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Abstract

Addressing the challenge of ensuring the supply of seasonal influenza drugs to village clinics under the
context of rural revitalization, this paper, considering both demand fluctuations and drug shelf-life, ex-
plores how to develop a dynamic inventory strategy that minimizes costs and ensures reliable service,
thereby enhancing the resilience of rural primary healthcare services. Using oseltamivir as a case
study, a decision-making model integrating prediction and optimization is constructed. The SEIR epi-
demic model predicts dynamic drug demand in villages of different scales, and a SEIR-INV inventory
model with drug validity constraints is established. The genetic algorithm solves the optimal reorder
point and quantity to minimize total cost under service level constraints, achieving synergistic optimi-
zation of service assurance, shelf-life control, and inventory costs. Sensitivity analysis shows that the
consultation rate and prescription rate are key parameters affecting the optimal strategy, and changes
in these parameters lead to significant fluctuations in ordering decisions and total costs. The ensemble
model proposed in this paper can effectively address the seasonal fluctuations in drug demand in vil-
lage clinics, achieving cost control while ensuring supply levels and drug shelf-life, thus providing a
scientific basis for improving the rural drug supply guarantee system.
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Figure 1. Epidemiological dynamics of the SEIR model for type B village
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Figure 2. Influenza drug demand forecast for type A, B, and C villages
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Figure 3. Drug demand boxplot for type A, B, and C villages
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A N 800 [26, 59] [86, 413]
B 24 1800 [57, 146] [191, 916]
C ZH 3500 [112, 308] [374, 1795]

T2 AL By C = A FEAE AR SR A fi DU P A7 SR S R rh A AC Sl 2, D S AL 45 R P2 11t
SRR SO

1 4 IS B mT 0, AR SCRFH IR a8 A% SR AE = S FE 7 557 i g R e R e o p v g =
A R AR R AR SEARHT I DG T e, T 10 AR S8 AR, e 70 A2 7€ 4 1841 JT. 2763 JT
55 4246 70, JoR BB PTG o FIERCAS B UM o DO ) i B S, 5 0 S/ MiE s, Herp C 36
MmO, BT REFRE, Wk © HIEAE R K R G &t el B A BEAS AR
REMBERIGK, SHTCH RGN — 3, R REERE RIS 55 & .

Bt PIRERBE, 0 =MD BT, BRI EA(s, QIS I 4 FR.
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Figure 4. GA convergence for type A, B, and C villages
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Table 4. Optimal inventory strategies for type A, B, and C villages
F 4. A, By CZEXNENRMEFREER

b A Bfl s At Q SUSAR(T) R 557K I AT (D)
A FY 26 259 1841 100% 129.3
B 4 57 382 2763 100% 183.6
C H 112 409 4246 100% 233.9

M 4 FTRUEH, B R FEN DR 800 A9~ K% 3500 A, &mALITHEs s A 26 & EFH#E 112
&, RITOE Q M 259 SIG N3] 409 &, LA 1841 JuIGK & 4246 o, SR FAR B 5 RUAR
PRI 75 SR BB K R b B 5 . ISR B 5 SR AR 5 P A7 SR W 2 4 2 R A7 A B S 1) O 1] DR BBk
HIvER, SPEAAKTRER EMAE S &, 7l 129.3 &, 183.6 &1 233.9 &, 57 KMALAI
BRARBAAR T — B =M FE IR S5 K T 1434 21 100%, 78705 2 TR I 95% IRk 55 /K -4 3, & W
B A 7 P A% R 5 24 (R N PR AT N SRR AF AR AL, BOIE T A5 1 BR BT 7 A 3 IR 45 7K T 2 SR ) T
PESH M.

B B SRS IS AT AR, 5 el T B BT IR AR IS T EAE AP 57 SR BN AT R R

w5, FURETH, FEAF/KF HIAE1E 430 SbE ok ETHRREE T B, WHARE BB NP mie], 2
PEAF I AT T7 05 s =57 B RGUAARANR, FEAFRGE BT, TR AR IR IE 2l , 78 3R] 75 SR 4 RF =
PEAFE B2 A B AT TR, ARIRZE R W B, IRS5/KT-OREE 100%: J A SRR I IHE TRoE, EA/KT
FERJG—ANR G218 T, RN R, RS TR BACKE, mil(s, Q)FHE nIRYE F K&K
HERR AN, TE R R LN . SR IE e f U, SEIL T FEAF S R oR MBI AS ILAL .

Kl 6 N T B R m AR RIS T I EEAEACT I A . SR AT B S A U L TR AR, 1 B P A KT
R TIT TR, SEABRERITRK, 5 100%R55 KP4 R —8: FEAAAKF EESEFLE 50~250 &IX
[f], UEEHHILAE 100~150 GPMiT, BAR 2 AR AT, RHIORI G EARR L A O-PEALRAT
AR TR AT, RO AR AR S I ), SEPL T RN 4 5 EAE AR T, BRAIE T A S
(A Bk
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Figure 5. Dynamics of inventory and demand under the optimal strategy for type B villages
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Figure 6. Inventory level distribution

6. EFEKESHE

AT PGSR G M RE, A SR I Y 2R B A RIS L e mg, s N “ A ” 2 “MRss
e MTERE PTG AR WOk SRS AA B MG T ), T R R H I TR SR AT I R AT, T IR
BIHTERM 2 £, REDH. BRAN ST, BRI EL0 T mA 5%, TS HH
BIFRM) 1.5 65, IWHREBUATFE RN 14, ARIEZH W& Oy 5 LR AL Ry E 2 H
b, 1T B RURIEAE TR0 1.2 f5THE, ITIREEUA TR R 12, RERZ &5, REERNHME I, EOQ &
AL T2 MA T Tt BRI R TR, T AU IR R, ME NI B T 0 L .

DL B A B T HEREXT L, 25 ILEE 5.

BT B MR, AR PEAE SRS TE IR % /K 5 R AR () IR 35 22 5, BT th R DL A SR A 34 0 k.
WO SR DIARAR T B s = 1T 0% BONARHE, SURBRAS Ik 144,663 T6, MRS /KFEIUN 66.9%, RETGikfR
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Table 5. Performance comparison of different strategies

%= 5. NEREEMHREXT LR

Fng s Q SRR (TT) R45 7K
Wk SRR 15 3838 144,663 66.9%
Yoy SR 29 573 15,621 96.9%
TRAT SRNG 116 1145 4577 100.0%
EOQ g 23 3384 16,357 100.0%
A SFm 57 382 2763 100.0%
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Figure 7. Sensitivity analysis of consultation rate
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Figure 8. Sensitivity analysis of prescription rate
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Table 6. Service levels under different consultation and prescription rates
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FINZES M55 7K-F LW 55 7K
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80% 100%
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4, &Eig
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AR Bl ) A 5 2 PR 24 oA O B (s, Q) PE AR & & o v, SEIR ARALE 1 1ok 70 77 20 21 i It K
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29 5 AT BN AR A L A, S A= SEbrig 5t

FEXSARTRE TR SR T H AR R BOCTE T SR 108, A TR B T, I B L 5 R
(s, Q)HME . HUHSLIRW], FFUSNE RYF, =R MRS KT EIREfE 95%LL s BL B KA A%,
PLALSRIEAE 100%HK 55 7K1 2 BRAAN 2763 JC, Frh 1k P SR 35K T A 2 iR, @ 4 T f&
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