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Model and algorithm for vehicle routing problem with
spatial-temporal correlated stochastic travel times

ZHANG Dong-Qing , GUO Zhao-Xia, ZHANG Yin-Jie
(Business School, Sichuan University, Chengdu 610065, China)

Abstract: This paper studies a version of vehicle routing problem with spatial-temporal correlated sto-
chastic travel times in real road networks. First,a two-stage stochastic optimization model is established
for this problem. An intelligent stochastic optimization method is then proposed to solve the model, in
which an efficient intelligent optimization algorithm is developed to find candidate solutions, and the sce-
nario generation technology is adopted to generate spatial-temporal correlated stochastic travel time sce-
narios to evaluate the solutions. This paper proposes a hybrid particle swarm optimization algorithm
combined with a variable neighbourhood descent algorithm to perform effective optimization. Finally, a
series of testing instances are established based on the road network of Beijing to verify the effectiveness
of the hybrid particle swarm optimization algorithm. The experimental results show that considering the
spatial-temporal correlation of stochastic vehicle travel times in real traffic environment will affect the
best vehicle routing decisions.
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Tab. 1 Speed distribution settings for each time period

MW/ (km/h) 8:30—9:00 9:00—9:30 9:30—10:00 10:00—10: 30 10 30—11:00 11 :00—113: 30 11 :30—12: 00 12: 00 LAJF

K, 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
B 25 29 33 37 41 45 49 53
/N 5 19 23 27 31 35 39 43
XU 20 24 28 32 36 40 44 48
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PR N AR TR S SRS S 814
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Tab. 2 Comparison of results for different algorithms

BT REALAL S R L Rk AR TR AL
HT/EWE gngest HEEOR  RURAR BATRE MBEY  HEROR RUR GETERE BESY  HEMOR MURA EfTRt
Ji/5E A/ /56 W/min /56 A/5E A/ W/min i/ A/SE /58 Jil/min
C19/3 62 20 82 0.02 30 18 48 10 26 17 43 8
R19/3 86 26 112 0.02 41 22 63 11 34 21 55 9
RC19/3 86 21 107 0. 02 31 19 50 9 24 17 41 9
C27/4 103 22 125 0. 02 22 20 42 24 16 19 35 21
R27/4 122 32 154 0. 02 68 29 97 22 53 24 77 30
RC27/4 114 24 138 0. 02 43 22 65 24 37 22 59 31
C36/5 168 31 199 0.03 54 26 80 48 34 23 57 45
R36/5 154 36 190 0.03 106 37 143 42 94 35 129 40
RC36/5 161 32 193 0.03 63 27 90 48 60 26 86 50

R3 ARMZHEXFHHEASTHEMA(EA:TT)

Tab. 3 Total cost in terms of different time-and space-correlation combinations (unit: yuan)

e ZE AR R AL
I i) 1 R 4
0 0.2 0.4 0.6 0.8 1
0 81 85 83 79 84 79
0.2 83 80 82 83 83 79
0.4 80 81 78 82 80 83
0.6 82 81 80 79 82 79
0.8 82 81 84 79 82 79
1 79 80 79 79 79 79
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Fig. 4 Costs in terms of different time-and space-correlation combinations
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