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Abstract

The macroeconomic indicators that affect GDP of Liaoning province are analyzed by using grey
correlation analysis method, the indicators with high correlation with GDP are selected and input
into the gated recurrent neural network, and the gated recurrent neural network model based on
grey correlation analysis is established. Firstly, the correlation between 10 macroeconomic indi-
cators and GDP is calculated by grey correlation analysis, then five indexes with strong correlation
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from several macroeconomic indicators are selected to establish GRU neural network based on
grey correlation analysis, LSTM neural network based on grey correlation analysis, GRU neural
network and SVM to predict the GDP of Liaoning Province. Comparing the prediction results of
these models, the results show that the GRU neural network based on grey correlation analysis
has high prediction accuracy.
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1. 518

Il A A= 7= i (Gross Domestic Product), 721 & — ™ KBt X 2255 K R IE DLIFR bR 2 — o B B Rk
SR, TR E TR, R ETTER 1000 2AMEEE 7, L TERAFERBEK., H
JEAE 2015 4F A 2016 4F, 1L T4 GDP HHELKIEEE M FAIEK, H 2017 ALK, HEARIL T GDP ifEH K,
{HETHH R SRS . BT UKL T4 GDP A R a3 i R T Be v it T, g I i) i AR SR KA DR 4%
MR BBOE A BEMSEME.

2. HXMARER

B AR Z = HMHAE 75X GDP HdE AT . F A1 1978~2019 -2 4 HhlX A4
FEEEBT T, BT ARIMA(2,13)HEAY, FEX) 2020~2022 4Ef¥ GDP fifH . #H354E % [2]iE F
2013~2018 - IpIT4E GDP $df i 7. 7 IRAGHIAG 24441 GM(L, L)%Y, FFX} 2019~2022 4F B iT44 GDP
S T T B EFHEE SR E T 1992 SEEE 1 ZJE S 2018 4R 4 =T [E GDP ZEHdE, N EEMD
TIEXEAR AT 0, ORJER  fiA FE (BE EAT BE A, SR B A SR A ) R Im A R A 22 I 2% AT
ARIMA #7455 % 5 EEMD-PSOBPNN-ARIMA 5574 {1 F000 55 S 50 47 o 39 U [4]%F 1993~2017 4F 7 #k
BV BT AT, RIUTH AR RECR ARG RS e, FULESL T ARIMA fi%8, 7E%
A ARIMA AR b LEEEE AT TN &5 5, 454 AIC YEN, RIL ARIMA(2,1,1) B2 (1) T ks 2 45 v »
R ARIMA(2,1, )0 Rk = & MR AR = S E A Tl . k7, A MS[5]% 1980~2018 4R () GDP
BRKAATION, BT EAREAR D, HFEARMERKR, NES AR PR REEAT TN, R
— PRI, R FHBEHLAR MR S0 GDP MK A AT R, AR E TR . HiEH
LSTM W%, ARAEGER AL EXT GDP K EAT I /4, T4 R LB tu i, &5 R THE
HUARFRI LSTM B 0 R R 5 4f « Hao Lv [61R 1 H FIHLZE AR 3 T AI(ARIMA) . BP #1458 /4%
SCRFIEHL(SVM) =Rl #5721 77 125 1998~2017 4138 GDP BEAT 1 43 Hr SRASTRITIN . AR 1R 22K
VAl T AR (R I, B =R ORI LR, R I BP M4 4% B 3E A F T GDP T 4 #T

3. MEXBKENTS GRU #HEM%
3.1 REXEKE ST
REOFERHT VL, RIE LA R &R 2 0 & R A R A AR B, Skeflir & R 3R (0] B AE B I — b 5 v
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IRERIKZ A (T SHOD IR
1) LA SR AR (4 B e A o

X =(%(1),%(2),-,% (k),-)

)
2) NZHEHHIMLBBINRAT IR, ASCRAEAL .
3) KGR R AL

# ILEHS 5S B HIER NN 2R R R B0 R A X

. min mkin|xo(k)—xi (k)|+pmiax m§x|xo(k)—xi (k)|
' |xo(k)—xi(k)|+pmia1xmslx|xo(k)—xi(k)|

O]
Hrp p ARV RS, BUEDN(0,1), HESEY T 44 R ZEE RN, A p=05
4) WRIRORIRE

o T BB R LA 5 225 B M SR R BB AN L — A, T AR T R P AR ok
PR B RR. tHREARIT

@)
o WEBREEIT 1, ARG ERLT .
3.2. GRU &M%

I 142 G 28 5.0 (Gated Recurrent Units) 2 g L P40 25 0 2% (RNIN) G 29 2% n] R S Ah — Fh i, B
R Tk E B E . REKEHCIZMZ(LSTM) A EF R, 5 LSTM MZANE 142, GRU
RAERTHATT, e TITREB ST 1A IR BET I E AN

Zt = G(szxt +thht—1 + bz)

4
Hrb, Z, RORTEFTTRREAE, x A2 A E, h, Ft-1ZIM%HE, o v sigmoid BRi%L, W,
H5W, ABE, b, NimE. BT TERE T 2R R B8N SFHER S . B4 —NTREERT, © X
W

rt = O-(erxt +Whr ht—l + br ) (5)
2B TT A 5E SN
C, = tanh (W, X, +W,. (h,o1)+b;) (6)
B AR PR E ST A AL R g . Ba S 2 RPIRESE € SON:
h, (l_zt)ocl+ztoh—l )
Heph, r FoREHE], tanh NEIEERE, C NIIERE

GRU S (T SRR 7T A2 ST FP AR AE, T HL B LSTM Sk s 5.
4. SEAESHR

4.1. BARER

I 1975~2018 4R 34 -8, B EE, Bk, BT, B, AT RE,
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Ja B AR TR, ST R BT A, AR B SR, T R EMRIR S, AW BN,
FEARBNDE 11 MEbr. BdEa R £ 1 PR, Horh 1985~2014 43k 30 S8 /E NIl 4, 2015~2018
3L 4 KA .

Table 1. GDP of Liaoning Province
1. T4 GDP

A IF GDP/HMZ It EMIF GDP/HZ It EMIF GDP/1Z It
1985 518.6 1997 3582.5 2009 15,288.67
1986 605.3 1998 3881.7 2010 18,528.61
1987 719.1 1999 41717 2011 22,301.47
1988 881 2000 4669.1 2012 24,882.59
1989 1003.8 2001 5033.1 2013 27,246.23
1990 1062.7 2002 5458.2 2014 28,612.34
1991 1200.1 2003 6002.5 2015 28,555.57
1992 1473 2004 6736.12 2016 21,896.19
1993 2010.8 2005 8123.13 2017 23,409.24
1994 2461.8 2006 9388.89 2018 25,315.35
1995 2793.4 2007 11,248.97
1996 3157.7 2008 13,745.32

PLERER S RIZTIL T A G5 . EE 1 Pl BUE B BERIR R EOR, XRBIy =it 4 )\
TR A BARA R, EREERBNARE, AR EL G R e, PrUfE 2000~2015 4F, iL
T8 GDP BV EHICE R, T 2015 4510 T GDP L FiE Y, HAEMBUAE KEIERL.
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Figure 1. GDP of Liaoning province
& 1. iI74 GDP
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4.2. BIETALIE

ARSCHE G0 Python, 72/ ISR 2 B A JRAS MO HERT 9 —FALTE, KR EATIREN, ASCR
FIBORME” BRIEMDT, B =200 O RIREAR,  x RIEALIIEOR, %, NR AR
(A .y R HCRI S/ HEF Python o5 MinMaxScaler 4, #EHC H fJ9(0,0)2 I L.
4.3. RIS

431 EFREXEKSHH GRU R3Y

B G R AT R SR A BT, P AP A S T A, M —rlk, o=k, =
W, ANAF=RE, BRI RIS, MR RE RN, RNERE RN, o EmgEL,
AL BREWN, FRENDEBCHET A, THE A SUE 55N 500 R 3 2 18] 1 G B2 /N FE AT
ey, S8Rk 2 s

TR DL RS, GBS A REAN DGR 0.8 L EMFRERE NG bR, B AIEFRE. BT
W =k, Sl AFEMBURNTUR .. ¥ 0L EIEFRNE] GRU M M4, B N3~ A
Forl =k ol AFEMBURNTUEAE NN, GDP fE it . #HE 28 I 2540 5% iR
BUON 5 4 Xt % Z (mean absolute error, MAE), 5 &% Adam A28 1T E =L, Frblig$ Adam 7E R0
A, WEEARECH 1000 K. FET—F PREFE AR T S — AR A A = A

Table 2. Grey correlation degree and sorting
=2 mMEXEKEHF

b HRIRE RN

PNOLE S| 0.993557
ol 0.955088
H=rmk 0.952057
Hrlk 0.929751

NI BN TS 0.923374
FRBANOE 0.764163
[ELEE SR Sk 0.665279
A T BTH SN M R 4L 0.659497
J B AR FE 0.640659
Ik T fo BT SR AN AR AR £ 0.632381

4.3.2. FFECHRE
1) LSTM [ 2% 38 - Ab BERN P00 4 K RO [ Fp 4, DR sk 43 g 37 05 T IR SR B T ) LSTM AL Sy
XFECREAY, B ik A ReLU 1R NG B4, JH¥8 N Dropout ZE i ki L&, AR B FIAE N 1000 X o
2) ASCEESL T B GRU M /BT LU AL, 5HTF IR ST GRU M8 AR IR, &7 )5
Y iR ZENPUR AL, Adam fE RIS, EARIRECH 1000 K.
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3) FrUkZA4b, R T SC R BN E ST LR, i 2 IRSE, KSR ENC = 1,
gamma = 10, AZEREUESE rbf £Z R

4.4, {REITILL

AT AN AR, A SOR IR T IR A2 (RMSE) 307 IR ZE(MSE). P40 %22 (MAE). 1
LR 0 LLARZE(MAPE) X T 45 R BEAT VP o 2075 R ZRm B NME 5 H SHE e B N B TR ZE
0, BERAZESARM, RZBON, MK, THEAXLT:

13 2
MSE :HZ(Xpred,i - Xreal,i) (8)

i=1
SR R R 22 R T4 M S BRI IR 22 B SE PRI O, IRZEBOR, IZAEBOR, tHE AT

1 n
MAE ==Y

i=1

X pred,i X real i (9)

Z MR I ZRAN TN 25 R e 3 Fiar, SEPMEARESEIL T4 GDP Hiff . M SEPn{E 5 Tt &
A UL T K (SR HT ) GRU A28 90 2% B R TG AR AR T, Bk 1 2016 4F GDP SB35 T
B, TR SR 2 S B ORIE B N B, B AU e B0 A S BOIINR 2 BOR, R HTA] LA
PR TNME . T R ORI T LSTM #2225 B 5 B — ] GRU A28 J) 25 A6 7 F) N
WL SEPRE R, T SVM B PN IS T-SEBr il Rpoil iR 7 2016~2018 4F 2 [, SEFR{E &AL
£ ETHES, T SVM BRI HIE — B TR, Bt DU ELBCH e i SVM B I AR 022 . AT
#r48Fr MSE F1 MAE 15X bE i A B S BEAT AR CL R IR T IR AE (] GRU A28 [ 23 1503 LU B4 ]
GRU H 22 [0 2 570 Tl iR 22 B 8 RIS, T T AR G0 SRR 70 T ) LSTM A2 I 2% T AR IR Z2 80K, B — 10
GRU it P 2 ) PN 25 SR A 8 , (R B AR ZE R, SVM BB TN RCR — . il iR Sk
T, FET RO T GRU #4825 BE LT X I T4 GDP #EAT Tl .

Table 3. Comparison of prediction results
2 3. FUMEER*TEE

E Ay SEBRME REFEE-GRU K EIHL-LSTM GRU SVM
2015 28,555.57 34,505.33 37,055.53 35,939.83 22,690.21
2016 21,896.19 31,654.98 34,308.99 33,077.83 12,605.37
2017 23,409.24 26,349.53 27,741.95 27,340.24 12,269.44
2018 25,315.35 28,237.66 29,821.95 29,353.25 12,092.86
MSE 0.046822 0.084069 0.066934 0.132926
MAE 0.438129 0.514545 0.485929 0.593015
5. B4

ASCENE T HF KA T GRU FHZ W 245 ST K AR T I LSTM #2845 L B — 1] GRU
PR 25 DL K SVM BT L 544 GDP HEAT T o &5 F 1¥) GRU £ [ £ %6 T30 744 1) GDP il 5 e
fify, FHAR TR ECE I GRU #E M2 AL 5+ GDP TR B2 =1 T 3 — 1 GRU #1482
B, X —45 R, FERIIL T4 GDP 2 /MERH, HOH R m M FR AR Radb AT o, x4 it
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PERE . AT KB OCHL GRU #2280 25 TSR I T 26 T K B0 ORI A BT ) LSTM & 2%, 1B GRU
FREE LS AE T AT AN GDP T VEREAL T LSTM BiAL. il SVM MR st 45 5 LUK, GRU
225 Lo AR GRS 22 2] 7 i AR M EAE R O BE A R 3. 28 bardr, R T K6 0GB BT (1) GRU
PR AR REAT I T4 GDP LA — @ MIsE Y. mTATHE, TSR FHIRMEE %% . AL HRH
T e A A FE IR AT TN, TSI T4 GDP AL BAEIR 2, AR IS TS B
BUR . GUrEeE, FTURRIR R a2, R Bl — D OGE, A ML 74 GDP Kk
3
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