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Integrating Risk Assessment and Credit Rating Model
for Financial Institutions

Student : Chun-Cheng Shen Advisor : Lee-Ing Tong

Abstract

The risk assessment and credit rating are two important indicators for financial
institutions to evaluate the payment capability of the loan applicants. However, the
raising ratio of the bad loans drives financial institutions to review and reconstruct
their credit risk assessment models to make right and efficient decisions of loaning
under the economic depression. In general, most of the models are built based upon
five dimensions: applicant’s personality, payment capacity, capital, business condition,
and collaterals. Many studies:proposed Several credit rating models for evaluating
the listed companies, but these credit-ratingrmodels would be invalid when they are
employed for evaluating the credit of small and median enterprise (SME). Therefore,
an integrated risk assessment and credit rating model is developed for the loan
applicants of small business enterprise. The proposed procedure has five stages: (1)
selecting variables and collecting data, (2) finding the appropriate weight of variables
by using Analytic Hierarchy Procedure, (3) constructing a model of loan risk
assessment to discriminate between good and bad loaners using Multivariate
Discriminant analysis, Logistic regression and Kernel method separately, (4)
constructing a multi-level credit rating model for good and bad loans, (5) constructing
a prediction model of survival for bad loaners and default probability table which can
provide financial institutions information to make decision about the proper length of
payment periods. Response Surface method (RSM) is also used in this study to find

optimal parameter setting level of Kernel method. Finally, a real case is provided to

II



demonstrate the effectiveness of the proposed procedure.

Key words: risk assessment, credit rating, Multivariate Discriminant analysis, Logistic

regression, Kernel method, Analytic Hierarchy Process, Response

Surface method
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S iql7 Saaty [32] fhite- Kbk 4 & AR R @
P AR E AR R 2R T A A - ROAF A FRA 2 R Y

Lo RS Lk o - RfEqp iR o 4T

n—1
niiBE & E 2 B

% CL=0 % 7% fs H|¥f= 2 B3 oom CI>0 R & 7 w0 o 2| %72 s 3

@ Saaty 23k C1.=0.1 5 ¥ 7 :F ik o

1995 Satty [33] r'Ei s SR 0 Tl - RpEAp iR < XTI FE
AR R R 2 R ESAGTER R R 19 fTA 2 end B e
B iy (order) ™ 0 g A2 3 b e CLE » f 5 " #%4p 1R (Random Index ;
RI) 40 % 2-4 #951 » AU R 323k 5 i % — R F R S b RaprE anw

FR Mo p nfF e T > CLEE RLEGH F > L - Kb F

)

_cl.

CR.=
R.I

ECR=01pplaaEdad- REBBEL LAHBR o

224 S R A

F&

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
#x
R.J. | 0.00 | 0.00 | 0.58 | 090 | 1.12 | 1.24 | 132 | 1.41 | 1.45 | 1.49 | 1.51 | 1.48 | 1.56 | 1.57 | 1.58
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(4)FRL R Bt £ et B

LRBEFROEEE L LY LR AT B PR T ERE

BEL ARty o

3. AHP ;# i 2E[10][11]

% AHP ;2 02 5 117 iggE

(MHEFIEBEFFTHEDL LR 1 R FEHP F b RO K d
0 oo

(2) AHP 2 #-320p Hodp M F1 3 A BB B> 2 A1 05y 5 SR

K o
(G)ARM Fl & 2 B 50 0 S BH A {0 e 2 AT

RS T IS
LA 2 AR

252 AHP ;2 2 4p M = )l?%

e [12] f1* AHP 2 kg2 * + FPOL 03] % F m{1* AHP
EATIE 2 A A BRI A AP LA B E Mt M S

+ g el -

36 [2] S8 AHP 2 AT D W E » bh B AR T AR ¢ i

Poo 4 LA NRMFREE L RN T - R SR LFE RS
TR GF G PEA Y 0 B RRRAR AL RS > IR AHP 2 5 & g
R RF 2D AEE o

=~

15



2.6 ¥ & 2 (RSM)

RSMi# &% #_d BoxfcWilson [18] # ! » Hillf-Hunter [22] & £ 7 f 19513
1966 “74 B chk o & fic3t > T2 L Bk Jbd b TREEE T o
RSMi# % - B & B ™ ~ A A8 F B2 3 3 ih 2 B F %
B2 BMenBcBE N % ©d 5w g 5@ arThE Y i % R BN (interest
of experimental region ) ™ F i (e VB EF R B > BT 0k RES FHEE o
RSMiz b s* >t 2+ ~ @R - RE - CF1 X450 PH - HEPE - s 5
21 ¥ WL ELAALARY o

RSMi# ha B 427 113 F AT afed ) = f8 > L e f Bhje LR ek

n’iﬁi’rﬁ&kfrﬂ,i&fg;{ ALigrT B ER P LR (SR RS SE LE 0 T

N

$ > RSMi# ‘I“““‘”‘ Peig ~ RN E 2PN S0k B2 B it b - BR KA

[28]om5ﬁpﬁ§&§1bmﬁ# OB & ILTFEFT L IE

I~ B ke £ %2010
(1) %]+ 7 %% K - (factorial design)
(2) ¥ <R 2 F Bk K 3 (central composite design)
2~ F R o BB N2
3~ mEHN 2R R
4~ Bkl &2

o5

i

GNEER R B By

2.6.1 RSMz z_ #5c 5 #-5¢

— AT FAP ALK - BRI BE RYRE - Hp 2 T ook

B apFr > W EBERLZEAEFM P ERFREKER R AT R X EF RE
ER S a2 AR T O FE R i - BT g

@
H
=

FFF A b F frng e # o BRSMEE S 2470 BRBEF B

Bz BBEx, X, .0 A SdkE: [ Y=f(X,X,,.., X)) ter B L F R
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B A o - RERREK BT B A BY YL T 0 F AP LEY)
=f (X0, Xoweos Xi) ¥ 93 72 F 008 2 0 By = (X0 X, Xi) 57 1% 2 0 6 e &

F J& ¥ % (Response Surface) ©

X 5 fePRSMF AP 2 i f b2 Bl F R % 8ic2 T el B 2K foeho 41
DERTS SRR EE S TNy 23 N SV ELERE S SO F O S

R

o o) T3k ey - F?ﬂﬁﬁ?ﬁ:;‘ (First-order Model ) » M &35 41— BiF ¥
Wil AT AT 5V=B+ BN+ BXo+. 4 fiXiter B¢ XEp ¥ Y &

T 3\ ipe

FleR¥c e m S e e L o d 0 - PERF ST inddk oy 50
»«Lrﬁaﬁrf’lﬁ:;\ —EL@ {;,1& s AP H iR ETF/,,\’HG’J&F# Mz " d i ET’;‘,”?Q’I”, ﬁ;&j
%&*F@%$~Wmua%ﬂ’quﬁLﬁ%ﬁ%%ﬁﬁﬁﬂﬁﬁﬁ{@

7

| 4

o

g-%

x‘h

FRA TR TR REEE . K S S g AR -

()

B F RS RITE e 6o Rt — A e op $B FF 0o PR HE5S (Second-order

n k
NMM%Y:%+Zﬂx+2ﬂf+ZZ@KXﬁ8"&ﬁﬁéi%ﬂﬁn
i=l1 i=

i)
ol B P L R W e it & /IR L/ N o -t RIS R O e
Kidh = FEesS enif 5 M0 § 00 2 PRGN Fei 4> RIF JUF QB K7 B
BEREE B EF BB X 4Fpcit (characterize) - F B § 0 dode S 2 |
BEE o F - NS RN Rger R v R - AINE R Ry

{4 2 it 0 [30] -
2.6.2 RSMi 2_ BBt

RSMi# fe fof# % fvndicd 6 WAL L » 7§ oc b S i ff2 a5 B
Wz R 5 BF EREDT MG REFAGF BEEEREFRFE
RSMi# 3t % e+ 7 4 0™ 7|2 iR g 0 (1)IAME T RSMG2 7 i@ * 386 F]5 %
P EA R gk S R A R A BRI Y TR QFEAFFFRI 0

PR IRSMiE TG £ G A 47 90 enst T ome af BESY KB R e TS
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L3 Ed 5 FIRMER R A E BB AR B)EE BRI endpiEiE
B RpEE LS T U REEA T BRE R RIER 0 PR TR AN Bl ol
B4 FORSMGZ 718 230 SN g o ¥ B AUR] agﬁ*ﬁﬂ@'@@,;’gd B35 ch
TR i o &L iR

2.7 B3 A I

2.7.1 4g ¥ #cd| %] & $7(Multivariate Discriminant Analysis)

F % B W] A 17 % 4 d Fisher(1938)3#% 1 > & * P2 n| S Bch A A B HEH -
AP W S TR R AR PR APHENT R EHFE AR E LR 5
NN o FRTS BAA B EMOS MR F L HM TR R LS ~
FlAsfp  vUENELSFRASZER Y BT S RPN B Sk
(Discriminant Function)fEggaA%s » B3 e B v i BFARF o do¥k F o gtk

R 2 BEUEE J:F W SN SIS

5 BHMOL G SR AXNIER KT pBE o 4

ETRN

¥ 4B

X=(x,%,.x,) % $EBEHHAPIBRIE (X)) 5 FAFEAR 2 HHED

Hi
| M2
He =1
_/’lkp
K k k
Oy, O, O-lp
k k k
_ 0, Oy O-Zp
z k :
k k k
_Gpl GpZ o-pp

HP ol A5 kBHWMS i PRE,OREE o L5 F BEHFER,E x5



30,

X B Hice F pr b A kehE % % 5 (Prior Probability); %15 X 8 % %8 ¥ i 4 fe
#

& & #ic(Density Function)# 11 & 77 40 54 ¢

Al

1
EDK(X)

1
fk(X) = 72 €
~27)'[Y ]

D(X)=(X—pu)Y ' (X=pu)=XY "X=2XY "u+uy 'u

BYX (DYF XD % k#4807 o Bheh— 401 JE3E(General Distance) 2 £ .5
< jE4t(Mahalanobis Distance) » 4 7k 2 2 H M L 15E 2 FF > p¥>tE X R R 4
SRR o p fL(X) 7 R AR BB EM S S o B

In(p, f, (X)) =In(p,) + In(f, (X))

1 1 —
=In(p,) = pxIn(2m) 7 I3 |2 (X = ) X) (X = 1)
1

=—5Dk(X)+Ck
C, =In(p,)— p x In(~/27) —%m\zk\
VS (X) A B RS SRR AR 8 L BERED(X)AR] o R
Pfi(X)AES o 2 RE RIS R AXGE 5 kB
D,(X)~2C, = Min(D,(X)~2C,)

For ) EMTRRES TS AFRAR . X A EMORRRR T

Zl 222 :,_,:Zn :Z
TR G R AR RRAEEYER RN o L FEH AN Sk W -t
XY X - pln(«/2ﬁ)—%ln‘zk‘iﬁ'ﬂ SiE 4 Bl D,(X)=2C, 7 11 % S S diedy(X)

o
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1
d,(X) ==2(D,(X)=2C))
— 1w
=X Va-—5¢a25 'w, +1n(p,)
Rl A BEARAIT L S d(X) = Maxd,(X) o A S RIT 0w g b

T A AT kR A ke T

edk(X)
Pr(k|X) = T
Fl A LR 3 d, (X) = MaxPr(i|X) - % FhBHMNTHOES E 2 X %R

BB Y 2 a0 T p X, R F O YU S B S EERD(X) 2 d(X) T 1 £

Dk(X):(X_‘Yk)'S_I(X_)?k)

4,00 = ("X, X~ (X [SE) #H(p,)

PRB AN AT & AR T LR ) S e T R R A T 05 B
TR FIES M A B I EFE Ruaka kR EL) &

& 9 o ¥k T_pF 2 Wilks' Lambda A 3t £ 22 F A fie b fie o

AR B B A AT RS B S > PRI R E B E R Rk
(Standardized Coefficients) 1@ ¥+ & < -] K g o 18 i fhfic ik 2] B & Bo3p B % dic
ﬁﬁ%%”ﬁ%&ﬁ%ﬁi°%ﬁi?%k#%ﬂ%@®md
Variance-Covariance Matrix)eri¥t & 52T = 42 o L& i e 1w SRR - 5 4%
B e W BCTEE T R G RE L BB R EAR o £ 7T
PlRBCR R A AR ZIE PR BRE R o
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2.72 B3 e Efp" ( Logistic Regression )
T i ek kU B - ARSI A 07 e

Y:IB0+51X1+ﬁ2X2+ ...... —f—ﬂka‘f—E)

W3 k BEREERO AR E X X= (X,X2,0.,Xk) ? Y=2 A& ﬁlﬂ:fﬁ (0 1)>

RAA B IR F XBWHMIE Y=1> % X B3 2p > Y=0-

Berkson [17] # 1) — #& 4 S 8cf 5 Logit > 1% In[p/(1-p)[#& 43 ri & >
IERAGER

Z:]n£:ﬂ0+ﬂl)(l +BX, ++BX, =X

1 1
l+e™ l1+e~

B op s a5 lf’pﬁ;; % 5 (Codds) » lnlf’pﬁ'; o5 i -

oo EE o B X B HEM 1 P A L Logistic & e » P X o 8 k3!

1
P (y=1 | X) =F@)=X f#u | sk =1
e
P (y=0| X) =F@Z)=X f*## 0 s =T

Z % T E [0~ FEF - BEKTFRE 2Y EApH o
Z:ﬁX:[ﬁl, 2,...,,81(] XX

T ZLBBEETEFA Fp iw M AR 5iF Logistic Bl #k (s > VAL p
SO V- 0 R

—\

a2
P
E_/p

Logistic :® ETT? PRIl f eV U AIH & & iz (Maximum Likelihood
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Method ) #3* %Y s i o e :

L= HF(Z)H[I —F(Z)]

Lelog X 4cifieh » FEDR L& BB VUL AW ERE T
B_i\: » T HR W mﬁicm ]ﬁ:ai:ﬂ ,_F-‘ " f%é}iﬁ_ ]F)‘ —E#Fv Q}J’_ﬂv‘ TF;*?:‘K s E[II%\
]:

FoaN 2 G B F M [20n it et B st

Il

L(

(B = =2
(8) L

L LB
f0)

ki BNPE+ > o (fd BRIIPRISEED ) B EX3F 2 o0

b B ER R EA F R G 0 MR Wald 530 8 o’ kR 20 B0 B
PR o 40T

#Wald 53-8 o’ 2+ 3 Afe (pd B3 1) B A3+ S Bl

R AL -
2.7.3 ¥2w 2 (Kernel Method )

FrosjE s g 0 Z0 5w S Bi(Kernel Function) k £ :E 4 dgf A 8EX &2 e
L R BEMOE ARy B F BARRIERPE S XEyE AR EHOS S R A
BeoFZBP 3 2T AR FEMOETHAL PV FLAFRASER

ki
T FTRAPPI[RTIDE - SFLFRAFIPIRATIOELS

$H p BRI R X X = (5,0,.%,) 0 BpRie REEY o H
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HAD 0 s LT e A S

V.=V,

/2
’ , .
Vy=———¥ sk Wi f# - [ Gammas fe

Ngﬂ)

V% iR B R B
¥ e Snfic s F A (Normal) 4 iz » H $70 Sl s

~0.5(x-y) 17 (x-p)

1 =
: e
C, (1)

1/2
.

C,(i)= (27[)§I’p v

K(X-y)=

9 p BIERIR ENE PR A Xomm(g, Xog,x,) T LRSS S A AL (T p
v - Lo FF e A RBER R AN B TR HNE A o sRgen
Lz

1~ BN B2 ot et & o
2 FEAP e SHK(Xy) R X B Xy R BB

3~ 8w i3t 8 (Kernel Estimator) o %o i 32 38 TPk & X 2L22 348 [ endy

AR P BB T T X BT ERL S o &N 4T

fi(X)=— ZK(X y;)

111

n; 1 ER R AP
Y FEAR P B
KO : pros ot
4 WA AR B TIPS B A A
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R P AHP €
N1 SP R 1.28%
N2 | pPiffeidr B 1 LA 2.42%
N3a * 3B 3.52%
N3b SN A g 8.54%
N4 74 5.08%
N5 AR £ £ F 7 1 3.44%
N11 ERRIPE ) 1.60%
N12 AT 1.61%
N13 AEEH 2.50%
N14 4 A 3.08%
N15 4y 3.99%
N16 k- e 2.47%
N17 FEz2E2HEZTR 4.05%
K83 Py EAF 4.02%
K85 R 4.98%
K87 ] Z o 2.24%
K93 VI Al 4.17%
K95 i# Bt ¥ 7.67%
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K104 T 3as f R e 2.60%
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AT EE RSM & RPrviz2 f ke L wE - f1T @ & £

Pk s - AV RSN E LR/ ARSI o Aok 4407
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o 4-4 EX/EFHEANSKDT RS
A RE A F /K T FYLHEIREEF | T ¥ AL mF
P(i& )=0.64
2w A 329 48.579
o] 4 47 Pz # y=0.36 80.32% 8.57%
B A E Prob. Level=0.12 79.46% 50.47%
P(i 49)=0.59
N ES P(& % )=0.41 81.67% 54.94%
R=0.9
P(i& 49)=0.62
2w & +7+AHP , 599 50.389
] 4 4 Pz #)20.38 80.59% %
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