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Abstract

In today’s era of big data and artificial intelligence, the application of machine learning in the field
of credit rating is one of the hot issues. Based on a review of domestic and international literature
on credit rating methodologies, this paper employs the Support Vector Machine (SVM) approach
from machine learning to establish a three-category credit rating model for listed commercial
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banks in China. Compared with credit rating methods found in existing literature, the SVM approach
demonstrates better recognition accuracy in credit rating for listed commercial banks in China, ex-
hibiting broad applicability and significant promotion value. The paper enriches the traditional
credit rating method, which is of great significance in regulating the healthy development of the
financial market.
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1. 518

TE 45 FIRBHE AN TR RERTAR, N TR BEMLER 2= S S AP 2 T R St Rl 45 Sk S f
BURFER I 2 % . ARG s -V, Ingeih AR 1A 44 55 (BP) #1128 N 4 VA7 TEME LLRR Y/ INFEAR =3
W/ R AR RBOET SRR 2. MR, FRIE ST R A, X E A HE
G UL TR ERZ B MG PP OE— 5 T /) Z e SCRE R B AL(LSSVM) I _E i 2 7145 FI VP ER
SRR R 2 O T ), AR S 0 28I i o R, AR SR S ANE AT DL AR G AE PP,
T LK R0 45 i 17 3 (1 f R e A B R ) R e

E b5t F15 VP IIBE 7S, REE DT 7L R ILSE: (1) o driPdik; (2) Gl abritdkik; (3)
LMBIPHELE; (8) TTHMER KMV YE%i%, (1) @MEAritgad, 82 5C ERHTEM LAPP Ji
M|, 5C B AHriFEM Character (4% . Capacity At /7. Capital %4, Collateral #A{#. Condition 5%
28 5 AN 5T SR A3 A PR UL LAPP JR I 32 % M Liquidity 50 . Activity 3% 30 . Profitability 2271 . Potentialities
W5 4 ANTTIHHTE RO BRILZANEAT AL 55 70 iR RANROR LU B 0 ik &, X B8 T )k A
fe: EUMERGE, ZAMEUEmWA, AT wikREEIITRE I Z, S BAARMHE. E& A 25
E M 20 tHhed 60 FEACTF UG, WikRH T 4irgE. (2) Gt /irivdik, Beaver (1966) AL 29
NS AR bR IR R R, BT ZFR AR R AT B LRI, BRI 5% e b e 5 Al iE 24 1) B B
Rl HZ, GiHEEIRERM™ K, 1. BURERMNZ CIER M. RS HILE ., Xt
FEA I 77 22 0 Bl A ) S5 5, 17 L SI2 H F 5000 ¥ AE A SRR I R o TR, JE 2% 3 Rl Logistic 45 7772
HALAERL, Ohlson (1980)FIFH Logit [EIARERS TN MV IELIME R, RITEFAASURILESZ B, WSS
XN B A — 52 BT {5 E[2], Colin R. AR Green R. D. (1982) MIHIE B Logistic #5704 25 5 bt 22 45 81 51 23 Hr
BRI AR AT [3]. (3) MHEEMZE BV, 20 2 80 ARARAM 90 AEARH], BHA(E EHARMIKIE, MEMLE
THEGIN TSRV, I HERMRAEIER /A AR MERIME 3 8 A, (e e DRt/ INRE AR B0
RN S AR RABUEIT S SRR 59 RSN . (4) THINMER KMV PRZE, 20 i
40 90 AEAUG HAH L T VR 2B A5 F 2 Y, s BARRME A : KMV A R R I KMV #2745 JPMorgen
HRAT 1997 4EAE VaR BEAY 1 FERE E# 371 CreditMetrics 174 . {H CreditMetrics #8518 2 280 F B e,
WEEGGE R, WP Z A R IR R4, XSSk A K SRR R, B E
KBS DAL Ge it Bk, 72 A 115 I PERRALE 7T, ARIGSR (2009)i2 H T M E 1 KMV 724
Bt BT A TG FVEREAT T IC[4]. FIR(2022) T — R TR AL, IR R il B A ATl
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JEYE . LS5 L R B A R R . ARG FE T 2014~2020 AREFRE T 2 7 I 45 Bt # = A i
AR, RIAATAFKF . 20 EE R Tr 2 7 S fabntd L B L R AP R R E M, SATAT
22 O 2078 SFm 5 R 3R £ ARV RE B 1) 99 A5 ALl 7 b 45 55 4 3 06F 55 336 40 RO 0 461 280 R [5] - A
Logistic #8471, F#5(2020)%: Tl N AMB AR 2 R 2, M XUSR 4R bRk &, f8H Logistic 4
RPN I B MG, JORBAF[6]. 7E Z-score #A4IE FH U5 THI, 7 25H8(2022)i@ i 4 4 1 45 IR i fl Z
B IUAIE B T SR 5 P75 R AR 3 20 Bl LA AR s R it 1 20 KU [ 7]

T FHIE55(1999) BRF#(1999). BRIFE(2000). 5 TH R %5(2001) KIS %E(2005). £ % (2005). 45 14(2008).
PR (2009) . 4 IR T2 A5 (2009) 45 AR LK K K T — LU IT R [8]-[16] VAR (2009) AT | — LT .40y
SRR RSCT 2, R Libsvm R RAT(E Y1) 176 FEASIR T SHE D HrR B S0
(7772 L HAth oy VR i RS B v, UESE TV AT A P . R AR 2255 (2009) I 45 R 2T
1% 3 703 M R P ARG T DAL f /> e S ) B U AR 1 L 1) 23 2R 46

2. XEHEEBWNAFZSRE

S FF A EAL(Support Vector Machine, fRjFR SVM)& & il i S fEm i S 0 2888 . X H “HL” 2
ML R, AT LR N 2 288 Bl o K bR 20
2.1. &M9eF*®

EINGEIRET, GBI ELE n DPFEM—AKAFRE, 7PN R L — A n 48
FH . Hbr2RE— n — 1 4859 [ (hyperplane), {37t~ i v] LUK s 52 3o 70 il 2 2882
XK, FEHMABAREE T FE— 0. KPR 2, X BB A s Er T, Bk, FEEm
NGRS R T T A e B A )R B R R K, B g K T R DR ST

X F TR EYIGIEHRE T, SEHR AT R CL A1 C2 B, Xt F&MES F % f(X)=wx" +b.
St CLAEMBIRE, H: wx' +b21. HIRPEDH A x, F(x)=1XA SFRNBIL A X C2 211
HARE, H: xw' +b<-1. HRFEDE X, f (%) =-1o XA SHRHIL N XA LHRFKMT]
IRyt (x)=y, (WxT +b) >1. XHEM y, &R x R SMEL 3% 1). Bkt w il b, &
T BREUE wxT +b=0. AT R (x), AR IZREE S b B REAS & B 1T 1B B k.

2.2. MR EGE

SCRFFEANL SVM BRI — 2 i] MMEARZE MR 28 B4 & (8 A% B H 3l A KKT 264, BLK
1% R HCRT DAAR R 202

w:i%m“ um:i%mempb
ﬁ%m%nﬁﬁﬁﬁ%BWW%ﬁﬁumﬁw&ﬁ%iMﬁ%ﬁ;mﬁm%ﬁﬁimﬁ%%a%%;
KMJJ:W%J%gﬂq%&@ﬁ;moﬁb%%%ﬁﬁ%%%%%@o
ALY o RO MR, Y o BRET, SE7E .
2.3. E&MrAZEH

FRLRAE 1 AT AT LA B RS B i 4R I s A8 — DN ARZRIE A R — N Rk . b 4P
(=X, %) TTRABSRF B —AN 5 4], BRI 5 MEFE I Xy, X, XX, X, X5 o AMIRGERIS 5
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S, A A ) R BRI — R AT ? R ) R AR AR B T AR T o AT DU A BR ESOR AR R )
¥ k% (kernel function) sl &A% H: 15 (kernel trick). #ZBREFRHE T — A7, B IE I BRAGRHE 25 7] 1)
) R T B A R (R R AR, TS F A e T =
AU RS K (X, X%, ) » ERECERZ, @M EE, KA F:

| 2250

O

3. XEEFSERELX

AT P BT M ARAT 5 PP IO AT SCRE R BALR S I T RAEIC A TPlifsE . KA br
SRS VPR U I VR AR 0 BT ML ARAT EAT 5 P PP — B R0 R 4R bR B, DTUE A,
AEFCRHL T B aE, BN, R, BB, R EE R, AN RITRE, R EEER,
fEett, WAEER, WATREER, ~HRATLE, Ko HHEATLE,

5 RE BB AR BUS AT Rese  ANUERR,  FURH TR FTPFEON AAAL AA+. AATX 3 MR E RS
AARAT o A5 HIAE 2009 AA-TRARAT B B D BB IR L o A CIE R 2 NREAF VR, Jshk LhFA
AlEZ, AR R — R AN FRAT 1] 5 IR /INAS —, i R s 2 0] {8 22 5706 F T8 SR AR
LA IV 55 b o D 05 (5 i o P B UL, ORI T AR R AT I SR = RmEiPE R
W T ARAT B AE T, M R R MRAT BRI RE Sy, AR I B B R AR .

3.1 FKEHE

1 T8 H] tushare Hitfs #2 LRI ARAT IV 95 Bl Ak B R 2, HARAT DN EOR D o S ARH Mk _E 1
APl DjResREL.
2 MRFIEAR S RE L x1 FiR sl b x2 MRIERAF & https://uger.datayes.com | 20 /ME & i1 545 I
Bedi g N FIEF i . NIncome 1 revenue.
FlELE x 1 (FHEsUE S D)2 : Nincome/revenue.
WA B E A AT
BB = tradingFA + loanToOthBankFi + intReceiv + purResaleFa + CReserCB + derivAssets
+ deposInOthBfi + preciMetals + investAsReceiv;
A X
sl fifit = CBBorr + depos + loanFrOthBankFi + tradingFL + soldForRepura + payrollPayable
+ taxesPayable + intPayable + bondPayable + deposFrOthBfi + derivLiab;
WAL x 2 (RHEEUE 1 2) = sh 5=l sh 7 i .
XA B (R AR S SCE S AT T & https:/luger.datayes.com |- 20 ANAE & A T 78 B S B
Britz b, FANEEES EE 1 RATER L AT PP HLA R AR BTGk & R B

3.2. MAHRUE

5 N Python ] numpy. pandas. sklearn. matplotlib #tk DL train_test_split. pyplot. svm &%,
import pandas as pd

import numpy as np
import sklearn
from sklearn.model_selection import train_test_split
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import matplotlib as mpl

import matplotlib.pyplot as plt

from sklearn import svm

#48FH] loadtxt B HUECHE T ELHOR SCAR B e Bl B AL, (8 T4 4%
#NTTEJE AT ISR, ¥ AAA BN 3, AA+IRN 25, AA BN 2
data=np.loadtxt('F:/2glkx/data/zonghel.txt',delimiter=",")

R R R AT, T 2 R R

data=data.astype(str)

4, BT HEEBHINFURITERITERNGES MRS R
4.1. BEERD AN EMNRE

X, Yy = np.split(data, (2,), axis=1)

X_train, X_test, y_train, y_test = sklearn.model_selection.train_test_split(x, y, random_state=1, train_size=0.6)

b TH B8 L split) B0 W o split(BdE, A EIALE, F=1(K P E]) or O(FE E 4 #)); L
sklearn.model_selection.train_test_split() #4F H 2 BEAL R 73 )1 275 S5l . £ BRI %K train_test_split(train_data,
train_target, test_size=%{¥, random_state=0) " {1 S Bl T -«

train_data 2RI 7 AL ARFAESE : train_target RISy AEARZE R test_size AFEA L EL, Wi 2%
)t AR A #E . random_state YBENLELHIRN 7, X B BENLEOR T2 IZ4L BB 2R 5,
BRI, (RIESE —HBEHEE —F . BlnsEIuE 1, bS8 RS 00T 13 20 BEYLEE 2 —F
. H24IE 0 BAIH, FRBBIMEHSA M. BB AR TA,  BENLEBCRIR 5 2 18] 56 R
MELR AN -7 AN R P A AN [5] AR BE AL oA [ B ASE S0 AN ] 487 AR AH R (R B A LK

4.2. NS

# model = svm.SVC(C=0.1, kernel="linear', decision_function_shape="ovr")
model = svm.SVC(C=0.8, kernel="rbf', gamma=100, decision_function_shape="ovr")
model.fit(x_train, y_train.ravel())
Forb i kernel="linear'y, A tEA%, C CFFAENL HARREH TS E, C IR R, H
A I RE & W4 (defaul C=1).
kernel="rbf'is} (default) = Wi t%, gamma SZHFIAI BN AL MBI y 230, gamma {EH/N, 20 85Tk
B gamma (HHOK, SRS “HL” SRR, HAWRSEME.
decision_function_shape='ovr'if, & one v rest, Bl —ANE5]5 HAh 385 347 %14, decision_func-
tion_shape="ovo'ltf, 4 one v one, BEIHESEHIPI P IEBEATRI 70, F =20 R TTIAEAU 2 7 2R 0 25
GEI N
SVC(C=0.8, cache_size=200, class_weight=None, coef0=0.0,
decision_function_shape="ovr', degree=3, gamma=100, kernel="rbf',
max_iter=-1, probability=False, random_state=None, shrinking=True,
tol=0.001, verbose=False)
225 gamma BUE 192 RS2 S5 R, K IEL gamma=100 7 5 ) &M AR 7R 1) 25 5 e -
print (model.score(x_train, y_train))
(SELINEE
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0.7962962962962963
MERTIL, 5 SVC 7 A5k, IIGRERHEIE N 0.80.

5. FMLRITIERITRR AT LB

#IFE AFRBITE L X,y Fl 23 R N RRAE

x=x.astype(float)

y=y.astype(float) #¥ x, y ZduRA LRIk Ny = R 1

x1_min, x1_max = x[:, 0].min(), x[:, 0].max()# & 0 ¥l

X2_min, x2_max = x[:, 1].min(), x[:, 1].max()# % 1 %)

x1, x2 = np.mgrid[x1_min:x1_max:200j, x2_min:x2_max:200j] # A s KAE S
grid_test = np.stack((x1.flat, x2.flat), axis=1)  #lli s5

grid_hat = model.predict(grid_test)

grid_hat = grid_hat.reshape(x1.shape)

#T5 432518 grid_hat = grid_hat.reshape(x1.shape) # iz SHAKITERHIE
#2z | B

cm_light = mpl.colors.ListedColormap(['#A0FFAOQ', '#FFAOAQ', '#A0OAOFFT)
cm_dark = mpl.colors.ListedColormap(['g’, 'r', 'b])

x1=x1.astype(float)

x2=x2.astype(float)

grid_hat=grid_hat.astype(float)

plt.pcolormesh(x1, x2, grid_hat, cmap=cm_light)

plt.scatter(x[:, 0], X[:, 1], c="0', edgecolors='k', s=25, cmap=cm_dark) # FEA
plt.xlabel(u'Current Ratio', fontsize=12)

plt.ylabel(u'Profit Ratio', fontsize=12)

plt.xlim(x1_min, x1_max)

plt.ylim(x2_min, x2_max)

plt.show()

AT L3k Python A0HY, #532)4nl 1 s i) B .
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Figure 1. 3 classifications of the credit rating of commercial banks
B 1 mAsRITERTRR 3
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6. FMARITIERATRN 3 2 XERATESER

ML ] LA R, RIEFEARLIIGR RGO MFEAR S8 3 2K, B AAA. AA+, AA, 5
BIDAGE AP X, _EJ7 R a XN AAA Fi T, fTRAE R, HRNE R, @ ios
& BB LR AR 0.3~05 Z[H], (MG M TEIL 150w, ik T 0.5, A AXEN AA+
FDVARAT, HRNEZR AT AAA ZRARTT, T AAZL BT R B REU T 0.3~0.5 Z i), 4
BIXIECH AA BT, AA GEERATRIE SRR, RRshE e R8m, K1 0.5~0.8 Z[A].

P T B A AN B 52 B S PR L (R AT B0 ) I PR 1), AR AN 2 4t A R — N SRR (AT 4RATHE
R PPEVPAGRS), HE A AT I 2R 800 208l [ HAA I (RIE 2 = HREED IO, s
PELR = W= s fufR), BAARKRE, H RS T WM R RN R . W R). Kk,
ANREATH 78 7 OB H R AR AT IS VPSR (EANE 1 R 3RATRT LAE RN SRR T ARAT (S FH 1 — A
BN, FEERL T RATHRERGE ), SRS ERERT, HERIRE S BE .

E&WE

AR TN AR E SR RIRT R D5 T U H (W H 95 2024ZDJS113). [ MR e S H AR
BN -SRI H HS2024SFZY08. | JH 46 1 24 ot 4 BlUREBE % Ml A% O VR FE 20T =2 2 152 00 H
HS2024ZL.GCA3 5 Br i i iR .
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