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1 O0o0o0d

1.1 0O0oood

gboooboooobooobobooboooboboboboobobobobooon
gbooobobuoboboobobuooboboobobooboboooboboboobo
gboobooooooobooboboobobobobobooooooooobOomeonogn
go1o00boobobbooboob201000g8b0o0z202000 1300000000
gbbooboobuoobboobuodoboobobooboobooobooboabobo
ooboooooooooooboooooooobooboooobooooo BISODODOO
gboobobodgboobobooon

vboobodgbgoboobuooboboobobooobouoobobobooboboan
gboooboboobobooboouoobooobuooboboobuoboboboaobo
gbobbouobobouogboboobobboboboooobobobuooboboobo
gbogooboboobabuobbooboobooboboobobooboobobbobo
gbbogboobobooaoo

1.2 0000

goboboboooboooobooooboooobobooboooboobobooon
gobobooooobooooooobobboooobbbooooooboboooooboo
gobobboooobbooooooboboooobbbooooboobobooooooboo
00o0o00000000000000000D0000000D0O0OOO0DOOO (Merton
(1974))0 000000000000 O0O0OOO0OO0OOO0OODOO0OOODOOODODOO
gbooboobooboboobobobobooboboboboooboooboboooDo
goooboobogbogd

gbobooobboooobobooobbooobobooooboooooobooooDoo
gboooboobooobooooboooobobooboboobuobobooobbobo
0000000000000000000000000D000 Beaver (1967) 000000
O0ob0b0oobdbOBeaver OO0 0OODODOODODOODOODOODOODODODODOOD
gbooboooboobooboboobooboboob 200b0o0o0oboooboooobo
goboooboooobobooboboboooobooooboboobobobobo
gbobooboboooboooboboobbooboobooobg

O00000000000000D0000Altman (1968) 00 0O OBeaver (1967) 0000 O
goobobooobboobobobooboobobboobooobobooo20000b0004d
gbooboboobobooooobooboooobobooboboobobbobo



O00000Altman O0OFisher (1936) 00 0000000000000 00O0O0O0O0O0OO0O
goobooboooubboooobbooobbuoooobboooboooboboo
goobbooobbooboobobbtoooobooooobooobboooooboobooo
O000000000000o00n0 (Deakin (1972), Edmister (1972), Blum (1974), Libby
(1975), Sinkey (1975), Altman (1977)).

godooooboobobbooooouoobbbuoooooooobooboboobbboaa
O0000000000000000000, Martin (1979)0 Ohlson (1980) OO OO OODO
ggboogdaboooodooobobbogabboodobbooobbboooonoboa
godgbboouboobdbbboooobbbooonobodobbooobbobooooonoboo
goggobogoobboodaoboboobuoobbooooobboooobobobooobooo
goggbbodboodgobooobbbooouobooooboobbboooobnoboo
0000000000000 000000O000ODOO0O0O0OODOOOO (OO (1989))0
000000000000, Lo (1986)0 Zavgren (1985), 00 (1999), 10000 (2003) O
00000000000000O0OO0 (2003) 0000000 CRDOOOOOOODOODOO
boooooboaedbooobooo3ubobobouooboboboboobobo
000 0000000000000000000000000000000000000
goggboboodobbooboobboobbooooobbooooobbooooooboo
godgbdgbboodobboooobboodnodoobbooobbobooooonoboa
gooaoobooooon

000198000 0000000000000 00DOD0ODODO00OD0000000 (Odom
and Sharda (1990), Yam and Kiang (1990, 1992), Raghupathi et al. (1991), Wong et al.
(1997), Vellido et al. (1999), Zhang et al. (1999), Atiya (2001))0 000 (Sung et al.
(1999), 00O (1999)0 0000000 (Lane et al. (1986), Cole and Jeffrey (1995), David
and Talat (1995), Lee and Jorge (1996), Mata and Portugal (1994), 000000 (1999),
0000 (2000), 00 (2000)000000000000 (Fan and Palaniswami (2000)) O
godobboodgubbooobbooobbobboooobbooobbooobnboa
goaoon

1.3 0J0boouogoooo

gobobobooobooooboboooboooobooobobooobobooobobooon
goboobgooboobooboobooooboobooooobooboboobood

SCRDOO0OO0O0DOOODOOODOOODOO,000000,00000000000,00000000
oooobooooob,bo0oooooooboboooboobooboOobo.0obbOoO0oboO0ObOO0ObObOOOoOooon
goooboooobooo,oooo0oobooooobooboooboooon.



gboooboboooboobboobobobooobonooobooobonoooobobo
gboooobobobobobooboboobobooboboooobonbbobo
gbooooobobooboboboboobobooboobobonobobooobo
000 (Beaver (1967), Altman (1968), Deakin (1972), Blum (1974))0
gbbobboooooobooooobbooobboboooooobboooobooo
000000000000000000Meyer and Pifer (1970), Edmister (1972), Altman
etal. (1977) 00000000000 ODOOOO0OOOOOOOOOOOOODOOOOODO
oboooogooboboboboobooobobboobooboboboboboOooobonMeyer
and Pifer (1970), Edmister (1972) 0000000000000 O0O00OOOOOOOOOO
gbooobobubobodgbobuoooobobobuoboobobobouoobobooono
gboobdoboobobooboobuoobaobuooooooboobboobobbobo
gboobdobooboboobobuoobobooboboooooooboooboaono
gbboooboobboobooboooo
0100200001010 ~20030 101 00000000000000000 (DOO
00o00o000oC0o0O0o0ooOO0)s1 0000000000000 0OODOOO0ODOOOD
00000000, 00000000000000000000000400000000
gboobdobooooboooobouooboboobuobooboboobobbobo
gbbooboobbooboobooboboooboaoboboan
U1l1ogbo0bgobobooobooboboooobobooboobobooboboobooo
0000000000000 00000O0O0 (R&)OODOOOODODOOO AAA (20000 4
01000)0000160000°0000000000000000000000000
gboobdobobobogoooboouoabooobuobooboboobobbobo
OO00AAACDOCOCOOCODODODODOOODODOOOOCOCOOOOODODODOOOO AAA
gbboobuogbbogboobbooboobooobooaoboboan
U1oo0bgoobooobooboboobooboboooboboooooboboobooo
gbobobobogbouoboboobdubboubobuooboooobobuooboboobo
oooooooOo0oooooO0oOoOoooo00ooooooooo0ooooRrR&IOOO
gbooooobobooboboobobooobobooboboooobonbobobo
gooooboogoo

‘00000B-0000000000000000D0000N0R0000000000 3.10,0000
000000000 3200000000000000000000000000 Hastie and Tibshirani
(1990) 00000

‘00000000000000000000000.
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1.4 000000000

gbboboboooobooouoooobbbuoooobobbooooboobooooonooo
gbodubboboboobobboboouooboboobooboboooboobo
gbooobobuooobbobooouooboboobuooboboboboboboobo
gbooobgoaooo

gbogoodgbgooboboboobaobobuoooobooooboobobaan



goboobobgooobobooobobooboboooboboboboboobobbobo
gbooooboboobobooobbooobobbobonobobooboboboboobo
gbooooboboobobooboooobobobooboboooobonbbobo
0000000000000D000000 Meyer and Pifer (1970), Edmister (1972) OO
0000000000000 (Ramsay and Silverman (1997)) 000000000000
gboobdobuoobobdgbobboboobobobboboboboboobobobo
gboobobuobobooobobuoobuobooboooboboboooboono
gbobbdoboboooboooobuooooboboobuobobobboobobbobo
gboobobuoooboobuobbooogbouooboboobbuooboboono
gboobdobobobobooboobooobobooboboobbboobobbobo
gbboobogbboobodoboobobooobooboboan
ubooboguobobooooboobodgbouoboboooboboobobaan
gbobbobuogboboobobuoooobobobuoboobobobuooboboobo
gboobdobobobobooboobooouboobuobooboboobobbobo
gboobdoboboboboobooboobobuooboobooobuobobobobbobo
gogbbobooooboogoooobbbuooobobooooboooooooboobon
gbobobuogbobodgbouoboboooobuooboboboobabbaobo
gboobobobobobobuoobobbobuobbobobobouooboboobo
gbboooboobooobod
ugbboooobooboooooobobbuooobbboooooobbooooobooo
0000000000000 D0D0D0D0D0D0D0D0O0D00000000000 SBICSO000
ooooooboooooboooosBlIcobobDbooobooobOoOooboooDboboOon
ooooooooboooooooooboooooboOooboboOooobooboOg sBICOoOOd
goobooooooobooboooobosBlIcoooooobbooobooobooooobobooo
gbbodbobouobboobbuoobbooboboobobooobboobboobobod
Ooo0DOo000oooboOOo00oboo0o0onDOoOoOn0DOOdHastie and Tibshirani
(1990) DOO0OOOOOOOOODODOO0OOOO0O0DOU0DODODODODODOOOOOODODDODOOD
DDD|:||:|D|:J|:J7|:|EﬂersandMarX(1998)DDSBICDDDDDDDDDDDDDDDD
00000000000 SBIC (MSBIC)ODOOOOOOODOOOOO MSBICOOOOO
gooboobooboboobooboooobooobobo
gboboobooboobooboo200boooobbooboobobobobonon
gbooobobooboobbdobbobooboboooooboooboboobobo

6 Akaike (1977, 1978), Leamer (1978), Schwarz (1978) 0000000000 SchwarzO BICOOOODO
0O SBICOOO.
'D00000000000000000000000000000000000D000000000



goobobooobooboobooboobooboobosboobobooboooong
gooboooboobooooooooooogonD p-oboboobobobobobooo
gooobobbooboobobobooboobooboobo4b0ooboobooong
gbooobobooboboobopoboboobboobobooboboooooooDo
ooooooboooboo MSBICOOOOOODOOsuouobOOoobooooDbbooo
gbooobogbobodgbobuoobobooobuooboaoboboobabbabo
gbgoooobobobboboboooobobbdobbobobuobuoboobobo
gbboobuoobboooboobobooboooboobboobobaoobd

2 OOOoobooooon

ggooboboboooooooobobooo, g0 oobboooog
gooogooobobbooooguoooobbbooooogoooobbbbuoooo
00000000000000 (00000000 (2000)00000000000000O
000000000000 0DO0oDoOOO0O0OOC0DOODOO0000O0DO0O00 (Ramsay (1982),
Ramsay and Dalzell (1991), Ramsay and Silverman (1997)).

dddddoooooboboobbooboboooboobbuuuuudouuouooooaon
0000000000000000000000%00000000000000000
guodoooooboodaoobobobooooooooobbooooooonoooo,a
goggoboooobooboobbbooooooboooobbobobooobnobooaa
gogobobogobogdaooboodaonboooooboonooonbbooobaa
godgbbooubobboodooouboboodobobbooobobooooboobooboa
gogoobouogdgoobooooobbooooonboooobnoboooboobobooboo
godgbbogooodabobboooubboodobobooobbooobbboooobnoboo
gdgboodaouooogoobooobobbbooodbbobooooonboooboboan
godobboodgubbooobboodboobobooobboooobobooobnoboa
bbb bboooobbbooooboobboooobnboobooban
00000000000000 (Ramsay (2000))0

ugoodgboboodanbobooubbboooobbooobbuoooboooobooboa
godgbobbooudobooboodoonoboooonobooooboboobnooaa
O0000000000000000O0ORamsay and Silverman (1997) 000000000
goggboboodobbooboodoooobobooobbboooobbooonoboo
gdoodooooooooobobooobbbobobuouuuudduuuuouooaon

000000000000 0000D0000000000D0O0On



Ramsay and Silverman (1997) 00 0000000000000 0O00O0OOOOOOOO
goboooobobooboboooboboobobooboboooobonbobobo
gbooobobooobooboboobobbobobobooobobooboboooDo
gbooobobooooboooobgoboobbooboboobobooobobonog
0000°000000000000000000000000000000000000
ooo MSBICOOOOOOOoOoOooOOOooooOoOOooobooooooboooboooooo
gbooobodgbooon

gbboobuoobbodbooobodoboooboad

Step 1. 00000000000 DOOOOOOO (32000)

Step 2. O 0O0OO0DOOODODODOODOOOLOOODOOOODODODO,bODO0ODOO0OOO
O00o0000000oo0oooo0 41000)

Step 3. 00 SBIC (MSBIC) 00 00000000000000000 (42000)

Step 4. 0000000000 OOOOOOOODOOO 41005000)

0000000000000000000000000000000000000000
00000000000000000000000000000000 James (2002) 00
00000000000000000000000000 (McCullagh and Nelder (1989))
0000000000000000000000000003.10000000000B-0
00000000000000000000000000000000000000000
00000000000000000000000000 (Ramsay and Silverman (1997)),
0000000000 (00000 (2003))000000000000000000000
000D000000000000000000000 (20000000000000000
0000000000 (Lowess; Cleveland (1979, 1981)) 00 0000000000000
00000000000000000

‘0000000000000 0000000D00000D0D0D0D0DO00000000DOoon
540 0000000000O00O00O0OOODOOOODOOODOD



3 Uoooobboooooobboooooon

gbooooobobobooon p-0bobooboboboboboobooBe-00O0OO
gbobobobobobobobobobOoboobobobobobobobobo4
gbbooboobboobooboobobouooboaobobon

3.1 pB-000000000

p-ooooboboobooobobooboboobboboboboboboboobOobDOon
000 20000030 B-000000000000000000000O0O ¢;) 000
godoooooodoooooodd ¢ 00doo200000doooooodod
0000000000000 00O0000000000DO00DODO0O000O0O ¢1(t) 005
goon ¢,.,ts 00000000 DOOO0 400 3000000000000000O00
0000000000000 000000000000004000000000000
gbooobobooobooboobobobooboooooboboobooobboooobo
goboobogooogd

oboobobobOoboobuobobuobbo0o AhbObDDODOODOO0ODOL = —2h,
to=—h,t3=0,t4 =h, ts; =2 0000000000 ¢(t) 000 t3=0000000
goobooooooooboog

&{<?—ﬂﬂf—4(l—%Mf} (ta <t <tz t3<t<ty)

_ 3
o1t =\ & (2- 41t (th <t <ty ty <t<ts)

S o

(t<t1, t5<t)

000000 ¢.(t) 00 hOO0O0000000000000000 ¢(t), ¢3(t),.... 00
00000000000 B-0000000000000000000000de BoorO0O
00000 (de Boor (1978)) 00 000000000000 000000O0000OO0
00 B-00000000000000000000000 B-000000000

X(t) =Y wio;(t) = w'e(1). (1)
j=1

000000000000 é(t) = (1(t),....ém(t)) 0000 m 0000000 w =
(wi,..,wy) 000000000000000000000000O00OO0OOOOOOO
000000000000BO000000000000000000000000000
oooo

Oopooooo0o0000D000O0oonO0DoOooooOn



@ (1) @) @a(t) 2u(t) @ (V) s (1) @ (1)

tt b G & 5 t t; g to tio G

U230 B-00000O00O0O0OO0O.

3.2 OUoobbOoooon

00000000000000 700000000 Xp0000 »00000 {(t;, Xy, );i =
1,.,n} 00000000000000000000O0O0O0000000O0O0O0OOO000
00000000000000000000000000000000000000000
000000000000000000000000000

0000000000000000000000000000000000000000
000000000000000000000000 (1)000000 B-0000000
000000000000B-O00000000 (1)0000000 000000000
0000000000000 wODOO0OO0O00 @0 @w=(BB)'Bz000000000
0 B = (¢(t1),...,d(tn)), ¢ = (24,,...,7,,) 00000000000000000000
0000000000000000000000000000000000O0O00O0OOO0
000000000000000

0000000000000000000000000000000000000000
0oo00000000000

Iy (w) = Z(xtl — X(ti))2 — nA - penalty (X (t)),
= ©)

tn 2 m
penalty (X (t)) := / (82X(t)> dt ~ Z(Aij)Q = w'Rw.

2
wo\ ot e

goooxbOoooooooboooobo,0oo00bobooobboooboobooooDbobooo
00000000000Awj =wj —wj—; O00mxm 0000 ROO(m—k)xm0O



NN

(—1)°.Co e (—1)kLCy, 0 e 0

0 (—1)°.Co e (-DE.Cp - 0

Dy = : . . . . :
0 e 0 (—1D)%Co -+ (=1)FrCy

O00O0OU0O0OR=D4D, 0000000000 O.C; 0 200000000000000
00000000000000Good and Gaskins (1971), O’Sullivan et al. (1986), Green
and Silverman (1994) Eilers and Marks (1996, 1998) 00 0 0000000000000
0000000000000000000000000000Fisher et al. (1995), 00O
00 (2002) 00000000000 O0OO0OODOOOOOOOOOODOOOOOOOOOO

(2)000000000000000000 WOOOODDODOODODOOOODODOOOO0O0O
0000000 X(¢) O

W= (B'B+n\R) Bz, X(t)=uw'¢(t) (3)

O00000O00000o0o00o00 mOD0D0OOODOOOO ADOODOO SBIC (Eilers and
Marx (1998)) DO O0OOOOOOO

MSBIC = nlog(216?) + n + log(n)tr{ B(B'B + nAR) "' B'}. (4)

000062 =30 {z;—w'¢)}?/n 0000000MSBICOODO00O0O0DDDOO 4.2
0000000

00000000000000D00000001.3000 10000000000000
00000000000000000000000000000000000000000
0000000000000 0000000

4 OJU0bobobooobbbooooobobboood

00000000000000000 YOOY =1 (00000)000 Y =0 (00
0000)000000000000000000000000000000000000O0
00000000000000000000000

000000000000000000000 p000000 X =(X3,..,X,) 000
00000000000000000 Pr(Y =1/X)000000000 Pr(Y =0/X) 0
0000000 p0O0000000

Pr(Y =1|X P
log{PrE?O:X;}:a—i—jz:lﬂij (5)
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00000000000 a,B,...8 00000000000 (Seber (1984), Hosmer and
Lemeshow (1989), Hastie et al. (2001))0
goboooobbtoooobbuooooooobobooooobbooobbbooubo
gooboooboobotoooobbooobbboooooooooobboooobooboo
godobboouoboodoobobobbooboooobbooobbboooonoboa
guoddagoooboboooboobobooodan
ugobodbobooduboboodgbobboooooboooboobboooonooa
000000 (D0D000D0000o00oooOooOoOooOOO,0000O0)ObOODODOO
gdobbogooodoboooobboodoobbooobbooooobooboodono
gogoodgbboodoboooobboodonbbooobboooooboobooooa
oo oooobbobobobobbbobobooboboba
godgbbooubobtbodooouoboboodobobobobbooobbobooooonoboo
00000 (Sung et al. (1999)000000000000000O0O0O00OOOODOOOO
gogodoooboboobbbibododouoauooooobbobooououaoan

4.1 00O

000p0000000000000D000000000000 X(t) = {X;(t);j =
1,..,p} 00000000000000000000 Pr(Y =1|X(¢)000000000
0 Pr(Y=0/X(t) 00000000000

0000000000000000000O0 XO00000000000000 (5)000
000000000 X(¢)00000000000000000000000000000
00000 600000000 X;() 0000000

Pr(Y = UX()\ &~ [ o
log {Pr(Y =0|X (1)) } ot jz:l/QﬂJ(Z)XJ(Z)dz, (6)

000o0QO0O00 X,;(¢)00000000000000 g;(t) 000000000000
god

Bi(t) =D cut(t) = cip(t),  j=1,....p. (7)
=1

000 ¢00000000¢; = (¢j1,-¢jg) 0 ¢OO0D00000%(E) = (1(2), ..., 1q(t))

0 B-0O0OO0000000000O00O00.
00000000000000000000000000000000 X(+)00000

000D0000000,000000000000

FlyIX (1), B(t),a) = Pr(Y = 1| X (¢)) Pr(Y = 0| X (t))' ™ (8)

11



0000000000000D0 X)) 0OOoooooooooooooooooooooo

exp {a + Z§:1 C;-Qﬁlj}
1+ exp {a +30 c}Qﬁ:j}’
1
1+ exp {a +30 c}Qﬁ:j}7

Pr(Y = 1|X(t) =

(9)
Pr(Y = 0|X(t) =

000000.0000Q0 ¢xm 00000000 (4,§) 000 Qi = Jovi(2)¢;(2)dz
000000mO00000 %; 003200000000000 0000000000
0o0o00O0000000000.

000r,O0000000 {(Xi(t),y);i=1,..,n} 00000000000000000
ooooo

n p p
e, ... cp, ) = Z {log {1 + exp (a + Z c&Qﬁm) } — Y (a + Z C;Qﬁlji)] (10)
j=1

i—1 j=1

=

00000,000000 (lo)Joooooooooooooo @j(t),&DDDDD.DD

O0w; 00000000  j000000000000000000O0O0000000O0O

0000000 p(ty) 000 ¢+00000000,000000000000000000

gogboooboooobooboboobooboobboobooboboooboonooo
gbobooboobobooobooobobon

23. 2
penalty (5;(t)) := /Q <8 gg;t)) dt =~ c;Rc;

ooodd ¢, cdddooooooooddooooooooggn

nA &
(et cpa) =Lct, ...y Cp, ) — o> > cRc;. (11)
=1

0000ADO00000000O,¢x¢O0000 RO (2)00000000000000
0é¢,a000000000000000()00¢,¢a000000000000000
ooo

0000000 X(¢)000000000000000000000000000000
00000000 Pr(y =1]X(t) >C 0000000000000000000000
0000000.00 Ce(0,1) 00000000 Typel 000 (0000000000
00000000000000)000000000000000 Type2000 (0000
00000000000000000000)0000000000Type 10000 Type
20000000000000000000000000000000000000000
(Sinkey (1979), Lane et ol. (1986)) 0000000 ¢ 0000000000000000
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gobooboboboboboboobobboboboobooboboobobooDbo
000000bO0odooO00oooO0OooO0oDOoOO0Oobo00obDoOobboOobo cooooo
goobooboobboobogd

0000000000000000000000D000O0O0000 A, 00 (MO0oOO
0000000000 pi(t)0 B-000000000000 ¢000000000000
gbbooboboobooobobobo,buogbuooboobooboobbooboobd
gboobdobobobobooobuoouooboboobuoboobuobbooboanooban
gboobdoboboboboobooooooboboobuobooboboobobbobo
gbboobuoogbbooboooobod

4.2 00000

gooooboooubbotooobbooobboooobbooobboooboooo
gooodoboooobboooobbooboooobboouobbooooboboo
goobboouobbuooboooobbooobbboooboobbooooboboo
oo boboooobboooobboooobboouoobbobobo
goboboooobbooobbouooobboooobobooobbooobbooboo
goobboooobbooobobboooooooobboooobboouobboo
gooooobobbobbobotbooooooobobooboboooood

0000000000 00000000000000D00O000 (DOOO00 (Stone
(1974)), DO 0OOOOOOO (Efron (1979, 1986), Efron and Tibsirani (1993))) O 0 00O
goobboobooooboobooooboboobbooooobboooobboooboo
gooboobbbooobboobboooobbuooobboobbooobbboo
gooooobobbobbbtodbdoooooooobooboboooood

000000000 0AIC (Akaike (1974)), OO SBIC (Schwarz (1978)) D00 00 O
goon

AIC = —2x(0000)+2x(000000),

SBIC = —2x(0000)+log(n)x(0D0O0ODOD).

0000000000000 (DOooO0o0oUoOO0oO)DoDoooOoUooOOoooooOoo
gbooobobgoobbooooboboobobooobobooboboboobobbobo
goooboboboboobobooooobobonooooobbooboboonDo
gbooboooooboooboobooboobooboobooooobooboboobooo
00000000000000000000000000D000 (DOD0DDO0O0O0oOooOoOo
000)0000000000OoOoooDoOO
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gbooobooboboobobooboboobobbobonooboobobobooon
gboooobobooboboobobooobobobooboboooobonbbobo
goboobobooboboooooboobobooooobooobboobobbobo
gboooboboobooooooboooboooboboboooobonoboboobo
gbobooboogn

Hastie and Tibshirani (1990) OO0 0000000000000 O0OO0OOOOOOOOOO
gboobobooboboobooobooobs2oboooooooooonoooonboooong

Hy = B(B'B +nAR)"'B

00000000 ¢, 000000000000 4, 00& = Hye 000000000
&= (&4, 2t,), & = (4y, ., ,), 0 n0000000B = (¢(th),...,0(tn)) O nxm
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