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Abstract: In order to integrate the return and delivery service in the process of logistics and distribution, a vehicle routing
model with time window is established according to the actual situation, and a Q-learning self-heuristic ant colony algorithm
based on K-means clustering processing is designed to solve such problems. According to the characteristics of distribution
service, by improving the basic k-means algorithm, the local search ability of the ant colony algorithm is improved, and the
reasonable connection of the two algorithms completed. Experiments are carried out according to the relevant literature data

and standard examples to verify that the proposed algorithm has good performance and can solve the described problems.
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Figure 1 Ant colony algorithm structure based on Q-learning
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Figure 2 Clustering results of nodes
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Figure 3 Node route planning results
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Table 2 Comparison of algorithm results of Experiment 1

S/ P P-SA Des KQ-AG
NV/4  TD/km NV/A# TD/km  NV/A4#  TD/km
Redp2501/25 5 55221 5 551.05 5 552.15
Redp2504/25 4 473.46 4 473.46 4 473.46
Rcdp2507/25 5 540.87 5 540.87 5 540.87
Redp5001/50 9 994.70 9 994.18 9 995.18
Redp5004/50 6 725.90 6 725.59 6 727.59
Redp5007/50 7 810.04 7 809.72 7 809.72
Rdpl01/100 19  1660.98 19 165865 19 1653.53
Rdpl02/100 17  1491.75 17 1490.13 17 1488.04
Rdpl03/100 14  1226.77 14 122848 14 1216.16
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Table 3 Comparison of algorithm results of Experiment 2

SCIRGH R AILERAER -
O marm M BATR WHE %ﬁﬁf @ﬁﬁf
FEE/km B K/s BER/Km BKs

Irl_6-1 315785 1020.2 31146.2 403.6 1.37 616.6
Irl_6-2 26572.8 11258 274325 510.1 —3.24 615.7
Irl_6-3 23699.6 21892 241483 735.8 —-1.89 1453.4
Irl_ 6-4 167132 29233 178674 6352 —6.91 2288.1
Irl_6-5 293572 949.0 24649.2 5012 16.04 447.8
Ir1_6-6 264733 15083 23356.1 6184 11.77 889.9
Irl_6-7 20578.1 17544 198778 598.4 3.40 1156
Irl_6-8 17290.2 14052 17290.2 720.6 0.00 684.6
Irl_6-9 27319.1 11092 274082 466.3 -0.33 642.9
Irl_6-10 22814.0 1689.0 231284 821.6 -1.38 867.4
Ircl_6-1 239115 750.5 21332.6 3213 10.79 429.2
Ircl_6-2 20518.6 8755 187454 6302 8.64 245.3
Ircl_6-3 167222 1151.8 167222 5374 0.00 614.4
Ircl_6-4 13314.6 25263 134759 4339 -1.21 2092.4

Ircl 6-5 20375.0 26848 20375.0 807.9 0.00 1876.9
SEIME 224825 15775 21797.0 5820 3.05 994.7

CREISEESCIR A, Al RS HY (R R R A A R B
FTUUR A B A5 R, IF ARGk v S5 (8] 1
AT HIR DL

4 ZHiE

AR ST P AR AR IFPDPTW ) A B, 5 = 45
R LR o ST iRV S) (PN R X
SRR R, AR SO0 B 7 T R e AT R A
B, RIA AT BRARBRAR KA, JF HAE(E I K-means
AR, SIABWPIRFR R THERIIBOR . AT 6
e WO SR I R AE /T, T Q-leaning & M A
SRR B ZE AR B AR AT AR ASSCHR HE 5 9
BARRIE AT, RN =6 2 s A
GFRIL, I HAE TSR S I, S d v SRS
A1 AR IR SR o AR SCAE 4 i I A2 8 2 7 T g
— i, FETORKIWEIT E EORAE R I, W RE
iR DR A 25 2 T s R P S BB X R A R ) B

Sk

[ 1] LL, e, T i bR (R 3503 ) 2 PR AR 1) E FE (1), ol
THE, 2019, 22(4): 58-63.
JIANG Hai, CHEN Feng. A study of vehicle routing problem
for urban transport of express[J]. Industrial Engineering Journal,
2019, 22(4): 58-63.

[2]WANG L Y, SONG Y B. Multiple charging station location
routing problem with time window of electric vehicle[J]. Jour-
nal of Engineering Science and Technology Review, 2015, 8(5):

190-201.

[3]1 DUMAS Y, DESROSIERS J, SOUMIS F. The pickup and de-
livery problem with time windows[J]. European Journal of Op-
erational Research, 1991, 54(1): 7-22.

[4] FURTADO M G S, MUNARI P, MORABITO R. Pickup and
delivery problem with time windows: a new compact two-index
formulation[J]. Operations Research Letters, 2017, 45(4): 334-
341.

[51NANRY W P, BARNES J W. Solving the pickup and delivery
problem with time windows using reactive tabu search[J].
Transportation Research Part B: Methodological, 2000, 34(2):
107-121.

[6]LIH, LIM A. A met heuristic for the pickup and delivery prob-
lem with time windows[J]. International Journal on Artificial In-
telligence Tools, 2003, 12(2): 173-186.

[71 FRBRA. RAF AT I ] Bl 255 580 B i) L P 3 £ S22 0. 3
HLRZH, 2006, 26(6): 1459-1462.

WU Jingli. Genetic algorithm for solving the complex pickup
and delivery problem with time windows[J]. Computer Applica-
tions, 2006, 26(6): 1459-1462.

[8] NAGATA Y, KOBAYASHI S. Guided ejection search for the
pickup and delivery problem with time windows[C]// European
Conference on Evolutionary Computation in Combinatorial Op-
timization. Berlin, Heidelberg: Springer, 2010: 202-213.

[9]1Z0OUS, LI J, LI X. A hybrid particle swarm optimization al-
gorithm for multi-objective pickup and delivery problem with
time windows[J]. Journal of Computers, 2013, 8(10): 2583-
2590.

[10] TCHOUPO M N, YALAOUI A, AMODEO L, et al. Ant colony
optimization algorithm for pickup and delivery problem with
time windows[C/OL]// Internationl Conference on Optimization
and Decision Science. Sorrento: Springer, 2017 [2017-11-05].
https://link.springer.com/chapter/10.1007/978-3-319-67308-
0_19.

[11] MARCO D, LUCA M G. A study of some properties of ANT-Q
[C)// The Proceedings of PPSN IV—Fourth International Confer-
ence on Parallel Problem Solving from Nature. Berlin: Springer-
Verlag, 1996: 656—665.

[12] J e, AR ARV, 5 I . K-meansST 2% fi 28 S 0k 58 77
R[], HHEHLR A, 2010, 30(8): 1995-1998.

ZHOU Shibing, XU Zhenyuan, TANG Xugqing. Method for de-
termining optimal number of clusters in K-means clustering al-
gorithm[J]. THEHLRIA, 2010, 30(8): 1995-1998

[13] Fhek, W, BRd =, 55, 28 Be MR B sk 22 S 0 FU SRR ().
THHEPLT AR 5P, 2020, 56(5): 13-24.

SUN Yu, CAO Lei, CHEN Xiliang, et al. Overview of multi-
agent deep reinforcement learning[J]. Computer Engineering
and Applications, 2020, 56(5): 13-24.

[14] WANG H F, CHEN Y Y. A genetic algorithm for the simulta-
neous delivery and pickup problems with time window[J]. Com-
puters & Industrial Engineering, 2012, 62(1): 84-95.

[15] El, X, RB2R, 45, BT B HOAn 4 1 53 R figd v i [ 7 A1l
[F] e HRCIS B P 22 0 B A 1 AR 0], TS MLAE 3 AR 4, 2018,
24(3): 570-582.

WANG Chao, LIU Chao, MU Dong, et al. VRPSPDTW prob-
lem solving by discrete cuckoo search[J]. Computer Integrated
Manufacturing Systems, 2018, 24(3): 570-582.

B G )


https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/j.orl.2017.04.013
https://doi.org/10.1016/S0191-2615(99)00016-8
https://doi.org/10.1142/S0218213003001186
https://doi.org/10.1142/S0218213003001186
https://doi.org/10.1142/S0218213003001186
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/j.orl.2017.04.013
https://doi.org/10.1016/S0191-2615(99)00016-8
https://doi.org/10.1142/S0218213003001186
https://doi.org/10.1142/S0218213003001186
https://doi.org/10.1142/S0218213003001186
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.3969/j.issn.1007-7375.2019.04.009
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.25103/jestr.085.24
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/j.orl.2017.04.013
https://doi.org/10.1016/S0191-2615(99)00016-8
https://doi.org/10.1142/S0218213003001186
https://doi.org/10.1142/S0218213003001186
https://doi.org/10.1142/S0218213003001186
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/0377-2217(91)90319-Q
https://doi.org/10.1016/j.orl.2017.04.013
https://doi.org/10.1016/S0191-2615(99)00016-8
https://doi.org/10.1142/S0218213003001186
https://doi.org/10.1142/S0218213003001186
https://doi.org/10.1142/S0218213003001186
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://link.springer.com/chapter/10.1007/978-3-319-67308-0_19
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3778/j.issn.1002-8331.1912-0100
https://doi.org/10.3778/j.issn.1002-8331.1912-0100

	1 问题描述及模型构建
	1.1 问题描述与符号说明
	1.2 模型建立

	2 聚类处理的蚁群算法设计
	2.1 基于K-means算法的区域分割聚类处理的蚁群算法设计
	2.2 基于Q-learning的蚁群算法

	3 算例实验与结果分析
	4 结语

