HeET R (1999) B [EEESE]
AT % B2 5 359-373 [FEHRX]

B-A7 74 V2 & BIERBRIRET VL
THH B

ks H T B O/ A OH OHI
(ZfT 19994 H9H . KET 19994 7H1H)

B =

B-A754 vERWEREGEERREFTNVICE ST T -7 o BHRBH 2175 AECo0
THREIT 2. BESFAICL > TERBEIN: B-A 754 VIGRERETNDI/INT X —5 *E]
B & R sIc DL THEE T 5 £ &, Pl NT X —F LHiIAOEKOFER?E TV
WECBOWTEEE LS, MR, ZORIEREL LT, RERILE, —BUCEXERTE, §
MEHKE AICOHM/ T X — 5 BE2FAG T 2 HEORktio N1 XEEHREHLE ABIC W
SNTE, KBTI, BREOB S SEEL T FNVIMEREICE SO TER YT X —
5 DFEREITV, B-A 754 VIGHENRE TV ERET 2 FEI DWW THRR, BEEREE
LTREROFHREELKEL, ZOBB A 2RI 5.

F—V—F ! B-A774 >, #FHER, €7 VIHE FRLZ X5, BRER
#,

1. B L&IC

HEEEHX E BWERY cEAL TEAIS N T -5 5, FEEPRAERIEZ 2 DITKRY
EFNHPEEINT X (2 1F, Ramsay (1988) ; Green and Silverman (1994) ; Simonoff
(1996) ; Kitagawa and Gersch (1996) % ¥). FEFHEIRICIB W TE, 77— OFIHEERL
BT 21D CBEITES, A 774y, BB ESHVwLONE, I TIREHRERELD
B-Z 754 > (de Boor (1978) ; Eilers and Marx (1996)) Wi A2 L3, B-A
T4 VIHFEERE TV DNT A — S HEER, NHLECHROBMESHOREE 2 BRICA
Nzwub© 2 A E BRI E W TITE b, 7 DB, Bt N7 A —F EHED
BB ORIRBE T NHEEORGHLEEERD, ZOBIFHE L L TR R HEIRESINT
&7z,

AT, BA7I74 VIERERBETNOFRI T A -5 LHAOBEBROZEFREEL L
THRERIFE CV, —B LR ZEREF: GCV (Craven and Wahba (1979) ; Green and Silverman
(1994)), FthD~4 XEEHEH#E ABIC (Akaike (1980a, 1980b)), Eilers and Marx (1996)
& Hurvich et al. (1998) O FRitufEsREH%E AIC (Akaike (1973, 1974)) ODHE/N7 A -7 ¥ %
FEEE L - EIE AIC, FHIT+/INE (1999) DR 75 4 IEHREHUE SPIC D 6 D DFIHRELD
LFiFs,

* REBRPORFRISEL ¢ T812-8581 BRI 6-10-1,
** HAERHRASI I E.
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B-A754 2R HGHEEOMECEL TR, ThE THEXEHENPBESRTE ),
T - & ((1979), p. 89), Hiragi et al. (1985) 12, B-R 754 RO S H & 2HiED
B L ZDAEIC & > THEL, ZOBICHERERLE AIC #HWI2, 7, HA (1976) i3,
HRFED 7V —LT—7 T B-A7 74 »DEHOMEEB L % OiE% AIC 2B TERY
LHERRE L. TNODMFETIE, NI A—FHEIRIZ, BEED VLRI _"TRENH
WHNTWA, HE - T (1982), W - B (1983) ik, ABICIcETWT B-A 751 >,
BERA 75 4 VIERIERBE TV DOER ST A —F 2BIRT 5 FE2EE LR, £/, HE
((1989), pp. 379-380) iZ, IFHSHICH DT B-A 774 VIEEHRRE TV E2EL T, o
WO IEHFHT 2T A —F DBIRE2RA XEF NS5 L, ABIC & OB % Ak
125 %2 T3, Eilers and Marx (1996), Hurvich et al. (1998) 2L L /- —> DGR EH#
X, &5 5 AIC 2IEBEEFEE T VOV A DI ETF VIS INLIBHINT A —F
Bx, wbwi Ny MIFIO N —A2HAWTEBELZDTHS., LrL, AIC RELHER
Lo THEL-ETNVEFHET 270 0HETHY, SIHIGENELERK L viEEI N
ETNVOFHICEBEER T 2 CRMERD S, £/, Ny MTINC L 28H/ 37 A — I HOE
EEECH L THREORMMBH S, Tt LT, HIT/NE (1999) id, 505 % K
R L, SAFSREEECESWIHELL-EFLVOR X 28 2—2 DIEHEE Y SPIC »
BELL., AETR, BEERL2EL TEL O 7 LVEHiSEL HEBRH L, 208 - 18
BIUEEICEL TEET 3.

2. ® F 0

HEEH X (ER) LENEH YV (ER) CHLTAE I nDF =% (20, va); =1, 2,...,
n BN LT3, —BEERETNVIE, &2 WBITET—% y OERWEB *F TR
e, ZOFRMMEHFE E [Yolxe = pe(a=1,2,..., n) KLU TIRE T % REBIRS 05 %2
5, 22T, T—%Ii%

(2.1) Ya = fa+ Ea, &a ~ n(0, 0%, a=12,..mn

WiE-> TERShIZET 5, 72720, n(0, 61X, FH0, S OEBRSIHEEET.

7 — 8 OIEE R RHEBOBIEHES tta = fo+ fix. TEL- b OB, EAHIOFHEBEEET L
ThY, Fl, TOESHEEAR w() ZAVT o= w(x.) LIRELZHDIF >285 2 b
Uy Z7EEET IV ERENS, ERAL, B w(-) L LTI, KANSEATEZ6N05HA3
RATFA &GS Z L%\ (Green and Silverman (1994), p. 12). B w(x) OHEEIL,
BT =8 2. TOME w(ze) = wa (@ =1,..., n) 2WETAHMHECRE SN, w= (..., wn) &
WNIRANTAXT S, L, BRIRATSSA v EAVRESERBE VL, (1)EFL
DI8T A= BWHERYP R LRID, (2) T —F S 2 WEET 5 L85 A — F #EE OB R#ES
U3 (Ht-/hfh (1999)) R EDRERRED., 22T, XETIX, BS>»2EREKE B-R
T4 ERBOTHEELIERERIRE T VR B, ST LTS FEC DL TR T
5,

B-A774 i3, HERROBEEA CHE SO RBEEE2ER T FETHS. M1iclkX
BB3D B-A754 L EBEBEEOFI 252 5. SEEBK B i3, SiSsidn s SRR
BEINTH LB OES 0IGERS L BAIORSSERNTHERI LS, flLE, 1&EB0
HEEBK B L, 50085 e, 5BV TESLICERE LT 4 00D 3REERXTEEINT
Wh, FEL, hE s TIRECESOIKEZELTWS, 22T, 3RB-A754 YEEBSu
MLT [BohE] &id, 2HEMSEEESERTHE I LEWS, FLEEMKZ, 7—2
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B1 B2 B3 B4 B5 B6

t1 t2 3 4 t5 6 t7 8 19 t10

1. #iftG=1..,10 252K 3 D B-A 771 »EERK.

DRET I REE2FHBISEL, /N2 4 >OREBEKRTES L5 wlBKT 2. 5T,
B1TE, 4»6 &t O&BEIT—Y BEFEEL, 2OXM% 3%45 L T 6 BEOIEERMSKIIHER X
N5, 2T, HiARATLT - H . I—BLEnI L cEEINW, B-A 7540
EERBOBERERAE T Z2LICE>T, NF9A—FIEETF—IHID bRBCEI I 2
EWH[REE B,

HERSKE, SIAOESRE 2 E—BIRESh2ERTHS, Thbb, SHEOE: L
Els=0kLILE, Bl(l') BT THY

Al{@_iwf_40_lwf} (b=0<z<t=h)

6h h h

Bl(l‘): L _L 3 _ _
sh@ hx) (h=h<x< t=2h)
0 (6=2h< x)

L%, MMORER By, Bs,... 1, Bi2Bhr T OVTBET 2 LBon 5. mEOEEREK
Bi(x)(j=1,2..., m) Al B-A 754 2 & 3 A RBEKOFFRIRRNTEL5N 3B,

(22) E [ Yall‘a] = Ha = gmla,-Bj(xa) = ba.

22T, be=(Bi(xa),..., Bu(xa)) ER™ a= (a,..., an) ER* (m< n) 32, Zhi, &
BOBEEBEBCE SRy = 2L aBi(x) DF —F DY THD EEZ DI LNBT
E5, b BEEREKE T I 0 OSRESNIBHDONT "V THEH» S, B-ASF54 k>
MR EERER, mRTHRER7 MV a2 EET 2 I LCRE IS,

2.1) ATHELT—7 OBKNEE L 2.2) RO B-A 754 Ck>T, B-A7/I4
VIR AR E TV X

2.3 f(¥dze; @, 0°) = MX}

1
_zfﬁe’“’{_ 267
ERED, HEIBESOREBAREBWILE, EFVDNFA—F at P EBELECL-
THET DL, ETNVORREORIC T —F CBECEKELEFLBHEESNS, 22T,
NI A=51, NBAEECHBRORFESOBRE 2HERICANT:, ROFAMT & st BRI
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(2.4) Lla, 0®) = 'IZZII log f(ydxe; a, f)—nTAk(a)
__n 1 & e A
= —?log(mez) 2 agl (¥ — baa) 5 k(a)

DERLICESOTHET 2, 22T, A(>0) 3FEEL T X —5 LREHh, EEHROR/R
EBORE PHET 2NA =5 A—F TH 5, k(a) ZEIRBBROLEICNT 2E8RIHTDH
D, B-A754 VIEHERETFNVCBOTIRRD 2 KIEARTEZ 5.

]{(a): i (Akdj)?': ' DiDra.

T
12720 Do, EBEEDRE5 22 (m— k) X m ROITH
(—1)%G o (DRG0 0
(2.5 Di = 0 (= 1')°kC0 (— {)kkck :
A R P v

THB., 127L, CR2TERBTHS.
Eilers and Marx (1996) i, 3R B-A 774 »yEEBKEZHW & X2, 2BEESOEH
aDiD:aizxt LT
% _ 2 _ TV ~ dzw(t) z _ u dzBJ(Q 2
jga(dj—z 20j-1+ dj) = aDzDza ~ f{ dfz ]’ dt = f{]gl a; dtz } dt
OFELDBEDIIOZ L 2R LTz, A& <75 (1982) TR, 2R B-A774 iextlL, 2FBE
SERE I DOWT, 72, NI (1995) T, 1 XFBILA 7T 4 B 3EHIEICDWT
mEanTnd,
(2.4) ROFAIFT =B ERKORALICE T HEME a, ¢°% (2.3) RORERERRAR
f(ydxa; a, 6*) WAL

~ ]. a_b:x’\z
f(ydza; @, 3% = Wexp{* (v 75 a) }

B—ODNEHEFNTHD., EFNVDITA—F a, ¢° OHEEEEF, ROTNVITV XA L
TROZZ EBHEKS,

1. #¥AE%: 0'(20) L, 4 BhHohLHEZTBL,
2. aiy — (B,B + na(zt_l)/lD;’,Dk)'lB’y ’C*E%?Té (tzl, 2,...),

3. 0ty = %Ily— Bag|? #R® (6b) — 0%-n)? < 6§ 2FHlL, ZO&EEHITET2D7

oA ERRET S,
4, 3DOXEREEL LIS A—F R BN HEEHEE T 5.

WeEfE d, 6°13, VB NT A =5 A L BEBBOBEEmHKEL, o THEYIZ A EmdD
BRETOLEND S, KETIE, ThECRREISNLEL OBIURELIRY BT 5.
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3. EFAMAME
B Lo DYFFHE tta = E| Yelxa) O FHE 7. 13,
S = B(B'B+ n6*\DiDy)"'B’
LEREND B-A7 74 YHFBERET VDAY MTFISH LT =Sy L £¥ 2, )
72Uy § = (J1pees Tn)y nX m KRITFIBIZ (2.2) RTEE L 2 EEBIKRZ ML be = (Bi(xa),

vy Br(22)) LT B = (by,..., ba) L, Diid (2.5 ROEHTIIE T 5. ZhE T8
T A= 2 BIRT 21D CHOONTELRREL L TR, XDbOMBEFSHS,

(1) 3ZZEHEE% (Cross-Validation, CV) :

wE, BB alOT 5 {(xe, ya); @ =1,..., } 25 e BEDT — % (24, ya) RO
D n—1EO7—7 THELERIRE T4, 20L&, RERITFEIR, ROEE2RE/INT 2
ETNVEEIRT B,

(3.1) CV = 2 (va— ().
Green and Silverman ((1994), p. 31, Theorem 3.1) v &£ 9, CV xR BEsh 2,

(3.2) cv=1Ls (y—*—@)z

n a=1 1— Sea

72120, Se @3Ny MTIIOE a ARG LT 5,

(2) —MgML3Z#EMREEE  (Generalized Cross-Validation, GCV) (Craven and Wahba
(1979) ; Wahba (1990)) :

RERGLE (3.2) RKBVTC, Su® SONMARSIOFITHS trShTEEHL O
RO—ACRERIEETH 5.

'_1_ nof Ye— 721(&:)_ 2
(3.3) GeV =— % (h_l-trS/n )
GOV RBRDESCEEET Z LB TE % (Green and Silverman (1994), p. 37).
_1Z Ji O Y 2
GCV = n az="1 {( 1—tr S/n) (e — @ (22)) }

2%D, GCV I B.1) XDOCVIEH L TEANEOEH B> TWE L RAEE 2,
R &L —BIERERI I, - DY T E D 2EBCAR:FHOE®RTOD 2
FRREL RN T 5T A — 5 2BIRT 2HHETH 2, /A - [ (1996), Sakamoto
and Shirahata (1997) i3, RZERGEE, —MAKERIEEZ AV TR ST X — 7 OFIR%
EITT2BOHNERLPUE T2 HEE2EE LT,

@) FEDONA XBRBEBRAE (ABIC) (Akaike (1980a, 1980b)) :

B-A7 74 YIHEFEWRET IV (2.3) RDONT X —% a DEHiISHE r(ad) LT3, 22
T, A>0) BBEEIDMERET 5737 X —F TAARX—8F X —F LTH, BHAMHORE
DT & > Tid, FAUT EHEREREBOFE T X —F ST S, 7—F (20 va); @
=L, A} BEZONIEE, ETNVDONRT A—F aDEBRERLET O, KR TEBESHL
LERMMTH 5.
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T 7 (vl ze; @, ) 7(ald)

a=1

(11 flze; @, 0 7(ald) da

(3.4) m(aly; A) =

Akaike (1980) i, BEAHOHRAHL T 2 ETNVORALREDORKIL, HDViX
(3.5) ABIC = —21og { [ II 7(valze; a, ) m(ald) dal
DRMEICE 5T 0% ARNEEL, ZOM 6% 1 2RALL
11 f(vala; @, 39 7(al2)

RRERICTS aDEPHEHEE LTHVSHERRIBLI, N7 X—F 2FIRT 2
(3.5) Rig, A XHIEREHHE ABIC LIETH, EHFOT —2 OSHEEL TZ ORI
FlEDShTwD B, /- dt/1 & (1994, 1995) ; Bozdogan (1994) ; Kitagawa and
Gersch (1996) xS I iz ),

(2.4) ROFHIT = SHOCERAEU

log {af_l_Il f (Yelza; @, 0°) exp (— "7’1 a’DkDm)}
LVEXETILNTES, S5I17, a BmRITTHER~Z MV e# 2T, SIHEEHABRLERTH
BibE
nADDL|Y? (

pl— A a’D;’,Dka)}

6o gl Auz: @ 0] .

il Qr)m=Hr e€x

= log {I:[lf(yalxa; a, &) ﬁ(alﬂ)}

LYEFTZENTE S, 12720, |nADLDs & nADDe DIEBEEHEORE2ET. 6> TR &
SEEEER, N4 8—s8F 2—% A(>0) &b D improper BEHFISF%E b DA XET NV
KRR L TWB Z 88305, bL, A *BELoNIET DL, 87 A% azxtd 2 Eifl
it & e ERBO BRI, 3.4 RO, T2bbBEHIMOE—F 2RD 2HE R
HEahb,

(3.6) RTEZE L7 improper BT n(ald) 13, BLL7emRTERSHTHS I L
5 B-A 774 YIHBEERE T VIcT %5 ABIC &

(.7 ABIC=—2log [{I] f(vdae; @ 0 n(ald)} da
= (n—k)log 2n) + (n— k) log 6* — (m— k) log (nB) —log ¢

+ log {det (B’B + nBDiD:)} + ly — Bal’ + O_ana DiD.a
TEz N5, 121U, B=d4 B=(b,..., b))y THY, ¢ & DiDe D m— k BOHEEHEHE
DO, det BITHIREERT.

SEIT = B R RS & A A RUESREHINE ABIC L BRIz D TiX, HA-H (1983),
Kitagawa and Gersch (1984), HIZ (1989) 2 &R & hi-v, AR - FiMl (1982), H - H
(1983) 11, #NFN ABIC CETWT B-A 754 >, BBA 7T 4 VIERERRE 7TV OTH
1685 X — 5 BFRT 5 HFEEREL .
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(4) f&IE AIC (Eilers and Marx (1996)) :
Eilers and Marx (1996) i, €7 NVICEEN B HE/ ST X —F ¥ E v MTHIOBEEEDH,
D2FD tr S EHWR

mAIC* = ~2aZf}1 log f(yalxe; @, 68)+2tr S

WKEIWT B-AT I 4 VRN T A —5 2BIRT 2 HE2RELE. 2L, 6813, A=0
DEEDTHNE Jo #MNT 68 =y— Gol*/n=|y— B(B'B)'Byl’mnes5. LrL, 20
T, BEEEROMEEE T - BEL D B2/ EokBE it BB OMTizstE T
&350, MKEERHEHEPL T L BB OFHRDENED TN R, #THOHE
BRLEE RS, 22T, REOBEERTIE ® % 62= |y— §l*/n = |y — BalP/n CHZEL,
ETNOFHImIZRA %= iz,

mAIC = — 2;::1 log f(yalze; @, ) +2{rS+1).
Ny MTFhcET  HREDOFHEIZ D\ T iX Hastie and Tibshirani ((1990), p. 52) # &R X
iz,

(5) Bias Corrected AIC (AICc) (Hurvich et al. (1998)) :
T EERLIEDETNVIE, BELLEREEE T

y=XB+e, e~ n(0, ¢*I) (B ER?

WKEEND LRET S, 20L& & Sugiura (1978) i3, €7V OMEAE TEINBAE 2 HE
L7 EqEDNATABRRTEZ 605 ZLERLT,

n(p+1)

n—p—2°
L, 6=(F, 6 ERMIBAHERLET S, Zhi LT, Hurvichetal. (1998) i3,
pEtrS TEEMZ 2RO AICe KE TV T NT 2 — & 258INT 2 HEREE L,

2n(tr S+1)
n—trS—2°

LrL, B-A7 74 VIEBHERETFTADI/NF 2 —% a, o iXSIEHT & A ERESIcE WL
THEENDZDEXN LT, (3.8) ROWER 0 IELHEETHY, IO HICHRHICIES
B2 rEBbhs,

6) X754 REBBAE (SPIC) (FIT - /NG (1999)) :

STHMT EBAREREBCE DO THE SN NT A= 2 b D B-A 771 VIEGHRRE
TV FHE S 5 1EHRESEE SPIC 3R TE5 2 s iz,

(3.8) b= Er [logf(yl 0)— ff(ZI 9)log f(z]0) dZ] =

AlCc= —2 aZZEI log f(yelxe; @, 6% +

SPIC = — 2 21 log f (yalxa: @, 32 +2tr (Fym Jih).

2270, Lim& Jamid (m+1) X (m+1) XFFFICKRTE L6 B,

e (BB guan (T B

in iz Ja  Jo

&2 DITFIOERIL,
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1.(rx1)=(@1,1,...,1)7, Alrxn) =dagln— f,..., ya— fn),

’ (yﬂ’_ ﬂa)Z 1

p(nxX1) = (pr,..., pn)'; PaZT—?,

— 7. _ aﬁa
a(nx1)=(q..., q); Ge= 3

EBLLE,

I, = B'/A*B/§*— AD.Dval,AB, i12= B'Ap— A62p'1.DiD.d,
ian= BAp, i = Gp'p,
Ju = B'B+ nAg*DiDx, Jiz= B'A1,/5%
f21=f12, jzz:“ﬁquln

Thb, TOATT 4 ERERYEZ, Kullback-Leibler fEHRE H % W IZHARFFIBELE D
HEE L LT —RIEHEHRY%E (Generalized Information Criteria ; Konishi and Kitagawa
(1996)) DERICETXHH L bDTH 5, BHREHERK O— ML, Konishi and
Kitagawa (1996), Konishi (1999) & a i\, 272, ST EFHLERKICEDIWT
HE XN E TNV OFMBEREC DV TIiE, Shibata (1989) O#FFEHH 5.

WEENLETVOMNBEER, *% 62=|y— jlt/n=y— Bal*/n £ HEE L 72 & & XA
TH5z6n3,

—2 é log f(yalza: @, 32 = nlog 6%+ nlog (27) + n.

Zmkx, GCV, mAIC, AlCc, SPIC ZEHEEZR LT

(3.9) nlog GCV = #nlog 62— 2nlog (1 —tr S/n),

(3.10) mAIC = nlog 62+2(r S+1),

(3.11) AICc = nlog 62+M,
n—trS—2

SPIC = nlog 62+ 2tr (IumJik)

L5, BIHEISHETHKBELRDT, REZASOREOEIF 2HTH /31 7 ALK
B9 2HIHNS ZEPbr b, T,

n(trS+1) 1 1 2 ...
7}27“872—(trS+l){1+n(trS+2)+n2(trS+2)+ }
—trS+1 (as n— o)

ThH2h6, T EBTHHAE L E E AlCe LA mAIC —33 5, %72, (3.9) RO
GCV Bl T,

—2nlog (1 —tr S/n) = —2n{—tr S/un— (tr S/n)*—---}
—2trS  (as n— )

TH555, mAIC, AICc DN 7 AMIEE» S BEMMOHEEIC L AFEXEET 5 &
(3.10), B.1)RwEEhzatrS+1idtrS L&Y, EEMNIIX GCV, mAIC, AlCc iXRIE
THAI Db, KETIE, ZITEBAMLLEEREICOWT, BEERZEL T2 O
BLUBHMECEL TERT 3,




B-A774 vz & BIBERE TV L IEHREHRE 367

4. ¥ fE * B

AT, SHITENLEZ6 DOBRELFWT B-RA 754 VIR T VOFE/S
I XA —F BEIRT IHEBERZ2ITY, 20BN LI UESEELRA TS, F—7i

VYa=9g(xa)+t e, a=1,..., n
e THRESE, HOWE g(x) KX ROMBEERE L.

1. g{x) =e**sin(Brx) 0<x<1).
2, g(x) =1—48x+218x*— 3152+ 145z2* (0 < x <1).

1 DHbgRIX, ERITAELEHT 2825, 2013, 2 00B/MEL&EL L TE
RLBREDO MY FESD, F—FH . (a=1,.,n) &, (1)—BEELEHC LY FRE, (2)%/
RICKEE, D2 00REDS L TEBETR o1, BEE e, LTI, FHEAH L ESTEHR
SHEEREL, ZOSBEIERRDEL S KRELT:.

(IE# o) © e« ~ n(0, %), r = 0.01Ry, 0.05Ry, 0.1R,, 0.15Ry, 0.2R,,
(RETHI)  ea ~ en(0, (0.05R,)Y) + (1 — &) #(0, (0.2R,)?), € = 0.8.

72U, Ry ZEEB 2 € (0,1] KB 2EDOMER g(x) DIEBOBEEL, 1 DfRICHL Tk
R, = 0.872, 2 DHiffIzxf LTt R, =3.738 £ L7z, BEEHSIHEIE, FHESALD bEOE
WHEESICE D BERREL TS, £z, T—F8iE, n=>50,100 ¥ U TER T o7,
K2, 31, ZOETNVRES>TRELET—F D 1§ & HREHRE SPIC &0 HE g
B 7.

EHREMEE mAIC, AlCc, SPIC THWA/85 XA —% d, G:OHEFEIZOVTIE, 2BDT
NI XL TRDI, ZOLED Y MTHIE S = B(B'B+ né?ADiDy)'B £z 5,
g7z, CV, GCV, ABIC® 3 2L C a DHtERI, a =(B'B+nBDiD.)'B'yt L, 8%
522 ERBIRE S, Z0kE, ABICKAWIS# @ DHEERERIXRRTE L5135,

00 0.2 04 06 08
|
o
)

-02

-0.4

0.0 02 04 0.6 0.8 1.0

2. g(x) =e**sin3rx), n =100, €. ~ #n(0, (0.15R,)?) ; FEKITE DR y = g(x), W#IT SPIC 2 k
SHEEMBERT.
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0.0 0.2 04 0.6 0.8 1.0
X

3. g(z)=1-48z+2182" — 3152+ 145x*, n = 100, &« ~ #(0, (0.15R,)") : ERIHDOHiKR y = g(x),
Biff 3 SPIC 2 & 2 HEE MM R R T,

#£1. g(x) = e*sin(3nx), xr . —BELEL, » = 100.
()% GCV ABIC mAIC AlICc SPIC

0.01R,
mean |1.72x107¢ 9.11x 1077 122x10°° 8.07x 1077 1.05x10~® 8.93 x 107

SD |151x10"% 4.83x10~7 2.80x 1077 4.18x 1077 577 x10~7 7.15x 1077
MSE {9.39x 1076 9.35x10°% 9.31x 10~ 9.34 x 10~® 9.35 x 10~® 9.31 x 1076
0.05R,
mean | 3.46 x 107° 4.04 x 10~° 3.33x 10~ 3.58 x 10™° 4.60 x 10~% 2.49 x 1075

SD [347x10"% 3.37x107° 898 x 10~ 3.12x10°% 3.63x 1075 277 x 1075
MSE [1.92x10"% 1.92x107* 1.83x10™* 1.92x10™* 193 x10™* 1.92x10~*
0.1R,
mean |1.28 x10™% 1.52x107% 1.49x10™* 137 x107* 1.73x10"* 1.05x 10~*

SD |9.72x107° 1.06x10™* 3.74x107° 9.83x 10~® 1.14x10"* 8.57 x 10~®
MSE |7.28x107% 7.19x10™* 6.89x10~* 7.20x10~* 7.19x10™* 7.30 x 10~*
0.15R,
mean | 2.73x 107 299x10™* 343 x10™* 278 x10~* 3.41x 10~ 2.23 x 10~*

SD [223x107% 217x107* 1.37x107* 213x107* 224x10™* 2.05x10™*
MSE |1.53x107% 150x10™%® 1.42x107® 1.52x10"® 1.49x 10~% 1.55 x 1073
0.2R,
mean |4.52x107* 544 x107% 6.26 x 107* 4.82x 10™* 6.07 x 10~* 3.63 x 10~*

SD |3.11x10"* 3.42x10™% 247x10"* 3.19x10™* 364x10~* 3.03x 10~*
MSE |243x107% 239x107% 230x10~%® 241 x10™® 238 x10~% 248 x 1073

Shue =~ (ly— Balt + n8a' Diya).
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#2. g(x)=e*sin(3xx), x: HMHEK, n=>50.
Ccv GCV ABIC mAIC AlICc SPIC

0.01R,
mean | 4.76 x 107® 1.92x107% 2.38x107% 1.44x 107% 2.64 x 1075 2.13 x 107

SD |4.38x10=¢ 7.07x 107 6.35x1077 524x1077 9.82x1077 1.89 x 10°°
MSE |1.73x 1075 1.69x 1075 1.68x 1075 1.69x 1075 1.69 x 10~° 1.70 x 107°
0.05R,
mean |5.23x 1075 7.76 x 107° 6.72x107° 6.12x 107% 1.09 x 10~* 3.60 x 107°

SD |5.34x107° 5.61x10"° 1.87x10~° 4.93x10~% 6.71 x 10~° 3.74 x 107°
MSE |3.52x10™% 3.50x10~% 3.41x10* 3.50x107% 3.56 x 10~* 3.54 x 10~*
0.1R,
mean | 1.94 x 10~% 2.69 x 10~% 2.65 x 10™¢ 2.17x 10~* 3.60 x 10~* 1.44 x 10~*

SD |1.88x10™* 1.99x10~* 9.06 x10~% 1.81x10* 228 x10~* 1.56 x 10~*
MSE |142x1073 139x107® 127x1073 1.40x107% 1.38 x107® 1.45x 1073
0.15R,
mean | 3.82x 107% 5.26 x 10~* 6.28 x 107* 4.21x107¢ 7.08 x10~* 2.84 x 10™*

SD |352x107% 3.61x10"* 2.66x10™* 3.39x10™* 4.26x107* 2.88x 10~*
MSE |2.88x10® 2.82x107% 2.65x 1073 286x1073 2.80x107% 294 x 1073
0.2R,
mean | 7.28 x 107 9.15x 107% 1.31x 1073 7.22x107% 1.27 x10~* 4.99 x 10~*

SD |[6.76 x10* 6.36 x 10~ 7.42x10™* 5.82x 10" 7.57x10™* 552 x 107*
MSE |4.58 x 10 4.37x107% 4.20x 1073 4.48 x 1073 4.33x 1073 4.83 x 1073

£3. g(x) =1—48x+ 2182 —3152° + 145z*, = : E/IRE, » = 100.
Ccv GCV ABIC mAIC AlCc SPIC

0.01R,
mean | 7.28 x 1077 3.73x 1077 8.49x 1077 3.35x 1077 423 x 1077 3.87 x 1077

SD [959x1077 7.62x10°8 1.64x1077 7.21 x10™® 9.32x 107® 4.65 x 1077
MSE |1.36x10~* 1.35x10~* 1.35x10™* 1.35x10™* 1.35x10~* 1.35x 107*
0.05R,
mean | 1.10x 1075 1.33x107% 2.89 x 10~ 1.20x10~5 1.57 x 107® 7.72 x 107%

SD |159x 1075 1.39x10"% 1.02x10™° 1.24x10"% 1.57 x10~° 8.66 x 10~¢
MSE | 3.46 x 10-* 3.50 x 10™3 3.61 x 10~® 3.48 x 10~ 3.52x 107® 3.44 x 1073
0.1R,
mean |9.20x 1073 1.04x10™* 1.65x10™* 9.05x107° 1.28 x10~* 6.52 x 1075

SD [955x107% 1.07x10™% 442x10"° 948 x10~°® 121x10™% 7.84 x107°
MSE |1.39x1072 1.39x1072 1.43x1072 1.39x10"2 1.40x 102 1.39 x 1072
0.15R,
mean |2.82x107% 3.20x107* 3.79x107% 281 x107* 3.84x10™% 227 x107*

SD [3.02x10™* 293x10™* 1.16 x10™* 276 x 10~* 3.14 x 10~* 2.80 x 10~*
MSE {3.11x1072 3.06 x1072 2.93x 1072 3.07x 1072 3.06 x10~2 3.12x 1072
0.2R,
mean | 5.43 x 10~* 6.01 x 10~* 7.30x 10™* 5.38x 107* 6.99 x 10~* 4.21 x 1074

SD |4.82x10* 473 x107* 2.67x10"* 4.50 x 10~* 5.15x 10~* 4.51 x 10™*
MSE |4.96 x 1072 4.86 x 1072 4.62x 1072 4.88x 1072 4.84 x 1072 5.02 x 102

FERRZFNFALORET L0 HOBEYEL 217072, 1~5iF, KEERE LD
ThH5. 72771, mean 3R L 72 FR{LEDFEY, SD 37 OEH(REZ, AMSE i, EOHE
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#4. g(x) =1—48x+2182"— 3152+ 1452%, x : —HEELEK, »n = 50.
[0 GCV ABIC mAIC AICc SPIC
0.01R,
mean | 1.05x 1078 837 x 1077 1.98x 10™® 6.48 x 107 1.12x 10-® 4.08 x 107
SD |[187x107% 3.89x1077 6.25x1077 294x 1077 5.12x10-7 4.65x 10~7
MSE |3.00x107* 297 x10™% 3.03x107% 296 x107* 299 x10™% 2.94 x 10~
0.05R,
mean |5.20x 1075 7.34x 1075 9.36 x 1075 5.62x 1075 1.04 x 10~¢ 2.84 x 10~°
SD |572x107° 7.42x107° 4.23x107° 585x107° 9.25x10-5 3.85 x 10~°
MSE |7.17x107% 7.28x107® 7.35x10"% 7.19x 103 7.48x10°3 7.11 x 103
0.1R,
mean |2.43 x 1074 328 x 10™* 3.81 x 10~* 262 x 107% 4.59 x 10~* 1.58 x 10~%
SD [3.01x107% 3.50x10™% 1.92x107* 2.83x10~% 4.26 x 10~* 2.08 x 10~
MSE |[259x 1072 254x 1072 235x 1072 257 x 102 252x 10~2 2.64 x 102
0.15R,
mean | 6.40 x 107* 871 x 107* 9.51 x 10™* 6.81 x 10™* 1.17 x 10~3 4.45 x 10~*
SD |696x107* 7.12x10™* 4.40x10™* 651 x10™* 8.12x10~* 588 x 10~*
MSE |5.88x 1072 571 x 1072 542x 1072 580 x 102 564 x 10~2 6.13 x 10~2
0.2R,
mean |1.27x1073 1.58x 1073 1.90x 1073 1.30 x 10~3 2.06 x 1073 9.52 x 10~*
SD |1.38x107% 1.32x10™® 1.17x1073 1.24x10~% 1.55x10~3 1.20 x 10~3
MSE [9.37x 1072 9.04 x 1072 848 x 102 9.24 x 102 8.94 x 10~2 9.81 x 10~2
5. g(x) =1—48x+218x*—315x° + 1452*, 3% | BRETEHEIA.
Ccv GCV ABIC mAIC AlCc SPIC
z: equal
n = 100
mean 9.52x107° 1.10x 10™* 168 x10™* 9.59 x 107° 1.34 x 10~ 6.68 x 10~°
SD 119 x 107 1.25 x 10™* 753 x 107 1.12x 10™* 1.41 x 10~* 9.35 x 10~°
MSE 1.37x 1072 1.38x 1072 1.41x1072 1.38x10°2 1.40x 1072 1.36 x 10~2
x: equal
n =250
mean 1.83 x 107* 251 x 10™* 3.26 x 10™* 1.96 x 10~% 3.85 x 10~5 1.09 x 104
SD 239x107* 268x107* 1.67x107* 227x10™* 3.44x107* 1.64 x 10~
MSE 274 x107% 2.74x 1072 259 x 1072 2.75x 1072 2.75x 10~2 2.81 x 102
z: uniform
n =100
mean 1.08 x 107* 143 x10™* 1.81x10™* 1.30 x 10~* 1.68 x 10~¢ 8.86 x 10~°
SD 1.39 x 107* 1.58 x 107% 9.00 x 10~ 1.45 x 10~* 1.77 x 10~% 1.22 x 10~*
MSE 133 x1072 1.34x 1072 1.30x 102 1.34x 1072 1.34x 102 1.33 x 10~2
z: uniform
n =50
mean 240x107% 3.24x10™* 3.70x 10™* 2.53x 10~% 4.45 x 10~* 1.69 x 10~
SD 367x107% 3.15x107* 1.94x107* 2.77x 107! 3.73x10~* 2.65 x 104
MSE 2.52x1072 251 x 1072 231x 1072 253x 1072 2.49x 102 2.61 x 102
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Nonlinear Regression Models Using B-spline and Information Criteria

Seiya Imoto and Sadanori Konishi

(Graduate School of Mathematics, Kyushu University)

We investigate the problem of estimating B-spline nonlinear regression models.
B-spline nonlinear regression models represented by probability density function are esti-
mated using the maximum penalized likelihood method. The essential problem of model
construction is in the choice of smoothing parameter and the number of basis functions, for
which several procedures such as generalized cross-validation, AIC and Akaike’s Bayesian
information criterion have been proposed.

The purpose of the present paper is to consider this model estimation problem from an
information theoretic point of view and to give a criterion as an estimator of Kullback-
Leibler information. Numerical comparisons are made to compare the properties of vari-
ous types of criteria.

Key words : Spline, nonlinear regression, model evaluation, smoothing parameter, information criteria.



