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Abstract: The vehicle routing problem has always been a hotspot and a difficult point in the field of logistics research.
Many problems in real life can be regarded as vehicle routing problem. Therefore, domestic and foreign scholars have
been proposing various vehicle path optimization problems and solving methods in recent years to solve more complicated
problems. In order to further clarify the research status at home and abroad, the vehicle routing problems such as half-
open VRP, multi-level VRP, multi-target VRP, green VRP, etc. are summarized and analyzed, and then the vehicle path
solving method is introduced, especially the ground is a detailed review of the meta heuristic algorithm. Finally, some new
research directions are envisioned for the new challenges faced by vehicle routing problems and solution methods in the
current situation, such as multi-objective optimization, multi-level distribution network, green VRP, new vehicle VRP and
algorithm versatility.
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Step 2 �)J¸�) VRP"r@�1Ç#�F�>|5,F , Gý&é�þ

�iF�, �́Í�ž , �>�iF��{�}, �́x�Ì"�E³F�>|AØAê .
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. 1 FkEÁ�ƒ3+

Fig. 1 Logic system

2 VRPL�L�L�NÈNÈNÈ5,5,5,F F F 
VRP8����*
>.D0¦�@�Ì�•�¸�`�ü , 
X�\8²�]�61°

?±�þVRP,´�Ä+X
j�Ÿ�Ã(©�±
¼-(�£4ÿ�¨�·)^F�>|5,
F , �þ���; 9�Z�éM’�…�0 .

2.1 �ˆ�ˆ�ˆ
X
X
X>õ>õ>õE­E­E­L€L€L€�f�f�f,´,´,´ VRP
�ˆ 
X >õ E­ L€ �f ,´ VRP (VRP with loading con-

strains, VRPLC)�08\�_�7
XE–E¶D��´L�NÈ�] , �)>õE­
�é �? 
¼ Nª �¿ �9 �0 �Ê ,´ L€ �f �‘ �& , �» �²�� �x F� �x
�*���Ã���xF�
>�*���Ã��Gý�=	»E«�� . 
X�¼5$>õE­(two-
dimensional loading capacitated VRP, 2L–CVRP)L�NÈ
�]M0?±63<•CW(™,´K¯�Ö
¼�í�Ö, �i�ž>õE­�õ�å
����6
�j�9�¿���é
A 2L–VRP[2]�Ã�9�¿�9�é
A 2L–VRP[3]�Ã��
�¿���é
A 2L–VRP[4]�Ã���¿�9�é
A 2L–VRP[5]. 
X 2L–
CVRP ,´ �* .p �: , �– 65 �� 
� )à 
X �9 5$ >õ E­ (three-
dimensional loading capacitated VRP, 3L–CVRP)L�NÈ
�] , M0?±63<•CW(™,´�95$�’(æ, 
XK¯
¼�í,´�*.p�:F�
?±63<•Q��ÖL€�f . �»�² , 
X�æ�§�F�W
»�æ+e1y�C�•�C
.¾(™
ñ,´G}F1E÷0;�] , N®�Ò,´?±"r�°�°�_���=
��6


��� , F	�a?±"r
XG}F1,´E÷0;�] , 
X�H	FD��´,´
<�&M0
?±�)>õE­F�>|�H	F . Zhu1y[6].D0¦�¶63<•�¶CW(™�95$
�’(æ�Ã	¨E­Nª�¿�Ã(™
ñ�WCX
¼E–E¶>õE­AÑ�B,3́L–
VRP. NÌ*Ž1y[7]63<•�¶CW(™�þE–�nG�F��*, �þE–	Ò�µ��
�;@��0�û>õCW,´�95$>õE­E–E¶D��´L�NÈ Q
» . Koch
1y[8]G÷
��¶�6E–E¶0ªL$�6	j , �6�[�þE–E¶�×M’
¼E–�n
F�>|
�CW
¼>õCW,´�é#��•@��ã?±"r
<�&
�F1CW,´ 3L–
VRP. F	�•�_-��}�J� �W
»CWF�"­E–F�>|>õE­
¼	¨CW
,´�é�? . L”!”�{�F , F�	5��
XE–	Ò�µ�=�qAè$'>õ,´�õ
�å , �»�²+ORÌ�Ì�×
ñG}F1�jF¯�}0Ì
£
¼RÌ#k�Ö�;L}G÷

��JLÄ�Ô
<E–G}F1��%�Cã�=
<$Y$¯�Ö,´?±"r [9], M&�^
1y�rCW�×
ñG÷
�	…�r�F�J�rE–	ÒG}F1 [10], (¢+ŒO¢�É�{
L$�=7-$'>õ [11], 
��f
³
n?±F�>|�6��F�EÃ,´D��´�H
	F [12–13]1y.
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»
»
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�²�….ž�ÊE–E¶� ,´� Gÿ
¼E–E¶,´�j�(�W�?���ï7-


X%�Cã�Ò�g,´M0"r�;�¯�Ç�@�\�0�? [14]�_�JE–
» VRP
�£#�,´'V&é . �ÔFJ���e�õ�å��,ú�U�+ , �J
`
w�Ø�*�6
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	j���6E–
»,´L€>|�o1† , "­E–�n"D�Â�n , )ß�³"‘��Cº
�•Cº�UGý, +e�ØE–�Ã�Y'f"D1y�à7-$ÀE–1yF@$@>Û�Ä+X
�`(™#qG}F1�]�• [15], �P5�,´
<E–
»E–E¶D��´L�NÈ�"��
#�%�Cã�ÎLuM0"r, 
�!”�JE–
»E–E¶D��´L�NÈ (multi-
type vehicle routing problem, MTVRP),´.D0¦ [16]	q�6
�õ?±. Deng1y[17]�6 MTVRPF�>|�¶�™�…, .D0¦�¶�V�&
L$0Ç,´MTVRPL�NÈ. Liu1y[18].D0¦�¶�@
ñE–E¶(™#q�]
, �́2� �́JE–
»E–LOL�NÈ (heterogeneous multi-type fleet
vehicle loading problem in finished vehicle logistics,
HVLP–FVL).

2.3 �V�V�V�J�J�J�Z�Z�Z�&�&�&L$L$L$0Ç0Ç0Ç VRP
4ÿ�¨�V�&L$4Ö�•?±"r,´E–E¶D��´L�NÈ , �08\	5
[

�0���=�Ñ�&L$
¼�0�Š�=�Ñ�&L$ , �§�ƒ� �l+a�ÎLu�õ�å
6<�Ê, >˜/j�j [ai, bi], �6�j�V.œ�&L$0Ç,´ VRP (VRP
with hard time windows, VRPHTW)�Ã�VEŸ�&L$0Ç,´
VRP(VRP with soft time windows, VRPSTW)
¼  Q 2ú
�&L$0Ç,´VRP(VRP with fuzzy time windows, VRPFT-
W). 4ÿ�¨ VRP�],´�&L$0Ç
��_	…�0,´ , 
X�J�&L$0Ç
�
VRP(VRP with multiple time windows, VRPMTW)�] ,
!ÿ�Z�Ò�g&é�ˆ
X�J�Z�Â-(Gý
8�F�=Gý
8,´�&L$0Ç
� ,
G}F1E–E¶
�F9���Ò�g�J�Z�&L$0Ç�{�0F�>|�=�Ñ [19–20].
�²���Z�Ò�g&é,´G}F1�&L$+a�:	x�&5��`�¶�;	x , G}F1
���Œ�J�]�Ý , �a�×+O�¶�J�&L$0ÇL�NÈ[21]; �²
. 2�p/j ,
�Ò�g A
X8&é8#9&é
¼12&é8#14&éF	!å�&L$G-
��=�Ñ ,
�Ò�g B
X13&é8#14&é
¼15&é8#16&é
��Õ
��=�Ñ . �~)ý
:=1y [22]�k5��¶�J.œ�&L$0Ç,´ VRP Q
» , �)�¾�=�Ñ�&L$
?±"r���W	F,´�Ò�g&é , Cao1y[23].D0¦�¶�J Q2ú�&L$0Ç
,´ VRP. F	2«L�NÈ
X�ÎLu+O#k�]�9-p�¯#�,´�Ä+X , �0
�W0;�Ö
`%�Cã�¶�Ò�g,´M0"r , ��	w�=�ÑCXGÿ.

2.4 
<
<
<�&�&�&
�
�
�F1F1F1CWCWCW,´,´,´ VRP

X4ÿ�¨,´ VRP�] , E–E¶
XG}F1�{
>-$�ÕF�
��*
�


`	£
� , 'f6<)à�Î+O#k
X�9�¸�JM0?±
<�&F1
�CW,´L�
NÈ, �²��FB
ˆ�=�õM0?±#n
����& , F�?±�þ�Ò�g�{�]
�
C �ô�*,´��FB [25], F1�¦
ˆ�=�õ?±5	�Ò�gF1RÌ(‹�¦ , F�
?±
�C 0ª�¦+&1y , F��9J¸�)+e�vF0�’CW,´F6
A(™#q .
F	�02«M0?±�)�Ò�gM0"r&éF�>|
<�&
�F1CW,´L�NÈ0 
�j?±"r
<�&
�F1CW,´E–E¶D��´L�NÈ (VRP with simul-
taneous pickup and delivery, VRPSPD). LIU1y[24]�*0û
�¶�æ�Ý	k9Ÿ�•�ç(™#q,´
<�&
�F1CW . �ZMF1y[25].D0¦�¶

þ�2��FB�¡
<G}F1 VRPSPD. Majidi1y[26]�ÃWang1y[27]


¼Keçeci1y[28]�*0û�¶.œ�&L$0Ç4Ö�•�‘�&�;,´ VRPS-
PD, Montero1y[29]
¼Kalayci1y[30]�þ"r@�1Ç#�,´@��Ö
F�>|.D0¦ , �6�[G÷
��¤� 4ï�W?ô�B�é#�
¼$'
81Ç#��•
"r@�.

2.5 �Ø�Ø�Ø�1�1�1 VRP
4ÿ�¨ VRP Q
»�],´���Ÿ�_M‰�1�=
�,´ , 6<�a-��}

,´ .D 0¦ �• -; , �Ø �1 E– E¶ D� �´ L� NÈ (dynamic vehicle

routing problem, DVRP)�k?±�6�j 4�Z�éM’ : 1) �Ò�gM0
"r�Ø�1�W . Sarasola1y[31]63<•�¶�ƒG}F1E–E¶�`Eî�Ò�g
�}5ž�&�×+OM0"r , �¦
�L¿�&�Õ
��Z.�,´M0"r���Ÿ,´
DVRP. �·)^ [32–35].D0¦�¶�Ò�gM0"r
XG}F1E÷0;�]�Ø
�1
�.�,´ DVRP Q
» . 2) 
˜�O,´�Ø�1�W , 4ÿ�¨,´ VRP
 Q
»�],´
˜�O T = 1, 6<
X
˜�O�WE–E¶D��´L�NÈ�] , 
˜
�OT > 1. 
˜�O�WE–E¶D��´L�NÈ(period vehicle routing
problem, PVRP),´�0�HD��´�=�_�0�Z
˜�O�µ,´D��´ ,
6<�_+a�J�Z
˜�O�µ,´�=
<4ïD�4ô
86<�@ , ���&�ÅFB�=
�Ñ�Ã8��Ø�^CW�j�Ã�ï�Y�Ç>•CWL�NÈ�Ã�9
˜�O
��f,´�Ï
4è1áL�NÈ
¼�)���Ë
*�Ê
`&é,´�Ò�gF�>|
˜�O�WAï
L� [36], F	�02«,´L�NÈG-�Ž�¾
˜�O�Ø�1,´ VRP. 3) �ÔFJ
)ß�³,´�Ø�1�W . 
X�ÔFJ���e�=
�N´#{,´
`	j , D��å��
�Ÿ�Î�&
�	F , 
��`�ÔFJ�»�u�Ã�Y"D(æ�å
¼E–E¶�uLÌ,´
�õ�å , G}F1E–E¶,´D�4ï
��`L€�f , �×+O�¶�Ø�1�ÔFJ��
�Ÿ,´ VRP Q
» [37]. 4) �Ø�1�Ò�gM0"r
¼�Ø�1�ÔFJ)ß�³
���Ÿ$'
8 . 
XF	�02«
»,´�Ø�1 VRP�] , 
<�&	5
[�¶�Ò
�g���Ÿ,´�Î�&�$�à
¼�ÔFJ)ß�³,´
�	F , "r@��0�j�=�r ,
�»�²�F	†G}F1E–E¶D��´�H	FL�NÈ [38], G}F1
ˆ
X�=�Ñ,´
E÷0;�] , �Ò�gAÒ	…�Î�&�$�à���Ÿ , 
<�&�ÔFJ)ß�³�•�_
�Ø�1,´ .


. 2 �J�&L$0Ç/j�?
.

Fig. 2 Multiple time windows

2.6 	z	z	z�0�0�0�n�n�n�?�?�? VRP
	z �0 �n�? VRP(half-open vehicle routing problem,

HOVRP)�_�7�02«
<�&	5
[�0�n�? VRP
¼L�
8�? VRP
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�T/ý(©&é,´�iF�
»,´E–E¶D��´L�NÈ . 
XL�
8�?,´ VRP
�] , E–E¶�*
�
>�õN«?±F�
�	Ï&é , 
X�0�n�? VRP(open
vehicle routing problem, OVRP)�] , E–E¶��M0F�
� �F
9�F�
��õN«�9'—	Ï�ûD�4ï . �08\ , 8�:U(™#q Q�?�_L�

8�? VRP, 1\�9�é(™#q�I�_ OVRP, 'f6<�þ�–65��.D0¦
�@�Ì
¼)à�Î�õ�å�•-; , G÷
�	z�0�n�?6„
8F�EÃ Q�?7-
�V�•�$�W,´4ÿ#~�x,ú , 
XF	/ýF�EÃ Q�?�;,´E–E¶D��´
L�NÈ�a�Ž�¾HOVRP. 
XHOVRP�] , �9M �ZG}F1&é, N
�ZM0?±�=�Ñ,´�Ò�g&é , K� -�,´E–E¶ , E–E¶�þ�0�ZG}
F1&é�*
� , �=�Ñ�¼�@
>, 
�F�
��+�…�0�ZG}F1&éF�>|
>•CW�F654ø!’�=�Ñ, 6<��M0F�
��0�M,´C§�û&é [39–40].
�²
. 3�p/j .


. 3 	z�0�n�?E–E¶D�� /́j�?
.

Fig. 3 Half-open vehicle paths

2.7 �J�J�J4×4×4× VRP
L¿-p�ÔFJ,´�ï�Y
¼4ÿ#~,´��FO
��… , �1�J�2
j93


$F@$@�™�…, �Ò�g� Gÿ�Î�W�D�6�3E³�¯ , �²�Ì�9'—	Ï
G}F15•5�3+5�, E–E¶
X�1�J
¼�Ò�g�{L$�°F�NÁ4q , �J
!Q�?�©Gÿ,´�v
ñF�EÃ , FP�@�1�JF�EÃ�@�\�:	w . 6<G÷
+X�J4×G}F13+5�, �I 7- �9 �x 
`@� �ãB�L�NÈ . �J4×
VRP(multi-echelon vehicle routing problem, MEVRP)
�_�7
X�1�J
¼�Ò�g�{L$�*0û�0�Z�F�J�Z(™#q�]�ó , �¦
-��7�_FJE÷�H	FE–E¶D��´ , �ÿ�A�¤�ZG}F13+5�,´�kF�
EÃ�@�\
¼�¯+X,´E–E¶�  . �²
. 4�p/j . �»�² , 
X�Õ4è
¼
�r��G}F1�Ã+e�vCW
ñG}F1�ÃF1CW�:L��ÃFÞ�o(©F��=�Ñ
1y�]�Ä+X�¯#� . �0G��6�–65�)�T4× VRP(two-echelon
vehicle routing problem, TEVRP) F� >| .D 0¦ . Chen
1y[41]J¸�)�W
»	kL’4ô4÷9Ÿ(™�¯+X�¹�˜�W
¼�x)·�¡�ˆ
,´L�NÈ , AîAÑ�¶�0�Z�J4×G}F15•5� , �¯+X�J4×2Â�€5Ô
�H	F�é#��)9Ÿ(™G}F1,´D��´F�>|�J�r!Q�H	F . 
X�¼
4×VRP ,´�*.p�: , Dai 1y[42]F�>|�¶�94×
¼
�4× ME-
VRP,´���….D0¦ .


. 4 �J4×VRP5•5�

Fig. 4 Multi-echelon VRP networks

2.8 �J�J�J-�-�-��7�7�7 VRP
4ÿ�¨ VRP�õ�ˆ
X�0�Z-��7 , 	£E–E¶�k>|P¦D
/ë�0

.��F65�¯+X,´E–E¶� �0�A1y . �v�_L¿-p)à�Î�õ�å,´�8
�Ð�=�r , �J-��7 VRP (multi-objective vehicle routing
problem, MOVRP)�$7-%�CãM0"r. �»�² , �²�Ì�õ���0
.�D��´�j-��7 , 
XFw�`�ÔFJ���e�õ�å�& , �0.�D��´�J
�@�jF�EÃ�&L$6GCi�0K¯,´D��´ [43], �=�ÑCXGÿ�•�J�;
L} . 
�!” , L”�¶63<•�0.�D��´ , F�M0?±63<•F�EÃ�&L$�Ã
�¯+XE–E¶� �Ã�Ò�g%��?�Ö�Ã
4E–E¶,´���Œ�£>‘Gÿ�Ã)ß
�³�
�Ô
�3P1y . �–65���°�°63<•E³�J,´�_	ü-��7,´E–
E¶D��´L�NÈ[44], �²
<�&63<•F�EÃ�@�\
¼
4D��´L$,´�£
>‘ [45–46], �0�W	F�Ò�g%��?�Ö
¼�0�?	FG}F1�@�\ [47], 
<
�&63<•E–LO?ô Q
¼.ã�Â�nL�NÈ[48]. 
X	ü-��7,´�*.p
�: , G���1y [49].D0¦�¶G}F1�]D
/ë�0.��Ã�&L$�0�A
¼Ci
+X�0-1,´ 3�Z-��7,´ MOVRP. Wang1y[50]�I.D0¦�¶
<
�&63<•E–E¶� �0�A�Ã�k>|P¦D
/ë�0.��Ã�k>|P¦�&L$�0
.� �Ã1y�µ�&L$�0.� 
¼�Ò�g%��?�Ö�0�W 5 �Z-� �7,´
MOVRP. L¿-p�&��,´
��… , �J-��74ô
8L�NÈ
�7-�J�$
�Ð� �̀ü .

2.9 5/5/5/8¢8¢8¢ VRP
�£�¾5/8¢ VRP,´.D0¦�k?±
��6�TG��6 : 1) �£�¾"‘

��D��´L�NÈ,´.D0¦ , �¦-�,´
X�¾AîAÑ�0�Z�×+O"‘��E³
�A,´B3�Ö�é�x , (©�[�_?±L}�~.ã�Â�nGÿ . �i�ž.ã�Â�n
�¡
ý
�3P,´�=
< , �*0û�=
<,´.ã�Â�n#{1Ç Q
» , F�6<
L}�~.ã�Â�n . �¡
ý.ã�Â�n,´
�3P�9�¸�J , F�EÃ�é�?�Ã�Ø
�ËE–'ó�É,´2«
»�Ã"é6G�x)·�ÃE–E¶2«
»
¼F�EÃD
/ë1y ,
?±63<•�˜G�,´
�3P�•�*0û Q
»	q�6
 Lî�•"Ñ�9�õ?± ,

�!”�–65FJE÷�wAî���Ë
�3P�=
��þ6<1°	F Q
» [51].
Guo1y[52]�õ63<•�¶E–E¶,´E­9§
¼>|P¦D
/ë , �*0û�¶-(
�Ä,´.ã�Â�n Q
» . Li1y[53]���*�¶�0�Z.ã�Â�n#{1Ç�é
#� , 63<•�¶'ó�ÉEœ	F�j�9�ã"D�ƒ,´�x)·
¼�¡
ý"é6G�$
2î.ž, 
́�3P : E–E¶, �́£
w>|P¦FO�Ö�ÃE–E­Gÿ�ÃE–E¶8�Gý
��	úFƒD�
�3P . 6<Shen1y[54]
¼Qin1y[55]G-FJE÷.ã�Â�n
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�Ô�C�j�f�•AÑ1Ç.ã�Â�n,´�@�\ , �i�ž.ã�Â�n,´�¡
ý
�
3P�*0û�@�\ Q
» . Saka1y[56]��'ó�É
¼�Â�n�@�\�ÃP®P¦

ˆ�@�\�0�?�j�J-��7 , �*0û�¶�@�\
��Ø�`1Ç Q
» .
2) �£�¾�à7-$ÀE–D��´L�NÈ,´.D0¦ . L¿-p+e�ØE–
¼�/��

�P5�'ó�ÉE–,´�¤C§�>#q>| , 
XF�EÃ�+�Ñ�]�¯+X,´E–E¶

2«�[�J�g	F , $'
8G}F1E–LO,´�õ�’	q�6�žF} . G��6�–

65.D0¦�¶$'
8E–LOD��´�]M0?±F�>|�u+e [57–58]�F65F�

>|'ó�É>•5	 [59–61],´�à7-$ÀE–D��´L�NÈ . �}F �–65.D0¦

,´G-�_�˜D�!å,´>•5	 , 6<Bruglieri1y[62]G÷
��¶�6D�!å

�6E–
»G}F1,´�TLf!å�é#� , 
X1\ 1Lf!å�x+O�@�p�9,´


�>|D��´ , 
X1\ 2Lf!å , 63<•�Ò�gM0"r
¼G��6E–E¶M0?±


X�/��'ó�É1	>•5	,´?±"r , �½F9��D��´F�>|4ô
8 .

3 VRP"r"r"r@�@�@��é�é�é#�#�#�5,5,5,F F F 

VRP�Ž�¾NP-HardL�NÈ, �–65���0-$�+"rQ��x,´

�é#��•�+"r�0�H@��FF��l�0�H@� , �k?±�92î.ž�?1Ç

#��Ã
_
��?1Ç#��Ã�s
_
��?1Ç#��Ã�j�˜�–�•1Ç#�
¼�0

�ËE³�@'Ï, �́v�JEŸ�& . �²
. 5�p/j .


. 5 VRP"r@��é#��62«

Fig. 5 Classification diagram of VRP solving methods

3.1 2î2î2î.ž.ž.ž�?�?�?1Ç1Ç1Ç#�#�#�

+X�¾"r@�VRP,´2î.ž�?1Ç#��k?±�9 : �6�_�Ê+|
#� [63–64]�Ã�¤� 4ï�W?ô�B#� [65]
¼�Ø�1?ô�B#� [66–67]. 2î
.ž�?1Ç#��k?±F2+XL�NÈ5��´1°	…,´�??ô Q VRP, �²BR
#Ë1y[68]
X"r@�6ü	5L�NÈ�& , �6�_�ã1†$!�Ö
�L€�f , "r
@��x)·�=Q� , �0�W"r@�?ô Q�j 250. �)�¾�W�J� �=�§�9
�>.ž8Ÿ�W5��´,´ VRP, 2î.ž�?1Ç#���#�"r�Ç�0�H@� ,
�D
X�ÎLuAÑ1Ç�]�ˆ
X6G�&���W,´�õ�å . �j�¶��Q�"r@�
�x)·
¼CXGÿ, F��¤�• , �–65��
X�Ä+X�¦"r@�L�NÈ�& , �0
8\�J�>�¦��1Ç#�F�>|$'
8 . �PT•�€1y [69]�*�¾�Ø�1?ô�B
,´*6Aê , �*0û�¶��FO�Ø�1?ô�B1Ç#� , 7-%�Cã�W?ô Q
CVRP,´M0"r . )»�ƒ*X1y [70]
X"r@�5/8¢ VRP�& , �Y+X
$'
8�¤� 4ï�W?ô�B#��*0û Q
» , F�+X�s
_
��?1Ç#�F�
>|"r@� .

3.2 
_
_
_
�
�
��?�?�?1Ç1Ç1Ç#�#�#�

�>2î.ž�?1Ç#�-("� , 
_
��?1Ç#�
��…�¾�/+O�– , ��
�+"r�0�H,´
�>|@��j-��7 , 7-�O@��ã�W?ô Q,´VRPL�
NÈ, �k?±�98²4Ö#� [71]�Ã�iF�8²4Ö#� [72–73]
¼���•�ð#{
#� [74]. �~�¥1y [75]G÷
�8²4Ö#� , "r@��¶?ô Q� �j 20,´
DVRPL�NÈ. �~�½� 1y [76]
X8²4Ö#�,´�*.p�:F�>|�¶�i
F� , G÷
��¶�TLf!å,´"r@��é#� : 1\ 1Lf!åG÷+X8²4Ö#��)
�Ò�gF�>|6Š2« ; 1\ 2Lf!åF�>|�L3R"r@� . %ˆ0û�Ë1y[74]


XSolomonAîAÑ,´�}�Ø�l���•�ð#{#�,´�*.p�: , ���*
�&L$���•�ð#{ , �9�x"r@��¶ VRPMTW. F	�0Lf!å,´
_


��?1Ç#�	ú�¦�iF�G-�_��5Y.�AÑ1Ç�&L$��Q��x)·
¼
�ÿ�AAÑ1Ç�j	•+X�µ�ˆ�j-��7 , F	�)�¾L�NÈ-��7,´"r@�
,´�Œ+X"�E³�Þ�a .

3.3 �s�s�s
_
_
_
�
�
��?�?�?1Ç1Ç1Ç#�#�#�

�s
_
��?1Ç#�-(E³�¾
_
��?1Ç#� , FJE÷�$�Ð�˜M’


¼�«�Å,´�L3RE÷0; , �¯�Ç@�,´�H8Ÿ�W�9�¶E³�W,´��Q� ,
�–65
XB�N¶��,´.D0¦�@�Ì�¸�`�ü , �k?±�9/±�ü�L3R1Ç

#��Ã Q��F0&›1Ç#��ÃF‡�P1Ç#��Ã<±5Ô1Ç#��Ã2Â�€5Ô�L3R

1Ç#�
¼$'
81Ç#� . �;M’�)B�2«�é#�F�>|E³�jB�4ö,´5,

F .

3.3.1 /±/±/±�ü�ü�ü�L�L�L3R3R3R1Ç1Ç1Ç#�#�#�

/±�ü�L3R�_�)�¾�pG��L3R,´�™�… , �_�0/ý�˜�pF@

!•�+�H,´1Ç#� . �¦�L3RD��´�k?±�_�M�û@�,´+O�@�ÃFë

��5��´,´�´FP
¼/±�ü>˜,´AîAÑ , �­,´�M�û@�7-�O�¯�Ç

1Ç#�,´�L3R0ªL$�$�­ , Fë��5��´�I
��Î�j1Ç#�,´�L3R

7-�Ë , 6</±�ü>˜
���F¯�}1Ç#�E³��L§�•�pG��0�H , �Î

�j�+�H7-�Ë , �p��
X"r@� VRP�& , 
���FJE÷���; 3�Z�é

M’F�>|�K�à�iF� . 1) �M�û@��´FP. Wang1y[77]
X"r@�

DVRP�& , ���*�0/ý63<•�&L$L¿�j�W,´
�>|D��´�M�û

	F/±�ü�L3R1Ç#��•"r�Ç�M�û@� , �×+O�¶�$�­,´�H	F�é

�x . 2) Fë��5��´AîAÑ . Berbotto1y[78]AîAÑ�¶�0�Z�*�¾

2Â�ÖFë��5��´,´/±�ü�L3R1Ç#� , �iF��¶Aè�J�*�ö1Ç�»

,´�".�@� . 3) /±�ü>˜ . Li1y[79]���*�¶�0/ý�JLf!å8�F2
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�Ä,´Aà�ö?ô�B/±�ü>˜ , FJE÷Aà�ö�L3R, !ÿ�0!QG-7-�)

/±�ü�ŠF��0!•, �́iF� .

3.3.2  Q Q Q������F0F0F0&›&›&›1Ç1Ç1Ç#�#�#�

 Q��F0&›1Ç#�OÆ�xAî5ž
8F2,´(æ�1�•�×+O�-�  ,
'f
>G÷
�Q��x,´F0&›1†+• [58]�•F¯�}Eò
��L3R , �jF¯�}

L§�•�pG��0�H , �iF��)$Y�Ö,´�×�f�é�? , �0
>�Ç�`�0

�H@�, 
����þ�M�û@��´FP
¼Fë���L3R�T�Z�éM’�•F�>|

1Ç#��iF� . 1) �M�û@��´FP. Li1y[80]FJE÷CZ�š
_
��?1Ç

#�+O�@�M�û@�. 0v�L1y [81]
X"r@�VRPMTW�& , G÷+X

�¶�}
A���•
_
��?1Ç#��’�@�¶�M�û@� . Lx�½1y[82]
X"r

@�MTVRP�& , 5,
863<•�=
<E–
»Ci+X�=
< , 63<•E–E¶

,´
*�Ê�@�\
¼
��Ø�@�\ , �*0û�¶�0�?���•Ci+X1Ç#�Aî

AÑ�¶�M�û
�>|@� . 2) Fë���L3R . Yu 1y[83]
X"r@�VRP-
SPD�& , �6(\
‘1†+•�Ä+X�` Q��F0&›1Ç#��] , �Î�j�¶

�L3R7-�Ë . Goodson1y[84]�™�…�¶�Ú)ßNª�¿Fë���$�àE÷

0; , �Î�j�¶�pG��L3R7-�Ë . �~�#1y [85]
X�T4×F9
p–D�

�´L�NÈ�] , G÷+X�W?ô QFë���L3R,´�é#�, �þ6<F��0!•

��Q��¶@�0ªL$,´Fë���L3R93
$ .

3.3.3 F‡F‡F‡�P�P�P1Ç1Ç1Ç#�#�#�

F‡�P1Ç#� Q��+O(™F�	FE÷0;, �þ�0�Z/ý5Ô�•�a�_

��8¢�ƒ�*
� , F@!•F�	F, �j�¶�¯/ý5Ô�`�ü , �O�Ù�¶F‡�P

1Ç�€F�>|4ô
8�Ô	ù
¼
��2 , �×+O�à,´/ý5Ô , �04ø�Ç�`

�0�H@�. FÓ�x�iF�,´F‡�P1Ç#�
����þ�Z�ƒ	ú/ý5Ô�ÃF9

��1Ç�€�Ã�Ô	ù1Ç�€
¼
��21Ç�€ 4�Z�éM’F�>|�K�à , �H	F

/ý5Ô
¼F¯�}1Ç#���'Ï , L§�•�pG��0�H,´5jL§ . 1) �Z�ƒ

	ú/ý5Ô . Cinar1y[86]�6�pG��L3R�Ä+X�¾��8¢�ƒGý�´��

�Ç�`�$�­@� . Miabi1y[87]�Ä+X�iF�,´F‡�P1Ç#��•�×+O

�M�û��8¢�ƒ5Ô , 'f 
>�Y+XF����Ô�’�•�iF��M�û@� .
2) F9��1Ç�€ . 5‡�÷1y[88]
X"r@�VRP�& , ���*�¶�0/ý�*

�¾�¿,´Aô�'�-� �•�¯�Z�ƒ�{L$,´F2�Ä�Ö�7�Ð�W , �þ6<

�H�Ó�Z�ƒ�{L$,´F2�Ä�Ö�l>Û�ù�W , �H/ð�Z�ƒ�a7->Û��

FOF9�], ��Q��¶1Ç#�, �́f�‹FO�Ö . 3) �Ô	ù1Ç�€ . Moha-
mmed1y[89]
X"r@��QE–VRP�& , AîAÑ�¶�0/ý$'
8�Ô	ù

1Ç�€, �Ð���¶/ý5Ô,´�+�HFO�Ö . Xu1y[90]
X"r@�VRP-
MTW�& , 
X�Ô	ù1Ç�€�]5�
8�¶2Â�€5Ô�H	F , F¯�}�¶E÷

���f�‹,´L�NÈ . 4) 
��21Ç�€ . R±�&�Ü1y[91]�*�¾2Â�€F�

	F1†+•���* 3/ý�à
��21Ç�€ , �6�[�_Eé+|�L3R2Â�€F�

	F
��21Ç�€�Ã	j���L3R2Â�€F�	F
��21Ç�€
¼�˜�p�L3R

2Â�€F�	F
��21Ç�€ . Jia1y[92]
X"r@����ê�jD��´?ô�B

L�NÈ�&, FJE÷�i
���8¢�ƒ�]�=0c�ÊG��6�Î)à
��2 , F¯

�}�¶��'Ï)àB‘ .

3.3.4 <±<±<±5Ô5Ô5Ô1Ç1Ç1Ç#�#�#�

<±5Ô1Ç#�"r@�VRP�&�k?±�_FJE÷.ž�Ê	ò� �Ã�´�*
@�0ªL$�Ã�$�à���Ÿ3P
¼�T�Ý4ø!’�‘�&1y!•PÔ�•�Î)à,´ ,
J¸�)�¦�é�CL§�•�pG��0�H,´5jL§ , �–65
X�Z�ƒ	ú/ý
5Ô�Ã
�>|@��´FP
¼���Ÿ3P�$�à�éM’���*�¶�iF��é#� .

1) �Z�ƒ	ú/ý5Ô . Pintea1y[93]
X"r@�VRP�& , �Ä+X�•�O
<²<±�•��	w<±5Ô3+5�,´&¥�•�Ö , �•�O<²<±�Z�ƒ�)���Ÿ
3P�9�0�Ê,´�•�O�W�¦�D�)�¾
�
�,´���Ÿ3P�J%Œ
X�Ð
�j�L3R7-�Ë . 2) 
�>|@��´FP . Fernandez-Vargas1y[94]

�Y+X2«�l<²<±�L3RO�(™,´E÷0;�•�L3R@�0ªL$, �¦F9��

�>|	j �� �•�H	F�L3R , �þ6<��Q��¶
�>|@�,´CXGÿ .
Wang1y[95]AîAÑ,´1Ç#��qAè<²<±�J!QF��* , -$8#AïL�
�p�9,´�Ò�g , 1°	F�¶�´FP
�>|@�,´E÷0; . ��8Ÿ�Ë1y [96]


X"r@��V�&L$0ÇVRP�& , �jF¯�}E÷���f�‹ , 
X1Ç#��]
�x�¯+XCZ�š#� , 9�
X�0�Ê!Q� 
>�ý�Z�$�à�0�H@� , �I
�Y+X�b>|#��•�´FP
�>|@� . 3) ���Ÿ3P�$�à . ��8Ÿ�Ë
1y[97]�6���Ÿ3P�6�j���Z4×�[ , �*�¾���Ÿ3P4×�[�$�à�•
�Î)à���Ÿ3P,´�$�à . 
XKao1y[98]"r@�CVRP,´.D0¦�] ,
�¦�=�_�p�9,´<²<±G-7-�$�à���Ÿ3P , 
��92î9!<²<±�}
7-�i�ž8��!,´�0�£@��ã�é�x�•�$�à���Ÿ3P , E³�­
`��
Q��¶@�,´CXGÿ. Kuo1y[99]
X"r@�DVRP�& , AîAÑ�¶ Q
2ú6Š2«���•1Ç#��•9ç�Ç�$�­, �́��Ÿ3P .
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ILP-based local search procedure for the VRP with pickups and de-
liveries. Annals of Operations Research, 2017, 259(1/2): 327 – 350.

[30] KALAYCI C B, KAYA C. An ant colony system empowered vari-
able neighborhood search algorithm for the vehicle routing problem
with simultaneous pickup and delivery. Expert Systems with Appli-
cations, 2016, 66: 163 – 175, DOI: 10.1016/j.eswa.2016.09.017.



1\ 10 �O �Î(�1y : E–E¶D�� �́H	FL�NÈ	ú"r@��é#�.D0¦5,F 1581

[31] SARASOLA B, DOERNER K F, SCHMID V, et al. Variable neigh-
borhood search for the stochastic and dynamic vehicle routing prob-
lem. Annals of Operations Research, 2016, 236(2): 425 – 461.

[32] DE ARMAS J, MELIAN-BATISTA B. Constrained dynamic ve-
hicle routing problems with time windows. Soft Computing, 2015,
19(9): 2481 – 2498.
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