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Abstract

The prediction of financial time series has always been the focus of investors’ attention, in view of
the problems of difficult forecasting, low accuracy and many influencing factors of financial time
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series, taking the closing prices of Shenzhen Stock Exchange Component Index, Shanghai Composite
Index and CSI 500 as examples, the Autoregressive Sum Moving Average (ARIMA) model, Convolu-
tional Neural Network (CNN) model, Long Short-Term Memory Neural Network (LSTM) model are
constructed respectively. The CNN-LSTM model and the CNN-LSTM-ARMA model are used for the
study of closing price forecasting for these three financial time series. Through comparison, it is
found that the CNN-LSTM-ARMA model has higher accuracy and better fitting effect than the single
prediction model and the CNN-LSTM model in predicting the closing price.
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1. 518

B AR A TR IR, NTRAEEKFE g m, Rl tiig NERA, SRR 2 i N3 T 55
R B R RN B, RN RAEREE —E X . BRI A I SR T I 4 B KU () ELRAA B[ 1], BT BA#R
RO T NS, BT RES YL AE I 7 e B SN A ORI B, TR A% . (B2, XIFA
se AR ) SRR S — ARG, B B, i HSE R R A2 R . TRl ARZ
BTG I IR — B BRAR PR )

TER R SRR A X S8 8 B, AT TIRZ M%) B riEma i 17— R8N, M
GriH R B R Re AR Y, T4 =R E (8] A BRAAS 5T 1) (Autoregressive Integrated Moving Average, ARIMA)
TR oF A7 i i AR PR 40 R S AT 0000, 6 L SE R EAT 7 A [2], R EE R TR v R e, (H
S H I TR F . 9 T B IR N2 4 6 Al (] 77 51 R REAE , 5K Bt 55 ) 45 BRI 2% (Convolutional
Neural Networks, CNN)I#EAT 503k, S 3 1 22 0l AVC 22 00w [3] . 9 1 M DA 34 4 22 19X 4% (Recurrent
Neural Network, RNN)#E AL AELE 1) = AR RE TR ik S B S UM 55 vl @, FhER &6 RNN R 8 3E 4T
BIE, 51N KA IZ /4% (Long Short Term Memory Network, LSTM)A 7 5 i 35 i i 34T 7 [4]. AMX
i, A EZ R E R, R Gk, FERLA TN 4 RO N 2 A RO, EE L
GAERLG 7 CNN BEAYFT LSTM MEALIEAS b 5 N H A AR B = 134T T[], S 7 AES IR .
PL BB FCRAR SO SRS 7R RS, ASCE L — A ARIMA B8, CNN BLAYFT LSTM BA8Y, 41
A IR CNN-LSTM #5224 FT CNN-LSTM-ARMA 57 T = 2 <5 RS 5] /5 21, o F0 45 SR AT LL e o
A, 3 b RIS B A v AN A AOR B AR A

2. RENA
2.1. CNN $&8

% CNN #R e —Fh B A R EER . BCEILE R E AT B 2 2%, @M TR EIRE S, RENS roii
EEM K SRR Z B, TR G IR A 55 . BRI Mg — R B E . ILREMAaE
R X BT 13 12— RGN 2% .

B R BRI RAZ O R i, B IS BERAETT LI 5 245 B HEAT B2 A0 Sy A\ b 14T
EFREL . BRI EEEAEAE A4S T KEMOREER S, I U RHE S BN F ey 6] (HEA IR
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Figure 1. Convolutional neural networks
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2.2.LSTM =8

A LSTM BEAY R —FhRFiR ) RNN (TEFA 2 P 2 ) 158, BeAs 7 ST KOG R . LSTM (15 72
RN TS S 20N, BUS T MER T2 a2 8, 38 meckM, 305 aE 8,
B B AT E B . QR LSTM 76 &N Z1 i B HEAT R TF, 2 R ILEE 43 B i 20 N
{EL R 0% 30 o S5 A EE R PR 1 SR IRV, AT G A FE Y R (1 ] [8], X & LSTM AHA RNN IR 35

LSTM 7£ RNN F5El EANN 7 = AT TR EH], 20008 “HArT” “ssr]” 1 “4di” o 3487

R - /NS (1
i, = O-(Wxixt +Wyih , + bi) 1)
fi= O'(fo +Wch_, +b; ) )
ot = O-(on +Wh0ht—1 + bo) (3)
LSTM B A B0 2 R H 08 4
¢ = f,oc  +i, Otanh (W, x, +W,.h_, +b;) 4)
h =0, O tanh(c,) (5)

FEARA, RN, FEEE AR 2R 2T USRS, R, BT THE 7D
W TE bW 2 A % b 2 WAL AR %), o I 1], HH I ToE TR TR A A
L REHIAT LA . oy sigmoid B, o, RACIZIIEIE b, 2121 ¢ RIGIFIZ A TEIL
PR E— AN 2R A, B I TR E AT R T 2t 2 (W Wi WL b 0 {l, by o, 6 AR R
EHERFIRED] h 2t 20 RS M . ST S ARER — e, S AMER T 1
FOBCE AR A LG R . LSTM RO B A T AR T 240 200 A A8, i D F 2 iR
WA, ZHIRRA, AENCAAER, R TR A
3. SLIES#R
3.1. BEIER

BRI A« FUEFEEORI T UE 500 =41 7] /741, HIIM 2017-10-26 ¥ 2023-12-25,
J5 1500 Kl AT A U AL A BUR A P AR FIIZ ALRE D, KRR RIS I RS RIS, Horh
AT 1200 AN JYIIZR0E, I 300 MHIRAENIIREE, B ELFETFALAT . et . Bt . BASHY. M
AZHE BREH BRI 10 MER, SRETE R MR TR ORI A T A ]
5 SR RIS — M IR, PRy 1 o SIS AL 4N 17 R 91T 40
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Figure 2. The closing price of the SZSE component index
2. RIERRIBIEM

1] 2 T LA HIRIE RCHE M 2018 431 2019 47 5 F RS, 2019 FF| 2021 4 R23GK %, 2021 4
F 2024 FE 5 RS .

RN e SR A H IR R FR A AT T, TR B AR R, el Bl g R A E il 3 s

I 3 AT DU IR UE B8R 5 B R ikahilads, NI s s i BoR, %A & AR E. Xt
S Bl s AT R MR K, ADF RS IG R p E/NT 0.05, AT WX EI R NP R 8. IB K IR Y p (HiE
/NF0.01, ARRMIES A0

BJGiEAT ARCH ZNAGSG, mTLA% S GARCH #iA!, #H GARCH #7145 GARCH(L,1).
GARCH(1,2). GARCH(2,1). GARCH(2,2), XX PUAMIRL 43 4, @il tbie AIC {HF1 BIC {EHHfE
GARCH(L, 1) A R . s il g EmT LUK I, 7E 2019 4F - 4F 2020 4F 2 3 3 A 4312022 42 4 H
%o B R e BN M EOR, TT AR5 A I A FIBCR A C[9].
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Figure 3. The logarithmic yield of the SZSE component index
[E 3. RIERIEXT B 2

3.4. TNIEHR

ARSCR SF- 2 48 %60 R 22 (Mean Absolute Error, MAE). 75 % % (Mean Squared Error, MSE) 11k 7€ R %1
(R-Square, RAKPEM AL ARG HEFEE, MAE RE B U b s W 0B 1% 22 1) SE PR g o, AT AT & B S 5 T
DUAF 2 Ta] i 22 4 0 A 350 . MSE S TN 500 0 D An B0 o) B AR 22 [1)°F 5 R 35048 . R2 AR E &
B E P EIE . ERRAEEATT AR 2 KRR FRRE 7 RS B A8k, B U0 07 Rk W AR ) 40L& 7
FEfnfT. MAE. MSE I R? () (i -

MAE :%ém = (6)
|\/|SE:3i§:l;(yi -v,) 0]
R oo ®)
SSR = iz:l;(yi -y’ ©)
SST = i}il:(yi -y) (10)

AR n RFEASE, § R, v 2R, v RGN ME . Hd, MAE 1 MSE [1{H ik
AN, TR VR R R, OGBS 1, LA FERE RS .

FETM AR 5, R PME A — 4, PR TIE AN AT, DUE T JE 450 2017t I
DR EE S prUscas A AL I ARIMA B8 . CNN A2, LSTM #5571, CNN-LSTM #5751 il CNN-LSTM-
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3.5. AXHERIGE

3.5.1. ARIMA {ERI K #y3E

ARIMA #i %! 5 4 [\ 5% 5 °F %) (Auto-Regression and Moving Average, ARMA)#: B 5 S 2 (&,
ARIMA B 7E ARMA RS EE Al EBEAT 2270185 . ARIMA(p,d,q)BEAT 4544 73 T LL23 B 1] VA (Au-
toregressive, AR AL, d fir 224> . #3h°F%)(Moving Average, MA) AL, ARIMA HEALE S L&A P
BFE 7, oy d iz, ARSI S A R 5 .

FEE ARIMA BR80T «

W RIS A AP AR SRR, ARRS R FH ADF R B0 B AT AR S, SR p (T
BEMAKCF(GER A 0.05), MInTDAEZAE R, BIEHEFS& FARam . B, AR %, MEF5)
Al RESR AR AR o RSP AR BT 8] 5 A EAT — B 22 23 5 PR OCHEAT SRR R G, R A R P AR, WA
Tl 5 204 . TEARSLIO S, SR TR, S —M 205, TSRS —m
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Figure 4. SZSE component index first-order difference data graph
4. RIERE—MZE S R RIEE

LI ARIMA RIS E . Jetfe 29580 d. b DS 312 5 — s S T As,
WisE 7 ARIMA B8 rb ) d 2 1. FR5E B BAS8 p MBEEN-FI280 . AT DURYE B AH G e 208 i B AH
KRB A REAEYE I B AL B 4. 4l 5 o

PRI DA R 2 AN SR T 4l 4, I E g AIC HEIUAN BIC #EI, KAfise p M1 q (e . AIC BREH
AL AL R I ST 2 AN BRI A5 AR R AR At TR, 470 A 2 25 UL SR bR 5/, AIC K,
TTEAT AR 2 A5 BRI B, JF HARL G 2, A DUB R IEHE AIC EB/NIEAL. BIC #EM 2%t
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Figure 5. SZSE component refers to autocorrelation and partial autocorrelation results
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3.5.2. CNN, LSTM #1 CNN-LSTM #& g%

WITAER, CNN-LSTM B L2l T3z S H T 2 A 4, & 3B CNIN B A REAE S B ) e /) LSTM
B AL FE I (8] 7 A s AR 35, R IR 1 B (R TN BE[10] . CNN-LSTM 528 2 B AR 5 i (] J7 471 ol
VR AR, 2 CNN A LSTM P8 k. R AMFEARI 5 it — B 775, CNN B fiE
Btk — T8, LSTM ¥ 750 I RPHEE — i, KED CNN BAL G 3E7E TimeDistributed G342
W, DMETR R AR AN TP 5. RSB TN 2 /T, LSTM EX 45 R AT /R . 128
BUR] DASCREE S KN T 51

FEASZIGH, 3 CNN-LSTM 5 4 fib B H 4 0020 B 0 °F

W SR R 7 SR K 10 ANMRRIELE Dy A B

W BRIV SR N E R, N R A S AE, IX B TimeDistributed .25 2%
82N T BN, SN 5 AT R 2 L

IR = WIS R) 3 A6 (R i LS, SIS TR0 A (PRS2 4E50E 364k 1D %

BERIU: AN LSTM JZ AR 2, 2R 2 AT LSTM 2 1% &2 — M — 4o, X
NS T R A R R AR IR ) e 28 TN 45 2R
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CNN AL, LSTM AT CNN-LSTM AAYER B 10 Mg NRFE. 1 AN AR (B« Adam £
fhgs . WG R Relu R34 77 R ZE 450K PR B 1R A Y, R AR S 5 35 1 T

Table 1. Model parameter settings
=1 EHESHEE

T ZHE
CNN filters = 16, kernel_size = 2, pool_size = 2, batch_size = 20, stride = 1, flatten = 1, epochs = 100
LSTM Istm units = 50, batch_size = 20, earning rate = 0.001, flatten = 1, epochs = 100

CNN-LSTM filters = 64, kernel_size = 1, pool_size = 1, Istm units = 50, earning rate = 0.001, stride = 1, epochs = 100

3.5.3. CNN-LSTM-ARMA {&&I 5443

& CNN-LSTM-ARMA 5 817E CNN-LSTM B8 I EERL F 5] N ARMA 28505 4 Rl 8] 77 51 1 i s ik
ATHEHE . 1 SR I 2R M CNN-LSTM A8, 8235 R F UITZR4F (1) CNIN-LSTM #5800 R SR 34T
TR, A YSCEE A IO AN B SE A SR AEEAT LU, THECEATTIER 22, 3 ok X Ik 2 M @ s 2 .

W XPERZE AT PR R SR . kS, p (E/NT 0.05, Bz FAI TN, AF BT
ZE0Y o

IR XWEREF AT A E RS, 2R, p E/NT 0.05, BREFIIAE AMFEFY, Rz
B R FRIAMERE B

BRSBTS T A I B A OGRS AT A G R B AL 6 R DL, B R G R A i
R R E A HE M, T LA ARMA FRT,
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Figure 6. Autocorrelation and partial autocorrelation result plots of residual series
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ARMA(L 1B, ARMA(L,2) B, ARMA(2,1) AR ARMA(2,2) 1578, il ik it bt AIC F1 BIC {E K/,
e I AR AR R B A i 22 RO UM ALY, TS, mT UK T — I I U AR 22 705 N ARMA RSB SR B8 5 — Ik /1]
R ZEME, MITEIE CNN-LSTM A5 R FE )15 % o

I CNN-LSTM A SR H Sk AR i EARSKR IR ZABIE, 13 B S WA TME .

3.6. SCUESTHRT
3.6.1. FUERE BB R 54

DRAE AR RIR DN 7 AR 5, 2R IINESR 22 5 i U BAT i AR PR R R B, 276 ROBRIRAL
Jir LR A2 A [11], FE ISR T A B ATRAE . A SCERGAIE AR, SRR SR, 72
R VPR, TR SR B R AEA AR T ) MAE. MSE T R? (4B, 45 R0 2 Fn.

Table 2. SZSE component index evaluation index

= 2. RIERIRIFNIEIR

B MAE MSE R2
ARIMA 127.4996 25074.5938 0.9511
CNN 106.3032 17800.8832 0.9653
LSTM 104.0285 16796.0251 0.9673
CNN-LSTM 101.5164 16503.6913 0.9678
CNN-LSTM-ARIMA 95.2927 15422.7537 0.9699

3.6.2. LiEfEBIBEFRMER S

FAESREA RS SR AR AL B RIS Bl B R, OBk 1B IRHIESR AL 5 T R
ES . BUETRBUE SRl SR T B 28 AR E B AL, Refs 4 2 [ A ISR T i e 58RI,
FITCA, ot RS AN 17 R RE FUAE Rl 3 R A7 AR 2 R SB[ 12] . ASCER I EiEsRH, AIZREE
WERR, AR BV RR . THIR EIER BCE SR AE AR T 1 MAE. MSE AT R? M, 45R 1
3 PR,

Table 3. The evaluation index of the Shanghai Composite Index
= 3. LiER#UTMNiERR

B MAE MSE R2
ARIMA 27.8120 1243.0523 0.9029
CNN 22.9092 860.5562 0.9328
LSTM 21.5448 786.6441 0.9386
CNN-LSTM 20.6583 735.7494 0.9426
CNN-LSTM-ARIMA 20.5093 723.6141 0.9435

3.6.3. HiE 500 BT R 54

HIE 500 Fi &2 B4 A P IR R 300 i Hlsidi B S i {E AT 300 44 MRS, FEAI B T
{EHEA SR 500 SO SEAL AR, FEARE I B 5 M B AR S AT 3 14T 0 AR [13], PR HIE 500 45
BAERER TR F, WReLEA b E A BT — R N A R R M A R I . AR SEEL
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HRiE 500, AN, ENNRE FEERR, 8 IR SEIE £ AEAFRE N A MAE. MSE
A RZIME, Z5FR% 4 fis.

Table 4. CSI 500 evaluation index
2 4. i 500 TR ELR

it MAE MSE R2
ARIMA 58.8171 5507.3296 0.9336
CNN 48.7548 3746.0307 0.9549
LSTM 44,7167 3294.5913 0.9603
CNN-LSTM 43,3340 3047.1465 0.9633
CNN-LSTM-ARIMA 424737 3020.3120 0.9636

4. BE

F ittt MAE. MSE F1 R2 M, 0 FIRIERGE . FIFFEEOR FHiiE 500 USCALA Tl &6 5, MR
— AR E, PEMSBEE ARIMA BRI PE R, ERCRE, MEMBEEA R LSTM B ZE LY
CNN FERY (R P o 070 23 TE SRUE 0 BT 43 R AE 2 T 52 2% B RS [R)F7 BB [ 141, FPEe I 4 455 280 L
GG R ARSI 458, EARSCHTIR I = A e B thiE . WEBACRE, HAAHRAEL A —
BARILA RO, #EfMEE S, (HRWENDREE 0, SHAEAIML, e BB RifIfE
TN () 2H 4457 CNN-LSTM-ARIMA £ MAE 1 MSE B SE /I, Fo < R N 8] 2 1) f T 00465 58 i T
FABAERY, Hooe R4 R il 1, WA RCEREAF, ANIdid S A B K
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