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c � ` 0 : / C a b � U , � . U D T U 
 1 V 0 � 0 � ? + 9 : ; < 0 1
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c 2d & ' � c

) � ) � 	 � d e h (%)

1 941 – 1,000 0.0
2 846 – 940 0.2
3 797 – 845 0.6
4 725 – 796 1.5
5 696 – 724 3.2
6 627 – 695 7.1
7 519 – 626 23.0
8 0 – 518 62.9

f - ? + 9 g � % 0 h i , � b C ^ _ T U 
 1 V 0 1 f � 7 j < + k � 0

: / C a � � , Logit  � 0 9 : l I . E l � m K L 0 b U m � . ^ _ T U


 1 V 0 Y k F @ G = , � J . ? 9 : Logit  � � � n . � � , 4 5 n � �

: � o D p H 0 q > * 1 f , � � q > * 1 f a . ^ _ T U 
 1 V 0 r s ,

? � ^ _ T U 
 1 V 0 � � = t , u @ = t I v $ ; I J 3 0 � � 6 .

@ @ 4 5 � � T U 
 1 w : @ = J > x 1 A l � K 2m 0 � U , D f U D x 1

A y $  z 0 > U - � ! b U " h { + f c J , 3 � � � 	 � � / S � � X

	 G � G � � � < � Ñ � � J , \ $ � � � � Y Z � � X �  � & � G � #

$ � ° æ ² 9 ) ¶ � , � G Ñ � � J � � � 	 F � X �   E $ E � 9 )  

� � [ t n 0 �  � � � K " �  	 � V , / � � ° æ ² 9 ) ¶ � � � � �

� , H 2 � � � � � H 1 A B � � � � � � �  �  z , S � � X 	 G G � J

� c � O � / { � � X 	 � , J / � � Ñ � � J U � � � , � H " � X 	 �

� � � Y Z 8 � * � � � B � 0 � � Ñ � 	 , = , & # | L � * y � � Y �

| M  4 � �

+ + ) * L � N R , 0 6 � R � � � � S < � & � ' 	 F � X 	 � © � � �

E � � , � � U � 0 , × y C 	 F � X 	 � © � - 
 , T � & � R � X 	 �

� 
 	 ] ? � } � � � � � 	 � 0 . R � Z N � � B � 4 � � E # � � 11

� D 	 � � � � ~ D � � E # 	 � B ; � � : � � � S �  � � z * 1 �  

� � b 
 N �  P � Ñ � J i � S � , � � � & � � � � � R P ) � � E #

0 � ,  � { � P 1 * � / � X 	 � © � � = � � � 	 F � r � � D � -

3 a x 1 � a N W c � e n n ( N v o p 350 ( p 950 ( u h , � e n ( � Y � � 
 , � N x 7 o
� G E � � � x e a F � � n � u 1 ( 8 � l B k i ( 4 7 m c � e n � , u n � � 4 � w x c 

8 G > t E � , u � 4 c � � � G > � h , � � ? � c � e n ( x � � A � � X
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 , 0 Q ) R � � � T , � ~ V W y C # $ b c � k 9 Y ò � � " 1 � G �

. � Y Z � ) � - d k H 9 Y , 
 	 � X 	 � � � � � , V W � � R � � 9

Y � O 
 � !  f # � $ - P � 3 � �  & U 2 " F E 7 � $ - G r G �

� , 0 � � R � � � � # $ ) ' � � � � � 
 	 ) � � � � � X 	 � � � 0

Q ; R � � � � / Q ) R � ! � � ) � � X 	 � � � � 
 # P 4 � , � � �

� z 	 
 ' I ) � 4 � I ) E $ Q E R � � A � 11 ' 4 � � E # , \ $ -

	 F ) � X 	 � � � 2 � , � �  � A � � � � b c Q � � k � . � � 1 )

	 G � � � � 3 � , " # � W & ® | © � � r 
 	 � � X 	 � � , � � & Q

4 s | � r 
 	 � 	 G � � � A � � 2 � � 0 Q N R � � � � n M ) * �

� � � + & � M O �

2.- � 3 � � � b � � � 4 � 

z Y d - . � � � m � 9 : � # , v w d = 1 . * � � , G d = 0 . * � �
� , � # � � � ! � � � ; � � � � d, � � � ! � � � / 0 � � � � ! �

� ! � , 1 2 H " � # z � - . 3 w � ! � , 4 � � � � ! z � � d � $ e t

p � : < = Z � @ � o l cutoffm � � z, o 5 z � � � 6 � & 7 � z, � 1 2 	

� � � � � d 8 ,

9 9 : W � � � ! z � ; � � @ � o z " � � � � � m d H ' � � < . 3 �

* � > = > u :

c 3d � � O P

d = 0l � � � m d = 1l � � m
z > zl � � � � � m � � # � � � � � � � # � � � � � l � � � Q m
z ≤ zl � � � � m � � # � � � � l � � � Q m � � # � � � �

9 K 3 F = $ � 0 R 5 � % , 4 5 H � U � : b F � � S T 0 L   , � U V

¡ 0 � � % 0 h i ¢ F � £ D � � @ % M � , - W 3 ¡ 0 � � % 0 h i ¤ ¢

F � N £ D � � ¥ % M � . K 3 0 ¦ � D f � § T U 
 1 0 h i ; < , Z $

� + 4 5 : @ = 
 9 T U 
 1 0 ¨ © . ª « 3 R � , T U 
 1 0 ¨ © � � �
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@ % M * � ¥ % M � � H � 6 � 0 X G - T : Y � 0 , � @ % M * � ¥ % M

0 H � 6 ¬ G T U 
 1 2 ¬ C .

@ @ ? Z V R 0 � c G  F 4 5 � / 0 ® ¯ ° ± � ² I ³ ´ � l BCBS, 2005m
b 14 µ � ¶ 0 ^ · , $ ¸ � 0 � 6 D 5 
 9 T U 
 1 ¸ � & � 0 � : / . P

	 � ¹ º $ Sobehart et al.l 2000m , [ \ P V 0 � 6 H » Q ¼ C ½ l 2005m .

2.1� ¾ ¿ �

5 a � � � ! ? � � � ! � � � Q À , 1 2 5 6 z Y � � � m 9 : � # d �

� � � ! z @ � A u � # , ? 2 � a � p n @ � B � w Á  ! � � = Z , B

� d � 9 : � # , � " 5 � C � Bernoulli A u � # , � ! � ' " � � ' 
 p
P(d = 1) - . l 1 2 H " p � . * 3 w ' 
 p m , � � � � � ! z � ! � , D

E z � @ � � A u � # � � + � � A u � # , @ F Bernoulli A u � # d E �

H D ( H � A u � # , K I z F d � Á  ! � D Â . * , � � p � � x % �

� � � � � ! z � h w � � L M ! � � � F0(z) = P(z ≤ z | d = 0) F F1(z) =

P(z ≤ z | d = 1) � - . z F d � Á  ! � , a � 3 h w � � ! � � � , 1 2

C K � Â � Z O < O � h w n 5 � z : C Ã � P Z � @ � o z, 1 2 H [ Ä

F0(z) N � d \ z � l false alarm ratem , F1(z) N � P \ z � l hit ratem , K N � r

. * q P Z � � � � B � O ,  d � � � � � ' 
 p , G W r . * q P Z �
� � B � O , Q ] � � � � � ' 
 p , P \ z � [ N � S v T � l sensitivitym ,

G � 1− d \ z � � [ N � � Z T � l specificitym , 1 2 5 j � , : W L M !
� � � � y � ] U p n ' � , P \ z F d \ z @ � @ � o z � y � ] U � � ,

V C � � , P \ z F d \ z X A Y @ � o z � � � U ! G U ! , P \ z F d

\ z � - . � 	 � � � � ! � � � � Å A T � l discriminationm , f � � � !
� � � P \ z � G d \ z � , � 1 2 C � 3 w � ! � � � Å A T K � , G Å

A T b � � � ! � � C b Q � ,

9 9 o 5 � � � ! � � �  Z � , q ^ � w @ � o � � P \ z @ � _ 5 � ;

� � d \ z N [ , 1 2 A < 5 � � , � � � ! � � Å A T � � O C � P \ z

F1 5 � d \ z F0 [  c G Z , Z ] ^ p " � ROC` � l receiver-operating-char-

acteristicm � � _ P \ z � d \ z ` + � b � , 4 � R � ROC ) 7 � 	 a � S

4 Swetsl 1988m u ROC 8 ( T c 7 V 9 e Æ A � i t Ç c � È , � � � � Hanley and Mc-
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B R z, � " 7 � � � 9 & J F0(z) Ç B ^ É � 7 l F x É � 7 m , \ � " 7 �

� � & & J F1(z) Ç B _ É � 7 l F y É � 7 m � � A � : ) l £ � ` 1m � 5

+ + ROC ) % � , � K � L � 5 " � X 	 � © � � O 0 H ! , J ` a Ê �

� y " ! S W � 7 , � & � * � a � A � I , � 5 " ROC ) � ( � � E # ,

� � � � � � / Ë � � AUC 7 � l area under the curve7 m , � ROC ) � ^ É

� b - ? � @ W � AUC 7 c � � X 	 � © � 	 c � , � � � 7 � 1� � ROC

) � 45 S ) �  X , AUC 7 G � 0.5 X , / � � 	 � © � / � � S 	 � �

+ + 2 � AUC 7 ` , � � � 	 % ROC ) � A � � � % � � � E # : KS � E

# , � ROC ) � 45 S ) - ? � � � Ì � X � �

�

�

���
���

���
���

��

ROC
 

ROC
 

�

c 1d ROC Í

Neill 1982m X u ROC 8 ( T c � | p 9 e Æ W 0 � Y c Î < x � s  Ï O � a O E , � � Pepe
l 2003m X

5 ROC 8 q 7 [ � w x c 
 8 o : Y Ð ( � V v f c � � p l H � m � " # Ñ S c ; � p l Ò
� m X t C < q [ c Ó $ , � � p l H � m p u 9 c ; � p l Ò � m V m Ó $ , � D m G � Ô 1 � ROC
8 q c Õ Ö � � a × R m Ø Ù q m E � , � r o � , t C � � p l H � m Y % c \ H , ; � p l Ò � m
& � � " Y $ ` , � Ú Û n ( P � u h c s g � I o p � ; � p l Ò � m & � $ ` w � c � Ü X �
� � e n ( P � c ROC 8 j p Ý � y m '  × Þ p q Þ ß ] , G Ô 1 � c à á 8 � � X � 0 ; â
ã � u ROC 8 " j p 45 � 8 ß ] X ] � c ROC 8 9 � p 45 � 8 u q , ROC 8 p 45 � 8 u ä E
= å : N , u 9 � e n ( P � r : æ l p Ô 1 � u 9 ROC 8 V c � e n ( P � Y G u 9 ROC 8 �
c � e n ( P � � æ m X
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2.2� ç è é  ! ê ë ! ì � í ^ î ï

: W P \ z F1(z) F d \ z F0(z) � ; � � � � � Å A T , ' � � � c � �

� ! � � Q À � � / 5 � � , e � � � � � ! z q P Z � � d O ` � � ! �

� � F1(z) F F0(z) � ! ? z F d ` + � f � , q � ( � � D � g p g ð Â ñ ,

q 3 � 6 � ^ 1 2 H k l z F d � ( f p , L g G : W 3 w ( f p � [ 6 �

ò � � � � � ! � � Q À , K ) � � , � � � � ! z C . * d = 0l D � � m
� ' 
 p � , G � � � � ! z � . * d = 1l � � m � ' 
 p � , K I ,  Z �

� � � ! z F � � � m 9 : � # d ` + � _ > q � w j k f � , � " g ð �

1 2 ' C z F d ` + j k f � � j I � � c � � � ! z � Q À : z F d � j

k f � b j , � � � ! z C b o , e q 3 � 1 2 V 5 � � j � , K N � � �

! z F � � � m 9 : � # d � i ; � � � Y O o a ( ; [ 6 F a Y O , � "

1 2 D � _ 4 � r t � ( f � � l k � � l " m � � � n M ` H : o m � ?

# z F d ` + � j k f � , G 5 6 � � h w A u � # p � � ( f � � , 3 s

� [ N � � � ( f � � � � # H D q � � � ! z ` Ã A y � ] U � � � B

C ,

9 9 � � y � � � ( f � � # � Spearman� � � o ( f � � � l rank corre-

lation coefficientm , I Y , � a h w | }  � � ( f � ( � � Kendall’s τa� F

� Kendall’s τb� � � # , f H Kendall’s τa � � # � N � � � ! z F � � �

m 9 : � # d ` + � k � � , � ; � � ( f � � 	 � � u � Kendall’sτb � �

# ,

2.3� ç ó ô õ

1 2 ' d � � L Z E l information theorym ^ � � s � ( , " x N � c � � �

! � � � � � ~ $ % , q � 6 � ^ 1 2 H < � y � j k � L Z E , �   # �

¡ E ' f g Cover and Thomasl 1991m ,

9 9 � L Z E � y � � C � � J ! ? A u � # � � _ ` D ] Z p � Z E ,

z Y f(x) � A u � # x � r s s T � � , G f(y|x) � P Z A u � # x ` � �

O A u � # y � � � s T � � , � 1 2 ' Z O A u � # x � � ö � l entropym
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< O : H(x) ≡ − ∫∞−∞ f(x) ln f(x) dx, " � T x � D ] Z p ; 1 2 � ' Z O P

Z A u � # x ` � � O A u � # y � � � � ö � < O : H(y|x) ≡ − ∫∞−∞[∫∞−∞
f(y|x) · ln f(y|x) dy]f(x) dx, " � � � � T P Z A u � # x � � L W , A u �

# y � � a � D ] Z p , _ � k l Ã � s T � � g, 1 2 ' Z O � � L � �

l information value, IV� m < O :

IV(f, g) =
∫ ∞
−∞

[
f(x)− g(x)

]
· ln f(x)
g(x)

dx,

" � T h w s T � � f F g ` + � � v � � , o 5 f F g D ( 7 , � L � C

� Z � Q � , z � L � b [ , � h w s T � � f F g ` + � v � C b [ ,

9 9 z Y f F g � a ( H � � � σ2 � h w p C ! � s T � � , � � b � o

q � i h � , ' ! � " µ1 F µ2 . * , � � � y { £ ' � f F g ` + � � L

� � (µ1 − µ2)
2/σ2, : W 3 w > u , 1 2 Z O Ã h w s T � � f F g ` + �

� � � � � # � l divergence statisticm N

DS=
(µ1− µ2)

2(
σ2

1 + σ
2
2

2

) , (1)

� ^ µ1 F σ2
1 � s T � � f � i h � F � � � , G µ2 F σ2

2 � � s T � � g
� i h � F � � � ,

9 9 P Z h w A u � # x F y, 1 2 ' � a H(x) ≥ H(x|y), 3 Y ÷ Y o 5 y

F x D � � , y � � L 	 a f � � � x � D ] Z p , � " 1 2 ' � � � � � A

u � # y ` � L � 
 � � A u � # x ` D ] Z p � � � :

CIER(x|y) = I(x; y)
H(x)

= 1− H(x|y)
H(x)

.

3 w � � [ N � � � ö � z � l conditional information entropy ratio, CIERm ,

9 9 G O � 1 2 H | ; + � � � � � ! z Z O ; � � � L � , z Y + � �

� � � ! z a K w ' 
 � � z1, z2, . . . , zK , � � � � s T � � ' " < O $ e

. * : f0(zk) ≡ P(z = zk | d = 0) = π0k F f1(zk) ≡ P(z = zk | d = 1) = π1k, 3
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� � π0k F π1k � N u z � , z SKk=1 π0k = S
K
k=1 π1k = 1, � � � ! z � � L

� � � T � C � f0 F f1 ` + � v � :

IV(f0, f1) =
K
S
k=1
(π0k − π1k) · ln

(
π0k

π1k

)
. (2)

� � � ! � Å A T l " AUC � N - . m ' " � � ; � � � L M ! � � � ` +

v � � ? # , G � L � � � ; � � � s T � � ` + v � � ? # , h r � ( �

� � ( � , e � � [ 6 � ' 
 g p D H , K I C ? # � � � ! Q À � ø 
 G

¤ , � L � � � w � � � Å A T � D H � T ,

9 9 + � � � � � ! z ( ; � � � � m 9 : � # d � � � ö � z V ' ~ �

� $ % ! " Z O , 3 � 	 D � } ¥ , 1 2 o j � , � � ö � z ) * � � � � �

! z ` � L � 
 � � � � � m 9 : � # d ` D ] Z p � � � , � Q o � � �
� ¦ � 0 F 1 ` + , � Â ( � � � , e ù o � X q � � � z p B C ,

9 9 � L � F � � ö � z � � @ � ~ � � L Z E , e h r � Y O � ( � D

H , � � ö � z ) � � � G g � � � � � R2 � ( , Y n � � � � � ! ; �
� � m 9 : � # � � � 
 S , G � L � � � ( � � � y , U � � o � q ? #
h w s T � � ` + � v � ,

9 9 3 � 1 2 5 | ; � L � Z O (2) ^ � ; � � � ln(π0k/π1k) x | � � � �

! ? , 3 w � � [ N � � W � n � l weight of evidence, WOEm , ? � ! ¨ � �
z pk F � � � z p � � � :

WOE≡ ln
(
π0k

π1k

)
= ln




p

(1− p)
pk

(1− pk)


 . (3)

B I e ' g , � W � n � ! ¨ � � z pk � y � ] h � � , � � � � z p 6

� " 7 � " & [ � ! ¨ � � z pk © , � � W � n 	 � j � " ú " & Q � , �

! ¨ � � z pk � g � H û � 0 & 1 © , � � W � n X � L � � g ∞ & −∞,
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2.4� ê ë ü � ý þ �

z Y � w � � � ! z 
 � � 8 ; � � z p � � � � q l � � ¦ � 0 F 1 `

+ � u z � m , � 1 2 	 ' : W � $ b " Q ( f � � � # � � ( � ? # � �
z � � � � T � l fitnessm , 3 H � � � = ? # � � � ! � � Q À � $ % , I

Y , B � + � � � � � ! � M � ` � � H � � ! ¨ , z ; H � w ! ¨ l � a

� � � � � Z " ( H � � � z � � � , ; � 3 = x % ) � a 5 5 j � � Q ]

p , I w � u � � � E T � l calibrationm ! ? , " \ � H � ! ¨ l � a � � �

� � z � � � � ] ( H , z 7 � � � Z � � � , 6

+ + � � | � i � S � E # � � Brier � " � , & n � j a r � 0 5 " Ñ �

P * ( ! f # � Ñ � J u 
 7 - ? � i � S � K � (di, qi), i = 1,2, . . ., n,

� Ñ � P * ( ! f # d � / � Ñ � J p - u 
 7 q � I ) , � � Brier � " �

l Brier scorem � � � �

b =
1
n

n
S
i=1
(di − qi)2,

� " 7 T � 0 � 1 - ? , c > c � � J � �  * 3 � A Brier � " � 
 R � �

L / � � � � � / & 	 F , � � � B Brier � " 8 � I ) Ñ � J p̂l H F di �

I ) � n " m � � � V W : K � & @ � " 7 p̂ � B � � � z Ñ � J � u 
 7 :

qi = p̂, � Brier � " 7 � � B p̂(1− p̂), � � " 7 � p̂ = 0.5 X 4 ! A � 7 0.25,

� � p̂ 0 � 0 � 1 X 8 � � � 0�  	 � V , Brier � " K � I ) Ñ � J p̂ � �

� V W : � p̂ K 0 � 0 � 1 X , Brier � " 8 � z � � B � 3 � � � �

+ + C , � I ) � � , � � � 	 E $ � � � Brier � " � & � � � � � # �

X 	 � © � � � � i � S � K � I ) 	 � K � , ) � � I ) " � z B nk, k =

1, 2, . . .,K, B S � � � , � � � di � qi I ) � 6 � � � . I ) � � � � � z

^ � B dki � qki, i = 1, 2, . . . , nk, k = 1, 2, . . . ,K, \ & qk = n
−1
k S

nk
i=1 qki H

" Ñ � J u 
 7 � � � � n , � � � � Brier � " � � � � � b∗ = (1/n)SKk=1

S
nk
i=1(dki − qk)2� � � ) � � � I ) Ñ � J p̂k = n

−1
k S

nk
i=1 dki , � � � Brier

6 t � t < ) � E � � " z ( T , \ E _ o ÿ � � ( T , � t j u � ) � ÿ � � ( T X
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� " 	 � R B b∗ = (1/n)SKk=1nkp̂k(1− p̂k) + (1/n)SKk=1nk(qk − p̂k)2, � � Q

� + U � dki � � � f { " , � Ñ � J u 
 7 � i � S / 1 � % Q E + 	 , ,

� � Brier � " 5 " � � & � Ñ � J u 
 7 � � � n qk � i � S � � � �

	 & � � Q E + ^ � � � R � Hosmer-Lemeshow� � i � � E # l Hosmer-

Lemeshowχ2 goodness-of-fitm � S � HL � � i � � E # l £ � Hosmer and

Lemeshow, 2000m :

HL ≡ K
S
k=1

nk(qk − p̂k)2
qk(1− qk)

. (4)

C � X 	 � © � i � D � , � HL � � i � � E # 8 « � � � i , � 	 % S

Y m I ) � � : C � G X � I ) 	 �  C � X 	 � © � � I ) , � 	 % S �

K−2; J C � G X � I ) �  C 	 � © � � I ) � � � � � I ) , � 	 % S

+ , B K� � � 	 . X HL � � i � � E # & K �  � � � r & 4 � � 
 �

i � S � *  
 �

2.4.1� � � � � �

� � ? B ( � X 	 � © � / � � � � � � � � � � � I ) , ) � J 8 � � �

� � � � Ñ � J � / � � � � � � - I ) � * � � � � - Ñ � J � 6 � , �

� 	 & � � K �  � � � ! & M B � E � , � F � R � 	 � S  � �

+ + B a � A 	 � S � K �  � � E # , � � * 3 / � � � � � � - Ñ � P

* ( ! f # d � A � � 1 ) K � : . K � d � " 7 � # $ � � e � � � δ �

* � c � � � 
 7 c � � , C � � Q k � � � I ) di J � � * � � Ñ � J pk,

� � pk * � G � P(δi ≤ ci)� ! C K � e � � � δi � � � � � � i , \ & Φ

H " � � � � � ` W � i ¬ " , � pk = Φ(ci)� � � � 
 7 ci 7 	 & Φ−1(pk)

H " � 1 � Ñ � P * ( ! f # d � � I I ) � h B � � � � L � � * � �

Ñ � � J X , � � I I ) * � J � ! � I L � � ) � V W , � � d � � I I

) 7 � * 	 , � � � ' 
 � � � 	 K � � I I ) l & di k H m - ? � * 1 =

� � � � / � e � � � δi � � y 6 � � < � � M � � :

δi =
√
ρ x+ (

√
1− ρ) εi,
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� � x � � � � � � δ1, δ2, . . ., δnk � L � � � © � �  � � � , � εi � � �

�  * ' 
  u � � � � δi � � � � �  � � � � � � K � 2 " ρ � � �

T � 0 � 1 - ? � � " , � " © � �  � � x � � � �  � � εi - ? � * /

� � = � � � K � © � �  � � x � � � �  � � εi - ?  �  * ' 
 � ,

L B � % � � δi � � � � � � e � f # , � � A � � � K � x � εi n � �

� � � e � f # �

+ + # $ � " � � � � 	 � � � � W , � Q k � � � I ) " nk � � ∞ X , �

� � I ) Ñ � J d ≡ n−1
k S

nk
i=1 di 8 � � ! y 6 � � � e � f # :

d
a.s.−−−→ E(di|x) = P(di = 1|x) = Φ

[
Φ−1(pk)−√ρ x√

1− ρ

]
.

1 � < � � M � ' ( U  � � � M O � � � � � F , 	 � Bluhm et al.l 2003m �

/ � a � � � � � J 7 qk, � � 	 . X � � M O D  � pk � G � qk, � � �

� qk� K � d � I ) 7 � d0, � 0 ( / K � H0 : pk = qk � 
 X , � � 	 �

P(d > d0) ≈ Φ
[
Φ−1(qk)− (

√
1− ρ)Φ−1(d0)√
ρ

]
. (5)

U � � � � J � � � � �  � � � S l sizem , � � 7 N L ( / K � H0 : pk =

qk, \ 0 � / 
 K � H0 : pk > qk�

+ + � X � 	 � S  � � � � � � � � , � � � � � � � I ) di - ? � *

1 = , L � * 1 = 	 & � < � � M � � H " � C di � I ) ? � � * 1 = , L

� � ' 
 � � , � 	 � X E + � i  � , K �  � � � � 	 & � B S � � 7

� � � � � , 	 � S  � �  � 8 l powerm � � � K - , � * � G N L ( / K

� �

2.5� � �

1 2 q � � ^ � k ¦ z � < . 4 � � � 11 = � � � � # : ! E � Å A T "
� � ( f " � L Z E " � � � � x � � h � � � , + � Z � � w �  � � �
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c 4d � � � � �

� � 4 � � � � � ? � � d e h  ! 4
AUC � Spearman’sρs � ? � ∗ Brier � �
KS � Kendall’sτa " # $ % & HL  ! $ % & ∗

Kendall’sτb ' ( ) � � ∗ * N 4 + , ∗

# : ∗ - r v x H . � / v � P � 0 I � j ! e

" , � � � � �

# #  - � � $ 1 . , / 4 ! � � � %  " # � 2 + � � � � Z � � w �  

� I 3 , 4 + � � 5 6 Z � � w 7 � � & ' c # , $ % & 0 , � � + 1 � � �

� � ' ( � � � & ' c # ( ) ) � 8 9 * ) � & ' c # � Z � � w , 2 3 �

+ , � %  " # � : � ; & ' c # � � � + 4 * + , � ( < , 	 ) 5 6 .  

4 = : � � + 4 * � ) 5 & ' c # , - . / 6 > 9 ? 0 1 & ' c # � Z � �

w 7 �

3.- � � � b � � @ A

� # 7  X $ � � � ! B � � � D Y � C � R � 7  d � � � U � D � "
�  " � � 7 � $ l � o m , C � � � � � ' 
 p a f � � ¨ � � � # , c

� � w " � � � m 9 : � # M N � � # ` � � � � l � < Logit � � & �

Probit � � m , � : W c � > u ¯ c � � w � � � # F � � ` + � # � f � ,

" � � 7  d � � q � � � � � Z i + l � � � ' 
 p , � � � ! B � %

M � � ' ! N � w � D : t o m � # Z ; x � � � # � � � ; � � � � #
� " N ; E % M � � � ! B ; F � � F � � � � � ! B , � ^ � > w � D

H ! � q G O � � > w 6 � � � , � W � � � � F � � � q v 4 � ° ¥ ,

9 9 � � � ! B U � � C � � � � w 9 : � # � � # � � � � , e 1 2 V 5

a ] � � � , � � � ! B � � # � � F e � � P � � � � � a K [ � D H ,

� � � � � � � � � � ! B � G g , e c � � � � � � ; � L g 5 � � � �
� � J u a & K u f � , V D � 5 ? # � � � # ; � � � r s B C , G   �

� N � 5 
 ; � � ' 
 p x � E ] � � � , K I , � < ; � � � � c � � `
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) Y p � j Z " ; � � Y Z � j ¡ 7 e � � # � � ! ? , t p @ D X q � #
� � � ! B � � � ^ � _ , ( � � , � # � � � ! B � � � ! ? 8 � � � H

^ q � � E ] T � � c � , K I , q � # � � � ! B © , l � � � % M � � �

! B � � � l w � u � � � � � m Y , � Z 5 J � � ! � � l [ N � � � � m
" � � � � � ! B � � � V t , � � ' � � � # � � � ! B ` � � ^ i D '

c � O � ,

9 9 F � # � � � ! B ( f � Z ] h i " � �   ; O P D � I u � J � �

� � � N / , Altmanl 1968m 4 �  � # � � � ^ � � p � ! ? � l discriminant

analysism � � � O P D � � # F D � I u ` + � f � , ~ � � � � � �  �

� ( � b � � © + , g ¢ � ³ K � a ( f E Z q � � i L � _ , 3 ~ E Z t

p Y n q � < $ % E " O P D � Z E 7 � � p Q £ , � < ¤  M 7 l 2004m ,

� P � � � F i P � f � ` � � � ! B ! a � � v � , ¥ Q " � # F � �

� � � ! B N / £ � Z ] t p @ �    � d R � � Y , � < Mays l 1998,

2001m " Falkenstein et al.l 2000m " F Baileyl 2004a, 2004bm , Thomas et al.l 2002m
F de Servigny and Renaultl 2004m m N � " � | d e � µ ¶ � ¡ � � � ! �

� ,

3.1� 2 O P ô

: W S T � � M x 1998 ¢ � 2003 ¢ w � 7  D � x . o m , l � N � " �

 � � " o � " " b R i d � " N / �  w D x � # Y , � B � D x o m

Z O � 80 w D � � z , x N � � � ! B � � � # � Q N r , 7 � f # � Ñ �

P * ( ! f # , � � � 0 � X b c Q � � k � � � � � � # $ b c Q � � k

9 Y 2 � 	 , Y Z � Ñ � � R , � 	 a , Y Z Ñ � X R � 3 �  6 �  9 �  

� 12 � � � � � G X � 9 Y 	 S � Ñ � X R � C 1999 � 12 � ! 2004 � 9

� � � � � & 1998� � 2000� � � ) � 9 Y � B 
 ' I ) , + & 2001� �

2002� � 
 � � 9 Y � B 4 � I ) � / � 
 ' I ) � � F Ñ � : � � , � -

k R P f # � I ) 7 � � X 
 ' I ) � 	 S - ) � � � T � - 2000� � 9

7 k l 
 � 9 o r � R S T U V W , � o ' j X u Å � t Â � � s c Ä # , � s v g Å � G Y � e
n ( � P � � Z ^ c b _ ` º � g z S > Q X � J _ ` º � z S o x C Å � _ ` � Ã � � c Ä #
� � 
 ( k � 
 z 3 , s v G Y � e n ( � � x e c º � t < q l truncationm z S X
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Y , / � � � 4 � I ) � � : � � , � - k R P f # I ) 7 � � X 2002� �

9 Y �

+ + / � Ñ � � - - k R P f # I ) 7 X R � 3 J , B � � Ohlsonl 1980m
� � A - � - k X ? R � � 6 � , � � � 3 X Ñ � . � � � � - k 9 Y , �

^ � Ñ � . � - � � � E � - ? � R P f # I ) 7 , � � � - k � � Y � 8

E a � ý � � � � G � X ? � 4 � � &  � b , � & - k 9 Y � �  U , �

� Y Z � � � � - d | L � H 5 ' K � � Ñ � � Ñ � . � X R  & U � � �

� X - - d R P f # I ) 7 X R , y � � � , R P f # I ) 7 X R J 3 0 Ñ
� . � - � � � � E � - ? �

+ + % H 5 	 , , 0 2002� 12 � � - 
 Ñ � � Y Z , 0 
 ' I ) � � : � � ,

J 0 4 � I ) � � � B Ñ � � � � � � � z � A 4 � I ) � � + � R : .

c I 0 2002� 12 � - � Ñ � � � B 
 ' I ) - Ñ � � � I ) , � 8 � P 2

0 4 � I ) ` ,  	 � V , 2 � 2001 � - 
 T A ! � � I ) ` , 4 � I ) �

: � � � Ñ � � 0 
 ' I ) � n � : � � � 1 0 2004 � 9 � � 2005 � 9

� - ? Ñ � � Y Z , / � - d R P f # � I ) 7 X R � � 2003� � � � C 


2005� � 9 Y , � / � � D 2003� � Y Z I ) d I � Ñ � � d I � � , � &

4 � I ) : � � � I ) X R � e  U , � 2002 � , 2003 � - 
 � I ) � �

8 & : � � � a r A ! 0 � � � 4 � I ) � �

+ + ) * 
 	 � X 	 � � � ] ? � � Y R P f # � 6 
 / 7 , J � � � �


 / 7 � 3 » * 3 � 0 2% ! 30% - ? l / 
 / 7 � a 
 : ¼ £ � Q 3.2 �

R m , � � � f 2 
 / 7 3 » � ] 30% � R P f # , / � 
 / 7 3 » � � 2%

� R P f # , � � � U f 2 
 / 7 I ) J % M . R P f # �

+ + % b c Q � � k 	 � � r � 21,031g I ) , f 2 � � N 9 I ) 
 , + Q

%  � � 9 Y a 
 � r , � ! � I ) " y H 6 � " �

+ + � � � � z � A 
 ' I ) � Ñ � J � � � 4 � I ) � � Ñ � J , s �

� � � b c . / � Y Z Ñ � ¼ L 0 2001 � 
 � � ^ T , L 
 ' I ) � Ñ �

J � ) � ` W 3 J , � 4 � I ) � � � � ` W 3 J � 4 � I ) � 
 ' I ) y

� � � � - a 0 � , 4 � I ) � Ñ � � L � " J � 0 2002 � - � ) � n 9

� � Ñ � � Y Z ,  	 � V , 4 � I ) � Ñ � � � � O % � f  � Y Z � �

O Y Z � 
 ' I ) � � Ñ � � * 3 , D f + � - f P D � J , ? ¢ F � U 3
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c 5d h i j k d � l z m n ) o

� � p q r { s t
* + p q � � u |

1999} 12 v w 2000} 3 v w 2000} 6 v w 2000} 9 v 1998} 67
x y * + 2000} 12 v w 2001} 3 v w 2001} 6 v w 2001} 9 v 1999} 120

2001} 12 v w 2002} 3 v w 2002} 6 v w 2002} 9 v 2000} 105

~ z * +
2002} 12 v w 2003} 3 v w 2003} 6 v w 2003} 9 v 2001} 27
2003} 12 v w 2004} 3 v w 2004} 6 v w 2004} 9 v 2002} 39

c 6d e � O {

& | � } ~ | � d e | � d e h (%)

� � C D 2,519 2,290 229 9.09
4 � C D 2,223 2,157 66 2.97

Z � $ P X 0 M < . 4 5 n e � i , n ^  � % = � > 1 0 T U 
 1 V ? �

; � % F 0 K - H � � � � C , 9 + � c � s 4 5 � ? b 4  $ \ Y � 0 ,

J .

3.2� ' � ( 5 � � �

N � � � < H . 1 � e � � � � ! B , � � � < h q ; � w D � � � � # �

£ � � � ! © , ' " $ 	 � ! ¨ � ! $ e g G � ! , 1 2 q U � � � � � �

c � ` � , 5 6 H � a � � � � # l D E 3 s � # � � � � @ � � e � � �

+ � � e � m @ ! " � � � � � , 4 ` J N � � � # l ordinal variablem , � u

� � � � # � � � # � o a a # w l t p � 2 � 8 w m " z 3 a # w � # �

` + ' � � [ 6 � � # , � � � # � � � � � W � � # � D § ' � � [ 6 ,

� i � � u z � Y O , 3 � 1 2 C ° ½ � a ; � w @ � � � � � # x � �

� � � � � D :

9 9 � D � : P Z � w Q # � m, C � m − 1 w B 6 � [ � ¨   o c1, c2, . . .,

cm−1, H @ � � # x � ' 
 � � ! $ N m ¨ ,

9 9 � D m : : W x � # � � � � ! ¨ , H � � ! ¨ , L � £ � ! ¨ � � � �

� : p1, p2, . . . , pm,
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9 9 � D � : � ¨ � � � # x∗ < O : � x � # � � � � � q (ck−1, ck) ! ¨ ^
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 : � m , , H � 
 : � m , Y � � � � + 4

* '  � ( ! , 14 � ` , 0 � � X $ " � � t � l � � � � � � � t � 5 ! $

? m , @ / � � t � � � � ü t = A J 	 , � � � � � � � t � 5 ! $ ? k

14 W M i e \ W D e y æ � x c v V � G � p : # � Ã [ E j 7 � � � $ % p O P u R c P h ,
[ E j 7 : � � 
 c � G z r > N , � r o � , � 
 � G z p � Ã [ E 5 h & y G ; & � Ã [ E 5
h w x Ñ S V � c ' c , [ E 5 h : � : x � 
 y ! V � , r : � m � 
 X � r o � , � 
 � G z p
� Ã [ E 5 h & x G X
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H � + � � � I ) { ( = , J V � � � s � � � � z � ( , � � ( ( � [ _

f # � � 
 	 9 Y � 6 � � � " � X R � t � I ) X , � * � � ) t � I )

� 5 ! $ ? � � [ _ f # ( ~ g h ' ( � F E � , & � 2 � � t � 5 ! $ ?

/ Ñ � 	 , = � V W � 15

+ + � � � � X D [ _ 
 	 9 Y P F D � X 9 Y - ? n 0 j { � f # , �

} y Q � � � J  B Z J  x ä n � � # G � � I 1 é X � n 0 Q � f # �

, ~ � I [ _ f # � � � 	 � � � � 2 Q � I 1 / Ñ � 	 , = � V W , � 0

G X � c I 1 é X � 9 Y & 
 	 � X 	 � � X � z * � �

+ + 0 ) * � , � N � � 3 f # � �  C � 
 � � X 	 � � X , � � J � !

~ � � S < � [ _ f # : 	 1998� � 2000� ? 0 
 ' I ) � � ! A ! � �

" , � 1 2 � 3 ) ' 	 , " 7 � � � * 3 N D , % � � I � � � f # � � �

% b c Q � � k 9 Y � , ) ! � S < � V � � � � [ _ f # , J q � � �  

\ � � < � W � : / : � � � � � � f # 5 ! � � t � 5 ! $ ? , 16 / Ñ �

� � � � � f # � � � � � 3 � 0 � n 0 Q � | L : I ) 7 1 2 � 3 � z

H " � � � Ñ � � R , � � k H � � � R - n 0 Q � | L / Ñ � � � V W �

% � 1998 � � 2000 � J � b c Y Z Q X 3 � * + � � R , c T Ñ � l F I

) 7 B 3 X m k H Y Z [ _ � X �  � , 8 c - � 0 
 ' I ) � / � [ _ f

# 7 1 2 � 3 � ) � � � Ñ � J � z � 18.8% 6.21% � 3.77%, 5 " t

� 5 ! $ ? � f # 7 c � , Ñ � 	 , = 	 c � , � � � � u $ � � [ _ f #

0 g h ' ( � � 2 " � P 1 � � # � �

3.4� , - ç è é  .

� r ] s � a � � � � # , 1 2 	 s � � � � � � � c � " j � 3 s � �

� # q � � � ! B ^ � � � � � l v w � ! m , B � � � # � � � � m 9 :

� # , � E � ` p � � � � L D  � , G Probit � � � � � T g ` p � / �

15 0 � z � , x 1 > 2 2  G � o � e n ( � � c V v � � ^ _ , � � ° Æ � 3 � ¦ � V K ( c 1
> 2 Y % ' j z � 3 R Ò , x 9 p r � � c ¥ ! j o 9 � Ã c 1 > 2 2  G � 4 ¿ � G > ; , � 9
� Ã c � 
 � G z m ¢ � { " 5 h > 
 � d y G > ; , x � j � Ã [ E 5 h Æ � V v 5 4 ^ _ , �
Æ W c � e n ( � r m 6 ; c d � 1 > 2 2  G � : ; k n ( r : H X

16 º �  1 p 2 � Y ¥ c o y 
 c � Ã D E j 7 , � º �  3 w x c " o b < 7 c g l censoredm
� Ã D E 5 h , + � c � Ã D E j 7 � G o 3 � � G x � 3X
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8 9 l neural networkm � � @ 5 � ` p � � � � | N  � , e    � r ° � �

� Logit � � , � � � V � � Logit � � � � , / 5 � � K � Logit � � � �

i a � w � Z � � � � a � � D q � � � � z [ 6 B C � n 5 Q o , V C

� � , : 4 � � � � ^ � � � F Q p � � � � F ; 0 � L D ( } , 17 Logit g

h ' ( � F E M O ' � � � � � l consistentm , : ¼ £ � Hosmer and Lemeshow

l 2000, Ch. 6.3m � % � � � � G X � 
 ' I ) � 4 � I ) � K � * � � Ñ �

J , � � D B b c � k 9 Y ) � S � Ñ � J \ � \ � , G X Logit ' ( � � �

� 5 R � � 6 � �

+ + 0 ) R � � � � V W y C � Logit ' ( � � z � R P f # � 2 " F E 7

$ f � 	 � � Ì , � � � � � � R � � � - ) � � z � R P f # l & U [ _

f # m � Logit ' ( F E M O ' � H 8, ) � � z � R P f # � � z 4 � � E

# l AUC 7  � b 7  = A ¾ 3 »  Spearman� z * 1 2 " ρsm  � ' � H

8 �

+ + % � � z � R P f # � X � � � � $ � � , � � 2 " F E 7 * � 	 J �

# 7 , � [ _ f # � � " + � 2 " F E 7 � 	 : 	 # � H 8 ) � � E # � �

� � F � � � 0 K S , � � � � : � � m � � z � R P f # , K � Q j � � z

� R P f # � Q i � I ) 7 � xji I ) � n " � xj  / � � g h 2 " F E

7 � bj , � Q j � � z � R P f # � 0 K S �

0 K S j ≡
1
n

n
S
i=1

∣∣∣bjxji − bjxj∣∣∣
1
n

n
S
i=1

∣∣∣b1x1i − b1x1

∣∣∣+ · · ·+ 1
n

n
S
i=1

∣∣∣bmxmi − bmxm∣∣∣
.

� w � n � I ) " � % � Q j � � z � R P f # � Q i � I ) 7 � � X 	 �

� � � G � −bjxjil : ¼ � 6 � � R � V W m , 0 K S � 
 S � � � � � z �

R P f # - � X 	 � � I ) L / � n j , - n � X 	 � � I ) L / � n j �

� 3 » , 0 K S 2 � � g h 2 " F E 7 bj � � � V W ` , Z z � % , < ? M

17 a � N x 7 � Ã a  c � 
 p  � H , G Y � e n ( � P � m = 
 \ H � 
 	 º � c G � , t �
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c 8d k 0 å « � z � � � � � | Logit ³ ´ ; � O P

@ A s t � | A B t C B t D E F AUC � ρs G H � I J K L
A 0
M N O P Q F −0.550 −4.32 20.32 0.794 0.303 1.397 0.162
M R S T U V ( W ) −1.119 −5.50 17.55 0.639 0.143 0.237 0.027
M X 1 N O −0.590 −4.51 16.71 0.723 0.230 0.773 0.091
M Y Z � \ � 2 3 4 −0.329 −2.66 10.02 0.744 0.250 0.800 0.095
M ] 1 ^ _ / \ � −0.418 −3.18 9.40 0.701 0.207 0.589 0.076
M ` � a ` 4 −1.034 −3.76 9.29 0.599 0.101 0.099 0.011
M Q a b c 4 ( d ) −0.384 −2.41 6.24 0.653 0.157 0.329 0.041
M e � f g L 4 −0.182 −1.19 5.34 0.660 0.173 0.711 0.068
M h i L 4 −0.143 −1.17 5.13 0.737 0.251 0.816 0.094
M j k s t −1.237 −12.19
M � � � 0.337 1.59

B 0
M l H ^ _ m 4 −0.642 −4.19 19.47 0.685 0.188 0.876 0.095
M X 1 N O −0.571 −4.56 17.06 0.723 0.230 0.773 0.091
M R S n o −0.492 −3.33 16.51 0.738 0.243 0.797 0.090
M N O P Q F −0.379 −3.46 14.93 0.794 0.303 1.397 0.162
M Q a b c 4 ( d ) −0.732 −4.93 12.37 0.653 0.157 0.329 0.041
M ] 1 ^ _ / \ � −0.469 −3.67 11.10 0.701 0.207 0.589 0.076
M p q r s 2 3 4 −0.255 −1.47 8.55 0.708 0.227 0.924 0.084
M j k s t −1.161 −11.94
M � � � 0.220 1.06

C 0
M N O P Q F −0.586 −5.76 24.54 0.794 0.303 1.397 0.162
M Y Z � \ � 2 3 4 −0.633 −4.94 20.98 0.739 0.244 0.803 0.095
M r s t V −0.507 −3.13 15.49 0.665 0.180 0.350 0.041
M u a v | −0.584 −4.54 9.86 0.654 0.157 0.362 0.046
M T U v w \ V −0.674 −2.00 8.28 0.583 0.088 0.099 0.012
M v O v | −0.636 −2.80 7.96 0.602 0.107 0.119 0.016
M h i L 4 −0.184 −1.53 7.40 0.737 0.251 0.815 0.094
M m H x y 4 −0.109 −0.82 5.50 0.763 0.269 1.314 0.133
M j k s t −1.158 −12.02
M � � � 0.200 0.98

l 5 � % � < k S m 0 | } . 18 � � � �  z , 0 K S U 	 S � E ~ � X 	 �

� � � z � R P f # , \ � � l Â � " + � [ _ f # �

+ + H 8 � ) � � z � R P f # � � � 0 K S � � � P ' , & ~ 5 ) � � E

18 G � p � 3.2.1Q � c � � , � � ^ _ 
 � Ä g m \ , k º �  � o ( W � 
 G p , r o ( W � �
  ß , � s � ~ ^ _ c E Ñ G > , q ' Î < � c f 8 ¢ U _ t 
 8 X
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# � � P � - ? � { � / 3 � � � 	 % H 8 � E A g h 2 " F E 7  t � E

#  0 K S  � � � ; � 4 � � E # n � � � � P � , Q ] | M 3 / � � 

B � ! , H 8 � ' K � U � � E # 	 � � ) O , S � O � � � E # J � A B

� 
 � P � : g h 2 " F E 7  t � E #  P 0 K S � � Q � O , AUC 7 P ρs

� Q E O , � 5 " � � S P � z * 1 2 " - ? � K � � � 1 2 ; Q ) O � �

� b 7 P = A ¾ 3 » , 5 " % � b 
 N � a � A D � � E # � « !  � K �


 � � b � � ` � �  � � A , 	 g h ' ( � F E M O � � , 2 " F E 7 �

/ � � t � E # - ? 5 0 � � 0 � : 3 � 1 2 � � � * � � à � � ! : , �

5 � � % � � R P f # n & � � ' � z � $ - � r $ f � 	  * 3 � � �

$ � � � � � � �

+ +  � ) O � E # � y � � � R � � � O - � E # � « ! � P � 8 � *

� � � j z , � � " � 1 B 0 K S � P � � � z 4 � � E # � P � - ? � K

� � j { , % � � N l Â � � � R P f # - ? � Y  V W � 
 N \ F l Â ,

� � M O 2 � 5 " � z 4 � � E # � L M = ` ,  � � � � R P f # ? � *

1 = 8 / 	 � � � � � V W �

3.4.1� � y � � �

+ % K � � z � R P f # � " � � m � , Q j � � z � R P f # � Q i � I

) 7 � xji, / � � g h 2 " F E 7 � bj , � ` , K � a0 � a1 � z k H � " +

� [ _ f # � g h 2 " F E 7 , � # $ Logit ' ( � � � , 	 � � � Ñ �  $

3 � l odds ratiom - / " 7 � F E l p̂i H " / Q i � I ) - Ñ � 	 , = pi � F

E 7 m y 6 :

ln
(

1− p̂i
p̂i

)
= −(a0+ a1 · wi + b1x1i + · · ·+ bmxmi), (6)

� w � wi � � [ _ f # � Q i � I ) 7 � ! C � � � � [ _ f # 7 w∗, �

� � 	 & � � � 7 w∗ * k I ) 7 wi \ �  � G r G � ¶   � � � R y 6 :

z̃◦ = −(a0+ a1 · w∗), (7)

�
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z̃ji = −bjxji, j = 1, 2, . . . ,m, (8)

+ , n B

z̃i = z̃0+ z̃1i + · · ·+ z̃mi. (9)

% � z̃i � Ñ � 	 , = p̂i � � � � 3 , � & 	 m B Q i � s � � � � X 	 � ,

z̃i c - Ñ � 	 , = 	 c > �

+ + * / � n 	 � z̃i, � � + z̃ji = −bjxji k H � � Q i � s � � 0 Q j � R

P f #  � � ! � 	 � , % � g h 2 " F E 7 bj 7 @ � , z̃ji � a C f � � �

� � 	 U � xji - � � � $ � � 7 l � Ñ � 3 » m - ? � j { ,  	 � V , �

� � $ � � 7 ? � j { c � , 	 � z̃ji ? � j { 	 8 c � � � � � � � A , �

� � � + 	 � z̃1i, . . . , z̃mi - ?  	 *  3 � , � � � � + 	 � � f { ? S �

3 � z � B � X , ) � 	 H " / � � � z � R P f # - * / � � = � - , {

, / 0 K S � � � 7 � 
 
 0 � � + �  �

+ + n 	 � z̃i 2 � & � * / " 7 5 " � X � * / �  ` , % (6) r � , � L

/ " 7 � � � Ñ �  $ 3 / " 7 � R P , # $ � � R P , � � 	 � � � / n

	 � z̃i � � � � f Ê � * / � � � ) = $ - , J � � z O 
 � n 	 � � Ñ
� � J - ? 4 $ y 6 � � / � : . � Ñ � � J G � 0.0003X , / � � n 	 �

� G � 1,000 ;1 � Ñ � � J G � 0.9997X , / � � n 	 � � G � 0� Q ] �

� � # $ 
 , � � 	 a � A 4 $ � � � = A � ) = $ - G r y 6 : 19

zi = 500+ 61.641· z̃i
= (500+ 61.641· z̃0) + 61.641· z̃1i + · · ·+ 61.641· z̃mi
≡ z0+ z1i + · · ·+ zmi, (10)

19 x � 
 ) p � � v v v f  pa p pb P , i e Y % u 9 c n n ( Y ( g � � v f c 7  Za p
Zb, " " # u n n ( z̃i Æ G R c 8 z y [ :

zi = Zb +

(
Za − Zb
Z̃a − Z̃b

)
(z̃i − Z̃b),

k � Z̃a = ln[(1− pa)/pa] p Z̃b = ln[(1− pb)/pb]X
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� w � z0(≡ 500+ 61.641· z̃0) � � � R � � 1 � 	 � � , � zji (≡ 61.641· z̃ji)
� � Q j � z � z � R P f # � 	 � � z O 
 � n 	 � zi G � 1 � 	 � ,

 � � m � z � z � R P f # - 	 � � n � , � zi 2 � 4 $ � � � 1 Ñ �

� J P 	 � - ? � � � = A ` , � � y 6 � + � X � = ( : � � Ñ �  $ 3

G � 1 X l F � Ñ � � Ñ � 	 , = J � 0.5, ¡ z̃i = 0m , � n 	 � zi � : � G

� 500� L S � n 	 � zi + , 42.727 � X , � � Ñ �  $ 3 	 + , � � �

+ + 0 � � � � H 1 � , � � ' A B � � X 	 � � � � 1 � 	 � l � � 6

� m  ) � z � R P f # � � � � 2 R  / � � � 	 �  0 
 ' I ) P 4

� I ) � � ) � � � "  � � � " - n � " 3 » l I ) J m  & U � � Ñ �

J  & U % 
 ' I ) P 4 � I ) - � � I ) J � � � Ñ � J � � z � � �

� b 7 l PSIm , 20 � � � 0 6 � � R l Q 3.4.2� R m / � I M O � � 3 � 	 O

� V W � E $ 1 � 	 � X � � s � � � [ _ f # " 7 J K � B w∗ = 3, H F

� � � # $ ! � � � X 	 � � / � s � � E $ 	 � X , � K � q � a � 
 '

I ) - t � � ! $ ? B 3 � | L �

+ + 0 0 6 D � � H 2 � � H 3 � � � � z ' A � ' � X 	 � � � 8 � �

X 	 G , � Q E � l � � � � G G 2 m � ' A � 	 � � X 	 � � 2 7 , � ` �

� 
 ' I ) P 4 � I ) � ) � G � "  � G � " - n � " 3 » l I ) J m  

P ) ' � G Ñ � J , � � H 1 � I , � H 2 � 3  � 6 � % 
 ' I ) P 4 � I

) - � � I ) J � � � Ñ � J � � z � � � � b 7 l PSIm , � � � 0 Q 3.4.3

� R / � I � X 	 G � M O : , R P � � �  � � E # � � ' " 7 � � 	

� S  � � M O , � � � 0 Q 4 R R P � � � � ) * Q 1 R - H 1 � H 2 �

' K - C B Æ » � � X 	 � � � � , 	 � � J 	 � H 1 � � H 3 - B � � X

	 � � � 	 � U 	 G M O �

3.4.2� � y � y �

% � H 1 	 , , � X 	 � � � � E � B S � � / ) R P f # 	 � � E $ � r :

/ � R P f # � a C I ) 7 , U � ) A � � � " 7 / { , 7 	 � F & / A /

� 	 � , c � / � � I R P f # l » y 5 x M $ J m � 
 / 7 J 	 � & 	 � �

+ + # $ R P f # % � � � � " 7 / { & U / � 	 � � � 	 E A , S � � R

P f # � 	 � - ? � : 1 2 � � # 1 2 , ? K 9 F 4 5 G H 6 	 T U 
 1 V

20 � � � � w i e + I W j A W p C W � e n ( � c n ( o g , t � Ç c � E � ¿ D E � * X
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c 9d 0 å « � f & ' � G z � �

� � � R S T U V M M M Y Z � \ � 2 3 4 Q a b c 4 h i L 4
A 0 ^ � � N O P Q F X 1 N O ] 1 ^ _ / \ �

� U � � ` � a ` 4 e � f g L 4

� � � R S n o Q a b c 4 p q r s 2 3 4
B 0 ^ � � X 1 N O N O P Q F ] 1 ^ _ / \ �

� U � � l H ^ _ m 4

� � � Y Z � \ � 2 3 4 u a v | h i L 4
C 0 ^ � � N O P Q F r s t V

� U � � T U v w \ V v O v | m H x y 4

F ) c F � / * 
 1 � � 0 	 , � c F � / J > 1 � . ) c F � / * 
 1

� � D f 
 - P � H I 0 < 3 � 6 	 , J , n $ � � 6 0 U M I � U M 	

, . 4 5 � X H , � � $ � 0 � � & c F � / * 
 1 � � 0 � 5 � � 6 	 ,
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7 % , � � # � � ^ o k l D � x . � # , � Í Q S T � � M x � ³ ! ; g

D � l � � Z ¥ Z , � " ù Î � V � c , F 1 2 ` � � 4 � � � � ( � , TCRI

� � I q � � � � ^ c � 304 ¦ , ´ µ 190 ¦ � � � , G q � � � � ^ � c �

28 ¦ o m , ´ µ 4 ¦ � � � , ° ¹ ¶ g . 11, 1 2 H � [ a TCRI � � I � 7

 � � N TCRI � � , B � TCRI � � q � � � � � ! Î J � [  � � � �
� � � , G q � � � � � ! �  Î J Q p � � � , � " � � � � � � � z �

� � w � � � � � � � � z � 5 � � D E ,

9 9 | ; TCRI � � � � � F � � > u � � . 12,24 % � 
 ' I ) Ñ � J �

� � > , ) � � X 	 � � 0 
 ' I ) � � H ! n W 5 Ï � , L � P � H . �

f Ê l � b 7 » ` m , � D P A Q E � B �  > B Q � , J � D � j � C � '

9 � Ð § � 0 4 � I ) � @ , % � I ) Ñ � J  6 � , J � � S � � , � �

� 4 � � E #  � � � � ^ T , ) � � X 	 � � - ? � 2 � P � l � b 7 »

` m  F ^ f , ' � & B � B � i � C � B � j , B � � X 	 � � � \ � S %

� 	 � � Ñ �

+ + H 12 � � � � � M O 	 � � 0 � ! � � ) � � X 	 � � � TCRI � �

I - ? � 3 � : TCRI � � I 0 11 � 4 � � E # J W 5 ` 
 , � z � n � � , C

� � X 	 � � 	 $ 	 � # $ TCRI � � I � � X � < � - d f # l v &  C

� � X 	 � � U X � V � m , U � / - d f # � � � � z � \ � & � � � �

" 7 � � � K W 5 � ^ � , � Ð � 5 ! / f # � $ - & U Logit ' ( F E �

� � = �

24 ¢ � TCRI x ~ I l + \ Ï u 9 c � 
 p , � s i e � � a N � � � 
 p W ? � c v v � a _ X
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c 11d TCRI e � O {

& | � } ~ | � d e | � d e h (%)

� � C D 2,215 2,176 39 1.76
4 � C D 2,195 2,133 62 2.82

c 12d TCRI f & ' � G ( z m Ò

x y * + ~ z * +

TCRI A 0 B 0 C 0 TCRI A 0 B 0 C 0
Ó Ô F
M AUC � 0.768 0.815 0.824 0.807 0.768 0.806 0.835 0.805
M KS � 0.424 0.532 0.575 0.524 0.421 0.500 0.526 0.500

Õ Ö × �
M Spearman’sρs 0.123 −0.144 −0.148 −0.140 0.155 −0.176 −0.192 −0.175
M Kendall’sτa 0.019 −0.022 −0.022 −0.021 0.029 −0.034 −0.037 −0.033
M Kendall’sτb 0.107 −0.117 −0.121 −0.114 0.134 −0.144 −0.157 −0.143

G H Ø Ù
M PSI 0.662 1.054 0.770 0.841 0.514 0.898 0.966 1.214
M Ú Û C B t 1.122 1.656 1.776 1.514 1.194 1.551 2.016 1.545
M I J K L 0.108 0.150 0.181 0.133 0.130 0.162 0.188 0.135

� � 4 Ü Ý F
M Brier Þ | − 0.029 0.029 0.029 − 0.027 0.026 0.028
M HL Ü Ý C B t − 8.717 9.263 5.410 − 14.232 9.551 4.829

5.- º S

q � Z ^ 1 2 ° ½ � a L R � S T � � M x ` 7  D x o m " P � e * �

# F � � � � � ! B � � � , � Z j � � � � ! B � � # � � � � � q Logit

� � � � � c � > u � , e n o � D � � s P � � � ! ? � n � � � � c �

� � " Q c � > u ! ? , G � q c � ` � ; � # � � � F " N , " Q c � `

W ; c � � � � � F � � ,

9 9 � Z � n 5 P � > u a � : t 1 2 � : ² � � ¨ � � � ! B @ ) Y �

Q � TCRI � � I, ´ µ 4 �   � ( H D x � # � C ¨ , 3 a S � ) * ß © �
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� � $ % � 5 � / © � � � % � 
 | a t � Å A � � ^ _ , D E �    � �

�   @ � _ à � � � Ð � � # � � � � � � ! B � � � $ % , x � w � �

� # q # w � � � ! B �  ] F � w � � � � � # � � O a K [ � b � , 3

. * � � � # ` + � ( f p � X ; � � � ! B � 8 K n [ � B C , � " " N

� � � # D o � a N á � w � � � # � P £ G ¯ , G � 5 a N � � w ' � (

�  � � � � # ¨  , 3 4 � " N � � � # J N � # � � � ! B � � � ^ �

â [ V � � f ¼ � � � , 1 2 q Z ^ � ² �  n � " N � E , � � 3 s " N

� E ' 
 D g � � �   \ � , e 1 2 s N  © � � " N � E 5 � y � � E |

a ' 
 C � o � � � � # ¨  , � q : ² � � ¨ � � � ! B ^ , � k # D

� � # ~ � « ? z � # � ; � c � B ¨ � e _ � � � � S � . _ , 3 Y ÷

Y D � � # ~ � � « ? � � � � � ! B ^ � # � � ; L g � � � ! B V t

� / 5 = Z K ¹ , E q 1 2 � k # � 11 = � � � � # ^ , l � � L � a �
� D S � _ º Y , � Z � � � � � # , D E � 1 2 � ¯ ¦ � AUC � � �   

� d o � KS � � # , � ) _ H N ~ � � � � > u l ª � � Å A T F � � (

f m , � " � � á � = � � � � # x N � � F � � � � i � � L D � � � n

5 , F � � Z ] ^ ; ù Î � �  = X Z $ % , � Z � X Z $ e � �  Z , e

a s ù Î � ³ � Ó � Z � � � � � ! , q 3 $ l � � � a Ð � � ! + ,

9 9 � # F � � � � � ! B � � � ^ ã Í � � � w ( � / © � ½ � Y Z F

� # , a s = Z � ' a ä � X � 8 ( � [ � W u , n � � � , � � � � � � #
© � � � � ! ¨ � " � � © o F o m å � © o ` + � © b l g . 5m " Í a

� # � N � " ù Î � � X Z " g D x o m � 4 � 7 , @ ' 
 ; � � � ! B �

8 K [ � B C , B � � P � � � 1 2 P q � � % æ � 3 Ô  / © Y Z � W

u , 1 2 K I i ç a |  � ( f � � 
 � O è d . , 3 ; � M é ê ë o � ì

Z � P í W , � � « Í � ¬ � � � ^ _ , � � T ¼ î Z u f � ï # 0 X $ ð

Z @ a K n [ � Y O ,

9 9 q � Z ^ 1 2 4 � � 11 w � � � � # � � � � � � ! B � � � � � V

t , e 1 2 D � D � � , � � | q Y � � _ � B d � G � � j R 
 S , � � �

! B Q À � � ñ ò ò ) � � _ � � 
 m Ð � 4 � r � j R � , 1 2 � � � �

� � � ! B F TCRI ` ó Q ó À , ~ V � " 4 � r � j R N � � E � , e ô

� ù c � � ; d � " " R z Z f , " Q � � i + � o m , K G � % C 3 w ©

o � �   � � � � ,  P � , B � o m � õ < , Z ] ^ ö ÷ V ! � � _ 3 ~ �
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� � , �  o 
 + G � a � � � ! B L g " H [ j R N ; � l � < Roszbach,

2004; Boyes et al., 1989m , f 
 � ø B � � � � ¯ c � � � � � � # , � H (

f o m L d e � � � q D � Z E � � � � � � # , H � � w g p a f � � �

� ù S $ k ,
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T c 1d B H & ' � G (
� ú û ü : 701.09

ý þ ÿ � � � ÿ � � �
ü � � � � � û ü ü � ÿ � � 	 
 �

ü � ÿ � � 	 
 �
ÿ � � 	 
 �

� U � U PSI PSI
1. �  � � � � (%)

1 x = 0.00 69.00 233 0.092 0.017 273 0.123 0.011 0.009 0.003
2 0.00< x ≤ 5.38 48.20 425 0.169 0.033 1,206 0.543 0.019 0.437 0.008
3 5.38< x ≤ 5.97 21.71 229 0.091 0.066 203 0.091 0.034 0.000 0.021
4 5.97< x ≤ 7.59 −9.05 741 0.294 0.127 345 0.155 0.058 0.089 0.054
5 7.59< x ≤ 8.14 −24.13 217 0.086 0.159 44 0.020 0.068 0.096 0.077
6 8.14< x <∞ −12.82 532 0.211 0.120 131 0.059 0.069 0.194 0.028
7 � � W 104.64 142 0.056 0.007 21 0.009 0.048 0.086 0.079

0.910 0.270

2. � � � � ×10−8

1 x = 0.00 47.82 559 0.222 0.025 569 0.256 0.014 0.005 0.006
2 0.00< x ≤ 0.63 33.04 558 0.222 0.038 510 0.229 0.010 0.000 0.037
3 0.63< x ≤ 2.25 17.66 543 0.216 0.057 486 0.219 0.035 0.000 0.011
4 2.25< x <∞ −29.94 859 0.341 0.190 658 0.296 0.055 0.006 0.167

0.011 0.222
3. � � � �

1 −∞ < x ≤ −1.05 −32.08 467 0.185 0.227 402 0.181 0.067 0.000 0.195
2 −1.05< x ≤ 0.00 −11.55 406 0.161 0.136 346 0.156 0.049 0.000 0.089
3 0.00< x ≤ 1.14 5.33 749 0.297 0.081 672 0.302 0.022 0.000 0.077
4 1.14< x ≤ 1.61 30.18 208 0.083 0.048 191 0.086 0.021 0.000 0.022
5 1.61< x ≤ 2.30 53.94 204 0.081 0.022 195 0.088 0.005 0.001 0.025
6 2.30< x ≤∞ 63.05 485 0.193 0.010 417 0.188 0.005 0.000 0.003

0.001 0.412
4. � � � � � (%)

1 −∞ < x ≤ 19.50 47.20 841 0.334 0.013 840 0.378 0.008 0.005 0.002
2 19.50< x ≤ 34.11 30.48 303 0.120 0.026 302 0.136 0.020 0.002 0.002
3 34.11< x ≤ 62.56 13.26 466 0.185 0.054 430 0.193 0.023 0.000 0.026
4 62.56< x ≤ 174.17−15.04 694 0.276 0.160 553 0.249 0.067 0.003 0.081
5 174.17< x <∞ −38.72 215 0.085 0.344 98 0.044 0.061 0.027 0.490

0.038 0.601
5. � � � � � ( � )

1 0.00< x ≤ 0.35 −54.04 189 0.075 0.249 139 0.063 0.029 0.002 0.473
2 0.35< x ≤ 3.18 −13.78 544 0.216 0.119 463 0.208 0.039 0.000 0.089
3 3.18< x ≤ 6.13 −0.62 641 0.254 0.092 550 0.247 0.042 0.000 0.039
4 6.13< x ≤ 15.73 25.05 663 0.263 0.054 705 0.317 0.020 0.010 0.034
5 15.73< x <∞ 32.09 299 0.119 0.047 332 0.149 0.006 0.007 0.084
6 � � W 35.34 183 0.073 0.044 34 0.015 0.147 0.092 0.124

0.111 0.844
6.  � � � / ! W

1 x = 0.00 23.94 860 0.341 0.042 787 0.354 0.009 0.000 0.051
2 0.00< x ≤ 0.08 24.08 455 0.181 0.042 406 0.183 0.025 0.000 0.009
3 0.08< x ≤ 0.20 2.04 435 0.173 0.085 385 0.173 0.026 0.000 0.070
4 0.20< x ≤ 0.59 −13.54 559 0.222 0.138 482 0.217 0.041 0.000 0.118
5 0.59< x <∞ −40.08 210 0.083 0.286 163 0.073 0.117 0.001 0.151

0.002 0.398
7. " � � � # $ � (%)

1 −∞ < x ≤ 0.00 −13.68 669 0.266 0.193 636 0.286 0.066 0.001 0.136
2 0.00< x ≤ 11.00 3.88 1,339 0.532 0.072 1,193 0.537 0.020 0.000 0.067
3 11.00< x ≤∞ 48.71 446 0.177 0.004 381 0.171 0.000 0.000 0.024
4 � � W 29.17 65 0.026 0.015 13 0.006 0.000 0.029 0.110

0.031 0.336
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ABSTRACT

+ + Using financial report data of thousands of public-issued companies over three years

drawn from the TEJ (Taiwan Economic Journal) database, we develop credit scorecards for

business landing based on the estimates of a Logit regression model. This paper emphasizes

that the in-depth analysis and transformation of the original data before the estimation as

well as testing and validation of the estimated model are much more important in developing

credit scorecards than in a typical empirical econometric analysis. In particular, reserving a

large percentage of data for the validation purpose is absolutely necessary when developing

credit scorecards. Using two additional years of data as the validation sample, we show

that our credit scorecards perform much better than the basic credit rating provided by the

TEJ in terms of several performance statistics. Before implementing the new Basel Capital

Accord at the end of 2006, this paper presents a timely contribution to both the banks

which intend to adopt internal rating based approach and the governmental agencies which

regulate the banking industry in managing credit risks.
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