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Abstract

Considering the great practical value of gold price prediction, a gold price prediction combination
model based on singular spectrum analysis (SSA) was established. Due to the characteristic of
sharp peaks and thick tails in gold price data, the noise content is high, singular spectrum analysis
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was first used to decompose and reconstruct the data. Then, a single ARIMA model and a single BP
neural network model were established for the original and reconstructed data respectively.
Comparing the prediction results, it was found that singular spectrum analysis can eliminate data
noise and improve the prediction accuracy of the model. Due to the limitations of the single model,
the SSA-ARIMA(3,1,0)-BPNN combination model is established to forecast the gold price. The ex-
perimental results show that the combined model effectively extracts the information of the data,
and the overall prediction accuracy is better than the single model.
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o, =4 (1<i <o) RS A AR, e {A,1<i <o} (A4 2 4, 22 4, > 0) WHFE A" A HERIEAE 51
I SRR RN A=A + A, + 4+ Ay A =AUV (i=1,2,,d), d=rank(4)=max{i:2 >0}, U,
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Figure 1. BP neural network with m-n-q structure
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ARIMA HHEIFI BP #HE MBI AL E, BER k+k,=1. W i MREKE « WWN®ZEN
%@:u@ﬁmn,M%mmﬁﬁﬁ@4z3éfzzgi@yhﬂgo

t=1 it j=1

AR IS 7 MR A% 22 (RMSE) RIS 1 46 36 152 22 (MAE) PR BB 0 508, o
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i BAT R0 S R R P LB RO, SRATTRT AR A OGS B 77 ik DA /N P [8], JR SR AR T 5 S AR AT
BET AL & i B

TR, BT E O LN EREE ., LR, IR, & L/, WEEFAIE
SRS ATEIr o ASCHERHUE DK L =12, BURE R G 80l 0 i o 12 781, BUBHEREN 12 < 260
MIRERE . & P FU0 RLFRFAEAE AN 7 ZEDToR AR AN 1 i, JRATT R BT DO /N REAE (B BT RS B2 F 24 43 5 1
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g, Wl 2 ANE 3 o, ERFPSIE DG, HIRmE 7RG e i A A2t

Table 1. Subsequence eigenvalue pre variance contribution rate

F 1. FRIHEETS E00EE

P FHIEE RIHT7 ZTTIRE
1 64040.37066975 0.8808177178640756
2 3015.36412108 0.9222913401414288
3 1403.24714362 0.9415917428985678
4 883.48520229 0.9537432874869152
5 762.08273936 0.9642250503544084
6 630.19917526 0.9728928733783394
7 426.27387528 0.9787558872566549
8 381.28478164 0.984000116603052
9 356.99524127 0.9889102651611442
10 307.68324718 0.9931421715784835
11 272.84295638 0.9968948811218628
12 225.75949586 1.0000000000000000
2000 -
1750 1
1500 -
1250 ~
1000 -
750 1
500 A
250
0 50 100 150 200 250

Figure 2. Original sequence
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Figure 3. Reconstruction sequence
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3.2.1. ARIMA &E&

TN )3 SRR 1d0, 20t SSA BRI BN SN A B AR 1d1. FRAT153 A% 1d0
Al Id1 357 ARIMA #7%), BPNN #8, X Id1 37 SSA-ARIMA-BPNN 40 &4, 244556, 1d0 5 1d]
YIRN—M 20 Fha. 2856, 1d0 757 ARIMA(2,1,00/%8Y, 1d] A&7 ARIMA(3, 1,008 7, 435544 FH 5
ANBEAL NS AR = IR AT T, YRR 22 S MR ZE A 2 B, TE . AR ZE . daxtHR
ZEWH 3 Fon. AR SSA-ARIMA(3,1,0) 5 [ FRINME 128 75« 3577 iR 22 15 1 350 40 0] 13 72 35 KR FE /)N
T ARIMA(2,1,0)# 84, 3X Ut BH A 3 70 7 250 25 B 1 B0 A2 me 75 R L T HUREEA AUE B, 1em T
R TI PTRE 0 5

3.2.2. BPNN {&&!

WAV BN 1d0. 1d1 @57 BPNN B8, i F AT 12 B SMm 5 N — & mskirmm, Rk 12 14
M SR A A BE SR NI GREE . 1567 MATLAB B iR @ — AN =210 BP #h &M%, HpimNZEa
P12 A 8, SFTERESRE 10 M ARE R, M EERE 1A S WEIIZRKECH 1000 &k, #
B E R 0.01, BWEINZGHFRR/NEZE N 0.00001. S8R5 258 5K BP #ZE 4% %6 Ak —#A 4
W AT TR, R PR BN T 17 ]R8 15 20 B BME DI GREE 58 B AR Sk = 14 4 (1 T

mZE 2. % 3 Fiwn, AT T AR Z . ga5iR 2. WHRIRZE S g5z, K
SSA-BPNN H478 (it i 9 S T 152 25 #52/N T BPNN AS Y, 45 =113 2508k, H SSA-BPNN H 7 [y 15 77
iR ZE 5 P RHRZH BN T BPNN B8 X FCia B T 480 F 25 7 1% 2 A vk s 235 47 T Ak 28 T AAEAL,
L P T AR

3.2.3. HEER

AT, FRATTANE ARIMA A5 80 AT DUAC AT B BECHE i 26V %, 1 BPNIN BERY mf DUFREYX
R ARt A T DR A R TSR, FRATEREXT 1l @SrAARA . SR EHIE
R SSA-ARIMA(3,1,0)15 84 5 SSA-BPNN BB il 25 4, 3% SSA-ARIMA(3,1,0)8 28 1AL H A
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0.8421, BPNN B FIRLE Hy 0.1579, A A E X B AHATA &, #37 SSA-ARIMA(3,1,0)-BPNN 414
TR,

FER TG S iR 06 20 % 3 fian, FRAI1K L SSA-ARIMA(3,1,0)-BPNN £H &5 7Y )45 30 T30 1 122
ZE B — ARIMA 8, B— BPNN AR AU EUES K /N s (EI 5 MRAR 25 5 P 3 46 5 i 25 25 /N T B — A A
XA 2 AR AR e TS, AR T R RAR T — R

Table 2. Root-mean-square deviation (RMSE) and Mean absolute error (MAPE) of each model
2. BRBHIRIRE(RMSE) 5 FH483HR Z (MAPE)

it RMSE MAPE
ARIMA(2,1,0) 73.94 68.07
SSA-ARIMA(3,1.0) 15.28 11.84
BPNN 4147 38.32
SSA-BPNN 35.29 29.86
SSA-ARIMA(3,1,0)-BPNN 12.26 10.92

Table 3. Predicted values and relative and absolute errors of each model

3. ZRBFUNE. FUNERIRESBINRE

WEEGD  EsHE ik it Garbitz MR
ARIMA(2,1,0) 1733.76 31.89 0.01806

SSA-ARIMA(3,1.0) 1759.03 6.62 0.00375

2022.8 1765.65 BPNN 1724.50 41.15 0.02330
SSA-BPNN 1749.50 16.15 0.00910

SSA-ARIMA(3,1,0)-BPNN 1757.52 8.13 0.00460

ARIMA(2,1,0) 1752.74 69.77 0.04146

SSA-ARIMA(3,1.0) 1708.35 25.38 0.01508

2022.9 1682.97 BPNN 1626.80 56.17 0.03340
SSA-BPNN 1666.00 16.97 0.01010

SSA-ARIMA(3,1,0)-BPNN 1701.66 18.69 0.01110

ARIMA(2,1,0) 1767.00 102.55 0.06161

SSA-ARIMA(3,1.0) 1667.98 3.53 0.00212

2022.10 1664.45 BPNN 1646.80 17.65 0.01060
SSA-BPNN 1608.00 56.45 0.03390

SSA-ARIMA(3,1,0)-BPNN 1658.50 595 0.00360

4. G5B

AR SO B G A B TN AT W F, AL T RSN TR BB AL o bl & A A T A Y R 22 S R I
SSA-ARIMA(3,1,0)-BPNN A5 78 (1) F i 25 SR 0 St Ae F- oAt A Y, fi I IGZAR TR 5 38 A A db AT 30, 1)
P75 H DL R 418

(1) A i o Arad i 0t 5 A B 1 20 5 EEH KR T R R E S, AR T MRS, K
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