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Abstract

With continuous advancements in information technology and the gradual improvement of rural
infrastructure, e-commerce has increasingly penetrated rural markets, becoming a key driver of
agricultural modernization. However, its development still faces numerous challenges, such as in-
consistent product quality, a shortage of skilled professionals, and low logistics efficiency. To more
accurately predict market trends in rural e-commerce and provide scientific data support for e-com-
merce enterprises and policymakers, this study proposes a time series prediction model based on
Long Short-Term Memory (LSTM) networks, incorporating an attention mechanism and Kalman fil-
ter techniques to forecast rural online retail sales from 2024 to 2026. The experimental results in-
dicate that the introduction of the attention mechanism and Kalman filter significantly improves the
model’s prediction accuracy, reducing the mean square error (MSE), root mean square error (RMSE),
and mean absolute error (MAE). The findings provide a scientific basis for market trend analysis
and policy formulation in rural e-commerce, offering important practical significance.
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TAE Dy — P B EL AR 0 T-BL BENGIE I I s R A A, 5 Bl e e Al SE et 1 T R
e, PN, FEHERRIRE.

B B A AP 2 ST BOR IR R e, JCHE IR P 27 S AE I 18] P 91 5000 b LT, A BB
BRI HITRE 7Aoo o, LSTM AR Dy — 4 Ak T3 AR i) L £ o 222 0 2%
R, O 2SR I B TN E BE o ST 45 SR R LA R 2R 2R S Se st BOR, AT RAE—
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FIRB[6] 2 T R AT e s, WH9T LSTM #HE N Z8 7E SKU & TR R, #% LSTM 4
RIRA NG T7E, LT HIE MR 2 n R R . 3 S [T UL AR R T B AT RS &8N
TR, RAKEKEE TR HOCBmKZ, 70T GM(LN)-Prophet 2044571 7E Ha s A 65 5000 b i) 2
Mo FEESE[8]FEH AT LSTM-DNN [ #7735 5584 B TR 28Y DL 0 52 26 B AR R PR R) 7 31, 3w 1
TOUIRE P, 5 By o P Aol PR A B AR AR o
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Figure 1. Schematic diagram of LSTM model
[E 1. LSTM & A [RIEE

LSTM it S 2 aT DURGUARI AT TR, BUSTITHE, dMORESTE R, fti1oh5, RSt
XAy, AR(Q)~6) WA 2
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g, =tanh (W, -[h 4, x ] +by ) (3)

c,=foc,+i0g 4)

0, :O-(Wio’[l’]t—llxt]+bio) (5)

h =0, ©tanhc, (6)

e, h 2 BRI HOIRES, x24T 2 KGR, o & sigmoid BE, W, Flb, & TG
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LX
Attention (Query, Source) = »_ Similarity (Query, Key; ) * Value; (7
i=1

Hrp, Source H1— R7<Key, Value>HE X #I B, Query Ringh € Target JuEk, Key K7~ Source H
JCE M Key fH, Value 7~ Source H17G#E 1 Value i, BEREALE Query 5 key AR, #&%h
Similarity (Query, Key, ), Attention (Query, Source) R INECR Al

A SCRBERIOINAGE = HLE . 5, 18I MLP W25 Query FIR[F] Key HIFHIE, RAARE
Value R IR, 15 XU IE D) (tanh)i0E B 5051 N AEZR M, SR 516 softmax B8 50 R aa A E 7 —1k,
W T IR 2 0 A0 1 2 (8], e fE iRHEA EE RECH Value IIBCGRAN, 15340 1 8E. 7%
P LA 38(8)~(10):

Similarity (Query, Key, ) = MLP(Query, Key, ) (8)
Sim;
a, = Softmax (Sim; ) = S—s.m 9)
2 j:le :
LX
Attention (Query,Source) =" a, * Value, (10)
i=1
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X, =AX_;+BU, +W, (11)

Z, = HX, +V, (12)

Hrr, X, RAGHISDRECRUM), Z, ZUWINE, A ZIRESEFERE, B 23EHM AR, H 20 R,

W, ~ N (0,Q) Rt FRMers, MM A 0, 17720 Q MITEAAMA, V, ~ N (0,R) BIIRMER, #1724 R,

ACKF LSTM + KRS JEN G AT, Jof LSTM TR HFRME, T8 -5 /R S 8k 78 Fim &5 51
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P =AP_A"+Q (14)
K =R HT(HRHT+R)" (15)
X, =X, +K(Z,-HX;) (16)
R=(I-KH)R (17)

Hob, KRR, P EHR 7.
4. SEENGH SRR
4.1, SCIGFRE

R R RS RE B A, Pk 1B,

Table 1. Experimental environment
=1 SEWIfE

BAERS Windows11 K& 1 3CfiR 23H2
CPU 12th Gen Intel (R) Core (TM) i7-12700H
GPU Intel (R) Iris (R) Xe Graphics
W 16.0 GB

FIEIE S Python 3.9.16

RIZ A SIHELE Pytorch

4.2. BEERFEEITMIERR

BT AR A 19X 245 22 B ARG 6 T W AR R 1 IX 1) PR 28 B RS RO T 370 G R, [ B 52 B9 2 K S
Bl V52 it Sl 18 S BURFRRF S 2 IR R 52, (R R 65 5 8 A T Hb R AE AR A FE RS 1) R TR a8, A RE
REHEMSEMAE, SLIEPURA 2 R EGE N TNFESR, T2 R0 R R RIS .

AICEFE T 2N R R A NRIERFAE, R T B NLAR R R AR B B PPN 73, T SR NMRRAE
FE G T o [ 35 AS 4l 7 k21> (Mean Decrease Impurity, MDI),  Fiti Htf 4 4 0 28 A AR K RE 0 . 0 A6
IR, SRAEM E BT WL 2:

Table 2. Importance score

#* 2. EEMITS
FHE RS
LA LR Y& 0.22
AN BRI S 0.20
AT NI AT SRR 0.18
TN A IR ZRHL 0.14
VR ERIIN ¢ 0.11
RAN P2 R 0.08
AT R T R 95 o 0.07
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MR AR, BRI N AT RN eSO« R AT SCREHRN « A RS R &
ORI R e RS A SR R AR R IR S

B AU 3 BRI T G 3 A A B E 7 B [10] . BRI SRSt R A Dy [ 58 W4 B i B BUBR K
AR, HECE B R R TSR PEAERA T, RE8 it SO PR Bt Ie S B 4% . R, D T ANTEAERAIE
il , AWIESE 7 LN AR A TR S AR W, RS T A [ R 4 2 T ) VAR
o, WL, SSH AR RSB EE R HEBUFR, KAk T 8RIE W _EFE G T B, B
AR EGEL; P ANRICMERSEE M, AR SMIE TG RRAT 6, 467 F 5 I
SR AT VBN LR TR - JAh, AWHFIE S T H A28 BB e e E K1 R (CNKI).
JIJ7 BE s, SRR SR T O I SR FUBCRA R A AT W R, DR TR
KK o

NTRORECR K R EAE R, B e AT B U, BB EANE R, AR IR . 2R
JEI AT HR RS, SRR R RS — R . e BT BRI, 385 S SIS R AN 5 A i,
A ORECHE R P SE R AC RS SRS T 6 FHY A 020 4 P B0l WA 3:

Table 3. Sample data

3 HARE

i AT N HL ZSHE RALY KNS il SRR e B LE
(IN) HASHEOD) SRR CT)  BIRAE(%)  BRCR%)  FEEI(TI140T)

2013 37,774 7485 9430 34.1 458 0.11

2014 36,646 8383 10,489 336 47.9 0.18

2015 35,404 9223 11,422 33.0 50.3 0.35

2016 34,194 10,130 12,363 322 53.2 0.89

2017 32,850 10,955 13,432 312 55.8 1.24

2018 31,490 12,124 14,617 30.1 59.6 1.37

AT RN GRS B LA R T B Rz, SRIGE R MSE. RMSE fll MAE 1E AW 188, =
# nn(18)~(20).

1y
MSE="3 (¥, %)’ (18)
n-1
1y,
RMSE = WZ(yn—yn)2 (19)
i=1
1
MAE:WZ|yn_yn| (20)
n-1

o, NOABIAFEARZ, oy ONTME, y, NESME.
4.3. SRS RS

4.3.1. {ERGE

NIGUEE B AL FIR R 2 P8 T T LSTM BBUUHERG P IVER, ARSZIGHIEE T LSTM ZEahfE
A, LSTM-Attention #:i7%1L fz LSTM-Attention-Kalman #57%4, ] Netron #r &A% pth SCAE45 R 2 Al
3. [# 2 FIRME LSTM B ZIREEH, 5] 3 RRHI/2 LSTM-Attention F1 LSTM-Attention-Kalman
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Figure 2. LSTM model structure diagram
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Figure 3. Structure diagram of LSTM-Attention and LSTM-Attention-Kalman models
[ 3. LSTM-Attention 1 LSTM-Attention-Kalman &5 254 &

4.3.2. &SN

SIS ERE Adam flLfbas, 45-& shEEA RMSProp MR 21, FEVIZRIEFEd B 2h AR % 5 2, LRI
S P RS, W E YIRS 1% N 0.001, epoch 4 1000, i FE1E ] ReduceLRONPlateau 2 >) R i & 28 30E 47
BNASHEE, 8GR I N R i i A B S A (V2 A RR /T o SR MSE 1E AR R, FRmid bk 58T >
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577 15 e B 3L 1 4 R T = AN RIRE R (LSTM JE AR 7 | LSTM-Attention %74 L & LSTM-Attention-
Kalman BAN KRS R, loss AR S BLE NN SRl FEH U Sl Bl . training loss f&K %X 0.0118,
0.0109, 0.0104.

Training Loss Trend
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Figure 4. Training results of LSTM, LSTM Attention, LSTM-Attention-Kalman models
[ 4. LSTM, LSTM-Attention, LSTM-Attention-Kalman #&&!E1)IIZR45 R E
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M4 Hal W, AR B R E, LSTM JEAfiAR AL i validation loss AHX s, B BA7E A SINTER
HLIATR 2R 28BS OL T, BB R 22 o B T UL LSTM-Attention 457 ] validation
loss 53 ANAE YA LLEAIR, X MR I HL ] RE S AR BARFAIL, SRR U e o (ESEIERE Bt —D 5N
IREJEDL, validation loss BE— DK X W] /R 208 WAL AL TN (8] 2 S B i, REAS AT 2801~ 1 A
F AR BIRE R, NI — 20 SR TSR ) RN A ff 1 A2 AL e

Table 4. Experimental indicators
< 4. SLIGIENR

PRI R MSE RMSE MAE
LSTM 0.0251 0.1585 0.1515
LSTM-Attention 0.0105 0.1026 0.0988

LSTM-Attention-Kalman 0.0102 0.1014 0.1107

MF 4 FE L, LSTM JEREFEAIE MSE. RMSE. MAE #2EE, IIERE IPLHIE LSTM-
Attention #7 L R 44N 51N KR SV ) LSTM-Attention-Kalman #5575 & I35 Fr#EL LSTM B4 .
o, LSTM-Attention # A1 EU 18 1 ¢ /M) MSE il RMSE, LSTM-Attention-Kalman #:81E 18 1 £¢/M¥) MAE.
SRS, AN E AL AN R 2R 2 i ik (A AR o0 e e 7 A T O W S )3 T

Online Retail Sales Forecast
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-e- Predictions -
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Online Retail Sales Forecast
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Figure 5. Prediction maps of LSTM, LSTM-Attention, LSTM-Attention-Kalman models
[& 5. LSTM, LSTM-Attention, LSTM-Attention-Kalman &Y g 750 &

Table 5. Prediction results
5 TUNER

FRL A 2024 2025 2026 i
LSTM 2.76 izt 2.86 Jife ot 2.98 izt Fret Bt
LSTM-Attention 2.95 JifZot 3.11 Jifeot 3.18 izt FRes LTt
LSTM-Attention-Kalman 2.88 Jife. ot 3.10 Jifeou 3.46 Jifeot e BT

P 5 e 5 orBlh T = AR G T g5 R AVEGIBE . SR, LSTM AT 2024~2026
SEAR I8 B ERURICN 2.76 Ji12I0. 2.86 Ji1Z7C 2.98 JifZ.7t, LSTM-Attention F il 2024~2026
LA 2 FEBK IR 2.95 Jifeot. 3.11 Jifeot. 3.18 JifLt, LSTM-Attention-Kalman #5251 il
2024~2026 AR AT W48 BAERK N 2.95 T4 78 3.11 F34Z76 3.18 JIAZT0, = TR S5 ) A A X 4%
T EILEAE TR, ATLLWELH] LSTM-Attention-Kalman #5744 () Fiil h 22 5 Jg~F 1 o 58 ik
J73 S o

5. &

ARSI LSTM BRI 55 GV R JIWLEI IR R S BB EAR, SRR 4% T E AT T Wil 52
IGAE IR, IR L RESEE SR TR SCHERRAE I PERE J1, TR R 2 I8 N — B FIE T
TRIEE B, gk T A R BN Eh RS . 53R LSTM AL, LSTM-Attention #%If1 LSTM-
Attention-Kalman BB /E TS B2 E 3545 258 T, JCHGRTE J7 iR 22 (MSE) #75 H 1% % (RMSE) AP
#a Xt 1w 7 (MAE) S5 PN Fa b R I AR

TREE SR EoR, 2024~2026 AR W 28 FEZGRFLE EF, LSTM-Attention-Kalman A5 fr Tl ith &
MU S, mH SRR mER S, RS B BRIz R IR et . B 54 AN
AR LR B T 3R A BT R T RF AR, A DREUR B E AUR N B USSR L T S . Kok
WA DL — DR R L R A B R B IR R, Wi s ss . BURRFEIE . W R #HAT a
&, RN, F, SEn] LSk G 5 2 A R S B SR, R A A
DA FH T A A P A S R, ST ZS RS BN, AR b B R R R IR B S SR
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