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

�  � � � ! � �, Tsp� � � � � � � � � - � � � � 	 � � � � � � � � . � / � 0� � * � � ! #� % 
� � 12� � � � � � &3� � � �  � � � � � � � 2� � * � . � � � � � � ! � � %� � � � � � � 	 � � � � � � 4� � � � � � � $

� � 	 � 
 5� � � �  � � � 6� � 78#9� %� � 	 � � � � � � . � � � : � � � $� ! � � 
 � ; * � � � � 
 <� � 2; � � �
�  ,  

� � � 3%� =� � 3� * � � >
 ?� � � � � � � � � 
 � � � 
 � � � � � 	� � 
 9� � � � � #9$� ! 3� 3�@  
Recombination A,� � � � � � � � � � � � � � � � B� %� * �   
Mutation C,� � � � � � � � � � � � � � � � � � � ! � � � D0E  
Selection            F,� � � � � � � � � � � � � G� H� I � � �  

� ! $%� J� � � � � 	 � � # %� K� 
 � � � � � � 
 � � � � � 	 � � 3%� =� . � � � * � � L� � � � � 	 � � �
�  � � � 	 � 
 5� � 2 M� � 6� � � � � / 9� � � � � � � � � � � � � � � � 2 � � � � �  � �,  

 
 
 
 
 
 

� � � � � � � � � � � ����
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Genetic algorithm-Recombination-Mutation-Selection-Roulette wheel-tournament�
crossover-Chromosome-jene��
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� � � � ����
� ! 3� � � � � 	 � O8� � / 9� � � � �P� Q=� . � � %�  � � � ! � � � � � 
 R$� 7� 
 ?� � � � S* 
 � M� * �

� � � � � � %� � � � � � L� � � � � � � #� � . � � � � � � � � %� T� ! � � 
 � � � � � � � � � - � � � � U�
� � � � � � � - � � %� 
 2� ( � � � � V� � � � � � � � � � � � � � 	 � 
 � � � 
 � � � � W� � ) � * � � � � � � �

� X' Y� %� 7
 Z� [ � \ � � � � � � . � � � � � � %� 
 2� � � * � 3� � � � � =� � � � � � � � � � � : � � Z
! � � 
 � ; � %� X" � ] � � � 	 � � � 2#$ 
 � � � * � � � � 
 	 � � � � � � � X" � ] � � � 0 %� � : � � � $,��

��
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� � �  � ! " � � � #� �� $� " 
 %���
��

� � � � � � � � � � � � � � 2 � � � ! � � ! " � � #$� � � %� � � � ! 2� ( � � � 	 � 
 � � � 
 � � � � . � �
&3� � &' � ( ) � L� ^ � * �,� � 22� � ! � � ! � � � * � / 9� � � � $� � 
 Z� 7� � 
 E
 � � � � 0" � �

� &J� � - � 
 � � � � � � � � � 7� � ( V� � � � � � � � � 
  � ! � � � $� � 
 Z� _� � � � � ' � � � � 0" � � %@  
�� $� � 
 Z� � � � � � � &' � ( )`� $� � � � � �  � a� 2� _� � ! � � � � � ! � � � * � � � � � � � �� � ,��

2; � � � � 4� �� � * � 3� � � (  � � � � � " R� � � � 
 b� � � � - � 
 $� ! � � � � � � � � � � . �
� � � � � � $
 � c � � �,  

� H� 
 E� � � � ! " � � � � � � � � � � � � � &3� � . � � � � � � ! #� � � � � � � 	 � 
 � � � 
 � � � � &� _�
� ! ) � � � 3� � H� 
 E� � � � 4
 � ' � � � � 	 � � � � � � � � * � � - � 
 � � <� � � %� � � � � � � � 
 E%� ! ' dZ
� � � � H� 
 E� . � / e� � � � � � � � 	 � H� 
 E� . � / #� � _� � * � � � � � � V
 � G� ! " � � #$� � � %� � � �

� - � 9�� � � � � � 	 � 
 5,  
  

� � � � � � � � � 	 � 
 � � � 
 � � � � ! " � � L� �@  
 
Main( ) 
Initialize and Evaluate  population of size  M         � � � � � � �                 � � � � %� � � � � � � � 1� �
� � �     While (not stop condition)     

Select parents from population        � � � � � � � � � � � � � � � � 	 � � � %� H� I � � ��  
Recombine parents to produce L offspring� � � � � � � � 	 � � � � %� � � G� : � � � $ 
Mutate each of the L offspring � � � � � � � � � � � � � � � � � � � � � � � � � ! � � � D0E 
Select new population of size M again� � � � � � � � � � � E� � � � � � � G� H� I � � �  

 End while 
End 

 
� � � � � � � � � � ( $� � � � � � � � � � %� � � � 2 %� � � � " R� � � 4� �
 � 2� � ! � � � � � � � � � " R� �,  

 

@TSP (traveler sales man problem)� � � � � � %� � � � 2 %� � � � " R� �  
 

� * � � � 	 � 
 5� ! � � � � � � � � %� � � � 2 %� � � � � � � � � &3� � � # � . � � � � � � � " R� � � . � �
� 4
 ) � � � � � 
 b� � � � � � � � � * � � � � 
 5� � 0 � � � %� � 
 9� � � � � f I 9� � � 0 � � � � � ' $

� 
  � . � / � � � � � � �,  
 

XY � - � 
 � � � � � " R� � � - � � � � - � 9� � � $� &� � � � � � � �� gJ?� � � � � %� � � � � � 	 � � 0  
&� � � � � ^ � � � � � � 	 � � 0 � � " ?� � � - � 
 2V� � � � � � � ! $� h� ] � � " ?� � � %� � � � � 
 3�,  

 
D=((x(city1)-x(city2)) ^ 2 + (y(city1)+y(city2)) ^ 2) ^ 0.5 

 
� � � � � � � � � � � " ?� � � - � 
 � � � � R3(XYZ)� � � i � � � � � � " R� � � - � � � � j � � � � � � � ; � � �  

� � � � � � � J � 3� � � � � � � � � 3� . � � � � � 2 %� � � � �,  
 

D=((x(city1)-x(city2)) ^ 2 + (y(city1)+y(city2)) ^ 2 + (z(city1)-z(city2) ^ 2) ^ 0.5 
 



� &� � � (n-1)!� - � � � � � ; � � � � * � � � � 4
 � ' � � � � 	 � � � � � � � � W� � ) � * � � � " R� � � . � � � � �  
� Q=� &� � � � 
 	 � � � � ?� � � � - %� \ � � %� &3� � B� � 5� � $
 � c� � � � � � 0V� * � � � � � � � � �

� 
  � ! � � � � � J � 3� � � � � � � � 
 � � � 
 � � � � * �,  
- � � � 	 � � 0 � � 12� � � � �� 	 � H� 
 E� %� � 2	 � � ! � � � � #9$� � � � � 	 �`� 	 � � � � �� a� � �

� � 
  � ! � � � � � � � - � 9� � L* 
 � %� � � � # ,  
 
 Make_cities( )                                                                    � 2� � ! � � � � � 
 $� � � � � 	 � � 0 ,  

� � � � � � � � � � � � � � \ � � %� � � � %� � &3� � � � � � � � � � � � 0 � � $� � � � � 0 � � 	 � � " ?� �
! � � � � � 5k� � � � � M� 2� �,  

Evaluate_cities_distance( ) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �                                       
 

(Initialize and Evaluate  population of size  M ) � � � %� � � � � � � � 1� �                
� � %� � ! � � � 
 E
 � � � � � 4%� � � � � � � � 	 � L%_� %� �,  

Makel chromosome(� ) 
�  

 
Function Make_chromosome(�) 
chromosome = chrom_no 
Dim a As Integer 
For i = 0 To chromosome 
      For j = 0 To tedad 
      Randomize 
      a = Rnd() *  tedad 
      chorom(i, j) = a 
Next  
End Function 
 

 

 
Sample chromosome 

1 4 5 7 2 3 6 0 

� &� '()*  
 

� � 0 � * � � ! #� � � � � � � � L
 0J� � . � � � � � � � 2 � � � f Z� � � � 2� � 
 $� ! � � � 	 � L%_� %� �
�  � � � � � � � � � � � � � � � * � � D� � � � 0 � � � � � � � � � � �  � � � � � � � � � � 	,  

� � � � � 
 " E� 	 � L%_� %� � � . � � � � %� %� * � � X" � ] � � � 0" # � � � � - � 
 $� ! � � � � � � � � � � �
� � �,  

 
 



� � � � � 6M� * � � � � � � 	 � ! � � � � �  � . � � ' $� � � � &� 
 � � � 	 � L%_� %� � � &5� 3� * � � � ' �
� 3� � ! �,  

Evaluate_chromosome() 
� L* 
 � %� � � � � � m� - � � � � � � � %� � 
  � ! � � � � � 5k� � � � � � � � � � � � � � � � � � � � � � � \ � %

� 
  � ! � � � � � � � � � � � � ! � � � � �  � - � _� �,  
�  � � � � " R� � � H� 
 E� � � � : 3� 2� � � � � � � � ! � � � � �  ,  

� 	 � � 0 � ! � � n� * � � - �  � � � � %� &3� � 
 0� � � � � � � - � 
 � � � � $
 � � � 12� � � � �,  
 

Function fitnes(r) 
fit = 0 
mtekrar = ?� f I 9� � � 	 � 0 � - � 
 � � � � � � #$� &� T� � - � _� � � � � o� � � . � � � � � � � 12� � � � �

� 
  � ! �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ,
� mtoul = ? � 
  � ! � � f I 9� � � " ?� � � &� T� � - � _� � � � � o� � � . � � � � � � %� � � � � � � � � � ,  
er2 = 0 
er = 0 

� 	 � d5� � � � ' $� � ( 3� p`� 	 � 0 � - � 
 � � � � � � #$a   
For e = 0 To tedad - 1 
� � �  er2 = er2 + er 
� � � � er = 0 
� �    For t = e + 1 To tedad 
� �   If crom2(r, e) = crom2(r, t) Then er = er + 1 
 Next t, e 
 
toul = 0 

� � � � � 4
 ) � � ( 3� p 
For e = 0 To tedad - 1 
 p = crom2(r, e) 
 p2 = crom2(r, e + 1) 
 toul1 = (evxy(p, p2)) 
 toul = toul + toul1 
next e 

� %� � � � � � � � � � � � � � � � ( $`� 0� � � � � � � � � � � � � - �  � � ?%a  
p3 = crom2(r, 0) 
 toul = toul + evxy(p2, p3) 
 fit2 = ((er2 *  mtekrar + toul *  mtoul) / 100) + 1 

 - � � - � � � � O
 #' � � � � %� &3� � � �  � � ( 3� p� � 	 � � " ?� � %� � 	 � d5� � 12� � � � $ 
� � ; � � 	 � � � � & � � � � 	 � 
 5� � 
 E%� ! � � � � �  � � � V� � � �� �  � � � / � � � � d5� %� � � � �

� &3� � / 9� � � ! � � � � �  � ,� . � � � � � V� . � �q� %�A�  � ( � � �,  
fit = 1 / fit2 
  
 End Function 

 
 
 
 
 



: (Select Parents)� 	 � � � %� H� I � � �  
� 
  � H� I � � � � � � � %� - � 
 2V� � � � L* 
 � %� � � %� � � � � �,  

A, Random selection��
Roulette wheel.C 

Ranking.F 
K-tournament selection.r  

: Random selection 
� ! � � � h$� s � � $� � � � * � � � � � J � 3� � � �C� 
  � ! � � H� I � � � � L* 
 � %� � �,  

cr1 = Int(Rnd() *  corom_no) 
cr2 = Int(Rnd() *  corom_no) 

: Roulette wheel 
� � � � � � � � � V� � � � Qc3� � � � � � H� � � � � � � � 	 � ! � � � � �  � K
 � G� � � � � � � S%� � . � � � � �

t � � � 2� � ! � � H� I � � � � 	 � ! � � � � �  � K
 � G� %� � J?� . � � � ! � � � h$� � 
 )� � � � � 8
� H� I � � � � � � i � � �  � � � � �  � � � � 
 E%� � � * � � � 	 � ! � � � � �  � � � � � � � � 	 � L* 
 � %� �

� 
 9� � � . � 2;,  
Sum_of_fitness=50 

� � � � +()*  
   0 20 35 39      44      50
  
  
 

                             Fitness table � , � � � � �- .()*  
 1 2 3     4        5       
Function select_parent( ) 
For i = 0 To corom_no 
           Sum = Sum + evcrom(i) 
           evrolet(i) = Sum 
         Next i 
         For k = 0 To corom_no  
           pi = Rnd() *  Sum 
           pi2 = Rnd() *  Sum 
           ro2 = 100 
           ro1 = 100 
           While (pi > evrolet(ro1)) 
             ro1 = ro1 + 1 
           Wend 
           ro1 = ro1 - 1 
          While (pi2 > evrolet(ro2)) 
             ro2 = ro2 + 1 
           Wend 
           ro2 = ro2 – 1 


  � ! � � � � � 5k�� �, ro1,ro2 � � o� � � %� � � � � H� I � � � � u� � � �    
End Function 

�  �  �  �  �  ��� 	
 �
� 
 � � � � �  

�  �  �  � �  � �  �� �� ��
� � �� �	�  



� � � � � 
 � \ � � � � &( � � � ! � � � � �  � - � _� � � � � � H� I � � � � 4� � � � � � � 
 �  � . � � � �,  

 : Ranking selection 
� H� I � � � � : � $� $� � � � � � � � � � %� � � 
  � ! � � : $� � � ! � � � � �  � : � � � � � � � 	 � L* 
 � %� �  

� 	 � � ! � � L� v� � � �,   

: K-tournament selection 
  ! � � � h$� L* 
 � %� � �� H� I � � � � � � � � � � / 9� � � ! � � � � �  � � � � ! � * 
 � %� � � k� . � � � * �  

� 
  � ! �,  

: (Recombination)� � G� : � � � $� � � � B� %� * �  
one point cross over.1 

k-point cross over.2 
advanced cross over.3 

 :One point cross over 
� � 
  � ! � � : � � � $� 
 	 � � � %� � �  � � � � # � � d\ � � � � � * � � L* 
 � %� � � %�,  

 
 

 
 
 
 

 
 � &� '(/*  

�  � � � ! � � � h$� � � � 
 $� ! � � &� # � � d\ �,  
� ! � � � � =� � � 	 � Dw� � � � � � S%� � . � �`� � � � 9� =� � � 	 � � � �� a&3� � X� ' Y� � � � � �,  

� 2� � ! � � � � � 
 $� f Z� � � � � 	 � L* 
 � %� � � � � � � � ;,  
               findcross (0)       
            � For i = 0 To cross 
             � �  crom2(k*  2), i) = crom(crit1, i) 
              Next i 
              jj = 0 
              For jj = cross + 1 To tedad 
              � � crom2(k*  2, jj) = crom(cr2, j j) 
              Next j j 
            � For i = 0 To cross 
            � � �   crom2(k, i) = crom(cr2, i) 
               Next i 
              For joj = cross + 1 To tedad 
            �   crom2(k, joj) = crom(crit1, joj) 
             Next joj 

� 
  � ! � � � � 1� � � � � � E� L* 
 � %� � � %� � : � � � $� � 	 � � � � Q=,  
 

2 3 4 5 0 6 7 1 

1 4 5 7 2 3 6 0 1 4 5 7 2 6 7 1 

2 3 4 5 0 3 6 0 



: K-point cross over 
� &� # � [ � \ � � � � � 7%� J$� . � � � � � �  � � � ! � � ! " ( Z� � 
 �  � � � � 9� � _� � � � 
 �  � . � �

�  � � � ! � � � d\ � � � � � * � � / 9� �,  
 

: Advanced cross over 
� � � � � � � � � � � � � � � 
 T� %� �  � � � ! � � � � � � � � � � � � � � 
 �  � . � �,� - � � � 
 �  � . � � � � �

� � ! #� � * � � � � 4%�� � � � � � � � � � - � � � � ' � � - � � %� � %� � � � � � ! � � � � L* 
 � %� � � %� � *
� - � � � $� � / � � � � " ?� � � � � � ! � � � - � � %� � � � � � � � � =� � � � &3� � � � � M� L%_� %� � � %�

� 2� � ! � � H� I � � � � � � � E� L* 
 � %� � � � � ' � � - � � - � 
 2V� � � � � � � � � � � � � �,� . � �
� � � � � 	 � 
 5� � � � =� � � � � � � L* 
 � %� � � - �  � � � � � � � $� 7� � " � V,  

� � � #�� @� %� � � � � � ! � � 	 � 
 � � � 3� � � � � 
 �  � . � �� � � � Z� � � � � � � f Z� � � L* 

�  � � � ! <� � � � J � 3�,  

Cr1=?  
Cr2=?           
crom2(chorom_no+k, 0) = crom(cr1, 0) 
p = crom2(cr1, 0) 
               p2 = p 
                n1 = findnext(cr1, p) 
                  n2 = findnext(cr2, p) 
                
                For j = 0 To tedad - 1 
                      While ((check(chorom_no +k, j, n1))) 
                        n1 = findnext(cr1, p) 
                        p = n1 
                      Wend 
                       
                      While ((check(chorom_no +k, j, n2))) 
                        n2 = findnext(cr2, p)                                                cities distance 4%� EC̀a  
                        p = n2 
                      Wend 
                         crom2(k+chrom_no, j + 1) = betterxy(p2, n1, n2) 
                Next 
               

� � 0 � � " ?� � � >� � � 4%� E� � �C� � 0 � � $�F� � � � \ � �Ar�  � � � ! � �,  
� 
  � ! � � � � � � � L* 
 � %� � � %� � � � * � � �� � � � � E
 $� � � � � � � � 9� =� S%� � � � � � � �

� � 
  � ! � � : � � � $� >� � � 4%� E,  
 

 
 

� 
  � ! � � � � * � 7� hI 9� � � � � ! � * 
 � %� � � � ?� � � � � � 1� � �@  
 
 

 
 &� '(0*  

City 0 1 2 3 4 

0 0 18 12 20 13 

1 18 0 25 16 32 

2 12 25 0 14 55 

3 20 16 14 0 30 

4 13 32 55 30 0 

0 1 2 3 4 4 � 2 1 3 0 

0 4 1 3 2 



: (Mutation)! � � � D0E 
Random mutation .1 

Swap .2 

 : Random mutation 
) � � � � � � � L* 
 � %� � � � � � � � � � � � � � � � &3� � . � � � � � � � � �� � H� I � � � � ! Z� J$� � � 


� 2� � ! �`� � � %� � � � � � * � � � � � 	 � L* 
 � %� � � * �a  
� 2� � ! � � H� I � � � � ! � � � h$� � 
 ) � � � � � � � - M* � � - � � � � � Qc3,  

� 2� � ! � � - � � - M� . � _� � � E� %� � � � � � H� I � � � � ! Z� J$� � � 
 ) � � � � � � � � � - � � � �,  
� � � � %� � 2� � ! � � � U� � � � � � 	 � L* 
 � %� � � � � 	 � - � � L� n� � � � &3� � . � � � � � � � � � � �

� ! � � ^ � � � � � ! � � � h$� � � V� � � � sd\ � � � 	� � $� >� � � x � 5� � � V� � � � * � � � � � � %� � � � �
� � 	 � � ! � � D0E� >� � � S%� � � � � � � � L* 
 � %� � � - � � - � � � 
 �,� . � � � � � � S%� � . � � � . � �

� L* 
 � %� � � - � � � ?� � � � 2; � � � � � � � � - � 9� � - � 
 � � � � � � V� - � � � � f I 9� � � � � � � � &3�
� 22� � ! � � � � =� D0E� � 	,  

� %� � � 
  � ! � � f Z� � � � � 	 � L* 
 � %� � � - � � M� � 
 E
 � � : E
 � � >
 � ' � � � 
 �  � %� � . � �
� � � � =� s) � \ � � � �� 2 � � � ! � � H� ] � !,  

        For i = 0 To corom_no *  2 
         For j = 0 To tedad 
          Randomize 
          Dim r As Integer 
          Dim allel As Integer 
          allel = Rnd() *  tedad 
          If ar >�  `x� 5� � � V  Then crom2(i+corom_no, j) = allel 
          Next j, i 

: Swap  
&3� � � � � � � � � � � � � � � � � ( Z� � 
 �  � y85� � � � � 
 �  � . � �,� - � � %� � � � � 7� 
 ?� . � � �

� � 2� � ! � � z 
 V� 
 	 � � � � � � � %� � - � � � � E%� � � � � � � L* 
 � %� � � � � � * � � � �� ,� � � � �
� L* 
 � %� � � � � � � � � ! � � � � �  � - � _� � � ! � � { � E� * � � � ' � � - � 
 � � � � / 9� � � ! � � � � �

/ e� ! � � � � �  � - � _� � � � � � � %� � � � � � � � � \ � � � � ' � � %� ! " ( Z� � � � � %� � � 
 � � � � 9� �
� � � � � � � � � ! " ( Z� &� ' Y%� � � � � � � L* 
 � %� �,  

  
 

 &� '(1*  
For i = corom_no To (corom_no *  3) 
            Randomize 
            c1 = Int(Rnd() *  tedad)    :    c2 = Int(Rnd() *  tedad) 
            fitnes (i) 
            fi1 = fit 
            p = swap_c(i, c1, c2) 
             fitnes (i) 
             fi2 = fit 
            If (fi1 > fi2) Then p = swap_c(i, c1, c2) 
        Next i 

2 1 0 3 4 2 3 0 1 4 



: aSelection`  � � � E� � � � � H� I � � �  
 

� � � � E� � � � � � � � 
 $� &0E� H� I � � � � � � V� � 
 b`� � � � � � � %� � � � � � - � 
 2V� � �
� 3%� =a� � � � � 2� � T� 7� ' � � � � � � ' $� � � � 7%� J$� . � � � � � � �  � � � ! � � � 	 � � � � %� H� I

&3� � � � � %� � � � � � � � 	 � L* 
 � %� � � � � � ' $� � � � � � � � � � - M,  
� ! � � 0� � � � � � 	 � - �  � Diverge � * � � � � � � 
 " E� &3� � � E
 $� � � � Z� � � � � � � � � � � � #�  

� &3� � 4� � � � � � s � � $� � � � 7� 
 ?� � � � 4� � � � 	 � � � � H� I � � � � � � V� � � � � � ; � �  � � � ! �
� L* 
 � %� � � . � / e� ! � � � � � � � � � � � - � #� � � %� � 2#� � � � � =� � � � � � � ' � � � � � � � � � 
 	

� � � � ! � 3� � 7� 
 ?� � � � � � � L* 
 � %� � � . � / e� - � 
 $� ! � � � � � � � 	 � � � � � 
 ^2� � . � � �
� � � � � \ � 2� � � ' � � � � �,  

 

: (Stop condition)! � � � � =� [ �   
� � � � � f I 9� � - � 
 � � � � � � � �  � � � ! � � � 0" � � � � � � ' $� - � � � � � %� p� � 0	 � � � * � � ! #�

� %� � � D� =� � � � � � 2; � � $� � � � $� � � � �,  
� %� p� + � U� � � � � � � � � �� &3� � ! � � � * � &�,  

7� 
 ?� � � � � � � �  � � � � � � � � 	 � L* 
 � %� � � . � / e� - � � � � � ; � � � � � . � / e� � � �  � %  
� 2� � ! � � L� n� � � � 7� � " � V�, k-times� � - � _� � � � � � - M� - �  � � � � #$ 

 

� � � � � � � � 	 � 
 � � � 
 � � � � � � � � � � � � � � � � � 7� #�@  
� ! " ?� � H� 
 E� � � � - � � 3� � � � � � � � 
 � � � � ! � 3� � � 
 d� � H
 5� L* 
 � %� � � � � � | � \ � �

� 
  � sZ� %� � � J� � � � � � �,  
�� . � � $� � � � _� � � � � %� � �  � K%�  � - � � � � � * � � � � � L* 
 � %� � � � � � - � � � � � � � Y� � 8t

� � 
 5� ! � � � � 
 � =� � � � � � � � L* 
 � %� � � � � � � � � � � ' � � - �,  
� . � / e� � � � ! � � � * � � � � � L� v� � � 2� � * � . � � � � � � - � 
 � � � � � � � � � � � � � � � �

� 4� � V� � - � � � %� � � � � D0E� B
 � � � � � - � 
 � � � � � 2� � ! <� � � � � o$� � � � � � L* 
 � %� �
� � �,  

� v � � 
 	 � � � 2� � � � 6� � � %� �� � � � � L� , Swap � � %� � � � � � � � 7� 
 ?� . � � �  
� 
  � ! � � � 	 � � � � � - �  � * � � � : E
 � � � 
 �  � . � �,  
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