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Abstract

China stock market is increasingly favored by investors at home and
abroad, but high returns and high risks coexist in the stock market, which
may bring losses to investors. To effectively manage market risks, it is
essential to create a stock price forecasting model. With the stock price
being swayed by numerous unpredictable elements such as macro-
economy and investors' expectations, investment research has gradually
adopted a new approach of constructing a model that can forecast the stock
price by incorporating multiple sources of data.

This paper utilizes the Shanghai Stock Exchange Index to carry out
empirical research on numerical prediction and fluctuation forecast,
drawing from existing literature. The primary focus of the study includes
extracting investors' attention index from online search data and
developing a combined prediction model for the Shanghai Stock Exchange
Index using multivariate variational modal decomposition (MVMD).
Firstly, the time difference correlation analysis (TDCA) was used to screen
out the Baidu search keyword sequences related to the Shanghai Stock
Exchange Index, and the keywords were divided into three categories
according to their meanings. Then the kernel principal component analysis

(KPCA) was used to extract the dimensionality and features of each
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category of keyword information, and the kernel principal component with
cumulative contribution rate of over 75% was used as the auxiliary
predictor of the Shanghai Stock Exchange Index. In addition, the MVMD
approach is utilized to break down the closing value of the Shanghai Stock
Exchange Composite Index concurrently with the supporting predictors,
then reconstructs it into high, medium, and low-frequency sequences based
on the sample entropy value and correlation index. Ultimately, Random
Forest (RF), Support Vector Machine (SVM), and Long-term and Short-
term Memory Neural Network (LSTM) enhanced with Sparrow Search
Algorithm (SSA) are employed to individually forecast each subsection,
with their outcomes being combined linearly to produce the ultimate
prediction. (2) By fusing multi-source data information, this paper puts
forward a forecast model of Shanghai Stock Exchange Index based on
Convolutional Neural Networks (CNN) model. Firstly, wavelet transform
(WT) is used to denoise the Shanghai Stock Exchange index data, and then
53 technical indexes are calculated, and the above technical indexes are
screened by SVM-RFE. Secondly, CNN is used to reduce the dimension of
data information from different sources, macroeconomic data, improved
technical index data and different types of Baidu keywords. BP neural
networks, SVM support vector machines and LSTM based on the Grey
Wolf Optimization algorithm are all employed to forecast the Shanghai

Stock Exchange Index's ascent and descent respectively.
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The empirical results show that the combined forecasting model with
network search information under the MVMD decomposition framework
can effectively improve the forecasting accuracy. Compared with the
unclassified Baidu search information model, the classified Baidu search
information as an auxiliary forecasting factor has achieved higher
forecasting accuracy in all indicators, and different types of Baidu search
keyword sets, as microscopic variables reflecting investors' attention to the
trend of the Shanghai Stock Exchange, will change with the changes of the
market economic environment. By contrasting the multi-source data of
stock evaluation (historical trading, technical indicators, macroeconomic
variables and online search information) with a variety of benchmark
models, it 1s evident that combining these sources can decrease the
inaccuracy of stock prediction models; this is superior to the outcome of
predicting using only single source information. Furthermore, the
technique outlined in this study is applied to forecast the fluctuations of the
Shanghai and Shenzhen 300 index, and the trading approach for Shanghai
and Shenzhen 300 index futures is assessed based on the anticipated
outcomes. The back testing based on the predicted information in this paper

has obtained good excess returns.

Keywords: Multi-source data fusion; Multivariate variational mode

decomposition; Convolutional neural networks; Fluctuation forecast
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RO(RE) XRFRIENL (SVMD) FIHKA L IZ & M4 (LSTMD 43 5l Tl ¥
FE 0 34 TRINME 2 1 5 AT 31 B 2 FH00 45 R

(2) $RH T TR BE 5 =) TV R G 22 R AR AT 8 8 O B ) IR S A Tt
MR AR, B, fHR/NEAR S (WTD) S EAEHsSeE T 20 5 B R
FEAR IR SCRE R B AL SRR BRI (SVM-RFE) %o ede itk (B AR FE bR it 4748
e R, M CNN B FiZ I8 2 AT AL & SR fgbR. AH
ST B P SRR U] S AN RIS B R R RS B s e, SRR AE (GWOD
AL BP MM 4% . SCFFAEHL (SVM) A IZ A4 Mg (LSTM) 4
S IE R AR BT AT IO . S34h, TR R 300 FREUR EEFE A R
H = M EES R, CATZ AMAE e RO . BRIk, R AR
(RIFIUIAE ZE 0 300 H8 Bk AT 8k Bk 5000 K2 52 55 (=1
1.4.2 BT =

(1) FEHEBIE SIEHS >, K H EEARBOCH R 1 A =R AR R 257
Gy BT AR B 3 TS | 58 Sy I AR B 3 SR FE AR B3 3 0] N R o,
SRS e ] 4 2R A5 R AIRBURI AR RERE V)5 TE 2 702 RS B Ik 7, EEor
BT ZICIN AR “ - EEAL-ER 7 TIHESE, S w77 51 i BOeS 22

(2) 2 BB e il 58 5 475 5k v RS T I B S, 23 IBRnE 1 =SSR
] B R 2t 48 R AR SN AR R R B TSI BE 0, BIF FE 5058 38 00 T 3 R AR A
FAT A SIRE TG KR .

(3) MWEMATFAZE . BORIEIRFIBIR & O = DANFRR) B T
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ZREERL A AR R B R TN AR R, AT TS A RIS R B E B AE =S AN RIS
[A] BN RSB RE JI I ZE 7o T b, BEINSE N o0, A FH TR HE SR A
[F] IS TR) B9 300 FE BCaEAT I, 20 o W L R AN A e 77, Bk $2
HH PR TR ZROx T < R 18] 7 27 8008 1) 3 12

1.5 IREMRHE

IOy 5 WRATEIR, WA 1.1 Fos.

W1 k. AR SR UG B, YA A R R B S
R 7 AV BEAT 2538, 70 M B RITBE SR O T0000 7 T AR ST FE i) R e BIUIR - 1 R
BUAT R _E LS AR AR 2 5 5 A SR AL

55 2 B WE T3k o A ENS P Y 21 (122 B 0 e AN R AL SR D 20 A A A ik
TR SRR AR A i N R 0 S A BRI B EAT A 4

55 3 B: MVMD M HESE T 23 B8 H O0E N EAEFR B . A2
T 7RI B UE PSR R X 28 48 R A D3R AT 20 SR SR IR B 3 SR TE FE AR AR I AT 3L
e, LARRI 2 eI (8] 81 o fife- B AL - B 1 TOUIIHE SR R 28— il 5 3 0 i
AT A 1 R R A 1)

4 5 ZPHEEHRRLG N AT ONN A BTG ER N . AR 2 2% R 3]
oK B L S S IR R T 6 B AT e 2 PR A AR F) S0 i R AT AL g
FEAE A I S22 B i i Bk ik b, RTINS i 5 e DR AR B . BORTRARAIAS RIS AL Y
PR E IRIEENA A AR A G SRR . ihh, MAAZ T
SR TIIMAE XS PR 300 F5 BCskAT kR F K 52 55 510 o

%5 E: SR AR EERTNESCIT IR, FFRCEHPIA L
AT R, B JE R AR BT T 05 TR AT 2R
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@it
‘ I v ! v
e | | WFIE | | B ik | | V2 A | \ Wy ichE |

! v i
s | T \ \ i \

: KPCAXf =32
B e e i BB A e SRR
i AT MR
[ J

|

|
|

|

|

{
|

|

|

|

—

& R
el i) PR AR fE b
+

| SVM-RFE |‘5‘7:2@.?’ﬁ‘if?7§2i|5

I
I
|
|
|
|
I
I
I
|
|

A FAMER T 2 53 B3 AT 1A A ‘J
| !

il i
| | Gwo-uﬂ ‘GWO-SVMT ‘GWO-LSTMT
|
|

mﬁmz |
| SSA—RPI] ‘ SSA-SVMl] ‘ SSA-LSI M?

T FE 4 1
AL PFER3005R Bt AT FIURI AU <2 B PR

|
Tl a5 RAIn g |
|

11l BXFEARLEHE
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2MRGE
2.1 BETHIEFNIFELRE
2.1.1 RNEHXAREE

I 255/ (Time Difference Correlation Analysis, TDCA) & — i 3k
TIN5 51 2 ()02 2 i 5 5 R B PR O ik o L A3 (% ) 5 Y i
FRI2E, X5 Y4BT T, (X B LG5 (Y] roae R mT Lk
WA R AR

> (% =X)(% -Y)

(=2 . 1=0,£142,...,+p 2.1)

[0 (-5

t=1

A, X BRI ZIR R R R, Y, on i H KBRSt i, moy
FEAAN S A1 =00, RR X5 Y, KIFEFAHRE R4, B R /RIbAH % 724 41 <0
I, Fos X E RS Y, BAHSC R

2.1. 2 TR EEHLRVAFIEHEBR

Guyon 45011 (2002) $ A N SBFAEIERE Iy 3. SCRF I RN 5 AR
THERAISE A (Support Vector Machine Recursive Feature Elimination, SVM-RFE),
S A RAERA RHEAE REAT S 2 — 300 5 2558 O SR AE , LA BRI
LB AL £ 1

SVM it HE R T (WK+Dh=0) Ll efusr ki 2/ e > se
BEARTRTA 2, o NIRRT R RS0 R, b Jy5r 2B

TEARRMERE LT, SIKAIAR L, 5305 L 20 SRS P ) B AR B B R A

mm(%mw2+cj;;j, 2.2)

st. yi(a)Txi +b)21—§i,§ >0,i=12,...,n.
LRERRE ML, ARYEZRE RIS B A5 s B R A

10
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N &
A (i)= aWI(AW) 5\/\!,2(AW)2 2.3)
=5 225 18— B s s J s LA RN AT, Rl
A (i)~ (Aw ) 2.4)

SVM -V~ (R A 44 P82 1 5 i N 808 5 T RO R AN R AE AR G I, Kl T
BAYEFERUE WPV NRFE 0 B . B EHES R & TP UG, R O
B4 55 IARFAE , O OR B FRVRFAE BT AT SRR AE AL Y, 2 IR E Rk AT
BRENZRAEE S RS, B RIS E K RHE & A1k, SVM-RFE RHiEik
FE¥ E AR UNT

(D WERMANNGHIELE E (A& NAFEAR, MASRHE) FI2EbR%E (1, 2),
VG A RTRIEE S B RAFEES Eoex NEHE, MATREHIEFES K IE
T2 Soest N 0.

(2) B EAUMIBRFRE NS p(0< p<l).

(3) 1 E) #2572 SVM B8, 3 RIIERAIEAE S1: ARYERAER EE 2800 Wi
B HES Er R RRHE s IR 20 T4 B R SIS I p% MRFIE: I SURHE T
5 E I IETRR S1 KT Soest JoI E1=Epesto

(4) BEOBIR (3), HE MRS S B, W B RIE T4 B
2. 1. 3 RER ST HE

¥ £ 15 04 (Kernel Principal Component Analysis, KPCA) & H Scholkopf
D (1998) HH B — iz BN T R0 (PCA) HYT7. BRI E
FETAE B AR AU J7 2, FE WA e AN T 43 2% 18] R B30 155 B0 2R Ak 7T 43 1) v 4

RROEZS ), FEULIEAL b A3 PC AT B EAT FE4E IR FAZ BT A oh 5
B X =[X,% -, X, | € R™™AREA S B RS, 3orb n 2R, mgas

HEOANS. At O RS MR A4 1] RO B SR 2200 F , BIE F 23alh, REAS
B8 (%), BRMU B4, A

> @(x)=0 (2.5)
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RFAE 2 8] F A AR A B 7 22 M0 N -

~ 1 !
C =EZCD(>§ Jo(x) 2.6)
sk it C K0 I HIRF A A (A2 0) RHSAE RV (V € F) J:
AV =CV (2.7)

A LU RE A o O(X) FERFAE 3 1) A BRI RV, 7RE— 4L R MK
ai!i::LZ!"'!m’ /fi?%"

v :204(13()9) (2.8)

s U F B i
K =(@(x)-@(x;)) 2.9)

HRQ.7) (2.8)F1(2.9) 20T LI 31,
miKa =K?x (2.10)

NQI0VEFAZIEE K PR AR & A <A LZ...<A 4,0, --,&, ,
SFAR AR A, VRS R, FO25E | IR0, ME4Em d(X) £

AEZ (8] R FESE AT AR IR A
F=(v ‘CD(X)):ia."K(&,X) 2.11)
2.1. 4 EFAHEZ R

B 4% (Convolutional Neural Networks, CNN) & —ffaE 52 i a7
B LIRGE KR AP I 2% o R R B R AR SR BT S B B R SN 7 R
ANER 73 BEAT AT, MRS PR ESc AR o AN BT S ORI 2 >3 1) AN Sy 308 38 4k ) o
AEM XA EEARIE RS THRANE . BRE R SEERENRHZ.
GAZIE CNN LS5 1) R Ab TAZ oMb AL, & 1 T ZEDh 82 1 FH 20 SR 3l 1
FBONGAFERZ, X AT LU Z A 52 R 4R 28 B4 SRk . A
FEE T e =2 () A AR AZ RN i N 54 A DT G P [ 52 B X3 AT B AR T3, 21T 3R
NG R RAREAERT LLFRIR .
hj = G(b+§gw,maj+l,k+mj (2.12)

Ah, ofEEERIERE, bARELENMESE, LM 25 R3E )R

12
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IR TERE, W, BRIEERESE, o) o BB AGE

B Xt 2 (R B » S A EAE RN EARZ B P Te B S A Bl 2 AT RIAE R AR SR
W, ASFEPL s R 2 SRR (S B AL B AT = 57

AL JZ A2 AL DRUERFAEVE S5 AS SO (R 25 1 N G AR 2 45 B i B A5 B AT
HORFEIR B R ERITCARRFIER A 1. H LA VA 2 2 ORI AT 2574,
PATE R R MAC BN TSR B R T e O E A vzt e oo i i &
HEMZE BIBR R IERIUS IS5, 2R a8 R\ Bl eE sz,
BJZNS 2 AT E AL R Fr S IR R AT B

7 CNN AR B 5 B H A EE R A, A AN R B KE S %%
THERHIE . BT e B R R R AR R, R IRA 1 AT IR e £
PrE i 4B, BIRHAT ORI K, REPIRORRAELE L, AR —ZERE R 5
FI CNN I P R4S ConviD BEAT E A%

2.2 YRMENTTE

2.2.1 BB ES SR

IR 2 AN AL 5 Gy fifk 5 AE IR 1) 5 4003 RUBE B A LG, FAT ROOR R 25 22 5 W)
(1 [ 25 A DG 1 5 #iPE, Rehman Al Aftab B (2019) 2 H1 £ 048 73 B 26 /) i
(Multivariate Variational Mode Decomposition, MVMD) ., 1% /7 2 i #3777 £ 1
(378 3 i R, DA VAT 5 SO0HE 5 1EAT B OE RLA R, B () B A 380 22 30 3 25047
B AT B 8 2 R E LR 2 f N 2 AR R R R R G A, 8
W2 A B NG T PG 248 B GRS A B SR G, MG R —
AR ARA IR R, GRS T ) AR R SRR A A I B /M, 15931 278 S 1
PR35 1 BT A A3 P LR A A iR 2 R RS S S . FIFIMVMD#HT(E 5
gy ISR SIS

(1 T8 CANSm i psh A g X @) =[x @), %), % O], #is
KA Z LIRS,

X®=§w0) (2.13)
At U (1) =] (1) U (1), ue (1)

(2) ¥ 2B FIRE T RN 2o K MRS &, RSP 512 A
13
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A AR [ L AR HA R T8 5 5 o 7 B0 DR BN TE P 0 il ) T RS 2 B 2 A
AEME FILZMANMG 5, ARSI 5 2 MR ME . B A A ARAE DAL 1]
A E LN -

min {35 a[uewe ]}

Ukc

sty U, ) =x(t).c=12...C
k
A U 5 CHRIEREE K M o Rom KBS0,
(3) XF iR ARy o] BESR iR, #3dtn R34 Rk W H s, [ R(2.14) B4
IR AR AR 2 AR ), 3RO N
L({ukyc} w4 ) = “;ZH@ [uke(t)e ™ | 2
3 40X0-X.0) 01s)

(4) MR BT ATk, ReMs A B HUR AR QRIS oy 1A, JF:
Ao B AR S AN R R R IR 28 R 25 il A5 5
LR AW

(2.14)

)’ZC(W)_Zntk 'C(W)+ﬂt(W) (2-16)
1+ 2a(W—w, )?

W = ZJW
25l
R T 2K G S R A5 5 RS, AR B K AN RS
ORAIE #0018 2 8] 5] 23 ) 5 T A58 17 1) B AH [ (R A LB
2.2.2 I\ R
/NS (Wavelet Transform, WT) (1) 3 B AR R A5 5 70 R L& F AN )
WERNES, SMEZ R EAES, @R S E 510 2 REZ 40k 5y
BT SR b 25 o 4 ST [0 P 47 b RT REAFZE IR 75, ] BT e KR P 3 R B R 4
S5 MREE B BB IR R

Gge (W)=

SREVYTE S AW

(W) dw

(2.17)
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\Nn(ar)zi%jxa)w(lgfyt 18)

t—7

ﬁﬁ,&rﬁ%ﬁ@%ﬁyﬁﬂ%,MO%%%%%%,w&gjﬁlf\
/N SRR g B /NI PR B

(1D TS5 5 IE A N e o R S 1) B A R 2R B, 1S
S N B, TS N 4 R R

(2) BB/ INBITBIE o 52 RSB B 25 J2 /N 2R B o 87 4% 2 1
HEAT B R AT, Kb AT L S R s B«

‘ ~sign(x)[x—=xg| if [ > X,
LR S_{O,if|x|s><0 (2.19)
- . X0 [X > X,
W {E: S= 0if [ <x (2.20)

S, s WBELIHUR MBS X B, X A He R N R

(3) NI R AR . F 4 RA R TR R 0 ST TR, AE
BHERIRH S
2.2. 3 RRFEXRFRHY

HRBRMIE RS (POC) ™2 LA T BRIV R X Y 2 IO A %
R, SR A0SR AR . B T R, TR B -1, dox
PN IIESIET MR IR

1 XXV -
T4l TS, TS, @21)
A n AREARE, X ORI Sy X HIbRHEZ.

2.2. 4 BEAI
FEAHS (Sample Entropy, SE) & FH K DT e 18] 7 91 ) 52 2% B J% 4t 46 B 1
ESCR T B A (R AT R o 2SI R AT RE PRGN, 9 (08 2 R e A e, FOS M
A SN A FHURE AR B % T RS P B L 2 B, LA BRI T -
(1) x50 { =120 N U AT m A Y 2L 18085 1 75 91«

Y =[¥i Yigoer Yiema ] » 1 =120, N=m+1 (2.22)

15
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(2) % A HEEEE:
D, (¥,.Y; ) =max{ly,,, - ¥} 1 =012,...m~1 (2.23)
Horp j=12.,N-mpi#].

(3) WHY, 5 Y] IR BN T4 52 B 1 (075045 B 72 S UK

m(ry—_ D
B(r) = (224)
(4 HHHEB() WIEB"(r), H4EHM migmEIm+l, E5 FRDRA
@J Bm+1(r) .

m _ 1 N m
B"() = —mrg 2 B0 22
(5) THEFEANSE -
b ~ Bm+1(r)
SE(m, r)—m{ In 5" (r)} (2.26)
(6) 2 N OYAMRMER, BERTHRE AT
. Bm+1(r)
SE(m,r,N)=—In B (2.27)

2.2.5 K-means B3
k-means FISF L AN BAE T Rems ] s Pes s AL FE R EHE, HrT B R iRE
WIIEESE O K, R IR L B AR B MM E fe bR . BB IBAR .

d= \/(i(bj —a )Zj (2.28)

i=1

A d NREAR BRSO RIBRIREE RS : b B TN R g N5 j MR
FKerflas

(1D BE KA REERECE, Bl derh Pt kD R iR 2Kt

(2) W3t (2.28) THEHE B KN RR PO RIBE R, SRE LI EE B /M
JE DU Bt ) oy B BT I AIR TR S b, B2 T B s oy R T K AN SRR

(3) XHFEATIMEIZ HEHA R K N R R L L, AR E R
ATl A o R ERER 2008 2 P 74 DU i K a5

s=3 3T~ @)
16
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ol SOMRETITM, K ABERLG 708 | AR L.
2. 3 5%

2.3.1 BP #HZ MK
BP &R EAE N —Fpa] DLNFEAR B = 2 AR 24, E48ES1
MRS R TR ENME AT . BIEARN 3 EMEM iR REM WK 2.1 fix.

2.1 32 BP ML

BP #1404 (5 ALRE I Z . B EA R, 494N A 3R
22420 T RCHEAT IR A R 15 S A B3 R e, T 45 8027
BRI o A BRI AT S5 0E T BB N S 2 RIS R, SCBUN
i 2 1) AR M . B AR R
Y; =W, X; +by
Y=1(¥)

R, Wy AR 280 XA Y, b, by 2w rht 1(Y))
RWERAG B (2300 BRI, RARAE KRB, TSR
o0 25 A5 B2 1) £ 25 (A B i s R 250, R A Y JE AT 2
A AR VST R B BB B s 5 M T 2 A R S0 0 B 1, B35 A2
R BRHR 2
2. 3. 2 FEHLAH

AR 2 i A B30 A B 7 3, 2 R s MU A A

(2.30)

17
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MHST I PRSI ST A AR BRI ST e S B 28 AT DS 210 ST 1) ke SR 45
R, GES TR G R AT AP 2 R 241 .

R — MG A, ERRHIEAE TRt B A B, HAETy
AT — B, H— D FERRE A, TN S 745 . 3R
SERAEN A A BRI, AT AR AN B A

G, :{(Xl’Yl)’(Xz'YZ)"“(Xn’Yn)} (2.31)

A, X2EE T m MHERRARE; YREMEE: G &H n ASUIEL
P I 205

WGRBT B, B ¥ X o3 g oy SCUME T e AR AL B %) 23 o a8 i
(177 Z 8 K 4y s K FABME D, W1 8L p 7 2 08:

Var(P)=xZ(Ya =Y, ) (2.32)

i<p

A, Y &M p BUEE] Y BT E . WG R R0 BRAEAT R — 2y
Xy, BREERIHSEOE MBIE, IgRdREmtis it HEIlgEma, &A18)
FE—AMETE R RS, KRR X REIE LI T R S 45 B BUW AL THRY YA

B 2.2 JEoR T RENLARMR VBRSO LR PR (1) MR
G "R F Bootstrap fFFIABEALAMEL g NNZRFEAS, W g PRECHER, FRORUEM
Z IR BT . (2) RS m MR R, BT R RERLPRE » DRAIEAR
i R ALE B (3) — BRI 0 REAE] 1 HUE AT S ERAE, B
FIF AR (4 R4 CART B YIZREER AN, I LA g PRI 25 21
ABERGEAT VIR, TR H w5 B A E ¥ -

Y:%iS(X,G;) (2.33)
t=1

18
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imEqg. rEH
HEERF IR

BootstrapfFEi%
it 5 RE A 1S

WIS R

I |
I |
| |
| |
I |
I |
I |
I |
| |
| |
I |
I 1
| |
: I e AR |
|
I |
I |
: WEFEE>g |
|
| |
I |
| |
| |
I |
| |
| |
|

B 22 BEHLAA R
2. 3. 3 ZFFEEH

R — P2 SIS, SCRRFTENL (SVMD IRIR St 24 Rk i, 3@
S/ B A R R A S S B 5 R N S5t ) 2 () S A MR &, o T TSl
3, AT F TS A TE TS0, by T e 3 £ BV RN L R R Tk
AR 43 16 B A B TG 2 V2 S, AR R R 2.3 B

B 23 ZXRFAENSHREE

SVM [E] A BR H AT o i
Y =w-¢p(A)+b (2.34)
A, oR”RBEME, bRMWZE, ARMAERESE, Y NTFNE,
A={X, %, % } JIREA S A KL
TERR AR LR Pk ) L AR oh . RATRAE R K (2,), LA ARG
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o(A), BN A AR ], TR AR o) e (A 2R P il B, H A
PRI RIE O

f:mméwﬁ+BZpQ%A)m) (2.35)

A IS B L 3fe 7 AT 8 IR R B @, 152U R 30T

a):Z(ai* ~;) (2.36)
i=1
%ﬁ%%%@ﬁ@ﬁﬁ:_
Y :Z(O‘i* —0; K(z,2,)+b (2.37)
i=1

A, ViRFEARNTIE, BR—AFMEL, CRIVKRE, o. o £
BIIHRT, KREEE, 2% MEAMATE.
2. 3. 4 KIEHAIC IZ 402 P 2%
KA L1204 M 4% ( Long Short Term Memory, LSTM) AEMS (R B # K It
] F 31 (145 2 I F e e e Hhist A — e TG FH IR 5, ) R 2 i 20 P A ST B
(e A5 Bk F) SEELTRIN . FRATT AT LUE i 7E R sZ i 3 a2 s e R A, Mgz
N TS AN TR I HI R TT, A SEBUN AL SR 22 2% (RNND
156 FEE Y RO FE RN I S 10 R e . 18] 2.4 29 LSTM FAI I 4 BTG 45 44
(1) s A RO & A T L5 R, E— /MRS IHRAE &
h_1 55 4RAME B X — R sigmoid % (s), FUBRSEToH, HARN:
R =c(W, x[h,%]+b) (2.38)
(2) sigmoid JEEMNI 1S AT EIECIZ, FRKHLS anh 24 ok, &
BRI 4, Ha=0h:
|, =o(Wx[h,,%]+h)

(2.39)
G :tanh(ng[h_l,xt]+bg)
(3) WHHETTHPRSHATES, HARN:
C =FxC+I,xG (2.40)

20
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(4) JEHH 1135 LSTM $ooiym &, Hax0y:

Y=o (W, x[h,x]+b,) an
h =Y, xtanh(C,) '

Xf: wWRNE; b RN FARBEDT: Vi RN Yy R
trEltZ; C RERIUIRE; o & sigmoid WG BREL; tanh A& PE BREL.

(5) B YETN 2 , HAFRA:

¥, =o(Vh +c) (2.42)

KA Ve e AR TS Z 25 B E M AUE R RE .

BTN LSTM B ) aiAL#E 0t 72, P IE I T E 5 SERRE 2 B 1R 22 %
) TR BT BUE A RE, 210 2 B RIERIREON IE

hrrf

he

- - - - _ __ _ _ _ ___ _—__

& 2.4 LSTM IR BT

2. A RILESE
2.4.1 RERRNLEE

RS R AL (sparrow search algorithm, SSA) Hi Xue Z5P%1 (2020) £
H ARLIDLRR 2 il fr SR AL B TR, FRBES 4y NP [0 R i A . R T B
53R I A ERBE PR, RN B ELSE R B o, SRR I S e T
B RINE FOSTIR R B Y £ & X, AFEE 0 f g X, BRbE R )7
FRIE SRS BRI RREAEFHREYIMIERE T, R R DA B 2 i
BEOR TR B 22 R B, — BERE R T2 2l I FIERBE & H UR

BARB IR
21
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(1) WHhaA R SRS R I L. BOpRE S 8m n H,

B IEAR R ey, , R 2 RI4E 2 d.
(2) HR¥E n AR TG00 B T FAR R G N AR, IFREATHERR .«
(3) HHRINELLE:

Xt exp| -] R, <ST
) eXp( a.iterm,mxj’ 2 <ST (2.43)
X +Q-L, R, >ST

t+1
XIvJ -

R, X RORTE St UGRARIN UBRETE S 4 b R EAS B
J17L2,...,d ,0e(0,1]f1 R, €[0,1] j& #5550 40 i O BEALEL, TR F1 22 418 4> 5]

FERAN ST, OFRFCEIEbRE LA U REN LS, LR TTR NI X dJEFE
(4) HHIMAE LA :

Xt =X
ot Q-exp(%],wnm
= , (2.44)
Xpt+[XE = X5 AL, it

Hrp, X RIS ZIRIERMRALE, Ko 20 4R RN E . 4
TR XdRFERE, A IR TR FB BN L BCE 18- 1.
(5) HrEmE .
Xbw + 8| Xt = Xie| 2> 1,

XiH-l = X Xt '
) XltJ + K{%] !fi _ fg (2.45)

Hoeh, Xi 2 MRT I 2 R RAL T, B A PR A AT TF 25 4 71 1 BE AL
K e[-LI) AR M 51 o0 AT (BB EL, RAEA S R © 4R BRI 22
@i fomf,, e ma s s .

(6) ARHR IR AL T O ST B T B T8 8 P % 5 i AR U8

B R B RNF LA, ARG K HF IE IR f 2520, BN, EEIAT ik
L
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2.4.2 BRIRIRLTESE

IRIBAL B (Grey Wolf Optimizer, GWO) J& Mirjalili 2554 (2014) $2H
BRI AR AR S5, H ORIV T ORI A5 47 i, A B el 2k
WRRN o TRIKRERAL, ERNT a: 33 MIRERN s BRI
KA, LT EARGH HIRMAFARZ AR IREER SV 2 il AR 4k -

R, WEMIET.
(1) BAREE YN A F

D=|CX, (t)-X(t) (2.46)
X(t+1)=X, (t)-A[CX, (t)-X(t) (2.47)
A=2qr,—q (2.48)

C=2r (2.49)

Ko D IR X () 5554 X, (t) 0B 8 GAIL A 0~1 2 [ mBaHLEL;
AU

(2)— ELJRIRHE T A4, o Bk S BRI O BTt AT 2ot
R R RE R NI X (1) X, (0 Xy (OIEN SR arn fo SHIGLE, 7
TR, R = 2 B BRI 6, TR B0 B B
TR

X, (t+1) =X, (t)-A[CX, (t)-X(t) (2.50)
X, (t+1)= X, (1) = A[CX, (t)- X (t) (2.51)
X, (t+1) =X, (1) A |CX, (t) - X (b)) (2.52)
X(t+1):%[Xa(t+l)+Xﬁ(t+1)+X5(t+l)] (2.53)

A (2.48) Jir i ABVETEEN [-0,q], 2| A <1, REFES SIS,
2| A >IN, BRI B SRR, FEREA XN SR Al B S G VS, 1)
it 5[0, 2] 2 BB HLE(EL, SARHG G BX T F AR TT Rl 2 R [ K 254
1ESVEAE B R BN R B 5 R o
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3 MVMD S RER T E T AE X EERN DI
3.1 FUMAESE

A FHASFIR AL IR W 28 8 2R A5 B S U B 3 R B fR b, $R 1 72T 208
S (MVMD) ) EIEFR R & PR, sl 3.1 Pros. N T HaE A EE
A Bt EAEFE SR BN ACR S 3 BAE = A AS RIS (8] B (R AR 58 B b AT F00 o

-

¥
42 5 i 1 4% B2 BN 1 $ Fe BT M
W OCERE W& KR MBI K FE

KPCART = 26 i il 4
A UE AT A 2 B

F1. -~'Fk

il U 5 4 2R A D

| |
| |
| |
| |
| |
| |
| T 3 Hdhc 4ig 7 b i H it 4 bl e B A A iy l
| F1 F1 F1 |
| Fl Fi Fi |
| L | ]
|
| |
| v '
4 A o i 5
|
L TE 48 B0 R A L UE 4 0 A i L E £ Ol R e |
|
F1 F1 F1 |
[
| Fk 13 Tk |
L e 7
e
LM ki |
ki | SSA—RF] |SSA—S\"\«II]| SSA-LSTM] [
oL 3 |
|
|
|

fig 4P 45 2R

A 3.1 TERRER

BB RBHEPFES 2R Ho6, RIECEDR210L2, g 5 FiEfE
FHIRIR P P OS] AT BE B, S Bt 11 PR BOR SR S o R S ], JE B
MANE BEOCHEA], 4 RFIAG S BA RS 1o HIR, THE FIEFR B AN 5 mAS G
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i R Z B AR AN R N B Z2 A 5% R B R 52 S B i I A AR S R EOK
0509 BE AR, BIBCBE 3 VR FESE T R F B HAR SSME B 0 i) S BRI A O B
AGHIEH Nd (Sm) DREFES e FeJa, AR 5T SR (148 2% B
A2 AR N R A W22 57, RIS G5 & SCSBBE FE AR OB A 148 20 % Hieks o
WS I N =R ZERZ ARG E RIEEL . S5 N 85 H RIE L5
NS TR AL o 28 5 A RIS 08 3 SR L ek 1 a8 E N T 3 (KT i
R RI L RZ TR, AR NIHE ST BRI K I8 R (1 G BEA]  58 5) I ¢
B R AR AT C @I T e e 22 3 K ™ IF9T 554 S i 37 5K 32 JBe 2 I 4 i
AT 16 I RIEAN Y 5 5 5% 35 06 2 A (10 RV B U e e 17 AT TR 22 5 2 35 AN
IRF ORI Y], BB R SR W 5| 3 5 8 VR T A0 I s M A B R SR 1 — i A K

BER2 REFE I S BRI M HKPCAXS BRI B R 87 | HEATRAAESR
W, AE RSO ] S P R T otk R & B 75% I HT A MAZ L) G j=1,2,.. .,
MEA KB PG T M R By j=1.2,. ke

BRI BN BEEM. 55, MAIMVMDZ7 206 bk fis Sl i A4
1% L3 R AT 70 s 5099045 B AR BOBCE A Sk % B P S e 1A
SFA. HK, R EUERRESRAN KT NMZ R P A R 0 R G BT
SFFIIREARE . LUERBUR ALY 7 51 5 5 5335 7 S AR R 8 Ba
R Jha EAESR B S % LB 7 SR B3 RS 7 SRR A AR A ATAR 5C
ABOHATK-means KK, B OyE. L RBHTA

SBA BT w5k, HETEMZERS F @ Chi, K80 1
BRI AR BB B AR (A, ARSI A, R O B ARG A sE Ak
TREEL O A CRa RO 15 51 ) e R Ja S AN E RS . LK, T R AR
AT 51 352K I 2 T SSA VALK IR F - LSTMANS VMR 28 43 5l 1EAT T3l « f )i »
B B o ARSI 350 BIE AT P2, 15 2 B Bl i e 21

IR TE -

F

S
PIAN

i

3. 2 KR VRN HE AR

ACEEL FAFFE BSOS EAE (RTRR SCD VR NSZIE TR & (B3R ki T
Wind ##EE), BIRVEREKG 7 2015 4 1 A 22 H&E 2022 4 6 H 30 H3t 1809
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ANV , $ii (1 A0 S U0 B 3.2 TR O 7 36 E AR ST 4 TN A 22 (¥ R 1k
W A A IMAE R 53 A B FEA S5 1 3 AT REASE, FEPREASE 1 UGN 2015
F1H2HE2017F7 13 H, FEALE 2 SFEALEL 3 2908 2017 £ 7 [ 14
HZ 20194 12 H 31 H. 202041 H 2 HE 2022 4£ 6 30 H, KA
AT 80% B NZRER, HAR 20% M H i 1E il il 4 .

AESR R

600 800 1000 1200
A5 HOR# (201541 22 H 22202246 430 H )

M 3.2 ik F3

S 3.1 T O SR B R OB R A5 R, K RUEFR U S
B AR OCHR EAT R E, MRIAG R EE Sy, W 3.2 iR ARSCH
RIS B8R B T H 8 B 3k (http:/index.baidu.com), F> IS8R 11
FEFRBR 2 A B A B B R 5 P e 4 R AN KL

R 3.1 AEEREFERRIE

1B EAE/p RS AL
P H B R AR T E . B A SRR

Liu 2021 (2015) JEE &5l (CLSD: @A HATIRZERIEN SVR BALH T
&y SEZ SIS
F P SCATZAR B A AN CSSCI SCHRIAE . HriR
HEHIFEOT (2016) JARE 1A S 2R e K R 5 R G (48 2R 1
BEAT AR GRAE, AR T B B B TR AL

K ARMA AL FU 85 #1526 5 Il s Bl

K

Chen £ (2020) H
R BNERR.
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B3R 3.1 BERRCRIAHIRIE

% HRIE EENE

Fy FAVAR KU 15 5 5078 5 2 It
Chong %51 (2022) AR R, il r i e o i R v 4 e

HB AL ) -

A5 T REH A e B 17 58 V8 5 Yk R AR AR I\ 2
R S (2022) AR BRI ELM B b, 9T F RERON

Hh ] SRR ) TN e

R 32 5HIEEBUERKEIMGREASE
FgaokBtia g S1 (137 49
T, WO, Mg, BHEL, IR, AR WAL WM, SR, BiEsREL KR
B, HHEER, EEK, S BB, B, S, PE, S HKE, PEIRMT, B,
BB A B S BRER, BRI, Ak, WRIEREL fEAERREL GHIERER, BERAT
W, BmATRE, feT, R, BN, KRB, KRBT, K LK, RATIER stock,
P NTT, WBT, Gask, B, mEDETE, BKiE, RS, L K ELEEAE, K
g, 15t Wiad, RENEITRR, E, KBS 57k, AR, AT R,
hie, JE, WA, WOr S, BCGEEE, R, MakE, CFa. KTMEM, B
IR, e, Sak, B EH, RS s, Bk, MAch, Metn, fhs, W,
S, K&, o K&, FHUSBERIFMA G, SR, asse 5N, s
8], SEOUAK R, JEA, Rk, B, BALA, Seon, fRlis, REEZ, ST, RUWAH,
e, AT, BRI, M, BEEAE, KR, @R, oCE, B B, A KT
%, CPL EIF/, 7ok, Hty, HEMUOH, B, HE, BERAL, Waix, W
SAEE, SRNESE, BEETFESE, FEE, SRR, BN, SNCRES, B, ST
B ATHE fhE, R B, Wb, B, B, StE)R, &Rl SRR, b

LR ETREL BEEREL eRal, KRR

BATE A AR R T PR e, e T RIRZE (RMSED. T
Bgaxi \ o iRZE (MAPED, P4 iR % (MAE) =ANK-FHabs, J7ndahs
Dy VLK RS2 R BURP R E AR A TN R . B A 0T
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mape = 315 =Y g0006 (G.2.1)
N Y
RMVISE = /%i(yi—yi)z (3.2.2)
i=1
14
NME=E§;M—M| (3.2.3)
D, :%iAixloo% (3.2.4)
i=1
_ |Yi =i
RP=1-2—— (3.2.5)

-3

=
Horp i FORTME,  YoRSehRfE, Vi R SEbr Y M, n R mEEA
I E . X 32.4) A, 2 (Y — V)V — ) 200, AR EIE AL, 150040,
i #%Diebold-Mariano (DM) 5557775, (ET AGTi (1 BE XA [RIAR AL ) T3
TMEE R A B 2 ST i, DM RSB A

DM == (3.5.6)

Y

/n
XHE, =2di In, d=(y, _yA,i)Z_(yi _yB,i)z’ V =% +2§:7/j v Y :COV(di’di—j)’
] =

Vi BRABRL I TRINE, Vo BB TINME « o BEKE, 24|DM|>Z,
B R (2, bnvE IE 270 A BN 36 (s AU, X R AR AL B E0T
AR,

3. SETHASK1HISIES

3. 3. 1 XRARTHIES 533

VEE IR R4 S) M R BT S FIFFREUCB I I C R, ITHEED
KRB G 1-3 W RE S EUEREBOSCE 2 8] (I 22 40 6 R B0 € Bt
(o G A . MBS R, R A S 3 AR R B AEXHE R T 0.5 1)
KB, REIH 74 N SCHEIFA M RS R SOSCRL A B SR AR S AT 0%
SIALE S, HRIF SN 3.3 R,
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YN 2 TR R DA

il 2 PRER S

S _E RS Bl 5 TN

R 33 ARERVRBIARL S, GRa)

PV EPSE
JF'5 A
e LM WWE 2 WE 3 EtEE S

1 K 2 0.9167 0.9180 0.9197 3
2 TS I AT TR A 1 0.8957 0.8967 0.8984 3
3 K 2k P 0.8911 0.8864 0.8828 1
4 RN L 0.8907 0.8915 0.8903 2
5 R4 0.8899 0.8936 0.8975 3
6 IO IR A 0.8870 0.8893 0.8815 2
7 K&K EAE 0.8846 0.8742 0.8663 1
8 T3 0.8844 0.8844 0.8893 3
9 Bl 0.8812 0.8797 0.8748 1
10 Tk 0.8808 0.8800 0.8791 1
11 BT & 0.8764 0.8735 0.8708 1
12 T8 2k 0.8708 0.8705 0.8758 3
13 124ika 0.8744 0.8763 0.8747 2
14 [ M5 0.8694 0.8629 0.8578 1
15 F Sk 0.8664 0.8675 0.8689 3
16 e fie 0.8531 0.8570 0.8598 3
17 KEE 0.8507 0.8514 0.8555 3
18 JiE AR 0.8503 0.8529 0.8570 3
19 NS 0.8392 0.8426 0.8469 3
20 i ZE A5 ] 0.8196 0.8224 0.8234 3
21 AT 0.8190 0.8201 0.8234 3
22 T 0.8173 0.8257 0.8336 3
23 kA 0.8165 0.8189 0.8224 3
24 A1 0.7943 0.7995 0.7943 2
25 DIRGES 0.7931 0.7936 0.7963 3

F=

Ve TR, (U5 G A S, o 25 e

AR SCARIEANF SBR[ 35 A5 S0 EARRIZ T I, P R itia g S, it
TS, MRYEA RIS TR SR 3 MR A 22 5, K 1 A 2 S B R] 20 B

%:
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YN 2 TR R DA il 2 R AU (S B 1 LA TR E0E 5 T

TEP 7 A CAnfar b7 S ORBERI A i (2D RS Zy i B R 3 ST I S B A AR
St “IBEHT S T T AN TR SRR AN (3) B TR X
MIAEE RV B RPN B Soz B “IAZ ™. “IIR” A1 “RBT” S5 5CH A 4 A

R RH AR BRI UK 3.4 Por.

& 34 5 LiERBEEN- R A BREMAER =RmiAs

52, EEK, KL, K&RE, R, R,
SECEE, BT, IO, anfag o, A
LR E TS (20 1) YOI, bRy, MR, TR, A
e K4, K&KEAR, KREAEH, B
Sy 1), PR AT S AN, FHLI AR
Wk, 71, FESE, kiE, ®UT, K, PE, MR
T, Bk, HER, HBhLE, MEER, TWa
W, BEifELk, LUETRE, SRy, RIS,
JEEEATAE, RS, RAEATH, hik, f84L0
fctiy, B, Betir, WeaiE, ITEE, MRS,
AR, BACE, WREE, #PER, ZRE, B
IRIHE, BEZS, KRR, EeAn, AR
WYy, BRI, KM EM, FIEZEE T
e, Wik, BheE, A4, &ET B, M,
PR B R AT OGEE (134 | B&, HERE, BANY, KEHE, UEH
A, IR

T FE TGS (414

3.3.2 XN EEFE SR

FANSe KB S RIS R =G, KPR A R . Rk
AR NS B R, SRR KPCA V40 3 = 2 S ) 4 s S AR [7) 1 48
RIFTEER.

B, WS 5 I e B I S A ST R AL AL B, Lk, S
PR FIRAL R  FRRAEA SRSt SRR I, oA 6 0 e O b B I SR 7 Lo
GEAEAVRRAE )6 o), AR e B MK BN O HEAT Y, 5 AR %
F R TTRRE N Rt ok g, RARSEIR ALK 3.5, [FFE, XHMUREZ SR E
E B 1) S B S A B8 5t WL 855 9k 0 S B B 20 S R B 25 Bk AT
FEAE R, SRNE 3.6-% 3.7,
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£35 “RHNBFERLE" WEERAER
BoEMS  MHEE TORCEN BITTTEES

1 15.1016 75.51% 75.51%
2 1.2484 6.24% 81.75%
3 0.9316 4.66% 86.41%
4 0.6572 3.29% 89.70%
5 0.4204 2.10% 91.80%
20 0.0132 0.07 % 100.00%

3.6 “WHNEFEREE” KZERSER

(ZEN iy FFIEAE TR % RTF TR
1 25.8744 63.11% 63.11%
2 3.4865 8.50% 71.61%
3 1.3837 3.37% 74.98%
4 1.2116 2.96% 77.94%
5 1.0254 2.50% 80.44%
41 0.0130 0.03% 100.00%

F37  “WERENBEAAFRIRER” FEERTGER
B ERGy FHIEAE THRA% LS

1 8.8483 68.06% 68.06%
2 1.0069 7.75% 75.81%
3 0.8509 6.55% 82.36%
4 0.8020 3.86% 86.22%
5 0.4139 3.18% 89.40%
13 0.0303 0.23% 100.00%

F 2T SRR IE B 75% 4% T 1 3 73 AR SRR I A2 5y T 5 B2 4 R
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AZ 5y I P 9% 3 SRV PRE AN 8 o 0 2 R B O IR O ] 4, Hh 3% 3.5-3% 3.7 WA,
FRATTAN =S AR B LRI T 7 A R A
3.3. 3B RS EM

A MVMD J7idds EAEFR BB AR 7 A 0 A kAT [ 4y
fi#. HTRA MVMD il i) FBES AL & TS ERE, AL MEMD
J7i%, MEMD 73 it EAEFEBOBEAN AR A 7 A% B A R A S g 8 A
AAEREAS R EL, AT MVMD i, KPS AN & BoE o 8, i 132
8 AR ILI I TSP A B 3.3 R 7 RiEFa it Bdl A0 7 A% £ sy
FEHIHEAT MVMD 73 fift J5 B T A 35 P 41 o

x10* x10° «10° «10° %10° =10* 10
o 2 5
4000 5 s 5 A p 4
2 -10]
3000 2 g
x10* «10° x10*
500 P art? 10 0r 5000
2 2
1 1

o i 4 2 .
SCI F1 F2 F3 F4 F5 Fo F7

33 RSSO EEER 7 MR R IS RS

FEARSE T LU SR IR, AR AR MO0AT LS Ry 51 2 8] (R AR SRR L
W T RS TS SRR . EEfR B R an e 5 IR % RS Y
R ZAEL FIREX AR BP9 (1 8 A TS REAT K-means 2K, JFEM
s T ARG DL MVMD 435 EIEFRBOREAN RS ], 3K 3.8 R
T EAEFRHOSCEAN 7 i e BT RS R AR (B AN R R EL 3R 3.9 BUR K-means
R FIFRBUGRAN I EM LR, K 3.4 BoR T RUEFR AR M EA S T8

#38 LIRSl TSR

T PEASIE (A LIPS
1 0.0350 0.9660
2 0.2658 0.3521
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8% 3.8 _EIEFREUBCEM I TR

TR FEA A LIS ¥4
3 0.3758 0.0707
4 0.2038 0.0339
5 0.0701 0.0409
6 0.1781 0.0148
7 0.2335 0.0135
8 0.1725 0.0091

3.9 HIERBEEN TS FIINERLSR

TR AT I AT
TR 3. 4. 5. 6. 7. 8 TR 2 T 1

o T
N N

Wﬂw“/vﬂuwawﬁpvfmﬁqu

T T T

s

AT

gl 1 14

B
300

B 3.4 EIERBERERFS

3.3. 4 TRFHIRITN

A s A K PR e e g R Bl v sl ORI e 8 0 e ) i
N, B 3.5 R BIERBOE A L b RBUE A  E ARSI, K
AP 5 B A3 S BA 0 e o 24 24 3 Be 7 MR s (R, A
WO A5 BARYEE SR A 1 v AR & EAERR O T (R, IR
WO S s e RO B s 1R 7 M EROME SRR (R, I
SIS E RTINS
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o
°
o o T I E— I"|””|”f""‘"'+ """ B
g 2Py
oo
g
T
0 5 10 15 20 25
w
=S
I i B
T3
T
0 5 10 15 20 25
0
l»;‘\' o
S O P
= ]lru ————————————————————————————————————————————————
e w
< T T T T
0 5 10 15 20 25

4

fifr %
B35 EBiEREBEN®E. B REF 5 R B AR E

3.4.5 FMEER

K334 BRI R A B T BEAT e IS, AR BaEdE
SR PP 90 B B 2 TRNME o« D9 VPAS A SCHUIHESE T BTttt AL ) Tt g 7, A
TR 2 AR SR AT LU S, N T AREE B R O A AT 43 2R
AR, B ARIMNAEZAE S B — TR M, A FHKPCAXS 8 2R S8 i 42
FAEEATE BRI RIS SRBA AT 7028 8 — B A id M2, 3
KPCAFZESE R U3 1017, Jek S8 Rl 43y =S B FHKPC AN R 28 0
S BT RFAE SR I B — TR A IE M3 ok, N T BB 2l S A
Ao RTINS, R AUE R SR BOR O HE B AL R VMD AR LD
M4, FeT FUEFR BSR4 2R A S ) 2 AR EMVMD 3 iR A 10y
MS5HIM6, HHMS R4 EAEHR B AN B Al FHKPC A8 %R S B 1] 4R H 2 2F
AT PRI B P BAEEAT [F0 70, MO SCHR LAY )5, A T 4R IESSA
SRR R T BERIVE T, 4> BICARE. SVMAILSTMOAFEMERRY, DL 7 3t
fili I3 F SSAST S AR AL B R HEAT T . LU AR [RI 2R A48 R A5 B AR M6
i, AEFISSAAL I S H 45 RAnR3. 11 fron . BEAY TR 45 RN 3.12-%3.13F1
K3.6HT/R

F3.10 BEAM2HZERSEE

(=N Wiy FFIEAE THRH% SR TTHR R %
1 33.7038 45.55% 45.55%
FEASE 1
2 8.0336 10.86% 56.40%
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5£3.10 HEEMBEERSER

BOERSY BRI TURE%  BiFTURE%

3 3.0228 4.08% 60.49%
4 1.9168 2.59% 63.08%
5 1.6876 2.28% 65.36%
6 1.5801 2.14% 67.49%
11 0.6048 4.03% 75.04%
74 0.0175 0.02% 100.00%

311 PORBEEHSEHRE

et RS ZHWE
M3 trees =28 layers =8
M6 (i) trees =100 layers =7
SSA-RF
M6 (Hii) trees =92 layers = 8
M6 (fIA) trees =26 layers =7
M3 H1=42 H2=42 n=0.0041 E=97
M6 (i) HI=66 H2=76 n=0.0015  E=37
SSA-LSTM
M6 (i) HI=77 H2=87 7=0.0043 E=16
M6 (fi&Ai) H1=49 H2=84 n=0.0047  E=6
M3 c=2.000 2=2.000
M6 (i) c=9.863 g=55.285
SSA-SVM
M6 (Hii) c=41.647 g=0.173
M6 (fi&Ai) c=58.701 2=0.128

£ 312 HIEREBSERNTING R

By M7k MAPE(%) RMSE MAE R2 D, (%)
M1 RF 0.9024%  38.6430 28.6715  0.7015 41.67
Ml SSA-RF 0.7674% 313654 243700  0.7749 40.00
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SN 28 RS A R S

il 2 R AU (S B 1 LA TR E0E 5 T

53R 3.12 LR EUKEA TS R R

it Tl 5% MAPE(%) RMSE MAE R2 D, (%)
M2 0.5477% 217511  17.418 0.8765 45.00
M3 0.5134%  20.7264 16.3161  0.8907 50.00
M4 SSA-RF 0.5839%  26.1835 18.5351  0.8210 69.17
M5 0.4435%  17.8246  14.0818  0.9268 62.50
M6 0.4404%  17.1742 13.9846  0.9365 60.00
M1 LSTM 0.8613%  31.7092 27.4693  0.9275 40.00
Ml 0.6289%  24.1175  20.0270  0.9277 40.00
M2 0.5462%  21.4528 17.3911  0.91727 39.17
M3 0.5005%  19.4402 15.9411  0.9289 40.00
SSA-LSTM
M4 0.5065%  20.5456  15.9866  0.9258 61.67
M5 0.4974%  19.5904 15.8927  0.9415 55.83
M6 0.4527%  18.1602 143316  0.9451 66.67
Ml SVM 1.2446%  42.9032 39.6150  0.9275 40.00
M1 1.0517%  37.2934 33.5312 09272 40.00
M2 1.6522%  67.2653  52.2765  0.32626 52.50
M3 1.1048% 433772 34.8569  0.6487 57.50
SSA-SVM
M4 0.7437%  29.1735 23.8339  0.9141 51.67
M5 1.7832%  65.8919 56.5782  0.51213 47.50
M6 0.7948%  29.7752  25.1612  0.8996 59.17
#£313 DMKRHEER
SSA-LSTM
M1 M2 M3 M4 M5
M6 -1.614  -1221  -0476  -4597  -1.349
(*) (*) (%) (*)
SSA-RF
M1 M2 M3 M4 M5 M6
M6  5.586 7.076 7.299 3.776 7.482 5.777
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E: B AT REUERDMERAE, (%) FIORIEI%HIKT TR, (%) RIRES%H
KPR, () FIRIEL0%HKT TR,

E R Bk

200 400
25 HRH (20154818 22 H Z 20174 7H 13H)

3.6 “OHR-EM-EART AERT KPS R

BRI R 3,124 3K 3.13 AR AL B TN S L, FRATT AT IS 2N DL R 4 ik

(1) LSTM SRRV RER LT RF 5%, XA M1-M4, DU
LSTM Ay S0 A 0 Tz e AR ) _EAESR BN B R S il &
B WFFAEE M6, 5 SSA-RF BVEAHLL, i SSA-LSTM Hi%(1 MAPE (&1
M7 2.79%, (BHEAGHE L3RI R A7 FREFE Doars TN EE BN FE B P
SRARME TR .

(2) MIEETF RE A1 LSTM $3%, L SVM g3 i 50y (R A 20 L F3 00 45 B 5 512
BRB A ZEECR, R SVM BVEHATE T FEA R FUEFE BN 7 .
FEPTA Y M1-M6 1, LTI R ZE ¥ KT RF M LSTM 5032 . AR M1 Jyf1,
5 RF M1 LSTM BEAHEL, A SVM B MAPE (RMSE) 737138 I 1 37.92%

(11.02%)+ 44.50% (35.30%).

(3) KM SSA ftft)5 I RF. LSTM Fl SVM Skt TR AL AT ApAd . 4
T SSA-RF BETM AR M1, BT K P Dirar AR Z AL, FARTHIIFE A7
PTRACHTIRERY, BT SSA REfS LU BRAR MR A A S HUA AL I R R, 5
R e AR T (AR

(4) FET- o fife- AL - SR i HE LT P TAUMIASE A 6 3l T B — TOUU ALY o %
T M1, M4 BFARSINE RGBTSR S, A M4 J8 i o i R
FEHIIEIARE, BEAEIE AU FRES, RS 7 IR 2 1) A . LAEH
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SSA-RF kTR N F], R M4 ELREAY M1 () MAPE. MAPE. MAE {#
SR T 23.91%. 16.52% 23.94%, [R5 [ THIKS P 0 0H B4

(5) £ “Ipfil-BA-SE 7 TRIHESE T, NN OGR4 R A5 B LU
15— JFUUE P HIME BT [ RS 2 . 5 AR & VMD 43 g 770 L, MVMD
G FRAE AL B 2 55 AN I B A R A7 51 52 2% B 9T ELSE IR 1 A [ N\ A% & e
H o3 i e A EE AT A 1) . DA SSA-LSTM S50y Tl (R B AL Ay 3], A6
M6 LA M4 ] MAPE. RMSE. MAE {H4r 3198/ T 10.62%- 13.38%.
10.18%,  [RII J7 o) TS B2 B 1 12.16%.

(6) Toif B — TR AY L 2 o - s M- Fl” TSRS, A 73 2K 5 AN
[RS4SR AE AR R B TR 7 A (M3, M6) fE &AM E3EL
57 L Ad AR 2R R A B R (M2 M5 B 3 PR TS 5 . LA SSA-
LSTM ByE TR A4, A M6 iz MS 1) MAPE. RMSE. MAE {E4)
AT 8.99%. 7.31%- 9.82%, Ut WK A KRB HEAT 70 G A FIRHE 1 R
R DMEAE SRR A BN, It — P S i H AR F5 10

(D H5EHEAEAREMLL, FEASE 1 LA So Frdi & 0 i i &R
KRB HOR 2 o« BT R UERE BT 3R 0 D B PR b3k T R B O i R NI
SR, BBEF N T RPHEAT IR R EE LT, S5 AN Bk 51 i 2 e i
i 1 B 0 D3 I 5 1 2 LB SR A 2, 3 Bt 4 i) R 1) I S T b R e
JHIRAIER 5 o

34k, LA SVM B B UE AR AN IE T RSBSOS T, R it
17 DM K56 IHE AT % R iZ R AR, 3K 3.13 1) DM IS nT LB 2, BR
81/ SSA-LSTM SVETRIN AR M3 4, i SSA-LSTM SE Tl 15 T A [F)
KA H IR ZRAZ B “ o fif-ER-BE 0 AR M6 3 iR T H A A A

3.4 BTHAR 2 SHAR 3 ISCESH

ONSRUEA SCHTHR H A TN R RS, AT 0l Bk T RE AR 2 FIREALE 3
XRIAG R BRI Si FEAT 70 AN 1 HAE BRI RTE S REASE 1 58 e IA],
ZERILAR 3.14-38 3.17. FEALE 3 AR 5 AT B H OE L e il 5
— A PR ICHEA U BRI, B OR B Z G BEA ) B AR A
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SN 28 RS A R S

il 2 R AU (S B 1 LA TR E0E 5 T

AMEH KPCA I EEE R .. A4h, HH KPCA X8R K in Bt 75
SERE CRPXS SRR AN AT 7395 BISE RUN3K 3.18 Fian, FikeAR T S5 ) 1
M &5 R 3.19-% 3.21 s

R 314 5 EERIEN AR RGEERER =ISmiTAR

Kk e P SE

K 25, KZEW, [FFe, i, Besai, B
SAEE, FHUDBAAF A2
FEALE 3 FHUSIERAEIRAN 4

HALE 2

A5 W RIE IR

L, WO, FABE, Wi B AR BB
FEARLL2  BUiik, AU, maceE, WS, T8k, KA
i, EEeERnw, BEEEY

FEASE3  PE, AAM, B, B, Rk

Bt B R 2 BT RIESE

Bewt, e, BY, Rilis, steR, REEy,
HNIEAE Gy, EIESR M)
FEARSES W, Wik, B4, SEon, SEORIE, ThEESRM

FEAEE 2

K315 “REGUHRFEERER” BIRERDIER AL D

(B %y RFALAE TERE%  RiFTUERE%
1 4.7757 68.22% 68.22%
2 0.8022 11.46% 79.68%
3 0.4159 5.94% 85.62%
7 0.1744 2.49 % 100.00%
K316 “THNBEHEERER” KIBERIER

B REE TORE% BRI

1
2
FEALE 2 3
4

5

7.4538 49.69% 49.69%
1.6970 11.31% 61.00%
1.1418 7.61% 68.61%
0.7085 4.72% 73.33%
0.6048 4.03% 77.36%
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BE N6 XHRRIAH I WBER R
BOEMSY  RHEE URE% B TTRE%

FEALE 2
15 0.0132 0.07 % 100.00%
1 3.1066 62.13% 62.13%
2 0.7009 14.02% 76.15%
PEALE 3
5 0.2554 5.11% 100.00%

F307 “BREHAR RSN KEERIGR
BEMS MEEE SURR%  RITURE%

1 5.1386 64.23% 64.23%
2 1.0806 13.51% 77.74%
FEASE 2 3 0.5764 7.20% 84.94%
8 0.0806 1.01 % 100.00%
1 3.4460 57.43% 57.43%
2 0.7317 12.19% 69.62%
FEALE 3 3 0.6572 10.95% 80.57%
6 0.2115 3.52% 100.00%
£ 3.18 BB M2 KIREBRSER
1% E Ry REE(E TR R % 2T TTHRE %
1 9.6564 32.19% 32.19%
2 3.2436 10.81% 43.00%
3 1.6948 5.65% 48.65%
FEAAE 2
4 1.4761 4.92% 53.57%
5 1.2446 4.15% 57.72%
6 0.9414 3.14% 60.86%
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318 B M2 MERS 4R
BOERSY O RREE RRE% BiFSURE

12 0.6900 2.30% 76.90%
PEAREE 2
30 0.1248 0.42% 100.00%
1 3.5013 29.18% 29.18%
2 1.2971 10.81% 39.99%
3 1.0411 8.68% 48.66%
FEARLE 3
7 0.7720 6.43% 77.26%
12 0.3816 3.18% 100.00%

%319 BEREEEN TSR R (AL 2)

Ty % MAPE(%) RMSE MAE R2 D, (%)
M1 RF 1.1045%  40.8433 324380  0.6951 47.50
M1 0.9127%  34.7344  26.8459  0.7289 50.00
M2 0.8368%  30.4435 24.5798  0.77472 50.83
M3 SSA-RF 0.7672%  29.6273  22.5414  0.7957 49.17
M4 0.5863%  21.8427 17.1861  0.8680 65.00
M5 0.5725%  21.4954 16.7613  0.8818 65.83
M6 0.5357%  20.4882 157052  0.9025 67.50
M1 LSTM 1.6503% 532846  48.0270  0.8673 54.17
M1 1.0618%  38.0244  30.7566  0.8671 55.83
M2 1.0483%  36.8786 30.8135  0.85628 46.67
M3 0.8306%  30.1832 24.2416  0.8586 54.17

SSA-LSTM
M4 0.7279%  26.7851 213736  0.8071 63.33
M5 0.6109%  23.1047 17.9510  0.9034 64.17

41



NI R KA A A 1S il 2 R AU (S B 1 LA TR E0E 5 T

3R 3.19 EIERESEM TS R (B4 2)

Y % MAPE(%) RMSE MAE R2 D, (%)
M6 SSA-LSTM  0.5654%  21.9455 16.5897  0.9083 66.67
M1 SVM 0.9140%  31.8835 26.6953  0.7480 56.67
Ml 0.7643%  28.7911 22.3879  0.8034 54.17
M2 2.0244%  68.5718 58967  0.64916 55.83
M3 1.5578% 563777 453661  0.6317 57.50

SSA-SVM
M4 0.5653%  21.0799 16.5725  0.8858 67.50
M5 1.2521%  43.4156  36.4883  0.75171 57.50
M6 1.4611%  53.9663  43.1265  0.5391 50.00

%320 BIERERENTIS R (AL 3)

TR W5 MAPE(%) RMSE MAE R2 D, (%)
Ml RF 1.2561%  53.8926  40.8571  0.9157 49.17
MI SSA-RF 1.2066%  51.1071  39.3288  0.9240 47.50
M2 1.1394%  48.6518  36.8505  0.93193 48.33
M3 1.0764% 473000 349388  0.9357 53.33
M4 SSA-RF 1.0523%  45.6896  33.9258  0.9476 69.17
M5 1.1129%  52.2686 21.8298  0.9486 68.33
M6 0.9821%  46.5973 31.5072  0.9491 76.67
M1 LSTM 1.5103%  62.8825 48.4556  0.7116 44.17
M1 1.1201% 444911  36.5045  0.9477 44.47
M2 1.0474% 427711 341231  0.94789 44.17
M3 0.9432%  42.1030  30.6553  0.9480 55.83

SSA-LSTM
M4 0.9256%  42.4562  29.8270  0.9535 71.67
M5 0.7581%  33.8006 243577  0.97437 71.67
M6 0.6990%  30.8805 22.5761  0.9759 75.00
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8% 3.20 EIEREEEH SRR (AL 3)

Y % MAPE(%) RMSE MAE R2 D, (%)
M1 SVM 1.3152% 577235 424526  0.9056 50.83
M1 1.1473%  49.6692  37.0357  0.9283 54.17
M2 2.4003%  107.344  78.0663  0.6491 56.67
M3 1.9950%  85.4359  64.9701  0.7959 52.50
SSA-SVM
M4 0.8531%  40.8985 27.8241  0.9533 75.00
M5 1.6274% 732676  52.5210  0.8368 60.00
M6 1.8651%  86.8047 587319  0.8809 64.17

%321 DMIEWAIZER

SSA-LSTM
Ml M2 M3 M4 M5
-19.119 -6.724 -4.907 -4.654 -1.346
FEALE2
0.328 0.124 1.295 1.039 4.923
FEAERS
(*) (*) (*¥*%)
SSA-RF
Ml M2 M3 M4 M5 M6
3.157 5.496 4.747 5.068 4.804 5.577
FEALE2
3.676 5.328 5.479 3.622 3.649 4.839
FEALE3

T BATPREUERDME A, Co0F) FIORTEI%HIKF TR, (%) RIRTE5%H
KPR, (5) FoREI0%MKT TR,

R 3.19 MR 3.20 PAFERAYFIFAR, AT LAMG 2] 5 SHED AT 1
KA 4518

(1) fEFEASE 3 o, RA] SSA fifb)a LSTM BER BRI AL T RF
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k. DB M3 ), 5 SSA-RF HykHLL, f#H SSA-LSTM 7% MAPE,
MAPE. MAE {5 5108/ T 12.37%. 10.99%- 12.26%, [H]} 75 [a] T RS FE
BT 4.69%. FW SSA FIEIRAN T LSTM SHik ZARBARMI B A, JLTR &5
RE LR — BB
(2) AN[EISEE I AR fs BRI A R A OB 5E Sy FAEZE R .

SHTPANEARSEAALL, FEARSE 3 I E R CHELE S, 73K R R AR
oo HIT B BAL T8 e il 2 B A BROCIRAT BRI 3, e R i R 5 B
(Rid B SGVE R INEE G TS 2, K2 BB R W% & 1) T %, S BCHEA T 1)
B B BRIl D, 4R E A S A BRI, SEN SRV IV 4830 ) LA BURT ) 5 W
SV REEUR . STHOREARLE 1 SRR 2, BT 0 0 1A E M S B0
AR 3 AR TR R 2 K, ARLEE T AN (R S Y 2% 4 2 A5 B o0 - A -2
Ji” R M6 AT T A AR AL

FEh, MF 321 ) DM KR AE S|, B 7 REALE 3 HpfliH] SSA-LSTM #
PTRIARER M1 A M2 Sb, AT SSA-LSTM il (32 AN ) 2K 78 X 4 48 2% {5
S o - B -ER B R M6 2 AL T AR

3.5 XE /NG

AREAE P R-EA-AE R TBARRRER b, S50 T B R OCHR R] 1 I a8 )
RGBSR 1 — P& PR A o 73 Gl £E = AN 8] Be iR A _E X Bk
BRSO HEAT T, A6 P R AR AL AT R A SR B B XS T I AR R AT e &
RAERZARN. SRR, BhE 1A R SR N 2% 48 R A5 S AR AL IO 52 7 Th
PP T HAl R AEAR T, IX R PRE 1 5 1 3R O Tl BE AT 73 S A = ot (Y SR IBURT 45 ke
WAL RAE L, FTEA R T B fe Aol i A rAR BT . 34k, HIRME R
15 SAE—EREE e 1 BT MR AN B 28 2 O o £ ELER IR A, A
AT P 2848 245 JE T IR, $3 08 X T I A R AT B IR T 3 B
ARACANBT AL o TR, R R P X 2% 4 2R A5 2 3R AT B 000 I 75 0 1 A 2 Ok
T AT B AT BT 4
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4 ZFEHEMES TET ONN E2H_EIEEBKE TN

4.1 TSR

M EE T 37 R s DA R i AR A R 2 B IRER A, I TR 2 ST R 5 0%
PR T B S AR AE R R TR R SRS R AT PR RS, IR R
EATS B AR IR ST . 1B 4.1 A SCRITRINAESE . HARTIN D SR h -

A ——
RIS LA X 1T )
AR A R
£ apc R W N =2 o TR ] 3 2%
bl
#
b y ; l
T . A e | [
I N A I P | e M I it

l \ |

y
Y

R il T BRI

UER300TREL Bk T
FIJ YIR300 T BTG 1¥ 22 5 T 43 4y

Y —— —_—- - —_—— - — — ——— — ——— —— e —— e ——— — — ——_———_———

B 41 FRIHERRER

BB RMETFRBRERE. AR RO, a R RS HGELZ,
AIRESIERME B E BN T HE EALE R W R AR E RS H kR D, WA 2 B
REEZE MG BARIBATIRES o AR SCRGEAN SR, B EIEREER 2 %
WRE 12 AN EMA T AR B 2 M 5T B 5 Qi

BB, 2 BRI ERE L. Eo, EhCS DRSO AR IS P sL
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W WA TFRAN . B BRI RIS AR N R G R bR BE H AN Bk
W s BRERIE . RS BTE BT MR R SR AR N T HK,
/N AT 5 AN SR AR TR AR 73 ) EAT TIAL B, 8 /)N i A A 5 B B ] 37
AT LAY, A 2 M g SRR T - A B AR I EUR SR FR SR B 4 1
ML I Bh . B, 8 SVM-RFE S35 B 48 DR 1 AN AR Fa b b e 45 AR 4 #r
PR74E R EATHRAESRIE , G705 5 BRAH S PERAR BT AR M Fa AR I, 73 3 SOk if 4
AR EER T2 Rio

BB 3 HERBARNNES . s 505 3.1 TAELE SR 1)
WA HOEREE Sy RIS N =K S5 G TR EE L Su 3850
I 2 2 DGR FE S RIS W5 38 0 5 LR B8 1) T JEE Sase

HIR 4 SEBIENRERRSE. B S M ARIE 7050 0 2 A U Bt 52
Qi BRI AR Riv S5 G0 Y # A E Sar 28 5 I B3 0%
TP Sop LT X AL A SR Sos 1X FL2REHE 43 BIATRFAESEHL, PRI
BN B . BRI 5  HORTE bR A 5T 2 DGR FE A U5
BHFEAP, - Pr)s [Z1,,Za)FI[F1,- ], Hert P ZoF F 33, Hod
i=1,2,...,10

BB, S BATMMKRERMT. 5 DUERE R AR A EIR G UE B
MEVE NSNS . £/ GWO-BP. GWO-SVM Al GWO-LSTM 7324 il a7 %
S B it PR B R PRI o A AY [ AN A ofE a6 P E R %8 (Accuracy ) F1 18 (F1-
score). fEHfiZ (Precision). A% (Recall) FEAZHIFHKRZEL (MCC),

BB 6 BT TS RIAT 5 SRIE AT o A A SCH A TUIIASE AR %P 2R 300
FEEGHAT BRI TN . Horp, AR 22 WLE AR B AN B 38 O3 P N R0 S AR B
[P1,>*,Pm]s [Fu,e FiIANHAB TS BEAA, SCRAE IR 300 F8 501 F7 s Bl s #
ARIEIF I RS SRR BB AT UH 5L, 53 St I BOR 7 BT R74R R A5
(R FII 25 R AL B 2E 5 g o, BR300 2 70 A 20k N AE B I 1 Ag B A
RIS A &40, Fras ok, PRk nT DU HE PR 300 8 £k ik i 25
FXPYIR 300 FJJE LI HEAT AL 5 I
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4. 2 BERH AR VRN 18R

IEHY 2015 4F 1 H 22 H & 2022 4 6 J 30 H _Fuk+8% ik 250 #4922 fl
BAL. H4e, A\ Wind B8 B 5 I ERAS G BB A IR FAEFR BO DG 1 S5 A
febr. AR FF1 12 M EMA T EEE; IR, @it python 2 — 75 £ Talib i
HHEAREAERNTNET: &5, MWEERELYWRA T HEREEW

Chttp:/index.baidu.com). A T TR H LA VEWT s, DU A THI 1 23 i 2 0645
SETEAN R I B] BT S T ik SR s e, 4 A oW E R o3 i K FE A 511 3
NTFREARLE, FEARSE L MVEEDN 2015 4 1 A 22 HE 2017 4F 7 A 13 H, FEA%E
2 5FEARLE 3 HHI82017 47 H 14 HE 20194 12 H 31 H. 202041 H 2 H
£ 2022 % 6 H 30 H, K MFEARLEPRT 70%HBIENINGRLE, HR 30%H)
B IREE. 4, SISO TR E S ARG L A5 H
RIS I 25 2 R I WSCRE A, BRI ZE 25 0, IR “27 #3%, R
Tk RN, WRT <17 BRa, AREER.

BRI E (Accuracy). AEHAZ (Precision). #[8Z (Recall). F1 {8 (FI-
score) I EHT RE (MCCO HI T PN FIIACR . #ERIFE (Accuracy) SR
AR TR E R REAS LA RERfIZR (Precision) S M TR b 35K A BEAS s b ok
FEARLLE]: HIEIZE (Recall) JBESLPR FEKFEA G _EEkIAEA LB F1
{E (Fl-score) JEXAHHAZANH I ZRFHAFME: SEE R (MCC) AT LA#
DA O FE AR FAl 0 R TRVEHE R S VPN 4R bR T 5 S R R

R41 —HFRBEERE
B NIE FLSEAE A
THRIAE N IE TP FP

THMAE A B FN TN

TP+TN
TP+TN+FP+FN

Precision =

Accuracy = 4.2.1)

TP+FP (42.2)

TP

(4.2.3)
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Fl— 2x Precisionx Recall
Precision+ Recall

TPxTN-FPxFN

MCC =
JOP+FP)x(TP+FN)x(TN+FP)x(TN+FN) )

(4.2.4)

Herpr, TP (True Positive) FRInFEAS S N 1E HAR 73 FEA R A 1K 9 1E 1
AN TN(True Negative) F s A L5221 Dy S H A 7 AR ) Wi o 47 KA
FP (False Positive) FnFEA FLSLRNB N PEP > BB HY LR FN

(False Negative) FsFEA B IS  IEAH A 73 AR 1) D9 5S4

4.3 ETHASE 1 (USCIESHT

4.3.1 ENEFEBIIERF

fEAmTg T, EEUR SR BT, GEIRAANE 4 NI 2 WA 5
Ak JL[EE I 100 $5%80 (FTSE). JEBH T4 (DIIA). FrifE /K 500
B3 (SP500). ZhHkasE &4a % (NASDAQ). FEA 1% (HSD. HZ 225
P % (Nikkei 225) BEHHE 4 F) 2 (FFR). b iRE4RAT 18] [FME AR ECF] % (SHIBOR ).
Afefast (VIXO. HMEMRME (AU RRNAifEHEEH (Brent) AISE70 5 A
R (USD/CNY).

4. 3.2 BAREIFNER STHiE

FERC P s 18] 2 S K i, SRR A SCBIEL . BREREL AT symd /)N ipl R 5104
X EUEFREC WY . TR Bt BRI RIS B o AT 2 R R,
TR 2 S W S IR ARE LIS, (AL, EA R 1a] e 21 B, AR v 3
TRz AR FT . RIS RSN AR A 4.2 s, WTRAE H, /NRAR
e (1 < R 8] e 8 Bcdls REAT RO IR an Eos B OR B AU 5, DR e A 2 g i
(D7 S B 2 AT AR U S M EOR GE AR« A SCRFAIEANL (SVMD ik
R KA WA RHE W FRI%Z(RFE D), A3 4.2 ORI HT R 746 R 1 53 DMRME,
P AN E R AE B TAE T AR, BRI TR I 30 MRHIESE VIR, 153
HCE AR 4T 12K R
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It A
2 A 4

2500 1 | I
0 200 400 600

25 HRH (2015421 22 H 220174 7TH13H)

200 400 600

225 HRE (20154E1H 22 H & 20174E7H 13 1)

B 4.2 JR4EH L HIE S £ WA Fi SEER IR L

K42 HERMTETER

KA BoR SRR

WE HUSELAT Pre close. ik 5% Change. JikEilE%Pot chg. A,

A Amt. ATE MV, #FX Tum. T&% PE. T1#% PB

HATENR (849

M T EI MA (5 H/14 HD. 231124 SMA (5 H/14
HD. a8 30°F 38 EMA (5 H/14 D B s F1428 WMA
(5 H/14 HD. =XkIEHH )P TEMA (10 HD. X6
5 %2 DEMA (14 H). H&EMNBETFHZL MAMA

HEE (175

(MAMA/MESA ) . W28 W45 4% SAR . J& B+ S0

MIDPRICE. #i#f§#r BOLL C(upper/middle/lower)

PR TR ADX. A PR CCLL shETaFs MOM (5 H/10
H). ZZFh#4EPR ROC, AHXSIRIGFEEL RSIL PRIEFENLIE TR bR
STOCHF (fastk/fastd). %% GHIELE PSY. ki ahahs
AEfabr (20 M) (ULTOSE). Williams*% B ftfabr (WR). ~FIF 7 [F]-F B4
MACD (MACD_macd/MACD_macdsignal/ MACD_macdhist)
B& ¥l 5 #% KDJ ( KDJ k/KDJ d/KDJ j) . il & % BIAS

(BIAS_6/BIAS 12/BIAS 24)

T o eEiRbR (445 Zit/RE L AD. feEE OBV. ANSJ5hr AR, BJEIEFr BR

BehtEfabr (14D HSLREENIERE ATR

gritiabr (349 pFEUBEAT. (8] 55Tl TSF. J5 7% VAR
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R43 BUERBARDITE TSR R
HALE 1

WE H WAL Pre_close
FRAZ A Amt

I FE bR CCI

ik Bk E%Pot_chg
STTE MV

BhEFR b MOMS

FEXT 58 55 H5 5 RSI ZMepeahfiats (ULTOSE)
Williams % B FE R (WR) FAHRK L AD
A & OBV NAHRPS AR
= IEFEhR BR p 74U BEAT
I [8) 3> 1) F50 TSF 77 % VAR
1 5 [F P4 2k MACD BEHLTESR KDJ

(EH MACD_macd. MACD_macdsignal) (EH KDJ k. KDJ dv KDJ j)
e B % BIAS PRIEREYLIEFERS STOCHF

(i%&HL BIAS 6. BIAS 12. BIAS 24) (EHY fastk. fastd)

4.3. IXBIANTHIES 57 2
S8 L 553, FOIHE 4ot B G A i 5 0 5 L, 15 LLAEFE 4
Y A R DR M = K B S K3 4P

*® 34 5 LiERSi@Em EABREMAEN=RRIAS

SR, HEK, K4, KB, R, KRB
TSR, BT, I, T,
WO, G, BOEREM, REETEER, 4
&K 2, KELEEAR, BEAUSER, B
GyIS 1], HEBCGEAZ G, FHUS BT A4
W, 7, FEse, KEE, #U, W, PE, 4R
Tl BTk, WER, BE, WA, e
W, BT fELe, EARSREL BTy, SRR,
P2 AT, MRS, KEATH, h, REL
fety, B, Betr, WaR, FTRRL BESE

o HRRE S (20 1)

T AT E G (414
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8% 3.4 5 BRI R BORE R IR =R miFg
AR, A E, R, PR, ZIRR, B

Lo NHHEEES (411 R 2, WEELS, BEEEE Renn, AR
Wiy, BEEAEL, RITMEM, RSG5
Whee, ik, RABE, R, BB REUR, H
BREX EIABRIRERE (134> | Feg, TEBSE, 8ANY, BEEWE, Wakh
[, TR

4.3. 4 LRIE B RIPEHELR N

HTHaE MR 2, TWHER, AL R BB A RS,
X MG HG R RESL A A A T R, R CNN RS 4 5 e [R] 25 30 47 4R AIE
SR, A0 FR 5 A AR E FAE S AE A N SN b o 2R ST A4 3 1) A5 AR
LB =B, PNEZE AL — g E, did ARSI N,
WRERIE G IR S 4, SRR BARIEA R 4E R T RHIES B, BRI L%
S5 4.3 B, BESHUINER 4.4 s Hd, WERZGFEEESE Qi Al
MR AR HTEE R A BIAREH 1 50T 5 FUREIE, WS 5758 5 il # 0
St 38 5 B B0 38 VR P S RIS B2 385 06 2 I8 1) OV T Sos 4540 I BB S
580 3 BIFAE, SR RARHEFSIINE 4.4 Fis. LABGERB AR5 Ry A%,
HARMRES ) R R

(D) BN NS HEAR ST T4 Ro o 30 MEFRHIAAGTEE .
B MHARIEREEE 570 N5 HE LRSS, FkiAEEE4EZE N (570,
30, 1),

(2) BRE. KA 3 10— 4EER0% 5 B N A7 S AR A
HBRZIECE N 128, B — AN B RUZRYE 33 1% H R/ A R 2 AR BURFIE
SIESREL T 128 MARIBRHIE . ZEm B4Ry (570, 15, 128).

(3) WAk )2 K BB = [ AR I — 2 RS Bl AN B 2 28 Ky 570
RRIEAERE N 128 BIBRZ, ISP 2, RS 2x2 (it il 2 5 fan A\ £t 7>
BT AR, A EAE4EE )y (570, 7, 128D,

(4) &R KEFIEHREMBLEERE, SRS 7 MIZITH
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EERRER NG ARR B M B AT A B, 2R e B AR LE L DN 570 47 7 )
IR o

Bl 43 BERMENEERREE

K44 MEMBEHWRSH

ConvlD MaxPoolinglD  ConvlD  MaxPoolinglD  ConvlD

filters 128 - 16 - 32
Kernal size 3x3 - 3x3 - 3x3
Activation function ReLu - ReLu - ReLu
padding same - same - same
stride 2 - 2 - 2
Pool size - 2 - 2 -
Pool _stride - 2 - 2 -

TE: filters R BRLIIANEL: Kemnal size FoRBRZHI ST K/ activation R
LR MBS PR ReLu, MEL TSN Sigmoid UG ski%l, Haetrie sl Slos g, Mtk
2% AT S AR BLIESR R ; padding=same o MBI A AT 37, CRIUES RO RIS
FHEE: stride FRBALFEF K Pool size Faniifh Z M R~F 4L 2x2; Pool stride i

AL Z AP 2.
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s

0 I N M JUDSE W e A.JLJ\
300

SHFERFS) (25 HR¥: 201543 A 1THZE20174E7H 13H)

450

ME [
&

5 T T T T

[ x-\m;\,w/"\ )
-ﬂ!-‘.’j\‘/‘\,ﬂ;\\f ¥ N /\%

0 Nersryematons e st A A e st s O g i ey
0 100 200 300 400 500
32 50 B BB R B RRIE R B (325 HR%L: 20154E3 A 17THE20174E7H 13H)
1 T T p—
05— /]\\’\\ —

[ T N

0 150 300
BB 0t R WIS FERHE T 5 (25 H R 2015483 H 17H E201747H13H)

4.4 ZPRE BHIRAERINS R

Anhas o oo e e A VY INIAAAANANAL L ATV A s AN
450

4.3.5 MRS th

RIS A SC Rl 22 R B AR AL A FRINRCR , AR RTE— R . KA
A 5 DRGSR (ISR TN Bt AR AR A &) AF v N i B —
PRI ML, A 5 AN AR FR A 2 HE 1 2l B 43 0] B N3 58 2 Ok
TEFERFAET 1 72 MG BFFRARERAE 7 81 BARFRFRFRAE 751 DL S = Rl IR I 5
PEFEF I IR S 8 M2, M3, M4 Fl M5, SHIGAIE 2 PR 50 4 N E R H
T 7% R E, EEL BP APZ M4, SVM LUK LSTM X = Al /e 4 2K i
 BAT AN [F)RE RO SR 2 7 AT X L, IR GWO B RARAA AL R 240
T N B s e EOd A, ARG S 2 ZMERER, RS EHE
TUR: B, EEEENALE IS B 3 M. Ah, T G s SR Ak
BB Te) 8, I ZREE R R A BE AL 2 B AT 10 XHhRESEEs, )
FUEF R IMENE N R A TSR, 3K 4.5 P, Bk 4.5 AR
RIPTRINEE A, AT ARSI LA 4518

#45 LIEREIRBMUER LB FEERLE 1D

Tot 75 Y Accuracy  Precision Recall Fl-score MCC
BP Ml 51.58% 55.38% 68.84% 60.23% 0.0112
GWO-BP Ml 54.62% 56.95% 76.22% 65.19% 0.0598
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gk 45 LIEHEEIRBIAR LB FEARE 1D

T 7792 it Accuracy  Precision Recall F1-score MCC
M2 65.15% 69.27% 66.84% 68.03% 0.3049
M3 63.63% 64.26% 78.07% 70.50% 0.2626
GWO-BP

M4 64.74% 64.58% 76.84% 70.18% 0.2861
M5 70.76% 75.28% 72.96% 74.10% 0.4140

SVM M1 51.64% 51.64% 100.00% 68.09% 0

M1 54.50% 54.50% 100.00% 70.55% 0
M2 63.80% 66.38% 75.49% 70.64% 0.2665
GWO-SVM M3 62.22% 60.10% 97.26% 74.29% 0.2512
M4 64.91% 63.78% 83.03% 72.14% 0.2870
M5 70.23% 69.26% 86.68% 77.00% 0.4000
LSTM Ml 51.70% 55.06% 64.68% 59.06% 0.0101
M1 54.33% 56.54% 75.97% 64.83% 0.0593
M2 64.09% 68.29% 68.05% 68.17% 0.2891
GWO-LSTM M3 62.92% 66.59% 74.19% 70.19% 0.2313
M4 64.21% 66.31% 75.22% 70.49% 0.2666
M5 70.94% 70.77% 80.92% 75.50% 0.4173

CDf#FH GWO HRALSE T AR M1 AR Fe b 0 TRk ps AL
R M1 HERZR (Accuracy) F1F1 {8 (Fl-score) £ GWO-BP. GWO-SVM Al
GWO-LSTM F1 3 53E m T 5.89% (8.24%) 5.54% (3.61%) F1 5.09% (9.77%),
YL GWO SR v BRI\ T 28 56308 U A 2 507 5 S50 FO0MA B2 LA AT 15 2
0P 5 B[R] i 5 ]

(2) AN[FIZERL 308 2 DG B B S0 35 Pt v D E 48 5k ik T RS B . DA
F GWO-BP 5k 4%, B M2 ELARAS M1 HERES (Accuracy) F1F1 {d (FI-
score) Al 1 19.28%H1 4.36%. it B X K 2 B 5 & 1A s WAE
2, AT RLE— AT BRI S, SRR RS AR R .
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(3) % A BFRFAE 51 A 5 35 3 1 L E R 50k K 700 A% 2 - LA GWO-
SVM B3k N, A M3 LU M1 IHERS2R (Accuracy) A F1 {H (Fl-score)
SR T 14.17%H1 5.30%. EARIERE CNN R AEHE HUS 2 (1 22 W& B 645 7 41
IR, AR IZ AR bR AE AR SRk Bk T900 77 T B A — & m T4 A

() FARFGARFFE 51 A8 5 35 B 1 L E R B0k K 100 A% % . LA GWO-
LSTM & 04, #8 M4 ELBR M1 BI#ERI 2 (Accuracy) 1 F1 {E (F1-score)
SraER T 18.19%H1 8.73% « Ut B AR ST IE I B AR SR bR AT A e 48 ¥ T B8 7

(5) ZVFHRE RS FT LA/ SE TR RS (i 22, BT 0UfsE T o — 3k
YA ELTM 45 o LU GWO-LSTM 5%, 78 2 Wi A\ B 4 7 (10 Fo0 vk 1
% (Accuracy) LT — R & OGUEFE . BORIBIRAN 2 WA HhrHd £E
O HIERTE T 10.69% 12.75%11 10.48%. i WA SR (1728 B 45 R TR A 4 fi
(3 RN R, 1 HL A R Rk 22 T mT DL SE A R R T 1 e

4.4 BETHFRE 2 5HAXE 3 HSSIESH

ARG A SC TR H (R TO0N 7 AR A, AT A T T RE AR 2 FIREALE 3
SHEAR MR T4 R FIPILGBIALE S EHHAT Ik 4> EAFRAE 2 EL,  FITF 1
IR GREALE | e, SRNE 46-% 4.7, Hrh, HEAL 3 PREZHH
P9 VR FE I SRR A A 5 — A AR R OCHEA] “ T B A AN 47,
DRI AR B 2 B3 AR JRLGE P 81 AN F ONIN SRS A7 A 4B SREE . TRE A T #5488
RTG53 4.8-3% 4.9 Fr

R 4.6 BUHEREARSIEFE R Rs

FEAAE 2 FEALE 3
Bk & Change IE H AT Pre_close
Tk Bk iE%Pot_chg Jik 2% 55 Change
4% PB Ik ki %Pot_chg
BBl P12 MAS JEAEH Amt
Al A BTk SMAS M # % PE
IELRE BT 428 WMAS %% PB
USRI B4 TEMALO # 3 )2 MAS
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il 2 R AU (S B 1 LA TR E0E 5 T

G 4.6 BUHFIBADIITETFE R Rs

FEARE 2 FEAREE 3
WPLHL 4R R SAR fa] AL BT 2k SMAS
Jii# bR CCI TREUE BT 1 EMAS
ZE4EH MOMS. MOMI0 IMBZ BT 28 WMAS

B F AR ROC
FHXS SR 5558 RST
ZMepiahfiats (ULTOSE)
Williams’ % URAEFR (WR)
RiH/IRK L AD
AE & OBV
NG
=JEFEHF BR
FLP AR L B ATR
Hi& MR )4 (LI MAMA. MESA)

Fehr AR

e % BIAS (EHU BIAS 6. BIAS 12)
PR FEHLIE SRR STOCHF

(%R fastk. fastd)

i 5% A T4 MACD

(%£EL MACD macd. MACD_macdsignal)

BT AR KDI GEHLKDJ k. KDJ_d)

IR B P4 TEMALO
MAREFE 57 1548 DEMA14
YL 48R SAR
FarfEE ADX
JiiiFFabr CCI
AMePeshRPr (ULTOSE)
N8P AR
HJEFEHR BR
IS 1] 5 51 50 TSF
Ji % VAR
B4 BIAS (JEHU BIAS 6. BIAS 12)
PRk FELIE SRR STOCHF
(iEHY fastk. fastd)

P F R4k MACD
(i%&H MACD_macd-
MACD_macdsignal. MACD_macdhist)
BENL4EFR KDJ

(3&HL KDJ k. KDJ d. KDJ j)

# 47 5 LiERHEEN A EEEMARE N =R E R

HALE 2

FEALE 3

K 2%, KZLK, FFe, nfibme, BeERai, B
SR EW, FHUS A4
TS B AR A b

AL 5y I RIE S FEALE 2

FESE, WO, I, BTG, B, AR, BB
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B8R 47 5 ELERIENBEFREMERER =IS TR

O Sorik, AR, RS, TIECE, HTHEIR. K
PeAgE2
32 53R 4 ek (P, B AT, RS

FEASE3  PE, AURM, B, B, ik

- e, 4, B, Ris, StelE, REE,
2

Bt B R 2 AT RIESE HNIEAE Gy, ERIESR )

FEARSES e, Ik, BA, Eoo, SEORIE, ThEESRM

K48 LIERMEIKBRNS R B (A% 2)

ot 75 it Accuracy  Precision Recall F1-score MCC
BP M1 50.99% 50.05% 48.41% 47.85% 0.0264
M1 53.57% 53.99% 41.94% 45.99% 0.0761

M2 61.23% 60.27% 63.55% 61.45% 0.2292
GWO-BP M3 63.57% 62.11% 68.13% 64.75% 0.2765
M4 72.69% 71.13% 74.52% 72.64% 0.4562

M5 75.79% 72.29% 75.76% 73.87% 0.5163

SVM M1 49.94% 54.55% 28.42% 31.44% 0.0180

M1 52.92% 53.17% 29.38% 36.57% 0.0559
M2 62.81% 60.28% 72.59% 65.21% 0.2714
GWO-SVM M3 62.75% 59.86% 74.72% 66.23% 0.2720
M4 73.92% 72.25% 76.49% 74.14% 0.4818

M5 80.12% 77.51% 84.48% 80.75% 0.6058

LST™M Ml 48.65% 47.28% 46.04% 46.13% -0.0277

M1 52.16% 51.04% 49.29% 49.63% 0.0409
M2 62.11% 61.06% 66.01% 62.42% 0.2552
GWO-LSTM M3 62.34% 62.85% 62.00% 62.28% 0.2480
M4 74.15% 72.89% 75.83% 74.24% 0.4816

M5 78.65% 74.32% 81.95% 77.74% 0.5685
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®49 LIEREBKERTIMSAR R (FEAE 3)

T 7792 it Accuracy  Precision Recall F1-score MCC
BP Ml 52.69% 56.76% 55.48% 55.34% 0.0590
MIl 54.97% 58.49% 63.80% 60.58% 0.0907

M2 61.64% 63.51% 66.69% 64.88% 0.2275
GWO-BP M3 61.29% 63.34% 67.97% 65.30% 0.2165
M4 71.81% 74.14% 73.38% 73.66% 0.4356

M5 78.07% 79.80% 80.06% 79.81% 0.5597

SVM Ml 53.04% 54.18% 80.50% 63.46% 0.0998
M1 56.96% 59.90% 67.46% 62.89% 0.1334

M2 62.16% 62.03% 76.79% 68.23% 0.2433

GWO-SVM M3 59.36% 63.83% 62.14% 61.78% 0.1974
M4 72.75% 72.42% 79.44% 75.51% 0.4552

M5 79.36% 79.18% 84.09% 81.47% 0.5851

LSTM M1 51.87% 57.12% 54.64% 55.11% 0.0319

M1 55.32% 58.52% 65.70% 61.60% 0.0807
M2 63.04% 64.56% 69.43% 66.61% 0.2583
GWO-LSTM M3 60.18% 64.40% 68.17% 65.86% 0.1833
M4 72.22% 74.68% 75.81% 75.00% 0.4425

M5 78.71% 80.33% 80.74% 80.39% 0.5713

WIS AT R 4.8 TR 4.9 AR R S5 5, 7T LIS 215 SEUEsr i 128
SR . FATRIL GWO-SVM Al GWO-LSTM S 7E TS B A7 705 /MK
EPE. —J7H, XZHTIE SVM-RFE 1, ¥ SVM 73 M BEAE AR - #7 IH7
RPN FRAE, 7€ SVM M@ BUS fE g TRHIEIE ., $2m T /54 GWO-SVM
BOEMTRINREBE ;55— 5T T LSTM MR ) T (R B3 2 0 f e ke 345 S 3
IAETERT P, 255 LS LA BIILG, 1XHH3R IR o 440 I 5% (14 &4 ) 75 24
R € BB B AT YNGR Rk BB 45 R
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4.5 ETT0N%ERE03Z 5 REE 54T

4.5.1 P7F 300 35 ¥ BL TR

FAEFRHOR FIIEYR A S TN AR A, B R Bk E LIRSS
BT A s IR 300 FEEUR B RIREIESR A2 5 BT ARYIIE SR 58 5 B S 1R] Z il
e s, MM EERAWALS N A By, @i FIEFREORY R 300
B 7E Ho0F LRI 2 (BAFLE — B I ORI, 2 40 /2 — e B AR R I
SELH R, 0 oK B Pt o R Tl R R R I FR A, R n] DU B SRR AOR T
AR PP (10 7 B0 R TIT (R AR B, TR b T DAEE U V2R 300 Fi A0 I BT 2 22 Y K
5 SRLE TR (AR gt s 540, JPiR 300 A FE A T2 LY 300 Ha 5oms
BT A2, B TR 300 BRI A TN, IX T4 ks TR AT
300 FREA A& B VIR , AR W DT i 2 B U7 R 300 555001 Ik 1k 11 AH 182 1 ok 12k
P m LLE I BR300 48 B R R H5 3K SR I B Skexd i XU B kAT
P, DRI FH YR 300 8 A B RT LLGIE i B2 UM 2L 75 58 ) [l Hh 1) S R AR
F o FTide it 6] P9 Bcis ARt a3 an B 4.5 B, R geit4s Rk 4.10 Fior.

oif

6000 T T T T T T T T
FHR3004E
— L%

L 1 Il L Il 1 L Il
0 200 400 600 800 1000 1200 1400 1600 1800
25 HRH (2015451 A 22 H F20224E6 H30H )

B 4.5 B2 fa s At s

* 410 HRGER

BAME BOKE ¥E P WE BE bR MR

RTTEE: (=E44 24644 51664 32198 31959 137 729  380.97

0.6712
VR 300 F5%0 2853.8 58077 3977.8 38527 0.58 232  654.22
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F 410 #R T RERBAA m s TR SIELM R E. LIRS
P HIMREE Y 1.37, B 7040 A At SR E T3 E A, WS U1E R 7.29,
B 53 A1 VA LU RS o0 A B s R FR ORI IR 300 Fa 4 [RIFTE S B W2 (1 1E
KM, AHKERECH 0.6712.

TR 300 FEEUN, gk fdFH EUEFRE0k Bk i b oH B WA BERE
G Z1,++ Za) R VR LT B [Fr,-eo Ff], RFEFIRTER 300 F8 500 R 4648 b
B BRI 5 R FEAT EHF R AR AL, B A D7 S5 SRSy
B 1 SEA AR, SRR TR TN 411, 412 FIE 4.6 fios. H, i
TR 300 5 ik 2k T i 7 o A ] s T B P s DX 1) 11 2B Tl 1 ) 23 i N
A e PR i RS T SRR — B ASSCHR I 2R B Rl S AR A M5 (R T 5 SR
W 4.13 Fion.

R4 BUERIBRDHTETE R

FEAEE 1
WE HISALAN Pre_close T 25 Change
B EkME% Pot_chg STHE MV
- Tumn M # % PE
7% PB H @R 34k MAMA
N4 4R CCI 1Y n) 454 ADX
FHXT 555 454 RSI FE TR MOMS
LMW shtEks (ULTOSE) Williams* %8 fgfidr (WR)
B O HEE % PSY FATRK L AD
RE = OBV = JE4EPF BR
B BNIR I H ATR ][] 5 51 $500 TSF
AibkFEHR BOLL (EH upper. lower) BEHLFE bR KD GEHUKDJ k. KDJ d)
A% BIAS PRk FENLIE SRR STOCHF
(#&HY BIAS 6. BIAS 12, BIAS 24) (J&HY fastk. fastd)

Eig R FAE 4 MACD

(£HL MACD macd. MACD_ macdsignal)
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il 2 R AU (S B 1 LA TR E0E 5 T

R 412 BOEMBEARSTEFE Ry Ry

FEASE 2

AR 3

Bk & Change
ik Bk ME%Pot_chg
S THE MV
M # % PE
a3 P14 MAS. MA14
RS T4 SMAS. SMA14
Ta¥UE 3T EMAS
IR B 352 WMAS. WMA14
AR HE B 14 TEMALO
WA H R 5 T 12k DEMA14
YL I FEER SAR
N4 4R CCI
e s MOMS, MOMI10
A F AR ROC
FEXS 2R 55758 RST
BB F LIS PSY
75 % VAR
A k45 F5 BOLL GEHL lower)

P BEALIEFE SR STOCHF (&R fastk)
Williams’ % iR (WR)
2K BIAS (&L BIAS 6. BIAS 12)
BEALFE AR KD GEHLKDJ k. KDJ_d)
P A2k MACD

(EHL MACD_macd. MACD_macdhist)

Bk 2k 5 Change
ik Bk ME%Pot_chg
STHE MV
B a3 P28 MAS
fEl R 5 T 12k SMAS
e EIE 311 EMAS
B B-F 2 WMAS
—IRFEHRE B P12k TEMALO
Vi fEE ADX
N4 4R CCI
FHXT 58 55 454 RSI
Pt LS % PSY
A= OBV
NAHRFR AR
HIW AR E ATR
p % BEAT
Ji % VAR
fidk$Eds BOLL C(iEH{ upper. lower)
I 18] 5 51 $500 TSF
LMW sh4ErR (ULTOSE)
K BIAS (GEHL BIAS 6. BIAS 12)
BEHLFE AR KD GEHLKDJ k. KDJ_d)
PRk FELIE SR B STOCHF
(IEHY fastk. fastd)
P R4k MACD
(i%HL MACD_macd. MACD_macdsignal.

MACD_macdhist)
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" wAa A=V § CLWAN JA !
0 150 300 450

0 150 300 450

5 HRE: 20204E28 1 HE 202246 H30H

4.6 TOHBBARSIEFE Rus R Ml Ry KRGS R

R 413 PR 300 TREET SIREER SR M5 FTINEE R LR

Tt 75 1% Accuracy Precision Recall F1-score MCC

GWO-BP 67.25% 72.34% 69.39% 70.83% 0.3948
A% 1T GWO-SVM 72.51% 75.76% 76.53% 76.14% 0.5025

GWO-LSTM 71.35% 78.82% 68.37% 73.22% 0.4870

GWO-BP 76.02% 73.64% 87.10% 79.80% 0.6048
A4 2  GWO-SVM 77.78% 76.70% 84.95% 80.61% 0.6296

GWO-LSTM  80.12% 78.10% 88.17% 82.83% 0.6794

GWO-BP 76.61% 78.13% 79.79% 78.95% 0.5957
FEAZE 3 GWO-SVM  85.38% 81.65% 94.68% 87.68% 0.7869

GWO-LSTM 82.46% 77.59% 95.74% 85.71% 0.7495

4.5.2 3Pi% 300 RRig AL AY3Z 5 [ 43 4R

ARSI MBI ST 07 B2 308 3o SR B R R 50000 £ 75 28 RFR i 300 45
FOF 45 R HEAT PR 300 FREUITERE 5 o 38 5 MR A AL PR 300 [ 18 31 5%
T, EFRIR 300 FREUE I FEE S R AT R I 1 RIS 5 55
N F, TR R BT, SRR U 2 SR 52 — YRk, 7RI SR AR,
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T 45 F SN B PR 300 FRBUBRIA TR 32 006 20 R A B A AU UK BRI
AR BRHCLE 10 Pty SR iR 72« ARHE SEBRAE 5 I LBl v e T4 2, SN HEBF I
FLEWRZ BB r2 023, FSENIIHZ 23 FATIRIEIAR 3 164
A, TREIAMRIE SIS HRE N 8%: WRWEN 2, LR HMIES
B A AN ZEHE 2 DB AL, IX AN SR R vP4k ST 22 5, 8 XA
TSRSV S5, WIS REILTE 40 2 100 /3 AR

2 H A G AL, fRYE BRI KA H Bk KR T okt P s . 434
ks 22 BBk (FRid o 20 MTELLT, 75 2 AW ERATIK P B 2 R G oL,
WNRAKEG KT, W BT 2805 W RERE 233k, MIRFRZ G AR,
WARFEA K3k, WPRZ T Sk ~H A0, 2 E EAZk~F: U4 H
M2 N (BRidoh D ISR, XK B I Aok AT I B, an g
AFEE P, W BT S 3E R OFA = 3kk, WRFRZGAATE,
WRFFA 2 3k3K~T, MKZZ LT AP O EHENT Kk~ RS
FErf, MRS 5 MG TRAT R L R Ly 2 — e, 789 HIE AT, K
4 RO A T E DU AR, BRI R 3%, W EPAT a5, F1E
MHZKE G WRBKEI 5%, WA 1Sk, HERE T RBRNA
BATAETAE 5y o TE2E 5 ARG S5 PRI, 75 BT 55 HH AN IR 28 2 i s K Rl i, 3%
bl e DL AR e 30 55 58 T SRS VP Fia b, I HL 2B SREm ) 28 5 i 1

B K[El (Max Drawdown, DR): @fR7E—BI P, 8 &0 ik
(138 25 FH 5 1 et 8 A A s R R R » B T U B A 2 [ 5K B 4 B R PR
FE, MR R e R IR s B, AR

DR:nnx[‘;“] (4.5.1)

A, XORIX o BINER | KRS | RN, Hai<].

T L% (Sharpe Ratio, SR): 7277 S 2 Rr KUK I3 45 Ok o . B2
ey, Ul AR R ALG A S BT IR AR B A e s, A
_Rp_Rf

Op

A, R AR 235 s 4L& B B st AT KR ai 2%, o e s BE 4L

SR 4.5.2)
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Er U o R bR 22
FALZE % (Total Annualized Returns, TAR): Fe/nfE— /M HHA N K 51
W I A KR, 3 B B8 3 B U s L RO R R SR R I, AR .

TAR = ((1+ R)% —l)xlOO% (4.5.3)

A, R AN 3] 27 SRS B THUAL 3 28 AN 12 TR W 1 [ 00 st 1)
= L% (Information Ratio, IR): 7~ HA 3B XU B s SR Fo) AT 3
FH R 18 0 Al A A0 TR AR I & XU B Al s, AT

a
IR== 5.
W (4.5.4)

A, a Fw o AR B2 & IR A e AN B 21 & 55 S vl b g Wi a2 22
bR o

27.67% 42.92% 16.32% 9.76% 0.338 0.487 5.414 0.875 15.277 2.36% 12.201

0.09% 1.92% 2.801 0.573 14 2 3.851 0.072 0.098 2016/11/29,2016/12/23

6%
i 4.48%
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