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CREDIT RISK ASSESSMENT AND ANALYSIS BASED ON
NETWORK INFORMATION TEXT MINING -- A CASE

STUDY OF NEW ENERGY LISTED COMPANIES

ABSTRACT

With the global economy slowing down significantly, the domestic
economic operation is facing many difficulties and challenges, and some
enterprises fall into credit risk crisis because of the test of the market. In
order to ensure the healthy development of listed companies and maintain
the steady operation of macro-economy in our country, how to accurately
and efficiently assess the credit risk of listed companies has become the
problem to be solved urgently. Therefore, this paper uses the deep learning
model to extract features from the web text information. Secondly, the
heterogeneous information of text index and financial index is integrated
to build a reasonable and perfect credit risk evaluation index system.
Finally, based on the machine learning algorithm, the decision fusion is
carried out according to different combination strategies, and the credit risk
assessment portfolio model is constructed to predict the enterprise credit
risk, and the quantitative analysis of different indicators is further carried

out to deeply explore their specific impact on the credit risk of enterprises
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in different business scopes. The importance of this study is not only
limited to the construction of credit risk model, but also lies in the credit
risk index system constructed by it, which can provide valuable ideas and
methods for the research of related fields. The research content of this
paper is mainly divided into three parts:

(1) Construct the Word2Vec-BiLSTM-Att text evaluation index
extraction model. Firstly, this paper uses the Chinese financial sentiment
dictionary to annotate the sentiment of Management Discussion and
Analysis in annual reports and East Money Gub Title text information, so
as to ensure the accuracy of the text data in the emotional dimension. Then,
Word2Vec model is used to represent the annotated text vectorically,
BiLSTM model is used to extract the bidirectional feature of the text
information, and Attention mechanism is introduced in the output side to
better capture the dependencies in the sequence. This not only enhances
the model's ability to process complex data, but also improves the model's
prediction accuracy, providing a strong guarantee for credit risk assessment.

(2) Construction of credit risk evaluation index system based on
heterogeneous information fusion. Due to the characteristics of multiple
dimensions and high complexity of financial index data, in order to avoid
redundancy and repetition among indicators, this paper adopts genetic
algorithm to screen financial indicators and achieve dimensionality

reduction of data. The text indicators reflect the emotional tendency of

\Y
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management and shareholders towards the target enterprise, and these
emotional factors have an important impact on the enterprise credit risk.
Therefore, in order to evaluate the enterprise risk status more
comprehensively, this paper incorporated the text indicators into the
financial indicator system after dimensionality reduction, and then used
XGBoost model to analyze its importance, select the key indicators that
can accurately reflect the enterprise credit risk status, and build the credit
risk evaluation indicator system.

(3) Credit risk assessment and analysis. Because of the imbalance of
enterprise credit risk labels, the subsequent risk prediction model will be
overfit. In order to balance the data and improve the generalization ability
of the subsequent prediction model, this paper uses DPC-SMOTE
algorithm to expand the data set. In view of the problems of accuracy and
generalization ability of a single risk prediction model, this paper integrates
multiple machine learning models to improve the prediction performance.
Specifically, this paper uses logistic regression, support vector machine
and decision tree as the base model, and uses Bagging and Stacking as two
different fusion strategies to integrate machine learning models for
decision making, and constructs a machine learning combination model to
predict whether an enterprise has credit risk, thereby obtaining prediction
results and optimal combination strategies. Finally, Logit regression

estimation and heterogeneity analysis are used to further clarify the specific

\
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impact of different indicators on the credit risk of enterprises in different
business scopes, so as to provide a more comprehensive and accurate
decision basis for enterprise credit risk management.

This paper takes 151 listed new energy companies in Wind database
as research samples, and selects 2022 annual financial data and text data
for empirical analysis. The research results show that the text indicators
extracted based on Management Discussion and Analysis and East Money
Gub Title can be an effective supplement to the enterprise credit risk
prediction index system, and the MD&A text indicators are significantly
correlated with whether the enterprise has credit risk, while the text
indicators of the stock bar have a significant impact on new energy
enterprises. When data is unbalanced, logistic regression, support vector
machines, decision trees, and Stacking occur overfitting. Bagging has the
best prediction accuracy and effect when the ratio of sample data is 1:1 and
1:3, and the prediction accuracy of the model reaches up to 93.5%.

Ding Shenjie (Finance)

Supervised by Zhang Yue

KEY WORDS: New energy listed companies, Credit risk prediction, Text

mining, Heterogeneous information fusion, Decision fusion

VII



i N 4 e R VAT

B L EE ZEL oot 1
LI TIFTEET B LI Y oot 1
1.2 FE I ANIFFEIIR oot 3
I S 1 W a1 3 BT 7

52 B SEIGIRIE R TETEIR oo 8
2.1 SEIGIRIE oo 8
2.2 SUARALFERAZEHEID oo 8
23 HLBRZE STHHZRHEIR oot 11

% 3 & HT Word2Vec-BiILSTM-Att FI P 2845 BB BT oo 16
3.1 FTREVR b7 A A RS B SCAREIB VLR oo 16
32 SUARBIIGAETE ..o 18
3.3 Word2Vec-BiLSTM-Att # AR G A AFIEITHT oo 19
B4 TR BEIINGE oo et 21

554 = RGPS B E R TE R PR R R oo, 23
4.1 15 F ARG 45 HE AR BISRIE LI oo 23
4.2 BT AL LRI STAEARITIE oo 24
4.3 PN FEFRAE BRI oo 26
B IRBEIINGE oo e e 30

%5 5 2 LS F KB PPAE 520 HT oo 31
51 TR oo 31
52 5 B S 20T oo 33
5.3 ZKEE/INGE oo 35

B 6B ABE G B oo 37
6.1 HTFTTIIZETL oottt 37
6.2 TE LI EE oottt 38

BEZETTRR ©ovvoeveeeeeeeee e ee ettt 39

B HHTAN I ZRITTE S ottt 43

G TR 44

Vil



i N 4 e R VAT

£ 1T #ig

LI RERREX

L1 RS S

o [ 45 25 T 34 1 & Rl 3 1) B A B 4y, B R S Rl R SR i AN W
Je, HpATmEE B, CRCARESRARSR R CEEWEEME TS, IF
N R SRR AL T RS S A . SR, 2014 4F “11 ERTH” )5S,
i 7MiM 7 28— R E KB LA, AT T 627 17 7 R NI S A
H Ut R 55 T3 003 20 R R 0 ik R AR I e g, i
A REHE S, ¥ Wind B0 FE S, 2014-2023 K, EAGEEHEH 6 &
T2 939 K, EBAEHIH 13.40 1470 Rt % 6554.59 1270 £ 2023 4%, KHEGiF
i R L KBS AR BRI S S . BEmE, ¥l 5 ZEdRIT A, 2
BAMS 178, BIHEASFUITAN 183.3514 0. M 2022 FE %R Cir
BELRATN 8K, FIIEAFiIF 45 1, BB ESFRIT 232.621470) HE
IS, XA, FRE G R T R R B B B U T S T AR R
ke, (A5t T —MELHEMHUKM B iS4 BARE R aE 1-1 Pros.

220 214 1894.13 2000
- 172884 1807115 1288
175
163 1400
150 1821230.45 1200
1000
100 78 800
60

53373 090
50 31 402.8%° 400

I 31269 309.42
129.02 00

0 34 0

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
FH
BAKE (B4 R) BAME (BA {Z7T)

Kl 1-1 iizFiE 415
EER, METEREHEE., BUMNREERFAAMPEHARS, &

1



i N 4 e R VAT

PR GTHIE B E, B A S THIs AT m s 2 W XERG, 38 r dnl e Ak
WS, BRI 55 AU VR AT A A A5 XU T LA 1 B S R el 5
AR GEAAEL, W AR R AR EATE B L R E R . A
RG2S, Wiy A e A TR BT A w A EAR L
REE, (HERJLEVHE D i Am IG5 L), S8 E ISR EK.
RNy, B A RS E &~ FE I SR L EE T, A Ey LR A RetE
Ko B, Aol s RS A A e 51k 1 B i AL, Sl R &
A5 XGRS, PPy T B T i R 45 P RGBS IR O, — 5@ R JEE b a] DAAE$3E B8 3 At
BeoE UL, Aol B A I AR 2 SR, UM R B [ TR Y653 T 4 XU o

F—Ji, BEE REHRE AR BERFIN T ge B R i He gttt o, k(s &
WA AW GE T, B AL 8 B R R G, X AEAG R M Al A5 FH XU 9
WRBF[ERE KL, MDA Gk 3 AT A RO Al o bR /R
£ 2003 FE i, Aot R W ALK ETEE B A, 48 X s AR
FAEAE R M, I E RS T UK 2 2 DA BT 2 ) I 5548 b 11 o — S
K, RICIZIMARLRIL I SCARAESE, DA R 2 AL BRI X
B FIN B F 3K T BEAKEE B 5 AT 1 BB BOAORZ I A Hh BV RS 2

e, TEEEREREIEAT D EREERES A SIFERN, s
U RIS AT H AR BRI i, SR B EAE A DY 07 I A A 4 A HERE (1 — T O
fE55 . FERX— SRR, Hragdi Lol A a2 e R AR, eENIA NG
HEBD IR e P e L e R RO O 4K, SE2 Bh S Bilimy Jo B RfE H b I 2 ) R

112 fAIRENX

(1) HILE XL

A EHRERREZ, TSR SCREIR 28I A 5 —
JiiE, A R SCAR BRI IR N ik R 2 I TGt ik, s R B2 2] Uy
AT SCAR B 2 A A CRRF T b o DRI, AR S i #4) 7 Word2 Vee-BiLSTM-
Att BRSO SCAAT BT HREL, 7 1 SCAREHE 248 BB 78 T B

TEAS P AR T AR R 5T, B H % GA-XGBoost #5856 f bRtk A7 i itk ,

W HIET AR TR AR, A5 B X PP TR AR R R o BRI UL 1) A R ) 3 g
2



i N 4 e R VAT

W AR RE . 3 AN TR BOMLAS 2 2] 21 & SR S b A FH XURS: AT 13
Mortr, S TR R HERVE ARG VE, B 1 AR Y XURS: A 7Y 11
B

(2) WS

CAVFRI, SRS, SmAMNIRT A S, BB
SRS OR TR DI, Dyik— 20 5838 Aolb A5 Y ARG T 1), R PR 5 2
PR AR S A K SCAS BT IR EE 23R, IR fa bR i AT e, £ b3t
fili b, Mg —EAm . A EAH REYR LT AL AE XS PEAE HE SR, SeBn T e
8 LT A A YRR RO VEE B 0 5 PP Al o X Ak, X HESR RS Atk
ITARYE B S B ROL, RGNS, A RO LR XS X Tt
AEAFAKETT 5, RS N AL ARAT T 2 7] B SE P B IR BUAE IR ZI AR,
AT A EE S A B R, BB B RS X T BUNEEER TN S, X HE
ZRAT B Al ATY B R S B Y 2 T RS BE T i 2 152 55 117 37 ) A e e
BRI 225 IR T Al A

1.2 EASMARITR

1.2.1 ESMAR IR

[ AMEAS FH VPG Uk O E TEES D B, BIF FEAR R AR AT 52 8 . ARG
15 FI PR AR 30 32 EARFE & X i) WA G Bt A7 @ Mo, SR, 1 T A s
(oG AR 52 AR 2 52 N DR BRI R KI5, AT BR 1) 7 FLAE SRS B AN A2 2 5
Y AL AT R . AR B AR A S T SR, ARl i I A R
AT R H i 2, 5 Pl O = o PPk e iz 38 n . [Al ik, ik
SR Z2 (152 8 TR SO T IR AN FC R Al A5 XS (0 % s F b AR, BA S
SREYWEN A A R A5 PV A 752

Title C 1§ ¥kiz FIWM 55 Fabradb A7 {5 F AR T AT 7e - 45 AR B A /B4
i AR B /A A fiIX 2 A B SR bR e S Al iR (5 R GL. s, 2
B AR FH XS BT ST B 38 25 5INEE 2 1 55 78R - Altman £ 5 M55

ek 2 e HIm b Z BRI 55 KOS HEAT T o X 28 RS B R A i
3



i N 4 e R VAT

IS FH B0 55 AR TR 98 2 FR ) Jens QBT HIKE SR I 25 R AR I NI 0760, DA
F A T b A7 5 M) A P 1 5 R R R Y. Kiim 55 368 36 BE 40 A A b (9 A 0 I
FA8hR, IR FUBRLLTR AR RENE W0 2 R M AV AS VR 23, T RS VR AG S 4t
SENHERf . BEFEIRAECY. Carlo WIS T 2 88 /I 7EVEAS A A5 F A ) 3 224
H, ARV E R RE IR T AV E R T BLEIREEE . A B fIGRE
T1o W T A R B S g 700 LB R E A T 4% B ik R K
PG AT AL AZ B AR, AR IR FEAT R T RS2 (R 5L A

Das SRR 72 B 221137 B 5 AR IO SCAS I B VR 3R S IR i &, K S Ik
5E SRR SR B £ Dava SREF % SO o i Ja Mk 1 75 DA Hh s A2
PEMERTA B R AR ISR, A5 IR AT A0 R A2 0 AR B T i g
B A AF R R 7 T, 8 AN [F) SOAR B AT (5 B2, 3R1345 AR
B8 52 e R 2R AR b, AT H w5 FH DX TO0000 PO A B2 RV AR 2 o SO KBl s
SURFF ST 1) AR AL 1B R A U3, R TR T I IR . e SOARE SR SR TR R B
AN — RN SCARER, W FEIRSE . Cecchini 0 52 R B I
NEERZ T 18 5 40 M T DASR o T e i 2R 09, Gandhi 25 & BLA R R A 5
155 19 R e 1 I A v 1 A7 T AR R 1A Y 0 3 n i A2 KUY, Donovan 4 A K I
MD&A G G Fabrde i 7 Al U ol (v Pl — R A A A i
WAL SE A SCAME B Tetlock S80FF 1 (H/R#T HARD) L2 & S5 T
e 35 FNAS B e 2 TR 2, R B0 S AW 1] 35 AT 26 L T s s i A 2 2R 4 1 17,
Hillert <5% ] 1989—2010 £F 45 5236 E4RARL) 220 J3 587 Bl it 7T 1 B4R T
FE5 B T A3 S BN G B, RS2 DR B i 1 2 ) AR UAC 7 2 U0 44 B 5 R
Lu %71 Cerchiello %51& F SCATZHR J7id, K B EURI &AL J5 1037 el 4138 Py 2% B F
TAE B LIERR RS, 7R RER 2] IR F IR0, Sait 60 T 45 R
AT AR S e A R E B R T A MMEME R, BB S AR,
& VPR AR AL 2 T R,

1.2.2 EAMARIA

BT RIEE S, BEALE LT 2 745 RS 1A sk ) 20 A B, 3k
FliAe 2SS . AR, BEE [ P95 5 A5 RS PRAL B R IR R SR N AR AL

4



i N 4 e R VAT

B ol 3 P SRR A9 65 £ X T 128 e e 5 52 46
S, R RN BB (01 A S bR R BUURR, E50h T4
A MR B A, USRS B R R 2 K

PRk, TR MR IR R R, MR T AR X
VAR, BEITLE AT, TSR B . T 4 o R 3 2 DA R T F B R B
JISE R T A8 foll £ AR LR S B R, B . 115532 L B T 40
A Logistic [8 7 3735 25 bl3dall_b 7t 24 7043 USSP LR, 9 92 69T 0o donl
AN V= G VIR TR R b fo i PR VP T
ORI, R o LR B8 1 46 R S b s 2R i 2434
RE T bR, EST A 17 NSRRI PR SR S bR o R4, il
5 DBN JEHLH I 4 1 b R L1172 7 045 F KUK AT A0, 48 e A
RS KRS, EHERE A SRR B, EARIAE S R
IR,

A 23 34 DS AL BRI 4 50 0 S 5 PR R SR A AR R B+ B AL
HAR BT IR, MR 19225 TF 081 9T J 55 M 0 SCA B AE Al 13 TR,
o T A R M . XU FORIEE 2 2 BF SO T 8 B P SR 715
R TV R ) 71260, 7 R SRR I T MID&A. TP A T UL T ol et
SN I, ELRTHE M P S S VK TR, Aol R A T
S BLIT AT RE MR . BRI 25 S MD&A R 41175 10 A
i, B e S ot AT WA SO A AR 38 i UGS BEA AUC (Y, 2
R 255 S2AE 2 W B R IR 4 FE S A BB BRI, B i 2B 3
290, SR A IRV 4 TR o 5\ 4 0 R A, 5 P T
A, MKIIRE, U R S0, B 4 S RIS i i
P B S T RV R L, I L 4 R B S 4 T B
R IO, BRI R 0 AT % ML KB AR R B 7 A 72,
Sy el B PR S AT SR T SR T B 02, SN E SR IR
2277 T LR RN 342 AR R R F S S AR, STHER 6 4l Se A
SIS T L TR S, BRI SCAREA L & R RS B0, kb
24 255 D) 7% BV LIRS P 75 7 T 3 BV 36 dill s T MR B s 40, D



i N 4 e R VAT

FEA B ARG W 2t AT I B AR SGHED ) i 8 NI A 25 . R
T AN BB 4 = A SOARNE 28 5 T A 1 SOAS RS £ < R 4 1Y) 5 22 B 1
D01, Db 2 5 ik 78 3 W SOA K T DA D XU, T4 R (A Rckh 78, D dilkadt
A7 RS B AN B8 MR B B S (AT 12 %

R Py VA 5k B L R RO, (R AR 5 32 B H 5
Ja3 PR i i LB S AR R ) LA RIS 3 A i A AR, IR, SRS & Sit 2
JEANLE 7 S AR A SR NI AR . KT LA E B Be e 3 Logistic [A] A4
RURT RBF 120 [0 2 A5 7R g et 2 5 IR TV AR AR, i ok 17 5 P DX T A 7R o
P RIRS R A AN RE S A 1) 7)o [ AR R IR AT T T BEALARAR (RFD. B FZSE
FHRSER (GBDT) AIREH: FEFEF (XGBoost) =& BUEEAEA N5 H Al
PR RN o AE XS EEWE T, ARTEAR R 2 e PP SR R K THI 25 2R A5 46 e
HT XGBoost H AN NG PP RAE MR RE ER IR, B EZEME
M4 ¥) PSO-XGBoost A5 7Py Tl 4 g &2 & f T 13 Fhos BRI, I LK
T TR R AR EDO), S MR SRR, MRS EIS DNN-
SMOTEENN-ExtraTrees 70 K86 /1R %, ZALREIEMILR, TEiE & Hm i
R BEFE I 28 N ET T S PPAG (5 TR 10, DL 223 B R ], AT —
B, HARARAE KRR ) R AN AL S e ) A N R I R B

1.2.3 IR ERiR

Zi bprik, A SCIRAE Al S RS VE I e dr i gl e b, Eaig D
FESE KA B0 55 Kot 2 ik B RN AR S5 A B0 SO Kl AT A 1 SE N 4 1
Z U S PP SRR A R o BEAL, R B — TR R A £ 1) 4L 5 S 2R 7 1 38
AR, DANIXT R 28 2 AR R BHE AL BLA SR . AR, AR TEARIRAF AL — L8 B B AN
AL

(1) FE H ARk A5 RS PE O TR 32 208 A TSGR, DAY
FARVS I DR AR AR A R o X T AR S HR PR R LR S, AR T SEit 5
KR ATy, HOCRE BARIEBON B —. DIk, A A9E KBS PR Fa b A
FRAERAVE AN S v Ty A fr s . ARORBIE T N — D4R TR R, S
St (I SCARTZAMANNLAS 2 I BOR, DI IR 2T 1 Aol A5 P RS A

6



i N 4 e R VAT

TRb IR R

(2) EEHRE V7T, H AT LR A Oy 3, XA B R o
Bl O AE R % ERA 2R . B, 3 (S F RS TR0 A Y ) e A
HRZALRE ST, AEHAER 7Tz .

ST, AW TAEM 55 1 br ik Bz ] AR R 34T RS Ak B 4R R i ik
N T A M SR BRPPAN R R ER GG DL, AN LG HUAS R R 1) A B
VEONIE IR EdE, FF X S SRS BEATIRA IR I A, SEILE & 1AL
R, MIRE— L FE M IRARE R AEMEPPN bR RS T, AR SCH
AR FESERI R BAT Rabn 128, DA AR KR B A oy A D 32 0 B 3R i SR
M. AR RS TN, B RRGAL  AR EE T V2R d IXRS: T AR A 3R AT X
S DA o

1.3 FEMARAR KILEEH

258, BRA RIS S R, I HOGE AN SR AT

&
Jgﬂﬁ

e

bt
| |

T, SEROERE FOHOCHR, WAHOCER R R SR PR B HEAT A
W=, TENAELET Word2Vec-BiLSTM-Att it B R RIS AN A 1) 5T
SEATRAESRI, SR & SCARRHAE A 847 o
B, (5K PN febr ik R, I b i SRk 0 i ) 1 I 55 e A
FCATEbRALS G, FERIH XGBoost HEATRAE B ML 4T, AT HUE FH XU
KRB Tahr, WEIENIEIRA R

W, ARSI 5504, i 2SR AT F R R AT 5
MG, FEURAE Logit A1V A0 57 5 14 23 M ik — 22 S i AN R PR bR 0 AN Rl 2 5
] A A FH RIS PR AR S

WNE, FEXSARUATRAR N BOR TS, RN, B R A R
A5 A SRAH SR (A 5 7 ) HEAT R 2R

A5



i N 4 e R VAT

£ 2E XPWIMEREXIER

2.1 SEIRIfIE

AT ST 9206 2 AE Python3.9 FSZIRM, SEIGFREEUIZE 2-1 Fin:
% 2-1 SEIGINEE

FH i 7R UM Ay Code01 Ver2. 0
BER S Windows 11 FKEEH LR (64 41)
AbFE R, ECEE S48 AMD Ryzen 7 6800H with Radeon Graphics /\1%
R S48 AMD Radeon (TM) Graphics (1024MB)
WA 16GB (4800 MHz / 4800 MHz)
2.2 AR IEAE TR IS

2.2.1 Word2Vec t&£Y

Word2Vec #2155 B8 rp I Sk A einl ) & TR —F, w2 N T B RS
WEFRAT S5 . Word2Vee HERLLER vE, FEAIEMNIE . FBUZ A H =,
HA B NGEFE. /£ Word2Vee H 1716 W Fh 3 Z 1 Il i\ CBOW
(Continuous Bag-of-Words Model) I Skip-gram (Continuous Skip-gram Model).
XA G AR, HEANE IR 5 I H R A 3

CBOW A3 d@id b N SO T 2 ], 3 Al = 7E b3 HAT AR, |- R 3¢
FIIEI, e 2 =) BIE A IE SCRARAE, T AR B RAT R SO A B LA
RAZER I 2-1 o

=i
H
7N

-0-000H G-0-000] [0~ 000

K] 2-1 CBOW &5 &
8



i N 4 e R VAT

Skip-gram A5 2 2 3E i i A\ — AR 25 TN 22 AR AR, X AR AU b B
HATRALE SCHE BN SO RE BYIRNEI,  BeS 3 42 2 e AT 2 18] 135 SO &R, 1
A ] R TE UE R KB EE M A 2-2 PR

Output layer

0000} 000000000

—dim

P 2-2 Skip-gram 4544 4

2.2.2 KIS HRICIZ I W 4R AR BY

KA WIIC1Z (Long Short-Term Memory, LSTM) 8B i e T — itk I
£ W 2% (Recurrent Neural Network, RNN) A3 i 7 75 {1 K H1 4 46t 1) 3t
LSTM [ £ 3 3k |1 42 il (R A5 75 m] DA 8 A% s N Rk K B () e 2 P S U2, I
HARS G A RS B E . LSTM WAL 45 44 B 4 P 2-3 Fiio:

Y

tanh

0,

7 \I’/ \T/ \T/ h, .

' '

ifer] Hihr]

K 2-3 LSTM 128 X 25 25 1) 1]
9
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HARBEEIMIE, AxNwmA Q.0 fix
f=oW,; *[ —l’Xt]+bf) (2.1)
Hortt, w,—— BRI RE b, ——#fE 1B o ——sigmoid B
TEZI R F R A AT AR RS L, SRR S
ik, PPREE N RESAEREZ Id Izt NBORRES, A (2.2) e
(2.3) FiR:
i, =W, *[h_,,x]+b) (2.2)

C, =tanh(W, *[h, _,, ] +b;) (2.3)

Hor, w Mw, —BUE IR b Mo, —HIATISHL

IR EmAMES BNz EE S ER R E (B AP
(F1[h.,x]) FH sigmoid MERIL - ¥1(5 8., B35 H tanh bR B0S0E 15 21 55 246
B, ®iRWANX 2.4 AKX (2.5 Fimw.

O, =W, ®[h_,,x]+b,) (2.4)

h, = O, *tanh(c,) (2.5)

223 FEHLE (Attention)

TERE LIRS 2 M E A, SRR TR FIFERFIE . Attention 5]
N, AR T BRETRBEES T RIEE “i012” M. Attention HTH5T]
LAy VAR =ANB B BB 1T o s, A& AR g, XUERHA Key
HIER 7> BEATHT 70 BB 2 383 SoftMax HANFEI T 20 UH — AL 3, 193] &4
M IR IAE, W R 06 BB 3 il sm A value 25 GiE R 177
WAATEERE . AR 2-4 Fios:

10
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J

Key1 ‘ ‘ Key2 ‘ ‘ Key3 ‘ ‘ Key4 |
BrEx1
Query 4 # # # "
J
A
#sottMax () 13—k — M2
‘a1“a2“a3“a4J
5
Attention . . N
Value
~ BER3
Valuel Value2 Value3 Value4
v

2-4 Attention 5%

2.3 HlERF JHEXER

2.3.1 1245 [E]))F=H

B0 (Logistic Regression, LR) A& — M WHIALEE 7 21 7%, FEH
THREARDHAESS . HAERTRUIT

S=a+2ﬁixi (26)
i=1

S 27
l+e

Hor, o NEBOR, BN REG x AWM SR, P oV E

WA F AR MR, HEVEVEEAE 0 A1 1 Z 18], AR % R AR /= 5
SCHIRIBETE, 4 P<0.5, AREBIHBAMREAR, W5 REEUN: Rz, W55 AR
LN

11
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232 ZHFE=ENIRE

SHEAEAL (Support Vector Machine, SVM) J&—#h —/» 848, T M4t
XA BRFE AT LUBEAT A 1 23 R I Rr A, 482 B 5 F AR T 4. &1
120 B AE TR MR — AN 43 BT T AR P S T, 3K A8 1 T AN AN R I f s
WIZREAE SR 4 K, 17 FLI B SR R ) LART BT R, AT R 3 248 1) 4 Ay 2

faEt. g e MEEARS Y, RGBT FEN:
w*X+b=0 (2.8)

He, oA E, b REE, x ZEARIEX= (X, %, X,) ;s MEFEART

[ AT R B — A R, (e n) 2% B BE B r 7] 20808

SRAFEf KB R T~ 1T, A e BT SR AE T R AR R AT I S M 0 A b, JFEAS
HER K.

mmawﬁu.wd»mpl (2.10)

Horbry BOBUE DY 0 8 1, SRS ARk B H 3R 732, W& — LRk —

MRS HFT A, , 15 2] Lagrange iR4L:
(b 2) = 2ol - 3 ALy, (@7 x+b) -1 1)

A @, b AASKRAET, IFEA R SEDY 0 T IS 2

oL !
—=0=>w= E A Y X
ow - i Yi%i

oL 4
==0=3 4y, (2.12)

0w i
oL T
—=0= 4[(0 x+b)-1]=0
Y] [ )-1

AP SEA AR PEXS IRy REEAT R, KA, o, blE, HIfSEI170 R
o

12
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n n

n 1 n
m?x[z/l,—zz A% X) st D> Ay, =0 (2.13)
i=1

f(x):a)Tx+b=Zn:/1iyixiTx+b (2.14)
XFFARL Ak 7 S R, AR AR AR ISR 46 2 T B S 38— B8 v 48 FR 4 (IR =2 T
A RE A AL IX AL 22 (8] N AL AT 73

2.3.3 RRHIRE

REEM (Decision Tree, DT) J& ik TR &R EAT RFCHIWT LA, &8
W RIS R, R EER SRR ARSI, A IR 1 Pk
iR EIEIXMITI, RN BRI RO AL B I B S, TR AEAE KU
PPAL PO AR . SR EORFE, DREERPIE AR SRR de T L,
AR RER, AR R Oy R R AR . BB RRE AR AR AL, I
P AR, ARYEA FRIRI 0 #ENPDR FEA > A T4, SR 5 20 I i A
TG EAEDF ST, KRR E, BRPrA TELE “ai” NIk,

AR T s ) 73 Mot ) AN R ) A R SRR 70 LR = Ff: 90 Jl2 D3 B SEpy
CHE T3 B A B3 sy 28D €45 GETE B %My 28): CART
SR GETIEEIREL BT DU 20 BT U - [B1H) . AHEL T ID3 RS AN
C4.5 AR, CART REMAE G MBI RIEIG, JF H ol DUAE S A B L
FFE. PIASCRE R CART RS R A5 F KU 70 S . 2 D 2k e fis
B

Gini(D) = Y p(x)* @~ p(x)) =13 p(x)’ 2.15)
S, pOx) A HILIGMER, n RAKMFEHHE . Gini(D) b

FUNESESE B MR, HIARZEA —BUlR. Bk, Gini(D) /),
NIFESNE ST

13
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2.3.4 thimtb EIRFARE

Wit b P B FHAR T (Extreme Gradient Boosting, XGBoost) J& T-H& #1557,
AR 2590284 (RIRSER) ERE i, B DomrRE,
X LB 2 2] 85 2Z TR AE SR ZURIARRIOR R, B — RN 9 A2 AU 1 — PR AR
Hfm Y o B FeIRACHT 2 I R I 70 2R A R I DS, R 1) T2 AT 55 2
PGB — R B TN o ) R I B 2 AE, RO T0IR 22 o XS T8 —ARAE L) DL SRR,
i #R2 N IERE AR — A BAKIAS 70, B, BRI TR SR X B
HIAF 0 33047 200, AT A5 22 AN B 5 24 TN 45

BRI AR (2.16) PR

g, :gfk(xi), f=F (2.16)
AP 9 RRR D FEARTONE: o WIFOREIWEE: 1 RN k BRI 4
K q R TACE o MR x, R0 i DN REIRHMIER & F R I EE 210 .
T TR BEAT 3 PIak AR, AR 2 SR TR Y H AR ek D R U R

L(“=anl(yi,9(“”+ft(xi))+Q(ft) (2.17)
Q(f):yT+%ﬂ||a)||2 (2.18)

Fodny,, 940 + £,.00)) AFREREL  of) R oM IR G AR, X B IEN
AT, 3 I ek A PR R JEE AR A 1 R A B R R G2 i A 5
TE 1, = 0 AEREAT 28 B I A0 B, B AR R BUE LR R N
J(ft)zizn;{L(yi,y“1))+gift(xi)+%hifiz(xi)}+Q(f[)+C (2.19)
A (2.19) X MSE #it 2k R AUE AT I, Amif5 2] T3
Mﬂ)zé?GM“+%(H{+MWﬂ+yT+C (2.20)
Hdr, g =L@y, 9" 250 T DN RREARSUR R — BB, h=L(y, 9" ") 228

PR R R IR C NHHEG 6, =Y o, FRER T RUITH AF
ABURRHE B AT W, =3 b BRORER AT ST R AR R B b

Ao
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KIE o KW T, I o AR B As k2,
HErREE, = (2.21) Fs:

* G]
w; =-—

Hj+ﬂ.

1Z, G?
J(f)=-= ! T
(f) 2;Fh+ﬂ+y

Hofg B A (2.23) Fiw:
G! Gi (G +Gy)’

gain = (

2 H, i Ho+A A+(H_+H.)

Al 15 2 iR o 18 A K

(22D

(2.22)

(2.23)

AR S AR FE AR BEAT IR, SR S aDOR, WK N RS,

T AR 73 R

15
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35 HTF Word2Vec-BiLSTM-Att BIfN4& 1= B!

BRI

X 45 SC AR SR 20 T TR B ) R R, BB TR ) S e A 2 R
TR A AR R IO, RS VM IRt 2 4E L (5 B . SR, Mg
SR BAFE— B IS R e M. Rk, ATiEHBARIEShEE AR, X
SER B R AR B Z 3T 8 5 40 AT (Management Discussion And Analysis,
MD&A) FZ 7 & B e AR (East Money Gub Title, EMGT) #H47 XA 20 #7,
Fa % Word2Vec-BiLSTM-Att 155875 H Aix Ml 28 %5 2 6 J Al 28 5 IR 50 DA% J5E e MY
TN RA T TR, A5 A dH Re Vs b T 2 WS AR VAL HE bR A &
B T IR

3.1 FaeilR £ 2 RIS B3 A BRI A

AR EEPE Wind 08 AR AR E 151 FHTREE BT A RIEAREA. FEE S50
WOCARSE R B BB A 2022 A EER Y, AP R R S5 AT A R
ACABAEEOLIN I 3-1 P BB SCARBIR VR T N 2022 46 1 F 1 HE
2022 4F 12 H 31 HAHK Erideal i e bs A5 2, 3 3,206,831 5B NEAr i £
B S AR B R A (LR B R BT REE I AR AR 2022 42 1 H 1 H=E

2022 4 12 H 31 HEEdE ) ankd 3-2 Fros

I 1 AIEHF BY EREITR S
000040 RIBEXR 2022-12-31 —, REFALIFLTLEAAITET (RINEEX S LT AT EZEEES
000413 KBXE 2022-12-31 —. REGALATFARTLERLAIZ—RUKBEFHE. FERSEFNENEE
000550 THAE 2022-12-31 —, REHARN AT VER202E, REFEAFITM2,7021 752686475
000559 Fa%# 2022-12-31 —. REGAAIFATLERLKAETVERSLFEPSERR, —K 10 £

@00591 AHE  2022-12-31 —. REBALIARTLERRBEERERRAFOEE 2022 FLEFIERS
688500 RAENHE 2022-12-31 —. BERRIIREMTE—IHD: 2022 FATRMAELEVETIR 2022 F, £3k#
:688660 BENE 2022-12-31 —, BEBRTRSME WK BREET. EXEARHEZR. BRERERZFOL
688676 SR/AX 2022-12-31 —. BEBRITR ST S5, tREERFZATANERE, HRzF, B2
698810  K&EMH 2022-12-31 —. ZEELITREMIL. LEHER: BEVESE L5 BIENNRE 202 F,
835368 EHEE 2022-12-31 —, VEHERVESR: AJREEARRESKTUFESEMEEL, MTiHE
F 3-1 B HE TR 5 W R UG SCAR S
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WEE e b B O

2 (413 0 [ HE 5 HT AR JRRETTAN S AEO A i /K BIH1888  12-31 12:47

3 180 WEER G T AR ER . A BA29H5590M99 12-31 12:04

4 N84z 5 RIBHER: ARREHEOGRFREERER  12-31 10:11

5 - ew ew ew

6 424 0 nd, FOEMEE B EAHER S 4R M8 B E 12-31 09:55
29775507 0 20224 EFIK, FEEH TR ERCP1Z6b 01-01 04:17
29776544 5 HHERARKBIN T BEENBEFZ01-01 03:42
29777/203 N1 BN —ERSTEBIRENE 01-01 03:35
2977872551 "4 BEE: XTI EAEL A FEAFEE  01-01 02:56
297797323 0 ExESHEELR, KHARBSLEF  01-01 01:49
297807763 1 B EETF, BRI RE 01-01 01:46
29781719 11 #®IFNAR, REBERSEIRRSE 01-01 01:44

] 3-2 7R B3R R NS TR s B A 4

3.1.1 ERBETS S oth

T ARV B 9 R AR AR 2 T AR AR P A B S AL, XL
B RREWR, BAEMBTTE S BARNTREXT 4 1B MR OUAT PR 11 22 T 14
W EAGEN TEBRATE R ARV E k4, B AT E A & Tl
RIEMRFRM S, “EHRETR SR —BAMVERTIVES, 1
B ARG E E R A BT B IRIL R B ML, SR A4S & A AR B
B 5 Widnahas, XAV oRR K JEE M R ZITF 22 5 AT HE TR AR . e 5 2 A
T@EHRN WA AMEFEE, AMUER TR R RIS A B, @&
JEIL T AR E RIS HE SHAT RS . BIL, XT8N & F LRI
SIS, X" AR 7R T AR EEAE S, Rl ARk
fE OB EZAK . I, AR LR T 8 BRI 18 5 20 Al o0 DT 7
%, EEEBOFMER AR O AR, FHERBUERBER, NREIRAN D
B 5 0t 7 B8 e S A

3.12 EE M ERRIE

IRJT W I A AL A AT S RS R e, R T R A S
SRR E At AR S U ST YRR S i I 4 LU RE G R THEINA R R R P72 iR G Rt
RS IRENHE . BSOS A G, KRR, YeE. W

17
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BB A TR PR AT RENS S M BB 8 XN AR AR AE H IS 28 i . DRIk, ASCREER
TR E AN FR o, BERREZGEE, NJRERA DA B 5
7€ H Al o

3.2 AR IE

3.2.1 XARR

BTN SR REE R TR, RSSO R AR IA ek A%
AT . Bk, A30E A Python H11f) HarvestText TH AL, X SCAA(E BT R4
AR, AbERRET, BATEERTE “o 0 7 7 SRR SR N AR
#E, DA OR 7 A1) 25 SR HER A& 220 . Python H ¥ Jieba 73Rl R & — AN 72
T BRE S B RSO R A, o e B AS B pR, A
TGNV EOUER, & & T 3CRDT, H, ASCRAFE R Jieba 70
AR SCAS A AT 1A AL B . 55 A ] Word2 Vee FBY0 1R) T BEAT S, —MiA]
VECREXT R — S 2 YA &, DR P AR A, RSO Y A A e O R R
N

3.2.2 XARTBRATE

H1T BILSTM /& —Ff M B 2 IR, e M -5 A 1 S v i SR S
BEATINGR, R, AT SCAR RS B AR TE SRR, AR ekt AT A S A
RNk Bk, &2 SCREHR AT T bniE, X388 B A N SR B
DEHEARRE RS, R SRR S UIZR R b A B E E . VBt
JEBRIE SR T ERNERIFENT, AR SOR R AR AR 70 AR R A o A
L 0 peiet Gy | T | ot KB C A iR e 7 S S ovivk = R R DN B Y e
S < 15 TR 9] AT R S P A7 R R S O R A ) RO R i . R BT
MR w2 A), KGR RN RIS TR AT S 0 T 5. el £k
RS, 0800 1 70 A MILSOREE, WA 1 2k i R
o TR . IRYE BT GO, NSRS BT AN (1 bR &, 5 2445
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RT 0, Wks%E0y 2, ARIEMETEEK; HHRAGIET 0, Wz 1, R
FPEIERG RAS /N T 0, MRS 0, ARG
ZAF LN A A B A 0

[ JEX R,

3.3 Word2Vec-BiLSTM-Att 1 BI#93E & [F B4 47
3.3.1 BiLSTM #&#!

T K 4 HIAEAZ 4 22 N 2% B 8 (Bi-directional Long Short-Term Memory,
BiLSTM) 72 H fff /] LSTM FJ5 [a] LSTM 441 )« AT 5 g A A e iz 4
22 AR, BiLSTM 0] LA A AR 1) A0 f5 ) R AT VHARD, 0T DABE i M A 42 5 471
SR, PEmE B PRI RE R R (R HE R 1 . BILSTM A8 25k &) 3-3 i

7N

C1 c2 C3 see Cn
LSTM M --- LS5TM & —-+<- LSTM [@—ess LSTM
LSTM -—-® L5TM —-=-% LSTM sss — LSTM
/A L/ \
Wi w2 W3 sse Whn

& 3-3 BiLSTM 1% 74 45 4[]

3.3.2 Word2Vec-BiLSTM &Y

Word2Vec-BiLSTM #& i & — ;. Word2Vee 5 XU [A] K 45 #1012 W 2%
(BILSTM) M4 & HIRBE %A, BEELSEEWE RS, LI e
15 B RO SR BN S M. 4%, Word2Vee AU FH T 5% S A 3 dE iE 4T
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TRAL R AVRFAE SR . I YIZR KB R, Word2Vee BEREH SCAS o (1 537]
FEALARYE . BRI 2 A I RN o K ] ) R Bl B B B 2 T R 1 SORE ik
KR, WMIiH R R SOARE BRHFE . fJa, XA = 515 U B A
BHAE MBI, B BILSTM #A, @it BILSTM )2 S &5 A1 T4 HLH],
R B8 38 5 $R I SOA IR JZ IORHAE , IR LR 5 D9 B A R 1 IR A0
Word2Vec-BiLSTM # A4 2514 41 [&] 3-4 Firor .

51 52 S3 54
LSTM == LSTM - - — LSTM =/~ — LSTM

LSTM (- ™ LSTM = LSTM ‘/‘ > LSTM )

_______________________________

3-4 Word2Vec-BiLSTM 4 45 4

3.3.3 Word2Vec-BiLSTM-Att & &!

BiLSTM fEALFE 7 BN, o TN (B P 4 T AH R AR, XA RS 2L
PRI TEVE LR T AL B BB (S B 1 Attention A5I24 I G 5 AR 4 N\ KHE 11
H LA R B AN R P AU, AR S O RO RE E HK,
WG] Attention ASHY AT LLTE A FRARAN N FI2BI,  25 RS 30w 1A S RS B
M T A HE 7 80 P IR O R o DRI SCSE G E BILSTM B2 AL 5 In A
Attention FEAY DLSE A M 42 Fp 51 b i ARIOC &R, AT i A B F P RE AR HE B 178
Word2Vec-BiLSTM-Att #5251 4K 41 ] 3-5 fi 7
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Softmax

_________________________________

| Ki ‘ ‘ K1 | | Ki ‘ | K1 ‘
' v ' i
| q H F(qim) H F-:clkzj )—( Flgk3) )—( F:qfd))

Attention

AN el

ENENIENN TRy

LSTM 4 sTM e l l l l !

| SfotMax(i3—H | !

J ' ¥ ' v

ISTM -  1siv H-» 1M H- | a1 ‘ ‘ a2 || a3 ‘| a | i

\ AV OO |

O S, S

__________________________ NN

i s Toki £~ = :
_______________ f______________d

3-5 Word2 Vec-BiLSTM-Att 1574 4244
ARSI python 1B S ENF ERFLIE S, 3T keras /E NG FEHEZLIEATAL
Wows, HPH 7 HAR T EE, mATEMSEEE. BARSL s F2 A+ H A 32

IR A PR B 3R 3-1 Fra
% 3-1 BAPRRA

2 f A
Python 3.9
Keras 2.13.1
Genism 43.2
Sklearn 0.0.post7
Numpy 1.24.3
Jieba 0.42.1
TF RIS Pycharm Commonity Edition

3.4 KB

AR SCARYZYR 32 B SR 1 S A IC BB AR SRBOGHT el b1 A F] AR
B IEAR (S B, R python H HarvestText Al jieba T2/ %} JF4H LA K
ST AL . FLIR,  ASHIE SR A S 46 Rl ] LA o S A U] SR
LR ) LM HR SO A B, 42 G R X SCAR AT 13 A, AT AR A
TR EEE, HT RSB S SIZ5. BjG, FIH Word2Vec ifi 5
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TR SCRBAR A I B RoR, IHENRANEE T BILSTM A d,  DU#EAT
RN T BT BiLSTM A5 AU 4 F] (A 2 vl B 240 1 35 1F S 22
55, BUASCE BILSTM 5y INGIASS &, SRR R SOAR(E Bt 742
I, MM RIEES . #T Word2Vec-BiLSTM-Att A5 3E47 SCAAE B2 1)
AR B 3-6 Fis.

HarvestTex$-& LMeRzr =R
jieba ﬁ”ﬁ fE i

EScwatilt] BiLSTMiEER Word2VectEa!

K 3-6 SCAME Bz AR K

22



i N 4 e R VAT

£ 4T MERRERNERRNEIFN IR ERE

AR R ERAE R EIN RV RIMEE, H Altman B 0K 2B &5 B
AR TANI S5 L R Lk, BT mR 7 K& KM 548 br 8 .
B2, HiRd 2R GRS, FECFEFIEHDEIE, AR AR
TIREA%, XFuk, ASCAE R R LAY 2R S R H AR MR a8 R AT )
A5 AR FRARIRIE ,  FEAG WD IR J5 100 5% Febm ORI AR S A . IR
ST HTREE b Al M IR A AR SR SR AP LR, AR B T
B R B PDB R AR A BT KA H AR (Synthetic Minority Oversampling
Algorithm Based on Density Peaks Clustering, DPC-SMOTE) MIxt #5347 4b 78,
T A R R 40 2k A 5 OB A UL A T . i >R XGBoost 180 % 4545 5 (1)
TR AT TR 04T, ARG R BERCR IFE AR, WS B PPN FE AR .

4.1 15 F B W S5 48 R A IR A2 1 HY

ARSCK Wind S 2E 151 SOBTREIR BT A FVE NI FOREAS, R E R 25
PEPET (CSMAR) 2023 4R AFHR IR M 55 FLAFAE 9 KU KT 23 KA, oA K
W) AT N 38 5, MR AT 113 5. 55457y 2022 4 12 H 31 H,
PR AT E R S A RER IR LT AR B s, HEE NN
KAE BT bR e U B Fe 4, B2 RE 0. RIERE ). &ERET). BFIRE
A LR R IENNE O 6 NERE, JLREUCR AR MR 36 MU S4EHF,

BARINER 4-1 Fiow.
# 4-1 M5H8hRfk &R

VR A W 95 AL B R 2
MALZ(X, ) HAELE(X, ). BAE (X, ). REE(X,). &
Rt FERRE(X, ) TLATREI G (RSB X, ). BE R E NS

TR/ RAH(X,)
SMBFHHRR(X, )y BB (X, )y TR (X, )
T BB KR (X, )y LS KR (X,,)

RIS R R I (X, ) AEBE SRR R (X, ) B EI(X ) RifsF IRk
e JAETR( X0 )y TEBNTEFJREETR( X, )y TR VP2 (X, )y AEVESN

B R (X, )~ BB EER(X,,)
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B3k 4-1 W S5 abnik R

VAT W5 XU T 3
BTEPHE R (X)X, ) KITARYGER(X, )
EAE)  ELERIE(X,) ERE(XG ) BERAE(X, ). W%
$(X27)

BN ILE TR (X )y A FILEN( X ) BBILEIL( Xy, )y A

(X))
WERBINIG L WERN GO S EE( X4 )~ WP BN LI (X5, )

4.2 ETFIREEERW FI5 iRk
42.1 I=EEE

WAL FE (Genetic Algorithm, GA) J&—Ff kT H SR b FEAN A% LA ) Fil
Pl R R AT 27 R AR AR A I R A B R ] S8 SO AR 57 4
BARERAE, MEERIGEME T, G — RIS, B2 AN
NI CRIOCAG AR S F]D) BAMA . R — Rk, SRl FEpLEEE .
A2 XCBCxT R R RAR S B, e SRR 1v o5 48 28 2 ) AP BEAR O X dskdt AL . &2
M AT SR, R E R BOE NI, TR A5 7] 3 el

L. HAMDERINT.
AR 1 G ALt ir, IR ™ @) 5
DUR 2 MG NLRE B BT SRR g 2R e (AR )8 NP A 5

: While /& 5 &5 12642
FeTIE NAE IR

N
(U8)

N
5
AN

DYRS:  H B A SO AR QAR REAT S SR AT
DY 6: AR QAR AT A S R AT

N
S8
3

Wefe, TXMBFEELZ G PRIV +y), IREIPE 2
SRR R

N
S8
o)

4.2.2 BT iREEESTIED T

AR SCAE A% SHE0O0 T BE DR 1T 2 IO 55 FaAnE AT T RFAESRI,  d2 st
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FE RN BT 0 45 4 bt 4T 100 WRIEAR, 7E2H 83 KIEARITIA B E M E (best
finess) A 92.06%, I AE FILEFEL L LUK 4-1 Frn. JE T2 as AT

ANy ARSCREN 36 ANV 25 FRbR IR 19 M55 FhdR, AN EEGRES] (X X,
Xav X s KIERET] (Xgv Xy Xy s ZE R (Xpgn Xgn Xy X s

Xo v BRIREST (Xpgn Xpon X ) PLEILETACE (X,on Xpon Xgon Xy Do

GA(Feature-Selection)

100

98

96

best fitness(%)

A WA AWM
90 1

88

86

T T T T
0 20 40 60 80 100
iterations

A-1 P B TR S 45 T
[F) B R A B 2 0 18 5 40 B DA 2R 7 W TG M A i S AR 17 B4R 40 AN AE XL
FEVET PR AR R, AT DLAE B2 B4 A TR S Al o 25 R 28 4015 AR SR 1)
m BRI, IR RE TR B R AR BT I I B SR G AN T . X R 2 4
B Z2HAE0DH PR, GBI TIRATE M . SE A 1 Al i il i 2278 X
S o IR A FINTE XA B B F SRR, LA T I 0 Al Fi s B T
FATTET UL ot R Al A5 B XU B SEBrofR i, AR BT s SR IR T S FF
B2 BARTR PR WIER 4-2 FTw .
5 42 BOSCALS BB IV bRt &

PN 4 FEbR A TR
BEfiRE MENLLER ., HB R, BE AR, IR RIS IR 55
R JERE MR R FrAE I KR BT
e RSO R Z . B AT AR [ e B
T L ARRBh B R
fHRE KHITEAU . SE S, 5% A&

i=% - NE LS. IR Ut TR 4
47 KT GQWAﬂﬁmi\ijgﬁ JERUIR A A I e 1Rl 0
AMER EEZEE S 0 BOE AR
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4.3.1 DPC-SMOTE 1& %!

H1 768 BV b T Aol b SEBRAFAE A B A T XU, ) ARl A8 4 FR Al b o 2
B, SHIRSEANTEIME, FEAAFH XN 45 525 5 B Il A
Ro BB TR B B AT R, XGRS e R T
JE WA SRR TR I D MERFEAR & B RAFHOR, IR SRR W% 7 iR RE S Jol /D #F
KEE, A RO G AT B PR P, ST KRS EL. DPC-
SMOTE Sk EZAUFELL T =P8R, R DPC FiEx DHESEHAT R, A
KRR BB 7 P T AR A T SRRAE AR, R AR KA A B TH L 2 5
FEAKH, KM SMOTE SR ERN & oD BEOHEA . KRR 4-2 P
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DEIE
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Al R A N GE— L& 1 Z-score SMEREAT FLEL. bt 2 ln a3l (4.1)

i,
XK 4.1
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Ko MLE AR A G LA, (08 38 5K, To R 54 MRS Atk i L 4l

21N 3: 1. NBERRFEAREIE A4 S 2 &5 BRI B E %, AR
It DPC-SMOTE 530K o XU 5 XU A 42 88 1. 1 A ER Bl T 78 . Rl x

P FRBHRIRBEAT A R 34T, & AR ] AR R R AT I, & 4-3 Fis.
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Nl 4-3 s, AR bR Z IAAAE 3B AR OGE . DR A b AE A XU Tt
BRI UERA T, 1 2 7R A BRI L v A G (0 U PRAN 4 bR, UBE R IT R (B B
FOVEAE PRI T4 ik, AR XGBoost B AT 45 (1 P 4E AL FE ., X Fi
JHEAUE #2558 7 B R TR B, I OREE 7 R 1l 25 SR %2 ¢
% ORRIE . e 2e, BATLRARREN T, Bix s o ik AL it s br e &
J— AN SE B R AN R AR A R

AR SCIE I AT AR SO AR, JRIREL 189 Ak EdE, 23 M A KSR
TEbrR gt . e KR XGBoost AU FRAREEAT I I, A EEHTBEUR LT kA
FRBS VAN B4R bR . HAR R WIS HOR B~ . BENLERELLBEA 0.8,
Hobx o B2 48 B s B, 23R8 0.2, 199 28 0k A BR B 3R TH .
XGBoost 1A, 153 5 ANRFAEFE b (¥ 5 F Mk HE 4 LLRRFAE H8 bn BRI A S AR AL
HRMSER, R 4-4 FIE 4-5 fios. RN T B RN, i ANRRAE
G . AE AN SR 4-3 PR

F 43 FRfEfabr BN
; B N HE ) B N B
FHIEFR PR M BE FHIEFR bR WA BGE
P L3
M TRl 0.30 4 0.025 P& RICE 0.35 6 0.010
HE R 0.53 10 0.027 NEIILER 1.00 18  0.072
b 0.75 20  0.032 R AR 4 0.42 12 0.020
4t 21 B3 55 PR A PN R
o 0.47 10 0.019 _ 0.63 12 0.025
R =

EALERAIE KR 0.72 10 0.044 KGRI ZEZR 1.50 46  0.119
A ERGEEKE 0.95 16  0.066 SMENV AR 0.76 6 0.032

T KE 062 18 0.051 It 55 %% FH % 413 32 0.228
MUK A% 038 4 0.006 MDA-bilstm 0.18 6  0.019
Bl 3 024 12 0.028  MDA-bilstm-Att 086 20  0.037
BT A% 036 14 0.019 title-bilstm 026 16  0.023

[i] 5E %P7 e R 0.74 12 0.027 title-bilstm-Att 0.29 16  0.034
ERBNTE AR 0.27 12 0.038
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RAEE 4-5 ML RRM, URHEREIERCH 13 B, XGBoost 152 it Tl 1
WiFm e, SRERAFEENMN, FIA SO ERI & 2. KRR,
AFPER FrAERGGEKER, BREGTE KR, Bl aflkE, ¢
Wish %77 E B % . MDA-bilstm-Att. title-bilstm-Att. I 4L, BENL AR,
2 M R B R A SR REIR_E 17 A F XU VPN A

4.4 IKEINZE

AN B ST AR S I A AT T NS T R 36 M R P SR bR, AH
WAL VAN S TR AR REAT HIE ik, IR ST BN o (1 XU 6 4R
FLREE R REABRZEA P45 (1) 6] &EH F DPC-SMOTE 5L Bl b ATH 78, &%)
B iy s G A B H . R&IE ] XGBoost ARG H 4 ANRFAE SR FR Y
HEMEHA, SEMEAFRAEBCRES DL NN AR, B HET 13 MRHE
FRARAE T BEPR A M AT P KU AR S0 DR 2K, D I b A5 P RURS: A At HE 2%
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£ 5T SR X IHES 2

ARELLE 3 TN 4 ERINE TSR AL, JEH 13 M5 U2 b,
LR A AR SN NL & o SIS TR g d R SR 5 A TR AT KURS TR AT 7o M R St 5
FEFRAT S PN, WG 2R TR ZE SR, el B A SR ) 22 A0 7
%, NI B AR R R e PE AT TN AE AR R, 49 B InAa AN Al SE R T Z5 2R . %
Ja, BE— DR RETR bR EEAT EAC AT, NI 2 M e A TR AN R 427 v R 4k A5
AU PR AR

5.1 RREAE
5.1.1 1R 84E

TR R AT LB 45 5 2 AR (0 P00 45 R AT 7 48 B SR R D P — i
RN ZERTS 220 PRSRAL G IRYE 73 FEAR Al & 1SR AL 0 W AR Al : - Stacking 72 BA
AR RAA R NI RAF W BN TR G 7 5, R 2k 0 S X B AR 200 10
MR AR T AT HER:, MIBLT (m, n) ZERTHIARRIEAE RN, I LUZ R [
JIHENTE I RGBT E R BITI AR, b m AORFEAL, o AREEKSE
M. Bagging #& LARZE > AT N 73 RAF PR SKBL G 7 , ESex bl
ZRAEREAT ERAE (Bootstrap) FFHE n BURHH, [R5 2] n 4> OOB (Out Of
Bag) Hdlifk, MR OOB iR ZEHE RFMMAL, ot n BOLHM 145 FR
POEANG, 13BN 4EE R

WRIERTSCHRT R, Ca@ 7 —ES KGR PPN fa btk . 41
SERIE TR WAL 48 B s o ST AT DU 3 K 22 U 55 e L E AT A RO .
R, D9 PRAE P R S B PR i b Ak 200 Aol A5 T RURG T A AR, AR SO
ARRNEBR I = PP L E 2 SR R —— 0B [ S Ry B LA G SR A TR AT
PSPt o

EIRMLAS 2  BE A LI R8s EBUS R At Re, (EAATT T B EVEIR
Iz AL BRI A9 8es b, L R A B R A AR UK. I, AR
DAL I M)A SORF A AL R f &K Stacking A1EE T 2 MR SR Al &
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(¥ Bagging P o Rl & SRS HEAT (5 AR 000, I3 2R B Rz A g

ANEHE A A TINS5 P XS 0L PRy B A e B B 5-1 BT

EEESHE

VAR

Word2Vec-BiLSTM-Att

EfE i
WSER

iR e - B R

5.1.2 1REIHN FE AR

Z-scorefiiE
TREARE

,

XGBoostER
EEEER

DPC-SMOTEE:

_________________________

bR RITE

K 5-1 FEE

N T ORUEASE R RE 7015 2 2 Wt LU,

PERERIDL ST . BE R RRIE R R IR 5-1 P
% 5-1 IRIATERE

I

I

I

I

I EEF S

I

I

I EEES

: Stacking

I

|

| e

I

I

: Bagging

I

I

I

I

I

I

g
TR 1 L RU Fl

R Pk LT Fi5 b ok e ASE 2R 13 00

N TNz T
e TR R
To R FN
A R TN

FEHR% (Precision) 72 ¥8 W A JC KU AR A R, B0 1E D J0 XU 1 B A8

BB TR T e KRG 2 m TN B . tF R A SR

Precision =

TP
TP +FP

(5.1

HIEIE (Recall) & 4552 n g7 KU A 45 0000 8 KU (AT L9 o Sl 1 6
RS SR I AT Jo s 2 = B

Recall =

TP+FN
32
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IR (Accuracy) 870 S AY IE A T (M) FE A2 5 S FEARZL W L. B
AV B R R B e br 2 — o THHRARW T :
TP +TN

Accuracy = (5.3)
TP+TN + FP + FN

AUC 1% (Area Under the Curve) it | [X 4323 F] & 75 47 16 XU 1) fig
71, AUC {HAREEE 1, FonBiR X 5368 FliaE .

K #7532 XHAE (K fold Cross Validation) St 7R K2 1LAE 1y, Bilid £
VN 25 056 0 SR ok 2D B VI SRR B8 AIE AT R R K 22, AT 75 21 5 Jon e AN ]
SEMRE Y RE VP Ad 45

5.2 SR XB TS S 54
5.2.1 {5 B 1F Ay

SIS [ AR ) S (0 R T A5 RUR: IO 45 R a3k 52 Fm . BHER
5-2 W[4, (1) fEREAELHIN 1: 3 i), Bagging HAIfK) AUC 1 FIER 2R 1) i
BT AR, HAE SN 0.905 F10.935, EHATE 1: 3 FEAELHI T Bagging i)
TR R I i s SRR IR SRR (R 2R R 0.774, (HIBHEIEIE . RSRMRT LA
J% Stacking AL AUC (MK T SCRFm NI 0.851, BEHHIX 3 P AL i 35l
NORBPT TR (2) FEREALLGI N 1. 1, TR RS TREALEI N 1: 3
IR MK, {2 AUC KT 0.8, HF: Bagging #8141, HARBAM) AUC 1H
WHE PR, BB Y 1 1| R TRINCR Ly, B SRz AhAE
Bagging TEREASE N 1: 1 BRI AUC 1 5 HINAERR R B i . 28 BT,
FEARLLH 1: 1 AT REA L] 1: 3 TR R MK, {HFR Bagging 4F AUC {H
WA IRTE, VUIREAKCEY 1. 1 WEARZ LR /5 98: Bagging 7E I AIEE
ARLUHI 35 e ) AUC (A B ERA 26, Ui B4 - Bagging A5 24 ¥ Tl 2%
g, BE SRR BT AR IR LT A AT AR FH XU T

52 TN NI
FEAILD  BUEAR Wk ABE  AUCH WWE AR

LR 0.821 0.958 0.774 0.806 0.815

SVM 0.905 0.792 0.851 0.774 0.808

I: 3 DT 0.958 0.852 0.801 0.838 0.827
Bagging 0.908 0.958 0.905 0.935 0.874

Stacking 0.846 0.917 0.744 0.839 0.842
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Bk 5-2 AFBR RPN TR R
FEAS LA CEE RS 4 [ AUCHH  #EmpR S XISIE

LR 0759 0.917 0.827 0.763 0.798
SVM 0.941 0.696 0.862 0.789 0.793
1: 1 DT 0.8 0.842 0.816 0.816 0.804
Bagging 0.815 0.917 0.896 0.816 0.841
Stacking 0.870 0.833 0.810 0.808 0.808
5.2.2 XS 2

N S B TR AN [ B Ry x4 M A5 P KU A 520, AR SORER A Logit 75924
EERRL TR PR R 545 AR 2EAT B 0, A I A (5.4) Fos:

CR:aO+Zn:(aiFeaturei)+g (5.4)

i=1

Hr, AR CR (CreditRisk, CR) ARG XEARZE, HASE Feature
BFE T B SCR S FH AR TR AR AR & o BT R SR AR

ARG U B AR S IBEA LAY 1 1 EAT BI04 . Logit A7 [m] )it it
SERINEK 53 Fion. MR 5-3 BUMEAL 1 RIEEAY 2 T DUEH, WA R
(Financial Expense Ratio, FER) HIHKIATI AU 2% (Long-term return on capital,
LROC) Hfilb e 5 & A A5 FH ARG 35 B AH O, 3 B0 5% 9l FH e AN B8 Al
FRIFN RE N 2.416 F1-1.347, 16 1%K T EEE. B 3 45 REH,
WRAEE B2 018 508 (MDA 43 B SCARTR bt Al A5 F R B IE [ 520
HAE 5%KT LRE, mARECH 0378 LTI 4% S R MKIAR ARG F . 45
EATIR, SEUESE BB SO — e R RS TEH XK m R R, HAHR
TREARE SRS S, FHZEW S 0TS E B R AL 2 TR A
FH AU o

3 5-3 Logit B [ 1t 145

R TR 1 i 2 1 3
FER 2.416™ 2.216™
(0.552) (0.543)
LROC -1.347" -1.466™"
(0.353) (0.378)
MDA 0.378™
(0.179)
Constant -0.266 -0.567 -0.614™"
(0.192) (0.226) (-0.230)
R? 0.356 0.474 0.492

TE: (1) *, #x ek BRI 10%. 5%, 1%BKF ERE: () F5 N TR
= CFEED.
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WeFaEuE e . BT, FEIERAESH REIRAT L I K R
It & — RPN SRR REVRAT ML A e, DSRS0 IR AL . B e URAT
MV A FATATE 32 BIM SR BUR A2, AN R4 Vo A8 REVR 22 =) n] RE 2 21 A [H]
BUR A SCREAI PR PRI, ASORARYE Wind B8 e, REB B UEAT W2 B aedit |
BReURIE s HrRei s LA ACH RE TR B R DU AL AT S S 0 dr o R 5-4 25 3L
s TWHNBEIR BT AR LEVEERRA A, RIS AU R 5 b AF XS 1Y)
AR FEARAERT s W55 2 Y 3 AE B REVR DL R B RV BE 2 2278 Aol h oA Y XURS:
ARF LR EHERTHE S 0 Hr R REIR B A o AT 3 IR R i i
NES o A 58 U 38 e 50t il A5 P XRS5 R E /R o SR R X T e UL
TR REIR B AT 5, RERKEN TSR TEARD R 47 B DA
Leispte) 05, R, AR B A Bl AR R pE 1 A M RE AT
Ysa g 71, AN FEATAR P AU o

*® 5-4 ST
A5 B T T & BRI 7 b
N B BB BB BRI
cen 0.119 -0.007 0.766" 0.382
(0.028) (0.110) (0.146) (0.347)
LROC 0.270"* -0.126™ -0.207™* -0.349™
(-0.080) (0.056) (0.060) (0.128)
VDA 0.003 -0.043 0.081" -0.026
(0.068) (0.088) (0.037) (0.137)
0.169"* 0.052 0.007 -0.053
EMGT (0.061) (0.072) (0.041) (0.352)
Constant 0.386™ 0.283"* 0.514"™* 0215
(0.052) (0.069) (0.060) (0.256)
R 0.464 0.148 0.548 0.421

5.3 RE NG

KB b B AL AT R PP SR bR i 2, Rl A5 A KU
33 o B0 A1 g T e 000 N 1) P R SR R 5 g 2 P XS RN AR o o D F e A
P H e TN AR AL RS2, AR AS U] B AN [R] 20 ) AT SEAE e B . TR B
Logit [AVAREL3E— 5 40 W AN [R1 PR AR AR AE XA FH RS T (520, -t 901X e i
PREEANRI 2 Y Al (S OR - S5 R A

A B RS 2 5 R R R T R i 2 WA XU I B AT R4 BRCR R
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P i TN AE R VAT 32 AL RE 7 B RCR o W REVR vl il I H e SiE W 55 2%
FIE S KRIAGEA S a5 DL E BRI 5 0 A A% O AR bR UEUIER BRI A
WARENAT L, NEARRIZRCERAER@AZER, BRI R AR
B, ] A] DURA DR L BT DR SRS SR RS i R AS e I BT, E T B T 2 7]
AR e B IS RS 1A s FLUG, Bt fe e i 55 4, 57t %
EAEHIRCR, IW4E R s HPIROL; fJa, Braedi bl o m) N DR E
B RS 5 70 A0 AR RBUOCAAE S, DS K I R B X T8 2 A5 FH RS
RNy, AFEERINGRAEEHE, REELSWNERE, HmfstaEo, Nnf
25 1A P RO (1 5 A
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F o= REERE

A VA RS A0 S B 20 5 St €0 e R < RO LA) A0 4 2 AR SR A 1 e
AR ] £ i B 1) S5 A A AN AR Z5 A A A5 JE P e A P AR R B R B 3R, R R
AT T HE R 5 v A2 AL RE 77 50 B TIUE AR RO F R AR A O 0 TR, (R, A
BRI A AE S TN AR R AR A AR .

6.1 AL IL

AR FEERAH LN =5

(1) AR FEXS A R RS ) Sk SCAREAT 20 M7, i e tH LA R,
Az HR] B0 SUARREAT PRI, I Word2 Vee B8N A b SCAAE B HEAT 7] &
WERoR . [N, Gl EE S AR G2, 15 DO A bl S SO R E SR
WOLRE R BRSO, e RS AR, iR Sl NER L], AR PE
NHGE (0 B BB A R B, AR N SCTE RS S, SR SO
fIESE BT (R HERf 26 RE R, AT A b At s Bt A A5 FH RIS P SC AR FR A »
TR SRR SCAAR AR N — B %R b IS RS iR & . XA BT
Gt ER DAL A RS XS, g RIATLAG R XUBS B BE R 1A 05255

(2) AR AL SRR W 55 Bs AT 0k ik . i TR Bl S A 1l
RHEEFBURSHE X AR IS G IR, AWK DPC-SMOTE
RN A AS F XS e SR BEAT 58, (X B AR R iz AL 18 23—
/) ST RSBGPS S oA A DA v =F AR A V11 =R A vk = 7 P N
K H] XGBoost AU L& SCA SR AR AL AF RS PR Fr bRt 4T — X ik, 8
LS PSR bR R B REAT 70 M, B A 13 AN 45 XU vF i Fis
PR R X RO S ol B RS TS 4t 10 Fe e, BN
W FeAbAE RS PFI SR AL 1 2% 180

(3) R 58 B 2 T RE VR L T ALl 45 T RS PR F b A R AR 2R A L
A A% eI B a8 5 ST RS Aol A5 H XS EAT 00N 20 B o PR ITT, 5 8 B A% Sehll
oo IR AE TN E REAIZ AL RE 70 EAFE RO R, R A Gl A & 2 A
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B — R SR A FH XSS TR R SR 42 iz AL e D A AR 1% . MR (Y Stacking
M Bagging H &AM AR 12 AL BE 7 AT vEAf 22 B39O0 T8 — A2, H Bagging 5
R AUC 1HN 90.5%, TRINHERZRIER] T 93.5%, & H Tk A5 A RS Tt
Jeos i T RAFHI PRI RE o itk — 2B JE I AN [F] 45 b5 4 i 0] AR A XU R S i
AHFFCKF Logit AT HEAT [RIA 411, 45 R F ) MD&A SCAFRFRTE 10%/K Tk
5 A AE R 825 A %

6.2 NERRE

H AR DGRR[0 PR B AR B IR PR, AR SCATI SRR AE — LU AN

(1) MG AR R RRZ, ARSHENIMIR, E0E TR0
AOEHU 554805, MEVIDANARAR A R . X FERTEEUT T B 2R T — L,
Al A R 200 T Al KU 2T o S SR R 5 R LAAE 06 10 1R 2 2 > AU
XTI 5% R AR BEAT ORI AR A PR FE RS PEAN R A 1 R B B 1 DL &
FHEAE

(2) ARSCIB IR B E T8 5 b RUAR 7 0 IR NE SO AR SR NAS FH XU
PEMA R, MM FE TP R TR A, 3838 T VPO 14 2 1 4 T M R v
Bt (HH TGRS B AT BARE B E X b A &1, R B ie B30 7%
KT AT [FX R F G L, 3 — B 7 A ER AL i sgma T, PR,
FEARK MR FT T, PT DAIE I R B 2 S0 00 B0 0 AN () SR ST AR IR F8 s (14 B
AT ], [FIRTAT A RN 22 HSEHSCAE B, ARG 5 i
W ESL A ERGL, A JE SEH Al A5 RS B2 L4t

(3) HECT B —HpLA 7= S PR, AR H) Stacking A1 Bagging 21
AR A 45 RS B SE 4 O T B8 F7 0 R, IR B 2% o) U A Z Ax
2 11 B S ER  FROIIARE AR, 3 S AR TR B A i K (1 b B 5 2 R v R R PR IR 1
73, T RARE— AR Al A RS T (e v AR R o E SRR S Al P XU T
DASEAYEE, 7] DA B 45 AR B 2 o) R AL 28 27 ST
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