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Abstract: A non-dominated sorted particle swarm genetic algorithm with hybrid global-local search is
proposed, by which the vehicle location routing problem can be effectively solved. Both particle swarm
optimization and genetic algorithm operators are utilized in the global search to improve convergence speed.
The non-dominated sorting genetic algorithm III is employed so that population diversity is maintained.
The local search strategy is applied separately to superior and inferior individuals, by which the probability
of obtaining better solutions is increased. Additionally, the user orders of the last 1/12 individuals in the
population are shuffled so that the overall population quality is enhanced. The proposed algorithm is
compared with benchmark algorithms by using the open standard dataset, and it is demonstrated that
population quality and diversity are better provided, and an effective solution to the vehicle location routing

problem can be supplied.
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Table 1 Comparison of experimental results in KBSN examples

Bk 9 b ERRCR BB BERH SMI SM2 DM
Bar_8_2_X_NSrivastava86_8x2 3 406.709 28.5459 7.942 8.054 122.190
Bar_12_2_X _NPerl83_12x2 2 102.081 41.503 0.337 0.421 36.589
Bar_21_5_X_NGaskell67 _21x5 3 354.279 144.429 1.513 1.930 187.626
Bar_27_5_X_NMin92_27x5 1.6 2 587.950 215.346 7.520 8.449 983.118
Bar_32_5_X_NGaskell67_32x5_1 3 598.918 326.554 1.688 2.191 326.516

HSNS-PSOGA
Bar_36_5_X _NGaskell67_36x5 3 646.198 408.339 1.590 2.159 132.189
Bar_50_5_X_NCh69_50x5 4 891.776 680.538 2.047 2.583 201.946
Bar_55_15_X_NPerl83_55x15 7.667 814.943  1008.590 2.628 3.588 136.783
Bar_88_8_X _NDaskin95_88x8 3 981.619 2 211.790 2.839 3.666 202.410
Bar_100_10_X_NCh69_100x10 5.8 2720.400 2 838.280 3.962 5.031 230.094
Bar_8_2_X_NSrivastava86_8x2 3 549.315 31.493 9.044 8.071 603.429
Bar_12_2_X _NPerl83_12x2 2 168.886 39.931 3.653 3.690 208.700

NSGA-II

Bar_21_5_X_NGaskell67 _21x5 3.083 504.445 151.643 1.860 2.016 178.333
Bar_27_5_X_NMin92_27x5 1.002 4769.868 199.782 9.150 9.361 385.335
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RS Sl FEigoRr BEERA AR SM1 SM2 DM
Bar_32_5_X _NGaskell67_32x5_1 3.087 964.129 327.394 2.369 2.505 101.066
Bar_36_5_X_NGaskell67_36x5 3.062 890.955 388.732 1.657 2.034 103.409
Bar_50_5_X_NCh69_50x5 3.723 1424.860 691.934 6.385 7.177 76.333
Bar_55_15_X_NPerl83_55x15 8.445 1093.083  1095.700 3.512 3.999 69.795
Bar_88_8_X_NDaskin95_88x8 3.442 1473.301  2210.251 4.825 5.292 84.102
Bar_100_10_X_NCh69_100x10 5.730 3161.142 2876.133 3.599 4.723 113.101
Bar_8_2_ X _NSrivastava86_8x2 3 520.677 31.128 14.840 14.818 690.584
Bar_12_2_X _NPerl83_12x2 2 153.566 44.322 1.067 1.082 254.661
Bar_21_5_X _NGaskell67_21x5 3.968 435.416 157.698 77.506 78.316 340.150
Bar_27_5_X_NMin92_27x5 1.002 4 551.351 204.491 8.036 8.103 260.896
NSGA-II+ Bar_32_5_X_NGaskell67_32x5_1 3 784.149 327.703 2.835 2.982 78.992
PSO Bar_36_5_X_NGaskell67_36x5 3.008 831.141 392.585 1.285 1.497 153.438
Bar_50_5_X_NCh69_50x5 3.963 1421.524 688.783 4.326 4.976 412.546
Bar_55_15_X_NPerl83_55x15 8.067 1058.433 1078.535 1.979 2.621 46.320
Bar_88_8_X_NDaskin95_88x8 3 1318.619 2 189.086 8.793 8.866 53.580
Bar_100_10_X_NCh69_100x10 6.015 3092.161 2 868.368 6.603 7.118 91.082
Bar_8_2_X _NSrivastava86_8x2 3 523.657 30.673 10.853 10.664 467.230
Bar_12_2_X _NPerl83_12x2 2 144.113 40.070 1.327 1.402 16.4359
Bar_21_5_X_NGaskell67_21x5 3.1 481.374 158.128 1.304 1.767 155.288
Bar_27 5 X _NMin92_27x5 1.8 5133.620 214.711 4.588 5.514 1426.190
Bar_32_5_X_NGaskell67_32x5_1 3.2 912.400 327.739 2.420 1.937 111.288
NSGA-III
Bar_36_5_X_NGaskell67_36x5 3.3 862.456 396.162 1.437 1.926 143.357
Bar_50_5_X_NCh69 _50x5 3.9 1342.910 689.454 1.983 2.556 196.267
Bar_55_15_X_NPerl83_55x15 8.235 1074.410 1034.880 2.348 3.099 105.374
Bar_88_8_X _NDaskin95_88x8 3.6 1482.230 2 235.740 2.956 3.864 142.481
Bar_100_10_X_NCh69_100x10 5.807 2978.000  2914.270 6.614 6.776 93.457
Bar_8_2_ X _NSrivastava86_8x2 3 517.544 30.552 19.966 20.031 328.193
Bar_12_2_X _NPerl83_12x2 2 96.852 42.472 0.665 0.710 11.827
Bar_21_5_X _NGaskell67_21x5 3.03 423.300 152.914 1.479 1.933 106.731
Bar_27 5 X _NMin92_27x5 1 3 026.060 207.487 8.226 7.794 881.259
NSGA-III+  Bar_32_5_X_NGaskell67_32x5_1 3.5 790.263 308.185 4.742 4.293 144.994
PSO Bar_36_5_X_NGaskell67_36x5 3 555.626 387.822 1.667 2.196 126.4
Bar_50_5_X_NCh69_50x5 3.9 1221.680 689.970 1.952 2.531 171.18
Bar_55_15_X _NPerl83_55x15 8.762 1034.769 1076.832 2.763 3.652 76.873
Bar_88_8_X_NDaskin95_88x8 3.5 1577.867  2001.672 4.732 4.745 65.432
Bar_100_10_X_NCh69_100x10 7.003 3040.710 2 831.790 2.125 3.277 100.654
R2 OHMIBAHZHLER
Table 2 Experimental results of ablation experiments
gk 52 1 R BEENA  B&RH SMI SM2 DM BBk R
Bar_8_2_X _NSrivastava86_8x2 3 406.709 28.5459  7.942 8.054 122.19 440.2
Bar_12_2_X _NPerl83_12x2 2 102.081 41.503 0.337 0.421 36.589 685.3
Bar_21_5_X_NGaskell67 _21x5 3 354.279 144.429 1.513 1.930 187.626 622.7
H?NSi Bar_27 _5_X_NMin92_27x5 1.6 2587.95 215.346 7.520 8.449 983.118 403.7
PROGA Bar_32_5_X_NGaskell67 _32x5_1 3 598.918 326.554 1.688 2.191 326.516 820.4
Bar_36_5_X_NGaskell67_36x5 3 646.198 408.339 1.590 2.159 132.189 780.3
Bar_50_5_X_NCh69_50x5 4 891.776 680.538 2.047 2.583 201.946 810.4
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Bk 5 45l iR BEERA EEARM SM1 SM2 DM e 843 AR 5 L
Bar_55_15_X _NPerl83_55x15 7.667 814.943 1008.59 2.628  3.588  136.783 648.2
Bar_88_8_X_NDaskin95_88x8 3 981.619 2211.79 2.839  3.666  202.41 961.4
Bar_100_10_X_NCh69_100x10 5.8 272040  2838.28 3.962  5.031  230.094 723.6
Bar_8_2_X_NSrivastava86_8x2 3 424.673 28.699  3.882  4.11 128.052 693.6
Bar_12_2_X_NPerl83_12x2 2 134.434 40.072  1.212  1.404  131.233 782.4
ARXHHE- Bar 21 5 X NGaskell67_21x5 3.3 444,420 152.287 1.905  2.552 137.681 805.8
PSO Bar_27_5_X_NMin92_27x5 1.1 4767.980 238801  6.195 26.466  529.600 598.3
Bar_32_5_X_NGaskell67_32x5_1 3.1 856.442  318.987  3.894 4497  189.016 1065.36
Bar_36_5_X_NGaskell67_36x5 3 785.541  417.356  3.090  4.076  319.632 875.4
Bar_50_5_X_NCh69_50x5 4.2 1249310 690.010  3.505  4.725  196.947 991.3
Bar_55_15_X _NPerl83_55x15 7.5 865.433 1071.002  4.055  5.332  130.369 805.3
Bar_88_8_X_NDaskin95_88x8 2.8 1273.020 2170.120 5616  7.062  165.368 1075.2
Bar_100_10_X _NCh69_100x10 5.8 2814.230 2840.560  6.548  7.957  205.378 883.5
Bar_8_2_X _NSrivastava86_8x2 3 415.404 28.107  2.132  2.628  112.328 470.7
Bar_12_2_X_NPerl83_12x2 2 113.156 40.094  0.539  0.728 45.548 709.4
Bar_21_5_X_NGaskell67_21x5 3.5 458.437  150.533  1.785  2.358  162.030 620.6
Bar_27_5_X_NMin92_27x5 2.2 2767.620 220468 12.165 12.979 1037.520 503.4
ACE - Bar.32_5_X_NGaskell67_32x5_1 3.4 646.538  334.773 2471  3.096  312.291 728.4
GA Bar_36_5_X_NGaskell67_36x5 3.1 682.457  417.378  2.398  2.528  138.824 794.2
Bar_50_5_X_NCh69_50x5 4 1174.530  697.699  4.625  5.699 36.472 860.4
Bar_55_15_X _NPerl83_55x15 8.1 1193.840 1060.510  3.250  4.240  94.164 2 890.2
Bar_88_8_X _NDaskin95_88x8 3.5 415.404 28.107  2.132  2.628  112.328 982.6
Bar_100_10_X_NCh69_100x10 7.2 113.156 40.094 0539 0.728 45.548 750.3
Bar_8_2_X _NSrivastava86 _8x2 3 418.357 29.357 1.935 2.178 150.371 450.2
Bar_12_2_X_NPerl83_12x2 2 102.680 43.672  0.877  1.172 31.357 688.4
Bar_21_5_X_NGaskell67_21x5 3.4 339.256  157.278  2.263  2.836  195.378 601.3
Armpk-% Bar 27_5.X_NMin92_27x5 3 3209.465  238.468  33.826 34.372  610.291 490.3
LB Bar_32_5_X_NGaskell67_32x5_1 3.1 600.764  310.235  9.725 11.367  180.267 710.6
BEAASS  Bar 36 5 X _NGaskell67_36x5 3 576.367  385.283  2.168  2.856 169.356 785.3
TR Bar_50_5_X_NCh69_50x5 4.3 1017.267  705.384  2.518  3.278  210.372 830.6
Bar_55_15_X_NPerl83_55x15 7 791.689 1096.257  3.382  4.368  120.783 857.3
Bar_88_8_X_NDaskin95_88x8 3.2 1093.835 2218.392  3.628  4.473  158.367 952.6
Bar_100_10_X _NCh69_100x10 6.6 2890.457 2867.463  6.720  7.798  228.493 737.9
Bar_8_2_X _NSrivastava86_8x2 3.3 411.267 31.725  2.718  3.029  197.346 452.7
Bar_12_2_X_NPerl83_12x2 2 93.250 43710 0.562  0.774 35.782 679.5
Bar_21_5_X_NGaskell67_21x5 3 402.679  143.591  2.162  2.676  185.618 590.6
Bar_27_5_X_NMin92_27x5 2.3 3434716  315.625 25.862 13.095  929.623 458.2
A SRR ; . . ) qon ) . .
PO Bar_32_5_X_NGaskell67_32x5_1 3 667.418  320.634¢  2.371  3.205  219.512 699.3
W Bar_36_5_X_NGaskell67_36x5 3.2 671.783  401.729  2.320  2.848  147.641 778.3
Bar_50_5_X_NCh69_50x5 4 1315.367  680.523  2.693  3.396  174.719 849.5
Bar_55_15_X _NPerl83_55x15 7 970.392  1010.670  2.631  4.736 79.230 862.9
Bar_88_8_X _NDaskin95_88x8 4.3 1525.381 2220420 2465  3.482  200.183 928.4
Bar_100_10_X_NCh69_100x10 7.4 2956.491 2926.380  6.117  7.729  203.714 730.5
Armpg-xt Bar_8_2_ X _NSrivastava86_8x2 3 406.709 28.5459 7.983  8.182  122.190 442.8
F#EFS 1/ Bar_12_2_X_NPerl83_12x2 2 96.413 42,1748 1.258  1.390  293.196 673.6
12T Bar_21_5_X_NGaskell67_21x5 3 378.831  146.445  1.805  2.322  262.696 524.8
JA TR R Bar_27_5_X_NMin92_27x5 2 3113.850  219.381  10.116 10.844  635.685 444.9
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ik 5 L BEEMA BAMRH SMI SM2 DM IREGEIRK
Bar_32_5_X_NGaskell67_32x5_1 3 741.388 310.122  10.320 11.116 145.673 844.4
Bar_36_5_X_NGaskell67_36x5 3 653.843 390.472 2.142 2.705 201.434 695.5
Bar_50_5_X_NCh69_50x5 3.5 965.022 702.648 4.999 5.924 357.133 862.6
Bar_55_15_X_NPerl83_55x15 7.667 934.004 993.711 4.656 5.882 111.279 643.7
Bar_88_8_X_NDaskin95_88x8 3 1293.360 2 208.900 6.230 7.875 209.230 986.1
Bar_100_10_X_NCh69_100x10 5.25 2744.040 2 776.480 8.974  10.039 325.476 877.2

P AR SCECTE TR S, PR A SCR L SA S SEARECE D, R W PSO BEAE 12 i i S0H
B -PSO AL -GA AR -REmM Fo ACRK-GA K DM E /)N, LW 19 2 #
PP B AR SRR R RSO L - R 2 UET I I GA BB S N AR e b AR

18R A RA S -3 R S 1/ 12 AR 47 )5

R AR A o A BT MR R 4 2R BE A8 98 /) SML

R R VAT TSI . (B, 389 ik ) X 2k o RS A R R R
H TH il S 00 25 S AT L AR SO -PSO e SM2 B B R A/ L 16 B Pareto Bt f# A2 H bR
x3 ARELGHISHIHER
Table 3 Experimental results of different proportional parameters

FIAEL L] el /B G N0 S S A SM1 SM2 DM
Bar_8_2 X _NSrivastava86_8x2 3 406.709 28.5459 7.942 8.054 122.190
Bar_12_2_ X _NPerl83_12x2 2 102.081 41.503 0.337 0.421 36.589
Bar_21_5_X _NGaskell67_21x5 3 354.279 144.429 1.303 1.930 187.626
. Bar_27 5 X _NMin92_27x5 1.6 2 587.950 215.346 12.113 7.149 1321.410
H?N%7 Bar_32_5_X_NGaskell67_32x5_1 3 598.918 326.554 1.688 2.077 326.516
?15/?;/\ Bar_36_5_X_NGaskell67_36x5 3 646.198 385.745 1.590 2.159 132.189
Bar_50_5_X_NCh69_50x5 4 852.713 680.538 2.047 2.583 201.946
Bar_55_15_X _NPerl83_55x15 7.667 814.943 1 008.590 3.863 3.588 136.783
Bar_88_8_X_NDaskin95_88x8 3 981.619 2 211.790 2.839 3.666 212.046
Bar_100_10_X_NCh69_100x10 5.8 2720.40 2 838.280 3.962 5.031 235.119
Bar_8_2_X _NSrivastava86_8x2 3 410.577 30.674 1.713 2.071 126.398
Bar_12_2_X_NPerl83_12x2 2 105.761 44127 0.566 0.771 18.861
Bar_21_5_X_NGaskell67_21x5 3 349.005 152.029 2.802 3.436 221.036
XI5 1/6 Bar_27_5_X_NMin92_27x5 2.1 2710.487 162.783 11.725 8.763 207.452
RS Bar_ 325 X _NGaskell67_32x5_1 3.7 576.728 316.927 1.628 2.925 154.925
HPGF  Bar_36_5_X_NGaskell67_36x5 3.1 701.673 390.756 1.783 2.578 139.634
6L Bar_50_5_X_NCh69 _50x5 4 847.735 698.247 2.852 2.477 251.706
Bar_55_15_X_NPerl83_55x15 7.8 881.743  1109.468 3.947 3.833 129.672
Bar_88_8 X _NDaskin95_88x8 3.5 1007.365 2 389.754 1.745 2.478 201.467
Bar_100_10_X_NCh69_100x10 7.1 3002.384 3005.478 4.825 5.732 169.567
Bar_8_2_ X _NSrivastava86_8x2 3 445.361 25.062 4 1.850 2.438 82.934
Bar_12_2_X _NPerl83_12x2 2 103.150 41.094 0.619 0.827 30.531
Bar_21_5_X_NGaskell67_21x5 3 375.711 154.232 2.032 1.738 117.057
%5 1/24 Bar_27_5_X_NMin92_27x5 1.8 3303.970 207.180 12.755 6.801 1262.670
AMEEFT  Bar_32_5_X_NGaskell67_32x5_1 3 546.247 316.384 1.771 2.237 166.391
FFRF Bar_36_5_X_NGaskell67_36x5 3.6 659.582 420.745 1.726 2.064 189.634
L Bar_50_5_X _NCh69_50x5 4 901.182 691.012 2.602 3.249 190.523
Bar_55_15_X_NPerl83_55x15 7.3 900.426  1101.310 3.801 4.673 120.781
Bar_88_8_X _NDaskin95_88x8 4 1144.640 2 207.710 4.152 5.149 411.740
Bar_100_10_X_NCh69_100x10 7.5 3010.990  2847.830 6.659 8.208 232.554
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