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Research on the optimization of emergency material hub-and-spoke
supply network based on urgency
ZHONG Shulin, NI Jing

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

[ Abstract] To address the problem of dispatching emergency supplies under public health emergencies, an optimization model for
the supply and demand network of emergency supplies with the objectives of minimizing demand gap, minimizing time delay and
minimizing total system cost is established by considering the variability among demand points under the condition of limited
resource supply. Firstly, the entropy—TOPSIS method is used to measure the urgency of demand points, and the points with high
urgency are dispatched in priority. Secondly, a multi — objective optimization model for the supply and demand network of
multimodal emergency supplies is constructed based on the characteristics of the hub-and-spoke network structure. Finally, an
improved NSGA-II algorithm is designed based on the model to improve the congestion distance, and an external storage is added to
store the global non—dominated solution set. K—means algorithm based on the external storage is incorporated. We take the COVID
-19 in Hubei province as a case study. The results show that the model can effectively perform reasonable material dispatching for
areas of different urgency and take into account the optimization of time and cost while guaranteeing fairness.
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Fig. 1 Hub-and-spoke network topology
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Tab. 1 Evaluation index system for the urgency of demand points
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Tab. 2 Data of indicators at all levels of the evaluation index system
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Tab. 7 Actual quantity of materials allocated at the point of demand ( tons)
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Jent 38 31 39 0 0 11 35 0 0 31 10 15
K 44 0 22 0 0 0 2 7 0 13 0 7
[if7S 55 0 0 6 18 0 0 2 2 1 4 0
mMT 11 0 0 3 0 0 0 2 2 2 0 0
iGN 77 0 0 34 0 0 0 7 7 9 12 0
TLBH 0 0 0 0 13 0 0 15 11 0 0 0
B 0 0 0 0 2 0 0 12 36 0 0 0
W IR 0 0 0 0 19 0 0 18 0 0 0 0
A 0 0 0 0 5 0 0 5 0 22 0 0
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Tab. 8 Transportation mode of material dispatch program

w_ o #a 0 S ES O EEOEM T R N MK RT BEM
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K [1,5] [1,4] (1,57 [1,5] [1,6] [1,5]
Wz [4,5] (4,77 [4,5] [4,5] [4,5] [4,6] Hik
M7 HBk Hik Hik  HE OHB
wK  OH Hik (7,51 ®H& [7,6] [7,5]
A [1,5] [1,5] [1,5]
ELH] Hik Hik  Hk
M IR I [1,5] [1,5]
M Hik Hik Hik

R IR AR X 0 P 1) A B AN
5 6 0 RN T D 2 (AR A INSGA
— 11 B AR SR At AR S O 5528 v g A
AR T LR SR R TXT L, TR A FRA
SO R B R R AR N A A TR B
FORA T [ B30 FE AN 2 SR 4 X 5 A A 1) 7 5%
7% A g L2 E 6 iR, 7 % B I 95
JESRANPE 7 P, 5 22 (0] (A B[] ZE 22 5% L an &l 8
IR, 7 ZE R A RAS X FLUnTE 9 FR

1.0

0.9

0.8

= 06 N

205 =

= -3
# 04
0.3
0.2]

SO B TR T P A IR 12 RN R R
E6 AREAMMBHZRE
Fig. 6 Material satisfaction rate for program A
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Fig. 7 Material satisfaction rate of program B
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Fig. 8 Comparison of time delays between programs
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Fig. 9 Comparison of time cost between programs
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