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Emergency supply distribution model and its algorithm

considering post-disaster fuzzy demand and road damage

ZENG Xiaoqing, LIU Liming, CHENG Zeyu
(School of Economocs and Management, Changsha University of Science and

Technology, Changsha Hunan 410004, China)

Abstract: In the early stages of a major disaster, where demand at disaster sites is uncertain, roads are
damaged in affected areas, and the fairness and timeliness of rescue operations must be considered, the
SNS algorithm is applied to solve the emergency supply distribution model to achieve rapid and effective
distribution of emergency supplies. First, an emergency supply distribution model was constructed, with
the objective of minimizing the total cost of emergency rescue and the evaluation of humanitarian aid under
the background of fuzzy demand and damaged roads. Then, the SNS algorithm was introduced to solve the
model, and an improved SNS(ISNS) algorithm with a reinforcement learning rate strategy was proposed.
Finally, taking the 2022 Luding Earthquake in Sichuan as an example, the SNS algorithm, ISNS
algorithm , discrete particle swarm optimization, genetic algorithm, and simulated annealing algorithm were
applied to solve this case, respectively. The results indicate that the ISNS algorithm demonsirates stability.

Compared with other algorithms, the total cost of emergency rescue is reduced by at least 6 410 yuan, and
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the evaluation of the humanitarian aid evaluation target is improved by at least 50. 6%, highlighting the

superiority of the ISNS algorithm. The ISNS algorithm is beneficial for solving emergency supply

distribution problems.
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for spherical functions
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Table 1 Parameters of candidate distribution centers

fic % s R/ kg I 7 3R 2R H /7T

LB 15 000 5 000

44 FH 8 000 4 800

JTot 4 000 4 000

x2 FWHSH
Table 2 Parameters of vehicles

| Auy AR, | A S AR
eS| kg (km - h™") (5T - km™)
A, 2 100 50 10.0
A, 650 30 3.1
A, 360 20 1.7
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Table 3 Time satisfaction parameters for disaster sites

TR ERRAE/h TR A SR /b
WEEL | [1.31,57.61] || AR 1, | [0.96,76.96]
DORE I | [3.14,68.34] || KX 1, | [1.66,75.17]
FIE L | [2.96,76.96] || KRe8 1, | [2.39,50.00]
Juk R I, | [1.47,86.27] || K& E 1, | [0.42,71.90]
HEE I, | [0.28,37.55]

*4 ZTRANIVFEMEKRE
Table 4 Fuzzy demand for emergency supplies

at disaster sites

TR | BBR I ke | AR | BRIRORE ke

PR 1|3 200,3 450,3 600] || AFEE 1, |[3 000,3 200,3 400]

PURE: 1|3 400,3 600,3 800] || FIKIX 7, | [400,580,700]

AR 1| [600,820,1 000] |[R4E T, | [800,1 000,1 200]

S B 1| [200,440,600] || 7RZE 1, |[3 000,3 200,3 400]

HWEE 1,[[ 1 100,1 350,1 500]

RS5 ZRANBMATRE

Table 5 Emergency supplies demand at disaster sites

TR A TR/ kg TR TR/ kg
PFER I, 3430 ArE 1, 3200
PO I 3 600 MR 1, 568
P 812 ReER T, 1 000
Jule & 1 424 W& R, 3 200
Hiss 1330

x6 THMZERSH

Table 6 Distance parameters of transportation networks

f@,’{‘i ]1 [2 [3 14 IS 16 ]7 18 19 ]10 ]11 112 ]13
L |0 |—123)57 | — | —|—|—|—|— 27| —| —
L |[—|0[—|75|—|—|—|—|—|—|—|—|—
I, 123} —]o | —|[—|n|—|— e —|85]—| —
I 5775 — |0 |—|— |15 —|—|—|—|—|—
Iy |—|—|—|—0|74|—|—|—|77|—]|54] 61
Iy |—|—|111|— 74| 0 | —|—|43(30|— | —| 53
L | —|—|—m5—|—0|—|—|—19][19] —
L | —|—|—|—|—|—|—]0o|—|87|—|—]|—
Iy |—|—[116|—|—|43|—|—]0[50|— —| —
Ly |—|—|—]—77]30|—[87]50| 0 |—|—| —
Iy (127 —|85|—|—|—|19|—|—|—]0 |25 26
I, |—|—|—|—|54|—|19]|—=]—|—]25| 031
Iy |—|—|—|—61]53|—|—|—|—]26|31] 0
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Table 7 Model’s results

N S fdg B AR/ TG 38 670.0
W R/ % 84. 345
AR TT 2% 9.699 832x1077
o ) it 2 5.672
PN EEE Aty 15.248

3 FHITUHERZ
Fig.3 Vehicle routes
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Table 8 Comparison of operational results

B | WARE SA/TT | R % W 27 22 I R | N T SCRAR TN | BEBE N | Gs 4TI ]
ISNS 38 670.0 84.354 9. 699 832x107’ 5.672 15.248 1. 186 3 min 47 s
SNS 45 080.0 84. 946 8. 899 038x107 3. 844 30. 895 1. 985 3 min 48 s
DPSO 57 764. 4 82. 064 8.367 739x107° 4.237 37.420 2.464 4 min 39 s
GA 59 780.0 84.269 3.744 398x107* 20. 850 52.085 3.035 4 min 52 s
SA 70 455.7 78. 177 8. 654 783x107° 4. 662 35.358 2.642 4 min 4 1s

SNS A1 ISNS Bk, B, 7oA 1 ad T R i
T GA BIEME 24k | 18 1T RCRASA i HoAth 4 Ff
SR SA BL R TP R W St R e, AR
2R, ISNS Bkl 7E — E FE B bkt )R
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61

— ISAS

B (R13E L E

0 100 200 300 400 500 600 700 800 900 1000
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Fig.4 Convergence curves of various algorithms
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