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Discrete Grey Wolf Optimization Algorithm for VRPSPDTW Problem

CHEN Kai, DENG Zhi-Liang, GONG Yi-Guang
(School of Automation, Nanjing University of Information Science & Technology, Nanjing 210044 , China)

Abstract: In this study, a mathematical model aiming at minimizing the total distribution distance is established for the
vehicle routing problem of simultaneous delivery and pickup with time window constraints. According to the
characteristics of the model, a discrete grey wolf optimization (DGWO) algorithm is proposed to solve fhe problem on the
basis of preserving the search mechanism of the grey wolf optimization (GWO) a}gorithm. Multiple strategies are adopted
to construct the initial solution of the population, and the unfeasible solution is éllowed to expand the search area of the
population; the neighborhood search strategy with scoring strategy is introduced to adjust the probability of each operator
so that the algorithm can select the operator with better optimizatit)nr effect; the deletion-insertion mechanism is used to
explore the high-quality solution region and accelerate the convergence of the population. The standard data set is tested
in the simulation experiment, and the':experimeﬁ;[al results are compared with the p-SA algorithm, DCS algorithm, VNS-
BSTS algorithm, and SA-ALNS algorithm. The experiment shows that the DGWO algorithm can effectively solve the
vehicle routing problem of simultaneous delivery and pickup with time window constraints.

Key words: vehicle routing problem (VRP); simultaneously deliver and pick up the goods; grey wolf optimization (GWO)

algorithm; time window; neighborhood search
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SHEEAMR 1646.20; Variant-1 15483 85 A 47, Bk
WL SRR B AR AF 1 649.57. 3% 1t BH K FH 22 SR 4 i 4] 4 el

T RE S 0 10 0 R 110 S 2 O 3 R ) A M 11 22 A 2, R
FEFIOCSIOR R RF R RE
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. E'8 DGWO Al Variant-1 /£ Rdp101 SL{31 I i/ i 2% &)
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%2 DGWO Hl Variant-2. Variant3 [ HL# 45 5
il DGWO Variant-2 Variant-3
AR 1 % Ak T e Ak T W%
Cdp201 591.6 591.56 591.56 591.56 593.12 594.67 605.53 607.98 610.43
Cdp202 591.6 591.56 591.56 593.43 596.08 598.73 602.30 608.86 615.42
Cdp203 591.7 591.17 591.17 592.35 594.44 596.52 604.34 612.50 620.65
Cdp204 591.7 591.17 591.17 595.30 596.38 597.45 601.75 608.20 614.64
Cdp205 588.8 588.88 588.88 588.88 593.60 598.32 594.21 1606:82 619.43
Cdp206 588.9 588.49 588.49 589.36 591.57 593.78 595.01 606.73 618.45
Cdp207 588.9 588.29 588.29 590.39 593.42 596.45 59832 7 610.71 623.10
Cdp208 588.2 588.32 588.32 589.62 590.41 591200 #9593.50 605.70 617.89

MK 2 LA, DGWO st ME . ~FHAMERL |

I ZE BT Variant-2 1 Variant-3, iX & DGWO
A T 0 e s A Sl g, A Cdp202 95T, DGWO
HRACAEA EE Variant=2 $25 §7 0.3%, XL 5] A H & N
LA BTN, A T o B0 A1, B 3 5
AT AR X IR R IR

LA Cdp202 A5, DGWO AR L Variant-3 $2
& 1 1.77%, X R W% BR-40 AL G B 24tk )=
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DRIk 3 ol s g ot - S AR AL AR AR .
4.2 NEEHISKIE S

e Wang 20 B0t 9 b N A4 324 70
B, 4G 3 40 10 AN B, 3 41 25 AN s AR
A3 20 50 A% P B B 2 3 3 HE T DGWO.

90 % it£5ik Special Issue

\
p-SAPY. IGAFSA! A1 DCS!"™) 7 /) A 5451 {1 555
fige Xt B 4

K3 BRI SE R L

HBE P p-SA IGAFSA DCS DGWO
Rdp1001/10 349.98 348.98 34998 34898
Rdp1004/10 216.69 216.69 216.69  216.69
Rdp1007/10 310.81 310.81 310.81  310.81
RCdp2501/25 551.05 552.21 551.05  551.05
RCdp2504/25 473.46 47223 473.46 47223
RCdp2507/25 540.87 540.87 540.87  540.87
RCdp5001/50 994.18 994.80 994.18  994.18
RCdp2005/50 725.59 723.58 72559  723.58
RCdp5007/50 809.72 808.54 809.72  808.54
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L Wang 25U &% VRPSPDTW (1] 4 11 (1 1]
WEMENBAEF B, 3t 56 NP, H 6 FiASH 1]
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FTRCdp2, BANEAIH AL E 100 ANE 7 i, A Rdpl
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A p-SA DCS  VNS-BSTS SA-ALNS DGWO
Cdpl01  992.88  998.29 976.04 936.96 967.42
Cdpl102 95531  954.31 942.45 935.50 936.74
Cdpl03  958.66  923.05 896.28 888.52 890.23
Cdpl04 94474  931.26 872.39 881.94 885.79
Cdpl05  989.86  981.45 1080.63 983.10 981.45
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Cdpl08 1063.73 978.82 934.41 936.10 924.65
Cdpl09 94790  940.49 909.27 932.69 922.67
Cdp201  591.56  591.56 591.56 591.56 591.56
Cdp202  591.56  591.56 591.56 591.56 591.56
Cdp203  591.17  591.17 591.17 591.17 591.17
Cdp204  590.60  590.60 599.33 591.17 591.17
Cdp205  588.88  588.88 588.88 588.88 588.88
Cdp206  588.49  588.49 588.49 588.49 588.49
Cdp207  588.29  588.29 588.29 588.29 = 588.29
Cdp208 58832  588.32 588.32 & 588.32 588.32

s

(1) 7 4 ATRAEH, 7 Cdpl105. Cdpl06 Hfil,
DGWO Iy &5 R ; £ Cdp109 H I, VNS-
BSTS 1S5 45 Riwflt; £ H R Cdpl HpFIH, SA-
ALNS JRe 33 el fig. &1k, DGWO 7E4LEE Cdpl
S SR AR RESS T SA-ALNS. 7F Cdp2 541+,
DGWO BIfe sk i, W3 5 /T LUE th, £ RCdp103.
RCdp201. RCdp202. RCdp203. RCdp205.
RCdp206 1 RCdp207 ., DGWO HJRIH T 2411 & %0
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L.
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Rdpl01 166098 1658.65 1650.80 1650.20  1646.27
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Rdpl103 1226.77 1228.48 1294.75 1228.10  1234.60
Rdp104 1000.65 1005.99 984.81 1011.50 1012.03
Rdpl105 1399.81 1340.06 1377.11 _1366.87  1345.76
Rdpl06 1275.69 1270.29 1261.50%  11260.90 1256.76
Rdp107 1082.92 1084.00 1144.02 = 108540 1076.49

Rdp108 962.48 | 964.38 96832 967.40 959.90

Rdp109 1181.92 1156190 1224.86 1155.75 1151.96
Rdpl10 1 106.52 1108.81 1101.33 1095.23  1130.63
Rdplll 1073.62 1077.65 1117.76 1069.50 1084.35

Rdpl12  966.06 977.59 961.29 963.77 962.36

Rdp201 1286.55 12181.63 1254.57 1181.73  1177.92
Rdp202 115031 1152.65 1202.27 1065.16  1039.02
Rdp203  997.84 950.79 949.42 927.65 885.70
Rdp204  848.01 776.00 837.13 790.96 748.13
Rdp205 1046.06 1051.38 1027.49 1000.14  986.12
Rdp206  959.94 957.81 938.63 948.28 894.48
Rdp207  899.82 890.52 912.26 849.44 809.41
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Rdp209  947.80 930.26 940.29 909.35 871.14
Rdp210 1005.11 1005.11 945.97 939.80 921.91
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R 6 RCdp Hszu 4k Fixt b

=K1 p-SA DCS  VNS-BSTS SA-ALNS DGWO

RCdpl01 1659.59 1654.32 1708.21 = 1666.12 1664.79
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RCdp103 1 344,62 1344163 1336.05 1351.66  1334.65
RCdp104 1268.43 126931 1177.21 1182.42  1226.51
RC_dp.lOS 1581.54 1581.26 1548.38 1566.96 1557.46
RCdplOG 1418.16 1419.26 1408.19 1424.07  1420.46
RCdp107 1360.17 1360.17 1295.43 129588  1304.31
RCdp108 1169.57 1170.12 1207.60 1164.45 1167.82
RCdp201 1513.72 1520.56 1437.48 1326.19 1304.13
RCdp202 1273.26 1242.92 1412.52 1159.19  1114.42
RCdp203 1123.58 1087.37 1064.95 959.17 957.63
RCdp204 897.14  822.02 813.74 796.12 808.50
RCdp205 1357.44 1357.44 1316.06 1188.50  1164.32
RCdp206 1166.88 1166.88 1154.36 1139.60 1076.57
RCdp207 1089.85 1093.37 1098.64 1023.51 966.37
RCdp208  862.89  862.89 843.30 793.98 796.04

(2) £ 56 NEAHIH, DGWO 7E 85.7% 5451 _EAR
T p-SA, 7£ 83.9% M55 LA+ DCS, 7E 83.9% M5
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SA-ALNS.
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K ST A 508, 34 | AL DR 18 4
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e o —
I X 1 Bt miﬁ\;aﬂﬂ?ﬁ Eﬁ(%ﬁ'ﬁj

My ( min)
0 118.84220, 32.135 16° 0 = 0 5:30-17:00 0
1 118.673 89, 3&.183;} 0.7 0.2  6:00-10:00 18
2 118.N463, 32".'151 54 03 0 6:30-8:00 6
3 \ 118.73654,32.14519 0.3 0 6:30-9:40 6
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16 118.87165,32.12710 0.9 0.3  7:00-10:00 24
17 118.87049,32.12074 0.9 0.2 6:30-9:20 22

18 118.87338,32.11585 0.9 0.2 7:00-9:30 22
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