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Learning-based Ant Colony Optimization Algorithm for Solving a Kind of Complex
2-Echelon Vehicle Routing Problem

Abstract

Abstract: Aiming at green 2-echelon vehicle routing problem with simultaneous pick-up and delivery, a
learning-based ant colony optimization algorithm combined with clustering decomposition is proposed.
The objective function to be minimized is total transportation cost wherein carbon emission cost is
specially considered. Associated with the mutual coupling features of the 2-echelon vehicle routing
problem, we propose a distance-based clustering method to decompose the original problem into a set of
sub-problems. Then, a learning-based ant colony optimization algorithm is presented to find the solutions
of the sub-problems based on which the solution of the original problem can be obtained. In the
algorithm, we introduce a problem-dependent three-dimensional probability matrix to represent
pheromone matrix, which is used to learn valuable information about high-quality solutions and improve
global search ability. Thereafter, we propose a local search strategy based on the search behavior of the
algorithm to learn information about excellent individuals for six dedicated neighborhood search
operators, so as to enhance local search ability. Results of numerical experiments and algorithm
comparisons demonstrate the effectiveness of the proposed algorithm.
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Table 6 Comparison results of LACO with ACO, ACO,(2N5s)

ACO ACO, ACO, LACO
n_s

BRAME BOME CPEIME BORE RAME CPEHE RKE BOME CPFIE BORKE RAME P

303 672.5 563.5 610.5 651.4 556.2
40 3 893.3 800.8 839.9 916.7 797.7

607.6 5149 4874  495.1 518.3 487.4 4945
844.6 648.8 553.9 592.9 628.7 554.2 586.9

503  1069.8 987.9 1021.6 11339 1001.1 1072.0 764.0 687.5 736.9 768.9 690.7 736.4
60 3 11845 1071.8 11251 13147 11781 12374 737.5 676.8 704.3 755.7 680.9 711.9
703  1439.1 12704 13719 1596.1 14423 1529.7 913.4 814.3 871.5 863.0 806.1 829.4
803 16378 15042 15663 18562 17197 1789.6 10253 887.1 9325 1032.8 877.8 916.9

50_5 1006.4 922.6 969.4 1020.2 918.8

961.9 845.3 731.9 776.3 843.6 735.4 779.6

60 5 1086.9 999.9 1047.8 1107.0 1027.7 1068.8 855.0 767.1 794.6 861.0 767.8 811.4
705 1261.6 1111.7 1158 1293.1 1158.7 12288 939.1 851.3 892.6 941.3 843.7  873.9
805 14129 12803 13285 15365 1386.6 14440 9914 886.3 935.0  955.1 872.3 910.8
90 5 15982 14339 15093 1679.8 1539.6 16245 1067.2 969.2 10222 1028.9 929.5  966.7
1005 17238 15609 16225 1897.0 17189 1797.6 1134.1 969.7 10739 1096.4 965.7 1042.6
60 8 1081.0 921.6 1030.7 14839 12750 13974 8954 771.9 824.9 901.7 781.8 847.1
808 14072 12748 13254 18237 1581.1 16892 1105.1 928.6 10063 1094.3 9314  987.1
100.8 1661.7 1458.0 1564.1 20363 1843.6 19183 12673 1129.1 11828 1250.2 1091.0 1159.2
1208 18429 16849 17597 24604 22144 23240 14693 1187.1 13413 13489 11685 12433
140.8 2168.1 1940.0 2067.7 27137 24684 2599.6 15519 12853 14371 1517.7 1279.6 1404.0
1608 24239 22146 23315 31151 2896.7 30I1.1 1693.1 14593 15683 1661.7 14529 15444
100_10 1487.8 12703 1386.6 15103 13327 1409.1 12863 10928 1181.6 12930 1080.8 1186.6
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160_10 20856 17834 1978.6 22499 2042.6 21275 17013 13831 15028 1667.8 1368.1 1494.8
180_10 22794 20259 21662 2543.0 2246.1 23963 17859 14392 15793 1666.6 1409.1 1568.4
200_10 26215 2356.1 24996 28774 25565 27035 19663 16035 18039 19450 1598.5 1779.3
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G2E-VRPSPD 1 R

%7 LACO5 VND LSAICW_LS %t Eb 45 5 (2Ns)
Table 7 Comparison results of LACO with VND LS and CW_LS(2Ns)

VND LS CW LS LACO

= TEoE mME TE Rl GOME FEIE Wkl ME T
30 3 525.5 509.6 513.4 499.4 483.6 489.2 518.3 487.4 494.5
40 3 679.5 631.1 653.0 654.9 596.9 624.5 628.7 554.2 586.9
50 3 788.1 718.2 753.3 763.1 658.7 693.4 768.9 690.7 736.4
60 3 871.4 758.4 817.6 868.7 707.9 795.7 755.7 680.9 711.9
70 3 994.0 826.7 911.8 905.4 778.4 859.9 863.0 806.1 829.4
80 3 1093.9 1013.5 1037.1 1032.3 897.0 950.8 1032.8 877.8 916.9
50 5 820.9 711.3 750.8 773.9 717.9 744.0 843.6 735.4 779.6
60 5 887.4 793.7 827.1 895.4 804.0 838.0 861.0 767.8 811.4
70 5 966.0 824.9 894.9 961.7 838.5 877.0 941.3 843.7 873.9
80 5 1 058.3 946.4 990.8 1051.2 952.2 991.5 955.1 872.3 910.8
90 5 1218.5 1052.6 1126.1 1226.8 1063.1 1138.1 1028.9 929.5 966.7
100 5 1287.0 1145.9 1221.1 1241.7 1109.9 1 186.6 1096.4 965.7 1 042.6
60 8 1016.2 780.0 912.3 967.6 815.4 895.1 901.7 781.8 847.1
80 8 1151.5 978.2 1072.0 1167.6 1037.7 1120.2 1094.3 931.4 987.1

100_8 13925 1141.0 12433 14544
120_8 1500.7 1296.6 13825 14423
140_8 1 646.0 1 405.0 15274 1 696.6
160_8 1766.9 15379 1 688.9 18243
100_10 1394.6 1112.6 1260.3 13775
120_10 14553 1228.7 1369.4 1506.1
140_10 1733.4 1394.1 15614 17322
160_10 17513 1481.1 16514 1792.6
180_10 2027.6 1616.6 17814 1974.7
200_10 2304.1 1900.3 21793 2096.1

1179.6 13145 1250.2 1091.0 1159.2
1270.1 1359.2 1348.9 1168.5 1243.3
1479.4 1582.1 1517.7 1279.6 1404.0
16373 1744.5 1661.7 14529 1544.4
1107.0 1269.9 1293.0 1080.8 1186.6
12529 1369.5 1373.6 1181.0 1264.3
1448.7 15258 15494 1265.3 1392.6
1537.1 1670.1 1667.8 1368.1 1494.8
1777.8 1 869.6 1 666.6 1409.1 1568.4
1818.4 1976.9 1945.0 1598.5 1779.3

R T #2053 B LACO 5 HoAth 503 1 1 e 2
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