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Abstract

In recent years, the influence of computer technology on the
financial market has been deepening. In the financial market, data has
gradually become rich, and investors also use computer technology to
make quantitative investment decision analysis, aiming at improving
investment efficiency. It is worth noting that this has reduced the
investment risk to some extent. Based on the forecasting method of
introducing  technical indicators, this study constructs the
VMD-INFO-KELM model and puts forward the cross-variety statistical
arbitrage strategy in the agricultural futures market.

First of all, the E-G cointegration test and dynamic time warping
(DTW) technology are combined to select the best statistical arbitrage
combination from 8 kinds of actively traded agricultural futures as
optional trading objects. The technical indicators with high relevance and
importance were selected by feature selection and input into the KELM,
RF and LSTM prediction models optimized by the vector weighted
average optimization algorithm (INFO) respectively, and it was verified
that the technical indicators played a role in improving the prediction
accuracy. The backtest results of the statistical arbitrage strategy
developed showed that, The INFO-KELM model with technical index is
better than other models in the backtest results.

Secondly, based on the "decomposition-integration" framework, the
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variational modal decomposition (VMD) and sample entropy (SE)
methods are used to decompose and reconstruct a new series of the spread
series of the closing price of arbitrage varieties. VMD is to decompose
the highly volatile original data into relatively stable, periodic and
logically interpretable components. Then, three machine learning
methods, RF, KELM and LSTM, are used to integrate the sub-sequences
respectively. Empirical analysis shows that the prediction effect under
VMD decomposition is better than that of a single machine learning
model. Then, the technical indicators after feature screening are combined
with machine learning model prediction and prediction based on
"decomposition-integration" framework for nonlinear integration, and the
final prediction result is also improved. In order to get more accurate
forecast data, reflect the advantages of the model, and provide strong
supporting data for subsequent strategy formulation. In the training
process, the weight and bias of the model are optimized by the vector
weighted average optimization algorithm (INFO) to improve the
prediction accuracy. The empirical results show that the
information-optimized =~ KELM  combined  forecasting  model
(VMD-INFO-KELM) with VMD decomposition of technical indicators
shows better forecasting effect.

Finally, based on the prediction results of the optimal combination,

a statistical arbitrage trading strategy is designed. Empirical transaction
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backtesting shows that the arbitrage strategy combined with the idea of
mean recovery has achieved higher returns under the spread forecasting
method in this study, and it is most valuable to put forward the restrictive
arbitrage strategy that the spread is beyond three standard deviations of
the mean value in the opening conditions. From the investment point of
view, the feasibility of quantitative investment projects can be observed
with the help of computers, which is convenient for timely adjustment of
business strategies and maximization of asset value. As a valuable
reference material, the result analysis is helpful to investors' final

decision.

Key words: cross-variety arbitrage; VMD; Machine learning optimization

algorithm; Stock selection strategy; Technical index
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OB At N BEAT R TH SR b SR R, B IS N R R A

2.3 # A 15(SE)

FEANS e Hh S B 8] 5 S A SR P, AR5 S AT AR B R G 31 1 T2 10
R o AW OB AEART R VMD 73 2 5 iR it 22 SR s . A (A0
TERAL RSN o

BOH N AN, B RAE I 18] 3 81 5E SO X =[X(N),N=1,2,...N], PR
E SCHIBARHE S AR

MRS 5 RRAEI 8], HaG 3t T o) S B &4, & 1 A 4ER0N
M, Xy (Dseees X (N=mt1) o 5] 2 3 51 A (0 B AS oo 2 #0R] DL DL B4 R0 -
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Xy () = { Xy (0 Xy (4 Do X 4D} 1SiSN-m+ 1, ZEAERM G Bl me+i (1 il
JF A SE x {8
5 S X () X, () 2 ) BB B2 dLX,, (0,X, ()] J& X () R X, () 2 ] 22 g i

fH.
d[Xm(l)aXm(])] =max;_ m—l(‘ X(l+k) _x(j+k) D (25)

ST # iE 1 dIX, 0. X, (D], JA<j<N-mj=i) A E i B Fric A

B.1<i<N-m B LN
B"(r)=——B, (2.6)
m
SEWB™ ) N (2.13) R
(m) 1 & m
B (F)=mi§,3i (r) 2.7
K B H N m+1, BEHFE ISR dX, ), X, (D] < r AN AN
Hp(1<j<N-m,j#i) FEHEFRICA 4 o 8 X A" (r) F1 4" (r) LA FRIAF

A"() =

N—m—lAi (2.8
m 1 N-m m
4 (r)=mi§,14[ () (2.9
RIS - REAEAIILEL m A SO, T

A" () AP P BIILES m+ 1A IR . DL, FEARS I 5E SON:

- A" (r)
SampEn(m,r) = )12130 {—Ln [B(m):r)}} (2.10)

N A IRER, wIEH T

A’n (r)
SampEn(m,r,N) =—Ln {B(m)(r)} (2.1D)

T VL EFdid al DUE L, FEARS HAT LU R RFAIE

(1) AZFFHEE W] DL S 3 DU Aok s, B IESEE KR B B ELE, fEis SR
g5 RS I HERf — 3

(2) HWEMAE, RPN PSRRI, anRekde m Al fe, 54s
RAZREARN
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(3) S S RELRET, ArlE it R Ll X FREAR SR,
—/INER O O 1) 2 K BE AR S AR RS o FEASJRE AT DA e K PR EE e J s
Hs s HE R

FEARTI R ZHOR S  FE T, SRS Al BN . TS 5 1
FEASIEI . Z A BUE S FEAS s S 45 RAB A R RE E 2 1R

2.4 HESEIRE

2.4.1 BEHLZFRMHIZE(RF)

BEHLAR MR (Random Forest):"& /& — i3k 1 2 E3M0 (15 > S BENLARMR 7 2K 45
e MINGREE T BE LI RN TSR A3 B — ZH PR SR« & SRR SK B AN [R) TR SR 10 150 5
ROE RN G &SR BARZ U N AE KA TN 45 f 5 5

(1) 51 2PrBehEyLIg £ S Bl 0 — T E—H T E R Z4E.
5 )RR B AR AR AEAS Y BUITE X AE SN OOBY Hdla £, IR I T4 i1 RF (1L
eI,

(2) A=K B B A F 43 AN B4 (CART) 77 v AR B ALIE 8 (128 7 T4 (I
R ZOIME, AN S RNGEESE, i E R

(3) REPRMHECCE] T RORIRE, A B,

SI AR BUR 2 A BENL SR . RIS AR T T LR 0 Ao A
Wb, BERRAN AR AT DAGEE 12 ML IR A AR 5 25 5 2 21 (X T AR 30000 25 1R 2 5 L L
XTI, SRl AR AR (R RRRRA ) T B AT B2 Y R, S SO E e
NI MIROERI TR ZE P — D BRI AR [l — A e 2 28002 . 1R
I AL PR . AT TORE A B E RN 100 FEAT ALY 2R

2.4.2 KIERACIZ MEZHER(LSTM)

LSTM 2% it =& 70 4Lk, R JZ < oy R A E AT 2 18] 1 J LA 33 VA Rl
RN EIRZE T, A DR AR A, A SAEE=1T11H
ERAAE R TT, BB BUST TR 1], RS R0, RAF TR
PEGEIE LT S BLE /S LSTM P48 g g A BEAC AN AR A2 7 41 . R 1) B
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X (%550, ), BROGBZ T A& SN T L I B0SE, @SN F, MiHo,,
YEISIa =1~ T W HEACIZ RIS RTIRE C o (I 2 N TH S RE a0 T

(1) WAFHITEE NS x, M Z AT EGRORAS Aoy o SRR, ST T8 R i
Eaw/ 9l BT Y SYVAEZ 3 E 1

(2 BRJE, NI L, , TR DL AR A AR A A 1 i3 i B C,

(3) 5, FIUHPRERE R b (Cy AP A A7 S oS BT —
TERERA)

(4) JaitHamr 0, RELUH 23 UE R& 5 4, .

2.4.3 EWPRE JH(KELM)

Huang #3597 HIR 2% I HLELM), 3 H T AR R 2 I HL(KELM). ELM
FE L Z RIS 22 I 45 (SLEN)ZE M . ELM [ 3 i i i HLE BEALRIAGA1L, TR
FEXTE ARG E T AR U, SEEEMEZE . ik, KELM 42 vl 7 4%
A ELM Bk, FEQRIEZE IR EERIATIE T, HAR G0 2 o) Sl B T AR

ST E N AMREAR (x,, ) I LANERZ T, x e RV AR, v, eRY N

Sof BERC R TR, () 9% R, ELM BR%RH 66 5T 52 U
£(9= 349 )5 o

Reh, H=h NWERKEFRZMEERE, B=[8, 0B, | R &
) 4 R B B

i U T N SRS B, M B B, HIHIFARBMANE SRS EZ
] RS B A T 5 ) b5 o BRI T LA AR W 25 [, KR I 5]
Jeft A2, KT E . it SIAE R EORIE SRR B )y, S0 R4 3
G WHNIER) Y, CRIEMLSH.

7E ELM H 5| N3G, & Mercer 264N H T ELM, 7] L3 3] ELM 1%

20



I 2 K 24 1 S 3T VMD-INFO-KELM 77 3% AR ™ ft JU1 0% () 25 it A S A1 E

BERE. 4 K (3, ) e MZBREL, FEATSCH, JRAME 4 173 o $0%% (RBF) » RBF
A% AT LLE N

2
-

K(x,,xj)exp[# (2.13)

Hrh, §RWZZSEL HT KELM BB 45 AR IR KRR B FIE b 2
B CHMZSH S ke, R E S T/Eh Sk B A E b k.

2.5 EEMNERHEE

INFO —Fui B4 (A4 253 DL i) 5048, 8 v B 48 2R 2 () v — 2 1) o 1 A
PIE, CHBCOE N T @, @l EHRN . RS AR R =AM
COP IR MR AL E . INFO FIFFIERAE— D 4EFE8 2R 2 M A & — ANl
Xy = x5 Xip p NP 5, OB R —ANE TR HEL . INFO HYATE®E
2 )L F IR AR FERVURIT B, SN T, BUINBCF 3 1 (8) Fi
RERT (o), ETEEHERRNNQ2.14), H22t.

o0 =2yxrand —y,y =2exp(—4)x g
Max, (2.14)

o =2yxrand -y

(1) EHHME B

£ INFO H3krb, BRI 500 1 Al fE S 2 A b i 2 e . i1
A ) B AR BT I E R BT i Al & . SERR B, 1258 INFO Bk 5 H A 5
LXK, E AT ZEH AR 26— R 2 T I E R RN S R AL R
EIINBCT 2173 BT R o ~FEREMN—ADRENL T T IT 5, A HIBENL A AR AR
FEMERENT AR B R WSOnE, et rIEoEE, ek T
IEVERE, AT B E A A o

—REOL R, INFO B Ja il F — B LI B 10l i) BEoRR A 17 B 0 A )
fE, 1A 2T A RS B R £ INFO SR IIAIaEHY SR A
MeanRule SKIE5RFEE I Z AR, s 15)FR. SN E 5 —H %5
T A 1) B RIS R AR T 45 280 1 o
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MeanRule =r xWM 1§ + (1-r)xWM 2§ ,l =1,2,...,NP

WMIE = §x O (X1 = Xg2) + Oy (X1 = X43) + 03 (Xgp —Xy3) c exrand
o+, + oy
WM2§ =Sx a)l(xbs _xbt)+w2(xbs _xw)+a)3(xbt _xms) rexrand

o+, +w;+&

(2.15)

Hor, r 2 XE 005 R LB — A%, & 22— MRANIE %L

a # @y # a3 AL X ] [LNPT e (RN LIE B B8 K. BT 0B i B 2 il LI A A

A3 T FH X Xy X 71, s @, 05 5 = AN TSR B AINBCT 4E, #)
Frd 1) INFO SLibAEfif 22 18] R gt AT 2 R R . fEBEBBL INFO HIL5IN TR

stk X (2.16) , #E—DiE THERET.

Xps —Xa1

f(xbs)_f(xal)+g

CA = randn x

(2.16)

rand 7 [0, 1170 Bl N I BENLEL,  randn 275K B 125 0 A7 BOAE . P AiT 52

ST, RTEARSR 2043 20587 1 1R B 1

Hf =x} +yxMeanRule+ CA

(2.17)

fJa, INFO SRS & 17— E R R B BOR — AN BB R o 12N 2

R RE T 4 DACE, R xf o x 5, IS8 RfsEry, s /g A

H2E R g™ A i b B e

mEr<0.5, Ny

8
Xps ~Xal

S Oog) = f(5)+1
X5

GG = () +1

H1¥ =x} +y x MeanRule + randn x

rule

g
—Xx
H2§ = x,, +yxMeanRule + randn x a2

IR =05, N
X = X5
f(xfz)—f(xf3)+1

g _ 8
xal xa2

H17 = x& +yx MeanRule + randn x

rule —

H2} = x,, +y x MeanRule + randn x

f(xfl)_f(xfz)"‘l
(2) [MEHEH B
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XA BUE BN R A R R(2.20)-(2.22), K5 R THI R & HIE A H2E 5
) B xf A S R ORI ) B uf o IX— IR 32 B E A2 0 5 S 4 RN G
B2

W rand < 0.5,
= HIf + x| HIf — H2f |, 1= 0.05xrandn (2.20)
750,
= H2§ + px| HIf —H2§ |; ;1= 0.05xrandn (221
R rand 2 0.5,
uf =xf (2.22)

(3) AR B

INFO B G — AN B R R, PR T 1R S 3 s A g i [
I 3 S S B AR o Xl s AP R kR sE 2 (2.23) 5, 30 (2.24) A
IR SE T A il — AN BT R B

X X +Xy X,y

WM = (2.23)
@+,
uf = X, +randnx[MeanRule+ randn x (x§, —x5)], #irand < 0.5
NewR,je = (2.24)
uf = Xq +randnx[MeanRule + randnx (X, — Py, )], FAth
Xind = 0% Xy H(1=O)X[Ox X + (1=, ] (2.25)

Xeng TR DHRTT RS Xawg =00+ +6)\3 LA BEHLH X ][0, 1] 3%
WLy, oA oy T BENLESCE L0309

. 2xrand, #rand > 0.5 (2.26)
A7 st '

B rand , #irand < 0.5 (2.97
P27 st :

PARTRIE BT B8 2 2% B 2 FH SRV A LIS AT IR TRV, "2 AR A B0k 0 45 g SR
SE Mo INFO A—ANin) AL Ot — BN A &, I H A B AR RE
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RIRZ AN L7 1) S SR B B LA - E INFO AL mp 5 H 10 58 A 4
FH RSB A SO 248 73 ok - R A R A3 1A ) T+ IX 3 42 I L 5 5 7 )
IR R 2 6], i R A8 A= Bl de U e . B IE N S HOT A2 SE I MR 2 2]
SRR, SR — MO B B R B 7 1 AN SRS R Bk — 25 B 2 i A S
o

2.6 WrEFRIEER

B8 FH TR FR AR VPAG FRATT ik i) T 2 ) 0t . AEAR SO, i —ik LT
SERAE N IRZE MAE, P45 H 4y iRk Z MAPE, ¥77HR1% % RMSE LA 75 W]
SRR D, XA AR, AR RN

yy
Y

MMW:IZ
=

x100% (2.28)

(2.29)

(2.30)

:lZAl_xloo% (2.31)

b,y FORRERITONE, v RRREARSBRE, nRmWIMBEA % .
ARG D, (HJJ(H)JX$ﬁ£$oﬁ AREMESET 1,

/NT 0 I 0.

MAE. MAPE. RMSE X PU4abna B BARAIME, WFoR b ey B Ay
B ACF I VERE . TN T 07 MRS BERR AR R, FEARERROR U B BA
5 )77 TSRO e

2.7 REINGE

PLE TR A R A — 2B BT 51 4. R VMD 43 fi# . SE R BT
B NJF5 . Hvk, FIAH RF. LSTM. KELM T RS 34T A 57 04 2504 Tl ,

24



I 2 K 24 1 S 3T VMD-INFO-KELM 77 3% AR ™ ft JU1 0% () 25 it A S A1 E

N T A o B, RIS, AR EGE R . MR R B
PUARAR =P 7 iR & X BORTEAR AT IR L, B RS A BT p . Oy 1t — b
SERTIIRG L, D9 Ja SR GevH 2R SR (1 1) S 11 vl S At , ASHE 7R M 1] &0
PP (INFO) SRR AT . )i, 383 iy 3 As 1 A 2 i s
HEEL AR LS,
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3 =B EIFETHETEFISH
3.1 B3 B3 =ik

3.1.1 BURTAALTE

ST AR T P2 RS e LA o U B 1 R AT LA EEAT 5 R B R A AT R
P, BT E RS TR SR, ERR AL o, AR LLRE AL S
BURURIG 8 PR 7= A SRVE B E R B3 5, B Bl S ARt SR
Tk ToKTER . . SRE. SOM. BEARBGX R 5 03 A 4E 2015
312 H-2022 4 5 F 19 HH EHHEIEAT -, 33t 1750 M2 5 H, s
Kl Wind i e o AREE ERUE. B ELAN =R OR R AE KRR i AR
T bR HE SR SR L B TR FORTEM TR, S-AEA . S-S
BRARTH -3 X 7S 6 AR 44

£ 3.1 SNPRERIDBRIE R

L=l A T it & P1H DTW i 5 /% &
ToR-FoKiERy | -4.2333 0.0006"** 5843.45
-3 -3.3997 0.0112" 9232.62
oA - oK -3.2181 0.0192" 14199.54
2 H-EEAE -3.3086 0.0121" 12347.95
Y-S -2.4016 0.1414 19001.32
For e Y - = T -2.7542 0.0653 16274.03
E: TFRPEAT 005, TTEIRPAE/AT 0.01, TR PAE/NT 0.001
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BTN MG BRSNS, BB AT PAR A SS, T [A) 77 51 B o A
[Fl M P82 56 R AT REAF(E . ADF AR50 1R BEA -

Hy:6 =0, IfEAE— AR, i Fe o1 F A

H, :6#0, lIAFE—BAR, WHRFIIAFE

AW FERF TR R S BRRE . TR oK. ORIk SR, SREE. S
G b GE YA R N ESWARE R ATV W AR Ry £ NI 5 ke 0/ NG 5/ /155 ) e S/ NN
SLH-RRAE . S-SR BRI S X N FIEC N A 43 AT ADF A i
N e e SN s S NN 6 7| i e ot 8 A S I o Y 2711 P | e SR VA £ (5 o
SR, PTG LA HO L P R, RIEREROC R I R B AT R

KPS 8 PR = ST PRI, & B A RSB 1B,
TEMZ A, B PRSI 2 J5 % H /S AR AR P~ S AT A 5, 3 K
PN 0.05. 3£ 3.1 Bon TEANIZ AT BE-G thER I 4 B, 3H7 X,
S5 LUE B ToKIEM Z BAAE SR, T H p (AR

3.1.2 BB THIERY DTW KRB

A TR P BB 454 DTW HOR R H SR IR A= 5, X
7= d (R 22 PP B EAT 43 RPAEIE R TIU, o J5 80 Gk B R R AT B 45 % 5
IPTEAEYE . Berndt 25(1994)4E 32 HH (2N A5 (B HI % (Dynamic Time Warping,
DTW) 2 i [a] 7 AR BMA: BE & e 1) R O . SR Gum PR BE & (iR IR EE )
FALL, DTW XTI )7 SRR AL A% IRIEAL A S5 15 00 BA S sm  E . X T
AT Ao — R P B U 3 70 50 ke i, 5 — A S TR R B E R U VA R B AS I (] 2
(DTW) FEft. DTW BN A IR LT BT A U e (8] 5 14248 4T 55 1) 5
FERR S 5. 1M Felix(2008)% T DTW J & % FH 788 & R0 k3R e ml LA AN
[5] EAL ] (14 R FRDWR Ao

ZNABIEE M (DTW) 2 AR FE R 8] 5 51 18R S BRI & . Zhd
B 1] 25 12 — PO BT TR R B, FH T E S R ] T 4 380 5 A 45 5 R eF TR AH D%
HIZ iRt e . ], 78 HEhESRAIH, DTW H T LA R 15 S B
TR B AR S PR AR 3 P A0 5 B A xR B T ) S B R e A T B
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e fr H2 5 BA MU . DTW BEEHOR, RPN 8] 57 51 2 8] ) 22 58] X2
S ZARAUAE S, B A 1 E 52 5 X

_BA-TORIER DB A ERE

3500

—— TR EHEH
- - == IXEHAN

3000

2500

Wi/ oo

2000 -

1500 |

1000 : : ; ; . : . .
0 200 400 600 800 1000 1200 1400 1600 1800

NEIER
B 3.1 AERIER-FRFE PR M SR £ E

AT HE DTW SEEY, AW 8 et —AMERE, b (4, /) A TR BT
d=(x,9,) = (x,9,) > A Ay, Z RIS T . SRJGTRATRE] — 4% 5 3oL S PR 1)
BAT, EAER P 1A BB B /. DTW BRESX N - B A fe/MH A

R AL
DTW(x,y)=min1/z:;wk (3.1)
Forrw, 2t )& T ER A w 28 kAN TR IAERE T3 o AT AR 2 B = A4

e

(1) BFFAM: w =(L1) Mw, =(n,m);
(2) EEH@EME: ST w, =(ab), w_=(@,b)Ma-—a<1,b-b<1;
H

(3) BifAM: XTFw, =(@b), w_ =@@,b)fMa-a>0,b-b>0.
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AT AT LLAE 20 24 o 15 oK 4R 21X AN 25 il % 4, N A BL R 38 0 2
c(L;j)=d(x.y,)+min{c(I-1 j=1) ;o I-1;)) s 15—}, b (x,y, ) RAE 2T
$ﬁ*ﬁﬁ%ﬁ%,dhﬁ%d@y)%%ﬁﬁ%,%SEAE%EQW%¢%
RS . DTW PR & i B 3h A g i Rk R AT .

I DTW BEES &, WECRHGOLFHR LR, B2 i i RE 28, AR SR
PEBGR, WK 3.1 Pron, R ER A DTW J7 8 5E tHBC RO St 1) /2
ToKIER M TR FE T EL), “HEER/D, M M ERE. B3.1 8
FORVEND - RPN S D2 i B 35 Bl . iUk AT LUR HY, AR 2% 50 RS2 0 i
DTW J7 5456 B B0 SR I EAT R I e, fai s EDW, mTERAEMEsR, [H
I E 415 -3 J I ) () B B X RN . BRI, AR ST DA F KA KT 7 Y
F A& LHE NI H & BEAT T I

3.2 EBABEEFERARN TR R 7
3.2.1 HiEph&

IERIE BRI AN E — 18 5 G, UOVE /s B E 2 I AU SR 1
PREIIRZIBR A o G 3L BOR BT IR FR IR S B R A 4 U RAE 7 SL AN RS Al As B
. HIREWHHILOK, S rifitk 7 REBOREbRR SR P sk
HrP R A S, WiEsh T E T S EE(MACD). MRS TR E(RSDA . X
SESR RS AN e S W 20— AR, (B2 DL ST TR 72U A IX BB R bR 1R
BUFAEAE . BORTEAR A URSE HAH 50715 N U L STk 0% Bt AT 702K
PUN 2 — 205 WA BARTE R 23, K 3.2 Pios:

R 32 HIREBARERS R

TN LS HAY

#Fakr (Trend Indicators) MA
EMA
MACD
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3£ 3.2

%S ELIVIES gy

#BER (Oscillators) RSI
KDJ
ROC
W%R
WEMEFEFR (Volatility Indicators) BOLL
ATR
AZ EFEFR (Volume Indicators) OBV
ADL
MFI
ZhEfatr (Momentum Indicators) ROC
RSI
Zi4fatr (Composite Indicators) MACD
SAR

DMI

DAbo— i W AR TR AR 4328, AN 8] B FRARAE A [6] (19 7T A R S R0 22 5 S
B AR AR IR B . ZESERRR A v, et m LURYE B O SRAIE 5 K
R BEIE A B ARG PR BT T 5 o TR, 7T DASE & 2 AR ARd AT 226 04T
PASR i 3 M IR ERA A AT S . AW AU SR B RS & sty SRR 45
P 5258 Gy Bt v SRR FEAR R IR ARAN S, G RE B AR TE bR 73 AR R
BEhEaAE . AT EAEE . SR, WAL, N AR LR E R
AR

(1) MACD

S F RS B 2 — AN E A FERR, MACD A5 /2 4k T3 4R MG J5 2
EE AN (8] 51 H AN [ B3 0 PR AN R R 2 T 3 2 i 224 R INIE 3)
I LAR PR B P2, FIRECR R 3 I R F OB R R B 3 2. 51—
MEER T2/ MACD 26 it 5], FRAE 54, 2 MACD Z{Ef5 54
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Z by, XN E AT BT ERSERTER, 2 MACD Z&AE(S 54 T,
XA B P71 R A S B R R .

(2)W%R

JBBRAE AR B TR S SR M AS B AN IR S M 4 bs, Bl I o A IS T o d
T S AR RS A <2 T8 R IF 1] B R 1Ay e S AN S B 5, Y0 i 552 11 37 4] v
FLES, W TR BETT 5 AN T BB 4 DL R i 25 BEAE 45 B A (B AR v 1
tbe., DAH N SESE A8, HatBERIEAN:

(H,~C)

W%R = X
(H,-L,)

100

(3.2)

Hr CyitBEHBAEAT, Lo N FBIA RSO, 18 N BN &R
i, AN VI E RITHE R 25, — 0y 4 51 14.

(3) BBI

Bl 2 fia 8, &R AR BB sh-F I E AT 47 & LR R TR b5, =2
T TR LA AR R B A% 31 B 2 HTINBCT 23 05 1k v B ) — 26 R ) T S R i 25
Gietn (Z2IHUEW 3 R, 6 K. 12 K. 24 R 4 FpF3 A sa o in s B
PL4 1 HEUE) , BBI fRARSERR ERXHEEB S LIa bR o, K,
B AT AT 3P X e FR Re SR Bt S Se b A . BTBL, AR 23 A J5 T, BBI
Tabs B R RMERHEORIE S, EURER /K S EREARIEIRG &Kz

HI, FTRASE A 4%t BBI FE &S BIEA 5 TH RS B R AE . G %, 24 BBI 4545
B BMER, IAAZ T ERGR, WA T BiES: 2 BB fEFRRT —
EBMER, WRZ T ERM, Tl T NEkEA . HiiRE 0.

BBI = (MAy+ MAg+ MA,,+ MA,p / 4 (3.3)

Horp, WA DN 3 HESEDTHIER, MAG DN 6 HAESZh T 1k, MA, Oy 12 HAZEhT

B2k, M,k 24 HEEBPIIZ.

(4) OBV

AT BRI, BT SRV, A MEORTEAR, el IR i RS
ISR B H PR R BUTAE, K R4 R f o3 th £k, 285 5 i s 2o
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SRS RS b & SRS RS e WAL EPR P Sl S TIPS
FREE. OBV KGRI, FERLIH NBA R E, RiE:

HHE =AHE+H HOBVE (3.4)

AR A & T 00— HIUGEE A, A HIENIE, RN, A H

AR AT — H A ), A HEAS 5115, #IRIFRHUIN R R

R

F

2

N|

(5) EXPMA

TRECTP B AR bR BRSO B B P32k, — Fh R SR AR o ka1 2R s
R AAZAR bR AE TS b 3 FAIR 2 R A% R 2R (K4 1, i DARE 8% B N s et 224 iy
MR ES, T T U1 MACD S5 FE R 46 7E B R AN B IR 17 5 7 PR I 8808 e
IS o R 7E—EFEEE R T DMA 8 FR7E R LY i T b 2 34 e
PRERIE SARETYE, FESEBRIRAE R — AR SEH B BOR fia bR, Rk UA:
EXPMA = (4 H B8N — E—H ol EIEXPMA) / N+ E—HE EIEXPMA - (3.5)

Hrf, B3 EXPMA B E—HIcAh, NOREL

AHFFE LT K- TR GER) = ZZ B A AT TR R, 8 e H 38 L Al
SEHCR AR G I SRR TR AR AR B R @ A, B 3 oK oKk — 3
WENIEARMIENS: K&, &I B B8 &. FRN, DAEK-E
KIEH —FH M ZERIBATES BBI. OBV, EMA. MACD. RSI. VR. MOM #&#x
5, ik EREEE IR 3.3 s

* 3.3 BEEE

2015/ 2015/ 2015/ 2015/ 2022/ 2022/ 2022/ 2022/

03/12 03/13 03/16 03/17 05/16 05/17 05/18 05/19
open 103.47 102.28 116.16 138.12 ... 6.32 -10.35 -44.11 -19.46
high 95.50 121.52 137.38 130.21 .. -1.54 -14.36 -28.51 -13.05
low 85.00 99.70 120.80 131.50 ... 6.40 -24.60 -28.30 -22.00
close 253.54 237.06 216.36 21446 .. 400.26 434 .44 413.5 420.88
BBI 253.54 245.30 235.65 228.81 ... 362.61 375.38 382.83 390.53
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423233

EMAI12 253.54 251.00 245.67 240.87 ... 358.00 369.76 376.49 383.32
EMA26 253.54 252.32 249.66 247.05 .. 335.51 342.84 348.07 353.46
BOLL 253.54 245.30 235.65 23036 ... 341.43 346.09 349.90 354.60
WR 404.84 316.43 150.77 147.15 .. 213.41 193.00 270.19 283.02

R R AR I T AR B AL BN (BT EAT  EH A7 B AR (1A DS 2040 (0, 5 v
SAEFMEEE, Bitn, 7€ BIAS /) BIAS1. BIAS2 Fl BIAS3 H Al fE177E 58 4 A
[l B AR, BRI N B R A AR X L 58 . ), N T R RRAR S
BOR/NZE PR [ ) /R, A A P32 BRSO AT A — AL B, DLVABRAS R o 5
R0} 5 S TR AL SR AR R o T SE A 4 J /s TS AL (32 AL e g, AR
TOK R 739 80%IMIUIZREE, 20% 10 A SE HEAT £ A5

3.2.2 ZHERARIEFRRIFIEZE

BORFEARA L 25 4% 32 5y B AN oAt mT FH b R e oA N 45 B2 3R
RIS . ESIANBORIE T, BT 2 4EAE A, S 7 ZEEAT R I 3%
RE RS AT REFZ IR M AR B (R AIL, A 280 FH i 1) 300 PO AR A S S SR AR R R fig
v o R LN A5G 5 A S 452 S i ) 5 B2 PS4 o ASHIT e S 96 I AR AR) e A e AN
TR SR, IS IWBORTE AR P AR MR, R B dsaEns )i
WL S B A R 35 R B SR AR SR R IS, ] DA R BIR 3t O B i i i %522 1
HIERIREIRE, PLEE R A S 0 A I RCR » RrbIEFGR L a7 I AR 1240
AR AN FEAR TR R I PR — R PR B LA, S8 70 #r 5 AH 5% AU RFALE
DR PR 1) o R AEE R IR H (A28 51 AR R R B B4 1) 2 8, R A
PR TSR o RPE TR v A SR AR AT 2 P AR 2 AN S IUAFALE, X AR S
AL IEFEITEARE , NI FRAR 1 PR ik (0 LA o Qo D — AL SR 2 ) e
S R AR R IR PR RS R E B . AW TR ] T AR MR AR
L BENLARAR = MAR R & B J705, AR MR B AT R AR B, KX SR UG IBOR$E
b E BN S RVEREAT S 2 HEY -
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T EAG BARFIRE R R, BT RARHIER G R, B EAE B e
R SRR RRFALTBON I SE (RFAE 48 7, JF IR RF AL SE P I BR . #2710k, X
TR ARG RHFE, BT EREE LA, et RN IE R R AL T2y
FAE-RFIEEASE B o SRR, BRASRE SRR A S R SR AR AP AR A5
o BEHLARM AL AT DUy — M N SRR £ 77 105 o 12 BT LA BN RFAE
HENEDHG 120 BT DL R iy B RFAE, IR R BRXPEREAS F 2 (FRFAIE
B AT LARAR R RFALL 2 B T IR T LR 17 s B AN S o S 45 53K = ROV,
RF AJ UL S AT R0 B B A R E 2 E B AT HARRFAE e 35 7 325 1) v B N RS X R
MR 5 22 HH SRR 0 &5 FEAFAIE TR R S )

144

1219

101

0.8

0.6

0.4 4

0.2 1

0.0 -

B 3.2 fgiRin Bt o HR

PR K B RFAE I % 7730, ANHIE 78308 FH DR R i 22 2 P b ToK- oK UE KD 32
JIEAIAE 2015.3.12-2022.5.19 JIE] 8 H BB A BT TN R, Ikl 7 AT
N2 TH AT HH B AR R AR 9 K A IO AL A N ARFAE o B S8 i NI RS ik
TR, RERE SRR EE IR T e BARE R A TE, BT R
FHE ] B2 id FEAG oA B8 2 S (W SR B - SR )5 43 0 R ELAS S8 A DG R
BENLARAR USSR AE R BB o e HE 7 AT ) SRR ), IR R X
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73 W A E B AR AN AR RAL, AHT RS 0 BUE R E N 0.5 W ARAFIE 1)
FER T BIE, PR BRI an R B BT B, MIMBRRFAE . AR A
BT HAER MRAL. BEHARMIEARE S NIRAOE T 5 b Al e AR SR, [
eI IR BAEA T — D . o8 TSR ARSI 2L, ASHET
KHEAR R AR R BEHLARMRRAS Y = R 05 95 10 45 6 X T 48 s 4520 24T
TR AR HE B 3.2 FRoRX IR R 2 HEFr nT AL .

& BUAT AT TN I Z2 4 FU00 e j i A [l U o A AN 2 2 ) R 24 38AT ]
FEXSEE EEREAT IR L AP 22 I 2 AR, S NS 5 SRR AL, T LS th A A
o BARKUL, X2 mta) ¢ i) HBHRAS R x, FATA AT SR x
£ t it CHCERRD

& 34 FNFHMERAERME, BEERASHR

FEATURE CORRELATION  MUTUAL_INFORMATION SCORE
BBI 0.968159 1.766374 1.367266
EMA12 0.963795 1.702892 1.333344
EMA26 0.929920 1.467784 1.198852
BOLL 0.923161 1.375848 1.149504
HIGH 0.847240 1.399758 1.123499
LOW 0.848630 1.380326 1.114478
OBV 0.589180 1.504342 1.046761
OPEN 0.844743 1.241403 1.043073
WR 0.661411 0.957191 0.509301

P PN RFAE S R il 5 1 BOR-TKTEH —FH W 2208 17 DN EORTE AR AT
FEATHFEAR I A X MRS R A 45 2R o JRATTOS T Fo000 e o R P My e, R
THAABONY M B, BUEAH 7R RE. LSTM. KELM # A #E4T
Xt RK-TOKGER AWM E AT I NI BL AR AR T
BT b A OSSR SRR R R I BOR TR S, W A e
ST, AEREY B, RAA 9 ANMEE N EME, XL HE Al R R FR S . R
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JEFFIE B SELR 7r N Zr8e . MRS BEAT ISR IR VP0G, JF B HVRFIE A
RCPEANE A, AT A, N R SRR S E . K 3.4 Lol
DA AR Ay NRFOE AR DR PR« FLEEE S AR 0 O, R P R I TR AR 1T & A 1 BE e
F, RS AR PR AL B 2 RS, A RO P (R s (RS AR S T AR DR 3
e A TR TN AR

3.2.3 IABARIEFRR & TUMRBIBUR 574

AHIEFE LTI o oK - K JEby — 3 UCEAN 2 AR 9T H A, BRI 3 5 B2
RIGFRTENTIN, FR-FREM ~FWEA ZE N, BB IRE SR N
80%E NINZREE, 20%1E NMNREE .

R 3.5 BRIEIR-ZAERT TR LR

TR RF LSTM KELM  H AR HARIER FORIEIR
-RF -LSTM -KELM

51.7143% 51.8571% 50.2857% 69.4000%  69.8667% 71.2000%

RMSE 252203 269594  21.5526  11.7390 8.1558 6.5613
MAPE  8.0148%  7.9958%  7.2414%  7.4077% 6.8351% 5.3591%
MAE 174113 17.3180 151224  7.5742 5.4879 4.4984

[  F0 & — P AR A F LS % 2] B, I R 8 5 I e AR 1 N
TN ZEME AT EATRIN . R 3.5 R, AHECT 2-4 B HEREY
FITSFE bR R, DI BEASE bR AT 513 F000 ) F0ASE B 7 75 [0 K FEE 48 b ALK S
FERR IR R B4 T, I Dy dBbs 1o MOREUKI S AN R R E
IMNFEARFEAR I 2H G AL B T vk TS Y , 3 B ARRAE I35 1R R PR AR TE AR
W FUE PR = AHLAS 25 SRR I TN R EORFEAE R, RIS s TR, bl
SRR B I IR A SN AR FE AR KELM 4 & 87, Dy H13& 71.2%, RMSE.
MAPE. MAE 4354 6.5613. 5.2591%. 4.4984, {EATEMA AR, X =K
AR ERAG B B T I ZRACRBR AT o BT X RHIEE RS I AF AR TR AR RF. LSTM #5
RIIPP L FEAR KRG, Do #8A FTEETE, [HI ELE RMSE. MAPE. MAE $8 45X} M
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[fI RF. LSTM A, 7£—EfEfE E=RARh AR~ SIATIRIG xR
WBCRE et 48 ErE, RHEEEe)s 5] ARISORIRIR-KELM 4 &A%

Bl tE.

3.2.4 ETRBMBALEZNMACRBTUNHR 24

W, AR — DB N RIERFRAT DB B SRR A S
VR R AR AL, DU LR 2R () 4R B A B X, RAER R B
e MAET — DI KB B AR & R S R RE AU SIOE JE, PARIAA A5
DX 35 o 3K AN B[] B -1 50 AT AT AR AR SRR A — AN EL A Bk A i) A
MR CART BRI TS, Fl T 48 R 2 A R AR AR R TR AU At S A g A0 AL 4% X BE AL T
1 I 3 R B PR D SR XU 5 A0 S ) ) e 6 I T o AT, SRR — i o)
TN EEAT AR R E 2 F R G S P RE I SRR B Y
mo BAMER T — AT HEMBCF M S R Es, [ EInBCE 1 Bk
(INFO) 2t 1 —Firg s B 30k G R ek /D> FLAth AR A S50 i A7 AE TR 1K) 7 7%

INFO & — ik T B IBCF A RSl 21 B0E, ] BURE 22 AR ) T
S5 RAEAT AT, DS S SEAER R TN ZE R . filn, AEAHT TR KELM
o, A INFO B3k % 224~ KELM A58 ) T 45 SR HEAT IR 45, BA
S A T A HERAVE . INFO S5092: ) A AR 22 MBI 0 Tt 0 45 SR Ak
ETE, SRR L ) E AT BTy, R kAR 7y SO A B A =, A
A I35 J 1) o) B 5 R 1 B T 22 e e /M, DAAS BB R T &5 2R . 7
KELM H, FRATAT LA INFO Sy kXt 24> KELM RS 8Y 1 1 5 SRk AT A
P, DABR e [ T v 1 . BAASK UG, INFO SLvA W] Dt BT B gk sk
Pl KELM 4k -

- WZREA KELM AL, 1530 E A TRl 25 2R .

v OREEAMEERL ) TN &5 R A I =R

v MRS FEBHATINE, B 2IAUS A .

<R INAUS B 1R R AT INA, 19 3R AR TN AR .

18 F INFO S92 0] DA 2 B2 5 KELM 76 [B A FUAE 45 b (e vk, 45 51
SR TEAL R K P HE RS . RN, INFO SEH0K N H T RF. LSTM Tl A2 (1)

A W oD =
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A .
% 3.6 BEARIBFF-INFO AR T 350 R L 8
FE Y INFO INFO INFO BARebR HARFebR HAR e bR
RF _LSTM -KELM -INFO-RF JINFO-LSTM  -INFO-KELM

51.5700% 51.7900%  52.4300% 70.3300% 71.4700% 72.8300%
RMSE 243568  22.8474 21.7249 9.7899 8.3498 6.2240
MAPE  79177%  7.7844%  7.3215% 6.1444% 5.0389% 4.5935%
MAE 173594  16.3287 15.2185 4.0611 4.9283 43381

T &5 o 5N 3.6, BFRATAL, W R A AR AL S/ T A
FeTt, ARBFFUR INFO MR FE SO RF BRI B E D 30,
RIEARKRECH 500, H HAEABSLEIEIZAT 30 X, ik KELM. LSTM % & J
[FIfRAL RF BB S 50— . HH3R 3.5 13K 3.6 XF EL AT, @il INFO ALK&
SJRRAE L RMSE. MAPE. MAE X VUSRHa 4R F [ RCR th T4l 38 2 S 1Y,
JITEL INFO A S AE TRIRS FE_EA— 8 B AR T o AR 3R 3.6 TiMl 25 5% 3,
L INFO S50 5L NARFIE 1% 5 /5 BOHOR FE b B SR 3R 47004k, FE Tt 0CR
BB, FEARER AN 50% A A5 2 THERL 70%, MAPE f8AR#8E B K%, o
5 R B SR R TE A N AR AR KR ) KELM TR 78 54700 AL ) s () 2L A R
= AN| IDNE T NE =R T R RS 7 A it B @ 58 Sl D] NE 53 N =B TN ]
INFO-KELM 14, 5l AFARFEFR ) INFO-KELM 41 & i B B34, M
MAPE f8br MG, N 4.59%, TEAHT FURHEGL £ 5 1 [R50 R i £

B, FEFAEZ AR R A R ISR SR, 78 I S I SR AR TH A A
ARABFREE A Z5 -G (W F0 o, F-ATTA] LU A INFO-KELM 2 & AU Sk Ab 3 2 4%
B, JHAEH ) I SRR o SRS B FRATT S A M A, AR
S TS P A5 v PRS2 R] DRy S R 4 v B M) SRS (14 11 B8 — i IR B A
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3.3 4t EF 5sCiEE

3.3.1 Gt ERIRE

X5 b A BN SR R UL, ST AN 7 B 7 S M e A AR A O OC R
Ryl S A DA B e I B o LR, AR TR AT S AR PE R bRl S, 8 X A,
Folt Z TRV R4 22 A L BN et 22 23 A, T ST G267 o 2 1536 A2 T R AR 36
AW FCIEFE T AR TKTE R —F E & LU i Z AT 5 dh ] dE il 4
LR SRR A AT VR B 0TI (4 25 R A S A8 5 SR, 2 T HE SR 22 1
WERTHROENBIE a b, BATHEZS.

AT T VAL % B e, PRUE<E HEIBE Y 0.10, —FH S A Ll BE
70%, HRBEN 1, WRREWREZSITRIPATEESER, FAIT A
FEA GG N T I5 G A S URAZ o SXHF AT LU o IR A iRy B sh 1 iy 3 i = A ek
T8 s ANITTREAR 722 5 B IR o SR, =il R ] B B0 5 e ik da i
PR B, TGN T 32 5 eAs o A i s AR B R A s T
LUSE i i 2 HE A2 5 3 TR A JEAT BB, ANITTRRAR 122 By jeAS o 28T, AT A=
WERE T BPAT L RBNE, TR S BUE R — B A A L2 SRR,
T8 R R I BRSNS N IAE 5 s B K 32 e A1 AT IR DU IR SE o ISR Ay
HRe R A IIME T Il Al i REEE & e, GRS T
FMERIAZ Gy, A mAR AT RESE 5 i . A F Hh Tt 5 1) SR SE A0 1) T 5 25

A A AR 3 HC ) I AT I SR A T B R, BRATTRE BE B E Y
0.001 BATER|HmE . 2 S, G R~ AON:

AS =5, =5, (3.6)
FF RF. LSTM. KELM LA J INFO A0S R 2 A A5 28 23 73 T30 ) AS,

ot (S, R7n) BIAARHE R T 808 R 52 IR, BT IFRA 5, 4H

B S, ¥ I AR AT . DAOAIERE, MR T SRS 1.

35 g 1 ([ e BfED

(D 48, >a, WENS, BFIFE, 48, <0 T4
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(2) %8, <-a, WLWS, HTFE, 48 >0MTFh,

3.3.2 SCE[EI

AR FUEE A A AU LR H PR oK B B VPO fiEbr it
AT SRS BEAT VPG o A — DTS, EA AR TR T 2T
7y TG T A ISR (K4 5 T Aw, i DU AUt bE SRR AR T30t 4 Wi
WU SRR A, MRS R R m] BE = TRl KU A2 e, R
ANERATE RS TR A R o R b, BB AL (5 R R T R
ot 5 bR AEZE (LR, RORBEAS B KU ST (1 A i o A5 5 EE R M B 2
P A SRt DR VR R i A T B L 3 DU A 0 A 2 R A JXUS: 14 4 2 At
IR RS R B JE B e . B R EEE, USRI R, BT BRI AME T AR
A, BTG I EME T Z AL, ARRE A BRI KR A . [FEHRERE
T Lb R, B F DO T 2 bR A MR (Canse M 6D 1F v EEE,
A5 J2 LA KBS R EU O kv Clndr i 7Kk 500 $5 800 BT DX A b ik
KU A 5 SRS BOREAT « F R PR — ARG O INBRE (BB T AN A 5
s R P B E A BT B, A 2k B RO R R SR DL, AR s fE
BRI o 3K 3.7 Won H R fabr s o

R 3.7 BUHEIBITMTarr RREX

ANz Rk
A A8 (Excess Return) R =45 0% A A U A 2R - SR HE U AR R

A 25 = L (Sharpe Ratio) A a5 L= (REAIC 2 1)~ 221D /RN
Yoo A pR 2 )

H % (Daily Win Rate) H 2= (BRI A8 5 )/ (38 55 1)

% & (Information Ratio) B L Ae= GRAC AR (K P 3916 / (R B8 1 A
HEZ)

R FHER (Maximum K R = (W R B (B2 S B AN ED) /0

Drawdown) BB FIME
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MR LR 1) 7€ B Ge T BRSNS 1, B TR 2021.7.4-2022.5.19 22 ] H
KO AE R ST S EAT I, Sy 7 SR 7™ it U 5% 110 <6 b e e 0 R AR A 1 U kAT
WUAE 5 o AR B SR A2 A 35 AN FORE ] 52 I a B E N 0.01, 43 5i0%
FINFARFEFR INFO-RF. INFO-LSTM. INFO-KELM ZH £ 5 70 R H: of 7 1)
HEAS TR0 Ay 22 T G A1) T BB T H IR 22 2 SR 1 3RAT I, ar 45 SR a0

% 3.8 BRI 1 FRHE
X5 5 s RF LSTM KELM HAR#FR-  HoAREF-  HRIER-

INFO-RF INFO-LSTM INFO-KELM

TR 25/ % -8.67 -821  -7.99 -8.51 -8.09 -7.86
AR E LR/ % -121  -0.72  -0.41 -0.99 -0.54 -0.41
H 2 /% 041 044  0.50 0.41 0.44 0.50
= ONEIE &7 4233 41.01 3728 41.98 40.66 37.00
=R /% -0.38 -034 -022 -0.37 -0.31 -0.21

H% 3.8 IR, BINFARIGFRI INFO AR 7R 2 R S s 1 1A
FHAebrd, LT RF. LSTM. KELM JEHENLES 22 )4 . Horpi@id KELM i
IR TN BBt AE B SR (e b 224 T RF. LSTM A5, JEAIA o A v »
K PR B AR 37.28% . BFRF[R—FhBLa% 7 ST, S NECRTEFR T INFO
AL W i — %%, 5 0 INFO-KELM R @B Ak a5 . {5 8 R ZE K KELM
FEAENL &7 SRR RCR A, SR EE AT R, A ] 2 BIE 2% T ) I GeiH B A 5K
1A, RO BT 12 5 NERFEFR ) INFO-KELM 5281, {H & 454 Sehrsk iix
TSRS RGO At e, FrlAJy 1€ M EAH ., BRI HE, JATRZ
BE— AT . .

3.4 XFNG

AT Sl A I AN DTW e f LR RO 55 1F 9 AU &, &
28 NEK-TOKTER ~H WA 2, I8 R AR IR R 22 v B B B HOR SR AR
ANFEA T FE AR REAT T 1645 B AL (9% N, J8id RF. LSTM. KELM =#f#l
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e E RTINS IR, AT SR A R A LA AR
BB AL, B 91 2SR A I T b A D 58 SE TR S 1 S - il

AR S, AR BIGIASARTEFRI INFO-KELM 21 & 15 7 75 3] 5 B 1
FAF N HE RS 1, RILR .
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4 “OE-FER” EETETF VMD-INFO-KELM 8§44
HEFM S

4.1 VMD 9 fRHER T B EK-FE RIS N =T

4.1.1 VMD-SE 9 EMTENEE

ARG 1 S oK A LRI K ER £ 1A LITE 1750 /N385 H 4 xt
TR ZIEAT AR, SR VMD STk £ T VMD H i KELIE T,
AR FE R CEEMD Z3 i i /N SCK i 2 VMD A 1) K AR, A R 12% 3 il 22 7/ 6
X, KIAE CEEMD 43 fif N B0 SR e VMD H i K A TE 5 22 A A2 g
NEHE, [F I BN R . A E K AEEL 10, & 4.1 5 VMD 7 it E14 .
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AT VMD 93 HR #1532 IMF 741 45 A7 JAE VMD_IMF 48 & 1,
&, XEA IMF EATFEARBTEE, MBI KNG S T EM; &
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AHIE FORG 3R ORI 10 MBS FHFEACIR BEA B AL Aot IRt
ASCEARIEAE, B e BRI P 5 UL o AR 205 PR A RS EL, K36 —
HIF F SIVE R, SRS E BN G 2 i, HoR T S H =i, B
At im ARSI 3 AT AT IR . 1B 4.2 o A RS 1E, B 43
HFH.

4.1.2 ETF VMD-SE 9B EMT STMIEEIER 2

AW FUR T N B, B E AR 2RI 5r D 80%E A IIZREE, 20% 1
NIREE . FE ISR KELM. LSTM. RF =/MERE . H. A5 5153047
T, 5 Je i S VA B B TN A5 A, LA = A TR AL 1 7 T kG BE Ak
PRGRE . AEX R, SRR PIATIE I — MR B A S 0 B TRNME K 2
6 (M RR), 75—Fi2 BP ARV 55 4 F{E . VMD-SE ) fi# EA4 5741 5
il 41 VMD-KELM-M (4 i it VMD-KELM 3 (1) 244 57 37 () 000 E AR 0 >R 27
{E)A VMD-KELM-BP (T B4 2 51 () P AE @ L BP AR2R5ER) « AHFFTil
1K MATLAB #47 RF. LSTM. KELM =R 700 15 5% Fi 3 I 90 S0k A7 T
EI R AP R B0 2 K, sk 4.1 Bi.
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