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�&�'�! (��)∗∗∗∗1����&&+% ����,- .2��� �&!�
 ��0� .3.���!�'2 ���
�44�	� �,5+� ��& .5  

1 �2 �3�4-  ��
��� ������������ ��������� ���� � !�"#��� � ��$� !�%#��� �&��' (�) * �+�� ��,��  
  5 - ����� !�)- ���� � ������ .��)/ !�"#��� 0�1 ���2 !�%#��� (�) *  

  

�3�4� �5�� :26  )5*1391  

�3�4� 9)�:/: 13  �;�1391  

#��7�  

<=+ � <4� �� >�?5�0�1 �0��@�A� 0�53�* � �*���
 $� !�%��' �= � �����
)B C�� � �DB <B�A � '�* $� 

�53�* E3�
�� �F� )GNP ()1 0��#� �� �B ��
 I�@�
� ���1� .�B K5=1 C ' (�44L� CM?� �B ��M B �1)5?� � 

N:+ 0�1)O� 0��)P)5Q � �� ��R�� 0�1)5?� !�*�� �K�S%��' T��A� !��=����.  )%�� N)U $���$�* �"�S52 VW�@L� 

�"� $� 0�5F�K�)* C53�X20�1 C�)�0�1 0�53�* ������B �)�$ B ���U Y���� �5B $� 20 %C=5A T�=* !�� �VW�@L� 

N)� ��$�* �"�S52 (��1 ����� .��M B >�?5� ��$�* ��"�S52 !�,\ )B �1�� ����S1 ]'�� ^�4*�� !) B 0�� S5� �1��
 

��. �3�?� ?�5)�B�� ����< F4�5� (VRP) � (�)� ��5 B ��� �����- �B !��B VW�@L� ��$�* >�?5 ���S1 �� 0� 0�1

��)- ��5 B (��$�� )_� ���� N��1� )��� � ��$�* . �3�4� K�� ���3�?�  K�2)- )_� �� �B �5F4� <���� �B��)5?� �2�1��`

C����L� � (��)�#� 0$�2 0�P�4* ���� <4� � <=+ �2)@� C
�� � ���S1 (�)� ��5=� ��_�=B ����$ !)R�/ 0�1

�� ��)A ���)B�)5- .B � C+�� <+ ��_��� �)����S1 !�� ����� a�� � �F5�� )1 0�)B ����$ !)R�/ $� $��R* ���4� )B 0�

C�� !�� ��2)- )_� �� a�� N�1 �B�* �� �5F4� . �-�5b5/ <53� �B�3�?� �)2 >����%3� $� <4� � <=+ <���� �B��)5?� 

&��' K�2�� C ' 0��=X��� CB�A� �2�1��` 0��"�B��)"F=\ � C�� !�� !��O��� �*��/ 0�1  �B �?��4� �� (�

>����%3�  !�� ��
��� 0�1NSGA-II �PAES C�� !�� CB�c S5�. 

  

���,5 8��,5  : ��5 B �0��=X��� CB�A� >����%3� �0$�2 0�P�4* ��5F4� <���� �B��)5?��2�1��` 0$��. 

  

  

 1  ���	�  

�X��* (�S2�$�� ���5#�) � ����� � B �I�@
 ����� ����M5�#/ B�'����' (�?�� � W�� �� �B V��� �3�?�0� 

!������ C�� �� �-�5b5/ (� ���d�= �� a�+ ���S2� �����B .$� 0�� )%�� ��� 0) � e\�B ���S2� �P�4* � 

���S2� C�)�0�1 ��$�* �� CX�� <=+ � <4� !�� C�� .)1 f� $� ��$�* (�-���� $� f� N)U �B a�M�� ]?� 
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���?1 ��� )g���+ � $� N)U )%�� �B �*,"#� ����� >��)* �f52�)* �-��3� ���1 N,*� CA� 0�1 ��W�U �� )5?� 

0�1)O� ���$�� ���)2� ���S2� N)@� C
�� � h, ��� Y���� �5F4� �B ��_�� ��$�* W�� � ]?� �%���4� �'��� 

���?1 ]1[.  

�3�?� �B��)5?� �F5�� �5F4� $� �� !�%� 0�)B K544L� �+�S C5=1� C�� :a�� (� �� �3�?� i)j� !�� �3�?�0� 0�)B��� 

C�� � k52�* �� �B�5��� �B &��'0�1 )� B ]M� �2)����' 0��@�A� ����)- � T�� (� �� <+ �3�?� �B )U�
  

NP-Hard �(��B �3�?�0� �3�` S5%��)B C��. �3�?� �B��)5?� ����Y �5F4� f� T�� ���=\ 0�)B ���=* �F��?� C�� 

�� �� (��1 ���B �\�=R�0� $� �1)5?� 0�)B ����)' $� Y���� �5F4� �� )4�?� �� f� �� ��` �/� ������B K55X* ��)- 

�* �\�=R�0� $� (��)�#� )!)-�1 (�� �� l�4� mF�D� ) � )�\�=R� (!����)/ !����� C��
 ��1�  C��
 K�� ��

�� �������� ���L� C52)n �B ����*� ���B !�)=1 �5F4� Y]2[. N�1 $� �3�?� �B��)5?� Y���� �5F4� ����� C��
 �B 

�\�=R�0� $� (��)�#� )!)-�1 (C�� �� ���B �� <A��+ �(��$ ���S1 � C2�?� )O� V��� �)�:/ .>1 K5�` �� �3�?� 

�B��)5?� ����Y �5F4� f5�,� o)2 )B K�� C�� �� T���)1 $� Y���� �5F4� $� �/� p�)� �B C�)+ ������ � 

��?��B �B (�=1 �/� $�B ���)- ]3[.  

�3�?� ?�5)�B�� Y���� <=+ � <4� �B !)R�/ ��$��   (VRPTW) ]4[ �3�?� =X*5> ���2��0 $� �3�?� ?�5)�B� �

����< <=+ � <4� �B ���L��C 2)n5C  (CVRP) C�� �� �� (� �)��. �B )1 )�#�0 �B�� �� �f !$�B ���$� 

X�5K )��K !$�B ���$� �B !)R�/ ���$� N�)X� C�� (V��� -5�). ��K �3�?� �B �'�* �B =1�5C W�B�� �� �B eLB (��$ 

�� <+ �?��< ���1� �� <=\ $� �)B��� B5)�#0 �����
)B !��B � �:3 �'�* B5)�#0 �� �� <2�L� =F\� �B ��
 

I�@�
� !��� C�� .?�5)�B�� ����< F4�5� �B !)R�/ ���$� �B �'�* �B V��� K�2)- �)��. �� �f !$�B ���$� I�
 

/5b5-���10 $���0 ����� �� �� V��� �2�P� (�� ���L��C a�U ?�5) � S1��� !)R�/ ���$� �� \5K /5b5-�� 

?B5�� W�B �B �f eLM� �)B���0 �� <=\ ?B5�� �S��f ����)- .$� a�g��10 ED#� $�  VRPTW��(��* �B ?4*5> 

a�/ �4� �B ]X� f��B��1 �='���0 �3�B$�1 � �P�V�X �X���� ?4*5> C
�� �B �'��1�%0 �D/ � �)��. 

q����(�)LB Y��)� �� V�S5 R* � ���� ��$�* � � Q5!) �� <=\ !���� �)� .  

�� <4� � <=+ �F5�� )1 0�)B ��5 B )5?� K�2�� N�1 �1�r/ K�� �����- �B ���B 0�1 (���S1 ���S1 � <4� � <=+ 0�1

����$ !)R�/ $� $��R* � 2 (� �2)@� C
���<=+ VW� K5�� <4���5=� �B��)B ���4� K�)*. B � )�"��S� �`)1 ��_��

 (��B�3�?� A�� �BX�C5 <=+ 0�1)5?� �� )O� (��$ �  �F4� �>1 K5�` C��
 (��$(��)�#� �B �5F4� <���� �1�  �B S5�

!�� ��2)- )_� �� �3�=�+� V������. B � <4� � <=+ VW� K5��� �!�,\�B ���?1 �)B�� C52)n C����L�.  

 ��V�5B��  p�P�� )O� �3�=�+� (��$ ��5�$ �� �*��O�� VW�4� ���3�?�  �5F4� <���� �B��)5?�!�� �������� . � �*��/W

 (���"=1]5[  �� ����B ���-��?��� K53�� $��3�?� VRP ���2)- )_� �� �3�=�+� (��$ �B �� .(� �� V��O�� a�� �� �1

 )B(� <+ 0�)B (�)� � �
�� 9�� $� � ����� ����� �3�=�+� 0S�� ����)B ���/���)� !��O��� �1 .�X3�j� �� (��$ )%�� 0�

B ��B f52�)* T�+�$� $� ���� �� �3�=�+� ����)2 f� $� )O� ��� C�� �� � ����3�?� VRP 0�'�� 0��:- ���

]6[. ��5�$ �� d�)5
� S5� 0)%�� V�X3�j� VRPTW � (��$ C3�+ C�� !�� T�R�� �3�=�+� )O� ]9 -7[  ���=* �� ��

(�>����%3� Y��* !�� ����� a�� C�� � �� � C�� !�� !��O��� I�
 ��$�* f� $� )O� (��$ 0�)B �1 0�1
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!�� <+ 0��"�B��)2���.   

 ���X3�j�0� (���"=1 � q�* �)%�� ]10[ �3�?�  N�1 �B T)� ����$ !)R�/ � �3�=�+� )O� (��$ �B �5F4� <���� �B��)5?�

��5=����S1 (�)����S1 � <4� � <=+ 0�1����� ��)A �X3�j� ���� �� (��)�#� �B V���
 0�1 . (���"=1 � t��u]11[ 

�3�?� VRPTW ���2)- )_� �� �� (��S=1 C���)B � <��L* (�"�� � )O� �3�=�+� (��$ �B .(� �1>1 K5�` �3�?�  ����

!$���� �� �� )_����)� <+ !����)/ 0�R�?' 9�� Y��* W�B 0�1 .  

 �
]11[  ��(���/  a�� K���` ����� � ���)B �B ���
 0)��� ����VRP �3�=�+� (��$ �B � )O� C�� ��
��)/ . � ���

 (���"=1]12[  S5��3�?� VRP  vj� ����� �B �� )O� �3�=�+� (��$ �B a�� <+ 0�)B � !)� 0��M3��)2 �3�=�+� .��)�

�� ����5 B >����%3� $� W�B 0�1 !$�����)� !��O��� V��; !�M�� 0$��. 

0$� � (���"=1 ]13 [�3�?� �B��)5?� �F5�� �5F4� �B !)R�/ ����$ �� )_��� ��)A ����� � f� >����%3� �� q���)B 

0�R�?' �FL� �  y��X*k ���* <=\ �� ���=� ���)� ����� (� <+ 0�)B �� .�� ����� !�5R�* � (���"=1 ]14 [0�)B 

�3�?�   VRPTW�� C3�+ ���L� (��B a�U V�� )O� $� >����%3� f5��u f=� ���2)- .K�� >����%3� $� �� C=?A 

<5"#* !�� z��B C=?A a�� l�B)� �B E5@D* 0)�#��1 �B <���� �5F4� ��B �� $� >����%3� f5��u !) B0)5- !�� 

��B � �� C=?A T�� $� f� 9�� ��5 B0$�� �FL� �1)5?� !��O��� !�� ��B.  K5�� (���"=1 ]11[ f� >����%3� k5A� 

0�)B �3�?� �B��)5?� �F5�� �5F4� �B !)R�/ ����$ q���)B ���/ �\�=R� � ��R�� �(��� K�)�1�*�� )5?� � ����)B0S�� 

���/ ����� )����. !�5R�* (���"=1 � ]16[ f� >����%3� 0��"�B� )B q��� 0�R�?' p��=� 0�)B <+  VRPTW����� 

���)� .0�R�?' p��=� )B ���/ 0�1�R�?' �FL� I�
 C�� �� �#5=1 <B�A a�MA (��B &��'�1 �� {O+ �����=�.  

)B q��� ���� ��� �* B �a�+ 0���X� V�454L* �� ��5�$ �3�?� �B��)5?� 0$�2 T�R�� ��2)- �C�� � �B l�M*�� <53� 

�)B��� ����)B0S�� 0$�2 �� �"M�0�1 <=+ <4�� �B p�P�� K�� ��1�r/ �� K�� C=?A 0��)�  <��?� h��� )B

<=+ � <4� 0$�2 >51��
 C���. $� ����$ �� ��?2�)/ �Oj3  !��$]17[ 0��|* $�20 �� ����� ���=� (�44L�  ��

!$�+0�1 mF�D� K��B C�� ���2�� �� 0��|* �0$�2 ��SB� ��5?B �M���� �� m�)X* V�)_� ��1; ��)2� �������� � 

�B T� B� C�� .�� ��5�$ �"M�0�1 �B��)5?� �S5� K���` k54L* �� ���)'� (�)� 0��|* 0$�2 �� �3�?� �B��)5?� 

<���� �5F4� ��'� ���� .t�� � (� ]18[ 0��|* 0$�2 �� �� �3�?� �b�?/ �B !)R�/ ����$ B ���� !�)B���. K�� �k54L* 

K53�� �X3�j� )B 0�� �"M� �B��)5?� �B !��O��� $� 0��|* 0$�2 !��B C��.  

}�������|* }������/ � ]19[ S5� 0�)B K53�� ��B >51�O� 0$�2 �� �� �3�?� �B��)5?� �F5�� �5F4� ����� ����=�. 

0W �  (���"=1]20[  VRP�� �B ����)B0S�� 0$�2 0$�?3�� ���)� .t�$ �  �53]21[ �3�?�  VRP�� �B !)R�/0�1 

����$ <+ �� ���)� (��$ )O� �� )5~�� 0$�2 o)2 !�)� � f� >����%3� <+ ��)M51 0�)B (� ����� ����=� .

�)5
� 0���+ � fF� �3 ]22[ �B 0�1)5~�� 0�P�4* 0$�2- �3�=�+� f� �)"��� K��� 0�)B  <+ �3�?�VRP 

����� ����=� � �� k54L* fF� �3 � (���"=1 ]23[ S5� k54L* �FMA �B !��O��� $� 9�� �R�?' p��=� �B 0�1)5~�� 

0$�2- �3�=�+� �X��* !��� !�� C��.  

a�� ��1�r/ T�� �DB �� � ����� �� �2�1��` �P��� 0$���3�?� �� ����� �X3�j� ������� . T�� �DB ��

 >����%3�f5��u �� �1��
 v�)#* �2�1��` .�� )�; �*�M��L� ����� �T�� ` �DB �� � ����� �� � C�� � �� � ��)-

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

m
lu

.la
hi

ja
n.

ia
u.

ir
 o

n 
20

26
-0

5-
14

 ]
 

                             3 / 22

https://jamlu.lahijan.iau.ir/article-1-512-en.html


<=>=?@ ABC و A�D AE
�
رKن، /HIJی
F' وL MN ر� و
OPد  QR� ز�S �
T
UV و 'W
�XYK Z[وH\ ن
 	� cdef! ز[
a� 'b=ود`_^
 ز[

88  

�� (�5B )_� ���� �1�r/ ����� >R�/ �DB ����)-.  
 
2 9�� � :�; ��������� 

 �B l�B)� 0�1)�����/ ���B� ��3�4� K�� ���3�?� ��� �B��)5?�<�  C3�+ �� �5F4� � �3�=�+� )O� (��$ 0�P�4*

(��)�#� 0$�2 �� (�5B �� ����� 0�� �#5/ a�� .�� � ���� ��)-.  

  

2-1 8����=�  ����������  

 K�� ���3�?� ����� ��'� )�$ �F�� V�5�)2:  

• (� ���B 9�)2 !�=\ f� �� ����� ��'� >1 $� <4�?� a�@L� 0���X*!�)
 0���X* (�5� �� �1 �B 9�)2

 a�@L� )1 0�)B V��O�� 0�1�P�4*��� ��$�*.  

• �=� )�:/��?2 VW�@L�����B. 

• !�� K55X* �5/ $� ����$ !)R�/ �� 9�)2 !�)
 )1 0�P�4* )-�* �=�)' 9�)2 !�=\ ���B ���)%� K5��* 0�� )5


(� �B �� ��O%�1�$��)�B �1 . 

• 2)U f� V��� �B � 0)%�� $� <4�?� 9�)2 !�)
 )1 ����$ !)R�/� C�� .�� T)� p�� $� ����$ !)R�/ K�� ���B .

� ��D�� ��� �� � ��)+ �� p�')� W�� �W�� <��L* �� (�5��� )5
�* V��� �� ��X��= ��� . 9�)2 !�)
 �"FB

�� �� (� �)�:/ . 

• ����)B k2� a�U ���L� 0S�� C�� ����$ !��� f� 0�)B � �* �. 

•  mF�D� VW�@L� 0�1�P�4* <=+ 0�)B�� (��* (� �� ���S3� � C��:- <4� � <=+ �F5�� f� (��� �� �1

����� ��'� �SR� �5F4� �F5�� �B a�@L� )1 ���-��' <=+. 

• �� K%=1 V�@D#� )��� � <=+ C52)n ��L3 �B <4� � <=+ <���� ����B . 

• �� ���L��� (�)� ���)� <B�A �5F4� <���� ���X* ���B. 

• F4� �F5�� f� $� �5B ���M� )5?� f� $���� !��O��� (�?"� (��)�#� �B W�� <=+ 0�)B �5 . )-� �)%�� V��M\ �B

 ��SB (�5��� f� Y��* <=+ �B ���B ��� CB�'� 9�)2 !�)
 f� mF�D� VW�@L� 0�P�4* C�� ��)A

��� T�R��. 

•  �F5�� f� $�� � �* �5F4�� (��* $� �XB C?5� $�R� �F5�� f� � �)� !��O��� )5?� f� �� ��B <=+ 0�)B  ��B )1

��� <=+ ��B �*��O�� 0�1)5?� �B 0)5-��B . �B W�� ��$�* 0�1)5?� K55X* �A�� ���B 9�)2 !�=\ )��� ��R5�� ��

 !��O��� 0)5-��B �B f� � )5?� f� 0�)B � �* (�5��� )1 $� � (�5��� f� $� � �* )5?� )1 0�)B �(���)2 !�)


��� . 

• (�5��� �B�)
)1 �� � �1�5/ ��O*� ���-C?5� $�R� !�#� ��5B .���S1 � �1)�����/ )��� ]5*)* K5=1 �B <5
� 0�1

 ���3�?�CB�c �� ���?1 K5X� � �XjA . 
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���� �� (�5B �3�=�+� V��� �B. (��$ K�� $� <4�?� �1

���B >1 �5M� �(���)2 !�)
 �B <=+ 0�1)5?� � ���"� C5XA�� � ���52�)~' Y��)� . V��M\ �B

 � C�� �� 0)%�� � (��?1�� �� �"� �"��� �� ������ ��)A ����?1�� 0� �5+�� �� �1. .. ����B 

 ���� �����B �*��O�� ����1 � &� �+��� �� 0���� �X3�j� �

�� a�=\� �1 ���S1 � (�5��� C52)n � p�� )B �� <���\ K�� )5c�* ���B V��� K�� )5Q �� (�`>��)� .

 ��#��� !$�'� k4L� �B !�� �X3�j� !)5R�$ (�)��� ��M3�!��� �� �1

�� ��2)- )_� �� W�� (� <��L* 0 ���. 

 �3�=�+� )�����/ V��� �B �5F4� <���� Y��* �1

 <4� � <=+ 0�1�� ��
 ���B .  

C�� �� 0�P�4* )1  !)-)0)�#�(� 

��� ) <"�1 .(���\� 0$�2 �gFg�  

V�5B)R* � �� !���0�1 ��'�� <B�A 

$� 0�P�4* d1  0�P�4* $� )�#5B � d3 

E
�����1 ����� K5%��5� �� �� !���0�1 

  

�� �2)X� �!��O��� ���� 0�1��=� S5` )1 $� <MA ���� .(�  !�-
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��?B � 0)5-��B 0�1W�� 0��B W�� p�� )1 0�)B �1���� �� (�5B �3�=�+� V��� �B

9�)2 !�)
 (�� <=+ (�5��� � <=+ )5?� ����?1 !�� . 

���B >1 �5M� �(���)2 !�)
 �B <=+ 0�1)5?� � ���"� C5XA�� � ���52�)~' Y��)�

(� �=1 d,g� �)%�� � C�� �� 0)%�� � (��?1�� �� �"� �"��� �� ������ ��)A ����?1�� 0� �5+�� �� �1

� �� �� (���)2 !�)
 $� 0���X* �o)2 K�� �B ���� �����B �*��O�� ����1 � &� �+��� �� 0���� �X3�j� �

�� a�=\� �1 ���S1 � (�5��� C52)n � p�� )B �� <���\ K�� )5c�* ���B V��� K�� )5Q �� (�`

!��� K5�` �� �*��� ������M� q)��� �� ���1 . ��#��� !$�'� k4L� �B !�� �X3�j� !)5R�$ (�)��� ��M3�

�)B !�� �U C2�?� �B ]����� �W�� )1 <=+ ���S1�� ��2)- )_� �� W�� (� <��L* 0

.��)� (��$ V�� � (���)2 !�)
 K5B )O� 0�1(� �B �1� �3�=�+� )�����/ V��� �B �5F4� <���� Y��* �1

���. 

� ���)2 !�=\ )��� N�1��5= (�)����S1 �5F� 0�1���S1 � 0�53�* <4� � <=+ 0�1

�� K�� �3�4�� !�,\ )B V�5P)2 (�5B �!�� o)2 )B K�� C��

ED#� C�� .K�� �P�4* �B ��\ 0$�2 �gFg� (�#� !��� �����

 �` ���+ �B� C��� m�)X* ������ .K�� )���4� )B ���/ V�5B)R*

C?��B 0��U m�)X* ���� �� 0�P�4* )1 0)�#� j �)�=� $�

 !��B f� C���\ �'�� 0������ )B q��� K5=D* ��1; � �� E
��

���.  

 �1 !)- 0�P�4* �gFg� 0$�2 ��\ C���\ �B�*)Dj(  

a�� �X3�j� ������ 0$�� ��� .�� �2)X� �!��O��� ���� 0�1��=� S5` )1 $� <MA

���. C�� )�$ ����� <��� a�� 0�1)�����/:  

   

٣   ����� � ����
ت و �
ر�د	� �ن ����    +

• (��$ ��?B � 0)5-��B 0�1

 ��$�* �@4�)9�)2 !�)


•  o)2�� ��� ���B >1 �5M� �(���)2 !�)
 �B <=+ 0�1)5?� � ���"� C5XA�� � ���52�)~' Y��)�

(� �=1 d,g� �)%��

)� �� �� (���)2 !�)
 $� 0���X* �o)2 K�� �B

>5���:- .�� a�=\� �1 ���S1 � (�5��� C52)n � p�� )B �� <���\ K�� )5c�* ���B V��� K�� )5Q �� (�`

!��� K5�` �� �*��� ��

������( . 

• �)B !�� �U C2�?� �B ]����� �W�� )1 <=+ ���S1

• (��$.��)� (��$ V�� � (���)2 !�)
 K5B )O� 0�1

�� ��2)- )_� �����

• � ���)2 !�=\ )��� N�1

�� �3�?� ����� !�� ��

B ���U �M�)4* ED#�

Dj = (d1,d2,d3)  �` ���+ �B

a�@+ !��B � ��C?��B

���M�.  !��B f� C���\ �'�� 0����

���'�� B �C�� �����
  

  

 �7;1.  �1 !)- 0�P�4* �gFg� 0$�2 ��\ C���\ �B�*

  

 ��DB K�� ���3�?� a�� �X3�j� ����

�� ����� �P��� a�� ���
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2 -2 ��!��
  

 �P��� a�� �� ��2� ��� �B 0�1��=� �5F� �DB K�� ��).���� �0���� 0�1)�����/ $� >\�>5=@* 0�1)5~�� � �1 (

�� v�)#* ����: 

.���� � �1)�����/�1:  
N    0)5-��B � �5FD* l�4� <� ���X*)0S�)� 0�/� &�?�+� �B(  

i, j    ��B �5FD* �j4� .���� / 9�)2 !�)
),…,N2,1i=( )0i= C�� �/� )%��#�(  
k   ��SB <4� � <=+ �F5�� .���� ),…,K2,1k=(  
E   VW�@L� p���� ���X*  
e   a�@L� p�� .���� ),…,E2,1e=(  

tci,j   <=+ �+�� ���S1� ��B �5FD* �j4� K5B�� <4�i  ��B �5FD* �j4� �j  (� K5B >54�?� )O� �B �1  
ti,j    ��B �5FD* �j4� K5B�� ����$ �F��2i  ��B �5FD* �j4� �j (� K5B >54�?� )O� �B�1  

disi,j    ��B �5FD* �j4� K5B�� ���"� �F��2i  ��B �5FD* �j4� �j  (� K5B >54�?� )O� �B�1  
fe    p�� a�@L� �53�* T�=*� (��$e 

dɶ i,e   0�P�4* 0$�2  p�� a�@L�e �5FD* �j4� �� i   
cap   <=+ �F5�� )1 <=+ C52)n�T)-�F5� ]?+)B ��SB <4�  
we    p�� a�@L� �+�� )1 ($�e T)-�F5� ]?+)B 

li   !)R�/ a�U ��B �5FD* �j4� �� W�� <��L* ����$i 

si   <=+ �F5�� $� ��B �5FD* (��$� ��B �5FD* �j4� �� ��SB <4�i 

cc   !���� <=+ �B V��?
 ���S1��B �5FD* l�4� $� f� )1 �� f`�� �FL� 0�1  
nci   !���� <=+ ���X* ��B �5FD* �j4� �� �FL� 0�1i   

  

~��5�1)0 =@*5>:  

  

xi,j,k 




1
�

  

 �5FD* l�4� K5B �� )-�i  �j  ��SB <=+ �F5�� Y��*k �)5%B V��� 0)O�  

K�� )5Q �� V���  

yk,e 




1
�

  

 ��SB <=+ �F5�� )-�k  p�� a�@L� <��L*e  �)5%B !� \ )B �5FD* l�4� $� �
)B �B ��  

K�� )5Q �� V���  

ui 




1
�

  

����$ !)b�/ T�=*� $� <MA �* ������ �-�SB <=+ �F5�� }51 )-� ��B �5FD* �j4� �B �� ��
 i  ����)B  

K�� )5Q �� V���  

ti    ��B �5FD* �j4� �B ��SB <=+ �F5�� (�5�� (��$i 

iδ    0)�#� �B l�B)� .��)� (��$i 

wi    0)�#� <L� �� !�� N)� �2�P� (��$i 
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tti    ��B �5FD* �j4� ����$ !)R�/ $� $��R* (��$ V�� a�Ui 

tsk    ��SB <=+ �F5�� )O� p�)� (��$k 

tsk,e    ��SB <=+ �F5�� )O� p�)� (��$k  p�� a�@L� <=+ 0�)Be 

B   �5F4� <���� 0�)B )O� (��$ )g���+  

β   �5F4� <���� Y��* !�� �U (��$ �B l�B)� .��)� vj�  

K   ��SB <4� � <=+ <���� <� ���X*  

  

2 -3 9�� ����& ���������  

 � <MA �DB �� !�� m�)X* 0�1��=� �B �'�* �B (����*�P�)O� �P��� a�� �C�:- �/ $� d�)@�D� �� ��3�?� 

 ��
�� �DB K�� ���� ���.   

)1(  
  N N K N

ij ijk i i
i j k i

Min tc x cc nc tt
= = = =

+∑∑∑ ∑
1 1� �

 

)2(  
  N N K

ij ijk
i j k

Min dis x
= = =
∑∑∑

1� �

 

      s.t.  

)3(  i∀    

N

jk
j

x
=

=∑
1

1
�

  

)4(  k∀  

N

i k
i

x
=

=∑
1

1
�

  

)5(  i∀  

N N

ijk
k j

x
= =

=∑∑
1

1
�

  

)6(  j∀  

N N

ijk
k i

x
= =

=∑∑
1

1
�

  

)7(  k∀  

N E N

ie e ijk
i e j

d w x cap
= = =

 
≤ 

 
∑∑ ∑

1� �

ɶ  

)8(  j∀  ( ) ( ) ( )
K N

j jk k j jk ijk i i ij
k i

t x ts t x x t s t
= =

 = + + − + + 
 

∑ ∑
1 1

1
� � �

  

)9(  k∀  ( )
N N N N

ij ijk i i ijk
i j i j

P t x w x Bδ β
= = = =

  + + ≤ ≥ 
  
∑∑ ∑ ∑

1 1 1�

  

)10(  k∀  

N N

ie ijk ke
i j

d x My
= =

≤ +∑∑
1 1

�  

)11(  k∀  ( )
N N

ie ijk ke
i j

d x M y
= =

> − −∑∑
1 1

1�  

)12(  ,k e∀  ke ke ets y f=  

)13(  ,k e∀  k kets ts≥  
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92  

  

 N�1 �B�*)1 ( a�M�� �B<A��+ ���S1 �5F� (�)����S1 $� >\� �1  $� $��R* � )O� 0�1C�� <��L* ����$ !)R�/.   �B�*

 N�1)2 (��5=� a�M�� �B�� �5F4� <���� Y��* !�� �U C2�?� <� (�)����B .C����L�  0�1)3 ( �*)6 ((�5B )-

<=+ �F5�� E5@D* Y��)�� ���?1 a�@L� p�� � ��B �5FD* l�4� �B <4� . C����L�)7 ( )1 <=+ C52)n )%��#�

C�� ��SB <=+ �F5�� . C����L�)8 (<=+ �F5�� f� (�5�� (��$� ��B �5FD* �j4� �� <4�j �� !$���� �)5-. 

 C����L�)9 ( ED#� ���4� f� $� �5F4� �F5�� )1 $��R* ���4� 0�)BB �� )_� �� �3�=�+� vj� f��)5-. 

C����L�  0�1)10 ( �)11 (�� ���)B  ��SB <=+ �F5�� ��� �� ����k  p�� a�@L� <��L*e  l�4� $� �
)B �B ��

�� !� \ )B �5FD* �� �� �)5- . �jB��)12 ( <=+ �F5�� (��B C�)+ �B !���� (��$k  p�� a�@L� <��L* 0�)Be  (�#� ��

�� �1� . C����L�)13 ( <=+ �F5�� C�)+ 0�)B $�5� ���� (��$ <A��+k  (�#� ���� �1� .C����L� 0�1)14 ( �

)15 ( f`�� ���� 5�� }51 ��� ��� �-�SB <=+ �F�= ���* ��B �5FD* �j4� �B �� ��
 ����$ !)b�/ T�=*� $� <MA �* �i 

����)B . C����L�)16 ( ��B �5FD* �j4� ����$ !)R�/ $� $��R* (��$ V��i !$���� �� �� 0)5- ��� . YB���)17 ( �)18 (

�� (�#� �� a�� >5=@* 0�1)5~�� .�' � V�)55~* �������1�.  

 C����L�)9 (�j
 0�)B � !��B �j
)5Q V��� �B�� (� (�)�B � C
���"� ��$�* �B�* $� (��* � )�$ V���

�)� !��O���:  

�� �� 0)�#� �� K5B )O� (��$ K5%��5� �B �3�=�+� V��� �B (��*( )E t .������ �( )V t C2)- )_� �� . ����� ��

��C����L� (��* )9 (B �� ��)� �?���$�B )�$ V���: 

)19(  ( )
N N N

ij i i
i j i

y t w Bδ
= = =

= + + −∑∑ ∑
1 1 �

 

 )5~�� .������ � K5%��5� ���4�y  �B C�� )B�)B:  

( ) ( ) ( ( ) ( ))
N N N

ij i i
i j i

E y E t E E w Bδ
= = =

= + + −∑∑ ∑
1 1 �

 )20(  

( ) ( ) ( ( ) ( ))
N N N

ij i i
i j i

V y V t V V wδ
= = =

= + +∑∑ ∑
1 1 �

 )21(  

 

>���� ��������� a��)� ��$�* �B �'�* �B � )%�� N)U $�:  

( ) ( ) / ( ) ~ ( , )
N N N

ij i i
i j i

t w B E y V y Nδ
= = =

+ + − −∑∑ ∑
1 1

1
�

�  

)14(  i∀  i i it l Mu− < +�  

)15(  i∀  ( )i i it l M u− < − −1�  

)16(  i∀  ( )i i i jtt u t t= −  

)17(  , , ,i j k e∀ { }, , ,ijk ke ix y u ∈ 1�  

)18(  , ,i k e∀ , , , ,ke k i its ts t tt K Z+∈
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 C����L� C�� � ��)9 ()�$ C����L� �B C�� )B�)B: 

)22(  ( ) ( ) ( )

( ) ( )

N N N

ij i ii j i
t w B E y E y

V y V y

δ
= = =

+ + − −
≤ −

∑ ∑ ∑1 1 �  

  

>1 K5�` >���� a��)� ��$�* ��:  

  
)23(  { }( ) / ( )P E y V yθ β≤ − ≥  

  

�� 0��U �B ~ ( , )Nθ 0 1. �� ����$ .��)� vj� C����L� K��)B��B ����� �� ���B ��)A)B ����*>5��B:  
 

)24(  ( ) ( ) / ( )E y V yβ−∅ ≤ −1  

  

 C����L� �B �'�* �B � C�� � ��)24(�� � C����L� �j
 C3�+ (��*)9 (C��� )�$ V��� �B ��:  
  

)25(  ( ) ( ) ( ( ) ( )) ( ) ( ( ) ( ))
N N N N N N N N

ij ijk i i ijk ij ijk i i ijk
i j i j i j i j

V t x V V w x E t x E E w x Bβ δ δ−

= = = = = = = =

∅ + + + + + ≤∑∑ ∑ ∑ ∑∑ ∑ ∑1

1 1 1 1 1 1� �

 

  

0�)B <+ a�� 0�� �#5/ ���B� ���C?��B a�� 0$�2 0�� �#5/ <��M* �B f� a�� �XjA ���)- .�� a�� �XjA �B 

!��O��� $� �)"��� <+ 0�� �#5/ <+ �1��
 �� .�� )�$ 9�� <��M* a�� �3�?� (�"��B�� - �B��)5?� 0$�2 �B �XjA 

i)� !��� �� ���.   

>3) . ������]23[ ()-� m  �n   ���4� �� 0�)B �����B ����5/ C���\ �B�* �B 0$�2(��5=U� vj� [ , ]η ∈ 1� >51��


C��� :  

{ }  R LPos m n m nη ηη≥ ≥ ⇔ ≥  )26(  

  

� )B kMU (� >51��
 C��� �� �B ]5*)* ,L Rm mη η    �,L Rn nη η   )���4� C��� � �` 0�+ l�4� m � n  ��

(��5=U� vj� η � ���?1 { }Pos m n≥�� (�#� �� C�� ���"�� �'���1� m  ���4� 0��?� �� )�-�SB n 

C��.  

��>2. 0$�2 )5~�� >5�� �� o)2 iedɶ  Y��*Y�� � C��� ��` �+ ���- �� i�j� ( ), ,ie ie ieα γ β  ED#�

(� ����B !��C��� >51��
 !�-:  

N E N

ie e ijk
i e j

Pos d w x cap η
= = =

   ≤ ≥  
   
∑∑ ∑

1� �

ɶ
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( )
N E N N E N

ie e ijk ie e ijk
i e j i e j

cap w x w xη α η γ
= = = = = =

   
− − − ≥   

   
∑∑ ∑ ∑∑ ∑

1 1

1
� � � �

�  )27(  

V�Mc� .(� $����' ��   

  

, ,
N E N N E N N E N N E N

ie e ijk ie e ijk ie e ijk ie e ijk
i e j i e j i e j i e j

d w x w x w x w xα γ β
= = = = = = = = = = = =

        
=          

        
∑∑ ∑ ∑∑ ∑ ∑∑ ∑ ∑∑ ∑

1 1 1 1� � � � � � � �

ɶ  

 

⇔ ( )
N E N N E N

ie e ijk ie ie e ijk
i e j i e j

w x w x capα η γ α
= = = = = =

   
+ − ≤   

   
∑∑ ∑ ∑∑ ∑

1 1� � � �

 )28(  

 

⇔ ( )
N E N N E N

ie e ijk ie e ijk
i e j i e j

w x w x capη α η γ
= = = = = =

   
− + ≤   

   
∑∑ ∑ ∑∑ ∑

1 1

1
� � � �

 )29(  

 

⇔ ( )
N E N N E N

ie e ijk ie e ijk
i e j i e j

cap w x w xη α η γ
= = = = = =

   
− − − ≥   

   
∑∑ ∑ ∑∑ ∑

1 1

1
� � � �

�  )30(  

 

  

 C����L� (��� ��)A �B � C�� � ��)30 ( C����L� 0�' �B)7(�� <��M* �j
 C3�+ �B a�� ���� . 

����)B p�� $� �F��+ a�� C�� �j
)5Q YF�D� v5L� ��\ 0S��.  f� <=+ (�-��� !$���� � ���X* ���2 a�� ��

C?1 S5� .���� a�+ K5\ �� � >5=@* )5~�� . >54�?� ��U �B a�� K�� �:3 C?5� <+ <B�A 0��S2� T)� }51 �B) �B T$W

����� �� h)�#� <"#� K5=1 V�5B�� �� ��'�� VW�4� ���=* �!�� T�R�� V�5B�� ��)� �B �'�* �B �� C�� )�; .( ��M3�

�� 9�� (��* T)� f� �B �� a�� �<=+ <���� ���X* (�)� o)2 CB�c $� ./ ��B )1 �� ��� �X��* 0��"�B� 0�1 ��S2�

��5 B >5�� <+ 0$�� .�F5�� ���X* �XB �F+)� �� ��=� ��)"* �� ����)2 K�� d���R� � !��� ���S2� �+�� f� �� �1�>5 . ���

� $� <��+ &��' (��B ��5 B )B ��5=�* }51C?5� 9�� K� .(� K=P �� S5� 0���$ �*�M��L� ��C��� �1��
 �/ .

��+ )-�  � >5�� o)2 ���FX� ��\ �� <���� ���X* �CA�� ��U �B>1 K5�`  0�1)5~�� ���=* .�'�3�?�  p�� $� ��

 �>�)5%B ����5/�3�?� � �� <��+ !�� 0$����$��= (��*  ^S'<��?� ���)B�  (���B �* C?��� &�L� 0S��B �5�� (� <+ �

9�� �B�� �� �M�)4* 0�1  C��� a�4X� (��$ �� ����� C��=P �� ��5 B &��' �B �"��S� (�S5� �����*)K�� ��  �'

 !$���� ��� ]?+)B <+ (��$ ��� �"FB �C?5� > � (���` ��� K�� T�R�� (��$ (��B !�*���3�?� C�� > � .(  

  

3 �
 @�&  

>����%3� $� 0�� �#5/ a�� <+ 0�)B >����%3� $� �M5�)* �� �M5�)* 0��"�B��)2 0��=X��� CB�A� 0�1]24[  �

�� f5��uC�� !�� !��O��� ���B. �� ����� �F5@O* V��� �B ����� �� 0�� �#5/ >����%3� <+�)����.  
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3 -1 ����� A�+B C���
  

�=��� &��' �� ��20 &��' � %��%`� &�D��� ���
�� (� )B ��0 ������ � �5O5C &��'�1 c�*5��:-) 

C��.  �=��� &��' �� �?��<  B5��$��0 �B �� V��� ��??- � /5���� ������* &�D��� ��)- .&�D��� &��' �B�� 

�B ���-� 0�� )_� ��2)- ��� �� ��K =U�5(�� <��+ ��)- �� �B �+��� � �B V��� !�)�?- ��20 &��' �R�?' 

����)-. �\�=R� �>����%3� ��� �B $�Q� 0�)B&��' $� 0� �\�=R� (�)� ��L3 K=P �2��@* d,��� �53�� 0�1

C����L�  0�1�3�?� �� �53�* ���� . <"�)2( 0�)B �� ���� &��' f� ��3�?� �� (�#� �1�.  

  

  
  

 �7;2.  (���)2 !�)
 � 9�)2 !�=\ (�5� W�� ��$�* 0�)B �'�� &��' f� f5*�=� ���=� 

  

3 -2 �+��� &+D��E������ �����  

)1 <+ �� >����%3� CB�A� 0��=X��� �B <"� f� ����� �� ���B. )1 ����� <��� )���4� ��5 B !��  )5~��

�� ���B. �� (�-u�� >����%3� �f5��u K�� ������ T�$���)� !�5��� ����� .�� >����%3� ���:� (���\ ��#� 0�)B 

!��O��� ����� !�� C��. �� f� �3�?� ��5 B 0$�� N -����� f� ��#� f� �0�XB N×1  �B ����� K�� � ���B ��

V��� [ , , , , ]NCountry p p p p= …1 2 3 �� m�)X*��� .���' �� �� �� �� !�� ��5 B )5~�����B .)1 )5~�� �� 

f� �B ��#� (���\ f� �@D#� �\�=�'� ���5� (� ��#� ED#� ����)-. $� ��K ���!�-� ��%3��>� )� B�K 

��#� �� �� ��#�0 C�� �B )� B�K �)*5] �@D#��10 \�=�'�� �5��� <g� �t�1)2 (�B$ � Y
 #�� ��@�A�0� 

�R�?' ����� ../ $� �53�* ��1��#� $� f5�"* �-)5`�� � �F��2 >��)* 0�)B ��R�� � M'�1 � �M*�0��B 0��\� )1 

f� $� � M'�1 v�)#* !�� C�� ..�� 0��\� � M' 1 �� �5��� !)5
;  ����)- . $� � �@D#� <MA $� ���X* �B

�� &�D��� �1��*�)��� )_� ���� �5��� ���� .&��' �4B�� .�� ��*�)��� (� �� �*��A �B �'�* �B ��*�)��� )1 �B �� �1

>51� �� E5@D* ���� .  

0�)B �M��L� ���4� ���S1 )1 V��A �� �0��U�)��� ���4� )1 �B�* N�1 0�)B )1 ��U�)��� �B C�� !��� C��.  .��

���4� ���S1 )1 �B�* N�1 �B V���   �3��X�)31 (�M��L� !�� C��.  

  

)31(  
,

, ,

, , ,
, ,

p p best
i n i n

i n p max p min
i total i total

f f
Cost

f f

−
=

−
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�� ,i nCost N�1 �B�* !�� a��)� ���4� i ��*�)��� 0�)B n ���B �� .>1 K5�` ,
,
p best

i nf �,
,
p max

i totalf  �,
,
p min

i totalf B�  ]5*)*

 N�1 �B�* )���4� <A��+ � )g���+ �K�)� Bi ���B �� ��)"* )1 �� . �B ��U�)��� )1 !�� a��)� ���S1 ���4� T�R��)�

 �3��X� V���)32 (��� �� C�� �B.  

)32(  
, 

r

n i n
i

Total Cost Cost
=

=∑
1

 

  

�� 0� ���- �B r ���B �� N�1 �B�* ���4� .V��A )1 ��U�)��� �XB $� S1��� a��)� !�� �B C�� !��� �B V���  �3��X�

)33( �M��L�  ����)- � !)=X�?��1 kB�j� �B V��A )1 ��U�)��� B5K (� �1 $�*�� ������.   

)33(   

 imp

n
n N

ii

Total Cost
p

Total Cost
=

=
∑ 1

 

  

.�� ���X* �53�� !)=X�?�0�1 f� ��U�)��� �B  �3��X� V���)34( K55X* ����)-.  

  

)34(  { . }n n colNC round p N=  
  

B ����-�� 0� nNC !)=X�?� �53�� ���X*��U�)��� 0�1 nT� �colN !)=X�?� <� ���X*�� �1���B .nNC!)=X�?� $��1 

B ��� !��� ��U�)��� )1 �B � &�D��� �2��@* V������� .A �B ��U�)���m5XP ��U�)��� �B CM?� )�#5B V�� )*

!)=X�?�0�1 C��� �1��
 0)�#5B.  

  

3 -3 8&�2 �5 �F &+D��E���  

V��A <� f� ��U�)��� CL* )5c�* V��A ��#� ��U�)��� �����B. )-� �` V��A !)=X�?�0�1 f� 

S5� 0��U�)��� )B V��A <� (� 0��U�)��� )5c�* ����. K��)B��B V��A <� f� 0��U�)��� �B V���  �3��X�)35( 

�M��L� ����� .  

  

)35(  ( ) ( ){ } (     )n n nTP Emp Total Cost imperialist mean Total Cost colonies of empireξ= + 

  
 nTP Emp 0��U�)��� <� V��A nT� ��� ���B ξ �� f� $� )�=� CMg� ��\ f����B .  

  

3-4  5�
 #��G������ �F &+D��E��� �� H�D &+D��E��  

./ $� >5?4* !)=X�?��1 �B ��1��U�)��� !)=X�?��1 �B N)U (����U�)��� C�)+ ������ .K�� C�)+ �� 

 <"�)3 ((�#� !��� !�� C��.  
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 )O� K5B C
���"� ��$�* �B �2��@* )5~�� f�� d ×β  وβ f� 

&��' �)� f��S� ��U�)��� �B �� ���1

C�� !�� !��O��� f5��u >����%3� �� �U�4* ��*�)/� $� �1 . �U�4* )%F=\ 0�)B

!)=X�?� &�D��� 0�)B �1C������* &�D��� 9�� $�  

�B �� ��)5- cP �� (�#�>51�. 

 >����%3� �� � ' 9�� �B�#� 9�� K��

C5X=' <��+ $� a�4��� V�\,U� 

���U�)��� 0�)B )1 0��U�)��� �B )%��"� 

�5��� kB�j� �B C5X=' T�Q�� !�� 

�F��2 >��)* Y��* !$���� C5X=' 

&�D��� !�� C��.  

 0)� B Y��)�) �F��2 � &��' � M' ��L3 $�

 y��X* ��*�)��� �B �1�%��' !)=X�?� C3�+ K�� ����� ��.  

١٠)    ١٣٩١(   +٣5-٨+ 

97 

�2��@* ����$ f� �B ��*�)��� C=� �B  

�� ��U�)��� � !)=X�?� K5B �F��2���B .X  )O� K5B C
���"� ��$�* �B �2��@* )5~�� f�

C�� f� $� )�-�SB ��\ .����$ �B C�)+ )5?� θ C�� !�� !��� (�#�. &��' �)�

�� (�#�>51�.  

 ��I #��G�����  

!)=X�?� K5B V�\,U�C�� !�� !��O��� f5��u >����%3� �� �U�4* ��*�)/� $� �1

�j4� f* �U�4* p���� $��j4� �� � 0�C�� !�� !��O��� 0�. !)=X�?� &�D��� 0�)B

K5�` &��' $� 0������ ��)A �U�4* <=\ CL* �� �1�B �� ��)5-

 ��3�� &,4�� 0�� �
)B !)=X�?��1 �� ���1� . >����%3� �� � ' 9�� �B�#� 9�� K��

�� V��� �FL� 0�1�R�?' $� ��)2 0�)B � !��B�)5-.  

 ��& #�;  

 �3��� C5X=' �53�� !)=X�?���1 C5X=' �5M�0$���!�� C5X='

C5X=' <��+ $� &,4�� � C5X=' <��+ $� ��M B ���U�)���

C5X=' T�Q�� !�� !�5��� ����� ..�� �B $�� 0��� �5���

K�)� B .�� !)=X�?��1 )B q��� ]*)�0$�� !)5`�� � �F��2

0��U�)��� �� ��2)- )_� !�� NC(i) 0�)B )1 ��U�)��� &�D���

��� &+D��E�� � �F #��G���  

 �1� ��` $� ./ !)=X�?� f� C�� K"=� ����� ��XB �� 0)� B Y��)�

�� ��5/ ��
 ��U�)��� �B CM?���� . y��X* ��*�)��� �B �1�%��' !)=X�?� C3�+ K�� ��

٣   ����� � ����
ت و �
ر�د	� �ن ����    +

 �7;3. !)=X�?� C�)+ �1�2��@* ����$ f� �B ��*�)��� C=� �B

  

d �� ��U�)��� � !)=X�?� K5B �F��2

C�� f� $� )�-�SB ��\

���B �� ���� AP �� (�#�
 

3 -5 9�	�
� 8�-JD� 

 a�4��� C '!)=X�?� K5B V�\,U�

�j4� f* �U�4* p���� $�

C�� !�� !��O��� .>1 K5�`
  

3 -6 AJ	
�  

�� )1 !��� !� 

f5��u �� V��� �FL� 0�1�R�?' $� ��)2 0�)B � !��B

  

3 -7 #��G������ �� 

�� )1 !��� !� 

!)=X�?� K5B��1 C5X='

T�Q�� ���� ���� C5X='

T�R�� ��� ��)- K�)� B .��

!)=X�?��1 0�)B 0��U�)���

  

3-8 N���� G2+�� ��

 �1� ��` $� ./ !)=X�?� f� C�� K"=� ����� ��XB ��

T�+�$� (�� ��5/ ��
 ��U�)��� �B CM?�
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3-9  ��2& �E���������  

V��A ��U�)��� m5XP)* �1�� �1��
 C2�� � V��A ��U�)��� 0�A)* �� CB�A� ��?53��)��� ���S2� 

C2�� �1��
 .�� T�=* CB�A� 0��U�)����1 �B �)%��"� m5XPK�)* !)=X�?� m5XPK�)* 0��U�)��� ]+�@* 

�1��
 �� .$� �)%�� 0�� K53�� &�D��� m5XPK�)* !)=X�?�0�1 m5XPK�)* 0��U�)��� Y��* 0�AK�)* 

��U�)��� ��X� ��U�)��� !��)B K5B $� T�=* 0��U�)�����1 �� CB�A� ��?53��)��� ]+�@* �����. �� K�� �CB�A� 

K�)���A 0��U�)��� d�XjA K�� !)=X�?��� �1 ]+�@* �1��D� �)� )-� �` K�� 0��U�)����1 a�=�+� 0)�#5B C ' 

]+�@* (�)� (��1 �����. K�� CB�A� � �* &�D��� �B �"� $� m5XPK�)* !)=X�?�0�1 m5XPK�)* 0��U�)��� 

a��0$�� !�� C�� � .�� 0�)B �M��L� ]+�@* a�=�+� )1 0��U�)��� <� ���S1 a��)�!�� �B V��� 

 �3��X�)36( �B C�� !��� C��.  

  

)36(  { } max   n i nNTP Emp TP Emp TP Emp= −  
  

 nNTP Emp 0��U�)��� !�� a��)� <� V��A n�� T����B � nTP Emp 0��U�)��� <� V��A n�� T����B .

V��A K���� �B <� a��)��!�� a�=�+� ]+�@* )1 0��U�)��� �B V���  �3��X�)37( �M��L� �����.  
  

)37(   

 n imp

n
p N

ii

NTP Emp
P

TNTP Emp
=

=
∑ 1

 

  

.�� $� 9�� C3��<�� 0�)B E5@D* !)=X�?� ]D��� �B �"� $� 0��U�)����1 !��O��� ����� .  

  

3 -10 HQ
 &+D��E������ ���� 8&�2  

0��U�)���0�1 (��B V��A l�4� ��1��
 �)� � !)=X�?�0�1 (��1 K5B )��� 0��U�)����1 ��  CB�A�

��?53��)��� ��$�* �1��
 ��. ��A� f� 0��U�)��� )��� !)=X�?�0�1 ��
 �� $� C�� ����1� (� l�4� !�- 

�����. 

  

3-11 R�; S2+�  

l)� mA�* � �� (���/ CB�A� ��?53��)��� ����$ C�� �� � �* f� 0��U�)��� K5B T�=* �1��#� ��'� 

���B �����.   
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 �7;4. 0��=X��� CB�A� >����%3� �F� 0�=�  

  

4 ���'��"� T���
  

 K�� ��A ����� C=?T)� �� !�� �� �#5/ >����%3� 0�)'� �B �*�M��L���S2� MATLAB !��� �B � �2��@* 0�1

C�� ��2)- T�R�� . >����%3� �B �*�M��L� ����� �0�� �#5/ >����%3� �)"F=\ �?��4� 0�)Bf5�,� NSGA-II  �?��4�

C�� !��.  
 

4 -1 U��&+V�� �������&�% U�W��  

(�=1f� ������ �C�� vP�� �� ���- ���- �B C�� ��?B�� (� 0�1)�����/ �B V�� �B >����%3� 0�1)�����/ 0�

&��' C�� K"=� mF�D�C5O5� �B �*��O�� d,��� 0�1���� �53�* V��O�� 0�1 . v5L� ��U �B �1)�����/ )-� K��)B��B

�=� ����#� >5_�*>5B�� C�� ��5 B &��' �B >5���* .>5_�* C '>����%3� 0�1)�����/ (�)�  $� k54L* K�� �� 0�� �#5/

C�� !�� !��O��� ���/ vj� 9�� .���/ vj� 9�� �B l�B)� ����� )RSM (B � a��' V���1 C�� !�� �����  �B

���-(��� �� 0� S (��� � f`�� S��� <��?� �B l�B)� L �� ��SB S��� <��?� 0�)B���B.  
  

 9��B1. >����%3� !�� >5_�* 0�1)�����/  
  

Factors 
  Optimal real value 
  S L 

n-Pop   193 300 

N-imp   5 8 

PA   54/0  64/0  

PC   6/0  6/0  

PR   12/0  32/0  

ξ   195/0  125/0  

β   8/1  15/2  
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��� �� !��O��� �%��?=1. 

�� !��O��� ED#� ��$�* �B �2��@* 0�1��� .!��� 0�1�3�?�  Y��*

Start
Set the 

Parameters

Generating Initial 
Countries 
(

Merge all New 
Created 

Solutions

Inversion
(nMutate)

Swap
(nMutate)

Reversion 
(nMutate)

Insertion
(nMutate)

No Change
(nMutate)

Updating 
Colonies

Updating Archive
(nArchive

Calculate the 
Fitness of 
Colonies

  

 
 N N 

Value & 
Destribution 

10 70 U ~ (

30 100 

50  

  U ~ (

<=>=?@ ABC و A�D AE
�
رKن، /HIJی
F' وL MN ر� و
OPد  QR� ز�S �
T
UV و 'W
�XYK Z[وH\ ن
 	� cdef! ز[
a� 'b=ود`_^
 ز[

100  

NSGA-II  !�� >5_�* )�$ V��� �B S5����:  

 ���X* )B�)B �53�� C5X=' ���X*150 C�� !�� ��2)- )_� ��. 

 )B�)B �U�4*8/0 C�� !�� ��2)- )_� ��. 

 )B�)B � ' �)�2/0 C�� !�� ��2)- )_� ��. 

 )B�)B �1��)"* ���X*300 C�� !�� ��2)- )_� ��. 

PAES B S5� �!�� >5_�* )�$ V������.  

 )B�)B �5��� !$����200 C��. 

 0�R�?' 0�)B f5��u >����%3� �B�#� � ' 9�� $���� �� !��O��� �%��?=1

 )B�)B �1��)"* ���X*3000 C�� !�� ��2)- )_� ��. 

�!�&� ���  

>����%3� �?��4� 0�)B!��� $� ��2 0�1�� !��O��� ED#� ��$�* �B �2��@* 0�1

(� ��$�* � 9$�� � !�� ��R�� a��' kB�j� �12 �����B.  

Generating Initial 
Countries 
(PopSize)

Set 
NFC=0

n=1

n=2

n=2,3n=1

n=2

Calculate the Fitness 
of each Country

Perform Non -
dominated Sorting 
& Calculate CD

Select the 
i (th) 

empire

Choose most powerful countries 
as the imperialist and remained 

countries as the colonies 

Generate 
Random
n=1 to 3

n=1

n=2

n=3

NFC is 
satisfied?

Finish

n=1,2

Generate 
Random
n=1 to 3

Generate 
Random
n=1 to 3

Uniform 
Crossover

Two Point
Crossover

One Point 
Crossover

n=2

n=1

n=3

n=1,2

n=2,3

Assign colonies to 
imperialists based on their 

Total Cost (pop1)

Compute the total 
power of all 

empires

i=1
Assimilate 
Colonies 
(pop2)One Point

Crossover

Two Point
Crossover

Uniform 
CrossoverGenerate 

Random
n=1 to 3

Generate 
Random
n=1 to 3

Generate 
Random
n=1 to 2

No Change

n=3

Updating Archive
nArchive)

Updating Archive
(nArchive)

i=i+1 i<N-imp
Yes

Calculate the Total 
Power of imperialist

Imperialist 
Competition

Is there an 
Empire with no 

Colony

Eliminate 
Empire

Yes

No

No

Pareto Solution = Archive Yes

0��=X��� CB�A� >����%3� V�5�S'  

0���� 0�1)�����/ ��$�*  

Parameter  
tc t fe w 

U ~ (10,20) N ~ (10,20) U ~ (200,600) U ~ (1,10) 

    

nc dis d cap 

U ~ (1,10) U ~ (40,100) U ~ (20,100) U ~ (100,500) 

<=>=?@ ABC و A�D AE
�
رKن، /HIJی
F' وL MN ر� و
OPد

>����%3� 0�1)�����/ II

•  ���X* )B�)B �53�� C5X=' ���X*

•  �)� )B�)B �U�4*

•  )B�)B � ' �)�

•  )B�)B �1��)"* ���X*

 >����%3� 0�1)�����/PAES

•  )B�)B �5��� !$����

•  0�R�?' 0�)B f5��u >����%3� �B�#� � ' 9�� $�

•  )B�)B �1��)"* ���X*

  

4 -2 #!�! @�&��!�&� ���

>����%3� �?��4� 0�)B

T)�  ��S2�Matlab (� ��$�* � 9$�� � !�� ��R��

  
imperialists based on their 

  

 �7;5. 0��=X��� CB�A� >����%3� V�5�S'

  

 9��B2.0���� 0�1)�����/ ��$�*

  

cc 
U ~ (100,200) 
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4 -3 ����	� ���&��G�  

>����%3� �?��4� C 'E
�� $� �1�� !��O��� �OF�D� 0�1(� $� 0)@�D� i)� �B C=?A K�� �� �� ��� �1

��>�$��)/.  

1( C5O5� E
�� )QM :(K��B C5O5� E
��&��' �5F� �� C�� ���- 0�1 $� f�)1 Y��* !��� C��B �*��/

>����%3�&��' �5F� 0�)B �� �-)5`�� V�5F=\ .�� ���2)- )_� �� >1 �B �� �1�� T�R�� �1>51� . �C�� � ��

&��' > � �B C�� )B�)B >����%3� )1 C5O5�>����%3� (� �B E�D� ���' 0�*��/ 0�1 . )� B �3S�� �B )*W�B C5O5�

�� >����%3� (��B���B. 

2( a� !��� �j4� $� �F��2 )MID :( �j4� $� ���)B ���� >����%3� �*��/ l�4� �F��2 �B C�� )B�)B E
�� K�� ���4�

!���a� .(���/ K�� ����5=� �� )1 �� N�1 �B��* �B �'�* �B ����(� �C�� 0$�� !��� �j4� !�- )1 ��5=� )B�)B �� a�

>����%3� ���=* �� N�1 �B��* $� f�_� �� ��1�� )>�)5- .E
�� MID �� �� �jB�� Y��* (��*)33 ( �M��L�

�)� . 

)33(  , , , ,

best best
n i i

max min max mini
total total total total

f f f f

f f f f
MID

n

=

   − −+      − −   =
∑

2 2

1 1 2 2
1

1 1 2 2
 

  

 (� �� ��n  � �*��/ l�4� ���X* )B�)B>1 K5�` ,
max

i totalf � ,
min

i totalf ���5=� � ��5#5B �B ��)B�)B ]5*)* �B �B��* ���4� K�)*

 �� N�1>����%3� N�1 �B��* ���=* (�5��?��4� ���� 0�1 .!��� �j4� V�@�D� W�B a��)2 ���� )B�)B a�C �B   

),best bestf f2 1 .((��B K5��/ MID �� >����%3� (��B )� B �3S�� �B���B.  

3( ���-���- E
�� )DM :(&��' CX�� E
�� K���� (�#� �� >����%3� f� �*��/ 0�1 � �1� �jB�� Y��*

)34 (���)� �M��L� �� (� (��* .E
�� �`)1 DM C�� )� B >����%3� ����B )�#5B. 

 

)34(  
. . . .

max min max mini i i i
max min max min
total total total total

f f f f
DM

f f f f

   − −= +   − −   

2 2

1 1 2 2

1 1 2 2

 

  

4( �F��2 E
�� )SM :(&��' ��$�* ��
���"� E
�� K���� (�#� �� <+ 0��2 �� �*��/ 0�1 �M��L� !�L� �1�

 �jB�� kB�j� E
�� K��)35 (�����B. 

)35(  
( )

n

ii
d d

SM
n d

−

=
−

=
−

∑
1

1

1
  

  

(� �� �� id <+ 0��2 �� 0���� �*��/ &��' �� K5B ���5FA� �F��2 �B C�� )B�)B .>1 K5�` d )B�)B S5�  K5%��5�

<���2id �� �1���B. E
�� �` )1 SM >����%3� ����B )�=� C�� )� B.  
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4-4 �!�- �
 T���
  

!��� ���=* �0��=X��� CB�A� 0�� �#5/ >����%3� ������ �?��4� C ' )1 Y��* �� !�� ��R�� 0���� 0�1

�� (� <MA �DB �� !�� )�; E
�� �� ` Y��* � !�)� �)'� >����%3��� �?��4� >1 �B �� �1>5�� . �����

a��' kB�j� <+ 0��\ 0�13  �4 C��.  
  

 
 9��B3. E
�� l�4� ���X* 0�)B �?��4� 0�110  �30  

  

Problem No. 
Quality Metric (QM)  Spacing Metric (SM) 

NSGA-II PAES MOICA  NSGA-II PAES MOICA 

10 198/0  0 802/0   210/1  632/0  895/0  

10 540/0  0 946/0   603/1  495/0  090/1  

10 149/0  0 851/0   508/1  788/0  538/0  

10 0 0 1  906/0  785/0  706/0  

30 284/0  0 716/0   442/1  966/0  651/0  

30 0 0 1  248/1  764/0  564/0  

30 019/0  0 981/0   725/1  278/1  744/0  

30 0 0 1  901/0  702/0  028/1  

Problem No. 
Diversity Metric (DM)  Mean Ideal Distance (MID) 

NSGA-II PAES MOICA  NSGA-II PAES MOICA 

10 295/1  082/1  114/1   400/0  796/0  393/0  

10 860/0  681/0  135/1   747/0  610/0  434/0  

10 193/1  849/0  206/1   646/0  687/0  444/0  

10 806/0  361/1  314/1   796/0  841/0  248/0  

30 072/1  627/0  820/0   611/0  831/0  234/0  

30 741/0  483/1  155/1   592/0  571/0  374/0  

30 066/1  294/1  738/0   721/0  690/0  223/0  

30 138/1  064/1  760/0   491/0  734/0  331/0  

  

a��' $� 0�13 �4 E
�� ���=* �� !�� �� �#5/ 0��=X��� CB�A� >����%3� �� C�� ED#� �� �B CM?� �1

C�� ����� �� 0)� B �)"F=\ )%�� >����%3� .�� a�+ K�� �B����� �2�1��` a�� 0�)B (��*  <B�A (��5=U� �B !��

!��� 0�)B � 0��=X��� CB�A� >����%3� $� a�MA�)� !��O��� mF�D� 0�1 . >����%3� ��M�\� (�)B W�B C '

 >����%3� �B �?��4� �� 0�� �#5/NSGA-II �  >����%3�PAES�'�$ �* (��$� $� �  N,�
� (��� (�#� 0�)B

��X��� C�� !�� !��O��� >����%3� �� K5B ��� B (� ����� � a��' V���5 C�� !�� !��� ���=�.  
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 9��B4. E
�� l�4� ���X* 0�)B �?��4� 0�150 �70  �100  

  

Problem No. 
Quality Metric (QM)  Spacing Metric (SM) 

NSGA-II PAES MOICA  NSGA-II PAES MOICA 

50 0 0 1  064/1  341/1  892/0  

50 0 0 1  659/1  821/0  785/0  

50 179/0  0 821/0   965/0  121/1  691/0  

50 0 0 1  984/0  088/1  865/0  

70 185/0  0 815/0   013/1  687/0  690/0  

70 0 0 1  033/1  291/1  408/0  

70 0 0 1  397/1  664/0  460/0  

100 0 0 1  798/0  105/1  753/0  

100 0 0 1  941/0  896/0  042/1  

100 050/0  0 950/0   645/1  139/1  823/0  

Problem No. 
Diversity Metric (DM)  Mean Ideal Distance (MID) 

NSGA-II PAES MOICA  NSGA-II PAES MOICA 

50 148/1  285/1  525/1   421/0  128/1  235/0  

50 955/0  233/0  340/1   577/0  569/0  543/0  

50 716/0  789/0  175/1   405/0  530/0  387/0  

50 873/0  295/0  530/1   759/0  890/0  365/0  

70 685/0  083/1  883/0   478/0  041/1  503/0  

70 611/0  289/1  397/1   437/0  718/0  472/0  

70 257/1  273/0  389/1   523/0  625/0  450/0  

100 953/0  234/1  049/1   582/0  737/0  517/0  

100 800/0  220/0  347/1   440/0  647/0  424/0  

100 626/0  952/0  278/1   799/0  857/0  230/0  

 
  

 9��B5.  >����%3� �� �?��4� C ' �'�$ �* (��$�  

  

  Paired Differences 

t df 
Sig. 

(2-tailed) 
Metric Pair 

Mean 
Std. 

Deviation 
Std. Error 

Mean 

٩٥% Confidence Interval 
of the Difference 

Lower Upper 

Quality 

MOICA 

NSGA-II 848/0  215/0  050/0  741/0  955/0  74/16  17 0 

PAES 937/0  092/0  021/0  892/0  983/0  13/43  17 0 

SM 
NSGA-II - 467/0  377/0  088/0  - 655/0  - 279/0  - 25/5  17 0 

PAES - 163/0  347/0  081/0  - 330/0  009/0  - 99/1  17 062/0  

DM 
NSGA-II 239/0  355/0  083/0  062/0  416/0  85/2  17 011/0  

PAES 278/0  551/0  130/0  004/0  552/0  14/2  17 047/0  

MID 
NSGA-II - 200/0  203/0  047/0  - 301/0  - 099/0  - 19/4  17 001/0  

PAES - 371/0  224/0  052/0  - 483/0  - 260/0  - 03/7  17 0 
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��X� i�j� �B �'�* �B(��$� (��B ���K�� �B �'�* � �'�$ �* 0�1 (� �%=1 )���4� �� $� )�=� �105/0 

���� K��)B��B ����B��X� N,�
� E
�� �� ` )1 �� 0�� �#5/ >����%3� �� C2)- �R5�� (��* >����%3� �B 0���

NSGA-II  � >����%3�PAES ���� .�� 0�� �#5/ >����%3� $� K��)B��B !��O��� <��?� )��� �� W�B (��5=U� �B (��*

��=� .&��' )��@* C�� � �� �� ` 0�)B �*��/ 0�1 C5O5� �B <��?� $� ��\1  <"� ��6 !�� !��� (�#����.  

  

 
 �7;6. &��'���=� �3�?� �� ` 0�)B �*��/ 0�1  

  

5 �$��
���X 

 �3�4� K�� ���3�?� (��$ � ����$ !)R�/ K�2)- )_� �� �B �5F4� <���� �B��)5?��� ��2)- )_� �� �3�=�+� 0�1 .

 >����%3� f� Y��* � !�� ����� (� �2�1 ��` �P��� a�� 0��=X��� CB�A� >����%3� >�� �B �2�1��` 0��"�B��)2

�?��4� >����%3� �B � <+ 0� NSGA-II� ��%3��>� PAES �� �?��4� . $� �"� (��B �j
 )5Q <53� �B ���B� ��

C����L� ��$�* �B�* k�)U $� (� 0$�� �j
 �B 9,* �1>���=� ��������� .�j
 $� ./ (��B CD� <53� �B � 0$��

�3�?� &��' K�2�� C ' �2�1��` 0��=X��� CB�A� 0��"�B��)2 �M5�)* >����%3� $� ����)B ���� !��O��� �*��/ 0�1

 >����%3� �B 0�� �#5/ >����%3� �)"F=\ C�� � �� � ��NSGA-II � ��%3��>� PAES �?��4� ���� C2)- ��)A . �����
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��� (�#� �� 0��=X��� CB�A� >����%3� )� B �)"F=\ . �� !��O��� �'�$ �* (��$� $� ����� ��M�\� (�)B W�B 0�)B S5� �����

��X� N,�
� ��'� (� �R5�� �� ����B �?��4� CL* >����%3� �� K5B ��� .>����%3� )��� $� !��O��� � �1>1 K5�` 

 �B ���' V�5P)2 a�=\��3�?� ����� �� �#5/ (�-�����
 �B �*� V�X3�j� ^S' ����*.  

  

Y����  

  
[1] Ho, W., Ho, G. T. S., Ji, P., Lau, H. C. W., (2008). A hybrid genetic algorithm for the multi-depot 

vehicle routing problem. Engineering Applications of Artificial Intelligence, 21, 548–557. 
[2] Mester, D., Bräysy, O., Dullaert, W. (2007). A multi-parametric evaluation strategies algorithm for 

vehicle routing problems. Expert Systems with Applications, 32, 508–517. 
[3] Ren, Y., Dessouky, M., Ordo9ñez, F., (2010). The multi-shift vehicle routing problem with 

overtime. Computers and Operations Research, 37, 1987–1998. 
[4] Yu, B., Yang, Z. Z., Yao, B. Z., (2011). A hybrid algorithm for vehicle routing problem with time 

windows. Expert Systems with Applications, 38, 411–435. 
[5] Laporte, G., Louveaux, F., Mercure, H., (1992). The vehicle routing problem with stochastic travel 

times. Transportation Science; 26(3), 161–170. 
[6] Van Woensel, T., Kerbache, L., Peremans, H., Vandaele, N., (2008). Vehicle routing with dynamic 

travel times: a queueing approach. European Journal of Operational Research; 186(3), 990–1007. 
[7] Ando, N., Taniguchi, E., (2006). Travel time reliability in vehicle routing and scheduling with time 

windows. Networks and Spatial Economics; 6, 293–311. 
[8] Russell, R. A., Urban, T. L., (2008). Vehicle routing with soft time windows and Erlang travel 

times. Journal of the Operational Research Society; 59, 1220–1228. 
[9] Li, X., Tian, P., Leung, S., (2010). Vehicle routing problems with time windows and stochastic 

travel and service times: models and algorithm. International Journal of Production Economics, 125, 
137–45. 

[10] Tas, D., Dellaert, N., Woensel, T., Kok, T., (2013). Vehicle routing problem with stochastic travel 
times including soft time windows and service costs. Computers & Operations Research, 40: 214–
224 

[11] Xie, B., (2003). Research on stochastic vehicle routing problems. Ph.D. thesis, Xinan Jiaotong 
University, China. 

[12] Shao, Z., Gao, S., Wang, S., (2009). A hybrid particle swarm optimization algorithm for vehicle 
routing problem with stochastic travel time. Fuzzy information and engineering, Berlin/Heidelberg: 
Springer; 54, 566–574. 

[13] Azi, N., Gendreau, M., Potvin, J., (2007). An exact algorithm for a single-vehicle routing problem 
with time windows and multiple routes. European Journal of Operational Research, 178, 755-766. 

[14] Thangiah, S., Nygard, R. K., Juell, P., (1991). GIDEON: A Genetic Algorithm System for Vehicle 
Routing Problems with Time Windows. Proceedings of the Seventh IEEE Conference on Artificial 
Intelligence Applications, Miami, Florida, 322-328. 

[15] Mingozzi, A., Giorgi, S., Baldacci, R., (1999). An Exact Method for the Vehicle Routing Problem 
with Back hauls” Transportation Science, 33, 315-329. 

[16] Thangiah, S., Potvin, J., Sun, T., (1996). Heuristic Approaches to vehicle Routing with Backhauls 
and Time Winsows” International jounal of Computers and operations Research; 23(11), 1043-1057. 

[17] Zadeh, L. A., (1965). Fuzzy sets. Information and Control, 8, 338–353. 
[18] Wang, H. F., Wen, Y. P., (2004). Time-constrained Chinese postman problems. Computer and 

Mathematical Application, 44, 375-387. 
[19] Teodorovich, D., Pavkovickm, G., (1992). A simulated annealing technique approach to the vehicle 

routing problem in the case of the stochastic. Transportation Planning and Technology, 16(4), 261–
273. 

[20] Lai, K. K., Liu, B., Peng, J., (2003). Vehicle routing problem with fuzzy travel times and its genetic 
algorithm. Technical Report. 

[21] Zheng, Y., Liu, B., (2006). Fuzzy vehicle routing model with credibility measure and its hybrid 
intelligent algorithm. Appl. Math. Comput, 176(2), 673–683. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

m
lu

.la
hi

ja
n.

ia
u.

ir
 o

n 
20

26
-0

5-
14

 ]
 

                            21 / 22

https://jamlu.lahijan.iau.ir/article-1-512-en.html


<=>=?@ ABC و A�D AE
�
رKن، /HIJی
F' وL MN ر� و
OPد  QR� ز�S �
T
UV و 'W
�XYK Z[وH\ ن
 	� cdef! ز[
a� 'b=ود`_^
 ز[

106  

[22] Hadadi, B., Malekly, H., (2009). An Approach to Fuzzy Random Vehicle Routing Problem. 6th 
International Conference of Industrial Engineering, Iran, Tehran. 

[23] Malekly, H., Hadadi, B., Tavakkoli-Moghadam R., (2009). A Fuzzy Random Vehicle Routing 
Problem: The Case of Iran. Accepted in the 39th International Conference on Computers & 
Industrial Engineering (CIE39), France, Troyes. 

[24] Sakawa, M., (1993). Fuzzy Sets and Interactive Multi objective Optimization. Plenum Press, New 
York. 

[25] Gargari, A., Lucas, E. C., (2007). Imperialist Competitive Algorithm: An algorithm for optimization 
inspired by imperialist competitive. IEEE Congress on Evolutionary computation, Singapore. 

  

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

m
lu

.la
hi

ja
n.

ia
u.

ir
 o

n 
20

26
-0

5-
14

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            22 / 22

https://jamlu.lahijan.iau.ir/article-1-512-en.html
http://www.tcpdf.org

