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Fig.1 Neighborhood structure: insert and 2-opt
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16. E+ +;
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Fig.2 Comparison of the optimal solution’s average

value by every iterated based on SCA3 -0 examples
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Tab.1 Comparison of the solutions based on Dethloff
GA TS_GLS GA_VND

wol L t,/s L /s L t,/s
SCA3 -0 646.41 0.77 636.06 2.83 635.62 1.05
SCA3 -1 704.38 0.85 697.84 2.12 697.84 0.99
SCA3 -2 681.18 0.88 659.34 2.58 659.34 1.01
SCA3 -3 691.32 1.01 680.04 3.13 680.04 1.12
SCA3 -4 718.95 0.91 690.50 2.68 690.50 1.03
SCA3 -5 671.23 0.85 659.90 2.56 659.90 1.09
SCA3 -6 656.12 0.78 651.09 4.40 651.09 0.95
SCA3 -7 666.87 0.86 659.17 2.98 659.17 1.03
SCA3 -8 746.42 0.91 719.47 3.98 719.47 1.13
SCA3 -9 699.16 0.79 681.00 3.86 681.00 1.09
SCA8 -0 969.93 0.94 961.50 3.21 961.50 1.15
SCA8 -11055.23 1.28 1050.20 3.55 1049.65 1.42
SCA8 -21051.13 1.73 1044.48 4.67 1044.48 1.85
SCA8 -31010.96 1.21 983.34 3.29 983.34 1.39
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Aol L t,/s L t,/s L t,/s
SCA8 —-41092.01 1.69 1065.49 2.68 1065.49 1.87
SCA8 -51043.52 1.86 1027.08 4.50 1027.08 2.15
SCA8 -6 975.08 1.82 971.82 2.67 971.82 2.08
SCA8 -71075.81 1.62 1052.17 4.32 1051.28 1.91
SCA8 -81079.84 1.59 1071.18 3.43 1071.18 1.78
SCA8 -91086.48 1.24 1060.50 4.12 1 060.50 1.35
CON3 -0628.66 1.90 616.52 3.89 616.52 2.01
CON3 -1575.39 1.64 554.47 2.97 554.47 1.81
CON3 -2 541.92 1.53 518.00 3.32 518.00 1.75
CON3 -3 597.02 1.87 591.19 2.78 591.19 2.11
CON3 -4 609.62 2.10 588.79 3.12 588.79 2.39
CON3 -5 574.24 1.82 563.70 3.45 563.70 1.95
CON3 -6 511.88 1.55 499.05 2.98 499.05 1.81
CON3 -7 592.10 2.01 576.48 2.40 576.48 2.26
CON3 -8 538.62 0.86 523.05 5.02 523.05 1.15
CON3 -9 600.08 1.73 578.25 3.14 578.25 1.90
CON8 -0 866.32 1.34 857.40 3.40 857.40 1.51
CON8 -1 755.87 1.94 740.85 3.73 740.85 2.09
CON8 -2 742.64 1.16 712.89 2.87 712.89 1.38
CON8 -3 826.00 1.52 811.07 3.82 811.07 1.81
CON8 -4 780.03 1.77 772.25 2.98 772.25 1.90
CON8 -5 761.07 1.62 754.95 5.76 754.95 1.85
CON8 -6 703.98 2.15 678.92 4.00 678.92 2.30
CON8 -7 841.63 1.35 811.96 2.46 811.96 1.59
CON8 -8 778.27 1.11 767.53 4.21 767.53 1.21
CON8 -9 835.27 1.38 809.00 3.87 809.00 1.49
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Tab.2 Comparison of the solutions based on

Salhi and Nagy

TS_GLS ALS GA_VND

L L t,/s L t L t,/s
CMTIX 469.80 2.89 472 —  466.77 1.15
CMTIY 469.80 3.85 472 — 466.77 0.99
CMT2X 684.21 7.42 682 — 684.21 4.85
CMT2Y 684.21 8.02 688 —  666.75 5.13
CMT3X 721.27 11.62 728 — 715.51 8.90
CMT3Y 721.27 13.53 728 — 721.27 9.85
CMTI2X 662.22 11.80 664 —  662.22 9.15
CMTI2Y 662.22 7.59 671 — 663.50 8.70
CMTI1X 838.06 17.78 886 — 846.23 21.15
CMT11Y 837.08 14.26 877 —  830.04 25.87
CMT4X 852.46 27.75 883 —  852.46 40.31
CMT4Y 852.46 31.20 867 — 862.28 39.22

CMT5X 1030.5551.67 1081 —
CMT5Y 1030.5558.81 1073 —
SE¥IE 751.15 769.42

1 035.51 91.60
1 036.14 90.85
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DIS C T. A hybrid metaheuristic algorithm for the ve-

A Hybrid Genetic and Variable Neighborhood Descent Algorithm for Vehicle

Routing Problem with Simultaneous Delivery and Pickup

MA Huan', ZHANG Jian-wei, ZHAO Jin-chao’, CHEN Ming'

(1. Software Engineering College, Zhengzhou University of Light Industry,,Zhengzhou 450002, China; 2. School of Computer and
Communication Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: This paper proposes a hybrid heuristic algorithm combing variable neighborhood descent search with
genetic algorithm (GA_VND) to solve vehicle routing problem with simultaneous delivery and pickup. By the
use of the initial populations generated randomly, the weak feasible solutions are produced by the crossover
and mutation operators of genetic algorithm. And then, the best of them was selected as initial solution of vari-
able neighborhood descent algorithm. Finally, in the process of the variable neighborhood descent search, two
different neighborhood structures are used to search the locally optimal solution. The simulation results show
that GA_VND can update 8 better solutions in the 54 best known solutions, which illustrates that GA_VND is
an effective method for vehicle routing problem with simultaneous delivery and pickup.

Key words: vehicle routing problem; simultaneous delivery and pickup; variable neighborhood descent; ge-

netic algorithm; NP-hard



