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Abstract

The prediction of corporate financial risk plays a critical role in safeguarding market stability and

XES|IH: FFH, XEE. T ICSA fiAh WELM BIAST 5 2544 W 25 XUBS TN A 72 [1]. 1228 5104, 2025, 15(6):
49-61. DOI: 10.12677/0rf.2025.156256


https://www.hanspub.org/journal/orf
https://doi.org/10.12677/orf.2025.156256
https://doi.org/10.12677/orf.2025.156256
https://www.hanspub.org/

FBTHT, KR

protecting investor interests. However, real-world datasets often present challenges related to class
imbalance, wherein traditional prediction models tend to exhibit limited capability in identifying
minority classes, such as Special Treatment (ST) enterprises. To enhance predictive performance
under imbalanced data conditions, this paper proposes a method that optimizes the Weighted Ex-
treme Learning Machine (WELM) using an Improved Crow Search Algorithm (ICSA). By dynamically
adjusting parameters and incorporating mechanisms such as Lévy flight, a multi-individual weighted
learning strategy, and a differential evolution algorithm, the search efficiency of the algorithm is
significantly improved. This optimized approach is integrated with WELM to enhance the identifi-
cation of minority class samples. Using A-share listed companies from 2022 to 2024 as the research
sample, cross-validation is employed to evaluate model performance. Experimental results demon-
strate that the proposed model outperforms baseline models in key metrics including accuracy, re-
call, and G-mean, showing effective identification of ST enterprises and providing a more reliable
technical solution for financial risk prediction.

Keywords

Financial Risk Forecast, Improved Crow Search Algorithm, Weighted Extreme Learning Machine,
Unbalanced Data

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|

TERR ARG AET T, ALV 55 (8 BEIR U2 i B AR AR BE 0 5 R R I R . AF 4
b PR 4 R R AR LI, IV S5 RS TN A A 3 H R A Tl R R R A AT, ST IR
AV FE I 55 PG, AT A XU B 428 3R (it 5 B A BRGSO SR iR 3. ERRATTT I, A 30 55 K
ST AR RPNV R TSR, S BRSO NE RE 0 - 2 EMBEAT S RIS B . 2R
M, W55 R T BRAEAE B 2 R AZG AR MR AR, S EUL GE T J7 045 HE T P A R0
T e 7™ VR B Ak [1] o

ME A TR, W55 BTN R 22 [ T AL Gegi vt Jr ik BIRLER 5 21 5 ik st . R B 7t
T EAMRRGE 27570, A2 5 [ YA [2] R0 22 AR 57y A7 [B] A A 2 , JX Ee Tk i A0 m e R B L AR O
B3 LLAL BRI 55 Fa b5 5 ARPIRAS Z TR B AR AR L ME o0 R JEE4ER, BEEHL AR5 21 Oy LI FE 07 i,
HGBR 22 1) 2 0 R T RE AL SRV 4] [5]. MR MERI6]. SCRFMIENL[7]. B2 2 [8]55 T 125 F 2 55
JRVRS: FHEIN 0 o FEATL A 25 >3 T30, R e DA B0 45 5 22 0 245 1) LI A R X2 73 A 1) 2 S 7 [9]
FER BE DA S0 i AL B AR S AR R B BT N SEILS B S0, PR S R T I e 4% . SRR
BNETINGIF S SE, TSR T 70 R BE[10]. SR, AR 2 BF 583 76 T 75 v 2 i 4 s PR AR
SR AT EAp], DRI EAE S B S rroxt A SR (ST Aimalle) BRI 4K T F A 8 [

F RIS I 55 XU T A AT 7 E B e LA R R R 1 5, I S5 Mt RO SR I e, SR
FARPRIEAAAE R AR R R, ARG G i DU Rl e AR U [10] . Fik, MR All (0 ST 22
AL EREAS P 7 Bl H AN 5%, ECIIZRECE I 5 002 AP 0 A [12] o IX R B o A R
RIS o SR B0 2 BRI B AT IR Al R IR 53 R

BEX L3R (AL, ASHT FE R R A 5 RS R B S U BR 7 SIS £ (1 SR AL BRAE AN 251
(I 45 IR F0000 ) . 2 75948 22 595 (Crow Search Algorithm, CSA) R 24 faj s . IRSIGE P, &R &R

DOI: 10.12677/0rf.2025.156256 50 18 %5 S 2


https://doi.org/10.12677/orf.2025.156256
http://creativecommons.org/licenses/by/4.0/

FRFH, AR

BESTomA s i, Wl N TR R B AR ALK [12]. (H CSA & 5 B N R #8 B AL B R B R Ik 25 1]
FR[13], BRI AR SCAE % SCHR (LA NZ SRS T st 7i:, AR m SR A RCR T A R %7 2T HL(Extreme
Learning Machine, ELM)E Ay B8 2 5T 15 8 I 24 (1) PRl 27 59 B, DRI G I S B R L 2 A0 PR BB A S5 1
TE 0 45 RS T 3R A 72 8 [15] IR R 2% > M. (Weighted Extreme Learning Machine, WELM)7E
ELM f2&at Egl N THRCGE, @ 40 BOERFEA T AU, S AR SN GV IR B OB A, TR
XF ST AT RE Ty 35 25 G ol sk IR SR AN R 5w IR — SR MR Re R PR, B8 R JE i [m) A0 A 2808
R ARFER IV 45 R T A v e . ARZRME . ST B SR AL I e S

2. BEXFENA
21 BISRRELRE

51548 2 5% (Crow Search Algorithm, CSA)/& 52 H SR S 75 B & 47 3 R e 1 —Fh & Reth pb 5
VE[16] BRI, S BA AR 2 WHEAZ e 70, Ref 2 R W A7 AE A [RIAL B K Be 120X Le s B A
it ER, A @ MR R AT R YR E B, IS O A S IS A B . B TIX
FHETREAT ML, CSA SVEMIEE 16L& 17 B 50T 5 1042 5087 P M O R ) B i A

EREF, AR R s d gEf R AT RAE, KR R Sk phr 8RR —MNETE
fifto MRS BSHIFIRER Y N, SRAGEARRECH MIT. 5 0 RIHE d 452558 1AL B ] LR R A — AN
&, REUF—E:

X =[ XX X8 , i=12,, Njgen =1, MIT 1)

FERRIGERRE Y, RSB E MR A E m, 2B 7 AT MA T KB
et NTFRENME, e R A o PR R R A 107 SR BB B A B . BRI 2
BORAER —REIEA D, B AT DU A B R -

1) EREERYEE: AEXANTBL S R EENLIERE A R 5 — S8 § BT ER R, W E S | faY)
eSO DA R I /AW

Lo _ | X P (mem—x), if r; > AP @
' a random position, otherwise
o, &R0 1 7E5 gen YORARN AL E xR § 7E5 gen+ 1 VAR AL E: mT R
5§ TE5 gen JGEARI AN ) B AR AL B (RD LGRS A0 i A r R VEFEIAEO, 11N B3 A A A B LB FLY™
AR AEE gen YOS AT KE, EANSHEEHIER R, APF 254 j 7£5 gen KIAAU
FURAINE R, ERE T HERERI DS | R M REW il B B CuEREs, AR it (R LR R R K 2
—MEEHLALE).
2) AR B AE AR ENBIHT AL B, 75 SR HACZ (R0 C AN R B R e 1) o 1A BB A F
- X, fit(x ) is better than fit(m") -
m%",  otherwise
FHorf, mP RS AR gen UISAUN ICIZ (M e i AL ) s fit(e) R N R B X T i/ ME TR,
R L G N AR SN CELF), WEHTHEZ -

2.2. BIRZESIHFE
M PR 2% ST HL(Extreme Learning Machine, ELM){E Jh—Ff 20 B RS Z AT IR 28 9 255 2% ST v, DAL

DOI: 10.12677/0rf.2025.156256 51 BE 51


https://doi.org/10.12677/orf.2025.156256

FBTHT, KR

BN 555 B AN B I B AL BE 12 332 55T [17]. HodZo0 BARAE T BEHLAI AL N 2 5 a2 2 [A) () i
PR CE A ME, HAENGEFE S L F RN BIX SR, GE R/ R s B EAE, i kiE
AR E 28 . ELM M8 45 kg tn & 1 Fias .

Figure 1. ELM network structure diagram
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Figure 2. Flowchart for solving the financial risk prediction
model based on ICSA-WELM
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Table 1. Correlation analysis among financial indicators
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Table 2. Financial risk prediction indicator system
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AL % (i) CRVEION — FIIERION) = FIIE RO, x 100%
EL L4 6 B (o) BRSSO S UCEINEL S + E LN x 100%
Mewg  POEEENTENAEREE GEFEHNSTEIT + Bk

(X20)

B4 I (Xa)

Bl RIS N E A + SUBCA

513 BEAAESRESHILE

M T AN R S5 4R bR A AN RG22 R BOK, AERT SISl i 3 — AL B[O, 1]75 I .
X SR A BHE AR REAT bR AL AL BERE M58 & INE AR B Z B AR I RN ZE S, JF e SRR I R AR L

A Ak 2 7 O

Table 3. Model structural parameters

3. REGSY

’

— X — Xinin (17)

Xinax ~ Ximin

AR G E IR T R R S 8:2 MELBIRI 2 MR8 SIS, W IR AT B IE SRR A
(053 A0 LU 5 AR B SR R — B, SR R B R 0 A S S BUR WAL R 22 . BRI S, K SFEARTY 80%
PEINZREE, H TR EMSEAAL: 20%1EAMNAEE, H T3 R i & iz AGRe ). A T FRAR R 5L
PRI BEALVE BT R VP BN, BIN T A8 IR 75, RN ZRE AT 2 I E R ISR, Bl A Tl
K BERESEAE RGN BEAE . DA B SER8 M8 ] MATLAB R2024a 17 4fE . BRI BIASHZH % 3.

2 RKiE FhEE KT ORI RES BRAT % o . (S35
PR g omm KE O RmR KT E L L S
s MIT N FL APmax pl a F CR H
& 50 20 2 0.5 [0.05, 0.95] 0.01 05 0.7 [80, 120]
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5.2. SEWERE ST

AN IS FH 03 A 2R BRI IR R 27 ST AL 2 R RE AR R AT 3 AL B . 5 T v FEAS T4l
() A 2R (ST Al b7 20 %), AN A A i 2R (Accuracy) 2717 R B R 5, REA— /M A b T
FEARTRI Y “HE ST” Rt e SRR = O HERA 2, (HIX e ae s | MR TR (1) 3. DRI, ARHE FE bR
AL AL, LN T REE (Sensitivity, ARy H 2 Recall). 475 FE (Specificity) . A7 # (Precision).
F1 {8 (F1-Score). AZiRX# TAEHFE #h 28 T ifii A (Area Under the ROC Curve, AUC)LL J2 G-mean f&45.
REEATE TREIES N ) ST A GFTE ESE ST AR BIELE], 2 XU T 5 o B 1 4
b, fEBE, LRI S fE LA bk . KR E T REAUER R HEE ST AW 5 A gk
ST AFIELB . KEbhZR & 7 EPAERL TN ST AT H, FEIER ST Aa . FL R
A B R AR5, BES L3 A P HTIX & IR B, VP AP 20 R 1 — AN % O 1 6 A
AUC BN B A A& AR5 SRR I 9S, (BRI 1, SRR ALK 70 R ML BEBR AT . G-mean HR4E IE
GG FE TR T 7 BENE [ LS R S AR B . G-mean MUHUEDER R, AR EILI oM RERRLT, K
ik, RIEAWTR
G-mean = Sensitivity x Specificity (18)

ARICERT HeAl ELM B WELM RS FBHERVE GAL RTFHEH YL PSO. il CSA b1
ELM #EATPEREXTEL . SEIG 45 AN 4 B

Table 4. Experimental results on corporate data
F 4. A HIESLINEER

Sensitivity

Rk Accuracy (Recall) Specificity Precision F1-score AUC G-mean
ELM 0.9695 0.0667 0.9970 0.4000 0.1143 0.7383 0.2578
WELM 0.7389 0.6333 0.7421 0.0696 0.1254 0.7541 0.6856
GA-WELM 0.7271 0.7333 0.7269 0.0756 0.1371 0.6888 0.7301
PSO-WELM 0.7222 0.6777 0.7320 0.0435 0.0784 0.6132 0.5411
CSA-WELM 0.7754 0.7000 0.7777 0.0875 0.1556 0.7425 0.7378
ICSA-WELM 0.8315 0.7667 0.8335 0.1230 0.2120 0.7941 0.7994

EZ R R, AT DLR B, A 1A% PR 27 ) MUY R A HERR B B T 96.95%, 1H 3 [ R AL T 6.67%.
WL, AR ) MR R A T D BER(ST k) IR BT A3 R 5 51, i W 2B 2 T vk e Af R
Sl i R 2 RS R . o

A FERE R AT AE XGRS 25 SR AT LB, AT

AR WERR T TH, A B R I R AE 70%~85% 2 7], {EXH /DB AR ilie i w5 T 256 ELM
BAL, ST ELM BOARCE HEAT UHHE, W] DU 200k S 2 1 43 R P SR S i) T 2 40, AR AL E I 25
IEFE R BERE B SCE R ST Ak, 9wt ST Ak AR

Xof EL AR AR, A SCHRE ) ICSA-WELM A N6 il I 45 KU TR e Al 6 . 3 1813 . AUC {E #5%¢
e, U B AR (1 TR M REHL LT . BLEY[Y G-mean {EIAE] T 0.7994, T LAUCHREEINS ST Ak AlgE ST 1
MV IV KPR R 5 5

g b, U EIRARAL IS I WELM R 2Y 845 Ll B0 2 W B 1) T 5 28 =) R P2 408 1 VB 7 1R U 45 XU
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55, WIRESERRAE. [0, T30 T AR LR R SRR, R H % R
SIS, B T SRR LTt (R B IS R BRI, W ARG A5 4 A3,
TR AR AT 35— 2 SR B

6. Zit5RE

ASCHE IR BT OO 5 P R RS S INBUI R 27 STHLE I 55 AU TR, %o 1T A LA b AT
TSRUE AT, 33 A A SR AR AT AN A BT R PPAG TEAR A R, BRIIE T ICSA-WELM AR A
55 A R 55 RS TN B B . SEIR A IR, Y AR SR AT, JC AR YU I 55 S AL Al
ERA R AR R TSR, DA A B AT A R KU T R A 1 SO BRI TR, . (ERR
BN 83.15%, RUMFAE—EREENIIRIRIN G . XAl [ R SRS R LSRR, SEhr B Rme T
Ik 55 IR 56 0 0 35k 5 i T 1 149 K310 AN 1165 i

MG, BEVE BRI T TR TR 7S 1 XS VS R SR A R AL . o IR B R 1 XTEAE
PRz ARMY ) T2 P i TR AR R Rl 3 U R R 7 B NS BT IR IR IE . AR SE PR
A DA A 1 4 2 ok SR BB R T X PR FR . 2 WAL 75 B AT 5 o KU Ak, Pl 24 PR B
CASR e 4 [ 3 5 17 e R ML) 6 )R8 £ DO S DT i v R DA DRAE A 1 o S A sl 2 U S AT L ) o A 2
RENSIE A [F] B 37 S R

BRI ) AR 51— T B R BR P . BARVR L 5 I B A 98 R R SR ERE )y, (HL ok
SR REGR Z 3 WML, T RE R M LA ML (B AR L « ARSRAIT U AT 25 58 51 N W REE Al 50K, 40 LIME
B SHAP J5i, RAEr R K SC i th SRR 2 o IXAh ot MU RESR TR A AT 5 5, 3 REFS B R R mi I
55 WS K% Lo AR bR, 9 AU B P 3R B BRI 4R 2

M FRMERTE AL S BRI S w AN A AR SR A 20 4 S R A P SCHF . W lbiin &, B
RENS P AT =R 2= T S5 4R brdan th WU HESS, A5 B B0 Z AR W AE U 55 R e, Al ml 40 i 88 B 7 i 45
g DU LI B BN 56 Py AR ), AT 7 98 DU S Bk A A o R BE BT 3, AR A T D iR
RIS UG, BRI S AR, PRI R & ISR . (HETERE R, B AT DLkt
i), Alb B ER SR BRAEH L ATV HISE D R ER & VP HIRUSIR DL o T3 51, W 55 20die FAT I RCPERFALE
A 2 Bt 2 S BT U 2R AR R PN HE A 1k o IR, T DA R SI NI B2 ST BOR, AR e 15 400
RSB o XA FRAT L (A, AT BLRZ R ST A7 UK L TR, DLtk — D4R A L
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