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Multi-objective Approach to Emergency Resource Allocation Using

None-dominated Sorting Based Differential Evolution
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Abstract Emergency resource allocation (ERA) is a key topic in emergency management for sudden natural disasters,
which mainly deals with how to reasonably and efficiently allocate the emergency relief supplies at reserve points to dispatch
points. However, when an extraordinarily serious natural disaster occurs, each dispatch point may ask for many different
emergency relief supplies at multiple reserve points at the same time, which will bring potential conflicts over emergency
resources. To tackle this problem, a multi-objective optimization model is constructed considering multiple reserve points,
multiple dispatch points, multiple emergency resources and emergency resource conflicts resolution. In addition, a multi-
objective optimization algorithm for ERA is developed by using none-dominated sorting based differential evolution and
encoding repair mechanism. Finally, comparative experimental results from large-scale samples show that our approach
can deal with the ERA problem from an overall point of view, simultaneously give the allocation schemes of multiple
reserve points for multiple dispatch points, realize different reserve points cooperate with each other on ERA for different
dispatch points without any emergency resource conflict, which may provide a useful attempt to solve large-scale ERA
problems under limited emergency resources.
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NSGA-II il MODE = #h 5758 5| ) Pareto ffl
iz WA 8 A~ m& 12 (b) Af W, ERNS-DE %3
25 AR SR 4T MOPSO. NSGA-II il MODE
=R

MR ST 45 W DA e, XA A B ERA
SHETE, Bk ERNS-DE HyEn] g 2 FE9h it
FRHA], (/2 ERNS-DE A% IR R g ) B
BT MOPSO. NSGA-II 1 MODE = #hg&yk, i
B4 SCE ERNS-DE 535 it A B 4 42 IE AL 2L
R, W AR UERE AP i B AR ERE B
VERMER, W RS MARESE — AT, ST
KT FPRERR 28], RREE S T A A &
ZREPE, SRR R AR e R R, T
fiR A 3B SCHEHE 7 28458 D) ] AR A B B b O B
5 AN, AT = AR R AL 0%

4.3 ERNS-DE 5R/% % ERA 7ARIXILE

TESCHR [25] W, Zhang SFfE T 2 KA. £
it . ZFRERY %) ERA AL, 5 T2t
& (Linear programming) 1M &4k (Network

optimization) Jy &kt T —F g & Xk (LPNO-
HA) SRR m Mg, HFrefi a5 A U8R sl #2
i, I FATIERE 28y LPNO-HA SRR L
X4 LPNO-HA B8 T B HARAL, 18K %
TR 24 SR T I 2 i 7 BB () /0, T HLXE T 22
(1 B 2 5 SR SR T E AT 43 B 7 X DARE B TR AE P . 2
FEIRPSE. A TR AT, FATRYE LPNO-HA
SR R ) B 2 0 R A0 Ty R SR A B L B 2 W U
B

2 FIER 3 N4 THE En 1 A5l En 2
Wi, Wifh ERA Z806TE T15 2119 Pareto ffl
fift. WPAK Hh, LPNO-HA ik HARST B — A Uik
T5 %, PSRBTV B0 IERE. A3 ERNS-DE
BN DA% TR 2 1Y) Pareto S, AIfTA] A 5K
o Y . e SRR AL B 2 ] (L R R Y I B R 4 L
2R, YRS T DA A 52 B 55 R B B A 2 A B 2
T5 %&, BIANAE R 2w b AT, — kR T e b A1
I, 22 M 7 A V), T 7 2 7 )+ i 0, ) ] DA
2 A MR TR AT R A 2 R A A

t—E 3k ih, ERNS-DE Z7£152| 8 Pareto fx
DU 24T LPNO-HA B3k, a0, 78 Case 1 1%
J%F, ERNS-DE 7£ En 1 35 h 25 11 (154, 252)
1 (155,250) ¥t LPNO-HA 251 (155,275),
ERNS-DE 7 En 2 35545 11 (154, 259) 347
T LPNO-HA 554 (155, 283). 7£ Case 2 {5 F,
ERNS-DE 7 En 1 38545 i (194, 302). (193,
303) 1 (195,300) #fkT LPNO-HA 7531 (196,
303), ERNS-DE 7£ En 2 ¥155 45 1% (189, 289)
1 (187,293) 17T LPNO-HA %1 (189,293).
UL, TER. SRR YIS o B Y AR I S el

2 PRAYATE En 1 8 Pareto fif#

Table 2 Pareto solutions obtained by two algorithms in En 1
ERA Z4iE Hik Pareto ffltfiftse (f1, f2)
(162, 242), (181,218), (185, 214), (171, 228), (164, 235), (187, 212),
(169, 230), (173, 226), (154, 252), (180, 219), (189, 210), (175, 224),
ERNS-DE (155,250) ,(168,231), (165, 234), (194, 208), (183, 216), (184, 215),
Case 1 (170,229), (167,232), (179, 220), (166, 233), (178, 221), (163, 236),
(186,213), (176, 223), (172, 227), (182, 217), (157, 247), (177, 222)
LPNO-HA (155, 275)
ERNS.DE (194, 302), (205, 287), (193, 303), (209, 285), (199, 294), (191, 308),
Case 2 (192,306), (201,291), (187, 312), (189, 309), (195, 300)
LPNO-HA (196, 303)
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Table 3  Pareto solutions obtained by two algorithms in En 2
ERA 281K RN Pareto ik (f1, f2)
(158,252), (181,218), (188, 211), (166, 233), (169, 230), (177, 222),
(159,246), (182, 217), (187, 212), (176, 223), (185, 214), (170, 229),
ERNS-DE (180,219), (165, 235), (173, 226), (163, 239), (164, 237), (172, 227),
Cose 1 (189,210), (168,231), (157, 253), (183, 216), (175, 224), (193, 209),
(186, 213), (156, 254), (178, 221), (167, 232), (154, 259), (196, 208)
LPNO-HA (155, 283)
ERNS.DE (203, 274), (205, 271), (199, 276), (189, 289), (187, 293), (183, 313), (196, 278)
Case 2 (185,306), (200, 275), (192, 286), (195, 281), (180, 320), (190, 288)
LPNO-HA (189, 293)

J=E R Case 2 15T T, ERNS-DE &¥:4Z54E Pareto
AU RE ST 24T LPNO-HA 53, 159k fe%
2 AR . 205 %, 1M Case 2 — Y.
S RIS, Hitk, 5 LPNO-HA ByEH LT,
ERNS-DE SyEH AT GFH N SR EE1E NV g ).

Kl 13 #4317 ERNS-DE #1 LPNO-HA Pjfiis:
VETE En 1 A1 En 2 WP S R A5 21 1) 5 S
(EC) 4rArile.

A, 7 En 1 355 Case 1FE T, WA
13 (a), MRS58 EC, . EC,. ECs I ECy 22
AKX, {H ERNS-DE 515511 ECs = {as, aw},
MM LPNO-HA H¥:1) ECs = {ag,ar,as,a10}. &
K, M) XEER A, LPNO-HA H3yEn ECs 237
KH KRBz A, AR, 78 En 1 345 Case 2
HET, WK 13(b), & LPNO-HA LA 1)
ECs = {ag,as,a10} bt ERNS-DE Hp) ECs =
{a7, as, a10} T AFE—LE, {H ERNS-DE 53455
# ECy = {as,a4,a5} Fll EC3 = {as,a6} EITL
LPNO-HA H3A1838IW EC, = {as, aq, a7} F1 ECs
= {as,a6,a7} GHINZ.

£ En 2 355 Case 1 5L T (WK 13 (c)), K
ZR N SR ZERAK, H ERNS-DE 5yA15% 2
H ECy = {a1, a7} fll ECs = {as, a12} EH LPNO-
HA F3:45 410 ECy, = {a1, a6} Al ECs = {ar,as}
HHAEZ. 7 En 2 5 Case 2 BT (WK
13 (), ERNS-DE $3:/8 516 ECs = {as, ann}
ECy = {013, a14} 2 LPNO-HA B3k45 1) ECs
= {as, a11,a12} fl ECs = {as, a3} FE-—LL.

RS IR A R R, LPNO-HA HyEXN 24~ &
TR R R AT O SRR AT, X o ep AT 20 i 5 U7
AL 35 B2 TR Y. 75 SR, A B R B SR

BWGOIROL T KB (RS 5 T R &R
AYHL), XS A B & AR ARk, AT AR W] RE4 4 —
seR iR (I 2 A 3 k). 1 ERNS-DE 3k
X T KR AE TR — i 25 [B) R AT I AT 40 i, 7T A
TR FEAAE A% m B N SRR W B A AR L, ] s
BEA RUAR P22 S 0 [ s 5 4 ] — il 45 A A SRR 1
PRI R AR R vk 5, R e IS M RE (R 4 5% IR
AT PIHEICE N S TR S L, AT RE e R B2 3
RHERAR o it as SR A AL

5 H#RET—3TE

ASCE NS At a6 . 2 KR Z P BUR Y B
{4 B2 2 B AT o P 3K — Af A TR AR TR 9, 5
BT A EMZEENe Py MBS # T ERA
Z HARUAL RS, SR )53t 7 — AR T i 518 1R L
HAEE SO HE R 22 5 Ak Ry ERA 2 HARILLSRTA.
X H SRR A R R B, AR SO TR REE M )R # JEE [ I
VSN S RSN e T S
i 5 iR (7 BF S 22 A SR i [ e o B2 S DR, T
HA G AT R S R 8. AR 2 9 52 RS
DU, ASSCIT ¥R R DATE — RE R B Lt o R ALY, 2
SR BC R RCR, N BUR N S R SRS L T 2 A 3
AIEEAYIERE.

AR TAR IR T RS AT IR, ZER AT
1Y S TE SR SRR, 5T T Y S LAY
HEOUIRI Y, HhE T R AR E Y LY. S 038
2, ARSI E B A SR IF R ERNS-DE &
—H T MOPSO. NSGA-II. MODE #i LPNO-
HA 503K, A3 TAERT AB AR N Z A ARt
X 2 2 K ZREERYI R IE N
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Fig. 13 Distribution chart of emergency coalitions
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SO 4 9 7 7 i 7 BR SRR A 1 ) PR SCHE.
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