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Abstract

With the increasing amount of financial capital participating in the
commodity market after the 21st century, the futures market price shows
frequent and violent fluctuations. As the "weather vane" of China's copper
spot price, the price fluctuations of Shanghai copper futures bring
uncertainty to relevant stakeholders. As the world's largest copper
consumer, copper occupies an important position in China's industrial
system, and the violent fluctuations in international copper prices will be
further transmitted to China, which will have a significant impact on
China's industrial economic system. At the same time, with the rapid
development of Internet technology and non-ferrous metal futures market,
investors can collect more timely and rich information in real time through
the Internet, and make corresponding investment decisions in the futures
market. Therefore, it is particularly important to conduct in-depth research
on the operation law of copper futures prices. In this context, the analysis
of external factors that contribute to the fluctuation of copper prices and
how to improve the accuracy of copper price forecasts has become a new
topic.

Based on the current literature research, this paper takes Shanghai
Copper Futures and International Copper Futures in the Shanghai Futures
Market as the research objects for specific analysis, and the main research

work is as follows: (1) Using multi-scale data, macroeconomic data, Baidu
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index and historical price data are used as macroeconomic factors affecting
the price changes of Shanghai Copper Futures and the characteristics of
investors' micro attention, so as to reduce the forecast bias and improve the
prediction accuracy from the source. In addition, this paper proposes a new
hybrid model of Shanghai copper futures price prediction: SC-KPCA-
KELM. Firstly, systematic clustering (SC) was carried out on the multi-
source data information set, then the kernel principal component analysis
(KPCA) was used to extract the features of the clustering results, and
finally the extracted main features were used as predictors, and the
effectiveness of the predictors in the monthly price prediction of Shanghai
copper futures was verified by comparison. (2) On the basis of the
"clustering-dimensionality reduction" framework, the KELM model
prediction method is used to obtain better prediction performance.
Therefore, this strategy is continued to be adopted, combined with multi-
source data information (macroeconomic data, Google Trends and
historical price data), and the K-means-KPCA-KEL hybrid model is used
to predict the weekly price of international copper futures, and then the
effectiveness of the prediction model is verified by comparison. (3) The
emergence of Internet information technology means that there is enough
online data to reflect the factors driving the copper futures market, and the
proposal of intelligent optimization algorithm can effectively improve the

prediction accuracy of the model. Therefore, a new data-driven hybrid
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model of international copper price forecasting: K-means-KPCA-GWO-
KELM, which uses online media text, Google Trends, macroeconomic data
and historical price data, is proposed to dig deeper into the information of
the above multi-scale data, so as to improve the accuracy of weekly
international copper futures price forecasting. Convolutional Neural
Network (CNN) was used to illustrate the explanatory power of online
news headlines for international copper price forecasts, and Variational
Mode Decomposition (VMD) was used to construct effective time series
indicators based on CNN output. Using CNN series, Google Trends,
macroeconomic data and historical copper price data as input variables, the
K-means-KPCA-KELM model was constructed for empirical research.
The empirical results show that: (1) Compared with other forecasting
models, the Shanghai copper futures price prediction model proposed in
this study achieves better prediction performance in both horizontal and
directional forecasting accuracy by using macroeconomic data and Baidu
search information under the "SC-KPCA" forecasting framework. The SC-
KPCA-KELM method based on the mixed dataset had the lowest MAPE:
4.219%, the lowest RMSE: 0.059, and the highest DS: 62.963%. Under the
SC-KPCA framework, the prediction model based on mixed datasets and
KELM method has better prediction ability. (2) For the international copper
futures price forecast, the analysis is from the data and method level: at the

data level, the mixed data set is significantly better than the economic data
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set or GSVI data set in terms of horizontal and directional prediction
accuracy. This suggests that the pooled data combines their strengths to
achieve the best prediction performance in both horizontal and directional
accuracy. At the method level, the hybrid dataset based on the "K-means-
KPCA" framework and KELM obtained better prediction performance.
This method has the lowest MAPE: 5.42%, the lowest RMSE: 546.99 and
the highest DA: 74.35%. (3) It is found that when text features are added
to the mixed dataset that integrates the features of Google Trends and
macro indicators and are used as predictors to predict the international
copper price, the prediction accuracy can be effectively improved, and the
optimized model has higher prediction accuracy than the original model.
Combining the advantages of the two can improve the efficiency of

information utilization while optimizing the model structure.

Keywords: Copper price prediction; Google Trends; Text analysis;

CNN; KELM
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56 R RGBSR TR T i I AR AR KT R R . AR5 (2018) X5 1
WA TR AL 5y B A8 5y (R AR S B [T BA R - b3 500 F8 4K S ToHE 2. IR AL 40 %2
JEH AR I B A7 5 AN A PR bR s B F 3 e i S, AR\ HAR-
RV-CIN #LAY, F 1 b (4R A 52 i 3 s e s % . Shi 55 (2018) 5 v & £ AT
FREETIT I 2 (R AE (19 0% R A5 FH e 3l 28 4 7 iRk AT TR AW 7L

Zhou 5§ (2019) AIHMGALHRAFRAL T —FhdE T ZIRBER A& 1R 772
R T TR A B AN POL (Point of Interest, il /) $¥, BF 78 N #Hid
25 X A5k FR) A2 308 R A1 AN A28 1) 7238 1) 40 A7 B0 T R I RS I 5 TR L R B
Al-Yahyaee %5 (2020) =T 2 RE/HHT 1 568 56 @M 1 3 5k Rk
Ri. Yang %5 (2021) 297 4@ H B IS IMANAS (OIS B2, 26 (8 B & D 8
MBI REE, M K-means-KPCA-KELM TSRS 1 R AT (1) T 2L
Ko BEW KT ZUREERE LA SR T IR 2 . RET A (20200 K2
VEBHE B L T A58 S0 F AP AL, ek 1AL S S S TN A
PR FEAR T B IR BB A RS (2019) EREVRIE. YR AR
X2 VFHE, AR TR IR
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g EpTid, AW TR I B RS TN A e R, (ERAEAE
—UEE. EYe, MIBECRRRIESRES LORE, TR AR B ek,
MR TSR AT S M e AR R AR, BT e RIRYE. Wkt TR SR
MEZARNFHERYE, (ARG 2 2R R BT, MR, A,
FIGETE BoE SRR AT 2655 2 B AR IRE M . BRI AR 22 5 A TN ot
T8 G2 HERNRS BT, BT RS, E2EE T EU L
AR ST AR AR B TR (S, SR A AR RS A BT s b S
TR 2R, KRFEN IR BE HU RO FHAFSET7 0 D 2 5 9 B i) 2
BRAR, BAUT M L R ZR AT RGN0 L. Bk, A SO IR
HelEmh & ALV, FIRTREE 22 I T TR, 45 & R A 5B « SRR bR
P SR AT [5) 155 [ 0 o 91 B AN A% e 0 17 DLEAT TR T 7T

Fok, WBIETET7 0 Bk, ML o 3 AR B2 25 > AN A J00I 77 925 th e A LA
ST Tz NEEET AR TN, ST, Rl 2R b
AR ORI AL, BRZ A RERIR S, A HUCRAE R B A A E 1 -

e, K2 BT TR AR A AE X AL o ST AR B o ST T SR iR E AT+ 4% L
BEAT NG JEXT N R AL A0 i, 25 S BT D R I 2 AR PR RS AR, G fps
A R AE B A 2 B fa b A 25 G R v TRIRS P RO 78 /b 22 b

ESHT: AP i w5 e O 1 5 Vi /PSR B W i S MO (EPS e
SR b, MR ) 2 A AR AN AR B O RIR S TN T i o X AR I B AN i
BN R RTINS A 5% AR T R GEAR NI ST, TR — B8 (1 2 05 5 4
K X HVR & T 5 v, LB ARSI B R O AR HE SR, 2 — N EE BB AT
Tt A SCRIARA HY R A

1.3 ARABERBF A

1.3.1 AR

43162 (Divide and Conquer) J& — Mg i EIE T SREE, |2 MH Tt
FAURLE B DU TR 2 ANk . 31X — SRS 1A% O AR B — AN R 2R R K i)
FE3 RSP A B 22 AN FIABEIE /) | 25 R AR ACA ) ) R, SR i 388 11 e 1 X 8 ) 2
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SN 2 T R DAT'e “RIS-FRYE” ST T 2 IR AR S S

B e K1 IR LR I LAAS B i 1) i (R g . ASSCRH “orimiia 2 i S JE AR
B SEAE ] — AR 0 A SRR SR AR s o AN TR AR 2, 8 AR A R AR 2 2
PERFE, A3 AN R A TN A B AT 0 FERERSEZ RIS I T — AN RS HRAE, IR
T CNHRZ” SRS HAE Sy, DU REZ MR EE, £ “oma” AL
SCBLECHE i) R I R AT BE 2 3 DR B TS S . E RN EA T

i X BT G BB S S AR HEAT T . S, W S Yl BE
RS ARG I AR R ORBEAE 2, £36 (A IR AR SR i A 22 2R R AR 365
MK B 1 AR 2 S B A] P i gkt 55 )P AR T B A A AR SR R S B R R R B, PRAE AR D)
AE B R SR)a, M SC 5ok B i N AR B P SIS AT 538, it
14070 LA N AR B, (AR e b A AR f 2 18] BoAT SESm AR LAE . Xt
TASEANEURZ (7 K%, #— KA KPCA J7 AT RAESE I, AT AR AT fig
TR B A (5 SR R B A AR B 4EE MR B T . BE, BRI A
s BAE BN R, R KELM BRI 4 A 5% 16 B0 i 47 Tt
IR PN TR AR IEAL S 27 VR R T 1 e -

55, DA BRAR I BT O M it Xt G, B8R AR SR {8 Y (R0 45 L 5 vk (0
Mtk B, RUERBIRIAT GG S . 257 Bl LR S i A <5 A i ]
FRUE BRI BAE ]S85, FIH K-means J5V206 Fr A i N8 & 17 51 R A it
TR, MR IS EEAEI” A R i K AME, TR RN E B K, B
— PR M KPCA J5iE AT RALIRIG e, R SR U 1A RuE B R A B A\ A2
&, A KELM FERU [ bR 1 62 40 i 10 J BBt AT 0, R A P 4 b
RPPAG TR 1% 512 B TR RE

=, HRERAELOH E SO S BN E BRI S s Tl . B S, TEHUR AL
Zpr b, JHid CNN-VMD J5 ik AT SCA o i SR B 20 410 FL0, R4 (1
GSVI 41, SCAF A5 AL 5 P A & N BR8] [ il a2 Wbt 1k
bRy SO . GSVI bl LU 73 S ks Bt I M e Jiiee & Hdle 2 1e) s 2% e A
“K-means-KPCA " X i & Hodfa 2= [l BEAT RF LR B e MR ACIRSEL (GWO)
fiA KELM BEA, JiRe A2 A (1% BRIV R 3 AJE R Sl A GWO-KELM 7,
BE MR T S5 R Rt — 25 ST fE -
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1.3.2 BT =

AL B 2 AAE T

(1) T8 UCRE R BT P A SRS 35 45 R R T A B2 A o I 22 JRAE (1 A
FEHR, ool 1 358 i B AN S B ) BRI TS BOE S, 5 7 MEWF T
A8 25 8 45 R A B B B i B B S BT I AR A AL o AR I 2
VR, B2 M Bl 5 - GSVI EEEE B i) SCASRFIE L2 SLAR A a2 A
A EATBI PR TR G5 (a5

(2) KA RIS S R i, e 8a F I FEbr . BEAk, 632
T Rl B A RO V. FE T IR 7 SR AR TN R RSk (SC/K-
means) Al KPCA J5 {250 S0 A M BT A0 (1) 2 P A0 D R B R, R BAT AT AL
AR R RN FISE, IR AT RERAEAVRFAE SR AL, £ ORIEDD> 1 R M5 B4R
HI$& T e IR 1A RS 2

(3) AHIE FOAE IR P 2 > ik E Sh R AR 2k FEL B4 B [ ) SCARFAIE . KT
TAEREY 1 U FE o H 7 P s AL ] o ] 0 90000 P (R AR 77 R VMID N
I EE T CNN i 145 B (8] P 513 bR o A CNN-VMD A5 R ST ) SCA R
TESEHL, 50k [l B A7 2 5 RO e e 1R B ST 7 A T LI O RO

1.4 fARGHIRHE

RIEASCHE T, 2 AT AR, il 1.2 fro. 3T N A=,
BEWHAENEDT:

FoFEONGIE . BRI R R S AT AR A
TR IO EL; PR X [ A Ah 2B AR ST FUREAT S50k, IR IR A SCHIRT TN 2
TR L ZGIH /L TaENTFOHESEI, Dy R SOl FEER At 1 s g A R 5 g A
o

B RN SO R BRSO RR o RN T MR R IR, ARG ]
BT R WOIFEMA LA R B, 368 SCAS 9 B LA TS ZRE A S Mt g AT
g, BRI AR

= RN IS PR SR T 3 IR B I A S A T, S T A
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FERAR Bk Bolmml & SAFIESEI. SR B AN 45 R A o

FIIFE R “K-means-KPCA” T3k N 2 22 YR HrdE 14 [l B i 3 B2 0 3300
B e @ H O R AR WA TR b AT IR £, IRE T 2 RUZ R MR A,
FFFIM “K-means-KPCA” TPk ATRFAESR A, 5 Ja HEAT SCAEW FTIF 70 A s g 45
Fo

TN RS- FRAE” SRS N 2 2 U5 S A B 1 [ Bt BT S A AR i, A
BATGIN T AR B — SCARF AR T [ B8 30 B 4 4%, 2+ CNN-VMD £
RIBEAT SCA 3 AT B S T SOR 0 MR R IR S ARRE S, SRR P 3 B AR 2
[ SCAREAE 2 )5, REREU R AT AL, AR5 7 CNN B [ SCAR 3t
175728, 193] CNN 255751 B moxh CNN BR[04 gk 47 70 i, FIA VMD J7
PR A [ PR B AR R B JE G B e, RO B I 2R & e 2k
A GWO-KELM SR AL 1R S A R AT T o

ONEONBIAEE SR . B A TP U BAR AR, F8 AW SRR
A B LSRN FTTT

| P |
<~

| B G |
<~

FEEAR

Wmm CTRIEPRYE” HON T 2 IREOE R A B

[> (B <j ST

|
|
SEPUEE CTRSE-PRLE” SN N AT 2 YRR ) [ PR Y }
|
|
|

Bl e
Kb b4
R3]

BRI T

AR |
i Vs <] A

I I

word2vec SR ORK-WEE O TR TSR B |

W] I B 4 |
<] YA e

|

|

N~

WNE s RRE

B12 BXHABLE
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2 AR

AR SCE S SR HI SCIRATE T 1K) 075 320 4 19 B2 A 4% T 2L AR S B A 496 52 i 4]
R A R SCHRBEAT B4, RASCH BRI Sl A 4B 1 s 8IS B Hrik
XF A SR R AR R (A SR 2t AT 0 A, IS G M SRR A . HIRAR S E
BT R SR I AR M R AR IR I S R, R
PTG B bR AT 1% 5 A PR i AR ) word2vee TR SCAE B R &AL,
KH CNN AR AT I M AENLER 2 IR, SR RS R A SR T

2.1 FIEMEXSHH

i 22 45 9% 434t (Time Difference Correlation Analysis, TDC) &l & i [8] /7 71| #H
KA FBE G R ARME TS R ARG R. itEAR W
T

(A
= n'=1 : = (2.1)
(Bt S5 -5

AR,y T PR/ EEREIND, Y oY PRI, i
B IR AR, DN M. M <OM AT, 241> 0m BRE.

2.2 BHERS TR

AR RS 3R ( Variational mode decomposition, VMD) & —F3#i i H i& M
GOSN ETVE, RHEEPEAAEPRE S RAT RAF A REOR o %07 % n] T
SE IS 8] 2 41 (4 J 393 - VMDD 4 SE45 520 i A IRECE 1) 715 = RO 70 & .
FEARRE T, WX CNN B4 AT 0, I VMD SR i s 457 ) A
R ) T A B

BB CNN P HI 5 il K ANRHIEREES 7 &, 208 7 4 s
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5, Ka(mit)uk (t)}e‘j““

T

z} (2.2)

Kb, U (1) FoRAMEE R K AMHERE AR 0,308 K AR
WRAER QDI LFE S R, SINTET C ARSI FRT 0, K2
S5 RS AL R T LS 4 A,

L({u}.{m}.0)= Ci 0, {(5(t)+ﬁitjuk (t)}e‘i“’t

k=1

st u, ()= f (1)

k=1

;::!i—‘r‘1

+<e(t), f (t)_guk(t)>

XFF(2.3) TS A HAR ol J, SR ISRIE ST A8 B U RS, Uy AN o A
PS5 TR BN EASE B, BT

U\kn+l(a)) — k=1 (24)

O = (2.5)

<y (2.6)

Ay AR ZE

2.3 FFERRTT &

2.3.1 K-means &3

K-means VA% E —DMINGES, KD MEANRENR “%7. AR

12
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IEACH AR IR I & JE R D R, BB IR SRS R AEHEAT 702K
AT, HEARERARD I, FHELHE K (H. K-Means ZEET7EHH AT
FRHZRIAE KAE, XFOTEIZOfEts & SSE GRZETITAD ik, HAm
E

K
SSE=>"Y"[x-m[ (2.7)

i=1 xeC;

Hop, Cagmingg G hmreds, ma2C e (Cpraris
RISMED, SSE T AFEARIEIERE, R 7 RIEE IR . BITIIRCRE
FAAT— DT, A B K AR 2 R K iR 3SR

232 BRERST D

F %453 (Principal Component Analysis, KPCA) & —FP£ # ({45 A $2 X
JivE, ARZITVE R BEAC B B A AR CRHE I A & . B 8 7 % (Kernel
Principal Component Analysis, KPCA) &% B3 73 Bk AE A E 2 1t s i it
A B AR R i — N AR SR MR WS e S A6 R AN RT3 B R B v 4 7 [ A
BNERT 7y, FAEE4ETAIEE T PCA M FEARATE4E. KPCA JBH v LA H T
AmBR e FRIESREL. JeE DA R MR A

BB MERTEN X =[x, %, x,]» FeH n ARERE, FDEAHF m 4

B, ARG G AR AL g R AR I m ZERR I 20 B v 4 d 4Es ), REARAE
AN

#(X)=[(x). p(x;). -~ p(x,)] (2.8)

LRI () CL 2 REAF b,

n

;¢(x )=0 (2.9)
GREAR B 7 ZEHEFE N
1 N T 1 T
C =HZ¢(Xi () =E¢(X)¢(X) (2.10)

WR4E PCA PR, P75 2 K C HIRFEE A Sz H s B RFALE ) B V] e

13
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FHEJTRE AV = CV SRIREE]. HEfEa=|a,a, - a,| 6
V= aglx) @.11)

SIBSERE K: K =g(X) g(X)
¥ (2.10). Q.10 K AT ZFERE C FIRHIE TS, 155

Ko =Aa (2.12)
SR AIERE K 76 2 B 8k = K(x, %, )= g )" glx, )Rt
FRARRAE A /N R T S BRT 1AS S B 48 | A 1 A I ) 5 A

F :¢(Xi )TVI :_Zn:ajl¢(xi)T¢(Xj):Zn:ajlkij (2.13)

HC Ak A B ARG I K (R IA TR

K =K-KE,—E K+E,KE, (2.14)

24 XEXGEZE

2.4.1 Word2vec

Word2Vec & T ARy n 8RR HE AR . B2 Google 7£ 2013
FFH R —F T H, ERH TR RSO R R RN, FEE ) 2 A R ) )
Z [ B TE LK F - Word2Vee FEAIA P FREEH : 1ESL1A L34 (Continuous Bag-of-
Words, &k CBOW) FBkERAHA (Skip-Gram).

&£ CBOW A2, A B A B SO HERT H 24 AT 53], T 7E Skip-Gram
A, AR A A A BRI AR T R SCERA] . Word2Vee [ H bR A& 3] F
— AN AR A, S AEIXAN RS 1A, 18 SC AR B AR A A)_E o LA R
HLARH UL, Word2Vece K BLIAFR RNy midE &, % & ) Sl o1 di 2 21 B i 76
RS AR A0 A o IR LA N 2R RS, AT DU TR A SRS S Ak
155, WSCARD 15 BSR4

FE— ML R, Skip-gram SN Tl ZRA /N TR R 2R B A B ] 2 LA

14
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UF, TG CBOW Ut T B 0 P st 5 0 1 R LT

2.4.2 ERHEMLE

HBRAMZL ML (Convolutional neural network, CNND & —F Fil T 5] N B A
IPSEE AL PN ISR UEZY T S 7oy a8

CNN PG FE A N RE BT RS 5, T & B A ) 1 15 SO B
I I A U B IR ELAE R, 7820 R T 4 e A = ] 1)1 SOk R

X*ﬁ Y - \\\ ~ <
T o || ~
7] S~
Fr 4] -
————— = - P

Hfdropout Fl
softmadi Hi (1 4i%
%2

HAZAMRBAREE BN R KB

FIRAER S EWU 5 B2 "

& 2.1 CNN R

K 2.1 45t 7 CNNARBLEE R . B 56, CNN AL — M hrid AL r &) 48R
g, HpEATAR . 5, JATEE 22 MR e A ) R AT
BR, BIIERRAN 7 =A, IS BTN BAR] o A7 RERTIE P X SR ) KNk SE T
AL B AE RS TR, s P il o K A AN R AL RS P 2 Rl [ K Y )
M0 2 RS A ol ) A T DA B [ E KPR “ top-level” RFALFAI &, SRR A
I softmax b8 2% N RFIE A5 DL AR e 0 3K

2.5 HaeiEZ—RREZE
FRIRALSLIE (GWO) L T 11 AR AR ST AT S5 5, 7SR A7 1

15
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DUFh A, o R A 5T 9T A2 B B AT B I AE A A 2 v m] DA I R S M IR 7 B
SRR LN E 0T EL B B AT R S LU REFNITE SR I I B, 6 IR o PR Bl A
JZRHIR, fJa ORFTTIRM.

R (F00 Mfed, WX =MZEZIRA R RAZR, iR
FARMIERNSE (fitness) HEATIREE, 1E N L HOmAVIRA 2 BONETI o R, HaK

& B, IR, BITIRZ RIS HEY) (G0 F=EAERFaTiRE,
TXANEHEFATTH o AR AL BAE AED) (B UAR) B ab AL & o 1255 BRI AR K
WK 2.2 fs:

AR

VBB
l
VIR R By SIIRLE

l
PIE AR SORBE O B

it AR AL B
|
i AR S AR ) A o U

THEIK ﬁﬁ%ﬁﬁ e
|
SEB AARFE A AR o7 B

I
— EUBT ACIRAE (1 H b R BUE

K22 GWO BELKEE

TR B R VTN E R

2.6.1 RF (&R

BENLARHAK (Random Forest, RF) J&fi8 F BEALIHAE A 7 vE 8 2 — AN AR AR, FEAL

16
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TR BENURAE R VAR . ARMORTR T A SR S ML YRR o BE LR bR A
JRERGOR

B, AR HE h DL TR ) 77 s LEUREAS 31) n AR 4R

B0 WG ER A P RENLIE R K MRFIE (K /T U K L 4y
i)

F=00, RERYEX K AMFEE LK m ARR S .

VU, AN YORRORTINES S, It BARAE BT T 25 5L .

BT, X BT, TR AE RS A, R R
A B R g f 2R o 1% 7V AT LI 2 PR SRy, AT B 4005 i XU

2.6.2 SVR &

S ) E:[A] )5 (Support Vector Regression,SVR ) A& —Fli I T 57 # [l AL (SVM)
IR . 54 G [ AN ], SVR T I S5 /M T i 22 AR B A R i 2
() AR AR A o - e AL 5 R

SVR [ 3L T SVM AR, BB m i 3 s 2= [a) o, 15 85040 4214
ST ER S B, £ SVR 1, AT B B a4t =y, JRE
) e 4k — AN, SR 1 S 80 2 A iR 22 M . Bk, 5 X
—MRR R, X REEAER AN R TR, B TIME S L SHE A
E5, BRI, BRI . JRATH) B AR f MEIX AN K B
eV OININES b S Ea=0E/Re gk @

FE SVR v, A FHAZ eR BSORNG B a5 31 e 4 25 18] b o A% BRI — iR Ik 4
KO WA 2 v 4 7 ()RR B, e W] DR AR AME B A A N 2t e - 5 F A%
BB IR R ML R A 2 T R BN A2 1) 2 bR 2U(RBF) k%, o, RBF #%
BRI B I Z R B e —, BT DU EHE i S0 IR 4 2 18] v, AT B8 47 b4
HARZR I H R .

2.6.3 ELM &8

MR~ >IHL (Extreme Learning Machine, ELM) & — {1 FR.[& 2 B ] #4248 X 4%
(SLEN) %%, 5#)H Huang 88 NS, B0 B4 35 BIE A7 1R 1 2% 21 3R AR

17
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S B 5 85 0 R FF 9T 90 . ELM 1% T R R4
Y=HB, Yenr™, BeR™ (2.15)

FEHH = 0T (%), (o, ) 2% B J2 6 4

W, W, - W b
By Bn - P 11 12 In bl
W W oo W
B B Pu - Pon , W= .21 _ll . _2n , b= .2
Bi B - P Wi W o W, bn

S NALE ANV 22 (R REAL 0 B, 10 AN B DAL,y HH B A v —
HIARFZH, WLl @ AN — 3L (OLS) tHE, S5 RATLUE AL

B=H"Y (2.16)
Hp H* R IR N5 FE ) Moore - Penrose | X, JE F-0& [a] A ER & AN

mnﬁ@,&mﬁﬂumm~¢mﬁﬁmé$%ﬁﬁﬂ¢ﬁz

BZHT[é+HHT]_Y 2.17)
AL, ELM %0 oR £mT DL R
Y:H,@:HHT(é+HHTj_Y (2.18)
2.64 KELM &8
it BR 22281 (Kernel Extreme Learning Machine, KELM) [ 3= L AEE AR

3 Mercer [1)25 4, Ke ELM R3S R B0 0% s 8, KELM fR)% Y R 80T AR

2SR

Y:Hﬁ:k@“>(é+mwjk (2.19)

Seop k(XX ) FR R L
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2.6.5 M iEER

N T AT PG A SCHT SR AR Y B TRNRS B, A SR T B 4 ) 1 o) LR R 2
(Mean Absolute Percentage Error, MAPE). ¥ 77 #i% 2 (Root Mean Square Error,
RMSE) FJ7 k5 EE (DS) 4353 KA T S5 HRG F5E 795 A 77 THD PPty A5 ST A H 1)

R, Bkfabr g L

“y o
MAPE = = 3 ¥ Y1l 1000

NAT| (2.20)

RMSE = \/_Z(y, %) 2.21)

=—Zd x100% (2.22)

i=1

d_={0, P (yi+1—Ya)()7i+1—Yi)<
1, Ea (yi+1_yi)(9i+l_yi)2

0
0
Forp N RIORBEARANEL, y, M 9,73 3l 2= U i 1 B 1) S B A T A0 4 o 7K T30

MiFEH MAPE. RMSPE HMEM/N, KPR E#E . DS Hills, &7
[ TR A L B e

ik — 30 AN RIS R 2 [A] R N BE 22 57, AN SR H eluisE 3R 48 bR (IRD %
BB TBEAT PEAT o e 02 A 56 A SRR Y F FOEIRS 88 A 75 v o0 AT ) B 4R A
IR BUE N IEAE, BEEIAEEY 1 (modell) fLTHAY 2 (model2). 3B X
LUNE

MAPE - MAPE

IR, op = — o St 100% (2.23)
model2
RMSPE - RMSPE
IRRMSPE == le\(;leISlPE mdelZ x100% (2.24)
model2
IRDS — DSmodeIl — DSmodeIZ %x100% (2'25)
DSmodeIZ

AN, ARIEF] N Diebold-Mariano (DM ) #6556 R 1FAk T AR AL 27 6] (1) & 2
2% . i1 Diebold il Mariano #2H i) DM #5546, =235 F T4 56 5 R A4 (1 14 BE
AR EZR . DM KRG it= 1] LI E XN
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DM =9 (2.26)

JVIN)

1 5 N
H o, gzﬁzgi ’ gi:(Yi_YA,i)Z_(Yi_yB,i)2 ’ V:y0+227/i ’
i=1 i=1

Vi =COV(Q1,0:) o ya Py 40 IR A FURER B 7200 20RO BN . R

2 RPAZ SR B, IR P T e 774 ) o

20
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3 “BRA-PE4E” REETETZIRBIRAFRAASI AR T

ARTERT MG MG, KA “RSE-FgE” 7ot i i B o i 2t AT 13t
Mo 1 RGERIAE R EOVE I RET %, BAT ZERE. Bk, 87
SR REOR B SR 15 2 A R B N A R A 4E EE R R 8, AFR A “SC-
KPCA” Jj A i NRFEBEAT SR L. AR5 45 2 AR 590 il N Y e DR B 2 A
REBES. 45 RN T IE M A A BEEAT T RE, DIEWTZ SRS T IR &7
IRE A DU T R

3.1 FRAMHESR

AFIPEH 72T SC-KPCA JHAM AL (4nfd 3.1 From). FEI%TIIHESE
T R ZE M DR L 1 AR AR O I 5 S LS B B g S A AR S 2 TR
PEREATRL S, A AR 5 R WU A AN 5 5% 3 S L A5 B AT 9 ) 4 S B A 1)
TR To AR HI DN A B T Z A5 =P8

—  SVR

Ty RMSE | |

——

% kK H fF?F?ET;%ERk H/ﬁﬁ?l‘ﬁﬂ A

Sn | |BHEREN|(|

m
-
I
(7]

! ' —| KELM 7

| | - | | -
Gt s | CrasOkpear) e Comc)
T . = LT . =—— ! .. |

B 31 FRMRAERE

D1 Bl G . RS I ST AN DGR B 2 OGS S, U
I Z2AH DR BTl i et 5 P A B S i A R RE B s (R G B R SR 5, SRR
R AT 10 9 e 3] 98 2R B AT SR 22 B 48 b ) 5 O U S SO A R AT A 2 2R LR
R, R AR 56 (Y R SCHER] 5 A BHR bR Ay B Y i N AR 8, AT
R RSCTR £5 H0 80 2 1)
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72 [ PR Ak OGN, T A2 v [ [ Y AR AR T, GSVI LG P B AR B Al R
ERHCEE & ARG A R .

GSVI H# SR FH =B Bom i, e #5805 nl RS Ne) (5 B (i 35 1 ¢
SRR NI an B ], HERR AAH SRR TE .

AW —: il Google Trends MBS R R, T REA LM
7 AR I B) P B B0 ) S BRG], R (B T B
oG B R E RS . WBLTN LA AR 1A SO F 745,

“international copper” “copper price” “copper supply”. “copper demand”. “copper

future” }2 “spot copper” 7~/ HA AR 1 8 1]

AP . £ Google Trend " R FEEHIRTE, JFIEMAHABIHETE RIERE
N R RN . BRI, BRI ERPRAHARE, RA&RE T 790
KA

A= s, BATHE N ZH S Mk B BOR T 0 ARG R HK
T 0.6 BISCHE (94N ARG, Gadig ARG BRI Al vt Bk 115 4 A 55 4y
& FEFN IR SeE, g p (B 0.05 . % 4.4 P EER RN R
ZARRRKROI R ER PE, R Y ACRE RN 5751 .

F 4.4 Granger R RRILER

JE fe ik P1{H
bitcoin price—Y 0.0031
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&R 4.4
JE i P {H
Bitcoin price usd—Y 0.0073
Copper price—Y 0.0031
Copper stock—Y 0.0025
ethereum price—Y 0.0016
tata power share—Y 0.0092

2 4.4 51, PALE 6/ GSVI Bl 7k 2 AR K BAGL, KA Hh
NN =7 TR R R ER IR “S7 ERAE. PRI F~AE—4 8 4~ GSVI
ARiE, R 4.5 iR,

#£4.5 GSVI BIEARE

%5 GSVIl1 GSVI2 GSVI3 GSVIi4 GSVI5 GSVI6
GSVI R bitcoin bitcoin copper copper ethereum  tata power
) price price usd price stock price share

4.3 ¥IERE FIFELRE

43.1 VAR SEEMEIERE

R TmIER 9 MEZREFFH, B ANMRTBAFFI. =AEMAET 5
J N B B 3 S M e B o o3 i h B I o ] A0 ek L0 2 I ) S RO
E FERREANRHESAT [ H H(VAR)BE Y . 3R 4.6 45t 1400 VAR BEAYIEFER)
T B I L R 5 B s i ks s i s U0 e ok 0y 4. RIS B
Bok PR, Wedus e S EZREFIE 32 MeE, MTHXEEE
A 23 TR BEAT R AE SR B
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K 4.6 WEMHEERLR

BFREmME  EEYE 500158 DIIA - GSVII GSVI2

B 1 2 2 4 1
GSVI3 GSVI14 GSVI5 GSVI6 i mits
[ 1 2 2 3 4

4.3.2 K-means-KPCA 4FF2E

£ “K-means--KPCA” J7iE T 5 TR G HIR R B U, MR IR P8 of )
i€ K-means B M AEREL. K 4.3 B T AFRSERIECT BI5E AN =277 H
RIARAL . K =2 TR T RS IR, MnDRSRAIECE € N 2.

300

250

200

150

100

o 4

1 2 3 4 5

43 BABIEEM K-means KA wEE

0.50 4

0.45 4

0.40 4

0.35 4

K 4.4 BERBGESR
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ZERBAE: FeB ARBCR LA AV R A RS AEE R Z2 53 /) A% 8] (1
R (RRANZE R RV R B Fabr . R, RS REBORH R
RRERZGEH. A% B 44 WRFABUEHEER, BB K =214
FR RS, BEIN K 2 Rk &id. R, K-means Hi R REHE N 2.

FEXT Ay A AN 22 5 B AR R AR A 3 K-means SRIET7VE, IR 5 )
A 50 Al e R A, JREREE R WK 4.7 P

* 47 K-means BREHR

HEsk Eyilkie
AR 2
PR bR B 4 2

REHESE 2

R = BAEE 2T K-means 5 17551800 Al #E4T KPCA [E4EAL
B, kB R Z TR R AE 85% LA i A% E R T B R4S R INE% 4.8
Fiose H E. G A H 73 pfARad Hidhde . BBk SR & Bk

%48 KPCA BRELZER

Ha sk Jii: FERH o B Rt 77 2 5Tk A (%)

K-means(Clusterl)-KPCA 4 87.22

G K-means(Cluster2)-KPCA 3 92.23
KPCA 5 86.24
K-means(Cluster1)-KPCA 2 98.74

E K-means(Cluster2)-KPCA 1 93.17
KPCA 1 85.53
K-means(Cluster1)-KPCA 5 86.24

H (G+E)

K-means(Cluster2)-KPCA 1 85.26

KPCA 5 87.29
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4.4 TR K SR04

S YA B ST SR TN A ] [ o S B A A%, DA 38 e A ) B — T
WAL, ARG, KE2ARETNE CRIERAR B REIRE 7R 700l N H T 254
et GSVI B GBI LE . 45 R NEIE AN TT LA BEREAT TR, LA
TIE BH AR ST H TR A 50005 S BT TR A 7 ¥ K 6D o ) B2 A7 A% L 0 ) il e
77 PR TAERISEIL HH Matlab R2018b #1817 WP EENULMIFEALE, %[ 8:2
() ks $ids A 1 o N R RE A . FEFIIGRFEAR, T AL 44 2408
i MU E 4y iR ZE (MAPE) s 7 U TiE#E . KPCA fl KELM
Hh R R U K e A ek e FE PR B PRIIAEZE (H-K-means-KPCA-ML) T
XF 4 FPAS RIS 5 > 77 B PRI BOR HEAT PRk A LA

4.4.1 BN RBIBOTRE RE LB

R 4.9 rh[E bR B ks BE S B SR O T E RER B . KELM KT
P BE AL, FVkoE RF fELM, 11 SVR TN i 2% . Rk, KELM. ELM
A1 RF A o B AR B TN f) e (o B0 — MY, AR LU AR BR ek A THITR &
ZAREITVR N FE AR,

R 4.9 AFERT TR M RE LR

SVR RF ELM KELM
MAPE(%) 10.83 8.65 6.53 6.41
RMSE 991.10 746.87 650.69 647.16
DS(%) 48.72 48.72 48.72 53.85

4.4.2 B SRBIPTN T REEL B

“K-means-KPCA” J7 7% T B 2 48 & J7 VAR DU A [F) S 7 A B4 45 v 1 Tl 14
BETHE IR, 3R 4.9 WoR T NT 2B 8 AN FEE S ERE L gs R .
gEIRK, 2B TR R A A AR R TR A BIEER K-
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means-KPCA-KELM 775 AT K MAPE:5.42%, /it RMSE:546.99 Fli
DA:74.35%.

Bl 4.5 SO TARFERBR TN RR AR Bl S8R BoR, TERTA 4, KELM
H1E REAR IS UL T ELM, ELM B2 M RERg L T RE A8, Ui B+ RF. ELM A
KELM EAEA AR R S TR, K 4.9, £ 4.10 45 REY, ASCRBKRS
RS (R TR P B A T — B A TP R . RIS IR VDU 23 ) AN A 7 v
) i1 BEXT SERESS RIEAT 408, 3E— B SCHF T IR & 20 £ F1“K-means-KPCA™ 75 12
N HSETIR & 7 R 0BT g

F 4. 10 BABR K TR RE L
MRS
MAPE(%) RMSE DS(%)

EVE/RE S FE A

KPCA-ELM 12.23 1193.58 58.97

K-means-KPCA-ELM 12.07 1221.85 58.97

KPCA-RF 14.65 1310.98 56.41
© K-means-KPCA-RF 15.66 1417.71 48.72
KPCA-KELM 10.75 1061.51 48.72
K-means-KPCA-KELM 10.70 1061.55 61.54
KPCA-ELM 17.08 1520.00 46.15
K-means-KPCA-ELM 8.54 831.23  51.28
KPCA-RF 20.51 1804.00 48.72
F K-means-KPCA-RF 15.54 1307.54 48.72
KPCA-KELM 14.63 1284.39  48.72
K-means-KPCA-KELM 10.82 758.85  48.72
KPCA-ELM 8.12 77592  58.97
K-means-KPCA-ELM 5.49 510.00 53.84
KPCA-RF 8.82 818.66  53.85

H (G+E)
K-means-KPCA-RF 6.74 628.15  48.71
KPCA-KELM 5.46 54545  54.85

K-means-KPCA-KELM 5.42 546.99 74.35
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25.00

20.00

$15.00

%)

10.70 10.82

MAPE(

10.00

5.00

/ N [

K-means-KPCA-RF
BGSVIHE SZEULFEEE DRGHIE
1221.85

(1) AR MAPEME
: 775.92 %
IE %&Hﬁ

0.00

2000.00
1800.00
1600.00
1400.00

120000

2 1000.00

= 800.00

600.00
400,00
200.00

0.00

1284.39
1061.5. N

1061.55

KPCA-ELM K-means-KPCA-ELM KPCA-RF K-means-KPCA-RF
BGSVIEEE  SEMAHEEE  DRAME
(2) AEFETFRMSERE

80.00 74.35

70.00

60.00 58.97 58.97

48.72 48.72 48.71

2] B

'

/ E.\:}\'"ﬁ . : // b
é \ ] % N :
% \ i % N BR
% - % :

50.00

g
S 40.00
30.00

20.00

10.00

0.00 : W | W |
KPCA-ELM K-means-K KPCA-RF K-means-KPCA-RF
aGSVIEHE SEMETEIE oRAEIE

(3) AAFRFDSIE

4.5 DRI FHIMHR

4.4.3 BB FRE S

A, AE“K-means-KPCA”J7VE T 70 il 5= T AN R i B o5 SR AL 25 5% 21 5 1%
XA [ T 25 SRR el e da hs - (IR) #EAT X EL 44 & %6FF MAPE. RMSPE
H1 DS FEb5 ) B0 Z0 AN [F) 0 4R 0 T PR AT 04T, 3R 4,11 BoR T A AL
Pade R =AM R ORGSR, b E. G Al H 2 5IRE L BIEEE. GSVI 3L
BEMREHIEE. WEPA LU -
(DX T AN H-E F HoG, fE7KFF1 77 [\ 1 Be VAL bRt b #B 2 AR,
X 3 WV 5 B S LE [l B A 4 s FT 0 o F Dk 2 2 v T A DR RO SR GS VI B dE
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. () BHK IR ET, H>G KPS bAET Oy IE, M F Sl
PRAEFFON D, IR VR A5 S SR AE AT 0 P R DTk 25 R T GSVI A4, {H
FEIT RPN RIS . (3) ERANHEN,  H—-E A H-G £EK A7 [ TS
JEE BSGE R T3 T R DL AN AR ), X3 B TR 5 A SR Y Tk e 25 i T
LUt RS s GSVI Ml e, Xt PR WIR GBI EAE T bR 0 S 4 4% 14
FRMAS 5 73 ] ELAT 5 KR DOk

41 AEEHEETH IR E

*ﬁ@ ﬁ?&;ﬁk IRMAPE <%) IRRMSPE <%) IRDS (%)
H->G 54.515 58.260 -8.699
K-means-KPCA-ELM
H—->E 35.714 38.645 4.992
H->G 56.960 55.693 -0.021
K-mean-KPCA-RF
H—->E 56.628 51.959 -0.021
H->G 49.346 48.473 20.816
K-means-KPCA-KELM
H—->E 49.908 27.919 52.607

T 412 BoR T RBEAEAERAETER, b ML M2 Al M3 45l 3R
KPCA-ELM. KPCA-RF fll KPCA-KELM, M4, M5 il M6 4} 537~ # K-means
kS FREAMEE A ST, IR EEAIE, R ITTE M4~M6 LT
J5ik M1~M3.,

R 4.12 AANBFEITTETH IRE

iﬂ}iﬂﬁ% ﬁﬂ IRy apg (%0) [RgyspE (%) IRpg (%)
M4—M1 1.31 2.37 0.00
GSVI ##E4£(G) M5—-M2 6.89 8.14 13.63
M6—M3 0.47 0.00 26.31
M4—M1 50.00 4531 11.12
SLUFHHREE) MS—-M2 24.23 27.52 0.00

M6—M3 26.04 40.92 0.00
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SR 4.12
EIGHE S L IRyape (%)  IRgmspe (0)  IRps (%)
M4—M1 32.39 34.27 8.70
BEHHREEMH) M5—>M2 23.58 23.27 9.55
M6—M3 0.73 0.28 35.55

H_ERFTR A, KA K-means )77 HANSK ] K-means )77 VA RCR 5
IF. P, 5 EEEELETEMEL, fERYERTR A K-means 7 V5 E4T R 1)< T
B RESTAG A AR, T LUR IR A6 P 51 R AN 6] 2 B AR T, R AT RS
R OR B RS R
A B g 0] 3 TR A HUE4E R H-K-means-KPCA-KELM #7815 HAih 6 AN
TITETRM SR R AP B2 2 J 3T DM 4. & 4.13 SR T A ARM Gtk
Unes

R 413 EAXBEMER 5L AR DM K

H pr Y H-K-means-KPCA-KELM DM £ 50 {E P 1H
H-K-means-KPCA-ELM -5.53 %% 2.487E-05
E-K-means-KPCA-ELM -7.65% %% 4.082E-08
G-K-means-KPCA-ELM -7.40%** 7.437E-08

Xof PU AR Y

H-K-means-KPCA-RF -9.06%** 1.602E-09
E-K-means-KPCA-RF -8.96%** 1.978E-09
G-K-means-KPCA-RF S7.071%%% 1.899E-07

e *¥10% B E MK *%5% R Z VK, % 19%8 K

B ERPTLURIL, @i 6 ANxf EEBRL R T 45 R 5 3 TR S8R AR 1 K-
means-KPCA-KELM 5 7 (1) 7l 25 4T DM AR 56, H64% DM K568 2 51 5 = A
AR EAG KT T IR A B FHE AT Hext, R L8 5 A AR Y ¥ DM A

¥R, MuenT B4 R R, RIEE TR Bdi 4 1) K-means-KPCA-KELM #&
T 5 A o L ABE TR (0 F 0 28 A A 2 2
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4.5 KEIG

AR Rl A E AR M A TR “K-means-KPCA” 7775 B 4 3]
LA TRIHT VR SR . B 56 R K-means J7 0] 2 IR B £ AT 0 B4,
I H KPCA J7 15304748 & B EAVRAE SN, 55 R LS 2% =) 73R8 S 4 10
BT H EEAN RS TN o SEUESS AL, SRR T RS LN K-means-
KPCA-KELM #8 BA RIFHIHNERI . 3UF T LR 48 (D RHREGHIEE
AR A AL A Bl T A 5 LR B — it 4 A S A RO TR s (2) X 2 U5
YT S R B AR SR I 7 VE A R o I 58K (SC/K-means) i FEKFAH L
15 BEBSAE—, FXARBEE E AR SR H KPCA J7 k3 AT Rk S ORI [
2, WSSy BRI 5 [ B S B A A SC RO A S B AE SR, 1T B TR
fE; (3) e SVR. RF. ELM K KELM DU LA > TN 7 i, #EA S0 R A
KELM 7732 1) PR AL A5 7K -0 77 [e] Ttwiows 2 35 . 32 A0 T e SR UE R

CRETRIEE R, S0 ARRIEEEEE, TR T “SC-KPCA” Jrikilt “K-
means-KPCA” 771 T TR -G A (R TN ARSI T B — 8, X R 2 U5 4K
Y S R RS TR AE S B ) T 5 235 B RAF IR T 14k e, 150 BH RBP4t
FRITI 7 VA AE 2 A5 S AL B 5 THT R AT — S AR, 2 S T A0 F5000 Hh mT AR FE 1%
TREHE LASRE A5 2 0 14 e
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5 “BRAS-FRUE” REE T ET ZIREIE A E PR A 54 A8 T

DU A5 R A B ] BEAFAE 2 ) Ah A s R 2K, B 15 R ORI 2 ootk
W 28 5 T RS — AN GBS EORVR, BURHE: . HARR FAE S5O — e E
ERw g, Pt MEBGATIIN . BEAk, AELOH I LA A AR (i iR A
RUAE ARV o PRI, BATTHIWIT FURE R 28 3 e RUSAI D9 AR 5 ELA 280 i ME e

HTLLEMT, AR 2 RRTE (BRI R RR A TR 70 b
MFabridite. GSVI Hilite. CAMIREMR ST E. 2R MNBAEMTTE
PIANF BEREAT T R, DUIEBE T GWO-KELM B! RIHTIR & 7 12 2 A Tk 1 71
a7, I EINANSCAAE S5 AT R R B 4

5.1 FRANHESR

TE LA I B 07 [ St 2855 36 A7 R S DR N A B B 5 S o AT B B A BRT
VEE] A A S AR SR T [ i AN, [RIRE SR “ K-means-KPCA” 7575 R TR A 7125
EHU N ENSBAMR. B 5.1 JBR T HIREGTIEHEL.

AR 1 HolERE . WOES EBRIAHKRE GSVI A1, L if s A AH R A AH
I TCHBRE LB MR, @it CNN-VMD k37T SCAR W BUA 25 P
5, SRIEHRIARN GSVI T, SURFHI S HARZ G756 I A B R R T.

AUR 2. FHIEFRIN. K-means J7 %R B 42 & 7 51 BRI EEKG B AL &7 511
TN K AR AR, KA KPCA SKIEREHR A, SRAHRYERFAE, ATTE
SR REOR B A S 00 R B I e A

L3 W, 454 LRFFER ] GWO-KELM AR T [ Brem 4%, 3%
F MAPE. RMSE LLJ DS =AM Frbd 70 45 R 317394
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51 TRAHES

5.2 ELMBERSCA SR

5.2.1 B\RELALE

ST BRI R E PR GSVI ARE, LA s WA HEAT AE LB A b i R
N TR AT I ROTE R X R SORKAE AT B ER, DARA OR A AT bk . X
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XEESCARHATIE R, MREEE, mAWET 20144F 1 H 1 HE 202345 H 7
HEAME], 7460 258 bR BERG-LR, BrEueEE R—ANEREA, SILH 489
FEA ., CFER 5.1 R T EB43 5 A SO A5 )

K51 HWHFEE

time headline

Chile government says it will reach deal with copper producers before key

2023-04-18
mining tax vote

2023-05-11 Copper price at six month low on weak China inflation data
2023-05-12 Copper Prices Drop on Weaker Chinese Data, Demand Concerns
2023-05-12 Copper Prices Drop on Weaker Chinese Data, Demand Concerns
2023-05-12 Copper price rises despite fears of slowing demand and rising inventories

E 28 9 SUAR S (1 TR 285 “ b b ™, A5 1k S ok 8 7 “IEFE R A 7
R SOAR R AR R DI RIE. Hob, AR SCRA] Word2 Vee 1R HT
V) S A 2 i g ] )

7E CNN 58 e, SR R 7 ISR AIN SR . IZRA Iy 2014 4F 1 H 1
H 22019 4 8 F 11 H, B 4351 587 [ Sk 21 293 2% Ji i s 4L a1 9 2019
8 H 11 HAE 202345 A 7 H, H 3095 5 CEM 196 246 i 4. CNN
HIIZRANIIA B E 9 60-40, DALERFFIIZREE BRI R M ¥ . £ T
K CNN A ALE g [ BRAT A% TR R A N A8 5, 30 CNIN U 30 ke o ]
B A A% TASE 2L P I R SR RS, ] 5.2 B o [ B A b T30 A 2 g )1
SN 2019 48 H 11 HAE 2022 4F 12 H 18 H, 1 176 2 AT A 1L, M4
2022412 H 18 H&E 202345 H 7 H, A4H 20 MEH DR

g 477 T 000 11 5 [ B4 A7 S
W 176 5% i id % 204 id 5t
A )
2014.01.01 2019. 08. 11 2022.12. 18 2023. 05. 07
! ; —
\
Y Y
CNNIJIZI: 4351 %57 CNNIR I : 309557
i, 203% it i, 19628103t

B 52 WERRYIGEMIRE
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5.2.2 EF CNN-VMD &R SRS

Kl 5.3 $fiR 7 EEANERLE PR ORI 100 NI IR = . BB AT AT
“copper”~ “ gold price " “crude oil” Fl “metal” 5 [E R4 E E VKL R AR
“demand”. “ 7, “market” Z5 ] ] fe %R E BR AR T4 1) 7 SR AL R . 4,

supply "~
“Peru”. “China”. “Chile” F1 “trade output” Bt | 2% 4 A8t H O B k.

D] 3 P A 0355 52 T o 0 A7 % ) 25 A R 3

r auy freeport pp[y rate hikeStrike codelco

column

PP

o
trade coa price risey p ,_ O StOCk
price 9“'“Ch|le fed O future outlook production>y
output

=. hickchina copper future
v

o S'L}s’.‘?.nf,e&u‘?ppergr°""th drop proflt

fund australia
?:'%?Jﬂfksf&g?PP I price

5. project
8‘

— o record 7 prlce asmlr:;"':" llﬂ;-l;m%
2 S world
soeg go Pric el oreprice
investor tml.%e;;l 7“4 |E,lz::umbm 5
¢ & - &
gomuture jumpn|Ckel ng%pggr - fOrei(]]Stq d is ceogold ga
53 A=A

CNN HIHESH, IR NGEEL. IS 2840

v VBB RN HEAREERNAE,
i PR R O REAR S —

RIS B 00 RA € -

2RI 3R R B R T bR A0 B i B, BE N E b o [ PR A AN
¥ EH Mk o oN:

2,
M. ={ Pv <Pis G.0)
1’ pk 2 pk—l

Forr p, 228 B8 k JEOR B B o

K 5.4 45 7 CNN L MiiRe sl BARERIED BRI T
YR 1A FRAC B A B SCAS S B2 3 7 N 2 et A il e
AR 2AEHIZRFEA I ZR CNN LAY

o il B N CNN FE5, CNN A7
L RS “HBRRIBE .

“IRHAL” N “Softmax 43257,
IR 348 U Zr e 17 1Y) CNN AR B SHARAE AR 14T 028
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“RIPEYET KR T 2 IR AR B S A

R e A A

LR

[

[

softmax?y

b
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| B
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|

Frid

(IR LBURYS

R e SCAS

FRE R 41 AT C NN 2%

[

XA A AT 702K

54 CNN HERER

FeAk v

[

CNN #A S H0E S MRS 2SRRI — RIS LR R E . T
FAESH, ATPEE A 100 2] 1000 EAP K2 KL, AR S E RS
#1204 N embedding dimension = 100 filter size = 3,4,5; number of filters = 128; drop
out probability = 0.5; 12 regulation = 0. K|ith, 1 H % B N CNN B KBS HA 5.

* 5.2 Esx 7 CNN BRI AR . BB KB, HIRIREM FAERR

w:

PSRk @

Accurary =

TP+TN

TP+FP+TN +FN

Precision=TP /(TP +FP)

Recall =TP/(TP+FN)

F —measure =

2*TP

2*TP+ FP + FN
Horf, TP AN IEIIENLE . FP N2 9 i IEL I % TN g 926

A F —measure FMERCR, LR CNN AR ) T S5 RGBT
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2252 CNN £r2TMsE R

Accurary Precision Recall F-meaure

0.60 0.69 0.44 0.41

CNN HRRFIHER RN 60%, AT, 4RSxH AW b AL FH PR 3l ik
B, 32T 59.8%MIMRAE L. 5 B A AT A2 IX Lo R bn il A o g, SR
CNN BRI AN & T RELHE R . Bk, @R AT, 7FEX CNNE
FEHIBEAT o . 5 HAR D EHARARLE, VMD 0] S AR AE B T i) B .
PRIk, FATLEFE VMD Xt CNN B S #EAT e . R SRR 734

1 T T T T T
——CNN values
09l ﬂ —— copper price
N

0.8 —
0.7 (- -
0.6

0.5 H

ol | M W '\fd
M N0

1
0 20 40 60 80 100 120 140 160 180

— C

B 5.5 CNN Zr3KEIHHES EH B iKx thta s &

B 5.5 Fias. fliR T 7ENNREHE LR, CNN 43 JEH0HR-E S Wi x0T
Bl LT LRI 28 3 AR AR ] Bl ¢ BT I bR R 1 SC AR AE . S8R, CNIN B 133
By LGSR o 12 i) R HE UL P 5 DA T o X A A R 0 i, CNIN A8
RS T RENLAGE. Wik, EEBAZ A, AT CNN EF5)
BT R 0. S REAR A EL, VMD X0 S R B H R A S it
PRIk, FATESE VMD X CNN B 75 AT 0 RAE SR ECRT 7347

AE AR IR IR L], RIS ECH 4 AN (HD UL-U4),
XN 4 ASHOTER . R VMD B CNN B 7811 4 an i 5.6 Flios o xf El bR
Nk S PUFP VMD AT 2 E R .
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VMD %3 i
b 1
=05l ]
= 0

0.2

IMF1
o
z
1

_02 |- .
_02 |- .
-0.2t =

0.6 d
»

IMF2
o

IMF3
o

0.4

Z

1 1 1 1 1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
time/s

& 56 VMD &3

%—, 1T ADF 656, % 5.3 4141 7 ADF 455 . VMD-Ul. VMD-U2.
VMD-U3 X =F & 74 e 1 E PR % 5 VMD-U4 7£—r 25 8 e,

#£53 ADFREKER

A T it & P& LIRS

Y -1.43 0.56 JEFa
VMD-U1 -5.01 0.00%** T
VMD-U2 -5.03 0.00%** P
VMD-U3 -5.04 0.00%** i

VMD-U4 -2.04 0.26 JEFia
D(Y) -10.77 0.00%** P
D(VMD-U4) -5.12 0.00%** Fha

B, TR, W E PR S S5 VMD-UL.  VMD-U2. VMD-U3
VMD-U4 MR (8] 4 5C R 45 R W], [ PR ig S5 M5 VMD A 2((RN
VMD-U1 I VMD-U2)Z [a] () i 450 R AE 5% 235 7K b

H=, BEARRRESP IR VMD-UL Al VMD-U2 £ 754 Bl T 7 [ Fx
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BMAg. R 5.4 BoR, 1 5%mEMEAKFET, VMD-U2 A BT 70l [E Bre 40 4% .

R 5.4 BEAFRBRKLER

JE B P fH S i

VMD-U1 A2 H bR A& R A% 2R 0246 #2325k
[E B3 A% A2 VMD-UL fR 2285 0381 #E2 JRARIX
VMD-U2 A2 [ BRI A& AR A A% 2R 0.000  FE48 )5 %
[ BRI A2 VMD-U2 IR AR 0.000 R4 R K

K 5.7 25t T IR BRER AN A% IR B 18] 7 51 8508 DL & VMID-U2 RFE B . VMD-U2
(8 34 5 E PReipny AL, sRE A I PE, sRu&A R EPE, AT DL E BRAR A
BN R, ik, VMD-U2 A #7500 E FRea 4

1

0.9
07 f !
06 [\ M
05 ‘
04r M
03Ff ‘
02Ff

0.1

0 . ) I . . 1 . L .
0 10 20 30 40 50 60 70 80 90 100

5.7 VMD-U2 5 H &M #H L A 4RAE

5.3 BIERLE B AFELREL

5.3.1 #iEpS

RATERT LR s B FA . U bR 1 LR 52 s 7 510 B
P, SRS, Hx - MEHIESUT VAR B, 22 5.5 41 T4
o VAR BUEERE ORI E, S SR A A AL Ay 35 ST Y 14 R
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Fra.

*£55 HTERFF

75 A AR i I B
1 WTI 5253 A% 1
2 EE B 500 FEEL 2
3 DIJIA 2
4 GSVII 4
5 GSVI2 1
6 GSVI3 1
7 GSVI4 2
8 GSVI5 2
9 GSVI6 3
10 VMD-U2 2
11 T 52 A& 4

5.3.2 K-means-KPCA 435{F}2E

D RS O A R AL Y 35 AN EHAREFPS, FH K-means-KPCA J7 2
ARSI . B, AR BEAE AR E K-means MR LN 4, R K
K-means HHJGHIS K AE D HIEAT KPCA MR4EAbEE, (R Rt Z kR Ae
85%LA LI TRy, I dras RAnEk 5.6 .

#£5.6 KPCA PRELER
Kl BB R ERSE BT EITERE (%)

Clusterl 24 5 85.74
Cluster2 3 1 93.17
Cluster3 5 1 98.00
Cluster4 3 1 98.52
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5.4 FMRB R GRS

5.4.1 FEfEEEGE

N TP SCAREHRESE (T WA RE A ERTHE T, A5 70 0] DM AL &

g A EYE (E+H. GHE+H) IR & B4 5 A0 A 5 JF 45 09 1k + 25 1 1 B 3
(T+G+E+H) B & IR PR AN R SRR R B N AR B AR5, SRS RIAER

H “K-means-KPCA” J7 kAT RMESR I, 5o B S UM RFAEAE S TR0 S 5, 73
A ELM. KELM 1 GWO-KELM = Ff 784 347 J1

R TARR)SEHLEY i Matlab R2018b B AFIZAT o XS EENMMEEALE, #21] 8:2
(17 LA K B HE S R 23 N R AR A . KPCA AT KELM H (1A% R 50380 R 1=
Wiz R . TR BUNMESE (H-K-means-KPCA-ML) FXf ELM. KELM.
GWO-KELM X 3 FAL8 5 > 732 B TSR HEAT PP Al AL

5.4.2 RS ER MO TN sE L B

“K-means-KPCA” J7VE N 1) 22 A8 & J7RAE WU R A [R] SR A ) 2t B v i) 0
PERETHE AT, 3R 5.7 BoR T =M 2 ACE Ty AL AR & Bl S I VE e PB4,
K, i T BE. G M H AR SCAEIESE . @b dite . GSVI HEEAR S
AE/EE S

5.7 BREBBEERN T PERELLER
Tk £

LA/ TES LAY
MAPE(%) RMSE DS(%)
K-means-KPCA-ELM 5.49 510.00 53.84
H (G+E) K-means-KPCA-KELM 5.42 546.99 7435

K-means-KPCA-GWO-KELM 5.06 465.00 53.85

K-means-KPCA-ELM 5.22 482.88 53.85
H (T+G+E) K-means-KPCA-KELM 4.56 427.69 58.97

K-means-KPCA-GWO-KELM 4.54 425.07 61.54
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LEREW], (1) 7EJRBAEEEE (GHE) A SCAEEE M AT B 1 5 i
IREGHIRE (T+GHE) A LA R Es AL (1 FouoRs B, 150 B A6 2 ) S A Hitts o
B5HHPFNE S (2) AT H AT K-means-KPCA-GWO-KELM 7511
N SCARKHE 5 IR A SR 4 B A K1) MAPE:4.54%, ik RMSE:425.07 LA 45
i DS: 61.54%, X B KIRMALFILILAL 5 ) KELM B8 HAT 58 47 ) 750
A, v DL AR T TR FE

By 2 AR B TEP ) B AR R AL T ORE RS BRI E bR 0 4% 1 58 2 4y
fif. MAh, SR ER, EFTEAT, GWO-KELM R (11 RE#R A T ELM
FKELM, Ktk +# GWO-KELM HERAE A A5 TS A 2 4 3

55 FE/NG

25 4 25 AL A BB A0 Al 225 ) A B0 xoF ] o 0 B A 4 # 37 K-means-KPCA-
GWO-KELM TRMEEAL, iR T 45 SR 0 .

(1) WBIRERIETORE , I STARMIE 7R & H0 5 LU AU A a5
RPN A 28 B ARFAIE i 8 S A1 50 22 (1 1R i (0 T JE o SCOAR AN JGES 5 RRAIE
& FLAME, B SOAR B 5 WO SRR 45 G TR T LUSE G B2 vy (5] B 4 A T
FRIAERR 1 .

(2) WEdEm GRS E SR UORE, thah, KA K-means J5 ik TN Ly
AR K-means JiEHIERIMTELF. T “K-means-KPCA” J5i%, FAEHKH
RETTEE el MmN R  k NI, RGN A TR, REHX
SR AE R AL 70 2 00 TR AR (R8s N, AR AE R & 0 7 V5 FT DUR AT e 2 s
BTG S, S m RS i

(3) WAL T RS, fEKH “K-means-KPCA” BEATHFAE LA 1) 3R
F, F4id GWO-KELM 5 KELM TR 1 0f HEIGHIE, AT RAAEAIL AL PR AR 7Y
R [R)IF RT e 22 B4R AT RS SR 3, E M SR m B i v e, AT VR Z
RIS S
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6 HILESRE

6.1 &5ip

AL AN ZANTT T HEAT AR SR I B A TN T AL . A, dRH T —
it T A 2 OB (R R DA K & B R AR BRTE ) SC-KPCA-KELM 77 7% T
D A BT A A% s K, KR “ BER-FE4E” U7 (K-means-KPCA-KELM)
FLH T E B A B RS 00 s 85 J5 I NSCARHRHAE, 25 G aash . Z2uriads bl
S 7 S H AL T U N 25 48 R AF B AR R ) K-means-KPCA-GWO-
KELM TGl 2d .

R R T PE -, AR SCASE R AR OGRS 57 40 A T 4 o cahs I 45 v 1k
FE. B, DIPTSR AR N R, BT EIEE S E M R i E R
S SRR BIEE, AT LS M A s B, T A e
AN R R B Ay o RTI 5 2, Ge R B B ) T3 /K TDRE 2, 480%
Koy S i1 T4 =07 [ OIS B2, TR G BARERLS & T eI A, EAFT;
[ FUUAS 2 77 T AR A 1 B RE

B, B E PRSI T S, ERLG 2 RS B b IR K
B (VRS TN R R R R I R AP A I VE e, R WZIR & 7R B T m il
TS BE, [RIRNHIER 7ASCHTR 0 “ J-Fede” J7imtase it

W=, SINSURFHE, $RE T —FhEE G GSVIL [ bR 7 28T H S0 K W
ZoFARBR I I SRR 0 FI0IN 7735 o SCAR 43 A 77 THI [ I SR FH VR B 2 ST BRI 43 il
Ao AEBE— ARV RRAE SR I 5 R J5 R A SR AR AR F A e Ao A S ik ik
TR, BIGTER T — ARG TR AL T BRI T R .

6.2 RRE

SRS ARG T AR ACR, (B € R IR

B, BRI kR G ER GSVI Hdle — M 2k i
R o BEXHTIE SCAS, R AR 2T e A A 0 SASE m A e 88 1A e i A2
WEbRRE, WG ORI A SRR AR e . HAA RSO TZ IR BOR, A
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LSTM IS & iR AR, AT DL TR I bopr (5 5., femii i %
TR (TR 1

Hk, SCARXKMETTH: BT VMD Z4b, & n] L5 N Ao i R okl — 25
RS . BN RSB R(EMD)YS . AN, HT GSVI Bl fE(EmE S,
A DL FE A FH o0 A AR — 20 BRI e P 6 2 GS VI Bl 14, ARk 32
e TS

e, FEFEETRJTT : HFASCAE KPCA Al KELM AR T 5 W s
BREVE A% R B, DRI P& UM LA B AR R BB = ek B, DL — P4 s T
MAEFE . UhAh, A0 i) — S HOE @ iR MR e (1, X AR AR, JFEA
EE KSR AT . Rk, fEARIIFE A, MAZRH—FEAE. EA W
TNEREFBRESH
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M %
GWO-KELM KA RS .

clear

close all

cle

%% FAH

% Rk

data=xIsread (‘£ 4 x1sx','Sheet1");

Yo'k N it Ko
input=data(:,1:end-1); %data [¥] 55— F|-EI%0 2 —FARHIE SR bR
output=data(:,end); %data [1] 55 [ — % % H I FEARE
P_train = input(1:157,:)";

T train =output(1:157,:)';

P _test =input(158:196,:)';

T test =output(158:196,:)";

%P _train = xIsread('datal’,'training set','/B2: HI105')";T train = xlsread('datal','training
set','T2: 1105")";

% MRGE—738 MEA

%P _test=xlsread('datal','test set',)'B2:H28")";T test=xIsread('datal’,'test set','[2:128")';
N =size(P_test, 2);

%% VA4

% IR

[Pn_train,inputps] = mapminmax(P_train,-1,1);

Pn_test = mapminmax(‘apply',P_test,inputps);

% WAL

[Tn_train,outputps] = mapminmax(T _train,-1,1);

Tn_test = mapminmax(‘apply',T_test,outputps);

%% ZHE
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pop=20; %M 20

Max_time=20; % ¥ & i NIEfRIKEL 20

dim=2;% Z4E05 2, RIUAEANZ24, IENME A3 C MRS 4 S
b =[158,158];% Rl

ub =[196,196];%_ i1 5

fobj = @(x) fun(x,Pn_train,Tn_train);
[Best_pos,Best_score,curve]=GWO(pop,Max_time,lb,ub,dim,fobj); % iH 1k
figure

plot(curve,'linewidth',1.5);

grid on;

xlabel ("IEAIREL)

ylabel('i& M FEAH")

title("SLSL M 2R

%% FREUERALIENE 2% C AR SHL S

Regularization_coefficient = Best score(1);

Kernel para = Best _score(2);

Kernel type = 'rbf’;

%% &k
[TrainOutT,OutputWeight]=kelmTrain(Pn_train,Tn_train,Regularization_coefficient,
Kernel type,Kernel para);

%% IR TN

InputWeight = OutputWeight;

[TestOutT] = kelmPredict(Pn_train,InputWeight,Kernel type,Kernel para,Pn_test);
%% ZREE LR

TrainOutT = mapminmax('reverse', TrainOutT,outputps);

errorTrain = TrainOutT - T _train;

MSEErrorTrain = mse(errorTrain);

%% ML IEHR

TestOutT = mapminmax('reverse', TestOutT,outputps);

errorTest = TestOutT - T _test;
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MSEErrorTest = mse(errorTest);

Nl=length(T _test);

R2=(N1*sum(TestOutT.*T test)-

sum(TestOutT)*sum(T _test))"2/((N1*sum((TestOutT).”2)-
(sum(TestOutT))"2)*(N1*sum((T _test).”"2)-(sum(T _test))"2));
figure

plot(1:N1,T test,'b-0',1:N1,TestOutT,'r-0")
legend(' & 5Z{H''\GWO-KELM THilI{E")
xlabel("MREFEA w5 ")

ylabel ("M S5 ")

string = {"MWHAEE T 45 K[ R2=" num2str(R2)  1};

title(string)
%% AHIRIEAR S
% R2

R2 =1 -norm(T test- TestOutT)"2/norm(T test- mean(T test))"2;
disp(["MIASEEHE M R2 9: ', num2str(R2)])

%rmse

error2 = sqrt(sum((TestOutT - T test ).*2) ./ N);
disp([" R A X4 1) RMSE 4: ', num2str(error2)])

%mape

mape = mean(abs(TestOutT - T test )./T_test);
disp(["MiX 52 £ '] MAPE 4: ', num2str(mape*100),' %')
% % J7 [FlfEks

zz=T test(1:39);

7272=77';

for t=1:length(zz)-1
S(t)=(TestOutT(t+1)-zz(t))*(zz(t+1)-zz(t));

if S(t)>=0

D(t)=1;

else
67



Y =N e el VA

“RIPEYET KR T 2 IR AR B S A

D(t)=0;
end
end

Dstat=sum(D)/length(zz)*100
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FEmIR R, R =S A A !
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