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Abstract

The stock market is affected by multiple factors such as international situation, market conditions
and national policies. It is difficult for simple K-graph and machine learning prediction to resist
the randomness of stock price fluctuations so that the accuracy of stock price prediction cannot
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reach the investment reference level. This paper uses LSTM neural network model to simulate the
time series closing price of Poly Development (600048) from 13 February 2018 to 30 March 2022.
By adjusting the hidden unit number for many times, the results of small error and strong feasibil-
ity are obtained, and by analyzing the closing price data, the error ratio is very low. Therefore, the
LSTM model can predict the time-series data with long-term random fluctuations, with high accu-
racy and strong generalizability.
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1. 518

JI ST 3 T A o TR TR DA R A B BB R X, W TR IRE A SR R R EEEAEN, &
SRS TR B e i 3 — B S I RO, SR R I B AR fE e s P . Rtk 2 T s B AR
WEZ TR, FET AL A5 AR RO R R AE . BE o E R 5 AR S IR AN i 5 DL
FREHE . N LA SRR TR 2 N, RN TR RS E . L85 2] DLRR 5 ) & 071507
I S T 37 T A A R AT TG R, — AN AR B AN AT AL R % D4R T R A R i R R R
R T AN G R T AT AR RS,y SR B s IR Rl e . o 22 9 4% (Neural Networks, NN) Y & —
BN KIG AE Lt 30 71% 2] R4, M= TN 7 1, R 34T A 2GRS BEALG It B Tt p e )
ZE MR DA I SRR R 1% ), G IR, SR R KT
M SR Bl 35 o 1] N AR 2 3 1 HH a0 K A 124 28 X 4% (Long Short-Term Memory, LSTM)AR 2 Sk Xt
SRl R T I A AT S B T B ROR e, AL B AEIEIE LSTM R AU R e iy e Wi i s i3k AT
BLALL, S ASE R R AN & AR A RS B R, B R AR AR () m] AT M S A

2. kiR

RPN 2, RERE T PR s D 2 KSAE A EZE R, Wk 4
RTF Bt A7 AN o3 B ARG 5 R4 R FI B K W E AL, 76 H AT THEALEOR 5 T8 REBACRHE B
MRS ST, AV 2538 TF IR g ST AR AT A R TIO T 38 A S mes EAT 4R 7T

FBEA A — 4L TC 5 U B (R R P 8, [ 1910 (2021) 22 57 ARIMA RS R Z5 25 R 15 35 s 18] e 41 Bidhs 1647 79
Mo AT, 45 545 2 ARIMA BT b 33 55 T 8] 5 510 800 (07 B A5CR,, ANIE T K& D s Bais a1
EEXF A BLAT P sh e RO HE A, E4R(2021) 51 N PCA XA BEAT BR 4 AL FE ,  FoKE A48 I O H5cdis 55 I 2 A o
KDJ. MACD f8Ar%#E — M4 LSTM # & MR, @ TR EEES. MAGELTEZ. 21kt
ZE W, A T NN B, 133 T ORS00I SRR [2]. TEARLGE |, SCE A (2020)4
XA B AR L VSRS 0, R KR 2 4N S 1) LSTM AR, sean gk R B 2 4k b 3 5 (4 &
BN RZE T /N3] e 6/ INHE(2022) %% B B i SEARE A Fa Rt G, R 4195 AN K5 B 41 I 0 i N
LSTM £ 28 BB BEAT AN T, XHAEZY S BT BN IS, T 45 5 AN SR AT B Ak 2,
AT ZHFAE LSTM KR, 15 3 2 AFAERIA LG 0O R B AT, L RESE Sy ff b T30 A Bt AR Ak B 34 1 25 12
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[4]. F:54E(2021) 53 REBRAE AN F 075 TR, I M3 252 ) R TS R M, 45 G 1 o b 45 R g ar
LSTM ML#8 2= S G BA, 35 TR TA G B 1 SR iR 45 3R [5]. Bk 4t B AN T e #4046 R
VW2 5H NZ T TNFIAT /00T, 155 0(2019)2 T 300 404 LSTM. SVR. Adaboost 15 84 il fi
YRR BEAT R LE A, M 88— H TS SR A5 2] LSTM B0 T HAR M MRS, 1350 2 M B & AR e
BEATUE B UE,  — T T W & A A F AR 35 S DA b T 1 B0, 53— TR R R SR Se iR S g it TR &
ZA5 1 [6]. % (2020) L0 ARMA. GM(1,1). BPNN. SVR. LSTM 5 Firfs A 7E B4 Fiiil_E ik
RiEoL, FEEXF TR LSTM A KA RAICIZ, AT AR A A 3R i F g b TN B AN [ 7] 3588
Wt (2021) 4 T EIFZE 4R ECE Y BP. CNNL RNN. GRU. LSTM #1250 48 15 704 5 S 47 4% 100 25 SR 36 AT
YT HT, RIL LSTM MM 25 1) MSE Mk, TMEM B SHE M G &, H LSTM fEI4kK
T RNN AbHEER P EE RE 7T, IF A & BA KIACIZ B fnT LR Gt 77 s 3t 3k 47 3ok FE AR, 5 5B 41
JBEAN T R R 8] -

gr LR, O BIBEFE IR LSTM B TR0 % 0 B % R F AR ALK 02 (0 s A7 B0 R I
WA EAR . ASCHT ] LSTM 20 o0 268 15 284 S0 (R 1) 2 e PSS An B, 38 3 AN [ B2 J2 B e 30K
FOEBI R TRIKEFE, FIF] Matlab 57 #0845 B [FIRE & B AN R R B B8R, 0 e sz il 26 A
Sl 2R A e R RS, T Y RMSE ) J TN AL i 22 LA BB R nl AT MRk A
B, AT R TR A AE
3. #EFRIEE

1) HExRE

TEFRARHE AT FE A, B R R B E AR (2 TG U, B WA 7 3 HRE B b Tt
FRJUR BN FE S, ASC AR FOYSCEE B i E N X B BRILZ 4, SO AIE SR 7 A R 1,
3 FH 7 b 7= AT M85 K Ak AR A JE (600048) 1 A5 AL 175 skt 5, I [RIAR I 77 W9 3l R 3% 7 PRI R
2018 4F 2 H 13 H~2022 4F 3 F1 30 HUS#EA Eudi , St 1000 MK BB , s B sk i T 4 1 .

Table 1. Partial data of Poly Development closing price

=L RFEZREENT S B

H 39 LhEsN Iy H 39 WAy
2018-02-13 15.11 2022-03-17 15.44
2018-02-14 15.2 2022-03-18 16.98
2018-02-22 15.43 2022-03-21 16.67
2018-02-23 15.64 2022-03-22 17.22
2018-02-26 15.09 2022-03-23 17.23
2018-02-27 14.51 2022-03-24 17.07
2018-02-28 14.63 2022-03-25 16.77
2018-03-01 147 2022-03-28 16.94
2018-03-02 14.8 2022-03-29 16.8
2018-03-05 14.86 2022-03-30 17.72

2) Bl Ak B
AR R ] AN 1) S B Bt A8 T 3O U e, SRS B vl e A7 AE
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MR, MR 2 BRSSO AT TINS5 AR SCAE S AR AR i S 6 Bt b AT MR AL EE, FER A
Matlab xf $s SR8« FH EHEATIEOR N o BRub 2 Ah, WA= — N BENLE SN« A DURS HETIUIIE 35 10 Hedls
RA Sy HIARE RIS DL, e WS Bdm AT 2270 A0, W] AR B Re e v, PR A 2 R (10 K
REATAR AL AT AT DASR e A R RS A

3) MBS T A i B

ORI B AR Z M R AR %, TR A S KR AP L E i E RS S, RIS Bk
& MutEE, BATIZE IR, WERMY R B RESH, RN, IR AR
M, Fe TR AT AT B0 5, 23 Hr TN i e A Sk B A 9 b 2 PP A R R KOS L. — b5 VR R i b
TN B0 A1 S P 2 B, 35 SRR AL A PR B A TN P 15 S B A A 95 BB W 5 B S AU
R WIRBRTIN B A A BAF HORS L, S 2 M B B A R I A AE R 2D A3 A] o 53— b7 3G i PO s iR
7 RIMERIT PR EA, TS B2 TR 1) FEI RS FRE 7K1, AR ey 14y 777 AR 43R 72 /I U 17 0 5 SR ek
Uf R AEBOR I U B AR T G

4. IRBRIBR AR

1) AR

BEENLAES . BB R, MEMNSEAREH FHSE THNEME. QN E, R
J& b, MhEMEATAH T RNN. CNN. BP &4 U FEMAI S 48, fERN b, M4BT 2
M T AL, &l B2 Tk, i, RNN #EME RN MAIET 7. 835 SCARZE M, HEH
[ — LG R AR ] RNN A28 0 28 75 S )AL 3R B2 A AE TR BUBOR IR FE 2 3 35U 2% i 5t
A it AR AR B R HO T AE SE ML RNIN A2 28 78 28 2R 2 B, 223 IF [ AR 38 R s A5 4% 10 R I
SAERCE R AR/, SEUSEECE B R ATRENE: RNN &M% HE — AN IHOIRES, 4if [ 7
PIBHR K, WERARMENT 2 BT 115 5 IR R A RS2 A, BT S8 T M Ak, Hagiciz
L S0 N I B0 45 0 731 17 1 Hochrreiter AT Schmidhuber 25 AR H! ) LSTM BB 84 SR vk i 1] FR 9],
LSTM #4122 I 2% (1A% Lo gt 2 2 RNIN 422 X 28 i B 25 44 R Al B 51N o BRI B — /N0 BRSS9
NYIMRES, B EA THERNGROMHEEAER, AR T RNN BLEIES RN . SRR . mlidiz
I R, X PG A A% 1) LU A A e PRI T 9
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Figure 1. Schematic diagram of the difference between RNN and LSTM
& 1. RNN #1 LSTM XBIRE=E
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H B 1A AE H LSTM AL A L2 T, BETT. MATT Wilir15s, &M Es
HERER, R b AT 3T, Rt KPR LSTM J2 FIFE SR O R T L, 75 2 R
HATABA AL, BLEL ¢ REZDAWETE L, ST LSTM MM 2 )5, RS, FR
UL NI ARV ISR ST K SUR R

H5E, ARETE B ERERE R, KT 2 . LSTM fige 2 & 2l o bR 40
SERLEH x BINIIE B RS E, WEATREERE. Ko 25 HEIUEIEEZ[0,1], BT 0 £
ARSI S . BEEL 1 RUERE SN, ST L NIrEIE SRR, 5T 0 MITHARIE S

A
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Figure 2. Forgetting gate process
E 2 BExidE

Fk, REANTTRANFFRIES R E R, HTEME 3 s, BAEFERES PR, 5B
— B2 sigmoid JZLERREUZ SIS B 1Rl Pl o s s RIS S, S50 R tanh 2l tanh
PO BRI — TR B (B 17 & . tanh bR S0 T IR 28 A e I 4% 45 JEOR L BRRIAE -1, 1] 2 18] . #2553
HEREPILER, W€ RS AR AR B AR AR BB EHOIRGL . Herh e i) C V4l IR A LA K0

1.
i =o(wx[h_.x]+h) i
C, =tanh(w, x[h_;,x]+b,) ©
C, = f,xC_, +i xC, @
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Figure 3. Input gate process
3. WAIERR

PR, SRRV AR IE SO R, A 4 ProRe R T TRERS JUE MRAEE S T Bl e,
LS PR I, BE A v s 5 B At B BRGEUZ B ANIR A8 1 sigmoid BR #6555 i tanh
JZ R BRI [ R ARG, i e B0ME 8 by, Forbda i by AR D9 RS A TBCE s 12 .

0 = o (W, x[h 3, % ]+D,) )
h, =0, xtanh(C,) (6)

PLEARKS: o i o 25l t HZBE. WA Bl rIMEGSEG w, v ws o w . w25
IR ZIEE . . TR RS ORE; C & t N ZII RS I Eik ;b b+ b b7
MFTRES . A AR SOIRES Pk E & o A tanh 4351 37R sigmoid 55 tanh WU&E B %:  x A
h, 73 t B ZITER N . B RS .

2) LSTM #5277

454 LSTM M W4 KRB . KIIEIZ SRR i, DL LSTM S I 26 Sy % 0o K FaE J5E A A% T B 1)
FPHIRESE, RSB TR FE 2 3 N5, AN Z LU LSTM #H&E M4 % ORIz . i
HE, MRS RE R TE S,

HINE : WCE AR 600048 JBEZE M 2018/2/13~2022/3/30 I IS B3 A A J5 4 i 22 1ty it
75, EPBCRLINRAE, B & B A 3R A AT I — AR HE AL B AR 2, VR AN R A, K iesk
(148 SAE R Bl 2 i A

B2 I ZZAE— I S AN 2 (5 B X LSTM 2 283 i i, AL S HEAT S N5 B e %
MBS, EEMEN, EEMHEHERE, RAGNE SRS ES AR R E.

f 2 R R R A N RS BT B SE TR B IS FOd R, FR I bR AL AR EE, DU
RIS Ji 46 5 S YOI BT 1) 370 7 [ — 4 P55 T 25 58
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Figure 5. Block diagram of stock price prediction based on LSTM neural network
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RIEJZ: 76 SZ BRI FE o B2 2 fe o 28 0 4% 1) 2 B 80 B 15 & B O S 40 e BEAT IR OE, Rt
T B E — RV 02 W 4 AT s, DAR AR A8 I 2%, 8 B B T e S B B
Rt
5. IhEBHELER SR

1) Bk H

A SRAE [ 1000 NN Bl S5 BEAT Bs AL BS SN Matlab kg% LSTM #E7, 412 1000 /M
FESc s B A A fl i N, T AT 90%H] 2018-2-13 F| 2021-11-2 (EHE1E A4, K5 10%EN
2021-11-3 3| 2022-3-30 HIWHANT B AE R e g, USSR 28 07 a1 6 froR . 57 LSTM A%
RO AR, WA 14k, WA 148, PIiR5 IR ICBA T E O 0.005, iERIZE N 200 K. A
SOOI R E A AN RO BTN B, B 2 ey 2 53, RO 64, 128 B 256, RS
BTN B BT 2 50 0 B BN R A T 5 5, SRR AR LK 2,

MIE 5 A 2 aT AR E], LSTM 2R I 28 A5 80477 FLSCAE A 1000 AN N B A B i IR, B Bt
ORISR AN [ 05 B, S208 AT I TR RMSE 4R S 30AS [ 1 0028, B3RS 05 B K e . 1
J7 MR iR 72 B/ () B B BT S B0 R AT 22 O B AT T I

2) &R

A AR, LSTM BTN 5 H8AE T, B E40N 2 803 B B 4s R Eo vk, [FRIET
B BN 2 BN T, BN BN S E B BN R B BUNRE FE . A SCEAT LSTM 15 1
BT AFE ISR, iR RaE 7 8 .
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Figure 6. Simulation diagram of 1000 input data
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Table 2. Simulation results of parameter adjustment model

=2 SWERKRAGASER

R 2 s e AN 4 IEAGRS RMSE
2*64 12 0.4422
2*128 155 0.34684
2*256 29s 0.4185
3%64 125 0.6083
3*128 33s 0.36403
3*256 78s 0.41566
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Figure 7. Simulation results at 2*256
[ 7. 2%256 BHAELER
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Figure 8. 3*128 simulation results
[ 8. 3*128 fHE LR

AER G 10% M TA IS S 4 B, B EE T LIS S 2], LSTM Mg 455 A i
RN BRSSO B RS, WSRO IR P 008 007 305 73 2R T i e (K () 7 34 R R SEAB (PR ) B S5 2 A
W, H AT DATS 21 LST M Aft 28 [ 25 A58 714 Ak FER IS e WAC 58 A7 i P e e o AR 1 900 428 B i A RMSE ()
Ji MR ) BUA R W B R I SR I TEREAN AT 1, ST IR ZE AT -

1 2
RMSE = \/W( X Prediction,t — X Observed,t ) (7)

H, N ARREIREE,  Xogaion RN TIIME s X opservea.c 2K BRA o S AL FLIN RO BR 25 0 A S0k
AT B UF TSRS, 2*256 5 3*128 Fiic B SECAE, R RIMIE i ZE H R 2= AR, (HEEEIr
RMSE 1] LS 3], 2*256 fHAT 3*128 HIL 7 i UAHIILER, LSTM #1284 35508 J (0 idE A7 Tl i 75 2
FERS P I BR E Bon s, SRR/, B EIM RMSE WlRES R, RN Fyab T R LA R, =i
AR RS BT EOBR OB EF, EES oEud R, U EAS I RMSE ] BB H BRI AR, =& DA
MOZAT R DA RRE, BHEE SR, Kk, 347 LSTM SLikmy, k47 2 YRR 12
B ek, A AEf3 3 RMSE B/, LA S BRI SHUE.

3) RZEMT

WHRSHGERSG, ASCHAT T EIEM G5, SER AR R R 2018 4 2 A 13 H~2022 4= 3 F 30 Hik
BB AT T ST, 23] T AR A TAE B BN TR, SR g Rk 3 fis.
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Table 3. LSTM backward forecast 5-day stock price data
2 3. LSTM BTN 5 RARIN #HE

B T L PR E Rz
2022/3/31 17.48 17.7 0.0124
2022/4/1 18.39 18.21 0.0098
2022/416 18.54 18.3 0.0131
2022/417 17.72 17.62 0.0056
2022/4/8 18.43 18.21 0.121

ST ET LA S, R BT 1000 AN 3 5080 TR K1 5 AN, TIN5 52 hRE BAAR R 5T
G RE, (BB H T A SERRE R AR A, 5t T 5 R B R Z AR 1% 45, %9 LSTM
1226 9 2% 5 T8 ) Y B 0 TR0 A SR B AT e RS T Bt T 7 T R B AT HE
6. 4B

I EE T S WM IR 52 B 1 B8 R AR REEAR T M2, TR I, A S i
SET A SRR IR 2 LSTM B R A Je 2 =1 11 Dy se et AT 8440 . RIS 2022 48 3 4 30 H A 1000
AN TTAF H i FrUSc 0 Bt AF v AN AL LSTM B, e 15 B & B oo R0k I v K k47 2 s B
H, i REREE], EARPRE B A T, LSTM BRI i Bs B SCR BO RS, T
D0 o 2 AN S il 22 E B EEAAAE, RZZRUDN, RIS BIAST R LSTM ALY T A 7T B S 30 LR ey
HITEIN R o [, Sy v JE 3 5 AN AR H SR O i EDWAS 21, BUE A e PME A7 e € iR E,
(H A& R ZE BV, DR SR 6 45 SRR WTZ A w] AR T et B b, HA B RS FERT T AT . i
AR (R FIDRE FE AT A7 AERE 0 25 8], A2 S SRR BIE T8 m N Al ISR DL 58 36 B AS R 2 4, 8]
IMANTE F 375 T3 AR MR SR AR R R AT U 2R ASR vy T AR RS HE P S B2k, A OB
HMEH AR IR A RS
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