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Abstract

The outbreak of the new crown pneumonia epidemic has had a profound impact on China’s economy.
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In the post-epidemic era, the analysis and forecast of short-term import and export volume will
be of great significance for my country to formulate policies and plan production plans for enter-
prises. This paper proposes a PLA (Prophet-LSTM-ARIMA) fusion model for the forecast analysis
of import and export value, which combines the traditional three models of Prophet, LSTM and
ARIMA by weight, and performs statistical estimation on the weights of these three models. Finally,
descriptive statistical analysis and statistical modeling analysis of real import and export data
were conducted for a total of 135 months from January 2011 to March 2022, and forecast import
and export value from April 2022 to March 2023, moreover, perform the performance comparison
analysis of each model. The experimental results show that the average relative error rate of the
PLA fusion model proposed in this paper is smaller than that of the traditional Prophet, LSTM, and
ARIMA models for the prediction of various types of import and export commodities, and provides
certain theoretical support and practical guidance for scientific decision-making of import and
export trade.
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ek, ATERIZE G L 4 [ B 158 S IR B R AN ) 2B ZE A 1] S1IE R BIL B %+
JE b i, ZRAEERGEHRE,  CEHEDIE L E N ORIEA O AR A E BRI et
R R JER R o WIEWE P EZ 5 PO, P EZ TR 5 SRR < EE 158
SERT T R AR SR B B MIER . W ERRCRE, b [ R SR WA A S
PEEIHACIE AR B8 [2]. 20T, A PO RRNAFE IR ERIaAT, T E 25 A R
AL SRR 1A VA A KA A g i ] A 5] s U0 20 A L e i 03 e JEe A% J=3 [3]

FEIX —SRBEIS 1, FOUIN OR RIS A R A (R e R R e B Al A = o RIS R A+ 70
FE L BAHA1ENNNE LS HIRA T, SRR, SMEE MRS AT A A5
HFERSRIEML, BN T ST, A E A KA e i, R AT DUM AR BEHESh B2 5 BB A A “
M2, DR E RIS [ A [ BRI BT R A R . BB TE[S]1 S AR e fr it [FRi R,
S22 S RSN E B R DL AN 5 T A, AL 7R TR BV, N TR R EM AR G 7 1)
TR, BT 7 AR B LA 2, 0 e [ 2021 4R E U - Bk AT 1 T30 . A2 W RE[6] AXUAE
PRI A, BIR U 5 S AR o [ JE B 2 N IESA SR LA B AL AR Tk S R A
H 5 e e xek i I e BRGVH l S MM R R R O BRE (715 AN E 1A 2 P2 (ARIMA) R L
BP #h £ W28 A BB E L Y 1 52 S B0 (6] PP 1 AT 7 Ve S ARZR RS B 4200, Sun, Y SEA[8]4EH!
T T2 SR SR T o [ AR By o B e, ANBA G AKRE AN SR 5 7 il D X A SRR HEAT 2K
TP SL ) R OO, DL R0 A AR & ok, SRATE T BRI . BrA AR 18] e 41
HIHR A AZ Ty BEVR ph A L P4 ) AR B A

A — AN 0 B 1EAT FIU  RORAE AT B U 22 AR (G B AR 4F . Manowska, A [9]38 1Kt
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ARIMA 5 LSTM N L#HEMEEFALE S, M 7 —MREGHEA, FER AR I RIS AT Bl .
Zhou, LD [10]#3t T Prophet-SVR 24455 1 Prophet-LSTM R & #5574, LAk Prophet K578 () FiI kG 1
S5 3R W, Prophet-LSTM JR-ABIALEA S tEMERE, TR B M T — A, 7EM s <SR =18 507
A B . Matskul, V [LLJEHATN 2005 445 2019 4= 410) & 7 >4 SRR 2 7] 52 5 28000 A B
A, JERHEASHMAEMLE .. kiR ARIMA*ARIMAS F1 Holts =FHiR, 345 7 157022 - BRI
SPHTEAS BE AR, MR IE A RIEAT T N . Satrio, C [12]H) FH ML A ST AR Sk T E R JE 7 A
YIRS, AT TR R IR A E], A T Prophet TINALALAT ARIMA TR AR LLE e AT
M RE IR PE . Ning, Y [1313&H T —FhJE THLAS 52 2 HIRT IR) 5 ZU T 77 ¥, %07 V20 B 5 A0 g it
()7 41, FEHEETT S0 5525 R A SR 00 A SR B[R] PP S RME, B ELER T ARIMAL LSTM 45 Al
Prophet =i, DUERAEG AR, 280, HureE s O R S K msss gy b —,
REBAIRE, RE R 2 MR AT RS IS0

N T B S S PRI, A SR T R Y BRI A B PLA R AR, AR E A N
WK BB EEANE T AR R SRIE S AR AT IR ST s B =N PLA BRI R iR AT T
TfRRE: SEDYTTRN Z AR TN &5 R AT R LE b, R4 T PLA BRSO AR — ARkt 1R b T
B HE—THHER.

2. WERRSHR G54

ARSCAE RS Y DVATEAT 23 AT, A T Csmar HhRS A [ E HY 1R o SRV BUT BEGETE ST, B
2011 4 1 A & 2022 4 3 A B 30, SR oA N RILAN e Rt tH LB VAR — AN
KK 135 A H I B FA ik AR R AR L TT 16,220 SR AGHAE, TRAE T AN SRR LS
e ] 55 B SR BB 2% D3 2 T R AR ) (Pt N RGN L LY R (2021) ) B

FERERT AN G, ASCHPIIARR AT TR, L=+ A RSO R, JFHEGEEZ
[RIARSE, DA PA i QAU SR AR AR B 3T 0 28 S (B A R B A A A, i e
E RS RTEA I B R I S B, (EIE R R S EEH BAROIE. SEEA R AR AR B
TR 7R, HMBAERIIFE, FERM TR -FEIEEYIE, AR08 e, sl
TR AR RS S, HARTTIE R el A 2 5 T, X BV RS MRS, BE B0l 1A
WA VU ISR, 2 AREERIMFaLS, N — Ik, e, kT
izt BEWSECH DA .

3. PLA R &R B f4038 SHRBLEMEN
3.1. PLA & #E R pH)E

3.1.1. Prophet 155!
Prophet A&7 2 fifa %4 I5i (trend) . Z= 75 T (seasonality) . B335 (holidays) 2[Rl 2 FT 2 B () — > T 23 fifé 1)
i 8] P AR AL [14], HERIE R FHIR,

Y, (t)=g(t)+s(t)+h(t)+s 1)
g(t)=(r+a(t)s)t+(d+a(t)T,) )
s@yi:(%cw[2¢“j+QCm(2¢mn (3)
h(t)=2z(t)k Q)
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T H R AR EEAT 1 %0

3.1.2. LSTM =38

HEH O & aE0E 2 B F R BE, ATLMEH LSTM X b T @0 #[15]. & X LSTM L
MG LERZ 52 I S ffEsm ok R, HERET LSTM [k D&Ml [16], HAKRFEM
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Figure 1. LSTM model construction process
1. LSTM #RBUHZ fF2

Friy KB 2 K0T frs, A LSTM BB Ea BEAT ISR, e 2845 250 3t Y 10 7 vl 400 1) 0B

LN
i =o (W, *[h_,x]+b) ©

W
fo=o (W, *[h 1, x]+b;) o
¢ =tanh(W, *[h_;,x ]+b,) "

B
0, = (W, *[h_.x]+b,) ©

Kidiz
¢, = foxc, +i *C ®

fEiciz

h, =0, *tanh(c,) (10)
Horb, fANTMBUEREL g Cell FINRIHGE K%L, h 2y Cell it 10 R 2
3.1.3. ARIMA ##
KA B985 5 °F- 2 (auto regressive integrated moving average)fify, fEFR MR, R SE Ry fn o8 20
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(A1)
#(B)V'y,(t)=0(B)¢,
E(et):O,Var(gt):of,E(stgs)zo,S;tt (11)
E(ya(t)s)=0,vs<t

I I RS R—A TR, ERZE ZEBHEAE T4 BoR B PR E R, X
PAE R ARMA BTSRRI THIE FFN[17]. ARIMA 5275 ARMA BT 3EaE 38 B okiE A K 2 #nd
V) 7 470 Kb 0, & AT (AR R . AR S E S T ARIMA fiE i .

Ya (t) =S, +T,+1, (12)
o, BEVN, KA, ZEEILBEI.
3.1.4. PLA fh&sal

454 Prophet. LSTM LUK ARIMA =Fii 1 B S5 5, ASCIEHHEHE —> PLA B, XLl L
SRR AR it DS R AL, i =R P, DUIA B HE Y U S O PR AR ) TR AR, R
WIR PR, RE =N A8 AR EE {5 75 AR o 22 3 N fe /M

y(t)=ayy, (t)+acy (t)+a.ya(t) (13)
min_l_ii|aprp +a.rn +aArA| (14)
a,+a +a =1 (15)
|y (0)-2()
Ty
e ®-2()
= 2 (16)
-z
oy

Horp, AR, REREE, NEBEBGAHNAE, NSRBI AHRZER, T NERE L X (A
K.
3.2. EERTFHIEN
N Y S PR () FRINKE AR S, ASSCe ] Relative Error (X 12 22) PR T 45 5, HiA
WA R, EARSCH, AR ZE R S R D TE y(t) S8k O Sl z() 4 2 %=,
B DAt H T B SAE AT A 0 B 2 R, i vk BE & KSR 2021 4F 4 A & 2022 4F 3 A3t 12 A4 A A xR
ZEE, I CAON SR X AR () L SR AT VR o
re _Y(O-2(1)
2(t)
4, PLA RS RE BB SERTTMEN
4.1. Prophet 2B ER S
HEHL 2011 4F 1 H & 2021 4F 3 A EEIE MRS, 2021 4 4 A & 2022 4 3 A AR,

*100% 17
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WZREAMMASENI L]0y 10.25 LE 1, FIA Python Hf) Prophet fX it 2t AT L& 70, I L HLEMEA
PR IIZRRCR, Wl 2 fros, B AQR TR, U AR IR o BEAORUEA ST K 1) Prophet 57
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Figure 2. Export gross training results
2. HORENGER

H B RN 3 O A 1SS R 2 2R TN 16.53%. 13.70%, Sof 33k A {E 1 T SR s A T
AORE, REEEREHOMERNBAESN K THOLE, FHEEEORERFFEEEZ R A,
TX X T AR Y S AN /N Bk R, (E AR TR G 2 2 ) B 1 I 4y 1E H B R Bl REE, BUAS T LR B
GEHEL,

4.2. LSTM #RBGIGER o

1Z ] LSTM R BYSHMAR EE AT 0, 78 6 DASE — 2855 o Bl s Fodk Il gRes 3, w3 fo. B
R L ARG, =M AR, BRI EE F a0 B, b TG 1 K/
A ULE BB E R ARNE, S5 I8 Mt D TIA SR Z R R 47.75%. 20.37%,
ORI 30L& FOR AN U0 H D AU T 40L& JUR I, W15 W T Be S IR itk V&7 0 B i) ) 3 A an
B OETF SR, WA BEE IR EREEM, XX F LSTM BBk, T A1 BN A .

4.3. ARIMA IRENINGE R o

FIF R IES R ARIMA B35 MAREE B FEAT T, A SCRASE — 283 B B ) o A A 3 7
M, W 4 frR, BELFARESEE, AR MR ERN TN AN GEMLE, By,
et 135 N A, YRR EAE N A IE S TIE . A AT DUE AR R A T R IR T BERAE, XS
— ISR S HE S A TR A ST R = R A RN 5.72%. 7.49%, JRZEH T HINME I X R A 1.

4.4, AR PLA #ERNGER ST
FIFH PLA Bt 1 3 L7 2021 4F 4 H 2 2022 4F 3 A PTRINA SR Z R 3% 1 Frs, gt ms
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Figure 3. The training results of the import value of the first category of goods
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Figure 4. Predicting the effect of the export value of the first category of goods on the test set
4. F—EHRE OEEMNRE S TUNSR

Table 1. System resulting data of standard experiment

1 AERIE ARG EREE

1 O
ENl ARIMA  LSTM Prophet  PLA#i%f ARIMA  LSTM Prophet  PLA A%t
U A E I E PRI BUE U I E PR
2k 0 0.07 0.93 4.69% 0 0.07 0.93 4.69%
e 0.24 0 0.76 9.21% 0.24 0 0.76 9.21%
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Continued
H=K 0.1 0 0.9 14.16% 0.1 0 0.9 14.16%
EAUES 0.13 0 0.87 6.95% 0.13 0 0.87 6.95%
B 0.4 0 0.6 9.84% 0.4 0 0.6 9.84%
EVAE S 0.55 0 0.45 4.52% 0.55 0 0.45 4.52%
FHk 0.16 0.04 0.8 2.55% 0.16 0.04 0.8 2.55%
EFAES 0.77 0.21 0.02 4.96% 0.77 0.21 0.02 4.96%
EYIES 0.12 0 0.88 7.45% 0.12 0 0.88 7.45%
RS 0.37 0 0.63 8.02% 0.37 0 0.63 8.02%
% 0 0.06 0.94 6.24% 0 0.06 0.94 6.24%
o e S 0 0.1 0.9 9.13% 0 0.1 0.9 9.13%
BA=2 0.1 0 0.9 3.92% 0.1 0 0.9 3.92%
HPk 0 0 1 23.65% 0 0 1 23.65%
F+hk 0 0 1 5.20% 0 0 1 5.20%
IR WAE S 0.23 0 0.77 3.63% 0.23 0 0.77 3.63%
Ftk 0 0.24 0.76 12.49% 0 0.24 0.76 12.49%
ERVIES 0.21 0.09 0.7 7.89% 0.21 0.09 0.7 7.89%
EIRIES 1 0 0 46.30% 1 0 0 124.30%
oK 0 0.07 0.93 5.13% 0 0.07 0.93 5.13%
W% 0 0.3 0.7 30.94% 0 0.3 0.7 30.94%
ok 0.8 0 0.2 28.03% 0.8 0 0.2 28.03%
4 / / / 10.69% / / / 15.13%

4.5. REMEREXTEL ST AT

AR S A 2R i DU B A R E R L 2 Fron,  HoA SRR IR E 2 f
Prophet. LSTM. ARIMA = /AMERPRLE ISR =53 2 — BT PR Z2 5, W LUGE 3] PLA BN %

TR () IR R AR AT 2 A FRE L DAk, JE Rt VR s (K TN IS 1 B IR AL R

AR - 2 i BTN B A R R A 5y 6 B, SR EUAESON PLA BTN Y
FAXSIRZER, AT LU 3 PLA BURGAEA i JA O TN 45 RAEA T AR Lt 183 1 HAL
BRI TINACR, BRI, ARSCH ) PLA AT RSN Rk — 4 (kY 02 S 31

Table 2. System resulting data of standard experiment
2. tERIE RS REIE

it H % MRE HBEC% MRE
Prophet 12.12% 46.07%
LSTM 36.32% 61.26%
ARIMA 14.82% 26.97%
SERE AL 17.14% 38.37%
PLA JilAX 10.03% 15.13%
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Figure 5. The relative error rate of each model in predicting export commodities
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Figure 6. The relative error rate of each model in predicting imported goods

6. HRATNE OB mEEINRESR

5 AR AL G B9 PLA BRI X 2022 4 4 H %8 2023 45 3 H 198k RS T 70, frfs 45 R un i 7 for,
HRITE B 26 A = A TR 226 40 il Nkt EHE I LA, SRAHR /- ARRAE MR AR B A 0L, 2oy
RN AR F TS . A PLA BRI TR 32 Y S B SR . 2023 4Rk O SEDEE 2022 4FEH O
KBRS BRg R, T H sl 2022 AN

FEIE—E T, 3kt TR A ) WO A A T S, SR, M ETERRE, &
SCHTR FH AR A L U B T B R R AR G TS, B ETHE AW IR & T 2021 fEAHECT 2020
SRR, AH BT 2021 45 [ 2 15 B i BRI BOPERE R, Joie ek a2 W LB #0A KIE R e 7t
PR R R AT, S8R BETNE] T S, EARE AT E BNZAHE.

RO RFE ZHAAE 2022 1) 1 A e A tHIR TR ARL TN A 22 AR L, e B R, LA
RIETERHE RIS — RS ER R, 1 2021 4F, ERRESZH “WA—EHE” w5 HArrsE—4
—HE, @R R A E AR A OEIVE,  SEIUE KR M E A R A R AR L ra )
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Figure 7. Prediction and fitting of PLA model to total import and export value
7. PLA EEFG#H O S ER TN S EE

5. &5ig
5.1. FSEBEESHT

HEH FEVME R AR I IR AR, REE R RS AR A TR, MBS, X
BRI TR A R B T 80 . DUEME SRR I SR U BUAE 2020 £E1 2 T, HR AT
A ANRFTEW, T AP R AR, P RS RIS 2T D EME AR LR
Bk o T 17 A H AN T IR A sz A FE R, BT BLaE L B A RO R o (EBE I R A R A A
TR 10 B A B S e el S R R R, KSR FF AN S M IR E D S 51 2 A R SR ACS 3, A
2020 FFHEE AR, KERX AN S R BE TR A TS, B 2019 R 38%.

5.2. RIFBEESHT

PAASCHEH ) PLA B — - 2R DHE A T T RIS S5, R PLA BB & R 7S
S LA BRI R ZE R 00N 15.13%. 10.69%, i AS SCHT R A PLA BRI ANEH R 5 H —
FITRIMANE . A PLA BERITRM A HE L 1 RSB SK A, 2023 AR5 HE 1 RVEDEAE 2022 4E53E Y RVl A JE et
W&, T HLE BhEL 2022 SEEN .
E&InE
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