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Abstract

Accurate prediction of gold price is helpful for investors to understand the gold market and pro-
vide scientific and effective reference for them to make correct investment decisions. Therefore, it
is particularly important to improve the prediction accuracy of gold price. This paper presents a
gold price forecasting method based on Long Short-term memory network (LSTM) model. This
method combines the gold price data, uses LSTM model to generate training model, and finally
realizes the prediction of gold price. The results show that this method is feasible and effective,
and has higher prediction accuracy than BP neural network and SVR intelligent prediction.
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1. 518

FEWA I E P efid R, BT EErAE Mk, SEZBHL e E S, TREREETS
BRI TR E, Qe SRETY . Hilthiy. 6rls. SN SR iig. 1FA
— R, MR ISR, RATHT AT MAE SR BB R SRR I B R, S
FRITRUINBE & Ak 2 48 55 3 223 DA I RS RE[L] [2] [3]. (HFESERR, BEMEZ BRI R FITILE,
AT BITACR . EEIES. IR BURERRAN, e R AR R, AR B
BRI A AN EE AR B IR I T T 7 AR R, T ANFIRTT ik SCHR[A1{E ) BP AZE i
LTSN AT TR AT, A5 TR RS A BINES R . SR BP MR 28 HOIR S AL S RO
FEig, H2 HARRACRE AR, A LR BE SR SO AE P B LI E AR . SCERS] 51N SVR B BT /7 i
XA AT AT 7T, JFIE SR SVR BB R ST T8, M 7 At
SVR BRI, S5 RRIIZEARA A I VERE Sz AGHE ™ TERE, RERSECAER L TITIN 38 B 1A% o
{EX B G T3 R R S e AR HEAT N B S 0, SBOTIIRS AR, S HSCRART . BEE K
B RN TE, A RIEIICAZ M8 (LSTM) I T M AR B 70, RETE 2 7 X S B A B 75 5K

WM EAERA LM, 1w HEA AR, RGNS SRR ZIMmAL L, k5T
LIRNA K. VA MRFRITEA 2, KIEHHCIZ S (LSTM)AMERA “idfatk” , Ea b
wCREEIT MR R, R SRR . BRI E SR OLAE, (RTINS SR RFRR IR 2 R B A6 1 45
R BT, SR RN T, 38 G T AR A 8 I 2% v AR B R AR LR K [6] [7] H T, LSTM
QAN+ URI[8], MG 2K (0] 1 & BRAR[10] 551 2 Ay i
2. KEHRICIZ 4%

ALIPHCAL R 28 52— RIS [RDE YA AR X 25, 38T AR BEANFHEI A 18] 51 e ] B8 AN SR AR 5 4 1] A
FAT, KIEHHRCAZ 2% QARSI 1182 N « SRR IO IZ R 2T DL T U 5 R 4= LA A
BiG o, EERAL FEIR. 2015 4, AalEdRET CTC NZRIKEIHCIZ MR KIg ST 7 25
FHUNHAD B S RBIRIRE/); SR iPhone 7£ QuickType A1 Siri HAEH] 1 ICFEIHCIZ RIS AN
PR FEHRCAZ R 8-SR, R — BRI RS T R A g 5 A e AURS 25 [11] [12] [13].
2.1, KIRIZIZ &R B 554 K 4% R R

KJ L 12 /2% (Long Short-term Memory, LSTM)j& —FRFER G PR I 25 o 2 i DAUE B R KRR 1)
RNN, &R T ARG R —NMSIAFTERI NS S50, T2 B LSTM HRIR I 45 14 B 0 UG 2 11 28 X 4% 1)
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Figure 1. Unit structure diagram of LSTM
Bl 1. KIRHAICIZM4E B T A E

ML AT RLE H: —A LSTM Be & 7 — /MR A (Memory Cell) — /MR = AN 15 5.
Horr, ZHMURESZ LSTM BURZ 0 AR, R ERAIZ ). LSTM AL UM N, 7ol #
Rl N (Input). % A\ ](Input gate). %! J(Output gate) it &1 (Forget gate), M il #p 42 jH 4% H A5 — A
BN, B LSTM IS HEZEATM 4 1%, b Input gate, Output gate, Forget gate & =155, Kk
PR FR AR, @3 Sigmoid BR AR SRR SREL,  Sigmoid FIEUE AT 0 F 1 2 [A], sisfelll e T 1%
REREEE. FATMESIEUE S 0 RRR e 4K, 1B
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KA HIC T2 R AR B S S L HE (S 5 1Y IE AR AR 22 1 I R 38 P B 4

Figure 2. Structure chart of LSTM
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2.2.1. FEWMIEEEE

FRAE ] 2, BATAT LAVE 2E MDA BT s R IS 5 1 ThRE

1) BN R B2 T 2R AR N b — B B2 BT I

2) ] HRRE AT — B %) Memory Cell H ({5 B2 B2 R B R ok M8 1% o 1 i,
AT —iFZ) Memory Cell MG BB R E ok Mt T%IH A 0 B, BT —HKF %) Memory Cell 11115
SR YL, BSTTRE HZ RE Memory Cell PIRZS, #4#] Memory Cell ) _E—IRZA %}
ARPIRAS TR . AN

=

CIF

4

N

Lk

fi :O-(Wf '[ht—l'xt]_'_bf) @

Hep: h 2 - Dz, x 2 tINZIERZ0HAN, W, 25 NMEEMAE, b, 2#FED, o it
K1 Sigmoid B3,  f, 20~1Z[AI%.

3) FNI]: FBAHMURZS IS . Bk 3 B8 5 1 B N R BIEEA 20
SHEOREE IOk, W LLE BT Sigmoid pRIE2 FIIA Y AUIUEE AT, ZH A LSTM A Memory Cell
M —Hr. JAVFIE, EFFEAT, FHAREANME BHFEFMEZ, SmAREEARN, ST
frioh 1, BN RBE AT DA N2 MBS BE A TE R, NI T e 0, BREHR N
RS EXT internal state WA AT . 25 2 SDARYE tanh BB ELET AR, WMBIAMRES. 3P
IR LR |, REFEN EHMHMAGE, B YaimaRE. Ax00:

il :O-(Wi .[ht—1'Xt]+bi) (2)
C, =tanh(We -[h_;,x ]+h;) ©))
C = ft *Coy + it *ét 4)

Horr: tanh NIEVIEURIER S, C, 2R M t I ZUH N K5 S PSR B SR B M, Cy Bom(t— 1) %I
IR E, C, Rm B E MAIMUIRSE, i 2 0~1 Z a4,

4) i SeAiH Sigmoid EERE it 2 /ME B, REMEA tanh A E 2417 Memory Cell H
B2 /G B awdmt, nT AR R)5H 112 Memory Cell F{EARZE, 4% % H A 1 5, Memory Cell
FIMES s S5 1% N 0 BF, Memory Cell FEEA S . AxA:

OI :O-(Wo'[Htfllxt]"'bo) (5)
h, =0, *tanh(C,) (6)
He: O 0~1 Z M HI%L
2.22. REN R EIEIE

KPR AT U R DCHEAE TR FE R W RTEEE T b AR, H 2 (045 X 2% 1 R 22 7 1 e
(A48 K R BT 8N B, T 2 B0 B 3 I S AL R ) RE TR A B BRI S AE IR ) B AR SR
TR ZE R T A ZHIBE L, (£ LSTM B8 rh, L TNy . HERLT BPTT Sik[14]. SbhEEA:

oE r OE!

m - thom (6)
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S NN () M2 K7 OF 8 . W St SR BE R4, A1) 23 48 B 50dE
(2008/10/22~2018/10/22) F1-K: 11 %35 (1990/06/22~2018/10/22) , MM 4 NEHESE, # 1 5 H 1 X k¥
FEHIRFE

Table 1. Summary of experimental data
1l KWEELE

i otk AL e 1R) i A H
1 Short_1 2586 2008/10/22~2018/10/22 LAY
2 Short_1 2586 2008/10/22~2018/10/22 AANGFREM S B R AR
3 Long_1 7189 1990/06/22~2018/10/22 LA ()
2 Long_2 7189 1990/06/22~2018/10/22 AANGFEEM S B SR R

3.2. KERAICIZ L% R & B T

321 SRSE

1) Kol B

FNF SRR, AT AR AL, RTINS, Ak
ﬁ%ﬁ%%ﬁﬁ%ﬁﬁ@#%%)&ﬂﬁ@%g;ﬁﬁﬁﬁ@%%@:Q:ﬁiﬁ,ﬁ¢%ﬁﬁ@%
AR, x, JS bR

B ROk OB RV RIS 0 2 B2 8, EEAR: it/ (batch_size). F&Z T 558 (rmn_unit). 5
AU} 1] 25 K (time_step) 2.

© AN EHGEATRRE T e 5 — A HOREASC, 7Y 2000 DR AR RE AR S0 5 — B
W, A FERER SO AR AL —25 . T DLYERERE F IR, Hoin— MBS batch_size T 1, #K
BACEH 71 H L % 1 REACBRRE TR RO 710, FL RS R A LK

@ a2 4 58 (rn_unit) S WAL P SRS RARD 0 W 28 TE A B TR
A AR N, AR TR, I A B T AT MBS, B
MR, MEAMA MRS, RIS IRT, (8 NS R R %,
BI04

@ UM 125K WL B £ T DR 2 K AORE I, WS LSTM MBI K Ry 10 R, B
LSTM 5% W BIEHZ 10 KA, 4% 11 KA 4050 H 58T 10 KI5 %.

RCTE UM 20, SHHEAIZE 60 AMFEDL, B AUHON 10, SN 14K, Hoh 1 4
H

2) KSEHHEAZIS e X5 1%

75 S LSTM B2 B, SGRTAPEE R AR BT S0, 0 SURL VKL, M55 . S it
2 SRR, S S LSTM MRS, TG AT, 12600 F 10 R R R
000, AR MR S M BLRAR . 5LJ RH S5 43 BT 1000 24 2000 2. 3000 K. 4000 ¥ 5000
Ko RS R

3) FE WIS RO

FEFRIZRAFRY LSTM B, 550 F— H & i 0O BN 36 15 92 bR (L He.
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3.2.2. FHEATMS R

8 AR Short_1 AR RROIZREAY, 15 205 PTG 3, ek 2 fos. wTRUE H, R &S
W=7, BAERDEYER, AT R Z AT 0.001 F10.003 2 (8], B NIZRRERE N, 575%
ZHINEIER, KRR REGE 20, S HIUE LA IO, BIVIZR R AR I ZRER K it
RZEIR/N, ABFEAE R TR . 75 F AT R, F—H S i B S E v 1243.00, Hbr#EfL
453 79-0.268350911. A LSTM BALZEYIZRXECH 2000 KIS, 753307 45 5 v—0.29719335, 1477
RN 0.0014775329, WA LSTM AR T30 35 & k& T 47 20

Table 2. Single factor short-term forecast results

2. BETREATUNER

RV ¢ WJriRz FEAME
1000 0.0016045270 ~0.27769384
2000 0.0014775329 -0.29719335
3000 0.0015098210 -0.28685120
4000 0.0015384698 -0.30222230
5000 0.0028385934 -0.29912508

3.2.3. KHIFMLR

8 BHR 4R Long_1 AE il 2R B, 45 B8 KHEATIMSS 5, e 3 fs. WTLAE H, (& s
—AETF, HAEBREZHER, B TR ZAT 0.0005 A1 0.003 2 (7], AHECEAR R TR, [FRE 2
BRI, KRN LA ST (0 2 T R 2 TR AR . BB N ZRER s, 2 B S A R L
R FRIAFI F, R — H SN I E S 1243.00, HArMELLS RN 1,10, A0 LSTM RLEE
WIZRRECH 4000 VRIS, 153 T50145 5 1.0620697, #1771 29 0.000524908, B LSTM A5 7Y 78 T 2%
S I RIS

Table 3. Single factor long-term forecast results
2 3. BETFIKEATUNEER

PRV ¢ BJiiR%E e
1000 0.002784248 1.0873673
2000 0.001507329 1.0839670
3000 0.001201251 1.0795054
4000 0.000524908 1.0620697
5000 0.002959938 1.0629648

3.3. KiGHAICIZ IR A % B F il

3.3.1. KPR

1) sk

BEANB IO, R ARG o TR, K5 HT 2300 HEHRIEONIIZREE, H T 286
HBARAE IR X TACHITN, Kl 6000 ZH AR AE I gRaE, RN 1189 HAHRAE Al lsE.
XGRS A BEAT PR AL AL 2, BR AT R AORE M . e )m o€ X LSTM A IANEGRIZ, AR
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FEA 10 MHET, AN TR RSO 3 4e3dE, Mt R mi 1 48R % .

2) KHEIHICIZMZE 1w L5 12%

TEE S LSTM HEAL 2 |, Sexd s 4 (AR b7 58 S, e SURANBUE, A mZE%F . FhdEid 2
AT SCHARNAERE , it 4R TS 8 L LSTM s, St LT U1 . DIZRI E R AN Wi SR =5 F0
i ZE T, A4 B 2% (1) 38 7 v 22 P B B fIK o 5 0P ABE 2R 433 11 2% 1000 7. 2000 ¢ 3000 X 4000 ¢ 1 5000
R, AR .

3) AT 1 TR

FIFF A IR, TR 10 25 G T B B T O, St s, B acc:yfﬂy;yﬁo

H
3.3.2. FGHATM

i B 48 Short_2 A= Il B A, #3312 [N R AT 45 3, ande 4 B W LU, 18 s
BARAY, FEEAN, W UANET, BEIRECE, BRI R Z AT 0.0001 £ 0.0004 2 [A], AHER R
R A0, [RIRR SR b, 2 N7 L s R SR PR 38 7 i 22 B /I o (BB ISR B3, 4
YL AL MUIZRKECH 4000 RIS, BRI R RN, A RO

Table 4. Multi factor short-term forecast results
% 4. ZEFIHEEATUNLE SR

IERIRER BIriRE FiEAME
1000 0.000325662 0.001845699
2000 0.000260878 0.001912991
3000 0.000198966 0.001884724
4000 0.000149761 0.001960919
5000 0.000219345 0.001902263

A2 2 B RO TR, WEUIZRRECY 4000 ¥k, SRR ARG Uk st AT i, i 3
F7se WENSKEEME, EHINME, 7TEVE I A SE PR EARTEE, Ui AR 40L& R8O R LU LT
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Figure 3. Multi factor short-term forecast chart
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3.3.3. KHATM

8 P B 46 Long_2 AE IR AL, 159 3 2 R 7K IITI 45 51, 40 5 FioR. AT LU, [ s,
AR, FEEM AN DU T, HEERE 2R, BAR)35 77 1RZ 4T 0.00005 F1 0.0005 2 [A], #HAEL
Z TR0, [FRIRER 2 R, KEAT0 LR BT 038 07 R ZE TN . 2SIl ZRIR I 5000 YR, A
MI¥ 7 R 225/, P RO A TR0+ B 4

Table 5. Multi factor long-term forecast results
2 5. ZEFIEATUNEER

IR EL YRz TR
1000 4.006 x 107 0.007742414644
2000 3.289x10™ 0.008534511771
3000 6.627 x 107° 0.007894591309
4000 1.360 x 107 0.008153175614
5000 5.861 x 107 0.007131973184

A 210 2 AR, EIIZRRECN 5000 X, ARSI S EAT TN, ani 4
Fime BEONSERME, LEOONTIME, PTUCE TN E S AL PrEY) &, HAERE > Eda s, il
EAISEBRMEAR S, B ARSI LSTM R AL TR 8 S A RE R BOR LT
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Figure 4. Multi factor long-term forecast chart
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DR ST F0I (¥ 259 7 R 22 BE /0, T S8 0T B SR AR, I A5 48 T A TAE ) LSTM A5 R A Al Tt et
SRS AT BE 2 (AR B (2 6) 5 — T I, iR RS A 2 I T, 2 DR FOU A B R T £y 229
JTRZETNEET), RS8R U L] LSTM A5 R oA hs UM, 7 5 4 1 1 5 R8RS M0 3 e 46 1O FA
B, TINERA et -
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Table 6. Statistics of prediction results of LSTM
= 6. KIEEHRIDIZ ML RTFuNLE R G0t

AN P e ¥ el LIERY €8 B iR
KT .
N (32 10 4 H) 2000 1.478 x 10
BT E ) p—
7 )\‘{\ x 74
(3 28 4 Hh) 4000 5.249 x 10
a3 TR »
LT W 10 4R 4000 1.498 x 10
GEEE Wty (L&%ﬁw )
s AR L x10°®
BT HALAT) (3 28 1K) 5000 5.861 x 10
4, BERIE

T SRR REAT R BT, ASCER T TR A S I TN v K AL 2 1)
T BB ARARIILAE AR R (1) 285 1) B B SR AR I 2 RS BUZ 02, L “ Bn” Bk, e 1 R B2 Y SR AN
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s Z A NHR S, R NEIESE A KA IO NG 3T T, 45 538 05 22 R KA T 2L A 5
(I8 R 22, TR T2 R 28 5 SOk Hh 19 7 VAR LA AR KRR 35 . BP A4 X 25 [4] 000 1) 350 75 1R 22 R
0.0053104, SVR & RE TN 751 [51H135 75 1% 25 4 0.0002, A8 SCR K i HAC 12 0 28 ) £ 40 5 5% 25 4 5.861
x 107°, T AR HATCAZ W 4 75 T 3% £ b 1A oK 3 R A

Table 7. Comparison of mean square error of each model
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