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� (�� !�E�G, �� �
�%*� ���� d/�N �	���  .�!��� ;#�  ���*$# 3�	�!#��� �' �� !(��  9�2S# (� � ��	�.��� 
���*$#
����	�!# �' �/���(��  9�2S# ()���,!)��!# ���� < �N ��(�� !�E�G, �� �
�%*� ���� d/�N �	���  .��
���*$#
# �	.�����( �� .���*$#
!W��	� � ���, ��|�, � � ��#�( ��.

1 Cluster 
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ي مورد بررسيمثالي از شبكه-1شكل

�,�# ��!�_/ ��#� q� � �������� � �������. �
���,!�% .� �' ��/� �(  ^��# .� �_/ ��#� ��	��!
/� T/�, �' �/���
�G�� ��#�� (�� ���_/ ��#� �
��� �E�G, Q�G� �' �/�
#|,�E�G, 3
��, R'�# �, ��C!=

�� � ()�'�� .� �� .��$#R	 4���!�)�
�K�� �� ��@���� �.
�E�G, < �N
# ;*��# ��C�(�� .
��*	��� �'6 �' .��!��� �' �/� l�5 (
#|,� 3�"G� ��
�E�G,
���, R'�# T/�,!=���!�"G� (
���?�& .�

N �� < �N�, <�(  3�
R'�# �� ������ .� �( �� �� �� .��2!��#�.�N 9.�? 3����.�(G#![ .� � V� �!9.�? 3

# �_?����.
� .�(G#�"G� ��
�E�G,
� � ��	 
 ��� � �"/ ��,��5�'
��(#�
k����E ��!*	� F���.�(G# ��	���/�

� �� .�(G# R�"G� ��
�E�G,
� � ��	 
 ��� ��� �"/ ��
5�'
��(#�
k����E ��!*	� F� �.�(G# �����#�-
( �� .��#��� ����� ��
��!5�' V
�"G� �	
# ���� d/�N �E�G,�� �"/ �' �� ,����� 5�' �%
#|, �"G� �%�(  3
( �� .

�/� �r� �"G� ��I,��!�/� ;' ��(�, V!�G� ;��(�, �� � ���� ��(�# �!#�� �� l�(' �	 � ( ��!�/� 3!��:�# �� ;

�7@#"#$%����
5�' �	 �� X���#!�7@# .���� V& � ����:�# ��
"'(����
5�' �	�/� .

D�.� =��,)e(.(, 9.�? ��!$����
�E�G, Q�G��!� �'�% �� �� �	#|, < �N# 3���, ��� !�/� �(  ^�.�� ��

�� �'!��?�& V
*'�)�)*�������,!��?�& V
�@�)
�7@#�)*+,������� �
.�� �� < �N D�.� ��"G� �	
"C�# <	�' ��?�& F�� ���!� �� qN � (��!��?�& 3
�@# �_? �< �N D�.� ��)��� .

)e(

-�� �
./
0
/1

1; ��, ����?�& 4 )*�����
5678���9:�;<+�=>��,��

5678���956?@��� ; )*����� 4 ��, ����?�& 4 )*+,���
0; )*+,��� 4 ��, ����?�&

�, ���J�#�# 3�	�
�/� ���!�G� ;#|, M(	 �� �� 3�� �� �E�G, Q�G� �� 9.�? 9�2S#!��  ��, �< �N �!� T!�
.�� �� �/�
�E�G, D�.� k�*$# �'
�	5�'
��(#�
#|,� ��(  3@��  �).

�/� �	��
�G��� �!�� �L'�(� (!�# V+7, ��!(��.
�/���
�G��
�	 �� Q���#.���� ��(�, ����' �'�� �� k��  .���� �% ��
Q�G� ���E�G, # 9�2S# �.�� � ()'!�i

*� �� �% �������.
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����
#|,� 3��� �"/ ��
�"G� �	
�� ��E�G,!� ;' �(��� (� �"/ ��,����  ��.�%�� �%.
��E�G,
��@# �	
T/�, ��),!/� V��
�G�# ��.�%�� ����  .
�@7��G��# Q�G� ���/� T/�, 4�*!�G� ;@7� ��(  9�2S# ���!2�� Q�G� �� �i� �(��*��, R'��# T/�, R!�2�# =

< �N # ������ � (�� 2�� ���(��*
#|, Q�G�*� 3��� .
��# �	 .���G# k�*$# ��!�	�E�G, �
��,!���� ;��E�G, Q�G� ��
�. �(  9�2S#
�# �%� � �RQ�G� �E�G,


�(  9�2S# Q�G� T/�, �(  ���� < �N
)!��, R'��# ��*	 �!�2�# =(�.
�# ��*	��� ��!&�U �� (/� ���-

�G���
�# �% �'� �. ��#�()' ���$, �()'.

���' ���$, .���� �% �&�U �� (!��� �% �� X���# 
�	��# �#�*, .� .���� �	 �� �(  ���� �+7, 
�	�E�G, 

()'.

 سازيمدل-2-2
W(#�	
VRP .�, �� �:�, ��!��(�# ��(�, P�/� �� ��7!���/� �� �� �	
e(W(#�	
���(�� ��
�*��!j�h(

W(#�	
���(�� ��
��*: ()1�
m�G, �-()�
#�(�� �.�� ��
K�� .� �'�2 ��(�,��� ��(�, P�/� �� ���	
( . �M���
�*��!#�� .� ����*: ()1 ( .�
�.�� .

.�, �� �# <��� �� �:�, ��!��7
��J�#
VRPW(# ��	
�B�.���� �( 
�!3# �. ��J�#���, P�/� �� ���,!^
��#�	�
�!�i(Additional Variable) ��/� �� ��
e(.��# ���n�h(�:!.��# ��o�G, �-()�
.�� �� ��*�
.� �'
K�����#�	�
&�E���.
����	
#�� .� � M�����. ��
!W��	
��, M���!# ^�(�� [15] . 

�#��� .�!���(�� �� W(# V
��*: ()1�
���
�!���*� �B�.� .� ��J�# 3�!-.��(�#!��	
� Mz�!�� �:�, �� .�, �
:��#=[15,16] ��/�,!��&�(�� .�B�.� �� ;�2
�#���� W(#.!R
"C���# ��	�
*+,&��# �. -�#�)'-.

�B�.� �� ;�2
�#���� W(#.!R
"C���# ��	�
*+,&��# �. -�#�)'-.
��#�	�
*+,-:
C��D%:/� �����
�G��E.���� �� X���# �'&G��# �/��"G� �� 4�*� � � �"G� ��� � � � �����!��# 3.�(G# �!.� � V

[� �!# �_? .�(G# 9.�? 3����.
F��$%
�:�E�G, ���
���
5�'
��"G� l�
�E�G,
�/� ���G� ���
E�N� �� X���# �'
&��, R'�# T/�, � �/�!=�

)�/� �(  9�2S# �'(� ���  ��.�%�� �!��# 3.�(G# �![ .� � V� �!# �_? .�(G# 9.�? 3����.
F���$%�:�E�G, ���
���
5�'
��"G� l�
�E�G,
�/� ���G� ���
E�N� �� X���# �'
&��, R'�# T/�, � �/�!=�

)�/� �(  9�2S# �'(� ���  ��.�%�� �!��# 3.�(G# �![ .� � V� �!# �_? .�(G# 9.�? 3����.
G��D%:.�(G#�E�G,�!�E�G, Q�G� �� �'
�"G� �� (��� � � �)�. Q�G� �1
�#�� (�� �' ����G� �1 �()��	�T/�, �'

�"G� �� (�� �Q�G�
�# ���� < �N�(�� (�/� T/�,�G� ���
E�N� �� X���# �'
&�� �� ��/�!X!W���, ��W�/.�
#��� .

�B�.� �� qN �#��� .�
N W(#���)@
E�, ��2 9��# ��C���N ����� .

)h(H�C I � ∑ ∑ ∑ ∑ -������	�� F��$%
� K  ����� F���$%� ��D%��MN��MN

)�(∑ ∑ C��$%��MOP
MQ$% � 1 R� � 

1 Exponential-size formulation 
2 Polynomial-size formulation 
3 Node-based 
4 Flow-based 
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)b(∑ C��$%��MOP
MQ � ∑ C��$%��MNP
MQ R� � �=	 
 ��, RE(
)t(∑ ∑ F��$%

���MOP
��S?

D% 4 1 R� � �=	 
 �=�, R�
)�(∑ ∑ F���$%���MOP

��S?
D% 4 1 R� � �=	 
 �=�, R�

)y(∑ ���CT�$% U F��$%
�T�MOP
MQ,

TV�
R� � �=	 
 �=�, R� � �=	, � � W�, RE(, R�

){(∑ ���CT�$% U F���$%�T�MOP
MQ,
TV�

R� � �=	 
 �=�, R� � �=	, � � W�, RE(, R�
)�(∑ C��$%��MOP
MQ 4 1 R� � �=	 
 ��, RE(
)eu(∑ C��$%��MOP
MQ 4 ∑ F��$%

�� R� � �=	, RE(
)ee(∑ C��$%��MOP
MQ 4 ∑ F���$%�� R� � �=	, RE(
)eh(F���$%� 4 F��$%

� R� � �=	 
 �=�, R� � �=	, � � W�, RE(
)e�(∑ ∑ ∑ ��	�� F��$%

� K ���� F���$%� ���MOP��MOP
MOXD 4 "'(�R& � ��, R�
)eb(∑ ∑ C�*D%*�MQ

*V(
��MOP
MQ � 0 RE(

)et(∑ G��$%��MOP
MQ Y ∑ G��$%��MOP
MQ � ∑ ∑ ��	�� F��$%� K ���� F���$%� ����MOP
MOX R� � �=	, RE(
)e�(∑ G(�$%��MOP � ∑ ∑ ∑ ��	�� F��$%

� K ���� F���$%� ����MOP��MOP
MOX RE(
)ey(∑ G�($%��MOP � 0RE(
)e{(G��$% 4 ∑ �"#$%� Y �	�� Y ���� �� C��$% R� � �=	 
 ��, R� � ��	 
 ��,RE(
)e�(∑ ��	�� K ���� �� C��$% 4 G��$%R� � �=	 
 ��, R� � �=	, RE(
)hu(∑ ∑ ���C��$%��MOP��M 4 ' RE(
)he(F��$%

� � �0,1� R� � �=	 
 �=�, R� � �=	, RE(, R�
)hh(F���$%� � �0,1� R� � �=	 
 �=�, R� � �=	, RE(, R�
)h�(C��D% � �0,1�R�, � � �=	 
 ��, RE(

M(	 =��,)h(�E�G, D�.� k�*$#
�	5�'
��(#�
#|,� �. �(  3@# �)��*�!(.�"��.
)�(# ��@���	 �' (	�
�"G�
�E�G,
� �  ��!/� T/�, (��
�G���  9�2S# �.�"��.
)o(��(�,!W��	
��.�
�"G� �	 ��
� � �=	 

�����!:��C ��(�, �� (��	
( �� ����� �% .T���.)�(�)�(T���.)�(�)�(*�,# 3���� �' ()'� � �=	 
 �=� 

T/�, (	��7�� � �=	 G��# �'/� �� 4�*��
�G�# 9�2S# ���� ��  ���� < �N ��� !(4�*�� < �N k��  .��.��2
( �� �� �� .��(�#!�)�(�# ����"G� �	 �� �' ()'
�E�G,
� � �=	 
 ���# �	 .��L'�(� �!V!:��C W��
# ��:�#�( �� .��(�#!�)j�(�)jj(# ��@����� �' (	�� � �=	 ���  9�2S# (	��7� ��!�E�G, (
D��C �� D��C

+7,�!(�� .
��(�#!��	
)jm(*�,# 3��' ())'��#��� ����� ��
��!5�' V
�"G� �	
���� d/�N �E�G, �"/ �' �� 

�,����� 5�' �%
#|, �"G� �%( �� �(  3.��(�#!�)e�(*�,# 3���, .�� ;' �' ()'!;�������� .���� �	 ��
�	
��:�# �� 5�'
�R&� .���� �% .� 5�' �%!� <(�� .��(�#!�)eb(# ��@��/� �	 �' (	���
�G��� �!.���� �� (
�% �� �'
������ �(#% .
��(�#!�)et(2 ��: ����, (!� �/� �����
� Mz�!� �	.�,�# .�A� R���. .��(�#!�)e�(*�,# 3�;' �' ()'

K�/.� .���/� �	��
�G��)�# �	 .��(���!�	�E�G, �� (
+7,�!/� �% �� ��&���)�E�G, Q�G� ��
�. �(  9�2S#

�# �%� � �RQ�G� �E�G,
C�� T/�, �(  ���� < �N��(  9�2S# Q�G�
�.
�# ��*	�(���!&�U �� (/� �% ���


�G�()' ���$, �.��(�#!�)ey(# ���*E�	 �' ()'�E�G, �
��,!;������
���!��, .���� �	 �� (!��  ���� ;.��(�#!�
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�	
)e{(�)e�(�R��# ��(��	�
�:!��#�() �� .��(�#!�)hu(2�# W�� (# ��( �� .2��)hefh�(�2 R��
� �_?!V()��	.

 نتايج محاسباتي-5
�.� .�r)# ��!�����(�, W(#b{���(�� .��1 FK�2 .� ����
eu�et�hu�ht�,�!�	��#�.�N 3�&�� �r� .� ��


_��7#����
&�U�/� �!��(�# � ;!�# �)�*	 � �&��+, 9�+�7# 3�K�, Q�G��(  ((�� .2� 9.�? �� ��J�#�� X
V*'CPLEX 12.3 Solver �, ��(�r), �N 9�*<��(�# �� O�&!���#���/� �(  ;� ���/ �� ./�.�# -��

 ���_�/��.��
�(�����N�
9.(2 ��2.93GHz �r&�� �
3.21GB �/� ���� .W�(: )e(�?SC�
��� ��!�.� �. �!�#�(	� .
������2 -[.���.�8�C (#W��# ;� .�!��V1�' ����� ��T/��# ���# ;� ��A#� �!��w.R� ����� ��)�u� �"G�
���@ (���
l��� �(� ��:� .�R&�.

دقينتايخلاصه):1( جدول قيج حل به روش

يوروديابعاد داده نمونهيشماره تعداد نقاط تقاضا ينگيفاصله تا به  ن كران بالايبهتر )ثانيه(زمان حل

 كوچك
eu 

e 0.00% 92/733 54/0
h 0.00% 809 52/0
� 0.00% 70/802 29/0

et 
e 0.00% 21/1313 62/98
h 0.00% 1212 17/83
� 0.00% 1188 88/2

 متوسط
hu 

e 0.00% 1846 22/299
h 0.60% 79/1683 2/3626
� 0.00% 84/1784 42/63

ht 
e 0.00% 2170 52/205
h 1.26% 69/2172 7200
� 0.27% 2266 29/3139

و جمع بندي-6  نتيجه
�!&��# �� �K�G# 3�K(#����
��J�#
�#�!���/���
�G������ d/�N l�� .� �#������N �'�?� R'�*,��%

��/�L'�(�
�E�G, D�.�
��, ��#� �L'�(� 3� �� �r� .� �� �(  ��.�%��!/% �� 5�' ;F�!�/� ���(.
E�& 3�&�� �r� .�,��&�U ���*	�/� �!�G� ;&�U ���E�G, ��	.���� �
�,��[ �� �,��/%� F!�'6 �.��# � ���(

�( 
�!�2�� �� �i�� �(  �,!�I��	
� V*' W(#!����/� ���'.
�B�.� W(#�. �� �( 
���*$#�
�	 ���� ��
(:!' � (�(  ��:� (_��� �!/.�� �.�# ���/� ��&�� .��2 .K� ����:� ;

C�����(�#!��	
l��.�R&�
��/�,
D�.�	
.�A���
�.�A��� ��&
���
����� .� ��J�# ;�w.R� �,N# ���)@�����.

 مراجع
]e[ Wassenhove, L. N.V.,“Humanitarian aid logistics: supply chain management in high gear”, 

TheJournal of the Operational Research Society, No.57(5), pp. 475-489, 2006. 
]h[ Enz. R., Zimmerli. P., Schwarz. S., “natural catastrophes and man-made disasters in 

2008”,Sigma,North America and Asia suffer heavy losses, No. 2, 2009, Available from: 
http://www.swissre.com/sigma

]�[ Van Wassenhove, L.N., “Humanitarian aid logistics: supply chain management in high gear”, 
J Operat Res Soc, No. 57, pp. 475-489, 2006. 



9

]b[ Hake, T.,“Haiti earthquake relief efforts hampered by logistics problems”, Examiner 
Website,Available from, http://www.examiner.com/natural-disasters-innational/ 
Haitiearthquakereliefeffortshamperedbylogisticsproblems; January 15, 2010 [accessed 26.11.10.]. 

]t[ Golden, B., Raghavan, S., Wasil, E.,The vehicle routing problem, Latest advances and new 
challenges, Springer, 2008. 

]�[ Eksioglu, B., Vural, A.V., Reisman, A., “The vehicle routing problem: a taxonomic review”, 
Computers and Industrial Engineering, No. 57, pp. 1472-1483, 2008. 

]y[ Knott, R., “The logistics of bulk relief supplies Disasters”, No. 11 (2), pp. 113-115, 1987. 
]{[ Altay, N., Green,W. G., “OR/MS research in disaster operations management”, European Journal 

of Operational Research, No. 175, 475-493, 2006. 
]�[ Aakil, M. C., Xiaofeng, N., Shaligram, P., “Optimization models in emergency logistics: A 

literature review”, Socio-Economic Planning Sciences,No. 46,pp. 4-13, 2012. 
]eu[ Ozdamar, L., Ekinci, E., Kucukyazici, B.,“Emergency logistics planning in naturaldisasters”, 

Annals of the Operations Research, No. 129, pp. 217-245, 2004. 
]ee[ Current, J. R.,“Multiobjective design of transportation networks”, PhD thesis, Department of 

Geography and Environmental Engineering, John Hopkins University, 1981. 
]eh[ Naji-Azimi, Z., Renaud, J., Ruiz, A.,Salari, M., “A coveringtourapproach to the location of 

satellite distribution centers to supply humanitarian aid”, European Journal of Operational Research, 
No. 222(3), pp. 596-605, 2012. 

]e�[ Current, J. R., Schilling, D. A.,“The covering salesman problem”, Transportation Science,No. 
23(3), pp. 208-213, 1989. 

]eb[ Golden, B., Naji-Azimi, Z., Raghavan, S., Salari, M., Toth, P., “The generalized covering 
salesman problem”, INFORMS Journal on Computing, doi:10. 1287/ijoc.1110.0480, 2011. 

]et[ Kara, I.,“Two ındexed polynomial size formulations for vehicle routing problems”, Technical 
report, 2008/01, Baskent University, Ankara/Turkey 2008. 

]e�[ Kara, I., Laporte, G., Bektas, T., “A note on the lifted Miller–Tucker–Zemlinsubtour elimination 
constraints for the capacitated vehicle routing problem”, European Journal of Operational Research, 
No. 158, pp. 793-795, 2004. 
 




