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Abstract: Multi-objective vehicle routing problem is a key optimization problem in the field of logistics distribution
and transportation. It is directly impact to logistics operational efficiency, cost control and customer service quality. This
problem has widely exist in practical scenarios such as e-commerce warehousing and distribution, urban cold chain transpor-

tation and emergency material scheduling, As logistics systems expand in scale and operating environments become increas-
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ingly dynamic, the number of constraints and optimisation objectives involved in MOVRP continues to grow, rendering the
problem structure progressively more complex. This places heightened demands on optimisation algorithms regarding com-
putational efficiency, solution quality, and robustness. Existing optimization algorithms employs a single-task independent
solution approach, where each new problem is processed from scratch. where a solution model is built and the search pro-
cess is initialized from scratch for each new MOVRP problem. This method fails to effectively utilise useful information ac-
cumulated during historical searches. Consequently, it leads to redundant searches, slower convergence speeds, and a ten-
dency to become trapped in local optima in complex scenarios. This results in suboptimal algorithmic performance.To over-
come the above-mentioned deficiencies, a multi-objective vehicle routing multi-task evolutionary algorithm is proposed in
this paper. Firstly, the original problem is divided into several simple and similar sub-tasks by dimensional reduction, which
is used to simplify the complexity of the original problem through hierarchical solution of sub-tasks. While preserving the
key constraints of the original problem, this strategy effectively reduces the search space scale of individual sub-tasks, there-
by alleviating the algorithm’s search burden and enhancing solution efficiency.Then, based on Evolutionary MultiTasking
technology, the method of knowledge transfer is adopted to transfer the searched information between sub-tasks to achieve
collaborative gain of sub-tasks and assist in the solution of the original task. This multi-task coordination mechanism fully
exploits latent correlations between sub-tasks, significantly enhancing the algorithm’s global search capability and conver-
gence performance. Finally, while the main population evolves, an independent archive population is introduced. The elite
individuals in the main population are saved into the archive population.This ensures that high-quality solutions are not lost
while maintaining population diversity and uniform distribution, effectively preventing the main population from becoming
trapped in local optima.To evaluate the performance of the proposed algorithm, it is tested on the classic Solomon test datas-
et and compared with four mainstream evolutionary algorithms in the field, namely ACO-Tabu, M-MOEA/D, HMOMA and

CCMO. Experimental results show that MO-MTEA outperforms other evolutionary algorithms and achieves superior solu-

tions for MOVRP.
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Figure 1 Illustration of multi-objective vehicle path planning
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Figure 4 The process of generating sub-task
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Figure 6 Extended split operation
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Table 4 Results of the algorithms on C-ype dataset
o BKS(E. A i) ACO-Tabu M-MOEA/D HMOMA CCMO MO-MTEA‘
S fa S /2 fi g Ul fa fi /2 S Ja
Cl101 10 828.9 11 831.7 13 837.3 10 838.9 10 828.9 10 828.9
C102 10 828.9 12 849.8 13 850.4 11 852.2 10 850.1 10 828.9
C103 10 828.0 13 855.2 15 858.8 11 860.0 10 857.1 10 828.0
C104 10 824.7 10 845.4 14 849.0 10 850.8 10 850.6 10 845.6
C105 10 828.9 11 829.7 13 833.3 10 838.9 9 830.2 10 828.9
C106 10 828.9 11 830.5 13 834.1 10 839.9 9 828.9 10 828.9
C107 10 828.9 12 831.3 14 834.9 7 840.7 11 831.4 10 828.9
€201 3 591.6 4 593.6 6 599.2 7 602.0 3 591.6 3 591.6
€202 3 591.5 4 594.5 6 600.1 7 602.9 3 591.6 3 591.5
€203 3 591.2 4 592.2 6 597.8 7 600.6 3 591.2 3 591.2
€204 3 590.6 4 598.6 6 604.2 7 607.0 3 596.6 4 619.7
€205 3 588.9 4 590.8 6 596.4 7 599.2 3 588.9 3 588.9
€206 3 588.5 4 590.5 6 596.1 7 598.9 3 588.5 3 588.5
€207 3 588.3 4 590.3 6 595.9 7 598.7 3 588.3 3 588.3
€208 3 588.3 3 588.1 6 591.7 7 593.5 3 588.3 3 588.3
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Table 5 Results of the algorithms on R-type dataset
o BKS(E J e tfidk) ACO-Tabu M-MOEA/D HMOMA CCMO MO-MTEA
0§ ) R - - -
S Ja S Ja fi /2 S /2 Ji /2 S /2
R101 19 1650.8 19 1655.0 20 1 644.7 20 1651.7 20 1652.4 19 1652.4
R102 17 1 486.1 18 1491.1 18 1473.7 18 1 480.6 18 1482.7 17 1 486.1
R103 13 1292.7 14 1243.2 14 1213.6 14 1225.8 14 1224.7 13 12927
R104 9 1007.3 10 982.0 11 991.9 11 1002.5 11 999.8 10 1022.3
R105 14 1377.1 16 1380.4 15 1366.6 15 1377.4 15 1379.2 14 1452.6
R106 12 1252.0 13 1265.3 13 1249.2 13 1256.8 13 1254.6 12 1252.0
R107 10 1104.7 11 1100.2 11 1086.2 12 1099.7 12 1095.2 11 1092.4
R108 9 960.9 9 958.6 10 965.5 10 966.7 10 956.2 9 972.7
R109 11 1194.7 12 1101.9 13 1155.4 13 1159.2 13 1165.3 13 1159.2
R110 10 11188 12 1119.5 12 1106.0 12 1088.3 12 1085.2 12 1106.0
R111 10 1096.7 12 1091.1 11 1073.8 12 1066.7 12 1064.8 10 1096.7
R112 9 982.1 10 974.7 10 981.4 11 988.6 11 982.9 9 985.6
R201 4 1252.4 9 1185.5 9 1186.1 9 1187.2 7 1192.4 4 1252.4
R202 3 1191.7 8 1072.9 8 1073.6 8 10742 6 1070.2 6 1053.1
R203 3 939.5 7 900.1 7 901.8 7 902.5 5 899.8 3 939.5
R204 2 825.5 5 766.0 5 767.7 5 768.4 3 768.9 6 755.6
R205 3 994.4 7 998.5 7 999.2 7 999.9 5 999.8 5 962.9
R206 3 906.1 5 918.6 5 919.3 5 920.0 4 918.5 6 903.0
R207 2 890.6 5 860.4 5 861.1 5 861.8 3 858.2 2 890.6
R208 2 726.8 6 735.8 6 736.5 6 737.2 4 731.6 4 726.4
R209 3 909.2 6 898.2 6 898.9 6 899.6 4 894.0 5 905.1
R210 3 939.3 7 962.1 7 962.8 7 963.5 5 957.9 6 940.3
R211 2 885.7 5 796.6 5 797.3 5 798.0 3 799.3 5 788.2
F6 BHEERCEBBWELKRBER
Table 6  Results of the algorithms on RC data sets
W BKS(E AR L i) ACO-Tabu M-MOEA/D HMOMA CCMO MO-MTEA
[7) T N fa S /2 S g fi fa fi g S fa
RC101 14 1697.0 18 1671.9 19 16803 | 20 | 16838 17 | 16723 16 1670.0
RC102 12 1554.8 16 1511.4 17 1516.9 18 1520.7 15 1514.5 14 1495.1
RC103 11 1261.7 13 1353.2 14 1357.7 15 1360.6 | 12 1349.6 13 1363.1
RC104 10 11355 11 1160.2 12 1165.0 13 11678 | 10 | 1156.6 10 11355
RC105 13 1629.4 18 1573.1 19 15789 | 20 | 15828 17 | 15774 | 16 1617.4
RC106 11 1424.7 15 1 420.0 16 1425.7 17 1429.5 14 | 14223 13 14388
RC107 11 1230.5 13 1232.5 14 1238.2 15 12420 | 12 | 12320 11 1230.5
RC108 10 1139.8 12 1150.1 13 1154.9 14 | 11578 | 11 11456 | 12 13285
RC201 4 1 406.9 9 1306.4 10 1312.2 11 1316.1 8 1102.6 7 1292.8
RC202 3 1365.7 9 1165.9 10 1171.7 11 1175.6 6 1188.2 5 1116.5
RC203 3 1049.6 6 975.6 7 981.4 8 985.3 5 977.3 3 1049.6
RC204 3 798.5 5 842.6 6 848.4 7 852.3 4 788.5 4 808.7
RC205 4 1297.7 8 1225.1 9 1230.9 10 | 12348 5 1226.5 5 1180.4
RC206 3 1146.3 6 11345 7 1140.3 8 1144.2 5 1132.5 5 1112.6
RC207 3 1061.1 6 1015.4 7 1021.2 8 1025.1 5 1013.5 5 1003.0
RC208 3 828.1 5 837.2 6 843.0 7 846.9 4 831.2 5 833.0
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Figure 10  Optimal path diagram of some examples in category C
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Figure 11~ Comparison of algorithm convergence
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Table 7 The results of the algorithms on the C, R, and RC datasets

2 [R] B3 (€201 . €208 . R102 . R201 HI RC107) 34 22 30
AR, BT UL Bl = A7 RS FRRE RS HS B, MO-MTEA® 2 5 [

AR LA

LRGN L, BEDLIE M EMT 5 A FIAF R4 Fh 5 ms
X MO-MTEA 553 35 Bt 410 14 5T ik At JEE 194 HE 910 05t F

o s EMT HAR > 77 R4 Ff 3 5 0 > AL

s 5t MO-MTEA' MO-MTEA® MO-MTEA’® MO-MTEA
/i fa Sy /i Sy 12 Sy S
c101 10 828.9 13 837.3 10 828.9 10 828.9
C102 10 828.9 13 857.4 10 828.9 10 828.9
€103 10 828.0 13 858.8 10 828.0 10 828.0
C104 10 847.4 12 855.0 10 847.3 10 845.6
C105 10 838.9 12 833.7 10 828.9 10 828.9
C106 10 828.9 13 832.1 10 828.9 10 828.9
c107 10 828.9 12 837.9 10 828.9 10 828.9
€201 3 591.6 5 599.9 6 599.7 3 591.6
€202 3 591.5 6 600.1 3 591.5 3 591.5
€203 4 592.2 6 597.8 3 591.2 3 591.2
€204 5 633.1 5 607.3 4 631.2 4 619.7
€205 3 588.9 5 595.2 3 588.9 3 588.9
€206 3 588.5 6 596.1 3 588.5 3 588.5
€207 4 590.3 5 595.1 3 588.3 3 588.3
€208 3 588.3 6 591.7 6 591.3 3 588.3
R101 19 1652.4 20 1655.7 20 1684.4 19 1652.4
R102 17 1 486.1 18 1473.7 18 15363 17 1 486.1
R103 13 1292.7 14 1213.6 13 1292.7 13 1292.7
R104 10 1022.3 11 991.9 11 1027.2 10 1022.3
R105 14 1452.6 15 1378.6 14 1454.8 14 1452.6
R106 12 1252.0 13 1255.7 12 1252.0 12 1252.0
R107 11 1092.4 11 1086.2 11 1098.6 11 1092.4
R108 9 972.7 10 977.5 9 983.1 9 972.7
R109 13 1159.2 13 1165.4 13 12742 13 1159.2
R110 12 1136.7 12 1136.0 12 1123.0 12 1106.0
R111 10 1096.7 11 1073.8 10 1096.7 10 1096.7
R112 9 988.3 10 988.4 9 984.2 9 985.6
R201 4 1252.4 9 1286.1 6 1256.8 4 1252.4
R202 7 1054.2 8 1173.6 6 1073.6 6 1053.1
R203 3 939.5 6 1034.8 3 939.5 3 939.5
R204 6 758.6 6 767.7 6 755.1 6 755.6
R205 6 962.9 7 999.2 5 967.3 5 962.9
R206 6 903.6 5 919.3 6 903.8 6 903.0
R207 2 890.6 5 861.1 2 890.6 2 890.6
R208 4 734.9 6 732.5 4 756.4 4 726.4
R209 5 905.1 6 955.9 5 975.3 5 905.1
R210 6 955.1 7 962.3 6 955.0 6 940.3
R211 5 788.2 5 792.1 5 783.2 5 788.2
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N MO-MTEA' MO-MTEA? MO-MTEA?® MO-MTEA
4k 7] A5 - - - - ;
A f W f A f A /2
RC101 16 1673.2 18 1 673.9 16 1 683.3 16 1 670.0
RC102 15 1495.3 16 1511.4 14 15223 14 1495.1
RC103 14 1369.7 13 1383.2 13 1368.7 13 1363.1
RC104 10 1135.5 11 1160.2 10 11355 10 11355
RC105 16 16374 18 1673.1 16 16174 16 16174
RC106 13 1457.8 15 1480.3 13 1438.8 13 1438.8
RC107 11 1230.5 13 12325 12 1277.1 11 1230.5
RC108 12 1328.5 12 1450.1 12 1348.7 12 1328.5
RC201 7 1292.8 9 1306.4 7 1292.8 7 1292.8
RC202 5 1116.5 9 11659 5 1116.5 5 1116.5
RC203 3 1 049.6 7 1057.6 3 1049.6 3 1 049.6
RC204 4 808.7 5 842.6 4 808.7 4 808.7
RC205 5 1180.4 7 1225.1 5 1197.3 5 1180.4
RC206 5 1112.6 6 11345 5 1141.6 5 1112.6
RC207 5 1003.0 6 10154 5 1 003.0 5 1003.0
RC208 5 833.0 6 837.2 5 833.0 5 833.0
4 2B [2] BRakBL, BTG, S50, 26 . i IR 2 38 P O

AR SCHR P ) 22 H bR 5 AR ) R Ak
ZAT %5 595 (MO-MTEA ) . MO-MTEA €138 &5 5 4y
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