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During the last three decades, the integrated optimization approach to logistics 

systems has become one of the most important aspects of the supply chain 

optimization. This approach simultaneously considers the interdependence of the 

location of the facilities, suppliers/customers allocation to the facilities, the structure 

of transportation routes, and inventory planning and control. Location-routing 

problem is one of the most important classes of location problems for considering this 

approach. In this problem, the number and location of facilities, size of the 

transportation fleet, and the route structures are to be found with respect to the 

location and characteristics of suppliers and customers. In this study, a mathematical 

model, an efficient and fast heuristic algorithm, an effective metaheuristic algorithm 

based on simulated annealing, and a new lower bound for the two-echelon location-

routing problem with vehicle fleet capacity and maximum route length constraints are 

presented. At the end, the computational results show the efficiency of the proposed 

algorithms using the proposed obtained lower bound. 
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2 Location First-Allocation-Routing Second 
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i
�� ���� ��&)��5*�� &
&# �+
��.�  
��
�@! (��� �
 &) ��! C��� �����# �
 ���� �� ��&"� (�	�!�<=�� ���# �:!�� �! &
�.) �)�
�' �.6 E�:F!*

�:شرط توقف �� ���!��A �� ��
��+� ��� �
 �� �� ��6�8 �� �+
��.� ��
3 ( )N x�

4 ( )N x
�� �.!�� ���9) ���) �&
�
* �G�A ��&:� �5�  ���.��� ��.6 ��
��+� � �<A� ����! ��  �
 �
�# &�)�� �129� ��&:���� �.!�� ��
��+� � %�+)� �&'�
&
�
*

  �
 .���	
� ���� 
� ���  ���"' &
�"! ��
��+�%&' ����]
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[�����
 ���G ��
��+� � �
 ���	
 (
��� (8 ���
 �G��1!$�� �"�6�! ����* 
� �<A� %&
 ��� �<@G ���# �+
��.� �� ���# �
 �G��1! ��2�) � ���
��+� �$�� �<8�� ��*�&� C
�! ���!��A �� %&' ��2�) � �
��.� ���#��'�� �<@G ���# �
 $"�) ���	
�<@G ���#  
-+
�# �&'�
 �����5*�LA  �
 ���.�8� �
 �G��1! 3��A �
 �3��A  
� ��� ���� �<@G ���#  
-+
�# �
 �!���5*��"' &
�"! ��
��+� � ������,�-�� �
 ������ �!&
 �&� C
�! �
 �
 ��# ��2�) � ��.�8� �%&'$�� ���# �� �&� C
 ��! 3��L!*���#��.6 �4��� �
 ���C
�! ���# � ��9�
 ��.�8� �
 �<@G �&� C
�! ��&:� �� �&��
 ��� �� ��2�) � 3�&) �
 �!��
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 �-G � �
  
��
 ��
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�-G � �<F� ���	
&
�
*��.�8� ���6 �
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 �&� C
 ��! �
�<F� ���	
 ���# �
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��+� � �
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 �� %��L��� �
,��� ��� ��
��+��
�
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 ,� ������� �<F� 3��A��
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�� %��� 0�12!&)�' ������ ���� � %&'* ���� ��2�) �RDC�
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 �� �� �����
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� �� ��� �� ������# ��� �
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{ جواب اوليهمرحله ايجاد �� �' �$%�+ � �,-�.RDCLD,5�� �' �&!N & �H%	) D=0" 
@ &!N $' /$)�,84 & /$)�,0� 1+2$3 4� *� :%�;. <$3& �' �,84 & /$)�,0� ��=>'Or-opt�{

{مرحله بهبود �� 
(' $%�,0� �&4B�%C /&�P & *� �,84 & /$�� B &!�� 1,,;.


T01
�6)$� �%�� 4


r1�� 9� 
A�# �� (� $GH) $.�$��" &D3 & E! " E�B4 F�'I 9J��
%� ���N B &�K./&�'L1

�=.��I 9J�J��!H" $� (5�$-. �&�P �% �$�+" &x'
(G% $0�) C &

3 4( ) ( )N x N x∪� 9J�J*�( ') ( )f x f x∆ = −� 9J�J9��7 &0∆ ≤E$G" Fx = x'� 9J�J۴��7 &0∆ ≥E$G" Fx = x'�$�+N & $'1/T
e

−∆� 9J*�$� � 6)$�
1 1 1T rT←� 9J9�:%�;. R4B S3�. $)�,0� ��=>'Or-opt

("$3BC4B �' 4x�� 9J۴�(' $%�,0� �&4B�%C /&�P &�{

bc. ۲ نمودار de] fgh UWijابتكاري پيشنهاديفرا  
  

{زيرروال مسيريابي �� �,84 & /$�� B &!�� 1,,;.

T02
�6)$� �%�� 4


r2�� *� 
A�# �� (� $GH) $.�$��" &D3 & E! " E�B4 F�'I *J��/&�' 
%� ���N B &�K.L2

�=.��I *J�J��!H" $� (5�$-. �&�P �% �$�+" &x'
(G% $0�) C &

1 2 5( ) ( ) ( )N x N x N x∪ ∪� *J�J*�( ') ( )f x f x∆ = −� *J�J9��7 &0∆ ≤E$G" Fx = x'� *J�J۴��7 &0∆ ≥E$G" Fx = x'�$�+N & $'2/T
e

−∆� *J*�$� � 6)$�
2 2 2T r T←� *J9�:%�;. R4B S3�. $)�,0� ��=>'Or-opt

("$3BC4B �' 4x�{

bcزير روال مسيريابي نماي كلي . ۳ نمودار de]ابتكاري پيشنهاديفرا  
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��&F� �� ��
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(+�# (� �&8 �<=��3�#�� $
��&F� �
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��&F� � $�� ����*

��  يابي كران پايين زيرمسئله مكان. ۱-۵ ��;$�� ����D (
� ����! ���
� ���� �<=���
� (8*(��� �
 �<=�� �"' ��)�$
��&F� �
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Min Z FC y CR x
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′= += ∑ ∑ ∑

1Min.
j ij

j RDC i CDC

C xZ V
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�
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��&F� �
 &�:�����

ij i

j RDC

x F i CDC
∈
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i CDC

x F y j RDC
∈
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i CDC j RDC k C

x D
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�
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 � B�� ���
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;�'�(�&%  زيرمسئله مسيريابي كران پايين. ۲-۵ (+�# (� �&8 �<=�� ��
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��&F� �
��� ��#�� ��� ���<:) �<��� $�G�I � ����,��� �<=�� (8 ���
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� $��� $.���6 �	)� �� $.� �� ���(D�L!��� �L���) ��) ��5
 �
 ��D �� %&�� $�&
λ���� ��D&)�'* %&' �G�D� �&� C
�! �
 ��G 34.# �����!&
&# �&� C
�! �
2 ( , )Z λ µ′�$�&
&
�*

2. ( , ) ( )
jk jkl

j RDC l L k C

Min Z CV vλ µ α
∈ ∈ ∈

′ = +∑ ∑∑

2. ( , )
mk mkl

l L m C k C

Mi vvn Z αλ µ
∈ ∈ ∈

+′ = ∑∑ ∑

1

2 , (. )( )
j

l k mkj

l L m N k C

D vMin Z λ σλ µ
∈ ∈ ∈

+ −′ = ∑ ∑ ∑

1

2. ( , ) ( )
l mk mkj j

l L m N k C

d vMin Z λ µ τµ
∈ ∈ ∈

+ −′ = ∑ ∑ ∑
����

�����9�
 ��� ,�9) ,��!�!
 �� �������
 ��� �
 &�:���
?
��� �������� ,��
 �L���) ��'
l

λ�
l

µ�
l L∈�� �
�; ,��6 �
 �!
 �� ���

�$��]

��
[*���
���6  
��������# B�� ,�
���5�-#]

��
[���9�
 ��) ��5
 �
 ��D �����# ���
%&��6 �&� C
�!

2( , )Z λ µ′�����.)۴��@��! ������6 ��
��+� � �� � �<=�� (8 $	# ��G�

2( , )Z λ µ′�����.)���� %��L�����'*�� B��,�
���5�-# �����#�� ��) ��5
 �
 ��D �
��:� �
 �#�! �
 �
 �! ,�
���5�-# $	# �� ��5 �
 ��<8�� ��C��'���
 ��) ��5
 ����'*��G����'��) ��5
 �
 ��D ����
�!
 ������ (��' ����
λ��

����
 �
 ��η
�!�� �$
��&F� ��� �� �
 ��D ����� %&'�
�!�� �
A��� ��  
� $��� $.� �
��:� ����
 � � ����
 �
 $
��&F�θ
&)�' %��� ,�9) �*� ��) ��5
 �
 ��D �
��:�� �� �<8�� �� �� ��) ��5
 �
 ��D  �F1! ��5 ��&:���
 ����?��� �� $�&
&
�*

( 1) ( ) ( )max{0, .( )}k k k

k
t AVη η θ+ = + − ����

* ( ) ( ) ( ) ( ) 2
2 2( ( , )   ( , )) || ||k k k k

k
t u Z Z AVλ µ λ µ θ′ ′= − − ����

(0).۱گام  0λ ←L(0) 0µ ←L2u ←L( 1)
2

bestZ ′ ← −∞4 L( 2)
2 0bestZ ′ ←� 

)����0. ۲گام  ) ( )
2 ( , )k k

LR
Z λ µ′!,% $�" 
N &B� 

7�.۳گام  &( ) ( 1)
2 2

k bestZ Z′ ′>E$G" F L( 2) ( 1)
2 2

best bestZ Z′ ′←4( 2) ( )
2 2

best kZ Z′ ′←� 

گام 
�
.D3!' �H, ,' �&�P 1%�2F 4 � ��� $5 L(8 &�+� B &�K. �HM /&�' �7 &LE!� F( ) ( 1) ( 2)

2 2 2
best best bestZ Z Z′ ′ ′∆ = −1,,;. 6,M C & B &!�� C & L E!#!H" $� /&� = 0.001$% 4 L��' �+��0.00003u ≤B &!�� 4 !%�# ?@�+� E$G" F L( 1)

2
bestZ ′!,% $�" RB &	7 &B�

7�.۵گام  &m = 5�� (" $�C 1%�2 F C & B &�K.( 1)
2

best
Z ′LD3 & �+#�7 L��' �+5 $% ��=>'2u u←�

'��. ۶گام  &B S3�. &B /	" &�7
 �% &��/$)
9��4
9���'!,H� (" $3BC4B�
$7
.۷گام  �'*!%4�'�

نمودار 
�

 .�Y[Z[` U�j a��� �� a�� U��_�� �_�]��� a  كننده تابع هدف
2( , )Z λ µ′  

  

"H!.۱گام  $� L(>. ������ �%F
!,H� �$�% & L� 

C%$�.۲گام  $," �B�� �,��" ��,34 
@ &!N �&!;. �' L�,84 & /$)

n
�P �%C�. 	� &�� �� L(� 
-+� �$%�+ � �' &B (�	������ �B &4 �H%	) 
@ &!N $' L!HH�F

!,% $�"� �$% 1% & ���� &!,M /&�'!,% $�" 
N &B �%C ���0� $)� ���� .
k j k j

j R D C k C

M in t z
∈ ∈
∑ ∑

 Rf]bP�Q �T PS�Q X!" ���� k j k

j R D C k C k C

z D σ
∈ ∈ ∈

 =  
 

∑ ∑ ∑ ���� kj j

k C

z nv j RDC
∈

≤ ∀ ∈∑ ���� 1kj

j RDC

z k C
∈

≤ ∀ ∈∑ ���� {0,1} ,kjz k C j RDC∈ ∀ ∈ ∀ ∈
 

%$�.۳گام  �,�'������ �' E! " �B &4 /$)F
<$3& �' /��;� �,.�. �' &BE�7 1,' �#3 �H%	)$)!,H� �.���

گام 
�
.�$% �,�'$)
|C| - n

�D%�4!$� C & �% O,) �K,.B�� B� L�,.�. �' &B���0� /$)
&!N 4 B�.�%C 
,K . 
!�E�7 �% �PB� �%���B &4 L�� " :�" ������F
!,% $�"�

��W_�. ۵نمودار  �&'�( )Ŵ 'e�h �_�]��� a  
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 �!
 �� �����3��"�*
2 ( , )Z λ µ′

���) ��5
 C
�! �
�
 &8 ����! �����
 � B�� �
�
���� $.�� �&� C
�! ��&:����	�9�; �.2! �� %����'*��
��6 �F1! �
�D�6���5 %&�u
��!
 �� ����� �
�
 &8 $����)  �.2! �� �'�) ��!�  �F1!*

2 ( , )Z λ µ′ ��$*��
  �G�
 �<=����5 �� %&' ��!� ����� ���
��
��+� � ��G�
 �@��! ������6�����.)�����.6 �� �@� ���.�� ���� ��
 ,��%&' ��2�) � �����!
 ���������*�!
 ������ �� �
��'��2�) � ��
 ���) ���� ��<:) �<��� ��&@! (� �&8 ,�-�� �
 ��:��� �6��'*�!
 ��  ���.����� �#���� �� �6 ���5RDC�
 �H6�&8 ,� �
 0�12! (
�� ��<:) �<��� �H6�&8 ,�-��RDC
���� ��
 � ��'*�!
 ���	�� �� �
-6�� �
 �
 �H6�&8 ���9� �� �6 ��' �J-# C
��!&
�
 ��1���*�!
 ���
��"!�� �
 ��"!�� �&� ��) -�) ���9� �����k

�
 ��RDCj
��  ��@! �
 � �LA ��) �� �� ��&�6*�� ��#�� ���	�9�; B�� �
 $"�) ��"	
 �
 �6 ��G �<=�� (83��
��]


	
[�� �� �
 �$����
 �6 ��'%�!�6 ���(8��� �� �! �&@
%�5 �#�� $
��&F� (��� �
���	
 ���# � &)�9) ��8 �� &
��
 $�&
*���)�
 �<=����) ���! ��G �
 � �LA �-
������-G � ���	
������ ���	
 (8���5*�&� C
�! ,��� E�"!! ���
���� �2
 �
 ��D &
�
 �������6 ��
��+� � ���&)���� �&� C
�! �
��� �
 �� �&� C
�! ���	� � ����� ���� �� ��
-� �
�D �
 � %��� ���.) ������
 �&� C
�! ��� � ����2
*$'�� �������

2 ( , ) ( . . )
jk l k l jk jkl

l L j RDC k C

Z CV D d vλ µ α λ µ
∈ ∈ ∈

′ = + + +∑ ∑ ∑

2 ( , ( . . ))
mk l k l mk mkl

l L m C k C

D d vZ λ µ α λ µ
∈ ∈ ∈

′ = + + +∑∑ ∑

2 ) )( (,
l l j

l L

Z λ σ µλ µ τ
∈

+′ −= ∑
����

 

۶ .�� ��� ��� �� �
	  

���[�_� مسايل نمونه و پياده. ۱-۶ a U
W' هاي پيشنهادي  ���
���	�9�; (8 B�� �
���6 �
�
�����	��)�.) �<=�� %&' &���! �G��1!��K�;�46(��'����6 �<=���%��5	�� ������ �<=���%��5
�� ����-
 �<=���%��5�����!��� � �

�&���� %��L�����'*5%����� �)�.) (
��� ���5 ������G �
 �� �G��1! 3��A �
 %��L���	���
*

	�����2�) � %&'&) �*��&#
%&' &���! �)�.) (
��� ��@
 � 3��4�� ���8 $��*
 هاي نمونه ابعاد مسئله. ۲جدول 

  گروه 
  ابعاد مسئله

۱  ۲  ۳ 
�

  ۵  

 CDCتعداد 
TTTT��

  RDCتعداد 

��*T*TT�T�
  تعداد مشتريان

*TT����������

$�G�I �,�
��9� ��D�:!RDC� ��CDC����� ���!�! �
 ��C�
 ��! C��
��![7,30]U
�

[30,140]U� �[100,600]U
&������*����
-� �
 ��
 ��<:) (
��� $
��
��C�
��! C�
 ��! �$�
 �� ���
-������� �

RDC
������������!�! �����
�����
 ��
2[20,80] [100,110].

j
U U F+�

[1.5,3] [0.01,0.03]* jU U F+%��� ���� %&'&�) �*� (�.8 ���
-�  �
 (:)CDC� ��RDC
���� �
RDC�
 ��
 ��!�! �
 ,�
��9� � �� ��	7���7�%�5  �
 ��&�<� � �<A�G &8��$��� %&' %��� ���� ��* (6 $�G�I $"�)RDC

(6 ��D�:! �
 ����&�� � �
 ��

�����>�! $�� %&'*�H6�&8 � ��<:) (
��� $�G�I  ���.�����������
 $��8 ��%&' �8��� ���� ��-
 � ���6��
 ����� ��� ��6 &) � ���!�! ��
 ������ �������
	�&�'�
 ���'�� ���9��*����.! ��
��+� �������	�9�;(8 ����	
 (
����������46���#�� ��
��+� � ��������!���)�
 ,�
����
�)���
���'
����)�-�G �� ��+����%���;����%&'&) �* 
����)�
���!������6 ��
 ��� ��
 �-6�� %&)����; �
 �12'
	���-!���+�$
�
 �+�5 �
 �
 %��.� �>G�8%&' ��#�&) �*�%&' ���) � ����� 3�9
���� �
 �#�! �
 ���) �����&�# E
��!� ���	�9��; ������
 ���G B�� ������� ���; �
��:�� $�� %&' ��>�!*
U]Ŵ. ۳جدول  _` aa�� de] UW��_� a]W\ 

   پارامتر
  زيرروال

T0 r  L K  

 اصلي
�������� � 

  مسيريابي
�������� ��

۲-۶ .�WZ�W�
� ��W_j  ���	�9�; �����
 � B�� �!�"��F� K
��) �
 �#�! �
����&#�?۴�� �� ,�9) ��� �� �� �
�<!� ���<.� B��  
�&��*&A��  �+)����
�; ,��6 �� ���	�9�; �����
 � B�� �
�	) ���# �<A�G���
  �
 �
 ��
 ��!�! �
 ��-
 � ������ ����6 ��@
 � (
�����7����7�� �	�7�$�� &A��*�
 %��.� �����
 � B�� �
���6 ���6 (����� �� �<=�� ��@
 � �
 �-G �(
��� ,�
��9� ��&@! �
 �-G � �
 ,��! �� �)�.)
��
 ���9�	����� $"�) ���9�*�
 �-G � �
 %��.� �,�
��9� ��&@!�+
��.� �����# �<8�� �����# ���G��� ��-
 ���	�9�; �����
 � ��
��+� ��� �!�
���6 ����) �� � ���' �� �"�) $G� ���� ���	�9�; B�����5*B�� �(8 ,��� &
� �����!�6 ���"�) ,��� 3&� �� � ����� �
�� ����
 ���<.� �����
 ����6 ��@
 � (
������ ��.6	�:����3&� �� ���:@� ,��� ��-
 � ����� ��@
 � (
������&8 ��!�! �

���:����(8 �� ��&
�.)*�����	�9�; B�� (8 ,��� �6 ��.) %&��9� ,��!��&@! �
 �-G � �
 %��.� � ����� �<=�� ��@
 � �
 �.�:��� ��"!��
RDC�� �
 �-G � -�) (8 ,��� ��)�.) �<=�� ,�
��9� � ��&
�
*
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جدول 
�

نتا. 
W�� f(W�'W�� ���  ه در ابعاد كوچكل نموني�� ����� 

 فراابتكاري

فاصله از  درصد

 كران پايين

محاسبه  زمان

 )ثانيه(


	���  نهايي جواب� ���� ��� 

فاصله از  درصد

 كران پايين

محاسبه  زمان

 )ثانيه(


	���  نهايي جواب� � ��� 

محاسبه  زمان

 )ثانيه(
 پايين كران

 شماره

 مسئله

* 2.81% 266 10476.58 3.15% 51 10510.91 22 10189.93 101 

- 3.69% 196 11207.07 3.69% 41 11207.22 14 10808.39 102 

- 4.03% 270 10195.08 4.03% 49 10195.08 12 9800.13 103 

* 2.74% 202 11476.88 3.67% 36 11580.88 16 11170.91 104 

* 2.94% 182 11571.88 3.24% 38 11605.38 20 11241.17 105 

- 4.27% 261 12876.85 4.27% 56 12876.85 18 12349.53 106 

* 3.98% 248 12916.40 4.56% 53 12987.96 17 12421.54 107 

* 2.46% 218 10377.43 3.85% 42 10518.21 16 10128.27 108 

- 4.11% 169 11102.61 4.11% 37 11102.08 21 10664.31 109 

* 3.08% 324 13972.51 4.37% 61 14147.32 24 13554.97 110 

 ميانگين 11232.92 18.00 11673.19 46.40 3.89% 11617.33 233.58 3.41% 6/10

. ۵جدول 
W�� f(W�'W�� ��W_jه در ابعاد متوسطل نموني  ��� ����� 

 فراابتكاري

فاصله از  درصد

 كران پايين

محاسبه  زمان

 )ثانيه(


	���  نهايي جواب� ���� ��� 

له از فاص درصد

 كران پايين

محاسبه  زمان

 )ثانيه(


	���  نهايي جواب� � ��� 

محاسبه  زمان

 )ثانيه(
 پايين كران

 شماره

 مسئله

* 4.20% 1029 15682.52 5.53% 116 15883.17 33 15050.86 201 

* 4.47% 956 13916.00 6.08% 109 14130.84 37 13320.93 202 

* 2.41% 893 14443.26 4.91% 123 14795.35 36 14102.9 203 

* 2.69% 1108 16292.52 5.53% 127 16742.78 33 15865.42 204 

- 4.89% 944 9864.84 4.89% 135 9864.84 29 9404.94 205 

* 5.15% 1011 13589.33 6.24% 114 13730.81 25 12924.33 206 

* 4.23% 1229 18331.71 6.39% 131 18711.46 42 17587.61 207 

* 3.54% 1020 17199.97 5.84% 134 17582.24 32 16612.09 208 

* 4.01% 1039 14450.99 4.98% 118 14585.82 34 13893.9 209 

* 3.92% 996 16569.19 6.13% 122 16920.97 38 15943.63 210 

��B ميانگين 14470.66 33.90 15294.83 122.90 5.65% 15034.03 1022.52 3.95% 9/10 �(
�:� ��� ���!�"��F� ���<.� �� ���	�9�; �����
 ���G$�� �������
 ���	�9�; �����
 � B�� �
 $"�) ���	
* �+)��� �
�; ,��6 �� ���	�9�; �����
 ���G B�� �
�	) ���# �<A�G &A���
 �
 ��
 ��!�! �
 ��-
 � ������ ����6 ��@
 � (
��� ���
�	7�� ��7�� ���7
۴� B�� �
 $"�) �6 $�� &A�����	�9�; �����
 �
 ��
 �9��6��7����7	� ���7

۴�&� C
�! ��&:� �� �� �&A�� �� ,�9)&������&#�?۴*������
 ���G B�� �(8 ,��� &
� ������ �"���� ���<.� ���	�9�;*��@
 � (
��� ���# B��  
�
��&8 ,��� 3&� �� ��!�! �
 �� ��-
 � ����� ����6۴

�	�� � ��� $�&
 �:��������*���� (8 ,��� �6 ��.) %&��9� ,��!�
 %��.� � ����� �<=�� ��@
 � �
 �.�:��� ��"!�� -�) B��  
���&@! �
 �-G �RDC�� �
 �-G � ��)�.) �<=�� ,�
��9� � ��&
�
* ,��� ��9�
 ��&:� �6 $�� �6� ,�
�'�����
 ���G B�� (8 ����9�; �����
 � B�� (8 ,��� �
 $"�) ���	�9�;�
 �#�! �
 ���	 ,��� �<=�� �
�! ����� $����$�� ��#�! (
�� �
�
���� �
�
*
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