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RESEARCH ON STOCK PRICE PREDICTION AND
INVESTMENT STRATEGY BASED ON DEEP LEARNING

ABSTRACT

Financial market is a nonlinear system affected by many factors and
characterized by high volatility. Accurate prediction of stock price trend
and portfolio optimization have always been the focus of research in
finance. An effective stock forecasting model can help the administrative
department formulate economic policies to deal with risk challenges, while
a good investment portfolio can help investors reasonably avoid risks while
improving investment returns. In recent years, the theories and methods of
statistics, computer science and other disciplines have developed rapidly,
stock price prediction models have gradually developed into multi-
disciplinary hybrid models. Most studies improve the model structure to
improve the prediction accuracy, and at the same time, sequence
decomposition and feature reconstruction before the start of model
prediction can also improve the prediction accuracy.

This thesis proposes a hybrid prediction model based on feature
reconstruction and deep learning method, and compares its prediction
results with other benchmark models to evaluate its prediction performance.

And advances in information technology enable digital expression of
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investor text comments on platforms such as stock Bar. At the same time,
in September 2020, China clearly proposed the target of "carbon peak" by
2030 and "carbon neutrality" by 2060. Therefore, in order to verify whether
the investor sentiment expressed in the virtual environment and the "dual
carbon" policy in the physical environment have a significant impact on
the stock price, the "sentiment factor" and "dual carbon factor" are added
as input features, and select individual stock data for empirical analysis, so
as to explore whether excess returns can be obtained by adding sentiment,
dual carbon factor characteristics to the hybrid forecasting model. The
specific research content is as follows:

(1) Proposed a hybrid prediction model CEEMDAN-FFD-ALSB
based on the framework of "decomposition-reconstruction-prediction-
ensemble". Firstly, the original sequence is decomposed into a series of
Intrinsic Mode Functions and a residual term by the signal decom-position
method CEEMDAN. Secondly, a reconstruction method (FFD) is proposed
based on fine-to-coarse, fuzzy entropy, and data-characteristic-driven
reconstruction, and the decomposed sequence is reconstructed into a few
components with different frequencies by this method. Then, the prediction
model (ALSB) adopts different prediction methods for components of
different frequencies. Finally, the predicted results of each component are
summed to obtain the final predicted results.

(2) Explore the predictive performance of the CEEMDAN-FFD-
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ALSB model. To test the accuracy of the model, this thesis applies the
proposed model and other benchmark models to four different stock
indices for empirical research, selecting four indicators (MSE < RMSE .
MAE . D) to comprehensively evaluate the prediction performance of the
model. The results of the prediction experiments show that compared to
other comparative models, the performance of the model proposed in this
thesis is optimal on the test sets of the four stock indices.

(3) Explore whether excess returns can be obtained by adding
sentiment and dual carbon factor features to the hybrid forecasting model.
The stock data of 63 listed companies in six industries with high correlation
with carbon emissions in the CSI 300 index are selected as the research
object, and four feature input methods are designed to verify the
effectiveness of the features. In the empirical analysis, the forecast model
Is used to predict the closing price of the next trading day, and the daily
return rate of individual stocks is calculated according to the forecast
results. The buy operation is performed on the top 10% of the daily return
rate stocks, and the sell operation is performed on the bottom 10% of the
daily return rate stocks, and the long and short portfolio strategy is taken.
The empirical results show that the annualized return rate of the model in
this paper is higher than that of other benchmark models in the test set,
reaching the highest rate of 16.08%. The model with added emotion and

dual carbon factor features outperforms the model without add any features
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in terms of accuracy. Compared to the CSI 300 Index, it can achieve excess
returns of 18.72%.
Li Xinping(Finance)

Supervised by Zhang Wei

KEY WORDS: "Dual carbon" policy; Deep learning; Hybrid prediction

model; Data reconstruction; Long short-term memory
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6, BAERE. BEIF AR, FORIA L ZADL Kt —

VAZK w2 G S AL O LT
1.3.2 i A%

ASOR B 7 W S SUER SRS &, UM A BB QU TR, B
A Ao SR AP 96 VIE B AA) S (1 R A T 1 e K SEBda 2 3728 5 P T TR E
Xt AR R 5

(1) B brik. BEMCGUR AW, 1SS T B T AR S
B, BAE O TN R Rk, IR TTRERE B AL B AT B T A

(2) SUEREFEVE . IR ILA KR PSS 2, MR A%, i
A HA PRI, REWEE. 1% WE 5 TS 3R R R IE OS2 v
PECL R AR RERITE 5 o 38 FIAH SR B AF X < R T P B B JE AT T, SR 30 S
s g R T 1 (1) N AE R R AR T 225 SR ) e 22 o S, Jlid 5 e A PR

FI W A REPRAF R A
1.3.3 HA5BIHA

AT TR ) 3 RS 5 B 2 Ak B BEARIUAE LU LA

(1) =TS ER R EREE R R AR AR TR
RN (8] 3 51 73 e D fel B AN R AR i i s, 6T FTCL BRI . St
LSR5 B A (DCD)FE 18T 13 81 A A (FFD) o R 51 B AA Bl AN R AR )
AT 7 B o SRS RAIE B BATHR W 8T 107 9 A 53 S5 AR 4 (1 B A 7 kA
bb e R B A Y R TR T

(2) KM BT 5. T EMEDE, RIEDENAFR A mn
EWAIRRL, ARSI BB AL, FRETES W, T AR B AR R o)
BT FLREAT TN, JFRe PR 45 RIAT IR AN,  RENS BT IO PRI P BE RS1E, IR
He AR R JE I

(3) A5 A7~ AU A A DR A N AE . ARFE AL ) I 45 3L,
FEBNA RN BRAR I 5 g, 5 EE T & B 4@ R R B, G T
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155 8 DR 1~ RSB TR 14 A TR i N AR R AN 5000 1 S 45 R e e L), BAE T
PR E T X" BURM B & B BB . I AEMFFAEH N 7 %
', CEEMDAN-FFD-ALSB #5751t f 25 A A2 B e 114, 3 B AR 8 A SC R i) A 7 )

T 25 R BEAT BACST 5 e AT AT 2t
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E2E FUNARBIEKIEIR

FEIX— T B 4 i S R A AR N i S AR SCBEAR , D R SRR A
3 N2 SRR T AT B BRI FE At . A R AN PR AL B H% . SVR. BPNN,
RNN. LSTM 5, LKA e Tt S B i) el B (R L AR DR BRI, WS 5 70 AV
BB

2.1 REZF IJIRBE KD

THENLE AR B R A4S DAGE KB 7 A SC P IO TR 2 ST A5 DG K & 5
AW SdE , AT AN BEXS BT A TR 2 IR — — AT/ 48, 322 [B] 5 BPNNLRNN.
LSTM X — A a] B TR B 2 S i
2.1.1 R [EfEIBIRE L&

I ) A% 3% 11 42 X 4% (Back Propagation Neural Network, BPNN) & —Ff# UL A
AP R, e/ SR [E )9 55 A #E . BPNN FHEIAJZ . a2 A%

AR, ST ST AR ST OB R, S SR RS BRI 4K,
0 I WA SR 8 02 R B AR 3 W B 211 e

PN Fek = =

& 2-1 BPNN £ 14 &

B A 5 B S 30 T T 0 A A7 R 1) A i 79 S R R A W 1R Ao 2 o 4 v R AL
HARE, SMETIE S SEhMEZ BIRRZE, PR TAR R E A 2-2 . A
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fRKii, BPNN FIIZRid AR GG LU R AP BR:
A T 17

7 N
y N pred real

Xy “)1(1” // + \\ ///’ \\\ /// \\\

/ \ / N / N
o) g Vo N \
AN X )(2 1 5 Z(wi(;)xi) — :—P{J[Z(w,(ll)xl+b1(H])j[—>{0'[2(w,(1H]h,+b1(°))]
- i) | i=1 i N ) \ )

. n1 / /

. \ / \ 7 \\ 7

n

X \\ﬁm‘a& mamq// o ~e__-”
\\\ /// A hy Y, ‘
FHRCE of i B b R 2GR TT A min(pred-real)

2-2 BPNN T./F 5 3 &

S, WAL 4 R R B 7R A2 7 2 6] P B R | 465 5 50 1,
P AZE AT LI, AL T 190 5 A TR A L WAL

8 AL U R A 2 126 1 2% 2 AT T, 75 508 Hh
3 T B 0 AHEI B [X %, % [T BR8N 20

IR o 1R B

(el + “”)j (2.)

(% +b )) (22)

Hobt, o) FEMARS A SEBES | AR AORE, of %R
BRUR S USRS AN A2 I R, bl R BRUR A kAN A

B I, bl F R R 5 K AT AU 0 B I

5=, T BR ZE I I v A 1 SR, B AR B o 5 R S LSBT LR A,
M AR B e S50 R b 22 ) it b O R MMl B, DL e /M IO 5 SB[
IR % o

S0, HER AT R AR A R A AR R, BRI EA B BUE 1

11



RT3

k2% A

BPNN [ i B4 ol PUSIAE B B AR AR LR B &R, BAT BRI & 6E
TRz ALRE ST, AN A BEFRTAL 3, BoAEMER:, W T S8, A
AERERL) RNN R DU R AL B 2l 25 508

2.1.2 fEINFRLZ N 2%

TEIFR 4 2% (Recurrent Neural Networks, RNN) & — i B 151 45 44 ) f 22
W2 R, 7EAC PR P B B dE i A 1288 7, RERS 7 Z B0 Hh 1 sk ) 44 i ¢
%, HAIEM R R EE 2-3 s,

fr = ? 0., 0, Oy,

! v vl Y]
i 2 S W (R , Pt s Qst_, SL,
L W i W W W W

U TU TU TU

|

X, X X
3"?@)\}%’ X t-1 t t+1
K] 2-3 RNN 73045 4 g I [

FELISZ], RNN B FEI8UE A2 o 2R b — I ZI B RRBUIR S A Z B X,
FEEEDY I ZIR05 N, 10 a2 T I 2 RS8R RS S T4 2R O, , A
N/

S, = f(U*X, +W*S_,) (2.3)
0,=g(V*S,) (2.4)

Hr, UL WLV RRERRE,

MRS EPF, KRS RNN BOIEPA SRR £, JRATAT BLAR DT = A I 7] 2 31
et o (0 RNN 7E13R 22 I Ja A& 3% SRR CE A m B R A, B TR FEAE & — IR

)25 K A% AR b AN S A S R FEAT SR, A7 AL 6 B R AR AR R 55 L, 7
B AL BRI R R o A T AR RIZ LS ) R, I T — LSRG ) RNN 451,
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IR FEIICIZ N 4 (LSTM), I8 IE 51 AT THENLRERIZEHIE B s, A R0t g ok
T %58 RNN FRE I IZ AT SR AR R 7] 7L

2.1.3 KFFERICIZ R N 2%

K485 Wi 1240 2 M 2% (Long Short-Term Memory, LSTM) /2 —FHEEK K] RNN
g5k, @ I N T TEHLEREEHE BN, R4t RNN Ak i
B FERRAE IR, S04 1l S AIC 2 P 51 BSats Hh R AR G &« BUACSR R, LSTM
SHUMRRVALSIW v TN St E= EUSYVAL Y £ L PNEE TR VAL SR i e U S W P S
IR A5 BN i B A, I A S 1 ORI A5 B N A Y . LSTM YA
SERIE 2-4 B, AR — /MO AZ AT S T TN T R T = AN T 1B G,
HrphC, t-1 ZI4IMRAS, x Nt 2N T .

é&lﬂ@rﬁ%
_—_== _L____
Co (T am N«
I .A‘ | w, - —~, g
A
| f [ SR
! | IS e R |
[ | : Ct :: & :
B ! |
| | ! |
ht_]_ I | I\ |{ .I ht
A} 7 < ____ >
1 i i
. |
oyl AL )
K 2-4 LSTM R4 25 4
BEITTEARA:
f.=o(W, *[ht—l’xt]—"_bf) (2.5)
BN TFEARA:
i, =oW, *[ht—vxt]“‘bi) (2.6)
C, = tanh(W, *[h_,, % ]+b) (2.7)
C, =f *C,+i*C, (2.8)
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Fth IR A 2
Ot = (\No *[ht—l’ Xt]+bo)

h, =0, *tanh(C,)

LSTM HIlZrid #2 54% 498 RNN 2848k, {HE T LSTM )1 13815,

(2.9)

(2.10)

EREH

RO AL PRI 2, S8 H T A B P A Hs K R s SRR, B RE S
ReFE L VEE RGN IR 5 TN SR AT T RS W SR, BRONTR S 2

HE R Z —,

2.2 Z¥mEEEYT

SCH IR EAURI SRR ) R A 2 H RIS 7 S SRS 5 2 1071k, FTHT ]
FAI > AT 55 o AT T Z A G T SOk IR A BRI B 3B i S ) & [m] A
(Support Vector Regression, SVR) 77¥2:, b 751 32 B 2% 21 g N8 & A 224
A A BREOR R o I T NARZRME ML eR B, IR 2 8] B G ] )
KRR MIBHE WU B = 4 2 1), AR5 e A R R RN 5 & G B]UH R 2T R R

f (x) :i(“i - )K(x;,%)+b

b, by ZE T
yi—g—ZiN(ai—ai*)K(xj,xi) o, a; €[0,C]

b=
yi+e- . (g -a)K(x,,%) a,a €[0,C]

RO AE 2 I AR R R B P2 R 2R bR G
B d 1) 2 I
K(xj,xi):[(xj,xi)Jrl]d

T I He A% pR KL

2
=

K(Xj’xi) =exp( 252
PRZE N 25 1% R B -

K (%, %) :tanh[cl(xj,xi)+02]
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2.3 HEHXIEP

B 1 B3R S48 B B — T I TR PR A AT B A R A, VR 2 2 i T
e iE IR SRR T Y, Ao 7. NpAR s . AT B A
AR SR IR A A RIS i 2 1 e B, B =80y, ol (5 5 A
REME A S B VE R /AL, DR A T B e 9 A Ve s B A

231 ES MDA
[ B4 RELL B3 B AL BB A B, SRR — M 5

MERBCE T AN SRR SR L FE . EMD &—MvE S sk, F TR
AR LR LA 5 0 i s T ARAERES B (IMP) RS A2 . 28T, A% 481 EMD
JNEAFE— S, Wi AOR S . i mUN R R S . T R IX L)
$&H 7 CEEMDAN J77%, % EMD @47 1 itk

CEEMDAN et 3= AL 55 LU AN J7 1 -

B, IERT AR CEEMDAN 78 EMD f3thtk 51N 7 sy [ s,
I 2 O IR GRS S I AN [R] 1) e RS, 90 715 S RIBENLIE, 8N TS
SHE 5 R I

S, ZIREMAIFY): CEEMDAN X RAA(E 53T 2 R EM, B INA
[ P e 40T T 7, SR 5 0 A B A ) 285 SREBEAT P38, DAVR/INME 75 X5 5 20 R 1R
Wi, 32 e 155 o Al AR PRI M

T 51N = e A 2 kRSP 41 7, CEEMDAN. BEf% T8 7 th A 3
SRR L, SR EHES  fRRHERR EARE

2.3.2 1EHIKS

BRI 15 (Fuzzy Entropy) BR 2 s — ] TR R BRI 21 8 52 28 VMR AN AN B 2 PR B
W 1EE R, MR RS RALE SO T R, TSR A )2
BORN G5 IO AN 58 VEFIRSTR 51 NSRS & v

ST —ANEREER N B — LR 751 %, 1 =1,2,--, N}, B o f

B, XIE TS AT R EN, ERESDIm, P& R R E RN

15



RT3

X'm:{Xi’xi+l"”’xi+m—1_X0}’ i=1’2’.”N_m+1 (216)

W2 X, X — TG R E A :
o j
%; _azj':o Xi.j (2.17)

RE, THEARRE MR E X ) S HER AN R X () 2 18] AR G

d[X @), X (§)], HRAEERIRE e g X" S E X FFEEUE D,

D' = p(df",n,r)=e '’ (2.18)
Horf, nRUABEE, rEb R
IR R A B HAEAURE s o SCI T eR

n B 1 N-m 1 N-m n

C"(r)= N 2 [N_m_lj% Dijj (2.19)
VUSRS A ) e 2 B A O
o Cm+l(r)
FuzzyEn(x,m,n,r) = In—C”‘(r) (2.20)

2.33 ZESINH

= I (Attention Mechanism) & — ML N B0 R i TAE T, H
TAEVR B 2 SIS rh IO N B AT e B ST AN AL B Rl 5 NTE
IR, AR T DA ST AE AL R N BRI S o AN R 38 23 i AT B A
M HE SR B 1 REFIZ A e JT o oA 038 3R & MR R AT B DT H A, RS
SR BB R A B R
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(o] (ko] [k [

@ @ @ @ — BBl
5 B B O]
%SoftMax()I1— 1k, | B2
G G O <
A?xi?ﬁif " t + + S

Value;| |Value,| |Values| |[Values|~”

2-5 VER ML
VER USSP 2.5 R, Query AEAIFTR, Key, JolEri. tiT
ANV B {1 =1,2,+ N}, Value, R ZIEO 16, KR R b

BN
F—, HHEME query AlH & key FIFHELE Sim, ,

Sim; = similarity (Query, Key, ) = Query * Key; (2.21)
%=, 5\ Softmax Xf Sim, #ATEUE S, [EELT KR Ea , a Bl

N Value, X B AL 24,

a, = Softmax (Sim,) = (2.22)

=00, K HEE T HBEAR value AT INBUGR AR 73 Attention {H
Attention(Query, x, ) = Z a, *Value, (2.23)

2.4 KEINGE

AT T R EIR A TS AL I BT S AR DG B R, ELHE (S 5 2 i 7 7
CEEMDAN, % [FAEEMZ M4 BPNN. KEHCIZ ML M4 LSTM. R &
HLSVR. MR INLE] L BEWIE, 58 3 TR A TOOMIAS AY iy S A A DG B 1 R
o
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FIF ETAREZFIMBRMNMNM SR SSOEM R

A FAEC ) fifp- BTN - SR A R SR TR R T VRS T ALY CEEMDAN-FFD-
ALSB, JFfiEEC A 300 $5%(000300.SH). LiiF 50 #5%1(899050.BJ). a4 5%k
(HSLHI). #5% 500 $5%0(SPX.GI)VY/ H B G EEM A FREEAT SERE 7T, PRAN R
FEV S P TR R 1 T M i

3.1 FUMHR B iy 2

UTAERE, <A 8] 35 47 (4 FR 0 K 22 #8 ehy 55— Tt A 2R 2 1) YR 5 OO ARL, A
TG G R BTG L% 2 IR, b, WLAR 2% >0 s rh B FH A 22 1 2 A 40
AL o R 2 BOE T ek AR B 254 DA va POIIDRS 2, {ELAE TO0IU T 46 BT RP AL EE A
HEA W o Zhang 55 AW EE T —/NEET <00 fil- PR 4E- T - 4R B 1Y
TSR, 2 FRMAS B2 AN 1 R e /g A T FE A, (RS A 2% 8 B 4L /S
B A ARFALE 222 55 7 FE AR R) FR0ASE 28 . Yu 25 NBOVRIF “/rmiva 2 ” A “ B ie o
ANERRL” AR, SR T T BIR R SRS I SRS SRR, (HF B A
PRAETE . (R, B2 A BRI R IR F A 5 v AR B R I I AR A 43 1 T
I, S5t v < R[] 27 ) FROIRS o A BB

A FEFY R TR & TR A A CEEMDAN-FFD-ALSB 045 JU KA ER : 43 e
AR, TS HORIEE A . TR A R BN B B 3-1 R

SRR H) CEEMDAN 43 R4 BB [R5 51, /NSRBI ) 45 S s,
PRALE R R SE B, ER 454 Fine-to-coarse reconstruction(FTC). iR
1% (Fuzzy entropy) MG H51iF SR 5 25 44 (DCD)BAR L 2442 1 T FFD J7i%; TR
BT Al B LKA IO AZ AP 2 M 2% (ATLSTM) SCHREA & [ (SVR)
S AL ARANZ R 2% (BPNN) T2 T ALSB RIS, MR 4 Ko 5 143 AN IR 1)
WL SIS 0 50 s 550U, SERSOYT A Tl 5 qs, 45 20 00 45
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g M N e e 2 VAT

r—

MF1

MF2

8088
L + g
= S =
-
|H :
)
| S

|
1

|
| :
|
| | l LSTI
| oy ||

i — it — I | U I : LSTMZ EEHE

‘ | l [ 1

— | : | € [ [ r

- ; |

-— I P! e RN RN l

H— AL Bl I l I —| I anu
I Y i1 | I B »
| =y | | | |

L
- | I |
. N = UIES
[ 7= A R | HoE
b d L _=——_ _I

3-1 VR AR A 1P
3.1.1 CEEMDAN %> fi &tk

A KH CEEMDAN 15570 77120 i 5 h Rt T 7 51, 433 — R0
AR pR AN — DR ZE TR, AN JFLR1E 50T 1 B3, SR 15 5 20 A
[ R s RS, 7 {5 i S R B R A A

CEEMDAN $.%2 4 1 3 ik EMD S i AA £ i 20R & M fe iy, Jaid 5
NBEAL P IR I3y, 3658 T 70 BORS e R AN S % . 4k, CEEMDAN 2 —
it & RS, TE R SR BRI, TEALBRIE B KT A1 B P g . 2R
AL IS NI EE MRS R8T 51 73 i AR R 1% %, CEEMDAN REAKHE 741
X (t) P RUBEHREAE A X 67 B (¥ AR I ASE R B0 IMF AR ZE 1 (8) o

x() =" IMF (t)+r(t),t=12,T (3.1)
A, IME AR N = 2MRHES, T N HIKE . fTEARZESZ T, 753

%l EMD. EEMD. CEEMD L} CEEMDAN f& 570 fif 77 244 IR 1E 5 x (1) #%

A RGBSR T AER R H IME, AR5 25 30 r (t) 1R X EE 34T
3.1.2 FFD E##EiR

HA AR BRI R A T A b8 B IMF, A e 22 ' g, PUR I 5
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&, RN RHRZE, R RARRERE . AR FFD Z5& 1 FTC. BB
T AN B R HE IR Bh A 7V s o AR B AR A AR D R TR

(1) it Fine-to-coarse HEAM 1M )G IMF Xl s, H. &A= .
PRIETA BRI, s ROy — AN

() WS B IMF BRI, JF5 B 25 5 10 T S oM A (i

teB TR S A B P A IMR R IMR, R R R, BRI LR

R A

(3) BHELR, HiEPMER Sy BN IFERS &,

FTC E 475V (E A oy B AR TR I 2 P A ME = B R E 0, BUi s
RIVEFPHI IS A, B R AR SR Bl 584 750 U SGVE 0408 IO AS [RIRAALE , ELE 7 51 2
T AX DR B (9 5 —Rp SR ANBE A THI ) o 20 A5 B0 B AN CEL A AN TR ) A TE R
i, B AN R KA RN, FFD 5 VETE BRI 58 T 7 5k &Rk
CREESEREE, AN T DR P A E R E, (ERUE LA T — N R H
WrbRit: .

3.1.3 ALSB iR

TR A4 73 143 I EAT TR, AN[R) T e TR R, A AR [ 2
BEAT TN, AL A G T Y RE LR A E LA A, R
ATLSTM. SVR #1 BPNN 4.

X AES 4y F RGBS LSMT(ATLSTM) LAY BEAT Tt , LSTM
A LA S FR A0 o (MG 2R, RO T S m) A 3R R e BE Y R ) 1) . 54 4
[ RNN AHEL, LSTM I T =AM 180U, DA HIME S im s Fi Az i 5 % .

AU I T AR ) SR R A AN [ A (R B 6 AN Rl
RVERRRE o 7 4 B A W HL AR AR S AN, FER AL AT AT )
LSTM R A TS E B4, EA RIS A REE FOGEEAR IR IE B E 2, AT
WRFIIRHZ RERR, FLAAREH ATLSTM S B oy & 47 100 o

ARSI 51 6 52 2% B B AIARLAT A FE SR PE IR RFAIE , BPNIN TE BT[] 4% 4 i R AR
203 g — AN T AR BRI R A5 R TE I ) AR R R AR ) 4 Fin 5 U
H 22 )R 22 R R B I BB R A b, Lhis/MER 72, BAABGRIIELRMEN S
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A8 77, AT H BPNN BB & H Ao B EAT T« 5% 22 U — /N B B Wi 3
[PIEFIE] 7 471, SVR & —Fhsd K IAL#S 5 ) 5025, M TR ARGk U SVR
TSR 2 7 F e I 5w, BT DAAS B F SVR 6 Bk 22 T Tl
3.1.4 BB RIEIR

BE SR T4 BTS00 B 0 TN 45 SRR A R B T, A% B E &
oy E R RN .
3.2 TN HE4F

N T E TR KT, BT S ANAEPRZE A e bR, YR E
(MSE) . #3757 f1% % (RMSE ) M- 14600 12 %2 (MAE ), A3X(3.2)-(3.4)% thi 1 41
THEERE . BRItz 4h, fEERT AN, AFEENZ G, ©FE T IR
&1 Dy, MG ILE R, R*ERBET 1, BIIUA R ERGT, AN FE LA X
(3.5)-(3.6) HATEHAXN:

1 _
MSE = WZL(M -y.) (3.2)
1 _
RMSE = \/W S (v-9) (3.3)
1 _
MAE = =3[y~ %) (3.4)
1 0 (yt+1_yt)(yt+1_yt)<o
Dsa =—0qa, :/H\:I:Pa = . — (35)
tat N ‘ ' {1 (yt+1_yt)(yt+l_ t)ZO
N A \2
R? :1—2;—1(3/—‘_{‘)2 (3.6)
thl(yt - yt)

B,y NIRRT, y, I R SEE, N ORI KE

21



RT3

3.3 SEIERAER
3.3.1 SLIHIFIE

AR EBARR LA IESHA T #1E RSN Windows10 Lbhi; ifdis &
N Python3.9; K IR 2 2 S HEZE tensorflow?2.7, % 37 WX £ R 70 53R 4731 2 AR
AR PSRV E ATLSTM, LSTM #4 MZAR R () £ TS5, L3k 3-1.

R 31 BASHRE

SRR ZHIE

T E R 60
WIZREEANI AR Y LE 5] 7:3
fERD 32

= 0.01
dropout 0.2
epoch 50
B R M E 80
5 R BSRR P e 100

b as Adam

3.3.2 HIRIE RN A AL

A& FE TP 300 $E%(000300.SH). JLilE 50 $5%51(899050.BJ). 1H A4 5 %K
(HSLHI). #ri% 500 $5£5(SPX.GI)PU 4541 2003 4 9 H 30 H % 2023 4£ 9 H 30
RIS B AR RIS G, B SRV T Wind B 2, st 25cdis 2 34814y
fHoLanE 3-2 A, JUIE 50 R%0E —MEGH I X ik fe g, RFILHi b
WNEVRARRIL, AE5HHE 2022 4 4 H 29 TR, #2023 42 9 7 30 B3t
348 AMEL T A, IR 300 FeRk. fE AR FREORIBR A 500 155 il E 4861, 4934
15035 MM SR, SRR ERETTY. RORETY. Rk,

TETMRG, SeAsFa B0l B K e/ NE— O E T HUR EE, A 0N

_ X —min(x)
max (x)—min (x)

(3.7)
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FEAS B R HOHE AL BB B, 4% B 2X(3.7) b 38030 U5 — e D v g 0t i 31
[0 11X 1], 3 sy - Hedhs BN AN A T -3 B Ui i 18

gsE  —— e

50001
iﬁ 2500 1

2003/9/30  2007/9/17  2011/8/25  2015/8/11  2019/7/22  2023/7/6
(a) 000300. SHYTEAN B 5

=

2 10007

=
750+
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(b) 899050. BJUiC % 1 bt )

4 30000
E 20000
10
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(c) HSI. HIY#EAN B P

5000

2003/9/30  2007/9/17  2011/8/25 2015/8/11  2019/7/22  2023/7/6
(d) SPX. GIY & ArEt B

WA

K 3-2 RS I R
3.3.3 CEEMDAN #&75 R

AR FEIR S RIS 5 R 775~ CEEMDAN, N EEE 73 il 58 43 1
K45, ikEl EMD. EEMD. CEEMD =/ i A B HE AT % L 0. B 3-3 &
K 3-6 Z5 1 7 000300.SH. 899050.BJ. HSI.HI. SPX.GI VUM %143+ CEEMDAN

JTE57 5 ) IMF, (RE SRR M sy PR AR UCHE ) R 22 e 411 r (t) (FRER T P 1Y
KIBEFE)V I 7 B A IMF PP A S 1 35588 A RIS B sl s fik . Fo,

A BRI T AT S AT, ARSR T R BE BT B AR . (KA
B T T R AE, BB BRE IR . Ak, B IR 1
P2 T KB B R AIE, AR TR BRI k@ % . A REs 25
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A FEFEHUE R SEE0 R BL N, AR T AR ) ALSB TIOINAEAY ) 2 (VR &
B MSE + RMSE Al MAE {12 Z2 )/, AEEL AR TR S8, D7 AR JEE Dy
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i T 90% . A TR ARG P NS 2 & = M 1) /1 B K, CEEMDAN-FFD-ALSB
TR A TR AR 25 B T A NI 2 O T &5 SR, m] DL RS Ry 4 R BsF 1] 7 371 - B R0 TR0 )
BT H,

3.5 AE/NG

REAE o fR- AT AEZE R, 42 T — RS (S 5 AN a8
% SR A% CEEMDAN-FFD-ALSB, %457 B 0 AN H 2H A, 573 ) E B 5
WA T -

B, REEH T MBI EM %, 51\ T Fine-to-coarse reconstruction
(FTC)~ B M (Fuzzy entropy) FIELHE FFAF R 50 J5 ) K B A0, mT DUNEE M R
ERER BN EEAS A3 AR AR

B, ARFPRH T AT T, A AR R RSy, SR AR
TR, B x5 sl I AR 7 41, SR A LSTM BEAT T, 17 %00 38 Bl ek 2 I
B, SKFH BPNN BEATHU, FRZEFPHEHABIE, KA SVR BEATHU. Jy 1
BRI AERA M , A BN BTt PR B 0 S e T oA 28 7 P DU b A [ g S5 i it
FTSEAERE TS, SEEUYANFEFR PP (MSE « RMSE < MAE . D, AR FRMI M A . 52

IS4k HAFH 7 CEEMDAN-FFD-ALSB #:7 B 3 om i S Anfe s, =BT
EAE I T TN AT (K 78 7, I 3% WA AR R AR SR S TR B R AT .
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BAT W BUR TR EIREE STIEMR

b Em TR S I B i TR A A CEEMDAN-FFD-ALSB,
FRIRUE 1 3 T 8 I A e i G B 5 A ke o R TR A ST I TR AR B AN
ANCBERLFH T RCHEHHE B 0, [RIRE R mT DA R AN e i . i B, R
R B KU, MRS T 25 G AT S Bn b A2 5 i 75 SR A WAL 2 v e B Tl 52

ZWIBRARTE i 2L, DR, A 3 ARG AR AR IR R 2% ST Tt &8 B AT H 35
BhAE Tt o SR AS A 23 LA B B0 43 08 o 15 4 A < XU USRI A o

NN
Pt
o R
pani

3

(=3
|

iyl
Jfm
af
En
i
R
=

4.1 SEIRIFER

AEHMA RGN 3 EAR, IR 41, HRWME. BRI D
BERM BRI, KA ST, Bl B HAK).
* 41 BASHIE

SR AT ZHUE
EEIT NN 5

epoch 500
feek 2 fh 22 e B 64

4.2 N BRYFIEAD 3 R TN SEVERRF 33
4.2.1 BIEEE R AL IR

PR 300 FEEL S BB TR T 300 HOBE SR AL, MIUBER FLI S kg, T as
T, BEUR. W&, TR AR RS 29 MT L, 3X 300 R B HE
— TR s DL A 4-1 P

XL A AR SR R ), BA R AR SR TR R
IR 300 FRELH 300 R iAo BURE A BRI BT A RIS B Ay S gk
%, BARGEEARHEL T .

(1) HRIGELBEIATRNAL S, T B 22 5 BA Bk iE R, Sk 2
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 RATER) 13.27%

‘ - BRiEE)r 11.57%
v HRSENET): 10.14%
o EBiEEER): 7.86%

TR 7.61%

HafiTdl: 28.14%

BEREER): 3.48%

TR TFE R A 2418 S
=HABSEER): 3.59%
tEilER): 3.82%

AEEER): 3.82% ‘

ESEHEn): 6.71%

K 4-1 7K 300 Ry P RO — G AT Mk o A B

K BRI I 10911 % 22 5
(2) F G ERMRHER b, 0B H - fee R mT A H R 2021 42 7 H 16
H, A BTG ALE— € R RSN, HeHERR b7 HIHFE 2020 42 LLJS RIS
(3) FREAT RET “X” B FREMILTE, MR S B o HE
AHSEIANMTE S CREAW. I]RE Bk, s, Mk, BR&) ik

«_[

IS

A LA HERI L 63 Rl i, Fdmit ey 2021 4 7 A 16 H&E
20234 7 H 16 H, it 484 N2 5 H, HdlkRIE T Wind £ 2

4.2.2 I NFHEIE B

REG=ANFALE, 202 BT WA 1.

B, AT AR AL, T E R Wind B IR EL

F B HERMEOR R SRR 7 NITBIASHT 3, Bkl 2 1% Bt & A
BRI BRI TR IR AT I o IR BB SR V10 T AL 5 BRI A AR5 S,
Ml W TN DR IBUR L & G PR R AT BUE 37 I A A0S A Mk K & B S
PRI, 028 AN NRFIETE 48 R 1, AR5 M) FH 10X 2% 1€ R T 2R J7 W A i
ME AR e b B IR br AU, MR 1. BRSSP IRINT

(1) TCHY 63 K 11 /A &) 78 4 J7 W & W (https://www.eastmoney.com/)2021 4= 7
H 16 H% 2023 47 A 16 H AR ATA BIH PP HdE

(2) f#F Python w55 =J5 )% SnowNLP Kb TCHR 1626 F P iFie, HEIT I
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o, 45 ARV A RLAS 0 s

Q) irSRE RG2Sy, ROV HIEZE A 78k . ikt RIPFHREdEA

(i=12:-N), FEAIFIEL SOWNLP AL A X, . HEEHDR T 151

ZASW/ I
l N
x_sentiment = N Z Xi_score (4 1)

(4) BERGAMERFHBGUAE, HFE, A THHEEIE,
B H A0 /T 548 R I 18] e 2080, et 1 87 BT w4
PRIy IR P ot . W3R 4-2, IFmiliG s iz, ikl 4-2 s,

R 42 HRoyr b A E LS R I TR R A o

A1 000301.SZ  000338.SZ 605117.SH  688599.SH
RITREUL  ¥EA BN Bty REERE

2021-7-16 0.558276 0.453047 0.474626 0.438376
2021-7-19 0.434458 0.416579 0.522378 0.494044
2021-7-20 0.490844 0.456796 0.464604 0.438123
2021-7-21 0.458023 0.447069 0.484402 0.385055
2021-7-22 0.448128 0.456798 0.477283 0.462367
2023-7-10 0.444125 0.441583 0.457863 0.517748
2023-7-11 0.432642 0.472447 0.520270 0.402388
2023-7-12 0.430536 0.496231 0.344402 0.378617
2023-7-13 0.504830 0.483684 0.398757 0.435591
2023-7-14 0.219427 0.452514 0.409490 0.416748
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000301. SZ% J7 B
0.501 WWMWWMWMWMMMWMWW
0.251 , ‘ ‘ : : :
000338. SZH#ELEEN 1
0.6
o] WWWMWWWMWWWWWWW
000800. SZ— 5 fE T

0301 gty Loy b
0.25 . " ‘ ‘ . : .

601816. SZH Y mik

0. 751

0 501 mwwmwmwwwwwMWMWWMWWMWWWMWMMWWW
0.254 : : ‘ : : :
605117, SHif M Ak i

0. 50 WWWWWWMWWMWW%WMWW
0.25+ : ‘ ‘ : : :
688599. SHA G &6

0.50 WMWWWWVWWWMWM
0. 251

2021/7/16  2021/11/11  2022/3/8  2022/7/1  2022/10/26 2023/2/20  2023/6/13

K 4-2 w5y B AR Ty A

e, RURBUR B St Ak 25 R A A R R, R Sk
U VIR SR AR, DR SE INBRHETBORH SRARAE + 73 b 2 o X0 T35 =M NRHE
VBRI, 6 3 5 BRI TR G B XU R -1 ) LA 3R an R

(1) M FHFEREEREEAS 5 A (https://www.cneeex.com/) 3K X 2021 4E 7 H 16 H
£ 2023 4 7 H 16 HAaE AR ACAEE H Sog & s S

(2) THEAEH A2 E A EC AR B, BRI H XK R 5 2, TR
X F:

), SR
_ TNHEses
X_carbon - X (4'2)
I sss &5

Forb, X T2 E BB FRACHT, X0 N2 RO 45
H A R
(3) THE LB RHMEBRGURAL, B, APPHIEEIE.

41



RT3

4.2.3 tRBUFUMSIELS R K 7 4

M AR S R R R R, TR S SRR R NI AT = A, N SRERT
FRERFAE B R0 s AT et DU AR U R R A fg A 7 5 28— B, DORFISCER A
PERHNERE S 58 U Xyo g = X o | 5 SRl KRUCEEST . 526 D1 ki

}\tl%:‘?ﬁ’ %Xj‘\j XAdd_sentiment = I:Xclose X_sentiment:l; %E‘ﬁl]’ H%q&ﬁ/m\‘ XX%¥
PERNEEE X pgs caton =] X X outen |+ S5V, HHUCHLY 15258 T 030

?1’!5?\3?@)\%ﬁ, TTEX% XAdd_sentiment_carbon = I:Xclose X_sentiment X_carbon] ’ ﬁulg] 4_
3, BT RHELE R AL BEAT T 2 AT A Al )3 — A AL B

Input Input Input Input

X _ I lose X _close | X _ sentiment X _close | X _carbon X _close X _ Selltjmant X _carbon

| &y &, | | &y ?) | | & 3y ¥

EZ EZ 1 EZZ EZ 1 EZZ aZ 1 EEZ aZ 3

a, 3 3 & & Ay A A
S o5 A pH EHUEL

4-3 REER N T 2

TRIE 5 ) TS R Y T S0 (1 b 22 P 2 AR ——LSTM, K AE L FE A AT
AP B AL ATLSTM. ATBILSTM il | & Fi# 2 ) CEEMDAN-FFD-
ALSB WREHAY, ZEEH R ERM AT AR £, AR L 16 P4 R .
X AT BB, TRIE S IR BAT BEALIERS i, R SRR R R X
—HF R R IR RS EL, AW SHBEN I, IZRER S N TT 8L,
dropout J=EFF A T AT E SR RUE R T LT E 2 EAADNSEER ISR
SRR MM ZE, BAZTILW K 63 ARE, BEHERE, HE—HREE
ANTRI PSR B0 FHGI 5% 22 55 7 1) K P b 1) PR 5 4 v T RE AT kA, AN A2
DA B B AR TI0 25 SR LF R, e DAAS S PRAN TR 45 SRAK 25 (1) RMSE « MSE « MAE

AR WY EFR L 63 W BEE TIN5 R B0, BAR P fibr g R, WK 4-3.
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R 4-3 BAARLENREE ERITERSS X b

el FEER N T7 20 MSE RMSE MAE R?

X o dd 0132621 0356073  0.289001  0.785016
X aga_setinent 0132556 035583  0.287978  0.797694

LSTM
X aga_caroon 0132289 0355761  0.288762  0.794013
X o soniment_camoon 0.124515%  0.343745%  0.277733*  0.799567*
X o dd 0107557 0321851  0.260372  0.888332
X aga_setinent 0107479 0321487 0259771  0.893920

ATLSTM
X aga_caroon 0107263 0321133  0.260337  0.890767
X o soniment_caroon 0.106826%  0.320002%  0.258538*  0.894041*
X o dd 0105569 0318941  0.257798  0.897758
X aga_setinent 0105392 0318551  0.257252  0.898362

ATBILSTM
X aga_caroon 0098293 0306167  0.246793  0.901942
X o somiment_caron 0.094265%  0.200037*  0.240604*  0.903370*
X o e 0.009135  0.093078  0.070673  0.903793
CEEMDAN- X as_siment 0004571 0065932  0.047606  0.906431
FFD-ALSB X, cavon 0004621  0.066366  0.048270  0.905073
X 0.004590*  0.066050% 0.04755%  0.907644*

Add _sentiment _carbon

T k7 FOREABIR P RPN TR ARE

To 28 R TR R A AR 22 ISR T 32 3 58 3 I PR B Ay i i i, Herh B 1 a0
R R RELPEZEGE, BUAZHZLHAGEE, FraEn. B
WARHPOERBAT D, KA BRI RS HFEAT R o A TG U Al A R
SRRHEBCE VIR K Al 11737 ERRHEBEC A A2 53 i i x4k e i i A
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AR o A R S BB A T R 43 AR B HE SO AR, B O AR 4%
() b Th 2 A 32 H 22 RO AT, SRAFUACRR s Al I S e il v T
BUR 7 BC R HETBORC AN, eSO AU A% 1) BT, AR ATE RT3 B30T
EZ B MAATISE, BN, AP ai > 0K B SEE R JE T T
Ay gl g BT A R B e ORI Tk A AT L R A i
BN —

GriT R 4-3 S BRI SE SR, BB — PR IER N 7 SR o B4

e, BUURRREY N J7 AE LSTM. ATLSTM. ATBILSTM. CEEMDAN-
FFD-ALSB X U5 I A 1 DU AN 0000 8 B P4 T 0 2 B D e AR ik A\
75 2o TRy CEEMDAN-FFD-ALSB I, TiIKS FE e 1, MSE 4 0.004590,
B GRE R Am i, 53T 90.76%.

Fok, TR B2 B TF AR B B K 52 LSTM = Xy centiment_carbon 12 288 21
ATLSTM = Xy pgg B2, ATLSTM =X, ngq BB RMSE . MSE . MAE #2

LSTM - X ) RMSE « MSE « MAE [#IK 1 16.96%-6.37%-6.25%,

Add_sentiment_carbon
R® 2 1 11.10%. FECINE 3 e — A B2 JR R sl R A Y A o538, N
BT E Bk, RO GRS, TIEEHER.

B, [F—WERT, 5570 = DURRReAEA A7 S TS 2 A T 28
—ARFAE A A T 2T B TIRS R, AE DU FRIN AR A R B SR ik, B Ry
LA A7 35 5 — PRI R A\ 5 U5 2R ELIRHIE 1 A8 N1 45 DR P AL (A 2K
Ve, 55 = FRF IR A\ 7 205 55— PRI R A 5 2R 4 3O BRBRIE 1 PRI XUR P
AL R, HARET T XU BOR et BT B2 0. HIR— R A s
IR, Bl TR 5 5 > AUk Ao 22 ) 2 T A 7R F Xt , TS BE S Bt v, AR
TR 2 S PRI AR AR 5 A7 SN ) e P T

4.3 EXRESEM

A S T W FLIR 5 S B B R 5 1 92 57 P 21 8 55 5 i T 47
PERIEL PRI L, Beih T — AN LR AL S 50 506, 3 597V 300 $4 5035 1
WLAEATR FL A BT«
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4.3.1 REEIEI SN

A FE I 1 T B VS AR X D), S R [ B A 2022 4F 12 A 8 HE
202347 H 14 H, 3Lt 145 Mg 5 H o R b —5 i S A TR N i) H WA 75
MR EH B2, ¥ 63 R EME N aRH A ENERES, W%
NS PRI, SN2 SR HEAS BT 10% 22, S22 SR HE4 5 10061 %
5, NN 6.3 RS, BUBE&NEEL6 ARE, HRKRELSEHMEE. /£
BAT BRI AL G, 7 AR AE G B, AT BT SRS B E RN LA 4 0.3%
HEZEARDTF 556, H 2023 48 F 28 Hilt, UFFR38 5 ENTERL LR fEl, A
FTENTERLI E Y 0.05%

AATE TR B HAF kA, Alpha 71 Beta F4MFEh5xf
R BRSP4 T SR A [0 X[ (R R IEAT VA

SRR RS 2R R B R] 145 S22 5 H BB AR 2R A R AR I R 2, TEE

AT AL, — A A, —4ERE 252 N5 H, HEEHRIREE R I A RN

252

AR = (LRI X TR i a0 e e K5 (4.3)

AN AT R B AL G AL [ R SV B FE A, R E S0 2 b 22
B VASE N AL bR, AT A 08!

AR =252 x  HIR R bR % (4.4)

HEWR o R MTER AL B4 2 D@ Bl ffE s, Al PO X
Bz A Jm AU an A, R RS W N E R, Hit A0

harpeRatio R, ~R, (4.5)
S = :

Op

Hrb R NG R, o AERESIER, R, CHRAIR, AR XA
HULENRAT AL ZE 0.20%.

Alpha . Beta th /27 E BB AL AW e AENVE TR b, 18H 5 TR Buitir
L
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4.3.2 2 RIEEINLER

R AT IS — 2 S T, AR R U0 By 1 A M AL B 5
T 63 REEAE O s S 4, SR T R SUS IR  E, R A
BT LSTM = X gy st caon B2 389 A AT B AE RO VRS , T2 44,

& 44 LSTM-X Add _sentiment _carbon AT RS AL 5y VN

H SEN 2 e SR
2021-7-16 [FIEZEHE, m e, oqE [

REAE]

2021-7-19 [ARTTRAT, BT, HfE  [Wedae, P EETC, OE
KR, ARG, oREEAL, ZREAE, BEEE, T
TR AR R, R

2021-7-20 [FEALT, B, HE [TRER, TR, R
ED, < By, SRR, At RERG, CEFK
IR RRIT] B, FR 5 BT

2023-7-13 K2R E, T RERD, Hi@ [EAKRG, TERAR, 2
W, R EEAY, hEARNC, ddRe, Bk, CRFER
VR B, ERIRFHE]

2023-7-14 [, BEFRA, wmr [HEAR, o EET, K

REVE”, Hhamifedz, <[ B R,
‘BRpu L]

L, TR, R
o, g

E: “[]7 ACRTCREREE, BUIFAEHT, AR KARER .

9 LB AT [ 45 RAH NS T R B F e A Esh i (A as),  LLYPER 300
TRBAE N R EEBOAT LU, TS e BN B 5 [l I X TRI AR ] o BRI A Y 2 2
TR BUR NIRRT RATI I, B AR TR E R R,
BT HOTRECT ANER . Sl BER . IR Al A A g s A
AT AR B E N LU, PTG B &5 LR B AR i e R S5 b, WK 4-5.
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ASEIBHAT W B FEA R R R AR A A AT M R

3¢ 4-5 IR 300 TR H B AT AR BOR KR bR
TREAAS A ELRHN R, o, SharpeRatio
000300.SH  ¥"¥ 300 -0.026403 0.132009 -0.215160
801040.SWI  4XEL(FH J7) -0.135443 0.158194 -0.868826
801170.SWI  #iliizfu(ffF/y)  -0.188613 0.138179 -1.379464
801950.SWI  #7 (FH /7)) -0.212112 0.192543 -1.112022
801800.SWI VX% (i JT) 0.020251 0.197611 0.092358
801960.SWI  AihAfL(H )  0.101764 0.183074 0.544938
801730.SWI  HLj¥##&(H7)  -0.182247 0.227022 -0.811582

R 4-6 HEHRE oS 7ARYE BT 16 RIS AP S A S s R A HE A4 e i

JE AT B A 5 Ja B TR AR R BUIGE D o ANWSCE A0 PRURS: PR A 3 BE R 285 R BEAT 70 7 o

R 4-6 KRBT G IRIREE R L

Y FFIES AT 20 R, o, SharpeRatio  Alpha Beta
Xo_ add 0.109863 0.501293  0.215170  0.000413 0.044221
X add_sentiment 0.12262 0.522694  0.230766  0.000462 -0.285930
LSTM
X add _carbon 0.117772 0.51445 0.225040  0.000445 -0.290190
X add_sentiment_carbon~ 0.126207  0.528424  0.235052  0.000473 -0.078460
Xo_ add 0.127125 0.531171  0.235564  0.000473 0.182032
X add_sentiment 0.129597 0.534737  0.238616  0.000483 0.082650
ATLSTM
X add _carbon 0.128239 0.533381  0.236677  0.000482 -0.313540
X add_sentiment_carbon~ 0.136964  0.547372  0.246567  0.000505  0.399493
Xo_ add 0.137064 0.546547  0.247122  0.000512 -0.190650
ATBILSTM
X 0.142494 0.554864  0.253204  0.000529 -0.019830

Add _ sentiment
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X dd _carbon 0.143200 0.555995  0.253959  0.000535 -0.377970

X add_sentiment_caroon 0.145692  0.560414  0.256403  0.000541 -0.099950

X no._ add 0.150588 0.568735 0.261261  0.000558 -0.086930
CEEMDAN- Xt _seniment 0152809 0.571385 0.263936  0.000561 0.273724
FFD-ALSB X4 carbon 0150848 0568774 0.261700  0.000556 0.131236

X add_sentiment_carbon  0.160789  0.558012  0.284562  0.000590  0.156042

= XoF (L0 ) A U 2 A D BEAT VAL o 7E P 45 R, CEEMDAN-
FFD-ALSB AL Em AN, FHEI AL 16.08%, A BT LI & F 4
L 10%, BT R 300 TR K, BRLSTM — X\, a0 TSN, HiAR 15
P R A A4 US a R 45 R AR 4-5 AR AR e 2 5 SR e ey (V) S dB A8 B A7 M 22

Ho X aga sentiment_carpon THIEHIANTT 20, CEEMDAN-FFD-ALSB 27 15377 300 4

HCre RIS 1a] g Ui 2 A2 A DL I 4-4

— JTE300
0. 151 —— CEEMDAN-FFD-ALSB

0.05: lr’rh‘NIW‘

L0561 . . . .
2022/12/19  2023/2/13 2023/3/31 2023/5/24 2023/7/13

X[ 2 %2

P 4-4 F R X (] 2 R AR AL
B, N [m] 00 A A A AR AR ) XU 1 L AT VAL . SRS SR, R T
BT A RSB R, T T RE T B ORIk . Bl A AR S R R
CEAR B N B L R AR v, S T R R v . XS B R A —
;. K#ERT Alpha=0, Alpha <Oy BHARLE KA s B2 . Alpha > 0 15 B iy 22 58

HERINT KA. & 4-6 TPraHALE Alpha 22K T 0, Bt BIFEA & Bl 21
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P BTRMG NI R R A S R T KA R, T — BRI S, T ER TR BER
W TE S2 PR AT 5 P 3R B AT 25 O P . Beta 7 & 1 B 22k 40 & 5T 3 7 3
AHOCRERE, MRe | I SR a2l & kI T iz e 2, KA Beta=1, Beta>1%
KA ST E R MR, Beta<1FREA GHimERAMHIM N, £ 4-
6 1) Beta fEA IEA 7, HH/NT 1, BHIARIE N REEHGHES S5 KEEHM
RAREFEA S, X W] RES AR F 40 (I B 76 2 9 AT, AT AR BON i —F
Ko

ELRASR U, ARG 26 A FE T DU H 25 TR B 2 50 %) &% AL 20 (1 Fo 00 &4 S a3k A T
SEPRHEATIINZ S BA RS, AR Er) CEEMDAN-FFD-ALSB 5%
ANE R AE BT I A A A B T T R IR B A 1) s ARGRS: ff E PT DA HE T
ASEIRY ) IR vt T DR XU, oA R B v XIS, T [ 1) 4% 55 281 5 1) XU 195 400
WSESaAEPUP QIR i £ 0T

4.4 FREBINGE

ARSI K LSTM. ATLSTM. ATBILSTM. CEEMDAN-FFD-ALSB 1Y
FRROAERY, tbah, BTN IEZE T XN 71X =ANRFERCTE T DY AR
TS N T AN CABRUERFAEA R0, DRk, 3595 16 Bt A [l 45 58, dlid Scirgs
FXFEE, R U R AR

B, MR T H SRR AT R, VA RAESRAS E, IS 26 D RHE
A PR R ALE AR E A B8 1) TR0 R 22 de /)y, TSGR de v, BRI T #5555 15 4
H R BRI BAT 23 52 o

B, TWTEMB R IERI N J7 30R, AR T3 e = R4, CEEMDAN-FFD-
ALSB B RS 75 T 2 de v 14, 2 W AR AR A ST g A A 2R 0 Fo il 5 SR AT AR AT
5y RS AT AL 2
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$oE Dg5REE

5.1 B45

ARSI TN 53 88 I 5080 PR AIT T A 7 2CRT o e 248 T 225 R B “ it 2%
R EENT, M T B IR E B 7L FRD, JRAEIRIERE b, JE IR 2 ST
{55/ Et) 8 T CEEMDAN-FFD-ALSB TR . SR 7t A St g s Al frg
TR RE RN 5 52 B3 1T 3528 5 B0 sk, SR DY S B DY 4N 4R 45 2003 45 9 H 30 H
2 2023 47 9 [ 30 H IWCEE M B R SR AL I TP RE , B8 T B4R TR LE A
8 BT EAL RN B A5 IR B, R “30-607 “RUk” BURY SUAME T
AR FI00 25 SEBEAT B A P AN SRR, B IR 300 A 43 1 b 55 B HETSORE % B 4
RN MTAL T ) 63 HKEE, 2022 4 12 H 8 ‘5% 2023 £ 7 H 16 H3Lit 145
ANAE Gy H A AT B AR . ARPE A SCSIERE S5 R, R BILL R 4 i8

(1) CEEMDAN-FFD-ALSB Vi & FHl AR AL 75 DU A 15 B0 70000 PP AN e b 2145
H T A NIRRT A5 5, B AR SO R R IR AL H AT R A I TIO 1ER, PT LA
SRy R [ 7 37 3 B AN TR0 PR AT 28

(2) TEMCEE MY I L fls B VR0 T AR 2 TR A1 OUURR [ 7 4 S 2R A N AR ALE 14 38
PUFREHEST N7 30, 7E S AR RUMR AR b 10 T 5% 22 B e R A N 7 2R 2 e A1
(1, BEEHA SO IARIE R A U, RGN “ Xk BOR LM i A
JEATT o

(3) Bt PO RS (AT i ik, $00 SR (R AE AR 23 60 BT, SR nlis
16.08%, 1z T [FI IR 300 Fa A Al ¢, 15t BH A ST g 3 F) SR FE 0 3L
AT, AT SERR AT T8 SRS % .

52 REE

ARSI, A B U AY , ANE R AE TN A Ak S B A [ 0 it
Hfe e R I T AT | a4 R, WHias REA — 2 W E T S e0s . 2
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