2004

Accord

Basel I1

The New Basel Capital

(default/non-default)

(logistic



regression) (support vector machine, SVM)



(default) (non-default)



[4]

88% 79% 47% 44% [5]

92% 80% 28% 48%



31



[3]

3.2

(credit scoring)

321

[2]

[7]

(credit rating)



1. discriminant analysis, DA

2. Logit ( , logistic regression)
Logit Logistic
0O 1
3. Probit
Probit
Logit
4, (neural network)



5. (support vector machine, SVM)

SVM 2000

(kernel function)

322

Altman[6]

Edmister[8]

Desai [7]

Baesens [7]

KNN(K-nearest neighbor)



Min Leg9] SVM
(Back-propagation Network, BPN)
SVM

BPN

3.3
[1] Berkson(1944)
(binary variable)

(Y)

(v=1)

(Y =0) Y
Y =B+ X +B, X+ + B X+ @

X, k



0,1

- p
Logit Inl_ .
@2 O [1]
Z:Inl_pp:/}0+ﬂlxl+ﬂzxz+ ...... B X, = PX 2)
1
_ 3
P 1+e* 3
P
P 1-p
(odds)  In—P- X =Xy, Xy X ]
X Logistic
1
p(Y =1|X)=F(Z)=X e (4)
j— e_z
p(Y =0[X)=F(2)=X s ©)
Z [0 o] Y
B =By B Bi]
Z = BX =B By reeveess BiJx X (6)
Z p Logit p
0 1
(threshold value)



34
(Support Vector Machine, SYM)  Vapnik(1995)[13]
SVM

(hyperplane)

34.1

SVM

(margin)

(optimal hyperplane)

(support vector) SVM

X :{(Xl’yl)’(XZ’yZ) """" (Xn’yn)’i =L...., n}

x, e R" vy e{-1+1

(w.b) (10) (11)
X -W+b>+1 fory, =+1 10)
X -W+b<-1 fory, =-1 a1

W b f(X)=x-w+b p(w,b)

10



xw+b X-wW+b 2

p(w.b)=m ~ max
I A Y I
2
i o]
1
L}
Min Lorw
w,b 2
subject to y;(xw+b)>1 i=1...n
(Lagrange)

oL n
_ZZi:1aiyi =0
__W z,l iYi |:

(15) (16) (14)

Max Z|1 i Z| 12]1 i Jylylxlxl

subjectto D" oy, =0

o, 20 i=1...., n

11

(12)

(13)

(14)

(15)

(16)

17)

(18)



34.2

(Kernel
Function) (feature space)
¢ (19
(20)
(0% )- (x; )):=k(x, x;,) (19)
Max D - Z. 12, L% yiyjk(xi 'Xj) (20)
subject to >y =0
o, 20 i=1...., n
(21)
x)=son(X7 v (p(x)4(x ) +b’) (21)
:sgn(Z:i:lyi a, k(X, Xi )>+ b’ )
SVM (Linear) (Polynomial)
(Radial Basis Function, RBF) S (Sigmoid) RBF

(22)

12



[9][10]

k(%)= expl- 7~ x,[°)

4.1

13

(22)



4.2

14

(

4-1)



15




421

1.
2.
3. 80% (precision) *
20% 10
0O 1 0

20%

' 80%

16



4.2.2

5.1

2005

93%

10-fold

225

RBF

2001 2006

3438

3213 2001

2006

3438

17



( 51
)
51
2001 21 22
~2005 3213 3438 > 450
225 225
2006 93
124 % 124
31 31
16 15
1 ( 5-2)
5-2
F1 X1
F2 X2
F3 X3
F4 X4
F5 X5
F6 -DSR X6
F7 X7

18



F8 X8
F9 X9
F10 X10
F11 X11
F12 X12
F13 X13
F14 X14
F15 X15
F16 Ln( / )
El
52
1.
SAS8.0
B p
Z=1In p (23)
= 0.8542+0.5626* -0.765* +0.2755*
+0.9654* -0.5361* -0.2474*
+0.3952* L.n( / )+0.613* +0.3293*
+0.225* +0.3639*
1
= 24
P 1+e* (24)
(23) Z (24) p

19



1
0O 1 80% 5-3
81 80.25%
0.36 0.69
P p 0.36
0.36 p 0.69
0.69 p 036 0.69
5-3
65 24
16 98
80.25% | 80.33%
2.

Weka3.5.6 SVM
20



5-4 SVM
5-4
143 82 63.6%
64.9%
76 149 66.2%
120 105 53.3%
SVM 52.0%
111 114 50.7%
( ) (SVM)
65 24 89 47 154 68.4%
67.3%
16 98 60 51 149 66.2%
5-4
SVM
SVM
62.9%
SVM 48%  56%

21




55

5-5
34 59 36.6%
48.4%
5 26 83.9%
56 37 60.2%
SVM 56.5%
17 14 45.2%
( ) (SVM)
10 28 44 11 54 58.1%
62.9%
2 18 5 6 24 77.4%
SVM
(Analysis of Variance ANOVA)

22




(%) (%) (%) (%)

1 49.33 | 55.11 | 68.00 | 79.11 | 50.22 | 60.89 | 64.22 | 52.67 | 64.44 | 29.78 | 4.89 | 7.11
2 72.00 | 53.33 | 64.89 | 59.56 | 55.11 | 60.00 | 65.78 | 54.22 | 62.44 | 12.44 | 1.78 | 4.89
3 51.11 | 58.22 | 61.78 | 71.56 | 59.11 | 57.33 | 61.33 | 58.67 | 59.56 | 20.44 | 0.89 | 4.44
4 68.00 | 57.78 | 61.33 | 63.11 | 60.44 | 63.56 | 65.56 | 59.11 | 62.44 | 4.89 | 2.67 | 222
5 63.56 | 53.33 | 68.44 | 66.22 | 50.67 | 66.22 | 64.89 | 52.00 | 67.33 | 2.67 | 2.67 | 222
Mean | 60.80 | 55.56 | 64.89 | 67.91 | 55.11 | 61.60 | 64.36 | 55.33 | 63.24 | 14.04 | 2.58 | 4.18
P-value 0.157741 0.036706* 0.003762* 0.030058*
P-value<0.05:*
P
(P-value) 0.05
SVM
63.24% (

4.18%)

23




S-7

(%)

(%)

(%)

(%)

22.58

59.14

54.84

96.77

54.84

80.65

41.13

58.06

61.29

74.19

4.30

25.81

59.14

59.14

60.22

70.97

64.52

61.29

62.10

60.48

60.48

11.83

5.38

1.08

36.56

63.44

59.14

87.10

38.71

67.74

49.19

57.26

61.29

50.54

24.73

8.60

32.26

54.84

52.69

80.65

54.84

80.65

44.35

54.84

59.68

48.39

0.00

27.96

Al b~ |lwWIN|PF

36.56

60.22

58.06

83.87

45.16

77.42

48.39

56.45

62.90

47.31

15.05

19.35

M ean

37.42

59.35

56.99

83.87

51.61

73.55

49.03

57.42

61.13

46.45

9.89

16.56

P-value

0.002540*

0.001934*

0.007039*

0.006698*

o-7

(61.13%)

37.4%

57%)

24

P-value<0.05:*

83.9%

74%)
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