)Kumar, Singh, 

2007.(  
  

2-1-1-2- @26"0A./ GREEDY  
  ̂ ;;+ \9 SE+)!;;`V% ';;" '5J;;1 )-5@;;" P/) *;;+%  *+,;;3

  76 Q8C 7`+-@8$             ';" k-;G ,$ )  '< p/-N3 *+% -" #.<
  ̂ + \9 'A.+% :-=           -;" D#.< QqE6 r%,G '" %) ,01 *+,3

F-3!<     76 j/,1 s-+ *+,3          ̂ ;d!< )-;" ,;$ / D#;.<    *+,;3
s-+       4-56 K% %) -$s-+   7h-" :-$      7;6 r%,G '" F#9-6   #;+%\H% .

  4%!;;.C ';;" %) s-;;+ ^;;+»t,E;;T  )  s-;;+ « ,;;u9 ) 
76    76 '< S+,5G           7;T),"  )!;6 SE+)!;`V% '6% % )  #9%!3

                                                           
1. Symmetric TSP 
2. AsymmetricTSP 
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      '< 7M,1 '"  ,5`" )%,h)1 (     D#;1-" F#[9  -W+% 4!.<-3
)2 (       '=)  tv) '" ,W.6 4] 4 /\H%3    /   ,`9 )3 ( )/ 

 K% ,E8< s!M -"n #.A9  -W+% )n  t!;g)  %#;23 ) (Liu, 

2005 .(      s-;+ s-q3% w,1 SE+)!`V% *+% )        / 7;>Jh :-;$
          'EH,G ,u9 )   !5h '" '=!3 -" /  )%#9  !=/ :#2"   DF#1

 -W+% ,5@6  !" #$%!& 'ET!5_ :,5@6 D-0E9% )  F#1.  
  
2-1-2- !"  J<K %&' -(L3 %0K!  

   P/) Y8@h *+% )        '.50" )  ,xy6 / s!826 :-$    :K-;T
 '< -$,5@6    % -" -09] )  ET -NF    76 72T p%,55z3 K%      !;1

   s-+ {+!23 -" -3           D  ,;G Q+#J3 :,E0" )/  '" )/  ,$ D-$
  76 F %  |,1   !1 .       )/  ^;+ *E;1%  -"» *;A86«   *;+% 

   s-+ {+!23 e%),A6 SE+)!`V%     76 k-W9% %) -$    #$    -;3 ;M! s
   #"-+ }$-< 79!.< )/  .    76-;`.$ Q;8C *+%       K% ~;_ ';<

*+#;;.d !;;J0" �5;;$ )%,;;A3  D ![;;9  -;;W+% r%,;;G )  : 
76 Uh!E6   ,G .  

  
2-1-2-1- %&';A(*M 2-OPT ! 3-OPT  

2-opt / 3-optP/)   �+-;;E9 ';;< #.E@;;$ :)-;;AE"% :-;;$
   4-6K )  %) 7JT-.6     76 'g%)% oT-.6 7+-$  #..< . SE+)!`V%

2-opt        K/,;< )-;" *5E@O9 %) )1958 (   %   -0.[;5_ . ) 
          S5@;L3 ,5@6 /  '" )/  ^+ %#E"% P/) *+% 7;6   /  !;1

       s-+ -" / F)-"/  ,5@6 /  *+% ~�T       Qq;E6 #;+#= 7+-$
76  #9 ,G .    P/) )  -6%3-opt          ,5@;6 ';T ';" ';5V/% )/  

 76 S5@L3       s-+ -" / F)-"/  /   ,G       Qq;E6 p/-;NE6 7+-$
7;;6 F-;;3!< )/  ';;" ,;;W.6 #;;9%!E" -;;3   ,;;G   !;;1 :,;;3

)Krasnogor, et al., 2006; Brady, 1985.(  

  

 s/#=1 .V% p-qO[6^+ \9 SE+)!`  '>?@6 )  7`+-@8$ *+,3TSP  
1 :: /)/ :+4K/ Q6-< r%,G ^ )%   
2 :=/,&7 :'C!8W6 %:o@d," t!g) K%  3,3 '< )% 5o  4-1+@6 ^5A[3 %) ,56 Q7 #$   
3 :)!`V%+SE@6 5,+"-7 :  

  K%+ 4%!.C '" %) 4] / *< j/,1 F%!OV  tv) ^»9!.< tv)7 «o@d," )%lG:*<  
 6-`.$ -37" t!g) '< o@d, $ 7 F#" k-W9% #9)%   !=/ F#[9 

 F -T ,3+S< / * \$+'. ,3+o@d," tv) ^+ '< 7V-+ * 7$   �#[9w76 QqE6 79!.< tv) '" %)  #.<. 
 wo@d," %)   4%!.C '" %) 4] / *< :)%lG»79!.< tv) «F#" )%,h 
 4-+-_ 

4 :7=/,& ,5@6  
  

 s/#=2 . SE+)!`V% p-qO[6Greedy '>?@6 )  TSP  
1 : /)/: :+4K/ Q6-< r%,G ^ )%   
2 :=/,&7 :'C!8W6 %:o@d," t!g) K%  3,3 '< )% 5o -09]  +@6 ^5A[3 %) ,56 Q7 #$   
3 :)!`V%+ SE  
4 :F-3!< ,3+ *+ 'C!8W6 K% %) 4] / *< X-OE9% %) s-+s-  -$*< rlR  
5 :6-`.$ -37 'C!8W6 FK%#9% '< +s- -$:X-OE9%  ^d!< F#1  K% ,3nF#" k-W9% YT%  :  

 ^d!<  ,3+  *+  s-)u,v (    *< X-OE9% %)) M,1 '"7      'T '=)  -" tv) ^+ '< 1            K% ,;E8< s!;M -;" )/  -;+ n    -;W+% 
 ![9.( 

  s-+(u,v)F#9 )%,h 7T),"  )!6 ,`+  / *< rlR %) . 
6 :4-+-_  
7 :7=/,& ,5@6  

                                                           
  . '=)  tv)3v) DT '< YT% 73#1-" 'EH,G )%,h #+ K-"  )!6 )-" ^+ K% }5" 'W5E9 )  / #1-" 'E1%  t-83 4] -" s-+ . 
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2-1-2-2- %&1111';A(*M 2.5-OPT QOR-OPT ! 
DOUBLE-BRIDGE   

  7>E.")1992 (      ;" '<  ,< 'g%)% %) 71/)     ';" '5J;1 )-5@
  P/)2-opt   p/-N3 -6%  !"       Y1%  4] -" \59 7+-$ .  *+% ) 

      76 )%,h 7E52h!6 )  ,01 ^+ P/)     ,5G)    /  *5;" e��6
  ,01b   / f (   ';<            P/) *;+% c#;1-" ,;`+  ,0;1 /  *5;"

  e�!8262.5-opt  76 F#56-9    !1 .  )/%)1976 ( 78E+)!`V%
   '" '5J13-opt      k-;9 -" %) Or-opt       )  ';<  ,;< ';g%)%   4] 

             /  7`+-@8$ )  '< S$ '" QqE6 ,01 'T -+ / /  D^+
  ,01c   / d  'EH,G )%,h            ,;`+  ,0;1 /  7`+-@;8$ )  #9%

#9,5`" )%,h.  

4-8$         P/) )  #;1 F#$-[;6 '< )!M     :-;$2-opt  /   
3-opt       7;6 {+!23 s-+ 'T / /  D       7;6 ~;_ #9#;1    4%!;3

           !=/ \59 s-+ )-0d 'V -J6 :%," 71/) '< Y1%  )-uE9%
 -" 'E1% #1 .    '< P/) *+%»Q_     ';9-G/  :-;$ «    )%  k-;9

 ';" )-" *5E@O9      4-;`.+,< ; *5;V '>5;T/)1973 (   )!;6
          7;6 Q;8C o53,3 *+% '" / YH,G )%,h F -NET%    ';< #;.<

           7;6 %#;= 7H -q3 )!M '" )/  K% s-+ )-0d %#E"%   / #9!;1
     ';9!G ';" F)-;"/  ~�T    7;6 Qq;E6 p/-;NE6 :%   #;9 ,G

)Lin.S, Kernighan, 1973) ( QA11.(  

  
)1(  

  

)2(  

  
 

)3(  )4(  

    
)5(  

  
 QA11 .Y@= :-$,`>8C  7>Z6 :!=/)1( 2-opt ) 2(3-opt) 3(Or-opt) 4 (double-bridge  (Kumar, Singh, 2007)) 5 (2.5 opt) 4-NVy6(  
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2-2-=)2?R @26"0A./   
F#+%   SE+)!`V% 7>f%  7>6-A3 :-$1 )EA (  )  �,;J.�+) %)

  s-T1965   ,< |,(6 .       K% o2[;.6 '< ^5E9� SE+)!`V% 
  SE+)!`V% j!9 *+%         Y@;= P/) m;h%/ )  DY;T-$    :!;=/

  '+-_ ," :,3!5�6-<  SE+)!`V%    '.50" :-$     t-;T%," / :K-;T
 4� )-E&-T     k/K!;6/,< / -$          #;.>$ )!@;H/,_ ';< DY;T-$

)1989 (     ~;_ /  ,;< |,(6 %) 4] 4-`5[56 F-`[9%  ) 
      K% }9-+!W[;9%  K% 728= :/ K%       %) 4] �,"#;>G ';>8= 

   #9 %  i@" / |,1 .   SE+)!`V% *+% 7>f% :-.J6     Qf% ," -$
 *+,E0" :-L"            D7>6-;A3 :)-E&-;T )  4] 7;M '< YT-$

'C!8W6     X%!= K% 7H -q3 :%       Q6-A3 '" '>?@6 '5V/% :-$
76 76 '.50" mh%/ )  / #.T) #9!1 .  

SE+)!`V%        p/-;N3  !;=/ -" ^5E9� :-$       )  ';< 7+-;$
 -1 ,A>8C �!Z9        70"-[;6 :-$,`>8C / s!f% K% D#9)%  4

 76 F,0"  #9,5G . SE+)!`V% I8$        72"-;3 :%)%  7>6-;A3 :-$
k/K!6/,< 7`E@+-1 7"-+K)% :%," #.E@$ -$ . �7"-+K)% m"-3

     k/K!;6/,< K% k%#;< ,;$ ';" D7`E@;+-1      4-;8$ -;+ ; -;$
X%!=    ; F#;1#5V!3 :-;$      YJ@;9 7`E@;+-1 )%#;L6 ^;+
76  #$  .     K% : )/]," )%#L6 *+%  X%!= oT-.3 4%\56   :-$

               }5;_ K% p-;C�M% :,;T ^;+ K% F -NE;T% -" %) :#5V!3
  '" F#1 *5523   76 YT   #$  .        -;0.3 ';>R,6 *;+% mh%/ ) 

'(L9    SE+)!`V% K% :%       ';C!8W6 ';< Y;T%       p-;C�M% K% :%
  76 SE@5T  )%/  #9!1 .k/K!6/,<        ,+ -;L6 K% F -NET% -" -$

  76 X-OE9% 7`E@+-1       ] o53,3 *+% '" / #9!1    ';< 7+-;09
  :%)%          7;6 X-;OE9% ,E[;5" #.;1-" :,E0" ,+ -L6  #9!;1 .

 k/K!6/,< X-OE9%         )!E<-;H D7`E@;+-1 ,+ -L6 t-T%," -$
    SE+)!`V% p)#h )  S06 )-5@"         ';" ';< YT% ^5E9� :-$

SE+)!`V% 4%!.C Y@= :-$ 76 'E&-.1 ,G!=/ #9!1.  
          :/) ,;" ';< YT% 7>8C *5E@O9 e�!826 Q�6#5V!3

7;;6 s-;;8C% Y;;528= ;;1 ! . :,;;T ^;;+ P/) *;;+% ) 
Y;;528= 4-;;56 K% k/K!;;6/,<2 X-;;OE9% #;;V%/ 4%!;;.C ';;"

76                  #;5V!3 ';" ,;W.6 k-;� % Q;8C -;" Y+-09 )  '<  !1
 76 4%#9K,H   !1 .   *+,E0" �p-5R I+,u9 t-T%,"      #;+-" D-;$

              %) :,;E0" :#;2" Q@;9 -;3 #9!;1 X-OE9%  )%!6 *+,E0"
 #..< #5V!3 .     Q�6#5V!3 ,`>8C '" Q5V  *58$ '"3 8C D ,`>

X-OE9%4   76 'ENG \59    P/) D !1        )  7;N>EO6 :-;$GA 
  k/K!6/,< X-OE9% :%,"         )  7>f% r#$ -6% D )%   !=/ -$
   'E1) X-OE9% -09] I8$          Y;528= K% �-;" *5`9-56 -" 7+-$

    7;�< #5V!3 / 7>2H            )  -;09] 4 % )%,;h / ';9-G#.d :-;$
    Q�6#5V!3 ,OET% k-9 '" 79-A65       7V-;8ER% k,;H t-;T%," 

YT%.12345  
            :%,;" %) Q@;9 79!.< :-nC% K% -3 /  X-OE9% ,`>8C

 p-;;5>8C )  Y<,;;1    };;0= / k-;;� % 7>6-;;A3 :-;;$
76,"  #.+\G .             Q;�6 #;5V!3 :%,;" #;V%/ /  ';>R,6 *+% ) 

 76 X-OE9%            79%#;9K,H #;5V!3 ';" ,W.6 7E@+-" '< #9!1
Q6-A3   #9![;" 'EH-+ .P/)       7;6 X-;OE9% :-;$      ';" #;.9%!3
F!51       #9![" %,=% 7N>EO6 :-$         i+%,;1 ';" ';=!3 -;" '<

  7;6 Qg-@6              #;..< ';g%)% \;59 %) 7;N>EO6 �+-;E9 #;.9%!3 .
P/)        SE+)!`V% )  e�!826 '< %) 7"-OE9% :-$    7>6-A3 :-$

   76 )%,h F -NET%  )!6   76 #9,5G        �,;d P/) Q6-;1 4%!3
  'J3) P/) DYV/)    P/) / :#."   7E"-h) :-$6  Y@;9%   . ) 

P/)         $ / :#.< Q5Jh K% 73�A[6 7$-G YV/) S    7;+%,G
 Y@= 79-0G-9     ̂ d!< ,M-& '" !=/      :-n;H m+,T 4#1

Y@=    76 #+#_ !=/  #.+] .      P/) K% e�!826 Q5V  *58$ '"
       7;6 F -NET% 7E"-h) P/) k-9 '" :,`+     !;1 .  r�&,;"

          DYT% Y25JM )  Y"-h) '5J1 '< 7E"-h) P/) )  YV/)
   k/K!6/,< K% 7Ad!< IC!8W6,+K    -$)     ';T -;+ /  e�!826 (

q;;3 p)!;;f ';;"7;;6 X-;;OE9% 7H -  Y;;"-h) ';;" / #9!;;1
 7;6  #;9K% ,_ .    4%\;;56 t-;T%," Y;"-h) *;;+% )  k-W9%,;T

 4 !" oT-.E6         7;6 :K/,5_ '" -09] K% 7A+ D4-1     / #5;T)
        76 7�< Q�6#5V!3 ,OET% )  #+#= #V%/ 4%!.C '"    /  !1

    )%,;A3 #+#= Y528= )  -$#V%/ I8$ #5V!3 -3 #.+],H *+%
76   !1 .     7E"-h) X-OE9% P/) )    }.+\G :%," D7+/ / 

';;C!8W6,+K -$#;;V%/ K% k%#;;< ,;;$  :-n;;C% K% 7+-;;3/  :%

                                                           
1. Evolutionary Algorithms 
2. population 
3. reproduction 
4. selection operator 
5. Mating pool 
6. Tournament 
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    7;6 X-;OE9% Y528=              *;+% K% k%#;< ,;$ ~�;T /  !;1
k/K!6/,<              ';" #;1-" 'E;1%  %) 7`E@;+-1 *+,E0" '< -$

7;;6 X-;;OE9% #;;V%/ 4%!;;.C  :#;;2" Q;;R%,6 )  -;;3   ,;;G
 !1 F %  Y<,1 Q�6#5V!3.  

      D#1 k-83 Q�6#5V!3 I>R,6 'A.+% K% ~_   K% 7E528= 
*+,;;E0" ';;" -;;$  Y;;T% F#;;6]  !;;=/ . Q�6#;;5V!3 Q;;8C

';;C!8W6 *+,;;E0" K% :%  7;;6 X-;;OE9% %) -;;$  -;;6% D#;;.<
k/K!6/,<  -$:   '" %) :#+#=     7;89  !=/   )/] .    *5;8$ ';"

  k-� % ,`>8C Q5V 1   X%!= #5V!3 r#$ -"     s-;8C% ,E0" :-$
76   !1 .   Y@= Dk-� % K% r#$       -;3 / ,E6%)-_ :-nH :!=/ 

�;;NR 4-;;A6% #;;R'E;;1) )  ';;EN09 p-;;C�M%  Y;;T-$ .
P/)              )%   !;=/ k-;� % Q;8C k-W9% :%," 7N>EO6 :-$

)^;;3 k-;;� % #;;.9-6 ';;(L9 ';;(L9/  / :% Y;;&%!.A+ D:% (
    X  ,u9 t-T%,")2001( 789 D       ^+ k%#< '< YNG 4%!3

P/) K% YT% ,E0" k-� % :-$.  
          �,9 k-9 '" :,`+  S06 k!0N6 '" YT% kK� -W.+% ) 

    ;.< F)-;1% k-� %S5 .          ,`9-;5" k-;� % �,;9 DU;+,23 �;JM
     -;" %) 4] ';< YT% k-� % s-8ER%Pc  7;6 4-[;9    / #;.$ 

      YT% ^+ -3 ,Nf *5" 4] )%#L6 .    )  �,9 *+%GA   %#5_ -" 
<,   YN=  %#23 YJ@9 4    k-� % :-$    Y528= )  F#1   :-$

'" Y"-x 76 YT   k-� % s-8ER% �,H -" / #+]Pc76   4%!3
   '< YNG100*Pc'E1) K% #f)   $  ';" k-� % p-5>8C )  -
 'EH) )-<       / #9%100*(1-Pc)    7h-" Y528= K% #f)      F#;9-6
Y;;T%.   %#;;23 ,`9-;;5" �,;;9 *;;+% D,;;`+  U;;+,23 �;;JM 

k/K!6/,<        F#1 Q�6#5V!3 ,OET%  )%/ '< YT% 7+-$   #;9% .
      k/K!;6/,< 7;.2+ D#1-" ,E[5" )%#L6 *+% )#Ld ,$   :-;$

F#1 Q�6#5V!3 ,OET%  )%/ :,3 -+K / #+#= #9%.  
      k/K!;6/,< k-;� % Q8C K% ~_          Q;8C ';" Y;"!9 D-;$

   76 4!5T-3!6 -+ }0=  #T) .'"      }0= Q8C F -T p)-JC
 4� )                   / ^;+ ';" ,N;f  #;C Q+#;J3 Q6-1 :,.+-" :-$

        #.9-6 ^d!< 7V-8ER% t-T%," '< YT% ~AC,"Pm   ';" 
     76 p)!f Y5" '" Y5" p)!f   ,5G .    *+% '" }0= Q8C

        ,Nf *5" 7H -q3 : #C '< YT% o53,3     #;5V!3 ^;+ -3
76   !1 .  #5V!3  #C ,G%   ̂ d!< F#1     K% ,3Pm   )%#L6 #1-" 

     YT)  -" ,"%," 7=/,&)true (     i;>� ,"%," '9,G/)false (

   76 'EH,G ,u9 )   !1 .  7;=/,& )%#L6 Y5" ,$ :%," ,G%
    76 ,55z3 Y5" #1-" YT)         ,;55z3 4/#" Y5" '9,G/ #.<

  #9-6 #$%!& 7h-" .Y5"          k/K!;6/,< -;+ 'E1) ^+ :-$  ';"
   76 }0= QLE@6 p)!f        }0= '< 7.26 *+% '" D#."-+

 Y;;5" s-;;8ER% :/) ,;;" Y;;5" ^;;+   ,5x�;;3 ,;;`+  :-;;$
789   )%lG .         I;V\.6 '" F -T ^5E9� SE+)!`V% )  Q8C *+%

   '" / '+!9-x ,`>8C           K% s-;R )  ';< 73-C�M% �NR )!u.6
       7;6 7;L>3 DY;T% *EH) YT      ,;G .      :%,;" Q;8C *;+%

S;;$ K% :,5G!;;>=  / m+,;;T 7;;+%,G SE+)!;;`V% ';;" ^;;8<
Y@;;=      )  4 -;;EH% k%  ';;" K% )%,;;H )!;;u.6 ';;" !;;=/
S85.56     YT% #5N6 72a!6 :-$ .     Q8C *+% ,`+  :!T K%

       k/K!6/,< 4 !" \+-8E6 / p/-NE6 YV-R �NR :%,"   )  -$
76 )-< '" Y528=  /). 1  

  
3-S6&2? ! TLD   

     F)/  F#.1/,H '>?@6 QR )!u.6 '"      }$/b_ *+% )   ,G
   NE6 �!51 'T K%   #1 'EH,G F,0" p/- .    -" Y@O9 P/) ) 

  Y@= :-$,`>8C �5N>3       ̂ 5E9� SE+)!`V% -" 7>Z6 :!=/
    #;1 'E&% ,_ 7"-+,5@6 '" .        K% F -NE;T% -;" k/  P/) ) 

  SE+)!`V%NN        ,`>8C -" 4] �5N>3 *5.�8$ / 2-OPT  '" 
   F)/  F#.1/,H '>?@6 QR   #1 'E&% ,_  ,G .  Y;+-09 )  /

      6 QR :%," #+#= / :)-AE"% 71/) 7;6 'g%)% '>?@     ,;G
 )%,;;h 7;;T)," / B;;Z"  )!;;6 Q5q;;N3 ';;" ';;6% % )  ';;<

76  ,5G.  
  

3-1- #$ %/;D =)2?R @26"0A./ TSP  
'"    SE+)!`V% 7>< )!M             i+%,;1 ';" ';=!3 -;" ^;5E9� :-$

  76 U>EO6 Qg-@6    F!51 '" #.9%!3      7;R%,M 73/-NE6 :-$
 F -5_ /   #9!1 :K-T .          :-;$,`>8C K% k%#;< ,;$ '< -W9] K%
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1. Cross Over 
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 QA12 .'2T!3 ,`>8C :%,=%  'EH-+3-OPT-$,01 K% )!JC 7J53,3 k/K!6/,< :/)   

  

 _ )       ̂ ;5E9� SE+)!;`V% D,;a-R }$/b       -;W+% :%,;" 
     K% '< :,5@6 *+,E0"100       '" #.< )!JC ,u9  )!6 ,01 

  #1 'EH,G )-< .k/K!6/,< oV-h )  '>?@6 :)%lG#<  '" -$
  F -5_ p)!f *+%         Q6-1 k/K!6/,< ,$ '< #1 :K-T100 

 76 4�    F)-81 '<  !1     4-56 :-$1    -;3 100       !;& ';" %) 
 76 �-qE&%     ] o53,3 / D#.$  4-5" -09      ,5@;6 ^+ �#..<
   K% F#..<)!JC100    YT% ,u9  )!6 ,01  .     ,`9-;5" 4� ,;$

    ,$ 7J53,3 Y52h!6      *+% K% / YT% #+ K-" :%," ,01    '" /)
   76 �5qO3 F)-81 ^+ ,01 ,$ #"-+ . :)%lG#< *+%,"-."

  7Z5Zf)integer (       #;1 'EH,G )-< '" '>?@6 *+% :%," .
 4�  %#23        ;$%!& -$,01  %#23 -" ,"%," -$      ,+ -;L6 /  !;" #

4�               ,;$ / #;1-" -$,0;1  %#23 F /#Z6 K% �)-& #+-J9 -$
            !;1 ,$-;� k/K!6/,< ,$ )  )-" ^+ -0.3 7E@+-" ,01 .

 k/K!6/,< *+,E0"           )  ';< #9#1 'EH,G ,u9 )  7+-09] -$
      #9)%  :,E8< ,5@6 s!M 4%,`+  -" '@+-L6 .    p)-;JC ';"

         k/K!;6/,< K% k%#;< ,$ 7`E@+-1 7"-+K)% :%," ,`+    -;$
)X%!=  -$ ( #1 F -NET% YH-@6 K% .   *+#;V%/ X-;OE9% :%,"

Y<,;;1 #;;5V!3 )  F#;;..<  K% DQ;;�6»:,.+-;;" Y;;89)!3 «
F,0" #+ ,G :,5G.  

    SE+)!`V% Dmh%!6 K% :)-5@" )        ̂ ;5E9� / 7>6-A3 :-$
Y528=       '" 7H -q3 p)!f '" %) 4-1   76  !=/   #;9)/] . ) 

 ,;;G% '>?@;;6 w/,;;1 /  !;;5h ';;" ';;=!3 -;;" '>?@;;6 *;;+%
,<k/K!6/            4-;A6% D#9!;1  -W+% 7H -q3 e�6-< )!M '" -$

 k/K!6/,< 'A.+%          )-5@;" #..< F )/]," %)  !5h #+#= :-$
   !" #$%!& S< . ';"             '>?@;6 )   !;=!6  !;5h 7;>< )!;M
 F)/  F#.1/,H     Q6-1  ,G)1 (      iLH / iLH ,01 K% #+ K-"

    / D)-" ^+)2 (    ,1 I(L9 '"  #W6 Y[GK-"/ 76 j     ,;G .
    Q5V  *58$ '"   k/K!6/,< }$/b_ *+% )       K% F -NET% -" -$

'+%)]          #9#;1  -;W+% DF#1 U+,23 }5_ K% :% .    I;+%)] *;+%

^3                :-$,0;1  %#;23 -;" Y;T% ,;"%," 4] �K%#9% '< :#2"
             F)-8;1 K% F -NE;T% -;" %#E"% DF#1 F %  )%,h #+ K-"  )!6

7;;6 7$ )%#;;L6 -$,0;;1 76-;;`.$ /  !;;1  7E@;;+-" ';;<
    '"  !1 #5V!3 :#+#= k/K!6/,<       o;53,3 7H -q;3 )!;M 

   76 {+!23  !5h Y+-C) -" %)  !& '5V/% 7$ )%#L6  -3 #.<
 !1 #5V!3 :#+#= ,5@6.  

     Y@= K% F -NET% -" k-� % ,`>8C     7>Z6 :!=/3-opt 
    s-+ #5V!3 / {+!23 '"        %) SE+)!`V% -3 Y&% ,_ #+#= :-$

 k/K!6/,< '"       S;$ ,E0" 7`E@+-1 -" :-$     #;.< %,;G .  �,;9
    -" ,"%," k-� %7/0    #1 'EH,G ,u9 )   .  *+%,"-."70  #f)  

      76 F %  Y<,1 k-� % )  Q@9 K%  #9!1 . '" :%,"   :,5G)-<
  ,`>8C3–OPT            -;" ^;5E9� SE+)!;`V% )  k-;� % oV-h )  

   k/K!6/,< j!9 '" '=!3     'EH,G ,u9 )  :-$     QR :%," F#1
         '" t!g) K% -3 'T SA+ #V%/ K% %#E"% '>?@6      7H -q;3 )!;M

  #9#;1 X-OE9% .     Q;Z6 ~�;T        k/  #;V%/ )  t!;g) *;+%
   #+ ,G 7+-T-.1)  QA12 .(     QA;1 )  e��62    tv) ';T 

)4� (p)-;;JC 7H -q;;3  K% #;;9%2 D4 / 6 . tv)2 )  ';;< 
  Dk/  k/K!;;6/,< )  Y;;T% 4� *5;;6/  S;;A+ k/K!;;6/,<

  !;;" #;;$%!& 4� *5;;8EN$ . tv) Q;;Z6 *+%,"-;;."2 )  
    '" SA+ k/K!6/,<» o53,3 *58EN$ « 76 ,55z3   )  / #;"-+

/K!;;6/,< tv) \;;59 k/  k2 s-;;LE9% k/  4� Q;;Z6 ';;" 
76   #;"-+ .              )%,;A3 \;59 ,;`+  tv) /  :%,;" Q;R%,6 *;+%
76    ,G . F -5_ :%,"         p)!;f *+#;" }0= ,`>8C :K-T

         4� K% -3 /  ,$ :%K% '" '< #1 Q8C      ,E8< :)%#L6 '< -$
 K%05/0 ';;" -;;09] :%,;;"     )  -;;09] :-;;= D#;;+-5" Y;;T 

k/K!6/,<      76 {+!23 ,`+#A+ -" -$  !1    #+#= :,5@6 /  
 76 #5V!3   ,G . 76/K!6/,< )  ,`>8C *+% '<  !1 '=!3

 K% ,;;E8< 4� ^;;+ i;;LH ';;<05/0 %,;;=% #;;1-" 'E;;1%  
789         }0= 4� �._ -" k/K!6)!< :%," /  !1     i;LH D'EH-+
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   76 %,=% )-" /    !1 .        F -NE;T% -" #+#= Q@9 #5V!3 K% #2"
    -;;" 7`E@;;+-1 �-;;ZV K% -;;09] D^;;5E9� :-;;$,`>8C K%

#V%/*+    76 '@+-L6 4-1       *+,;E0" / #9!1100 k/K!;6/,<   
  :%,"   76 X-OE9% :#2" Q@9    ,G .     FK%#9% '" '=!3 -" ~_

  ,"%," '< ; Y528=100      *;+% )  ; #;1 ';EH,G ,;u9 )  
 4-;;56 K% ';;>R,6200  D#;;9K,H / #;;V%/ k/K!;;6/,< 100 

   76 X-OE9% ,3," k/K!6/,<  #9 ,G .     �;NR BC-" P/) *+%
k/K!6/,<   'E@+-1 :-$  % 76 :     Q@9 )  '<  !1    '5V/% :-$
76 #5V!3 #9 ,G.  

            DSE+)!;`V% :%,;=% / ';5V/% p-;85u.3 :%,=% K% ~_
               #;5V!3  !;5h Y;+-C) -;" ';5V/% 7H -q;3 ,5@6 ^+ %#E"%

76            )%#;L6 ^5E9� :-$,`>8C K% F -NET% -" ~�T /  !1
  7`E@+-1)s!M (  76 }$-< 4]         ';" ';< 76-`.$ -3 #"-+

 X%!;;= *+,;;E0"  #;;T," -;;$ .K% ~;;_  76-;;83 ';;A.+% 
k/K!6/,<   #5V!3 :-$     k/K!6/,< '5L" K% F#1     #9 !" ,E0" -$

       k/K!;6/,< K% ,E0" :#+#= k/K!6/,< �5$ /      Q@;9 :-;$
            4-;+-_ -;3 :,55z3 �5$ 4/#" :#5V!3 Q@9 D !J9 79!.<

 *5523 :-$)%,A3    76 7h-" F#1   #;9-6 .    QA;1 ) 3   #;9/) D
  #5V!3 I5V/% ,5@6 7>6-A3    Y;T% F#;1 F %  }+-;89 F#1. 

4-8$        7;6 F#$-[;6 ';< )!M          -;$)%,A3 }+%\;H% -;"  !;1
     7;6 #;5V!3 '< :,5@6       7;6  !;J0"  !;1     m;h%/)  / #;"-+

F-3!<   76 ,3     '.50" '" -3  !1       #;T," Y;V-R *+,;3 .   K% #;2"
   k/K!6/,< Q@9 ,$ #5V!3          K% 7`E@;+-1 �-;ZV K% 4] :-$

    76 o3,6 *+,3#" '" *+,E0"  #9!1 IJ3) o53,3 '" / 1  -;3 
100qE&% -09] '" 76 �- #"-+ .  

)1(  )2(  )3(  

      
)4(  )5(  )6(  

      
QA13-) 1 (#5V!3 ,5@6  F#1TSP  K% #2" 100)%,A3 D) 2 ( F#1#5V!3 ,5@6TSP  K% #2" 1000)%,A3 D) 3 (#5V!3 ,5@6  F#1TSP  K% #2" 10000)%,A3 D) 4 (

#5V!3 ,5@6  F#1TSP  K% #2" 50000)%,A3 D) 5 ( ,5@6TSP#5V!3  " F#1 K% #275000)%,A3 D) 6 ( ,5@6TSP#5V!3    K% #2" F#1100000 )%,A3   
  

  
 QA14 .X%!= '" w!",6 7>6-A3 #9/)  '>?@6 QR K% Qf-R :-$TSP^5E9� SE+)!`V% -"   
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   QA1 ) 4 k/K!6/,<        #;5V!3 U;>EO6 :-;$     )  F#;1
Q@9      Y@;= )  DU>EO6 :-$          -;" ^;5E9� 7;>Z6 :!;=/

        ';EH,G )%,;h '@;+-L6  )!;6 ,`+#A+   #;9% .    7>6-;A3 #;9/)
'"           Q@;9  %#;23 }+%\;H% -;" 7"!;&       7;6 7;M -;$     /  !;1

X%!=       Q@;9 )  ';< 7+-$         7;6 #;5V!3 ,3�-;" :-;$    #9!;1
'E@+-1 #9,3.  

        Y@;= SE+)!;`V% '<  %  4-[9 �+-E9 7T),"    :!;=/
     Q@9 )  ^5E9� 7>Z686767     -" 7"%!= '" 23/51343 

 76 #R%/       Q@9 -3 '< #T)000,100  ';"       *+,;E0" 4%!;.C
X%!=  76 7h-"   #9-6 .      *5;523 :%,;" ';< :)%,;A3 )%\$#f

  F)/  F#.1/,H :)!JC ,5@6  D#+ ,G %,=% ,01 #f K%  ,G
      /#R )  79-6K ) 491 'L5h  )  K% }5;"8 YC-;T  (  ';"

   X%!= *+,E0")S$  7+%,G (    \;59 -$)%,A3 Q< / #5T)574 
#56-W9% s!M '" 'L5h  . Y5$-6 '" '=!3 -" '<  !1 '=!3
� SE+)!;;`V% 7H -q;;3 :-;;$)%,A3 )  ,+ -;;L6 *;;+% ^;;5E9

   -3 p/-NE615   76 ,55z3 #f)    #9 ,< .   SE+)!;`V% '@+-L6
             ,0;1  %#;23 -;" 7(+%,1 -" ,01 #f  %#23 :%," ^5E9�
                4-;6K -$,0;1  %#;23 }+%\;H% -;" ';<  %  4-[;9 D,E8<
   7T!@;;Z6 p)!;;f ';;" ^;;5E9� SE+)!;;`V% 73-J;;T-Z6

79�!M   76 ,3   !1 .   :%," �!H ^5E9� SE+)!`V% e��6  %#23 
30     #+ ,G %,=% )-" *+#.d ,01  .      !" *+% K% 7<-R �+-E9

 S$ '<     F)%!8$ 7+%,G10    -;3 15        :%,;=% K% ~;_ ';L5h  
  /#R -" DSE+)!`V%420076 �) )%,A3  #$ .  

  
3-2- @26"0A./ NN #$ %/;D TSP  

F)/  F#.;;1/,H '>?@;;6 Q;;R :%,;;"  K% F -NE;;T% -;;"  ,;;G
  SE+)!`V%NN      K% 7E@;+-" '< :,01 *5E@O9 D    )!;JC 4] 

    4%!.C '"  ,<»  79!;.< ,01 «       :-$,0;1 �\;= / *5;523
» F#1 #+ K-" «  76 F %  )%,h   !1 .  '5L" '>R,6 *+% K% ~_

    76 )%,h 7T),"  )!6 -$,01    ̂ + \9 -3 #9,5G      ,0;1 *+,;3
'"          ,;G X-;OE9% :#2" ,01 4%!.C .      ,0;1 ';< 76% -;6

#+ K-"  F#[9             )%,;A3 Q;R%,6 *;+% D#;1-" 'E1%#9  !=/ :%
76    /  !;1              ';C!8W6 ';" ,0;1 ^;+ )-;" ,;$   :-$,0;1

7;;6 F /\;;H% :#;;+ K-" ';;C!8W6 Y;;+-09 )  /  !;;1  K% :%
 o3,6 :-$,01     7;6 'g%)% DF#1          :)!;JC ,5@;6 ';<  !;1
 F)/  F#.1/,H           ,0;1 76!;>26  %#23 K% %)  ,G)   -;W.+% ) 

100,01  ( 'g%)% 76  #.<) QA15 .(  
  

)X( )UV%(

  

) ( )�( 

  
QA15.@6 QR >?1/,H 'F)/  F#.  SE+)!`V% K% F -NET% -"  ,GNN :%,"  100 ,01  
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)U./( )V(  

    
 QA16 . SE+)!`V% 7+-09 X%!=  !J0"NN ,`>8C K% F -NET% -" 2-opt) UV% ( 7+-09 X%!=NN) X ( X%!=  !J0"NN  

  
 s/#=3 . :)-AE"% SE+)!`V% p-qO[6MASS_C QR )  TSP  

1 :: /)/ :4K/ Q6-< r%,G ^+ )%   
2: &7=/, :'C!8W6 o@d," t!g) K% :% 76 Q5A[3 %) ,5@6 ^+ -09] o53,3 '< )%  #$   
3 :SE+)!`V%  
4 :*< 'JT-Z6 %) -$,01 76-83 K% Qf-R 7T#.$ \<,6.  
5 : !1 X-OE9% 7T#.$ \<,6 K% ,01 *+,3)/   
6 :'" 7T#.$ \<,6 K% ,01 *+,3)/   4%!.C":#+ K-" ,01" !1 F %  )%,h .  
7 :)/  ,G% '" /," DYT% F#[9 Q5A[3 79!E>56-$ 5 '" /," '9,G/ 8  
8 :^+ \9 K% -3 /  *5"-6 %) 4] / X-5" %) 7T#.$ \<,6 K% :#+ K-",5� ,01 *+,3)/   )%,h :#+ K-" :-$,01 *+,3

,5@6 / F#" F#" Q5A[3 #+#= 79!E>56-$.  
9: o@d," D#+#= :#+ K-",5� ,01 '" "F#1#+ K-""F#" .  

10 : ,01 ,G%#+ K-" F#[9  '" /,"  )%   !=/ :%8 '" /," '9,G/ 11.  
11 :4-+-_  

  
      SE+)!`V% K% Qf-R �+-E9 7T),"NN    '>?@6 QR )  

 F)/  F#.1/,H      :-$,5@;6 4 !;" ';.+\$,_ K% 7<-;R  ,G
  : -0.[5_) 79�!M ,5@6  ,3 ( !" .    '<  %  4-[9 p-2V-(6

76     :-$,`>8C 4%!3» Y@;=     7;>Z6 :!;=/ «    *;+% )  %)
 %/ P/)  ,<  ) .        *;+% K% Qf-R �+-E9 ,E[5" 7T)," :%,"

   :-$,`>8C D�5N>32-OPT        K% Q;f-R 7+-;09 ,5@6 :/) 
   SE+)!`V% :%,=%NN    #9#;1 s-;8C% D .      -;" -;$,`>8C *;+%

 '"/  {+!23   s-+ :/    '" :-$  YT          s!;M )-;" ,;$ DF#;6]
      76 )%,h 7"-+K)%  )!6 %) ,5@6 7><     73)!f )  / #.$    '<

     6 '" ,W.6 s-+ {+!23 *+%  S< 7+-09 ,5@      D ![;" ';.+\$

76 F,5&� 7+-09 X%!= :/) ,5@6 ,55z3 *+%   ,G.  
               -;3 e% /#;R ';<  !;" *;+% K% 7<-R �+-E9 7T),"20 

      '" F#1#5V!3 7+-09 ,5@6 s!M K% #f)      SE+)!;`V% '>5T/
NN  76 %)    '" 4%!3    Y@= :-$,`>8C o5<,3 '>5T/  :!=/

    #5[O"  !J0" 4] -" 7>Z6 .   *+% 'd,G%6 + !J0" ,5@  ';EH-
 789 K!.$    '.50" ,5@6 #9%!3       7+-$ ,<)-< )  7V/ #1-" :%

   SE+)!`V% '<NN            )  4] YC,;T / 7G -;T ,M-;& '" %) 
     7;6 )-< '" DX%!= *EH-+         :-;$,`>8C -;" �;5N>3 D#;9,5G

Y@=      7;6 7;>Z6 :!=/          7+%)-;< ,;" : /#;R -;3 #;9%!3
X%!=  7+-09 :-$NN #+%\N5" ) QA16.(  
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3-3- #$ %/;D %"&+2D/ -F!" TSP  
'"      F-3!<  -W+% :%," 7>< )!M          %#;23 K% ';< :,5@6 *+,3

 ,0;;1 7q;;O[6) -;;W.+% ) 100,0;;1  ( K% D#;;.< )!;;JC
P/)    ̂ 5.A3 / -$    76 7N>EO6 :-$     ,< F -NET% 4%!3 . ) 

     F#+% K% F -NET% -" }$/b_ *+%       \<,6 k!0N6 K% :)-AE"% :%
  F,;0" 7T#.$               j!;9 K% #;+#= 7;1/) -;3 #;+ ,G :,;5G

P/)    :-$» -W+%  .< ,5@6 F#. «         7;Eh  -;" #;9%!E" ';< %)
             %#;23 K% ';< s!Jh  )!6 :,5@6 '>R,6 ^+ )  oT-.6

  )/]  !;;=/ ';;" D#;;.< )!;;JC ,0;;1 7q;;O[6 . P/) ) 
             ';" w!;",6 7;T#.$ \;<,6 %#;E"% D}$/b_ *+% :)-AE"%

   'g%)% :-$,01 76-83 'C!8W6    76 'JT-Z6 F#1    ,G . ) 
           / 'J;T-Z6 '(L9 *+% K% ,01 *+,3)/  D#2" '>R,6  �\;=

» :#+ K-" :-$,01 «)%,h  76 F %         )-;" 'T )-< *+% D !1
76 %#5_ '6% %  79!E>56-$ )/  *5E@O9 tv) 'T -" -3 #.<

    !;1 Q5A[3 #9%!E" .           SE+)!;`V% #;2" ';" Y8@;h *;+% K%
 S$ 7E@+-"         #;$  k-W9% %) 'JT-Z6 j!9 /  4-6Kc   Y@;O9 

             / #;"-5" %) 7;T#.$ \;<,6 K% #+#= ,01 *+,3)/  'A.+%
  ) 4] ~�T  '9!G '" %         K% )!;JC o53,3 )  :%    )%,;h -$,0;1

  F-3!< '< #$        ,G  -W+% ,5@6 *+,3 .    D';>R,6 *+% :%,"
 Y@;;= -;;" SE+)!;;`V%   D:#;;+ K-" :-$,0;;1 :/) !;;=/

^+ \9         7;6 %) :)!;JC ,01 /  *+,3         4 /\;H% -;" / D#;"-+  
            ,0;1 D:#;+ K-" :-$,0;1 '" w!",6 IV-J9  '" !nC ^+

     76 )%,h 7E52h!6 )  %) #+#=  $        ';.+\$ *+,;E8< ';< #
)    Y;T% '>f-H -W.+% )  (            ,;G F /\;H% 7;>Jh ,5@;6 ';"
) s/#=3 .(  

   X#;Z6 )-;;",$ F!5;1 *;;+% -;"   ';;" 72>;a#.d *+,;;3
7;;6 F %  PK%,;;" :#;;+ K-" :-$,0;;1  ,;;W.6 ';;<  !;;1

76         #;1-" ';.50" :#;5V!3 ,5@6   ,G .      ';<  !;1 ';=!3
  F %  PK%," 72>a#.d           )/  *5;V/% Q5A[;3 K% ~;_ F#1

 '" 79!E>56-$      76 �)-& X#Z6 YV-R K% �+)#3    -;6%   ,;G
         72>a#.d )%\$ *+#.d 4-56 K% SE+)!`V% *+% )  F)%!8$

 76 '<     72>a#.d D %  PK%," 4%!3      7;6 X-;OE9% :%    !;1
 ̂ + \9 '<   7Gb+/ *+,3        'E1%  %) X#Z6 72>a#.d '" -$

#1-".  
   QA1 ) 7         SE+)!;`V% )  ,5@6 ^+  -W+% K% 7[O" D

  :)-AE"%MASS_C  F#1 'g%)%       7;6 4-[;9 '< YT%    #;$ 
             X-;OE9% Y;h!6 ,5@;6 ';"  /)/ :%," ,01 *+,3)/  '<

76     '9!G '" SE+)!`V% D !1      76  -W+% %) ,5@6 :%     ';< #.<
S<  '.+\$   #1-" *+,3 .        -;" SE+)!;`V% K% Y8@h *+% 7R%,M

           D#;+#= tv)  /)/ {Z6 '" '< YH,G p)!f F!51 *+%
  tv) k-83 '>f-H            -;+K)%  )!;6 4] -;" 7;>Jh ,5@6 :-$ 7"

 76 )%,h           ̂ ;+ \9 K% -;3 /  -;3  ,;5G         4] ';" t!;g) *+,;3
      '9!G '" #+#= ,5@6 / #9!1 X-OE9%        ';<  !;1  -W+% :%
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