rE®E I RKFFR
Fa1E FH2W J. University of Shanghai for Science and Technology Vol.47 No.2 2025

XE4HS:1007 — 6735(2025)02 — 0129 — 10 DOI: 10.13255/j.cnki.jusst.20241022001

Z S = E R MR M 2% N 2 B B X
% HirEm L= 2

o 12 . 1
ER%E", ARR

(1. BB TR BHEEE, EiE 200093; 2. BEH Tk B EN &R, i 200093)

WBE: 4% E R EYREE P TEERR AN CHEENFI, 565 BN HEEfN %

B, SRR — B S AL ECR T B AR TR A A TR A BT R 69 R AR A, VA
maxﬁk BATA . BEERREARLFH L B AR, B MAE mT,%Ek
)& B a M FBCIE N S B AR, @ B RS FE R ST R, FREREA, M
A AR X M% B LBt $ B AR, EBEREREKEN TSRS LG L
$ﬁﬁ?,%%%%%%Fﬁk%ﬂéﬁ&ﬁ$ﬁ$%ﬁﬁoﬁF VA 2023 FARIEE BB REA
EPFF, ARREAZTREEGKIFHNRABENHL, BRARREBER S Hk, siads oMb
BT R S R B PR ST I B, AT IR IE AR A 0 ST AT

hESZES: TP18; F252 jz*ﬁvxhwﬁ!&: A

A multi-objective fuzzy optimization model for emergency supplies
distribution in hub-and-spoke network considering satisfaction
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Abstract: In response to the problem of how to measure the satisfaction of disaster victims in the
emergency supplies distribution after disasters, this study comprehensively considered both time and
supplies satisfaction. By leveraging general fuzzy numbers and trapezoidal fuzzy numbers to represent
the uncertainties in emergency relief supplies arrival quantities and delivery times, a multi-objective
fuzzy optimization model under the hub-and-spoke network framework was constructed. The model
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simultaneously pursues three objectives: maximizing satisfaction, minimizing costs and maximizing

coverage. An improved greedy algorithm was developed to solve the proposed model. The results

demonstrate that the hub-and-spoke network-based multi-objective fuzzy optimization model can

maximize comprehensive satisfaction while minimizing emergency costs, and meeting basic

requirements for emergency supplies quantities and timeliness. Finally, taking the flood disasters in

Fujian Province in 2023 as the case background, the improved model and algorithm were applied to

simulate the emergency supplies distribution problem in 9 prefecture-level cities, so as to ensure that the

needs of each disaster-stricken site were met to the greatest extent, thus verifying the feasibility of the

model.

Keywords: emergency supplies distribution; satisfaction; hub-and-spoke network; improved greedy

algorithm; emergency
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Fig.1 Schematic diagram of a hub-and-spoke network
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Fig.2 Membership function curve of general fuzzy numbers
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Fig.3 Membership function curve of trapezoidal fuzzy

numbers
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Fig.4 Flowchart of the improved greedy algorithm
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Tab.1 Coordinate information of disaster-stricken sites

S i ZBE/(°) HRE/(°)
i i 119.28 26.08
JE T 118.04 24.26
HH T 119.00 25.45
=Wy 117.36 26.13
SR 118.50 25.00
M T 117.65 2451
Ran] 118.18 26.64
Je g 117.02 25.08
TR 119.55 26.67
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Tab.2 Fuzzy supplies requirements and fuzzy expected
arrival time at disaster-stricken sites
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SRINTHT 260 7 8:00 15:00
T 260 6 9:00 15:00
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i ST SO ST AT AT o iR AR RO R AR AR AL A
PR3 ) 7 ik S5 AR R R P AR o e
AT AR v A B il 2 2R 22 ad i ACUS BT A 15
AENA RICIRACH — P B BCIE T 5 6 MR
Yot ik LRI, Al AR B 3 Al i 2 il o =
Wi, BN TR So g T (KA AT 2y
9 1) R S B B BT, P R a5 T A5 DX
(452 9 R PE 5T

1.065

1.060

1.055 +

il L
b 1.050
1045}

1.040 o

o3sb—o —
02 04 06 08 1.0 12 14 16 18 20

o7 A BRSO AR/10°7T
B 5 BEXEIHIEEATIGR
Fig.5 Pareto front solution of coverage rates
UnlEl 7 Bz, B T R AR IR A AT AR i
T PG K E P BB B2 N ER, ME LR
Yy B8z 8 BN A 32 R, I H B T 2 52 9 1Y
MO0 R AW ks AR 2 ), U2
TR [ I R o I SIEAE. ST E /Sl g e
UnIEL 8 Bz, W 5% i T P kAt £ [ R A %
IR R AR o Xt i T H AR B 3 ok
e R RURITE R B £, Jowk M 4R 20 2 i A7 52
R, B2, EEL PG AREZ
Ja, MR T E AR, ARk AN 150 IR ZE A
LT,

TEm

FD

= B

* s

s

L]

g5
6 2R ELIX R E
Fig.6 Roadmap for the distribution of emergency supplies
32 -

3.0F

2.8 MIWMPM,JW{JLK\VV\/V‘W/

2.6

i

o
4

Fisf ] ik

2.4

22¢

20 100 200 300 400 500
HAEK

7 HE#HEEERREE

Fig.7 Schematic diagram of time satisfaction iteration

G 9 Frows, MASIEARHTZAE R AR 200 KA A
STV, BE T AR AT

B R F A0 s D2 ) B T 16 RN I A
3.0527 h, BALGEHAECIEBA IR ; FoK
FETRAR N 0. 0019, Sz Wt e A g i (] 24 3R i
K W) XA RE T 2 A% O b XE 37 BT AR A 06 7 A )
Ry BARIE 0.8x10° 0, WS . i
FEANI 8] 77 7557 2 22 M EC IR AR

M TEAMIE, ASCAEHE BN E 5 AR
Senh b, BN TR EERAR, AR S A MR S PR
T OLIF I 2 K IX LS FToK o N 3 ol LU
L & 52 K RN TN 2 BT Y R B AR B
2, PR R 70% LA, R L REET 2



%52 3 BRZE, & R R X 45 R S 9 Bl 22 H PR AL AL A A 137
0.20 - 3 BEZREMEFBER
0.18 1 Tab.3 Delivery satisfaction rates of each disaster-stricken
o016l site
0.14 I ] IRk TR i WG R %
= 012l Tl 163/236 69.06
jg 010 51 50/60 83.33
= 008 HH 186/260 71.53
= 0. -
=M 308/446 69.05
0.06 | .
SREM 181/260 69.61
0.04 -
I 186/260 71.53
0.02 1 e LR e | R 372/530 70.18
0 100 200 300 400 500 e U2sts =
BEARUEL THE 186/260 71.53
E8 MRBEEERTEE 0.82
Fig.8 Schematic diagram of supplies satisfaction iteration ggg i /
0.76 |
227 074
i
2.0 g 0721
”0.70
1.8 0.68 - _— .
0.66 - — Wl B LY/ RAR( PN
]6 064 1 1 1 1 1 1 1 )
2 80 85 9.0 95 100 105 11.0 11.5 12.0
S 14} WA/ 10990
%
& 12F 10 MARBESH
Lol Fig.10 Cost sensitivity analysis
05 iaaindl S T B UE AR ST H2 B0 B0 0 P R L L
ool R AT L o 6 AR 0 1R A% 1
o T, Rt E ey E R . H AR gs R UEAT L
B, BERBAEmE 4R, mETUEI, AL
0.2 . . : ! ] . . - . .
0 100 200 300 400 500 P H 0 ok R R A e s g A [ IO T A R,

EARER
9 HAERTEE
Fig.9 Schematic diagram of cost iteration

RFHYNLATR, R T R R AR 2 ) B
15 HR T T A2 B G TR R, A R BIR R MR A TR R
O BB FE— 20 A, WA T AR SORE R S Rk
AT RLTE o W TR O MR R R
(R - TR = TSR, W B A R AL AE 70% 72
TS, RESRME U] TR R A AT
33 REESMRESN

PAAR SO M S840 S S, 4 i AL 2 HoR
PREQECAAS , TEARFIEMA YRR T, #H17
JEAS RABUE 3 M, FHIA SCHCHE 0.0 5k AT 3K
fi, FRRIBAERAE 10 Fros . BEE AR BJF, m
[ i 8 2 R 0l T R A T I G, (R KR
JEFFAUIE,, Bk 1A SCER R 5T HITE

BEARPERE T HAL S . 2E— 2 I X S A SR Y
ZEE, RS FRIPEBERE 5 2 14%.
R4 EERMEELR

Tab.4 Comparison of algorithms' performance
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