Jubgtdbgtbdbootdbootdgbotdtun

1 0000

0000 X 00000 YOOOO n00000 {(@a,va);e=1,..,n} 0000000
000000000000000000 p,=EY,|lz]00000000000000000
000000000000000B-000000000000000000000 (de Boor,
1978; Green and Silverman, 1994: Simonoff, 1996)0 00000 B-000000000000
00000000000000000000000000000000000

Eilers and Marx (1996) 0 0 B-000000000000000000000000O000O
000000000000000 P-O000CO00000O0P-0000000000B-0000
000000000000000000000000000000000000000000
0000000000000000000000000Eilers and Marx (1996) 000000
0 AIC (Akaike, 1973; 1974) 000000000 0000000000000000000O0
00000000000000000000000000000000000000 AIC O
000000000000 000000000000000000000000000000
B-0000000000000000000000000000000000oNnooonon
000000000000000000000000000000000000000000
(1999b) 00000000 000000O0 Kullback-Leibler 0000 1000000000
0000 SPICO0O00C0B-000000000O0DONON0OONONDONONONOONNONOONONood
ooooo

000000000 Kullback-Leibler 000 000000000000000000O000
000000000000 000000000000000000000000000000
000000000000 000000000000000000000000000000



gbobogobuogoboogbbuogbbuogbobbooboboobboobooobooogn
0000000000000 00000000000000000000 BIC (Schwarz, 1978)
0000000 Akaike (1980) D0 0000000000000 O0O0O0O0D0OOO0OOOOOO
OO0O0000O0000Db0000ob0oOnD ABICOODOOODABICODODODOODODOO
000000000000000 (1982)000000 (1983) 000000 (199%) 00000
goo
gogooobboboobbbbobbobbbobobobbbbobboobbbobbobbbbobobobo
gbboogobbuoogbbbuoogbbbooobboooobbooobboooobn
OO0 BICOODOOOOOOOOOODODOOoOOODOO BICcOoOobOoboooooboboo
ooooobodboboooboo0 p-bobbboobboobooboboooobob B-00
OO000oooooooobooooooooobo0ob0obOobOlOKullback-Leibler OO0
gbboogoobbboooboboboooon

2 O0ooon

D000 X = (X,---,X,) € 00000 YOOOO n00000 {(®,va);a =
1,2,---,n} 000000000000000000000000 «, 00000000 Y,0
00000000000000000 pe=EYa|el (a=1,---,n0) 00000000000
000000000000 «, 00000000 Y,000000000000000000
000000000000000000000

{%@;M@)

F (ol as €0, 6) = exp oy ¢>} . )

0000u(:),v(--)0000000000000000000000 EYa|z.] = e = v/(€,)
000000 A0000 A(p) = h(v'(&))=n0000 5, 000000000000000

googobbon,0boodbbuoggbbboobbboogoobooobbuoooonoon

1.00000:000000000000000 w; (j=1,---,p) 0000

p
o =Y wi(ta;), a=1--,n 2)
j=1

gobbugogoboogoobbboooobbooooobboooooobooa



2.00000000000000 (Green and Silverman; 1994): 0000000000 (z,)

0000000 w(z,) ODOOODOO
Ne =2, B+ w(ze), a=1---n. (3)

bbdz, 0000O0O0O0DO10000O0O00ODLDOOODOOO0ODLDOO0Op—-10000

OobopgUdp—100000000000D0O0OO

000000000000000000000000B) 00000000 w(-) 000 B-
gbobooogoobobooan

Z a;jBj(z,) = bla (4)

000000000B,()(j=1,---,m)0 B-0000000000b, = (By(2a), -+, Bn(za))
0000000000000a=(ay,++,a,) 0 mOOOO0O0O0O00000000O (de Boor,
1978; 0000 O, 1999, b)0

0000(1),(3),(4) 000 B-00000000000000000000000000000

Yor(x,B + ba) — s(x,B + ba)
¢

00000000 (1998) 00B-0000000000000000000O (5)000000

f(WalTa, 2a; B, a, ¢) = eXp{ +v(ya,¢)}- (5)

0000000 B,a,¢00000000000000000000C000C0O00 B,a4,600
0000000000000000000000000000000000000000

l)\(ﬁa 7 Zlng ya’waazaaﬁ: 7¢) aD/Dka’ (6)

O0000XN>00000000000D,0 EOODOODOO0OO0OO0OmMx(m—k)00O0O0OO

3 Uoouboogon

0000 X = (Xy,---,X,) €e RROOOODO YOOOO nO00000 {(Ta,va); @
1,2,---,n} 0000000000000000000 f(yuee;0) 00000000000
0000 6000000000 @A) 000O0DODO0OO(G)0D0O0O0O0O0O B-OOOOOO
000000000000000000 6=(8,d,¢) 0000000, 00000000



000000000000000000000000 a; 000/, f(Yala; 0)7(0|N)d6 O
000000000000 »000000000000.0000000000000000

gbbooodgobbooobobbbuoogn

W/Hﬂ%mwhwmw. (7)
a=1
00000000000 (700000000000 000000000000000000

0000000000 (r)ooooOoOoOoOoOoOoOOOOOOOOOOUUOODOOOoOoOOd
(Tierney and Kadene, 1986) 000000000

% [ 11 flules 0)x(013)d0

= Wf/exp {nL(0|\)}dO
B (2@(1/2
na/2|.J (6| \)[1/2

exp {nL(éM)}

1 5 1 5 A
< |1 {50 L BN + 0L (B Ly (BIN) } + O3
gbooooogn

1 & 1
L(9|/\) = EZlogf(yah:a;e)+51Ogﬂ—(0|)‘>7
a=1

. O?L(6|\
0N = s
Oij = nE[(0; — éi)(ej - éjﬂ?

) g O*L(O|N)
o (4)(0’)\) i]zl;l(azjakl + 0ik0jl + Uzlajk) aezaejagkael )
. . ‘ PLOIN) PL(OIN)

(6)L IDNYS ol = . ce O
79 L) (8]1\) L3 (B]) ingmh(%akl%h W) g 30y 06:00,00,

DO0060 L@\ D0DD0DoOOn

OO0 Ologn(@A) =0(1) 000060 -6y, =0,(n" ) 000000000060, 0000
0D000000O00lgn(8]A)=0(r) 0000000000000000000000000O
0 logm(@|]A)=0(n) 00000000
D000000000000000000000000 #0 LN D000 600000

A

000000 f(ya|z,;0) 00000
GBIC = —2log {wf/ 11 f(ya]wa;O)w(OM)dO}
a=1

4



= =2 log f(yal®a; 0) + qlog(n/2m) + log |.J(B|\)| — 2log w(|\) — 2logmy
a=1

2 (1 ; 1 ; ;
2L LB + 2509 L (BN Ly (B0} ®)

Oooooboogb GBICcOobboobooooooooooooobooooooobooDboo
goooogao.

(0)O (5) 00000 B-0000O0D0O00D000O000O00D0O00O00O00O00000O
0= (8,a,¢) 000000000 n(8,a,¢)) =ma\)m(B8,¢) 000000m 0000
0000000 «00000 m(e]A) 00000000000

_ [nA (m=k)/2 f o~ 1)2 nA .
mi(alX) = o | D, D] " exp —7aDkaa 9)

0000000000|D,.Dyl+ 0 DD, 00000 m—k0OO0O00OOO0OOODOOOOOOp—-1
00000000000 0000000000 ¢ 000000 m(B,¢) =constant 0000
gobooo

M=

L(B.a0ly) = 3 log f(yalea 20:.a.0) +log(B.a,0l)

S|—= 3=
i

1
108 f (Yol Tas 20; B, @, ) + —log mi(alN)

M=

Il
—

«

000000000000 () 000000000000 00ooo0o0oooooooooo
0000 B-000000000D0D00DODO0O0O0ODO (h)000O00b0DODOO0ODO GBIC
gbobouoogobbbooobbo

GBIC = =23 1og f(yol@a, 2a; B, &, ¢) — 2log ™ (@|A)

a=1

A

+(p 4+ m)log(n/2m) + log |J(0)| — 21log 7.

4 0O0O0O0O

OO000o0ob0o0o0boobo0oooooooboboobD GBICobOooUoboboOoboboOobDOoOoDOO
ooobop-0000b0bo0bobooboboobobobboobobooboboong
gobooooooooo
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0000000000000 ¢g(z) D00O0O0O0O0OOOOOO

1. g(z) = e sin(3nz) (0<x<1)

2. g(z) =1 — 48z + 21822 — 3152% + 1452 (0 <z < 1)
0000000 2, 000000000000000 6 00000000000D0000000
€a ~TN(0,(0.05R,)%) + (1 —r)N(0,(0.2R,)?), r=0,0.1,0.2,---,0.9,1.0

OobooORr,00000000O0O0O0O0O0COCOO0O0OO0O 1,20000000000 »r=0.7

00000000000 (n=100)000000O

-0.4
|

-0.6

0.2 0.4 0.6 0.8 1.0

0 1: g(z) = e 3 sin(3mx)

gobgbobooboobobobobobo p-buoboboboobobobobooog

1 (Yo — bl,a)?
. 2\ [e2 «@
f(WalTa; @, 0%) = = exp {—T .

D000 pe = E[Ya|ze] = b,ba 0000000000000 «00000000(9) OO0
000000000000000? 00000000000000000000 L(a,s?|A) =



0.0 0.2 0.4 0.6 0.8 1.0

0 2: g(x) =1 — 48z + 2182% — 31523 + 145z*

" 10g f (Yala: @, 02) /n+1logm(al\)/n 000000000000 46200000000

0 f(yalza;6,6) 00000000 GBICOOOOOODOOOO

GBIC = ||y — Ball*/6* + nlog(2m5?)
+nAa' Dy Dya + klogn — (m — k) log A

1
+log |—= (B'B +n\6*D;.Dy,)| — log | D} Dy |+ — klog(27).

no?

00000000000 GRICOO0ODDODOODoDOOooooooooooooooooon
doodooooooodoobooooooooooooooooooooooooooon
googooooooo

00 2, 00000000000 pe=E[Yaz,] 0000 §. 00

S = B(B'B +né*\D,,D;,) ' B’

OO0o00oo0Oo B-Ubobobobobobobobobob SUboby=Sy0oooooO
gboboogbboooobbuooobbbuooobboooobbooobboooobn

goo



1.00000 (CV):

1n a_AOlQ
csz;(f_Si).
0000S. 000000 SO0 «a00000000
2. 00000000 (GCV, Craven and Wahba, 1979): 0000000000S, 0 SO0
000000000 S/~ 000000000000000000000
ch—lfj<7ya_@“ )2
1—trS/n/)

n a=1

3.000000000000 (ABIC, Akaike, 1980):

ABIC = (n—k)log(2m6?) — (m — k) log(nB) — log | D} Di|+

+ log|B'B+nBD; Dyl +n—k

000000000008 =62\ 62 = (||y — Ball? + nfa' DyDya)/(n — k), a = (B'B +
nBD,D,) "By 0000
4. 00 AIC (mAIC, Eilers and Marx, 1996):

mAIC = -2 " log f(yalza; @, 6%) + 2(trS + 1).

a=1
O000a,6?2000000000000000

5. 0000000000 (SPIC, 00000, 1999b):

SPIC = —2 ) " log f(Yal|2a; @, 6°) + 2tr (fA,ij,iJ :

a=1
00006, 0 JimO (m+1)x(m+1)0000000000000

. 1 & PYq(a, o?)
) J)\,m - - — 7
0-0 n‘= 0000

. 1 & ala,0?) 0log f(yalTa; @, 0?)
han =1 2 =50 06’

a=1

6-6

VYa(a,0?) =log f(yalzai @,0%) — Aa'DiDya/2, 8 =(a’,0%)

O00OBICOO 20 (DO0D0O0O0)0 «vSOU000000O0OO0OOODODOO BIC (mBIC)
gboboooogoboood

mBIC = =2 " log f(Ya|Ta; @, 67) + (trS + 1) log n.

a=1



O 1: g(x) = e 3 sin(3nz),r = 0.7,n = 50

GBIC CV GCV mAIC SPIC ABIC mBIC
00 (x107%) | 415 3.07 405 315 212 464 7.88
00 (x1073) | 1.72 184 1.85 1.87 195 173 189
000000 | 205 206 206 206 206 205  2.05

0 2: g(z) = e 3 sin(3rx),r = 1.0,n = 50

GBIC CV GCV mAIC SPIC ABIC mBIC
00 (x107%) | 6.25 6.22 844 6.70 3.89  7.42 15.6
00 (x107%) | 349 3.61 361 3.62 3.69 350 3.70
oooood | 204 204 204 204 204 204 2.03

0 3: g(z) = e 3 sin(3mz),r = 0.7,n = 100

GBIC CV GCV  mAIC SPIC ABIC mBIC
00 (x107%) | 1.91 1.60 2.10 1.85 1.35 2.10 5.32
00 (x107%) | 8.37 8.93 8.91 8.91 9.04 8.41 9.70
gogoood |o.0111 0.0112 0.0112 0.0112 0.0112 0.0111 0.0112

0 4: g(z) =1 — 48z + 2182% — 31523 + 145z, r = 0.5,n = 50

GBIC CcvV GCV  mAIC SPIC ABIC mBIC

00 (x107%) | 7.97 5.48 7.71 6.11 4.07 8.88 16.4
g 0.0468 0.0514 0.0510 0.0516 0.0541 0.0469 0.0516
goooogd | 0344 0348  0.348 0.348  0.351  0.344  0.349

O 5: g(z) =1 — 48z + 218z% — 31523 + 145z, r = 0.2,n = 100

GBIC CV  GCV mAIC SPIC ABIC mBIC

00 (x107%) | 590 428 495 443 321 615 159
0o 0.0366 0.0404 0.0398 0.0401 0.0415 0.0366 0.0416
D00000 | 0498 0502 0501 0501 0.503  0.498  0.502
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gboboogoobboooobobbuoooon

.00l n=100000000000000000000b00000bLDbOOOOLDODO

4.000000 GBICODOOODODOOODOOODODObOOODOOODODOoODODOoOOODbOOO
gobogooboboogobobuogobbogobbooobbbouooobbooon
gbbobougooobbbuooobbooobobbooobbbouooobbobooon
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Ooon

Akaike, H. (1973). Information theory and an extension of the maximum likelihood principle.
In: Petrov, B.N. and Csaki, F. eds. 2nd Inter. Symp. on Information Theory Bu-
dapest: Akademiai Kiado, pp. 267-281. (Reproduced in S. Kotz and N. L. Johnson,
eds. Breakthroughs in Statistics, Volume 1, New York: Springer, 1992, pp. 610-624.)

Akaike, H. (1974). A new look at the statistical model identification. IEEE Trans. Autom.
Contr., AC-19, 716-723.

Akaike, H. (1980). Likelihood and the Bayes procedure. Bayesian Statistic (eds. J. M.
Bernardo, M. H. DeGroot, D. V. Lindley and A. F. M. Smith), University Press,
Valencia, Spain.

Craven, P. and Wahba, G. (1979) Smoothing noisy data with spline functions. Numer. Math.,
31, 377-403.

de Boor, C. (1978) A practical Guide to Sprines. Springer, Berlin.

Eilers, P. and Marx, B. (1996) Flexible smoothing with B-splines and penalties (with discus-
sion). Statistical Science, 11, 89-121.

Green, P. J. and Silverman, B. W. (1994) Nonparametric regression and generalized linear

models. Chapman and Hall, London.

10



000000000 (1999a). B-00 000000000000 OOOOODOOO,0000,
04700 20, 359-373.

000000000 (1999y). 000000000 B-Oo0o0oooooooooooooO, ™
o000, 28 (3), 137-150.

O00000000000000 (1998). B-0 0000000000000 00000oon,
000000000000,00 (DooOoo0).

00000000000 (1982). 0000000000000 O0O00O0ODOS30 (1), 29-36.

Schwarz, G. (1978). Estimating the dimension of a model. Ann. Statist., 6, 461-464.

Simonoff, J. S. (1996) Smoothing method in statistics. Springer, New York.

000000000 (1983). 0000000000000 0O0O00000005 (3), 179-186.

Tierney, L. and Kadane, J. B. (1986). Accurate approximations for posterior moments and

marginal densities. J. Amer. Statist. Assoc. 81, 82 - 86.

11



