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Abstract

Frequent and highly destructive flood disasters have imposed increasingly stringent requirements on the
timeliness, cost-effectiveness, and scenario adaptability of flood forecasting. To address the key limitations of
traditional flood forecasting models (namely excessive computational overhead) and the inherent drawbacks
of cloud-based deployment (including high transmission latency, elevated operation and maintenance (0&M)
costs, and poor adaptability to remote areas), this study proposes a lightweight on-device LSTM (Long Short-
Term Memory) flood forecasting method with integrated measurement and computation based on the Open
Neural Network Exchange (ONNX). Taking the discharge data from 6 AiFlow visual flow measurement moni-
toring stations in Shandong Province as the research basis, the skewed discharge data are transformed into
an approximately normal distribution via the Yeo-Johnson transformation, and time-series training samples
are constructed in conjunction with Z-score standardization. A two-layer stacked LSTM model is built to cap-
ture the temporal dependencies of hydrological series, and ONNX-based computation graph optimization,
operator fusion, and quantization processing are implemented on the trained model, enabling lightweight
on-device deployment of the model and real-time rolling forecasting of river channel discharge. The experi-
mental results demonstrate that the proposed method achieves reliable forecasting performance across all
6 monitoring stations. For 1-step and 3-step ahead rolling forecasting, the Nash-Sutcliffe Efficiency (NSE) val-
ues are all above 0.91, and the Mean Absolute Percentage Error (MAPE) values are all below 10%, fully sat-
isfying the operational requirements of short-term flood forecasting. After ONNX-enabled lightweight pro-
cessing, the model code is reduced by 67%, the executable file size is reduced by 69%. The cold start latency
of on-device inference is cut by over 99%, and the average inference time across the 6 stations is reduced by
7% to 31%, with no degradation in forecasting NSE. The memory increment required for model loading is
reduced from 111.97 MB to 0.54 MB, which fully complies with the resource constraints of on-device edge
terminals. The proposed method establishes a full-process closed loop covering “data acquisition, local in-
ference, and forecasting output”, thus significantly lowers the O&M costs and forecasting latency of flood
forecasting, and provides a low-cost, lightweight technical solution for integrated measurement-computa-
tion flood forecasting in medium and small rivers and remote areas.
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A5k 8 (Tensor) = KAZ O 414F . ONNX [ A 42 B b Ab #E 32 Bl ik ONNX Runtime JfEHE 5] 88508, F EAFEIHE
i, HETES. B, BEmm ey, BENEWNE 4 Fros. 554 PyTorch SAUAHLL, £
ONNX b5 FRIR R R T 38 KCHG) Py Toreh I ZR42H, A 75 B2 BEAK X ONNX Runtime HEFE 5] 20 n 47
AR LT BB 2T B SR AT DLk — 25 PEARAR 2R [ B 1 SRRE B L5 SRR A A 100 BT ONNX Runtime
Bt ) Hbr 2 — A SEBUR R (#5630, T, ONNX AL ALY S F s & 308, A& EA A
[ ity 0]~ 5 AT ALY LA

52 4. ONNX ML NE

fRAL 2 AL e p
R A BRTAT A, HTRE Wb B T A WA S B 5 PR T
RS SR i R AR R AR T B S AR R e I AT
B AL SR 03 £URE T M FP32 569 FP16 EAREDURMGLHIRTIR P, R B PURA

50%, [FIBS BRAR YA 5 o5 AR E S T4
B E B A AL ONNX Runtime %1%} 35 {lll CPU 414k 48442 1 PRI ESR
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4. GRS
4.1. {EBFERIEEIE

XAV FUIEFE KT 6 D uti s 70 AR BT LSTM POK PR, IR Bt s “ 0= alwe” Jsnl, iy
5 WD TR 8: 101 Y L m AR AR o I gRd L B ESE . DR LL HuberLoss 11yt 2k B B AT AL I
5, WIS IRWOEN le—4, RAIRZIBJORIGEN AW BB 72 5, B BARSHINE 5 PR, &b iy
WG R 6 From. Hrp, Bl fllgrdi k2t R an i 7 fos .

5. BRESH

SR 18 X
s R AL Relu AT IR LR M
2 le—4 MRS FOL K, RIZIB KRS
5% bR B HuberLoss SRR AR iR 2
FE T CME 154 BRI IGUEH R &S 15 D3 A itk fs k1125
RN HL 500 RN E
LSTM i /=14 Tt 256 LSTM W&t 4 754
457 X 265 Rk 2 1 42 T 4 512 RN TEA L
Batch_size 256 — MG IR BEES =
Seq_len 5 FNT HIA
Optimizer AdamW Ak #5
Dropout 0.1 BENLEZ 2, By bR A
loss = 0.006575, best val = 0.000737 (Epoch 110) loss = 0.006713, best val = 0.001154 (Epoch 51)
0. 30 S1f Ty, S23; 45 SRk
0.95 — IR 0.20 — RIFR
0,20 50.15
T0.15 T
£ £0.10
j==1 ==1
0.10
0.05
0.05
0.00 0. 00
0 20 10 60 80 100 120 0 10 20 30 10 50 60 70
Epoch Epoch
loss = 0.009139, best val = 0.002145 (Epoch 137) . 1751055 = 0.005779, best val = 0.000909 (Epoch 110)
0.5 ik : ¥k
S3U A T, SAhixL — gk
- — Wik 0-150 TiF 2
' 0.125
20.3 £0.100
E B
Z0.2 Eo. 075
0. 050
g M
0.025
0.0 0.000
0 20 10 60 80 100 120 140 160 0 20 10 60 80 100 120
Epoch Epoch
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loss = 0.011339, best val = 0.009543 (Epoch 43) loss = 0.014775, best val = 0.009718 (Epoch 66)
0.30 R wamr|| Sosist B
— RUERK — IR
0. 25 0.4
g 0. 20 2 0.3
Eo. 15 E
= 0.2
0.10
t 0.1
0. 05
0. 00 0.0
0 10 20 30 40 50 60 0 20 40 60 80
Epoch Epoch
7. Fuh R ARENI SR RS i
= 6. B RRBINLIER
e Sl s AR SEBRIN GRS E AR T IR 2K
1 S1 125 0.006575 0.000737
2 S2 125 0.005779 0.000909
3 S3 78 0.013846 0.013266
4 S4 137 0.006498 0.001230
5 S5 124 0.008324 0.000972
6 S6 74 0.008136 0.000768

AT TR R TIARAS B2, B 1L 30 6. 12 IUFRsh TR P&, A RENSE), FIgxTiR%E
(MAE). Y75 i#2Z(RMSE). “F-¥I465%¢ 1 73 L iR 2 (MAPE) UM E AR IEAN A AL AE M4 RO B0, #5703k S ik
RS S FERT L Rl 8, K19 Fow, &l sUB B AR MR AE b ) ThoRs FE Geit 45 SR an il 10 oo

n ture pre 2
NSE =1- zn“(Q’ o )2 (10)
>o(e-ar)
n ture pre 2
RMSE = \/Z"‘I(Q’ o) (n
n
n ture pre
MAE = 2l =0 (12)
n
. Ql_ture _ Qipre
Zi:] 7
xXn

W, e TR | BZISEIR R, o7 FonE | T2 TR E, Qe KNI ERT I FIE, n N
FEHLSKE.

IRAE I 10 MIGeit &5 8, LSTM kK PR ASE 2R (1 FiboRs B Bl 5 VR 2 PR D B 3 i 220 %, RILH IR
iRz Bt goit i . BRI S, ERAITIHCEECN 1 5/ 3 BRI T, &ub ks f NSE X5 T 0.91,
JIT A 3 KUF) MAPE 45 B35/ T 10%, Pk 2 SR B A S RS FEAN RS BE s IRBN TP HOIG N3] 6 25, &l il
45 NSE BT 0.86, vl s MAPE $/h T 12%, Hifh S2. S3. S4. S6 ufi i 1 Fifk 45 B NSE #7 T
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r=0.9901, NSE=0.9803, RMSE=0.6373, MAE=0.2909, MAPE=3.86% r=0.9901, NSE=0.9803, RMSE=0.6373, MAE=0.2909, MAPE=3.86%
17.5] 1-step — Q(y) THH 17.5] 1-step
--- 0@ Bl
15.0 A3 N 15.
12.5 12.
'n 10.0 T 10.
o @
£ I
~ 7.5 ~ 7
S S
5.0 5.
2
5 2.
0.0 o
o A5 o AD o A5 ’
AV A¥ SOV OV U3 SO a
Qo o oo o o8 o0 o® w® N wt o™ o N
Time Time
r=0.9794, NSE=0.9592, RMSE=0.9166, MAE=0.4139, MAPE=5.5% r=0.9794, NSE=0.9592, RMSE=0.9166, MAE=0.4139, MAPE=5.5%
1 T
17.5] 3-step ! — Q(y) EHH 17.5| 3-step o
&y -=- 0@ B
15.0 = 15.
12.5 12.
s 10.0 T, 10.
& &
~ 7.5 < g
S S
50 5.
2.5
| 2.
0ol A— . ,
O AD o AD A AD ’
AV AY SOV AV ¥ AV ¥ o) % 4 \S 5
P o o o o0 oo [ 30 e Nt w? oV
Time Time
r=0.9574, NSE=0.9165, RMSE=1.3109, MAE=0.5883, MAPE=8.15% r=0.9574, NSE=0.9165, RMSE-1.3109, MAE=0.5883, MAPE=8.15%
T
17.5] gstep | — 00 sl 17.5 ] 6-step B
--- 0(y) FE
15.0 15.
12.5 12.
T 10,0 T, 10.
& N
~ 7.5 S
S S
8.0 5.
2.5 2
i
0.0 B
O A o> AD Y AD ’
A® s Qv A% Q¥ QY
928 & oW & o o o o o® o o o o o
Time Time
r=0.9082, NSE=0.8249, RMSE=1.9001, MAE=0.8735, MAPE-=12.85% r=0.9082, NSE=0.8249, RMSE=1.9001, MAE=0.8735, MAPE=12.85%
T 1
17.5 12-step | ) — QO(y) S 17.5| 12-step o
1 ~ - .
-=- Q(y) Tay{E
15.0 15.
12.5 12.
' 10.0 T 1.
o By
I S
~ 7.5 N
= S
5.0 5.
2.5 5.
0.0 A ! 6
PO A BN AD PO AD ’
AV AL B\ AV AV ¥
S o o o o o o o ® R o o o
Time Time
= A ISaN
8. S1 ¥ A SEMLE R 5 TR SR X EL [E
i 7y 2
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=0.9993, NSE=0.9985, RMSE=0.2956, MAE=0.1614, MAPE=1.18% 7=0.9993, NSE=0.9985, RMSE=0.2956, MAE=0.1614, MAPE-1.18%
1
I-ste — 0y Tl I-step o
25 -—- O(y) THMME 25
20 w 20
o T
25 @ 15
e
ST Q
10
5
5
0 0
BN 0B A 9 - 0% D 92
Qv NS oV NS oY 0% Q¥ o 0
o o0 o0 o o o5 o o wB® w® w® o w® o o
Time Time
=0.9986, NSE=0.9971, RMSE=0.4134, MAE=0.2200, MAPE=2.45% =0.9986, NSE=0.9971, RMSE=0.4134, MAE=0.2200, MAPE=2.45%
1
3-step) — 0(y) sEWH 3-step o
25 -=- O(y) B 25
20 2
o T
25 v 15
& &
~ <
S
10 S0
5
5
0 0
EVS _o® AD Y Q% S\ D 2
QY QY QV )Y QY QY QY QY \!
o o0 50 o oS o 5 S P @ ® @ ® G (B (8
Time Time
=0.9969, NSE=0.9939, RMSE=0.6037, MAE=0.3168, MAPE=3.92% 7=0.9969, NSE=0.9939, RMSE=0.6037, MAE=0.3168, MAPE=3.92%
1
6-step| — 0y sEWH 6-step o
25 i --- O(y) FK 25
i
H
20 2
T : P
215 : ! “ 15
B i ) 5
S
10 i S0
!
5
i 5
i
1
0 | .
N ® e 0 & 5 0
o NS oy % ¥ ¥ 1 oY ”
S S 5 N oS I\ S o\ R Y N N )
Time Time
r=0.9926, NSE=0.9853, RMSE=0.9353, MAE=0.5068, MAPE=4.56% 7=0.9926, NSE=0.9853, RMSE=0.9353, MAE=0.5068, MAPE=4.56%
1
12-step — 0(y) S 12-step o
25 i --- 0(y) Hl 2
1
i
20 20
i f =
'
o P i 215
& i ]
S
10 i S0
i
5
i 5
H
1
0 i | 0
EN o AD -2 POS P\ A g
ov ov ov W o o o o a
50 50 o o 5 o0 o5 oS R @ ® @ P G S @ s (B (9
Time Time
5 o ISl
9. 82 W R LMLER STIRE R LL B
f 7Ry Z<
DOI: 10.12677/jwrr.2026.153034 319 TR B IRAE A


https://doi.org/10.12677/jwrr.2026.153034

HF ONNX 5 05— A Fry s ) 42 A K T

1.0 VAR |S2HEA L0

m vap |SIHA
e 12 —

= VSE

RVSE
E VAPE
W NSE

Z

== MAPD
W NSE

o o

°
>

MAE / MSE / RMSE

MAE / MSE / RMSE

| -
MAPE (%)
z
NS

@ o o
~

I-step 3-step 6-step 12-step

N
MAPE (%)
NS

NS|
MAE / MSE / RMSE
o o
- >
i

MAE / MSE / RMSE

~

6-stey

5 =

S

MAE / MSE / RMSE
MAPE (%)
MAPE (%)

NSE

0.0!

10. FiERTIRGER G IHERR

0.94, MAPE 35/ 7%, HERILE &l s R Tl & R v IR EIEA ME R 2%, S2. S3. S4. S6 uhi sl i Tk 25 2R
WIH A B NS BERI AT E s BB IR BN T PRt — P N2 12 8, S1. S5. S6 i sl i FilAhAs BT Uk &
DIPOE TR, TR ZERE A, S2. S3. S4 il il TR KE FEAK IR FEAER =i 7K1, NSE ¥7E 0.94 L I,
MAPE ¥/ T 5%, 25 LifiE, AHFFCRIEER LSTM /K TS AL bRt B 2 A Rt K T 75 3k, nTLAME
ST Hdi X 3h 7 VR B K AR L BEAT M —4R 7 (R R BIRIE,
4.2. SRR E 1 RELEIE
4.2.1. BREGBIRRTEE

£T ONNX %J PyTorch i/ AT 5, #eit, K H onnxoptimizer T BBEAT S TBI-AAL, T4k HE0E 635 1 (458
AL VHBE Identity iAi. FREIELE concat/transpose/squeeze #EE. PEHUE RmEBIWIIGMNARE. =TT, KA
onnxconverter-common L FUBAEEIA & M FP32 8 FP16 #5/5%, FFKF] onnxruntime HIZI&ENINRERF—F
WGRLEM FP32 EALF] INTS, FEFHLIFEF, FRPE scaler b b SEUMAB ML B (5 B 4T 0.5 ONNX AR 1)
metadata HY, SCHURLARL AL SRS

RAETASERLTE iy I RHE S 8 B ARSI E AT A S AT R B N LB ThRe s, A5 HE 3 T e 55 B T AR HE T API
F2 11 I8 H Pylnstaller K¢ AP FTEA W HAT SCHF,  FTEL I SN AL B A HE B B A 0K SO A, A6 A UPX
BT 7 SO 46 . %536 A PyTorch JRAA R RIZ: ONNX 4% #i kb B 5 (K48 ) SCREAARR DL B T /60 407 1) FH A7 7T
73R, BRI anE 7 iR,

M T (R EE AR PT DAE tH, ONNX ARAL S S AR R AL T PyTorch Ji AR B SO AR AR k> T 67%,
ATPAT OB T 69%. BERKTE, PyTorch i ABAL S A ARA G BILLE (1915 4% 10 5 o E mI AR HH Y L
ONNX ) = AR AR IUAE AT HAT U IR 46 |, BT PyTorch [ i A= A58 SO 82 K ¥ Py Torch HE42 3k
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ATHER, ARG T AT AT SO RO AR, Xt 0 B a6 B 55T A7 A I3 i 1 EOR R SE s T ONNX 4k
Ja AR ST ) ONNIX Runtime 51 SEREATRIRHERE, 3760 )5 (K W] $AT SCAF A1 BR T B K ¥ PyTorch
HEZE, AR /Y numpy. pandas. ONNX Runtime 55 ZHKH, KORFRAR T AT AT STIRAAR, 45 HL REAE I
B o B ARE .

7. AR

PyTorch ONNX
Ul RLAA TR
BRI S AFRFR/KB AT AHAR/KB BRI SRR FR/KB AT AR RKB
S1 2450 220,893 816 68,812
S2 2450 220,893 816 68,812
S3 2448 220,893 816 68,812
S4 2450 220,893 816 68,812
S5 2450 220,893 816 68,812
S6 2448 220,893 816 68,812

4.2.2. SRS EHEIEE AR FIFEERER

AHFFEIELEN) 6 NI A, ST, S2. S3. S4 3k A TAEuGALHE %A Intel (R) Core (TM)i7-10810U, F4% 1.10
GHz, W7 16 GB, RGEFNET x64 WFRISHT 64 MEER S, #:1EFR SN Windows Server 2019 Datacenter;
S4. S5 Ui TAFEALFEES A Intel (R) N100, T4 806 MHz, WA 16 GB, RGiTNET x64 ALFRESH) 64 1745
ERSE, #:A4ER519 Windows Server 2019 Datacenter. E %3 s TAFuS FAEFHAH R EE XS L PyTorch JRAGHEAL, 22
ONN A0 AL B 5 RS PR IA R | ¥ )3 BRER « BSEAY AR N A7 3 5 3 TideAR, & TS E 30 Y SEI0 s R1E .

M7 8 g 9 L kA, ONNX RALHIRERAHE: T PyTorch JE A AR AE HERR I AE - OB B4 T Horp
S1~S4 ufi 5 (1) A HEBEFERT BRI Z) 7%~13%, S5~S6 uli i fH)-T- S5 HE BEAERT [ IR L) 25%~31%; AN PIAESE (1) 5%
HEEE B 35 40 T2 AP 0, BG4 B FE SR T S B B A IR . 7E SRR 5 A 7T, PyTorch 558 N1 FE BT
21433.84~21641.44 ms, 1fj ONNX HRUNERAER AN 145.49~146.32 ms, NNEFERS FEIREE 99%; AL INEE N A7 &
J7 T, PyTorch #RIN#R N A7 84 111.97 MB, ONNX B 0.542~0.544 MB, W7 b5 FHKIR FRAK . 7EHEERRS
JE I, ONNX LA AR #L T PyTorch JRAZBAY Tk 25 SR 1) NSE WA 224 XUEWEAH ONNX b/, A
I REA BER R RIHE IR S, I B PR R Ik i RN A7 5, B8 A S R R TRORG FE

= 8. PyTorch 15 BUHEIR IR B 5 SRR € 45 R
i AR RSP - EIHEBEAE T /ms e/ MERLFER /ms SORHERLFERS /ms BRI EFERS /ms BERYNER A 174 #/MB NSE

1 6.21 5.83 10.54 0.98

3 18.31 15.94 22.67 0.96
S1 21433.841 111.97

6 37.00 32.83 43.20 0.92

12 73.06 66.36 81.06 0.83

1 6.21 5.83 10.54 0.99

3 18.31 15.94 22.67 0.99
S2 21433.841 111.97

6 37.00 32.83 43.20 0.99

12 73.06 66.36 81.06 0.98
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=
1 6.21 5.83 10.54 0.98
3 18.31 15.94 22.67 0.97
S3 21433.841 111.97
6 37.00 32.83 43.20 0.97
12 73.06 66.36 81.06 0.95
1 6.21 5.83 10.54 0.99
3 18.31 15.94 22.67 0.99
S4 21433.841 111.97
6 37.00 32.83 43.20 0.98
12 73.06 66.36 81.06 0.95
1 6.95 5.74 11.93 0.95
3 19.63 17.06 23.92 0.92
S5 21641.438 111.97
6 39.88 36.24 47.94 0.87
12 76.19 67.32 95.31 0.73
1 6.95 5.74 11.93 0.99
3 19.63 17.06 23.92 0.98
S6 21641.438 111.97
6 39.88 36.24 47.94 0.94
12 76.19 67.32 95.31 0.84

7= 9. ONNX R EVEIRIR F 5 FIREMLER

U R AAFR IR B AR P L HERLFEI /ms e /NEFAFE I /ms B R HEREFEI /ms RN AFE N /ms B INEL A 77 58 E/MB NSE

1 5.80 5.14 8.82 0.98
3 15.89 13.89 19.54 0.96
S1 146.32 0.544
6 32.50 29.28 35.94 0.92
12 66.70 62.51 72.43 0.83
1 5.80 5.14 8.82 0.99
3 15.89 13.89 19.54 0.99
S2 146.32 0.544
6 32.50 29.28 35.94 0.99
12 66.70 62.51 72.43 0.98
1 5.80 5.14 8.82 0.98
3 15.89 13.89 19.54 0.97
S3 146.32 0.544
6 32.50 29.28 35.94 0.97
12 66.70 62.51 72.43 0.95
1 5.80 5.14 8.82 0.99
3 15.89 13.89 19.54 0.99
S4 146.32 0.544
6 32.50 29.28 35.94 0.98
12 66.70 62.51 72.43 0.95
DOI: 10.12677/jwrr.2026.153034 322 TK BRI 7T


https://doi.org/10.12677/jwrr.2026.153034

FLT ONNX 550 55— 1t i 0 A A TR T

1 4.92 4.04 8.69 0.95

3 13.75 12.06 21.16 0.92
S5 145.49 0.542

6 27.53 24.78 32.65 0.87

12 57.23 52.12 66.85 0.73

1 4.92 4.04 8.69 0.99

3 13.75 12.06 21.16 0.98
S6 145.49 0.542

6 27.53 24.78 32.65 0.94

12 57.23 52.12 66.85 0.84

4.3. ¥1ig

A5 AR DAL it /K TR 2 v 8 2 AR AR B 1 U AZ G, 8 ONNX BB bR 5 LSTM I 7 TR e B 45
Gy ST K IR A LE S ) AiFlow M AL £ BRI B — AL 8, MR SEEAN S BR B FH J25 T Ber ik 1 o 4%
AR TR ATAT I, K SCIR AL . SEiT (R SR AL T B B 4%

B FHMERE, HETHEGR = imbe R il E i, AW 7 HE s o I 55— 07 2 MARJE T RIEE T i
RIS 25 S S 2 A o 10 ) o A PR A i I 2 % 56 RS S HICHE AL 3L 5 TR A 3, Sl 1 R
U1 SN /=E 75 3 BT 7/ 1K -84 11N ' S IO 18 950 7 <0 AN = 1 1 =T = 1 A7) s ) - N i . 2 5 o
SREREI [R) s[RI, SRR T ot IR SS A R XA B A DL R K SCER AR S AT A oA, ELARAY
ATTEARZE TG X B IZ AT, AN TR o im R 3R B X, $2TF T 3K TRk R 4 R 4 X IE R RE

MEEARSZIAKE , ONNX HE S 4% 5 A AL BRAE CRAE TARORS FE ZE AT AT HE T, SEOl 7 REAYARAR . SR8
FRRIRAL, RO T VRS B SRR TSR TR i i AR S O3 2 ) 1)t b e A S, A
RN EAS BT A% ONNX #57Y metadata, PASCKHHERE D RES R AFRE APT R4 N T AT SO, SR8 T RETY Y
HASHE SN, 37 7 EARN TS ANE. ok, AR E R e E R AR . 3
U B DR TR SR, 3 — B R T un U HEER 0T SRS, SRS T e R A SR ) SR L R

A FAIAFAE— 2 SR PR I . Fo—, BRI T TR, AT 72 R FH A I 0UZ LSTM A 52 R 5 — 44k iy ]
ATPEIRAIE, AR 7877240 S SE I P AR AL K 47 /), Transformer. Mamba. Informer 55404 7K I 5 7K SCHHE Tl
e RILH EARRIVERE, ST IR BRI NI TR R, 456 ONNX e E ENSUE, HE— D3t imiia
PITARRE FE 5 Kb KTk e ;. K=, WEARERC T, AWFAANAE x64 ZEK (1 U TAES, 5E BSE IR IR UE,  &1XT
ARM %5 F PR AL T & MRS A 2, FEF IR ZHA-T 5 ME BN, RAE R SRS
EIURS, BIBARREENE; H=, BdEmarm, AU T RS X P WA, Rahd
BERN /KO WIS F BRME 2 VK SCR SR AW, EE 5 N ZIREAE A Al A8, TR it K FE 2
IERe I SR E e Y, NAHY SO, AR FE R E R ST R IR, 52 m R A
SRR Lk, T P A AR BT R R TR, FEEEARIN A .

5. &g

AT T KR GE it K TR T 2= 0 ¥ B AL I B IR . AR R o 37 00 Ve 22 55 1), M TR T
ONNX sz &4k LSTM U — Bk TRk R, PLILZRE N 6 > AiFlow FLHE I Ik k5 ) S 2500
B, MTRARASRE . BREASUR . wflE e ae = AN e TT RIGE, 19 H LR 4518

1) HWEMAZHES LSTM Bk TR B E £ 75 B A TR B, 58 A3 2 b /NIl it 7K T 6 S B 7
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FET ONNX 5 0055 — % 18y B 0] 2 A kK T

Ko BIAYLE 6 ARG R 1. 3 BB TRk NSE ¥ T 0.91, MAPE ¥J/hT 10%; 6 SHRZ) Tk NSE #45
T 0.86, MAPE ¥J/NT- 12%; AN 12 IR TR AR 73l s R P 0B 22 R B, Bk LT A iR 22 RV 10K
FEASARARFAE, Syt 000 57— Ao i R b AL 1 W] S RS 2R LA

2) ONNX WA A2 B AR B3, SEl TR S B8R TH . 2 ONNX iFE B, Hies
BTG, BEROCARTRE D 70%~71%, AT HAT SO ARFA > 81%: Sl HEER A J5 SHFERS FEIK 53%~61%,
THAR 45 R (1) NSE B AR A AR, 15 KR P B 5 8 RS I R, ORIE T TlhoRs FE LA TG40

3) BEAE R RAE a5 % BRI AR SR IS AT I RE, 50 4% IE Fc vty 0] M 0 45 46 1) PR IR0 o o A5 2R 7 i )
TBATHE, AEASHER AR N A7 PR 86%~87%, FRUKHERLAERS /b T =R 45, HINEFER #2546 PyTorch 584 B
H99%, STELT “HHRRAE. AMMEEE. FUHREE " MARER A .

4) AHIF T I v 0 6 B A B — AR MK TR 7%, S0k T e G o8 103 5 5 O BRI, BEEPRER T
BEK TR IS 4 A FI TR AE IR, ) SEIL T To] T I8 52 P i 00 5 — A b o A 7925 R /IR S ozt e X (vt
IKTARARAE T — PR SA . SERL SR MR AR T 5, IR BE 5 IR B AE 7K SCK B U5 AT 14 sy 0] 17 P 2 it
THARZ%.

STk
(11 FHFEE, B, KPHE, 5. 5 B8 oy Hh 4 it 5 b 55 g 55 XU 19 B 2k s bk A 72 (0], N R3], 2025, 47(9): 9-
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