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Multi-objective dynamic program for emergency material

allocation considering time window and fairness
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Abstract:  During the attack of public health emergencies, the surge in material demand in isolated
communities leads to a series of problems, i. e., serious shortfalls in supply, fairness of distribution and
special distributional needs. To address this issue, a multi-period, multi-type, cross-regional emergency
material dynamic allocation problem was studied based on a hierarchical distribution network of " material

supply point-distribution center-isolated community". Especially, the demand time windows were applied
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to characterize the realistic requirements of isolated communities for the delivery time, and the special
needs of some vulnerable groups, e. g. , aging populations, were considered. Thus, a multi-objective non-
linear dynamic program was developed by integrating the three dimensions of considerations: economy,
material distribution satisfaction rate and distribution equity. In view of the multi-objective structure, the
Epsilon constraint algorithm was used to solve the proposed model, and the material allocation during the
attack of public health emergencies in Shanghai was taken as a case study to analyze the Pareto front of the
optimal solutions and conduct the sensitivity analysis on some key parameters in the model. The results
show that, under the constraint of limited emergency material supply, the material allocation strategy
considering the aging populations helps to prioritize the material supply of vulnerable groups. However, it
also contributes to an increase in the unfairness rate of the isolated communities as a whole. For the
material allocation strategy considering the delivery time windows of isolated communities, the total
operation cost of the cross-regional distribution network and the unmet rate of the material demand in the
isolated communities are high, but the overall distribution of supplies in the system is relatively fair, and it

could better meet the needs of isolated communities in terms of delivery of supplies, which provides a

useful reference for the decision makers to balance the individual demand and the overall interests.

Keywords: time windows; fairness;

programming model ;

0 3| &

GRS 36 A S R AL % Dl R e )z R
75 2 JBE R e a5, ok 2 20 0 R R NN R A i A
PR A ™ UM S R A 43 DX A
B RA R FRE Y B B — . SR,
SRR R IR, 0% T SR s 5 R AR R =2 R Y
JE A2 R R, T N2 R i BRI R G
TRBF0 B K BIR5E AE 0 B AL 0 A BR A% 1R R 1 2
) 0 IR P ) AE L2A SI B 9 () Yo ORI A S i,
AR BLSE TR

] N AP 2238 TR S R R L Rl A T T
TRARIIESY , SEIRP A 7 e ) 5 o T R S 7 A
JAR i/ S o7 G 0 9 A A TR Hp i T R A T AR
L BFR, 41 NIKOO %5 854 Mg ad & 4/ i T — 4>
W5 W 2B TE M BT 5, AARAT i I Se 9 i 2
Wi B 73 s CHAT Gan 25 48 T —Fh 3% T4 72 s ]
Al N 2 B IR R DU B T 58, DA e 52 3 = il =
SR RO s 2 b 7 A A T A A e R 1 K
HHF,HESEC RS T M TERNI S
SRR | LG A 3T A3 S 3 9 B N T
JE | R AR e JRUBGS 5 2= S 26 3 7 o5 1T PR ]
Fa 3 T D dne /N BE 325 B[] RS A AR R H b R A
T KB PO T S8 B A R, BORS
TR N S Y R ECE I R W] 2 2 A~ EEH
Fro KBGO & AR T, 5250 5 fe/IME R
JEV I PR 205 1 AT A FIAE ST AR, 37 T iR

emergency supplies scheduling;

multi-objective dynamic

public health emergency

50T 2 RN 2 08 Bk B 3 T RUE A
SRR G AT T A T s RS A 2O Myl T % pE 2
ST 3R N 2GR B AL L de /M IR
B B AR AR A3 BE 2 TP B A e T 4 9% K ik
ZAF R -3 BE IR) A% ; WANG Shulin 2570 78 KB
BLAARKET 5T, NICE AR AT 3 4
FEREE T N S0 4 BB AR, Sy e o 3 PRI T R[]
AL BAR R 0903 2%  HUANG Kai %5 75 A8 &2
SCRAE T 85 G BB RO, JE IR AR R AT
P T 22 HAR AR AR 35 52 ¢ A B R RO p 5
PEA PP R D4 K RO v . 75 TR B = R 5 ) IX
P AN I 20 ¢ 1) i oK Rl AR R TA] B AT
VR R B NI A A BT RIT Y e R
TH AT DLREC 2% B[R] RN B AS /N R HRR I
PEARAREY 2 TF T RO 0% I 45 il 98 B A 5 B A
GOV BT X9 S B AR 32 9 i F 1] B 22 5, B 9T
TR 2GR S AR R R T 2R A B TR 2
FR WA | e KA RS 18] 5 T R B2 R, IR
T ; LIU Haishi 55 W58 T 3001 0 209 W42
i R AR ) L, 25 R SR BB SR RO e ),
ST BT R T AR AR BRAR T 2 R AR
Z5 e D 3% MA s HAGHANT 2502 48 0 T3 2
Fis ) 4 P RO 22 A 2 0 0 I 4% S A 7Y {3 B
FEER SRR W TR BT RAR RO WA
R AR S 82 B2 4038 I 32 i A XU T B AR, e 25
T A B[R] B 1 2 A AR AR A AR | DA S AE G B
PrBcik MR S Rk, ER RS RER, H



hoE e B o

- 244 - China  Safety

Science

H35%
20254F

Journal

TH TR B O HE At 1t 5 S A8 | RedR
EARGFZMNER, KWt EEF 2R 2
JE I 3 SRR PR )7 %6 . CAO Cejun %1 36T
RIF PR RSRIZIE  RINZ ARt i 17 X2
BB, /MR I L 75 5K 3R AU 5 AR,
T RACSEAT W R, AR R BRI 502 38 A i
FREITE BT W B SRR SR T, 2 B A R
HIC B DX I TR N 258 22 S PR S A AR T 22 5 30
Z R g5 2SRRI, SRy 5 e A B B BT O
AL T PSR S ; MOSALLANEZHAD 451 LIAS A
B iP o s B B SEXT R Ao e s e 2 i nr
T2 AFR AR LA R BRI R | 5 7 R AR ) 9
P I )L BAS M) B o SRR /2 (i R, sl
BCHEREHA R B DTER A AL T AR RET R
ZRNE SN2 R 2B AR BARCRAE D L 2
L BRI TS B LA F bR, 38 02 3 2
BBE L K52 KFE AR g — > B R 7% IR 4
K, DIAR SRR 19 NGE £ SRR B SRz v, 2K
RN NORZRE S FoR BB VRS Ar e 2 5 T 2
BTN WEFFERR L Z Ak, 7ENE
VoA RGBS E R, SE BT AN R 52 R B oA
FEXPER BT B, R E PSS A — R A GH
SRR LR EER . QBB BE, R A AL TR
DAY/ LIS ONE SR SER /LA i SRl Yy | RV
BT AR A BRI NP BE B oy RO PR TR AL
S, TR, A R 2B TR B I 8] 77 249 3R
SRARBU G128 A () ZER  (EIXIF AN BEW I 32 SAFA
A AW BER IR R Y 22 S e oK, R, 25 A 8K
R P TV 8 AT, AR A5 A DR 10 2 ) ¢ 30 B e ]
AEER  WFTER BT B0 S W e s B S
P BURF AR A B 2SR S

BT I, S A IV S R i DX I Y B
NGO R BRI T o e L B AR XY 3
Foz kP2, 5INPT IR N ) 6 AT AR PR AR
L2 R AR S R 58 1) B8 27 5K 5 DL i N
1 R 9], B 3 SR 58 B (AL 1 B8 0 BC DR 3R P 9
GRUERIESETE s N2 R BRI R GO A i A B 25 18
P R G AT A [R) S 5 o0 Bl 2 1 S 3%
RAEARD TR, LT 2 FR 0] B X Y
IVESE7/N e s Lol LW Fi

1 NMEWMFARS BIREESRLIEE

1.1 ZEHIE X8 M 2 37 8 A 20 et 43 i
o i R B A DX A R RS, PR AT 22 S

9 DI ) 0 0 R e R ) IO B e, R
ST G A Ay EC G BRES ALK 3 2T AR
A VL 2 4 B R B D 2% AL 1 s . A B AR 7 A
I D3R P A3 B o0 S Y. S O — R H s, R
RS T e DX 3, ) ] 300 b DX S 4R N S W
% B 55 BB AT P BT R AL S, A3 e o
HRAIE 25 B B A DX A0 4 % i R A R B & B4 IE )
TSN SR R iz, 45 A Bk,
ALY B BC S AR 53 S 24 AR I8 A W] s 1 4
P R Bh A AR Ak 3 i PR e - o L O -
B 41X 3B G i o 1) FE A B8 T — b 22 SR
5 DX I ¢ Sh A R C 7 8, B DR A U 45T 1 2
Pt iR AL, A AR RS AL 1
DL SEA R - DA B B B s A X ) B
KRBT, AR T R 7E L BRIE OL F AT BE S A B
W sl ARRKHE P 58 oK it 5 B g Ak XN Bl 22 1)
XTI SC 2R B 1Y )98 i SRR B T4k 2 H AR g)
SHRNBAIGE Y, LR B f s, @& 1
SR A (R AT, ol T ds s 0 ) 5 0E A ™
Hé, 31 i ST ]I B 46 /0N, A 4l A e 7 3 i s 1) A )
TR 0% B Bk i) fa], AR B kB R B, D
PG RV A5 AT 0 R 8 A DX ] ) T i 5
I BOE D RE5E 75 , et AR K IR Y oE i, B R
T IF BB 1T, @DLI—K (24 h) H— ok
W, Ygcis it e A H 0 8 Bt TR Rl etk 55
Ry B RIS SARAT , 8 T AT
1.2 ZERTIEE &4 TR 5 ST R
RN 5 e AT AN ) B g A XK I A R
SKREAAFEEE AR, B AN 2% IR (] 7 R AL,
T R R 85 7E 45 I 5 A DX ] 194 i 0 72 A B B 326 328 )3
AW, Ll RN FBHA R B ST R, A RREtIX
BRI 2 0 32 3 1) S (1) AR i R s ) 2F i 1) X
T E R A% B B Ak DX B It TR B Rk a] 43 S Rl i
() 8 A s () 8 FNTES A5 e B 2, YR B ) 78 A ) AR
PRAICAN A 2 FT7 o AHOCS B S S )98k TR B[]
Qb AN ) A st ) 7 91 BBl P B A0 1 20 2 B an R . (D1
Rl E 205K [ M, ,N, ] - M, RN, 43500 R A3 17 J 48
FEUGFNGE AR ], 2 117 JE 0T PN A Ny 2 ) G A
VLB B N 263k, QBT E LR [M,, o)
o, IR A DX ] 79 4 ¢ a0k SR e ) A5, 25 )
g7 R LB WAy S| o N TR NP £/
“HERT RS, QOB RIE AW (B, ,N,1 By N
I 2 A XA o) P 400 6 MGG 326 3K B[] 59 A0, 24 ) 9% 3 3R
Asf ] &b T 21X R] B, 75 A s e 21 58 1 B 2 52



bt

RIS S 25 I TR 7 55 2P 9 B 2 M IR E 22 A s A L B Y - 245 -

i DRI

! % () s

C g | O mERE

<l |

% IBERE B4

| g LIRS S E R

LT

~— SRR B AL
X F 55 SR 2

B1 =M% SEHNMENTRE

Fig.1 Schematic diagram of dynamic deployment of multi-period emergency supplies in three-tier network
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Fig.2 Hybrid time window penalty cost function
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Fig.3 Penalty cost function of isolated community
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Table 2 Optimization results of experimental

road networks
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Fig. 4 Node distribution of experimental road networks
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Table 3 Comparison of objective values with and

without consideration of vulnerable population
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Fig.6 Unmet quantities of type I materials in isolated communities ( with or without consideration of differences

in proportion of aging populations)
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Fig.7 Unmet quantities of type Il materials in isolated communities ( with or without consideration of differences

in proportion of aging populations)
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community ( with or without consideration of time window requirements)
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Table 4 Comparison of objective values with and

without consideration of delivery time window
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