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Abstract

In light of the economic losses incurred due to improper location selection of reserve centers during
the post-disaster emergency rescue phase, as well as the uneven distribution of materials at disas-
ter-stricken sites leading to an unstable disaster relief order, it is essential to establish a fair objec-
tive: to minimize the unmet rate of maximum demand for emergency supplies at these sites while
also reducing overall emergency rescue costs. This economic target is addressed through the devel-
opment of an integer nonlinear programming model for the location and allocation of emergency ma-
terial reserve centers (LAP), which is based on the minimum-maximum regret criterion. Furthermore,

CHIERE

SCEGI: AE, W BB B O LAP DB BT ITD]. A ) 5, 2025, 14(4): 95-106.
DOI: 10.12677/mos.2025.144268


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.144268
https://doi.org/10.12677/mos.2025.144268
https://www.hanspub.org/

MR, MR

an improved cumulative non-dominated sorting genetic algorithm with an elite strategy, referred
to as NDE-NSGA-I], is designed to solve this model. Numerical experiments demonstrate that both
the constructed model and the enhanced algorithm exhibit strong robustness and higher search ac-
curacy.
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ISR, MR, G BUK. FREARKES NMER R T IRIZEm, 4EZEZ0N R
TEANG TR R E RGN, AR AEA [F) S A 50N 038R i e B S B 1) A N S BE o A A
BB A Pith. NAAWKE[L]. SEAPT &0 BOR K HRERT B, HFRFE R
By 1k 5 5 g () 0 B M, R 9 R AR BAT AT AN TR . R AR, N R E B BUt 2 K
A, REABY BRI B, A2 S AR O X A BN RS, DMRT AR, D NRFI R R E
B Bfh 5 Wk 2 31 ¢ T R AE T I it o AR ST RO 9SG RS B, T AR R 150 A A (A O )
R4 % fit 4% v Lo Bk [21 R 58 43 IE[3] o i A o Cosdehib 1o 50 A2 1 oK IX T it KR W2 i Lo O B )
P BT . P58 5 Be E 20 ROV o It & RO BE B R X7 SR ae PR I S BGEE R, B AR
W 5C B R 5 N s 8 i £ O e bk - 43 fid (Location Allocation Problem, LAP) A /i,

LAP [ @i[4] H BT 7E N 2 BRI CLBCN — AN 51 ANVE B BB AR, B 223 0 FLdk AT T K&
Ft, e e T % [5] 55 N AR S R A B B ORI R, i S AR AR UE A R, e AR A B,
N G LA GRS RO ER it BN A PSR SO RE . DA TRSE[6]45 & A% YRR FIBURT IR B9 48 i, 87 DAInAYL
ISR B B /ME N B AR E - A ECRERY, Bih BIE MR GBS AR SRR AR, IR R R, AR
FHEEVERAR TAR B AL . Lee [7155F IS BEALALE E NN GURSS HCoae bk vl @, B 7R R
LN AT IR B P R B, B T I T B S BRI SR A T R SR I HESE . Ghaffar [8]554& H
— PR A BCIAHELE, I DBSCAN SVE R BAL G TCERNE I R X, AR TT Py BE ek B 4%
el N TR (ABC) L 5B K AR 456, Wil T ABC Hik R MR R mi, SR
TORMESEEA R, PSS RARERT T VU I R e E SR MRS . KB AR K K
AR RN 58 PEAE AR S BUR Ja W N 2 5 75 SR I BB AN AN SR, PR SR # LERFE T 08 3 IC 7 %
SEII A AR 1) [ ) 3 75 SIS, 2 0 A BC I AP, 75 D AT RS i 7 ok X R IR N DASER S BRI
TRAEL, MG R 2 N S T2[9] M E B0 Z HARRL S 5% 7 Bl A ZE R A AL AR AL, DR 25 55
WP AR B /M 2 2 ~F 1, 3338 H] NSGA-1 AT MOPSO SR, WiE 1R ff 2k, ki
NFER AN FE AT T RIS SR 4 303 . Mostajabdaveh ZE[11]0F 5% 1 K JG REBW % /0B 5 ZE ik 1%
FRIPIXE AR, B TE S/ MEEE T JE R FR B0 0 FCAS A P LR RAT I 1], SR8 3R B 1 7 VA LE Hh 45
B 8] BR 1) A 808D A A 34%, o JE BARTRHE T = RUA IR SRR

R BRI, 2 I I B AR R T RO R AR . ARG BRSO SE, UANBERA

DOI: 10.12677/mo0s.2025.144268 96 RS R


https://doi.org/10.12677/mos.2025.144268
http://creativecommons.org/licenses/by/4.0/

MR, MR

SRR A A BEHEAT B AR RS, HORZ R AN bl A P v, R B i i B s
ARG RAEN, N SRR P25 A R BV E E ) AR R, A HE AL 2 FBEE M
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{85/ B3 K I MR DU R S 82 S ) B2 fh % Lo ik - 0 PE(LAP) AR, A5 7R 5 L i/ MK B2 5 L R )
KT KAWL FNAFHAR, DAMURN SRR SA AT B AR B ECEE MR . AR AR
RRIE, BEUE T — RSO AR 9 SRS ) R AR SCRCHE P 8 A% 5570 NDE-NSGA-11. S B f £ i S 5
R T 2T N sORE HHE R R S BE LAP B RIS HE, 6 L SRS R B 1 o
HE RSB S AT VA B e R R PR RE T
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Figure 1. Site selection and allocation for emergency reserve centers diagram
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2.2. BRIREH
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SQq (any) — € KA BALAE A LA (a, b) KEAF i O ER -
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Beany @) = RCap) " AM, oy Ve, (a,b)ec,(a’,b’)ec (10)

HBE AR 2 AR AT (T) B 4y AR 5 AN 2056, G N2t k.
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Hrr, FORGERAT, HFe[01].
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HI T 2)%0, 4G DE Skt S 40 F R E, F2AE 0~1 Z MIBENLILEE, B2 3 U MmT AL
T FARE PR R A B SR A e A, S8 F DU THERIBIE, IR B i S S Sl FE AN A 1 2
FEMEDT R 2 ZAE . 0, U SERAEa AT R R 2T 2 R R A R AT, KRB R R IR,
FEIBAT 5 W L B BEAT 5 S 2 g SIS, TZ RN, 8 L IS 3F R
Im

F = Fpp+(Frox = Fon ) € 9079 (1)

min max

Hordt, Frin M Froax 73 98788 5 S 8O0 S MBI BB : g Ron AHTIEAREL, g R oA
FEFNEIBATHIN, BIENZRE T ABKE Frao WTEMRREMBEAMEZ R, B2 HEEFIEIEITE
TSN B, AR R B AR BNEE Frin, W AR B BRI RAB S, WESL BRSO, ki 38 4
K3 E R AR

4) NSGA-1l FHEERIUAL

WIRFEEANE X, = Py TR X IR AR IC SRS Noew > TEME P = X EULT, #E PiAE] Noew
H, B, X s P A BRI Noew H1o Noew FIEFRIB A N~2N, HAMAFRIC ISR 3.1.1 552 H rI ek
kSRR ST ECHE AR SR AR 1 NSGA-IT B0 (1 23 [ B PE 2 S5 . BRI, Niew /2 NSGA-I1 B 1)
WIGEAEE, B DE AGHIAEFIHRE R 28 — o tlifl, #E—3D 4% Pareto S LR IK) 5 &

SRS M AR L VLRI SR AL 2 R B N R, HA R R 85, H)R3MHE %R J8%. DE-
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NEEE R, AEREEAT R IR AR TR AT R R, D& EE SRR 2 R i R R
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Hor, HRBIFEMEE, AR efRH g & N (N 10 RO MR EE, $UTdegtktiie, e
X5 (9) Ngeid DE-NSGA-II Bk — kA /U IR ANMA, Sl — 20 /a8 2 S U045 21 1) ) 4

R A, M SZEL A NDE-NSGA-I HiERfE.
3.2. NDE-NSGA-11 E3k8 ZEF 94T

ﬁﬁﬁﬁﬂﬁ%Mﬁﬁ%ﬁﬁﬁﬁnwﬁﬁﬁﬁﬁﬁNy%%$®ﬁﬁﬁﬁm=qu&MﬂL
TP R AT RO A SR HE P I A R RN O(M) , HARZE X FHIN M E 22N O(MN,) » &
SEELT I S E R O(N,NS Tog N, ) ARLERESHE UM S 242 O(N) » MUk, NDE-NSGA-II 51k (1)
N@E%E%OUWQMM+MyNNymNﬁN»,ﬂuﬁﬁ,ﬁ&%ﬁﬁEIEEH@ﬂﬁﬁﬁﬁ
B Ny, A0 SR No), FIEBE R M FEAIREL Toen A K

3.3. NDE-NSGA-1l E&HREE
ARSCHIE T SCE A A DL S Y RARIE SR HE P A% 55 (NDE-NSGA-II),  HAZLIRAZanA 2 fos. &
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WCSIORE I o 2RI SRR SE D2 AR A oK i, R R R R B 5 JRIT A RE
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Figure 2. NDE-NSGA-II algorithm
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4, BHlsrHr

(LA X A 1 4R 3 FLIEAT 30 A2 A, A0 s G B .75 5000 km x 5000 km f T i
EBEHLAERR, AR S R B P T AR L (R R B A e . SR 8 A AR L S
ekl TR A X7 B RS L R AR R AR . RIS R R i 1,

X2 PR

Table 1. Emergency material demand point parameters

F 1L NRYRERRSH

seq (a, b)/km Total Demand seq (a, b)/km Total Demand

1 (1334, 2552) 2506 16 (3725, 1688) 1498
2 (3665, 1345) 4770 17 (3928, 2189) 5355
3 (4157, 2234) 4498 18 (4071, 2381) 4343
4 (3742, 1480) 4567 19 (3791, 2223) 3856
5 (3478, 1436) 4895 20 (3686, 2588) 5878
6 (3343, 1566) 3437 21 (4029, 2848) 4330
7 (3248, 1251) 3904 22 (4273, 2941) 3979
8 (4205, 4321) 8277 23 (3439, 1917) 3935
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9 (4331, 790) 5038 24 (3516, 2386) 3662
10 (4396, 590) 1678 25 (3403, 2653) 4875
11 (3016, 1989) 1946 26 (3449, 3210) 4725
12 (2572, 1766) 4338 27 (2945, 3251) 5510
13 (2798, 1501) 2064 28 (3152, 3561) 6037
14 (2391, 1686) 4073 29 (2556, 2367) 7102
15 (1342, 704) 5324 30 (2788, 2836) 3254
Table 2. Emergency material type
=2 NRWEAR
Parameter E ACCe/unit ASCe/unit
E=1 (BT MIEARMN 15,020 21,020
E =2 (RIE &%) 7020 15,020
E =3 (B¥HK) 11,020 19,020
E = 4 (BBAMAKNR) 3020 15,020
4.1 HEER

SEIGIAEE N Lenovo (2.5 GHz), RAM 4 GB, 500 G f§# iz

5000

4000

3000

2000

1000

—
/V\

#AE 2459 Windows10, 4wfe T H
N MATLAB2016b. S8 778 : FEER/INN 250, Fc RARECN 200, 28 XS5 10, &8 XHESR N 1,
TR AitaECh 50, RNy VPR R,
w3 Frs AEIEFTAR LN R, Hop N 2 A 0 UK TS AL R x ALFRIIX [R1YE I 4
3ANX KK A [(14, 29), (28, 25, 2, 17), (22, 9)].
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Figure 3. NDE-NSGA-II algorithm site selection plan
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Table 3. Material distribution plan

"3 MANEAR

X3 VRSN g R e VY MBI R F1/unit F2/5t
15
14 12
13
1 1 232.433 2.14E+Q07
29 30
11
27
28 26
8
24
25
20
7
6
2 542.346 5.01E+07
2 5
16
4
23
19
17
8
3
22 21
3 77.467 7.30E+06
9 10
Total 852.246 7.88E+07
4.2. BIESHR
— - — . 4. 00E+08
2. 50E+08—‘ — NDE-NSGA-II —— NSGA-TI } —— MOEA/D
l 3. 00E+08 —
2 0E+08 ,i”-‘ 1 1 3. 00E+08 | I
N o i 1- .,..I
(- o . rl & 2. 00E+08 - f' % -~
i i 2. 005408 g
1. 005108 | T §
et 1. 00E+08 &
5. 00E+07 T T T T T T T T 1 1. 00E108 T . T T
800 900 1000 1100 1200 1000 1100 1200 1300 1400 1000 1200 1400
f1l f1 1
Figure 4. Comparison of objective function Pareto distributions
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K 4 Fiizn N NDE-NSGA-11 592: 41 NSGA-II 5115, MOEA/D 53 [13]43 >R it H A5 ek i) Pareto fi#
I AR L o
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