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AICIcHEDI S =T VHEIE, LAICHENWERE2DT T3, 2ohTh{ENZ, AICK
MBI L 2T VEING, BREE X2 ETVICOWT AICDEREEL, 20EE2E/NMNCT
BETNEVDEDERBDTH S, LrLETNVIEROVIHOKRE T3, AIC 2LE#AI/NE L
TEIETNEREEESTN L, EBE, AIC 0% 1 EHICHY T30 BEERRAS BoEE SO
DT, T—I L TETFNVOBRBOERE WIFESIIE, AICKRNDETFLVBZDOMDET
VL TEBEZRWEWZRLRD, Thbb, AICDEW, FOEEEZCHLTEER
REL RPN, ETVERBEETERVWEDEL S, ‘

FTiR AICORbYIZ, L OFEELR, TN (1976) £ 2 TIC2AHWw3, ZAIZDVWT 2
BT3B, 3BTIE, AICOZOSHBICOWTHNS, 4T T, ZOHEOHER LV,
SEHBOHTERZFALT, E7TVOEHEESYHERT 2. E7AVEHEES LR, BHick3
ETNDIb—FRLD%E, GZONILEBKETEDL I RESTHS. FHEEADHE
BRI, EETNVO PfELLTEZoN3, 7272L, EFL0 P-{LX, #DETFNVHMEE
EECEEND L REBRKEORAKETH S, EBO PHEOHETCIELEZITR>TWw3
DT, BohnsERILELD P-ETH B,

ZIZTITRBIELTOALRETVERTE, 27, BREBEL28ETVO PERHET 2,
FLTETNVE P-EOKREVIEICIER, 52 o0 BEKEU LD P26 DT VE, £
TVEBHESOERLE LTER, TTNVOBREMOBIHEANTT -9 BBV RS, ETNVE
BHEGEIREL L2ERALH L, ZhiE, TIPS TRWIES, AICOM[EIRH XV E1E
TERLS BB ILTHIET 5, Z0L5R5EE, ETVEEEAKEI VIERIOETANE
FNTVRELEFANDL L NEEICE S,

5ETI, TTFNVEBEESOER AL -1, EFLVEOEE>EEL, T F LMK LR
<. ETVEERE LT, AIC oz0S# (DHEEE) OFHREAVS, ZHIREDIMIC
EELTEDLLDT, [ ZOEDSMD S Rz | #IK (OHE) Miibhsd icks, ZOH
MER2ZZLickoT, BETNVECHESNISHED, BERSFHEOREMC BT 52
ERRFREEETE S, 2D, EODFBESI VI EFTVRIAVLHE VST Z EIZDWNT,
REE/DLIENTE S, 6 BT, ERFEMNOTEEIRMEICOWT, WL DhORER %
HF 5,
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2. tHEERE
Sy bV x RREEEME U, x (BT 5 O ORKEEIIS g L p DESEHSDT D
OFHEE LT, D, P= [a()d(x, pdx #Fv 5. BIZIE, dlx, p=—log px) LB &,

px) 1T & BT SERE H(g)=— fq(x) log q(x)dx 2B\ T, D(g,p) ix Kullback-Leibler

(K-L) o5z k3, EFVERET 383, D(g,p) DEREL->TH5HAWVWEDT, H(q)
DHDFEVIZE T VBRI EL 20, BEER x ZEOFERM ¢(x) IKiEV, ZOHL%E
BEEx, ..., . BBOhEET S, n2T—F8ET B BROGR2 §(x)=1/nZi
Sx—x) £EL (K1),

ARBCIEFN] Lid, EX7 MV O 2 BRETIEERK (x| )DL T2, 0%H
WSS L L, 00 75, AR E LT, EF VT 2 #8Y R EBIREERH ST
28DET 3, —DODETNELG LI, BELBEE 0*=arg infeeeD(q, p(0)) TEZET 5.
EETHEOSE ¢ NETL p(-) CEENE I ERRELRVDT, —fZ, p*(x)=p(x | %)
L g(x) B3—BL %, §=arginfeeD(7, K0)) i 6* DHERIZH 2. £, K-LFHED
Bid, BRAHEEC R > Tw3, HER 0 3RERK 0* O—KHER T, KO XD KHHLES
SIL TS LRET 5. 0~ANO*, Um)H*'G*H* ™). 1212, 75| G* £ H* D&%
gi=E{0d(x, 0%)0d(x, 6%)}, kt=E(0.0:d(x, 6%)} Lt $5. ZITa=0/06. Th%s. Kigx
BLT, ZOWEEERMERKET 3.

EFN ) DRSS E, HELELSE p(x)=px| ) 3 ¢(x) » 5FHH ENZTEOHT
EHETSH, OFD,

risk (g, p(-))=E{D(q, p())}
BEFVOBRIELTHAWS, § 3BHF—2 x, ..., x. DBBTH 255, HEREHTH S
IrREETL.EBIREDSE g RHISEVWDT, 2O risk RHETAILIETER N, #
IT, BHETF—% §(x) X0EHETE S risk OMER L U UIEHRERYE
TIC(g, p(-)=D(G, p)+(1/m)trG*H*™

PRV, EBCRE2E GFH* 2 BN —BitERCE S THET 3, Hlzid,
tr GH ' R ¥ THET 2. 127501, 7516 & HOBES %, 85=E{3:d(x, 8)dd(x, 8)}, hy
=E{6:0,d(x, )y x5, 22T, E() & V() 3B §(x) 2RV HRFHE L M ER

1. REeRMEOEEOBAFNBIR ¢ BEDOHE, § SRBIE, p* BRERAM, p
EBOHE, risk(q, p(-)=E{D(q, p)}, TIC(g, p(-))=D(qF, p)+ 1A /m)trG*H*"".
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T.2DEI,tr GH 2o THE2HEEHE L7 b 01X, — 1 EREHHETIC (Takeuchi’s
modification of AIC) LFREN 2 bDWHEMTH S (FTA (1976, 1983)). XFE TR > #LHI %2
AT, tr GH'—tr G*H* '=0p(n™") DRV FELT, BROBEFCEEATLE
5. - T, AWMTE 25 TIC cM7 2BER1Z, TOFE2HEELLDEETEZTHERD
hyASN

272, q(x) PRBEDOHHERETVEZINE I L2 RET I XS CRVIEERZERT
&3, 1:ez2iE, D(g, p) E LT K-LIEHMEER WK, q(x) 28 p(x | %) ic+5E0 0w E WS
REZBL &, G*~H* LERTE, #RELT, AIC(G, p()=D(g, p)+(1/n)dim 8 %
B2, Ihix—REREHRYE AIC (Akaike’s information criterion) LFEFN T W3 H DI
M TH 2 (Akaike (1974)). AIC D H» TIC & 0 BB HEDE 2 tr GXH* ' 2 ¥%ER
CHEEL TV 388, EBICIR G*=H* Lt BL 2O DIRESBEC R DIDZ idie <, AIC ik
bias #b o THET 52 LI 2DT, GESHETHS, WTFhIZLTH, tr GXH* ' O
EOEX, AR TOFIMNZZRICIIFZE LRV, EBOHETR T — 58 »n 3ERZDT,
SEDNE W AIC 245 5, bias D/h& W TIC 25 %, BEHXIGLTEZLBLERD A
5. LTOFERTIE, o(x) CBIL TRAIZEER2FR T 2T, AICTid% < TIC 2w 3,

3T, TIC ik risk 0HEEETH 3. T4bb, WL,

E{TIC(q, p(+))}=risk(q, p(-))+O(n™"?)

Bnxd, Z0Lk5iic, TIC OWFER, Ox™) DEE Trisk HL v, TICOE#FD b
DEFRADEICHEVRVHEELIZTVLIRL,

TIC (g, p(-))=risk (g, p(-))+ Op(n")

DFY, PRVSEOKRELZHERTH 5.,

3. SEOFHE

ZODETN plx | ) & px | ) 95H - -8, Arisk=risk (g, pi(+)) —risk (g, p=(+)) >0 %2
D, ETNV2RETNILIDROI LD, KB Arisk BETETERVLOT, ZOHE
B ATIC=TIC(G, p(-))—TIC(G, () VT ELSDEFANRLHLEHE T2, b L,
ATIC 3% D8 V{ATICH L THARKEL BT RIE, ZODOEFVICEERER LWL
twz 3 (M2). KBTI, V{AaTIC) &£ 2 DiftERIC DT, Kishino and Hasegawa (1989)
% Shimodaira (1993a) THEON TV AFERIZ DV TARRS, FEHIZ DL TR EER,

T F—5¥ no+okEuk, L,
V{ATIC)= V{e*(x)}/n+ O(n?)
TH5, 12170, e*(x)=d(x, pH)—d(x, p¥) £B<.

21 V{iex}/nix, V(ATIC) D#fEETHD, LI,
V{e(x)}/n=V{ATIC}+ Op(n %)
Thob, 721l é(x)=d(x, p)—d(x, b)) EBX.
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WA O 2B O A F R, oD
BE, Arisk<0THD, EFNV 1 DHFHBE
FN2EDRW 23, ATIC>0TH
D, TIC &/MbE T, EBE L WDERD
Boehs, ZOHE, ATICOSEIIEE
HIKEWETFHENS, AEOFETH,

3.

FERS A DO ZBR O K MELNBR. ZORD
B, pi=pf=p*ThH2. O(n"°) 2
8/ 3L, DG, p)=D(ag,p*)—D(p,
P LEU B, 0T On) BEST
% &, V{aTIC}=V(D(q, p»)—D(q,
p)}=V{D(p\, p*)—D(ps, p¥)} & & %

IDESLEE, ETV1IEETNV2DOR
RWEELRERTVERERIND,

® T, ThiE, VDb, p)+ VID(pa
)} —2Cov{D(py, p*), D(p2, p*)} & %
%3, ZO3DODER, FhTh, EEIOD
EHAD 3 DOEZHHBLTWS,

f->T Vie(x) ik V{(ATIC OfEEE L LTHZ 5, 6 ETIR, EOMIOERMORE
DT, Vie*(x))/n 2#HEL TINEHVTW 5,

L2AT, V{eY BB RDET NV DWTDORE LS pf & pF ODEIO—BOERE L 28
2. EB, di=yV{d(x, pF)—d(x, pP)} £BL &, PEOUEL»S, dy ZEEOAEE AT
T, 251, BRMAEOERTO K-LIFRE L RO &> 2BFE1H 5,

T 2. D(q, p) X K-LiEHEL T2, D(q, p¥) & D(q, p¥) BTN E W,
Vie*}=J+O(| D(q, p¥)'"?, D(q, p5)"*|1?)
72121, J=D(p¥, p¥)+D(p¥, pF) £ T 5.

D k3iz, D(g, p) £ LTK-LEREEHOLTWT, 32054 pf, 5, ¢ BTo v &
RETE BRI, Vie*}=D(pF, pf)+D(p¥, p¥) LI TE 3, ZOBRICEIWT, 5ETII,
T TIVHIK R HERT 5.

ET, TODETFVDOBRBEATM EBB—HLTLEIHSE, VieX}I=0ThHD,
V{ATIC}=0(n™®) L% %, ZOHBEORERRIHLL THRS (K3).

T3, pf=pfrv3. ZOLE,

V{ATIC}:ﬁ(tr GHH*\GFH# ' +tr G HF G H !
—2tr GﬁHz*lez"iH1*_l)+ O( n’z's)
72720, Gi DS, gbs=E{0:d(x, 6F)0do(x, 6F)} £ 3,
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EE4L pf=pf 9%, ZOLE,

E{V{é}/m}=2V{AaTIC}+ O(n*%)
viv{e}m}=0(n)

TH5.

F=pF OBEWOWTEZ S, O, Vi{elmicko>T V{ATIC) 2#E L85G, 1
EEL TR 2B LEIBETENEIEECD T TR, SEBEFICAE L, EEHEER
BHELREUA—STHS. LizttoT, FEHEICHV 28R ATIC/V V{e/n g, »ih
TLRET, DBPEBI/NELL ol ETObRERELEVESL, INERELRT E120I,
V{ATIC} O¥feERE L LT,

3.1 LV &gt GAPGHT +tr GH GHy = 2tr Gl Gu ™)

PERBETRAVE, BIMUEA—% O(n?) ©IEIE, V{ATIC} % consistent IZ#iETL2ETH
.57 Vieln>020T, R B V{ATIC RS »ic RS 2iEERICK S, Lzt
T, ZRIREDTOTHEET 2T VEROEEES I, BIFNICRS,

—%, p¥+pF O, R (3.1) 13 V{ATIC} # O(n") % T consistent [Z#EE T 5, —fRIZ pf
+=pf O, R (3.1) O 2HIZ, V{ATIC} ® O(n~2) OHED consistent LHEFEIZ K BT T
Faw, EBCRIoMmoERDH S, LrLuntThiclTd, R1TEZsNTWE LD,
Ve n & Ops(n™®) D@ & X b2 DT, O(n?) OME% consistent WFHL L5 £+ 20D
BHGEANC I ERS 2V, EBIZIE » 3ZFBRZOT, pf L pf BIEE GRS I TIVEER
DRERBARLRERX R DDRBIT L1012, FRETERGL) 2HW.

EBIC 31 OFE2H (Zhk Vo EBL) 2FET20FHB 225, 22T, GF=HT,
Gf=Hf LIRETELZFEHCODWT, ZOEPRBRICREL 2 A ERCODVWTHRRS, m=
dim 6, m=dim 6 £ B &, H 5 mc<min (m, mz) BFEL T,

| m1— Mz | <21 Vana < (1 — me) + (ma— me) < m+ mo

BWZ B, pF=pF OFIZIZ, mc 32D F BB SLETFTNVORITTH 5. iz, €7
WIBETI 2 BELEEIE, 20 Vana=mi—ma 755, EERIZ Ve 2EHET 3 OEEAZ
BRIz, COXICERERBL > THEZET37255.

4. EFNERES

ETNOEFEE N=(1,2,...,.0 £33, 20 [fHoe7ro TIC & risk % TIC,, TIC,, ...,
TIC, & risk,, risk,, ..., risk, ¥ 3%, risk Z/NS WIEIZIERT H D % risky <riskjg <<
risk;y £ EL, risk 2—R/NELT2ETN (1] 2RBOUHTIENI I TOHNTH S, KE
%, Shimodaira (1993b) iz % > TR~ 3,

risk /NOETFABERH 2 2 L 52#E 2T, 5*={iEN : risk;=risky} £ BL. BHF—¥
DOBRTEETVOEHESEZITCN LEL, —BRVETVESZ ONLHAEKETSE
By DORDBZRNEL B LD, TERDIW, Tukey MO EHBOHECEZE,
B g BIRD L S WWEHESI NS, Pr{s*Cs)>1—a (Hochberg and Tamhane (1987)). &
t &Rz, Gupta Hiid subset selection D /K HE 21X, BEAEIRD LS CEZEE NS,
& kes* 12T Pr{ke.5}>1— o (Gupta and Panchapakesan (1979)). &z 2 D@
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D OHEEBIC OV TRET L, EBOIGH TR risky <riskigy B8 —BEC W2 35, 2O
|os* | =1k%Y, LEROTEY OFBAKEOEZERRIC IR 2, 2DOBHETSH, Tukey OfEFE
EE5DOABGupta DD L D KEL R DESFHRDOT, ZDERT, Gupta D HMENL T3

EWVnzh, UL, risk B/INELTBETLDOWL D0, 1T A LETisky EFICEREGES>TW
5 LRBRECEION, IOLIBGEEREETL L, HENEVLET VE L EUH
L7z BRI iE Tukey ) Hiz b EWSDH 5.

EHEEALEER T 2201, ZBTRRD & 5 REPEE:2TR -7, £, TIC, TIC, ...,
TIC, 3FEBIERAAGIHED L Lz, TRTOETFIVOBRBERDIAHBE VIR 55, WHEH
W ZOREBRELLES B, L, pF=pf &5, TIC,—TIC, I3#HERIC x° ODBEEITR
5, BEOIEHTRE, ptf=p 0r5B 2 ti3—MIcBIoRnd, ptepb 87 —58n iz
LU THBEWEE, RPRVMESES, 2612, EHEESDHET ATIC O/ROHERS
FAWB0RHN, ZhrzF0HEMEEAZLE., ThiZ—BOSEE -5 2 FRAETIEMUL T
LES LSS, ZOLIBAMICED, BOoh2EHRERARIMERLD TRV, &
RET =8 n N EWFEZERBLETDH 5.

BHESOHHERII DL TANS, BHIITHREE, £, MR T, & S: 2RO X I ZE
#7535,

TIC;—TIC, S— max T
\/V{TICi*TICj} ’ bojrigen ¥

i BEYRERELT, FHEAR2 T ={IEN: Si<c} LEBL LT3, EEKE S FE
BHeBROLICFEINS, 7, BERERZ, xEET 5.

. (TIC;—risk,) — (TIC, —risk,)
"’ JV{TIC,—TIC,}

Tukey DB EE, TRTDIENKZODWT ci=c LB X,

T,=

(4.1) Pr{max max Z;< c}=1—a

ieEN j%i,JEN

Gupta fiDFEE, FieEN KOV,
(4.2) Pr{ max Z,-,Sci}ZI—af

JFIL,JEN
SVER c: EET S, EBOSTE T, (TIC:—risk,, ..., TIC,—risk,)) 227 V0 D
HSEBERSHC LB SEBELTERL, YT ANVaHER2TR >, HOBITHIE,
V(ATIC) OH#EREF-> CHET 2, FEFLVD PR, Si=c: 52X 3% aDEE LT
EL..

5. EFIIHE

T L TETNVOEBOEB L WHE, ETNVEEESIKEL R 52ERANH 5.4
BHERIC L7 > T, ETVDOERER DN B O TBLAREZDIZWVI T THROVDIEH, E
BOIGHTIE, REEOBMBIERE L 225802k, 0L L TEEEGIEKE
BT LESTBE, EIVIHADETNVBRIEIN TV EIONEHENSL I LHEEICL S,
kD, T 220 DOEROFEEEZLIY, TETVOBERDI 7 A %% 2
BTILdTELE2, ZORDODVEDDFERELT, FETR [£EFVHE] 2w T
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225, AR (1994) bWoTWwa k5, FEFAE[EFALEM ] O&AE L TEBRL-#E
X, ETVEROBEBTOEIRAkENES,
EFNEORAFNLEFREHRT 20, TFAMEO [ERE] 2EHE Lz sr
WV, IR REHENSH B, I TRETFVEROLZDOHME A 2 EBENERO
T, TICR2H>TRDE S KERT S, TN XTIV OEMER dy L ELE,

dij:v V{TICZ—TICJ} -

IhDEHONBEEHI: TORMRMOMBE LI VHELLTHS, Licd-T, ETAL AN
W, /-1 RE2—27Vy FEE IHOE2L>TCERODEME d, Ch2E5KTES, 2
DIEDEDVEDVEDBETARERTHDEEZI LI LNTE D,

IDESRERLIZET VHIRIEG, BEOSHBEbLNEESTZ DR S, Licdi>T, Z
D%, [EDOSFH» S R |TETNVHREFERZ Licd 5, EBICREOMRRAS T, dy
LbF—IDOHWELY d, BEIDT, B ZENTE 201, BB S R HRICR S,
E7z, | RITCEMIFFEBICRCHITIZVOT, 6ETOH TR, HRITTREEE2HAWT 2-3 KT
B ELTHIVT,

EE 1 EEE2 LY, KEEICWoT, do=xV I, pP)/In TH B, 5T, dy ZIHERST
DZEM] TORETNVOREIAROES L bR T 5, EBICIE, BB o Ri#X
ERLDT, dy BREFNVOWESFRIOER - 2758 2,

ETAD [(HmE] 2 TICTERT 5L, ZEUKRTHOLHKHR T, 18, ETVIin6ET
WiERIEZICRD, - T, Hirobhrsd k512, 7100 TIC OIEF & P-EOIERF
BT L—HLEL, LErLERNCIRINSOIEFRIZREICICRS ZENEVEITH
3,

ETFNIEETNORIDHANZ| Ty | BREVIEEEZROT, | Tyl <c iz BRI DHF
BTERL L 2EMEE WS, Fi, R (41) D Tukey DS EHBOES c 2V L, T
TOETNVONEBEEZRFICRELTWE I LIRS, B, EFVIiBNET L 2E0BEAI
DVRTHANTH S, IO, BEASHOEMTK-LIBREOE Y 75 XD ERSIYHNH D
MDOZE%®FEZBE, TIC,—TIC,x—D(p;, p,)+om/n £EF 5. 2L amiZEFVDH
HEDETH B, di=/2D(pF, pH)/n #E2 2 L, Ty~ —nd,;/2+ Amind,; LFEMTES, L
Te3o T, | Tol <cld | nds—vV2om+c? | <c TEBTE 2, B 20 m KHRTKE VB
i3, &5 nd,;<2c LEMTES, 20D, ndsh c KHLTHIBERETIIE, =

-TIC

model space

B4, E7NVEEEFETERLTICE2ESTERLL. ZORKOEHE, 320FTL8HD,
TIC,<TIC.<TIC; TH 3., UL, EFN2IFEFTN LIZIEREIGEDT, Tn> Ty
b, LicdBoT, Tukey @ P-{iix, TETNVIDHEBETNL2 LIV KEL RS,
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DETFTVDRIDOHEFIBDOL Z e Wbnd,

6. % f& Al

EREFOTOEERIRFEIC DL T O OHERI %2 HT 5., x=(x:) ZHEEK 7 b
W, vy ERBEBET S, 2 Ly ORISR q(x, v)=q(y [ x)g(x) £EL. (x,y) O n D
MR BEME (xa), 1), ooy ((xin), y0) BIEZ SN TWVB LT3, glx, v) TRL gy |x) D
BWiktELZHB 22 LBHW DT, dx, v, p)=—log plx, v|0) Db vz dx, v, p)=
—log p(y | x, ) w3,

HON q(x, y) OTFEHEERRES 2 £, G*=H* £y, TICiZ AIC LEUCWK% 3, $74&
bbb, mEOHAEKEE->T-E7 1D TIC T,

TICz% (1+1log 27+ log 82)+m—:l

Eird, i, ef=y—BF—Bfxri——BExn EBL &,
_ (E{efef)
Viert=1 ( o o¥ >
LB, R, EFTNVIBETN2 20 E{cfef)=E{) 2D T,
V{e*}=1—(ot/o¥)*
k5,

LT o5l TIE, B Ick->T V{ATIC} 2#E L. £72, Tukey ® P-{&
i+, Holm o sequentially rejective procedure %5&H L Tt 1% 51T (Hochberg and
Tamhane (1987), p. 56). &E FNFHEEBZHVHBEAEHOESE {1, 2 DL > CFRLI,
¥/, EFAHRICE T R, ndy 2RV,

6.1 FERNFENT—%

7—%+t v + BABY &£f1 ((1979), p.57) &Y & o7z, T— 983 n=15T, 4 DOHHE
Bbs, TTVOBRMET 4 ODOHBEER2FE > FLLLOTRTOMAEGE 2'=16H%2E 2
7.

B 51i21d Tukey & Gupta D FHETHELKZET VD P-EERL 1. BEARE 20% T,
Tukey T Gupta T3 8§ DDEFNVIRIEINS., BENLETNVIE, SHAER X 2850€T
VTH5. 6K ETND AIC & Gupta @ P-{EERLU HEEH X 50 8@ TV
H, AIC 2+ /P EL LTWwAIENIA»S T CHRALNS, Eik, BIRERELAL, ...,
B D -¥EEFENE, EiZ, 81, —23, 3.1, —16ThH, Zhrod Xy BBEIThRT VLI L
bbb,

M7iceTFVvHIRERY, ZOHKTE, ETAVEEBEESKSEN8DDETVDAE
Torgerson (1958) D& RTEREHEELZAVTIRITRBE L TV, FEIRSEED
cmdscale B%tE fv 7z (B 46M (1991), ch 2RI T L, M8 D LSk b, £72,
INnEPEBHN Y 7 A A LUIERER 9 RT. I S 5D hclust e fiv7z, €7
NDOBEOHMEIX Gupta D P-{ETH 5.

YOETFNVHROFRR»S bHAENS LI, FEEADSODDET VX, BAKRDES
KEHATWS, ETIVI{L 23,4} BEBRAMERRL CwELEION, FREETNVOH
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EEEIH2DEIRHETERTELINDT, ZDLICEDDEFANRESLATVLSEDIIYR
DZEEVRD, 1R, BEARBOPATEREDL S K> TuknI kb, 300OHBEE
B X, X, Xo DUEREH R AT 2 00T, ML CEHLTWA I L dsbh b, DF DR
DROERICBWT, EFN {2} O, 70 {3} Of, ®F ) {4) O, FIZTERLTVS
CERRT., £, EAROIEOESBERZELVOT, BBRAFIZIINSEFTLO 3E L
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A Model Search Technique Based on Confidence Set
and Map of Models

Hidetoshi Shimodaira

(Department of Mathematical Engineering and
Information Physics,-University of Tokyo)

This paper describes a procedure for choosing a set of “good” models from competing
candidates using multiple comparison techniques. Furthermore, a map of models is
introduced by defining a distance of models in order to examine the selected “good” models.

Since the log-likelihood, which is the first term of Akaike’s information criterion
(AIC), has large variance, we choose several models which have relatively small values of
AIC, instead of choosing only one model which minimizes AIC. First, we construct an
estimator of the variance of the difference between the AIC values of any two models.
Then, using the variance estimator, we choose a confidence set of models which includes
the best model, at a given confidence coefficient. The result of the procedure will be shown
in nominal “P-value” for each model, where the P-value is the largest significance level for
which that model is included in the confidence set of models.

The confidence set will be very large when the number of candidate models is large
compared to that of the data samples. In such a case, it is important to find a pattern in
the models in the confidence set. A geometrical interpretation of the selected models
seems a likely means for obtaining such a problem. Here the distance of two models is
defined as the square root of variance of the difference between their AIC values. This
distance is approximately proportional to the square root of the Kullback-Leibler diver-
gence of the estimated distributions of the two models. The map of models is drawn using
the classical multi-dimensional scaling method with the distance defined.

The model map gives us a lot of information concerning the model selection. It will
show the location of the true distribution relative to candidate models. Since similar
models are close each other on the map, a pattern of model structures in the confidence set
can be found. A diagnosis on some problems, such as multi-collinearity, can be made.

The variable selection problem in multiple regression analysis is an example of model
selection. Some numerical examples will be shown to illustrate our procedure.

Key words: AIC, model selection, model search, confidence set, multiple comparison, subset
selection, model map, multiple regression, variable selection.




