ZHEHIE 2026 £6 A% 305FE 61 1001

E TR 5 X BT R 2 m R

LEHR, GEE, 25, EBE, Byt

FRAZFREREIE¥YKR (MEiFg 461000)

[H5Z] B8 S0 oe kAT T A SRS 300 24 5 R Bl 20 (0 5 30 ) f, 72
52 7~30 d TR AT BN 5 BUERRER G IINHESL . 5k BB (VMD) iz
REEFE, - hi KR ik (NRBO) H 3 LN AR SCFFmAL (LSSVM) St
2R, RETRIE B AR (DeepAR)—KAEHICIZMZE (LSTM) TR-A BUMHERLAYAE L5
ARES s WP, . 2200 A AR SRR (ARIMA) SEEE2k LURT, At F0) X )
FEARAE T SRR T PEAF ML A PEAr R P r R . 855 IR SRR L B0 Tl
fRZe/)s, HAR s s B B B A e 5 T00 DX a) o] LAZ2 W ANBf e P, O SCRAR AT
B SRS BUE R 8818 - TRl S HEZR A BT n] AR 1 24 i e R ] i) v f
PGB, NEER S DX Al 0 R R A1 a0 8 i T - B AR A

[CHEIR) 245l TR, IRARR, AR08k, Eii-hr I b ;
/DTSRRI L W A REEA, KIGWHCIC ;s g s
[FED2HES] r224.7 [SCERFRIRAS]) A

Research on hierarchical early warning of drug shortages based on probability
prediction and interval estimation

FENG Yuhan, JIANG Tingyuan, JING Fuhao, TANG Pengzhan, PANG Zhonghua

School of Information Engineering, Zhongyuan Institute of Science and Technology, Xuchang 461000,
Henan Province, China
Corresponding author: PANG Zhonghua, Email:284359037@qq.com

[Abstract] Objective To establish a hybrid forecasting framework for 7- to 30-day drug
demand/shortage prediction and tiered early warning during public health emergencies. Methods
Variational mode decomposition (VMD) was used to extract multi-scale features, the Newton-
Raphson-based optimizer (NRBO) was used to optimize the key parameters of the least squares
support vector machine (LSSVM), and the DeepAR-long short-term memory (LSTM) hybrid
model was used to capture nonlinear patterns and uncertainty. Rolling backtesting was conducted
with ARIMA and other models as baselines. Tiered warnings were triggered when predicted
demand exceeded inventory plus safety stock. Results The hybrid model achieved lower errors
than single-step methods, with greater stability during shock periods. Prediction intervals
characterized uncertainty and supported early warning and the generation of procurement/
reallocation recommendations. Conclusion The decomposition-optimization-integration framework

improves forecasting accuracy and robustness, offering a deployable prediction-to-early-warning
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pathway for drug supply assurance at the grassroots and regional levels.
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