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Fig.1 Three level hub and spoke logistics network
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Fig. 2 Three level hub and spoke logistics network encoding with six nodes
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Tab.1 Distance between cities km
IOk T 4 5 b c d e f g h i j k l m n
a 735.7 369.5  80.4 307 274.4  507.5 317.5 711.6 478.5 106.4 548.8 140.1 230.1
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e 572.1  805.3 241.3 1009.3 400.1 204.3 249.3 342 432. 8
f 240. 5 591. 1 444. 6 754.2  371.4 807.8 400.2 491.1
g 815.5 207.2 985 604.4 1046.7 633.2 724
h 1019.5 163.3 228.9 468.5 441.7 532.5
i 1189.4 808.7 1251.1 837.6 928.4
J 389.9 615.2 602.5 693.3
k 445.2  230.8 321.6
l 566 354
m 103. 8
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Tab.2 Objective function values corresponding to individuals in the Pareto optimal solution set
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Fig.7 Hub and spoke logistics network corresponding to the most balanced solution in the Pareto optimal solution set
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Tab.3 Comparison of results between the model in this article and the comparative model
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Research on Three Level Hub and Spoke Logistics Network Model and
Algorithm Considering Network Tenacity

DOU Jin', ZHANG Junlingz
(1. School of Finance and Taxation, Lanzhou University of Finance and Economics; 2. School of Information
Engineering and Artificial Intelligence, Lanzhou University of Finance and Economics, Lanzhou 730020, China)

Abstract: In order to realize the intensification of urban logistics operation, at the same time, the interruption of logistics supply and
demand caused by emergencies shall be reduced as much as possible. Take logistics node positioning and channel layout as the
foothold, the multi-objective programming of three-level hub and spoke logistics network is studied. Considering the structural
constraints of hub and spoke network and the connectivity constraints between multi-level nodes, taking the location of multi-level
hub and spoke points, the connectivity and strength between hub and spoke points as decision variables, and taking the minimum
network construction cost and the maximum network tenacity as objective functions, a three-level hub and spoke logistics network
model is constructed. Combined with the characteristics of the model, a genetic algorithm with double-layer structure is designed, in
which the outer layer is a niche Pareto genetic algorithm with three-stage coding structure for solving multi-objective programming ,
and the inner layer is a genetic algorithm with 0-1 coding for solving network tenacity. Taking 14 node cities in a region as an
example, the effectiveness of the model and algorithm is verified, and the optimization results are compared with two kinds of
traditional single objective logistics networks. The results show that bilevel genetic algorithm can effectively solve the three-level hub
and spoke logistics network planning model. Select the Pareto optimal solution obtained by case calculation to participate in the
comparative analysis. Compared with the traditional three-stage hub and spoke logistics network, the optimization results have
improved the network toughness by 6 times, but will bring a certain increase in network construction costs. Compared with the
logistics network whose optimization goal is to maximize the flexibility, the network construction cost is reduced by 7 times, and the
network flexibility is also reduced. It can be seen that the proposed dual objective three-stage hub and spoke logistics network model
achieves the balance between network construction cost and network toughness, which has reference and application value for
planners pursuing hub and spoke logistics network with certain invulnerability.

Keywords: hub and spoke logistics network; network tenacity; network construction cost; bilevel genetic algorithm
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