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Abstract ; Based on the long short-term memory neural network ( LSTM ) model, the rise and fall in the future price of
investment products in financial transactions are predicted,and the best strategies for long and short trading methods are
analyzed considering the transaction cost. Through experiments, it is concluded that the trading model can make a greater
profit when the prediction accuracy is close to 50% or greater than 50% ,and the maximum profit can be obtained when
the test set is 25% ,and the order of return of the four varieties is Bitcoin, crude oil, US dollar index,and gold. Changing
the relative commission has a certain impact on the bias of portfolio transactions, and the return changes in a gradient
style. The model is simplified on a daily basis and cannot be used for single-day high-frequency trading analysis.

Key words : futures trading, LSTM model ,single class trading, portfolio trading

BEE T AT P R R P 2R E AL Y. Kb R s i g2 8] 1 ) REBE#
FOOGTE. REVE™ il (AR IR (4 7 it (AN 4 ) AR 7™t (AN OR L) S5 DL R 28 5 i il /M ATE
Az i T 7 A L — BT, R AR R R R S 5 E RS E R ST 2 2 B HM K. KRS
U5 IR I AT 3K 32, Al B A2 BB 0T , B S DR A By (k737 & AR 5 B 5 8l 1 240 1 it U o 9%
FH AR Ve A5 D RE TR E H 3 1% BR A 7 i R R 2R SR VR . OULE e pr AR T
HAE 5 T AR I Bl X A S B DR AN A AT Y0 , T LA 2 X2 TS B AR S0 A ohe it — 4tk ) 22 B O
B, AR AR VL R 2L A 2 S AR 1

X 52 5 RS B8 DL e e 7 AT PSS — 28R BEAR T 0T, 05 — R HOR . FE SR gk ik
AR T3 BT A2 M RS s i A7 Ml ) B AR 34, DA R e WL AR T 1) A2 AR 0, A T R R S0 2 3 it ) AN A% 22 2y
THOL, AN, F 2o 52 SR FIREE IR B A BT R | M A A2 U PR BE BB A PR B 55 R A U I AR 255 i

Y fs B 2022-11-05.

E&TE AR P FEZUBEE RN A (JAT210609) \JE 1K 2 5 Hef BEAs ORHTFIE (LI H (PY2023101) .
BWAEE . FEW, VIR, 0F5E 07 18] . AN T2 BE AR B s /0. E-mail . donghan@ mail.nankai.edu.cn




P UM R A2 2R (TR R ) 55 23 5 4 11(2023 4F)

I BT AR R A RN, A, YR S A R A A 2 2 B I, e 2 X T AR R S R
A58 R R . 2 AR A DA A ok 2 O30T 6% T 5 A 4 D82 0 1 0015 6 Sk A9 400 A% 2 0 15 0 A7 A AR AL 8 — S50
ARE 38 5 X B A A% 500 SR DGR T B SR A T o0 BT 0. Bt B 5 B R A DR & i, ST A 2
SREHUH R A Sy AR TIN5 2. YR, TR R 2 25 A T Oy A B AT 4, e KAy AR e A B 1
A5t B IS PRI AR B )3 17 BE 1, B I T A R AT A 43 A T

BT B P R A A TR SR, DA LA TR AR M B N % B T 2 e AR . FE
SEGAT R HIIAE S 3 B0 8 e B B T 1 R 0 77 i, DA BB B A A A B0 7 il , AT g P 52
PSS e A, FEBH IO, B0 it 28 S T S A T S S ELA e s vk R 9 7, R LA s 2 51
I KA PR R RS (058 Ty 3o T v BT X6 AS TR) ) 58 5 T ot 2 /S EBF) 4R 4 9% R KT 58 B i o o 2 7= A 5%
Wi R, XT38 5 B 5, AL A 05 7 58 b DR SR ASE R g L

Xt I AR R A DA 5 SCHRAREER T 20, 24 %k e 52 sl ) 5 58 ) T 3 (W 01 9 O 22 35 11 5% Tl S 400 A
WERR SR AR ST 38 RPN 5 35 R G e e A T S 0 A AR Y. Chen 261 7 2015 AR5 K AT CAZ M
& (long-short time memory , LSTM ) 1 [ e i ) FBE A T30 , G B2 T 1 S0 A8 2R A4ty SR 25120 o e 22
M 58 25 T LA 2T FE B S T S () il () 1, BE FaE R 2 2] R TRE IR BE 2 S Bl & S5 2 4
HPEAT T 4307, IOKATAE D 2 ST AL 5 i (1 LSTM 4t 28 I 265 8 T 40 A 5 325, L FE 3 el 78 e
AN IR RS AT IO , Sk SR W T 4 L b R e 1 A R S D sh A N I B B A )
TWEREF. REEEY R ARIMA SRR AT 0. 7 345D LT ARIMA, 254 ARCH fiT4:
GARCH FETRXH 7 R A 11 ) A5 WA B B0 4 AT T A0 M B0 6T Al 34845 58 ) A0 A o300 J ] 2 7
T 538 Gy A5 R (5 WA X /0. MRAS ST AR A8 5 B b R Tl R 064 7 1 I B 2 PP A 58 ) o ik A 7
g, Jr3E! R SETAR A58 XU 1858 &) S b A7 T %31

FAHFETF BT ITAIF 5 A 45 2538 FH T 1T 358 55 M Kk 400 T 00 180 A S 35— o000 0 8 05 s 199 L.STML o 5%
TURG 328 by PR SRASE Y | e BCELAT AR R A8 5 B b (AN 4 | LR TR i 6 D08 404 ) HEAT T 52 &y , it
— ARG AR B O B RS R R A S . Rl AR LI SR T 5 B, (AR T A
YA BEGASR GT ELSE P | BERE FT01 52 58 5 T 4 B 38 B DR 5 T, 3 FH T P 58 B T 3 ) 58 ot o
FI ;.

ARSCHET LSTM B EY , 1| FE AR B R S 01 6% 7= it 0 7 b 5 A el o S A0 s s X ok — K i i
Mg A TR0, W 2 R BT S SR S G AT, 3T AR R R A% T A v e, DL LA
5L g 6 A 0 B R LR T AT AL B 58 5 B, AT — 2B 5Tt TR S LA B 7= S LA, AIER
(e

1 F&T LSTM Fiiilide vr 28 by pa iy

1.1 HRIIF

AR ST BRI 5 (R0 G2 A0 B ELA 5ol B M 1) 8 6 | v XU, IS 0™ LUARR T 30 ST (0 % 10 2l it B R
14 JE i A S 3003 i A T 1Y) SE T AR

W4 WA B R B, SIS Y AR TR UR AN A2 B AR k58 B T S g BR i ) At 528 ] LB
NI 1 22 0 SCHRNE | BRI 17F 2 15 08 35 S5 40 00 0 ke 1 B HLE S 2 B R B vh ] e 2 10 B AN 2

O HR R R — 3 T e i ik R AR A 4 5 R E e RIS | DL X B A
JRZHEAR BRI S M. 5HAEEIE R KW ARET, R S sk w A R, RA M. (5 Ry
M IFAEAS 2t 545 B A 2 [N ] o 1 PRUOHA B AN B BRI TRl 2 B v XU S 7.

JEh BRI e T ) B ikt BB R T 4 ) E B AL A A3, Xt A B VR T 4 A2 1T B TR R
e, 1022 A A X R R b A i B T AN/ N S T B — e SR AN (A

TR EE BRI, S oui Ve EE R IR AE 5 1 T, S TTHE BON R 25 A e i 35 JoAE [ BrAMIE
M B RAG O BFa 45 , AT LA i 56 0% —85 52 T AT AR AR RR B DI T 422 S e 56 [ 1 1 I S 4 i
AR 1A B AR A L



WA, AF R TR R 2 TSR B R RS ) SRR R T

1.2 HiEskiR
AR SCH R SE TC 4 T R H SN B8 42 Choice 4 M2 3R B, B 4 M5 R IR T e i
P14 (https : //www.lbma.org. uk/prices —and —data/lbma—gold —price ) , Fb 45 T A IR F 4430734 52 Chttps . //
data.nasdaq.com/data/ BCHAIN/MKPRU - bitcoin —market —price —usd ) . % & 3| 24 F @ BRERIE ) BUR L3
S, AR RE SN BEATHE | ACSCIEIR 2019 4R 12 63 2 2022 4F 5 T B I A B A TRIT AR
1.3 ®HRMaE
TETT 528 Gy BRI S oh B T I I 38 G B T+0 B Y RAUE A — RS AT H A S 5K
225, Ttk TIN5 B2 5 07 2 TR AT LAAE — e REBE b I8/ it ag S afy R B XU Al e 5 BRAY 52
Dy O 2019 4F 12 7 2 H 2 2022 4F 5 7 11 H 1A LIz oA BARIES 7383252 5, T UGS T3
BB 7= i A H AN AS B AE Python "R TSTM B[] F7 51 WUINASE RS 214 ] FH 22 B 24 R 2 i (R 43 %
7 EL RN H RS AR TR R — KA A%, 45

R4 3 FO IS4 e w A T8 5 A £ )5 % LSTMBURSSEE | ) HRZCH BN
JERIZ | MATLAB A4 HEAH I 1Y 32 5 3 | 8 KB 1T !

PR Gy AR TRl by W L Uk 4 7] % 52 5
R B BIFST AR PR IE B AN AR RIS D0, FF
I Beli 728 By i # vl B H BL Y 22 5 D SR A
UL, B SE BRI AT 1 BT,
1.4 LSTM R L

LSTM #57 FRK A HCA L 4%, E G R #0285 X 2% ( RNN) B9 R s, 2 forget gate . input gate
output gate J—MCIZETT(cell) #8. RNN AT R Rt b B 91 Bl | Hods ROR: FE TRERE A F—
I\ T ERF ) 500 X6 A R P F ) 5080 7 A s e (BTG VR T A R S0 s ) 3 471) ) R ) Rt

PRIt , Hochreiter %51 $ 11 LSTM AR | 38 gk 8 37 < A [0 F) Bt ity DA 70 4 g b 0 < 9 2 ™ i B KR 1Y
[AJ#, 54k T RNN YA 2.

LSTM A ARIZERG QNIE 2 B, 156, i “forget gate” JZ3M i Sigmoid PRECH] [ — B 21| 54 4 H A 24 Bif 4
AT A0 B 1 A5 B, FIWT b —i 205 B2 0T DL i sl 4l ik cell state. f, BY3H5E
AN

TR XS LE oA | 4G A

1 BEESH
Fig.1 Thinking analysis

fzzo-(Wf'[hz—l,sz+b/)~ (1)
HIYR, B “input gate” 2 i3 Sigmoid PREHAAE i, , 3 H tanh J24 541512 H AT RES NN E cell state P
MR C, JF B AT MRS b, USRI E b, P45 G TR 2 MER. i, C, MitEA

@)

forgetting gate: selective A
forgetting of some information
c. P ' S
forgetting gate: add tanh
new information
s &
h c, O output gate: long and
, short-termmemory “collision”

[o] [o] ltanhllflfl

hr—l I N ” hr

Coy 1= 1 W ZI AR s by 0= 1 INZIBRIZOIRZS s €, I 20 A x, 1o 2k o 13 A0 IR 255 by, 0 22058 A o, 1) 2 I 4 ) B2
RZS 0, Sigmoid PR tanh , SUBGE V) MRELf, , MR i, BHE BRI HAY €, BT 0, MR .
E 2 LSTM B £ E
Fig. 2 Structure diagram of the LSTM model



B RIVE R =4 ( TR R 5523 5 4 (2023 4F)

W
i, =a(W;-[h_ ,x]+b), (2)
C,=tanh(W,-[h,_, ,x,]+b,). (3)
R K -1 BFZI RS €, 5 forget gate THRASH AIEREAR B £, AHIE, FES 3R C, A, %t 1
— BB RS C TR, WA EB A IRAE B C.. €, THREARE .
C,=f-C,_,+i-C,. (4)
)5, i Sigmoid PREUE ]| —DP1ERH I 0, IFFIH tanh ¥ €, 4 -1 2 1 Z [0 AU, Jf 1 &
WM E b, A5 5T TREL, SR AR RS B A E A, O, h, BITTEAZR .
0,=a(W,-[h_,x]+b,), (5)
h,=0,tanh(C,). (6)
2 S5 P
2.1 TNERSHR
MR O 045 5 7 it A R H A R, T A R — R 485 7 S A B LSTM S0 453 AU 3 4 5 A
25% , BITEC T 4 REAEI T #7558 8. eUCEE 1Y 4 LB A T AR R — R A0 Fi0l , an &l 3-
6 T , INEIAT A 2R oK R it A 7 003000 &5 S 5 224 OS2 o 1l 0 A 500 U 5 0 v, T ¢ g . T
DU ZAR I A B i TN AT 73 AT, 23 W 3 Al 225 °F- 38, B 35 A S i, A S /s 17 0. 8 ) 5 00 1y
WER B, T B R AR IR 22 20T, LA (] 178 452 78 3 00 15 2 15 1) S 0 100 J00 0 A5 78 S 850, 366 T WA, mT A
A SC BT X A% S W= AT 0, T ARy MR Ry 28 5 R R AR B

— JRIAME

2100 —— Tl

2 000 =

1900 At

1800 A

#r#&/(USD)

1700

T
H

1 600

1500

T
H

1 400 ! ! ) ) pn g v s wss
2020/5/6  2020/9/28 2021/2/22 2021/7/16 2021/12/6 2022/5/5

3 EETNESKRERL

Fig. 3 Comparison of gold prediction and actual values
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Fig.4 Comparison of Bitcoin prediction and actual values
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Fig. 5 Comparison of crude oil prediction values and actual values
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Fig.6 Comparison of US dollar forecast values and actual values
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Table 1 Single-class transaction decision and judgment
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Fig. 8 Transaction correctness analysis
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