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[Abstract] A reasonable preventive strategy for thé location and distribution of emergency materials within a
logistics network is key to ensuring the supply of materials after urgent events, such as the recent public health
crisis. This paper investigates a class ofamulti-category emergency material storage distribution models under
scenarios with uncertain post-event demand distribution. Based on limited historical sample data, a fuzzy set
containing information about random \factoers before a disaster is established, and a distributionally robust
optimization model of two-stage mateérial planning is constructed, with the optimization goal of minimizing the
expected cost under all distributions defined in the fuzzy set. The model includes two stages of collaborative
optimization: warehouse nétwork planning, and material scheduling and distribution. The first stage focuses on the
problem of preventive Wwarehouse location and material pre-storage with an uncertain demand distribution. The
second stage plans emergeney material scheduling and distribution in the warehouse network. Nonlinear
distributionally robust optimization is transformed into linear optimization by applying a dual method, and a
Lagrangian L-Shaped Method (I.LLSM) is designed to solve the two-stage model. The robustness of the model and
algorithm is verified by constructing an example set, and the sensitivity of warehouse network location and material
distribution decision in addressing material gaps after different levels of disasters is analyzed.

[Key words] emergency material planning; uncertain scenarios; distributionally robust optimization; two-stage
model; Lagrangian I.-Shaped Method (LLLLSM)
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Table 7 Relevant parameters of the possible scenarios, of uncertain emergencies
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Table 8 Supply warehouse location results and

emergency supplies pre-stock results

BERi T HEREGRE KEIR/, BRI/ BEZREE/
A B 377 kL 10° 4y 10° {4y
8 JNEED 900 1 200 996

MRKFMN T R AN, I8 E B R R RN
1 148. 67 J1 0. HR K FFAE 5 5 KA I8
JA /N 6. 44 T30, BEXS TR AN E 5 Kk S
TR ERETAN 0. 0320 AAEFT RETE 5t 1 &4 T
I BE 7 S8R 2T . 3 TCEE I IR B2 B IR B T oK
4 B AT AR BR BT A 980 JT T

R BIMENIAFHERTHRAERAER

Table 9 Dispatch cost results under each uncertain

emergency scenario Hfy.10' 55
T BRIA  PEAFRIAINA BT A SRR
1 3.72 164. 94 980. 00 1 148. 67
2 0. 14 1143.73 0. 00 1143. 87
3 0.77 807. 77 0. 00 808. 54
4 0. 89 921. 58 0. 00 922. 47
5 4.09 2.35 0. 00 6. 44
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Table 10 Robust optimization analysis under the probability distribution of uncertain emergency (scenarios
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Table 11  Supply warehouse location results and emergency supplies pre-stock results under different material stockout penalty costs

YIgE B AE ST A5 Ak PR R 5 R R AT 2R JKHEIR /KL YREIE/10° 6y BEEZGHEE/10° 4
JHE =4 8 I 900 1200 1 000
JRZH 10 i 8 /NI 900 1200 1 000
JESH0 0. 1 4% 8 /N 900 1199 960

EEXTRY B AN R R T el st 1~5. %
HSAS [) 400 9 8 T 8 o 6 7 P o0 B8 B A &85 SR U 56 12
FIF7R o XF TR NN 2 BB S AT A 10 £ oK
A B, Y R TS R 2 R AR JE R R AS f ok
H1143.97 oo, YR EFMN S 5 RAR, HE
SURA R/ NR 6. 54 TIJG. FEI%IT R N ALEAE %

BTG O R B2 Sl 52 AR S 85008 T L 3@ 3
o Tohids 28t R B AR AN o V1 2 I A o % T2 g
SRR ARSI A 0. 1 R gs B, MRk H
PRI 5 1 R AT PR B SUBAS S Kk 1150. 23 30T,
MR F AR5 KA, IR R R B /N R
807.05 IJG. ZHTE NP EGTRIME] 0. 3%,

RIVFE M 9 R 52 AR 2 M0/ N ) % T o ek il 2
FECBETI N .

MR 12 ATLUE S5tk 628 A S 80—
SE M JRE I o K1 SR R 0 986 i 7 8 B T A A
BN T ARG RA A . H AN E I 5T A5k
BT AR AW R R S DRI A SRR A IV ) 0 LR
J7 G B B B i 5T AR 2 RS W R W i A
A Z 52 LB AN [R) 5 4 4 X 1 2 ¢
TR AR ZEK L 25 BB SR I (52 - AR
BEE BRI BRGS0 AR TR A A4 30 4 i o
22 L 2R o [ IR 42 1) T2 AR A 5 B LA B9 6
(U



304

£52% £ 6H/2026 £ 6 A/ATENTRE

R12 AEAYHARGETIRATHETHELSIFTHERTHEERELER

Table 12 Dispatch cost results under different material stockout penalty costs for each uncertain emergency scenario

Yo R AE ST AR AR L 5t BHA/10" J6 PEAFRI A WA /10" o0 BEr AR /10" o6 JHAR /10" TG
1 3.71 164. 94 0. 00 168. 66
2 0.14 1143.83 0. 00 1143.97
JESHY 10 £% 3 1. 70 807. 87 0. 00 809. 57
4 0. 89 921. 68 0. 00 922. 57
5 4,09 2.45 0. 00 6. 54
1 6.23 164. 00 980. 00 1150. 23
2 0.14 1 141. 90 0. 00 1142.04
JEEH 0. 1 f% 3 111 805. 94 0. 00 807. 05
4 0. 89 919. 75 0. 00 920. 64
5 4,09 1.47 1138.20 1143.76
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Table 13 Comparison of solution results using different methods

S8 CPLEX LLSM Gap
N S Time/s obj Time/s obj Time/ % Obj/%
5 5 244.0 3.067. 2.2 3067.7 99. 098 0. 000
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100 5 - - 622. 3 45 972.0 — —
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BN 0 R 1 A it R SR g, DASES 3.1
20 f FAIXF o BT LLSM B0k (9 N 2, B 7 4% B H
5l P 5t VR 30 25 9 A 43 BE SR W (LRDGA) | # & {5
= ol KL5M LS W CDME) RS 199 H 3 25 43 i 5 W
(LRDA) ™™, 3% 14 B8 R 3 Fh o W (1 45 31
i 55 7R . LRDGA HH45 F DMF 76 01 55 508 1
ot BB ) [R) B 3 B  JE) S 3 O D LRDA 5 g

0 20 40 60 80 100
iteration

B2 AESHTH LLSMEKRER

Fig.2 LLSM iteration results under different parameters
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Table 14 Comparison of different allocation strategys
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BRIRA T % /10" o6 3.4 3.4 5.1
PEFERIA AT 9 /10" o8 168. 27 173.6 136. 56
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