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[ Abstract] This paper proposes an improved Bacterial Foraging Algorithm(BFA') to solve the Vehicle Routing Problem
with Time Windows (VRPTW). The to-be-distributed customer points_are clustered by K-means according to the
geographical location, and. the classification results are inserted into the optimal location of the distribution path in order
within the time window , so the initial solution of the problem is constructed:Then the chemotaxis operation is combined
with the removal operator in Large Neighborhood Search (LNS) for optimization, which expands the search range and
improves the operation efficiency of the algorithm. Experimental results show that the algorithm can shorten the
distribution path and minimize the overall distribution cost/within the time window.
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C105 828.94 828.94 828.94 841.2997. 828.94 828.94 RC105S - 6556213 162944 153959
C106 833.70 83370 833.70 839.1563 | 828,94 828.94
RC106 — — —  1483.1628 1424.73 1404.80
C107 837.20 837.20 837.20 843.1642 '828.94 828.94
RC107 — — — 12533532 123048 1256.90
C108 833.60 83530 830.604 8453726 828.94 828.94
RC108 — — — 11675935 1139.82 1160.90
C109 828.94 828.94 828104  844.5446 828.94 828.94
RC201 1263.10 1263.10 1258.60 1413.4659 1406.94 1288.80
c201  — — — 596.9145 591.56  591.56
o0 B B 5042869 59156 591.56 RC202 1178.90 1178.90 1178.90 13757936 1365.64 1143.10
203 — - - 5081789 59117 59117 RC203 1083.60 1083.60 1083.60 1057.1564 1049.62 960.74
204 — _ _ 5951642  590.60 590.60 RC204  799.12  799.12  799.12 804.8542 798.46 795.01
C205 _ _ _ 593.654 1 588.88 588.88 RC205 1330.70 1330.70 1321.30 1307.6948 1297.65 1190.00
206 — — — 593.1624 58849  588.49 RC206 1171.20 117120 1171.20 1154.2346 1146.32 1097.10
c207  — — — 595.1562 588.29  588.29 RC207 1096.50 1096.50 1096.50 1068.7316 1061.14 992.18
Cc208  — — — 593.1253  588.32  588.32 RC208 833.97 833.97 833.97 834.1442 828.14 786.13
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Table 5 Comparison of IBFA and known optimal

solutions in C class example

451 D IBFA GAP/%
c101 828.94 828.94 0.00
c102 828.94 828.94 0.00
c103 828.06 828.06 0.00
C104 824.78 824478 0.00
C105 828.94 828.94 0.00
C106 828.94 828.94 0.00
C107 828.94 828.94 0.00
c108 828.94 828.94 0.00
C109 828.94 828.94 0.00
€201 591.56 591.56 0.00
€202 591.56 591.56 0.00
€203 591.17 591.17 0.00
C204 590.60 590.60 0.00
€205 588.88 588.88 0.00
C206 588.49 588.49 0.00
€207 588.29 588.29 0.00
C208 588.32 588.32 0.00

®6 RZEHEPIHIBFASBEMRMRMBHLLE
Table 6 Comparison of IBFA and known optimal

solutions in R class example

F 6 TD IBFA GAP/%
R101 1 645.79 1 642.88 -0.18
R102 1486.12 1473.84 -0.83
R103 1292.68 1222.05 -5.78
R104 1 007.24 992.73 -1.46
R105 1377.11 1370.80 -0.46
R106 1251.98 1252.17 0.02
R107 1104.66 1095.50 -0.84
R108 960.88 957.12 -0.39
R109 1194.73 1156.70 -3.29
R110 1118.59 1.098.29 -1.85
RIT1 1096.72 1 060.93 -3.37
R112 982.14 971.25 -1.12
R201 125237 1173.70 —6:70
R202 1191.70 1 055.60 ~12.89
R203 939.54 882.10 —-6:51
R204 825.52 748.96 =10.22
R205 994.42 982:32 -1.23
R206 906.14 898.24 -0.88
R207 893.33 827.05 -8.01
R208 726.75 722.52 -0.59
R209 909.16 890.96 -2.04
R210 939.34 930.36 -0.97
R211 892.71 776.07 -15.03

®7 RCEHBIHIBFASEMRMRMBALE
Table/7 Comparison of IBFA and known optimal

solutions in RC class example

A1) TD IBFA GAP/%
RC101 1696.94 1654.10 -2.59
RC102 1554.75 1481.06 -4.98
RC103 1261.67 1296.90 2.72
RC104 1135.48 1167.90 2.78
RC105 1 629.44 1539.59 -5.84
RC106 1424.73 1404.80 -1.42
RC107 1230.48 1256.90 2.10
RC108 1139.82 1160.90 1.82
RC201 1406.91 1288.80 -9.16
RC202 1367.09 1143.10 -19.59
RC203 1049.62 960.74 -9.25
RC204 798.41 795.01 -0.43
RC205 1297.19 1190.00 -9.01
RC206 1146.32 1097.10 -4.49
RC207 1061.14 992.18 -6.95
RC208 828.14 786.13 -5.34

MESATLLE I, X T C1L A C2 254 4] , IBFA
B S5Ema ks iz | s A A s 2
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Fig.9 Comparison of the shortest distribution distances of algorithms on six class examples
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Fig.10. IBFA path planning results of some examples
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