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1. i3 C & IC

AIC B =TV, BLIGHAShEREZ2H T TS, ZOoHTHFENE, AICK
IMEIEIZ & 2 B FVERIL, BERE BB ETMIEOWT AIC DERETE L, 20ERZE/INCT
BEFNEVDEDERLDTH S, L LEFTNVEROVIHIOERKE TIZ, AIC 2HEH/NE <
THETNEEEGESTN L, EEE, AIC O 1 HEICHY T 2B LRI A o8 E b D
DT, T—FEIHL TEFNVOBEFHORLEZ WIEEICIE, AICER/INDETFTVNZFDMDET
MZRHLTERBIZREWEWZRLAR S, Thbb, AIC D=, Z0OEEEZ WL TEER
AKEL BINE, TEFVERIEETERV D LR D,

AFECiE AICORb Y, L OEER, MR (1976) X 2 TICEHW3, ZHIZDWT2
ZTHRARL, 3ETIE, AIC ODEDDEIZOVWTHEANS, 4ZTIX, ZOSEOHEERES W,
SEHMBOAFEREEZFIALT, ETVOREEESEHER T2, TTVEHEESLE, B3
ETNVDIBL—BROLDE, SZ0NWLERKETEL LI REEGTHS. EEESGOE
BRI, FETVOP-EELTEZNS, 12120, EFTVO P-EEE, ZOTETVNEHE
EHRCEIND L RABKEORAMETH S, EBO PEOHETIIIEMETZ>TWw3
DT, BoNBHERIZLE LD PETHS.

CITITRBIELTWBETVERTIE, 27, BEE 2287V 0 PERHET 3,
FLTETNVE PEOKSWIEIIEN, 52 5Nl BEAEU LD P-ER2bDETVE, £
TVEEEADERL L TER, TTFVOBFMOBUHARTT -y B3Pz wiEE, E7NME
THESRIKE L kB EARD S, Zhid, T—IHEB+ATRWEE, AICOEIED % D {EH#
TEBL BB ERXHIET 5, 2OL32HE, ETNVEHEESCED WIEHADE T VEE
FNTVLEIDLETARL I ENEEICR S,

5ETI, EFNVEBEESOEARANS DI, EFNVEIOEREEZEEL, €7 VK2
. EFNVEEEREE LT, AIC 0EOSE (DHEEE) OFAIREMAVS, ZRIRBEDOSAHIC
WELTEDLDZDT, [ZOEOHH» S Rl | il (DHE) PErhs Zickhs, ZOHl
M*R2ZEICX>T, EETNVEBIHESINLO/HO, BRSO BT 372 AL
BREGEIETE 2, ZhED, EOSHEBEI VI ET VIRV LRSI EIZDWVT,
TR EB/LZENTE S, 6 FETE, ERESITOEREERFEICDOWT, WL DhOHES%
HiT 5,

*EBIER: T 113 SORRAE 7-3-1.



132 HEtEE F4%E 25 1993

2. EHRERAE
FERT Mx BHEREREL, x T3 ODMHREEEK g L pDESEDHODLTIZD
DE¥EL LT, D(q, p)=/q(x)d(x, pde WS, Flz21E, dx, p)=—log p(x) £ BL &,

ﬂwm;6&w%ﬁ%HwF—ﬁuﬂgdﬂﬂ%@wf,M%ﬁﬂKmm¢iﬂ%r

(K-L) oEmBIc k3, T VELRT 38, D(g,p) DEZESTHLAVEDT, H(g)
D DEVITE T IVEIICIZFE L v, FEEEH v BEOBEER ¢(x) i, Z Ok
BEE x, ..., 2 DB LT3, n27—FWET 3, BESHGE2 ¢(x)=01/m)27
5(X—Xr) t§< ( 1).

FRETTEFN] Eid, ExZ MV OEEBRET2EEER (x| ) DT 2, O %5E
WHBESL L, €60 L35, KFEBL T, EFNVICHET 38 Y R FRISGREZ S Tw
25035, —DDETNEEZR, BRELRBE SR 0*=arg infseeD(q, p(0)) TEZHET 5.
KB TREDHMH ¢ BWETNV p() TEENE Z EERRELRVOT, —BIZ, p*x)=p(x | %)
Eoglx) 3—B, UV, §=arg infeeD(q, p(0)) iX 6* DHEE W 2. Bz, K-LIFHED
BRiE, RAHEZE IR > T3, HEE § BEEEH 0* 0—BHERT, RO X 5 CHHEER
BIELTWD LRET B, 0 ~AN(O*, (U m)H* \G*H*™). 12721, 179 G* £ H* DR %
g$=E{8id(x, 6*)8jd(x, 9*)}, hi‘}=E{8i0ja’(x, 6*)} kj_é. T 8,:8/8& T%% 2&%%‘
BLTC, COOERERZRET 5.

EFN () DRE %, HEE LIS p(x)=p(x | ) 5 ¢(x) 2 5FHRZ ENZ T EBHT
EET D, Db,

risk (g, p(-))=E{D(q, p(9))}

BEFNVORSELTHVS,  BBHIT—5 x, ..., x. OBKTH 205, BREHTHS
TEIEET L. EBCREDSF g ZHSRWDT, ZOrisk 2HET A LI TER W, #
2T, BT —% §(x) ZVEETE 3 risk OHEEE L L CEHEHRE

TIC(g, p(:)=D(@, p)+(1/n)trG*H*!

ERAWS, EERICIIE2Er GHY ' 2L — B EE CE S CEFET 5, Flz g,
tr GH ' R ECHEET 3. 272U, 1751 G £ H OFEH %, 85=E{0:d(x, §)0;d(x, )}, s
=F{0:0,d(x, 0)} £33, 22T, E() X V() 3REERSA §(x) 2R HIEE & e &

1. BEENHOZEMOBTFOBIR, ¢ BEDHTE, § SRR, p° BREZHM, b 28
KEEOHE, risk(q, p(+)=E{D(q, p)}, TIC(q, p(-))=D(q, p)+1/n)trG*H*.
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T. 2D X3, tr GH™ 206> THE 2 ERHEE Lz b DI, —RICHRESUETIC (Takeuchi’s
modification of AIC) EWEEN 3 b DICEliTH 2 (FriN (1976, 1983)). AFE Tk > WiHLR 72
AT, tr GH'—tr GXH* '=0p(n"%) OEVIIFEL T, BROBEHCSENTLE
5. o, FXfFETE2 2 TIC BT 2B, ZOHE2E L2 ELLDERTEZTHED
3D,

Fl2, q(x) BB EDSHFHERETNVIEEINI I LR RET S LIS ICRVHER 2R T
&5, I2xz21E, Dig, p) E LTK-LIERERZRAVIE, qlx) 28 plx | 6%) ic+Hmn v
REEBL &, G*~H* LiEITE, HRELT, AIC(7, p()=D(g, p)+(1/n)dim 0 %
B2, Zhiz—cERER% AIC (Akaike’s information criterion) & EEEN T3 3 DI
“ffiTdh 2 (Akaike (1974)). AICO AR TIC & Y [BEHEHEDE 2H tr GFH* ' 251K R
SHEELTWBEY, ERICIE G*=H* L BLEODREPHEEICE VLD iz, AIC i
bias 2b o THET Z I L WXRBDT, EEVBMLETH S, WTNKLTH, tr GFH* ' D
EDOREIX, KRS TOWNLHRHRICIFE L v, EBOHE TR T — S n 3ERZD T,
SBD/NE W AIC 2> 2, bias DIV TIC 2FES %, BECIGUTEZALERD 5
5. UTOER T, ¢lx) KBAL THRIZREZZRT RO T, AIC Tidz< TIC /w3,

&8¢, TIC ikrisk DEEETH 2. Tabb, I,

EITIC(7, o)) =risk(g, 5(-))+ O(n*)

Bz b, 20k, TIC OEAREZ, O™ 0EE Trisk iz L v, TICOfEZD b
ORERADESCHE Y BOBHEE LTV R,

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

DED, PRVSBMORERHEERETDH S,

3. SDEOFH

TODETN pulx | 6) E plx | ) B3B o Tl Arisk=risk (g, pi(-)) —risk (g, p2(+)) >0 72
5, EFTNV2EETNV]ILIDRWI ek 5, ERIE Arisk BFHETERWDOT, ZOHE
8 ATIC=TIC(F, ;(:))—TIC(G, p()) ZHVTEE SDETFABRWHLEHERT S, b L,
ATIC B2 D453k VIATICH kst L THHe RS 2 i, 200 EFVICEEREZ W
w23 (HM2). XETIE, V{ATICY £ #DHEERIZ DWW, Kishino and Hasegawa (1989)
% Shimodaira (1993a) TH LN TV BFERIZDWTIBNS, FHHIZ DWW TR 28,

FHEL F—FE nP+HoKE LR, LN,
V{AaTIC=V{e*(x)}/n+ O(n2?)
ThBH, 121PL, ef(x)=dx, pH—d(x, p¥) £BL.

1. Vie)/nix, V{ATIC) OftEETHY, WK,
Vi{e(x)}n=V{ATIC}+ Op(n %)
Ths, 7L, e(x)=d(x, b)—d(x, b2) B,
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2. WEESHOZEMOKMAFERIER. ZORD B 3. ﬁ%ﬁﬁ@?ﬁ@%&%ﬁ?%ﬁ%ﬁ. ZDOED

BE, orisk<0 TH Y, TN 1 OFHBE BE, pi=pf=p*Ths. Ops(n") 2
FN2 O HEN, EZBH,ATIC>0TH ¥ 3 ¥, DG, p)=D(G,")—D(b,
D, TIC B/MLE T, EREVOERS P*) EET B, 85T O(n?®) 2EMRT
Bohd, ZOBE, ATICOSEIIHE % r, V{ATICY=V{D(G, p)—D(7,
BAREWEFHEINSG, ABOHETA, py=V{D(p1, p*)—D(b2 p*)} & & %
DS HHE, EFVILET V2O €T, ZhiE, VID(h, 1)+ VI{D(ps,
BREERERTWEERSNSD, ) —2Cov{D(p1, p*), D(p2,p%)} & %

%, ZO3DODHEE, ThETh, FE3ID
EAD 3 DOEWHIEL TW»5,

feoT V{ex))/mix V{aTIC) D#eER L LTHEZ 3, 6 ETIE, EOSMOIEREDRE
DT, Vie*(x)m 2#FEELTInEZHTVRS,

23T, V{eY) BELXDETNVEZ DT OB LS pf & p§ OFO—EOERE L A%t
2. EE, dy=vyV{d(x, pH—dx, pH} LB L, DBOMEB» S, dy ZEHRONE S &z
. X512, ESHOEMTOK-LERE L RO & 5 2RSS 5.

2. D(g, p) B K-LIEHE LT 2. D(q, p¥) & D(q, p¥) BT/ 0,
V{e*}=J+O(| D(q, p¥)"?, D(q, p¥)"*|°)
7212L, J=D(p¥, pH)+D(p¥, pt) £ T 5.

DX, D(g,p) £ LT K-LIBREEZHEWTWT, 3204570 pf, pf, ¢ B+H4I2mw &
RETE 2HE, V{e*) =Dk, p§)+D(pf, pF) LIEPUTE 3, ZOFRCEDOWT, 5ETHE,
ETNVHK EERT S,

BT, ZODETFNVDOBRBELRAEHF EF B —BLTLEIEFS, Vietl=0Tdh?,
V{ATIC}=0(n"?) L %23, ZOHEOKREIHELL THRNS (K 3).

FIE3. pf=pFf L9432, ZDLE,

V{ATIC)= 12 S GFHF + tr GFHF T GFHE
—9tr GEHF ' GEHF )+ O(n~)
R, G OEHIME. gbemElodix, 0F)ad(x, 6F) L5 5.
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T4 pf=pf 93, ZOLE,

E{V{&)}my=2V{ATIC}+ O(n %9
V{vVi{e} n)=0(n"

TH5.

PE=pF DBEWXCDODVTEL L, 20K, V{elnick->T V{ATIC) 2#E LI5S, HF
B L TR 2B 2BETCZLESELD T CIRE VY, SEHIERICRE {, EEREED
BELACA— S Tho, LiesisT, SEHBIZHV 2 5ER ATIC/Y V{e)/n i&, »5D
TEET, SENFEEICNILL BoRBE b RERERLEVES, CNEEELMT B0,
V{ATIC} Dt EEE LT,
1
2n’
PARETCIIAVWE. BN —% 0(n™?) O, V{ATIC} # consistent [ZH#ET 2 ETH
2. %7 V{eym>0 20T, R (31) i3 V{ATIC) #AEDICEM 2HERICE S, Lizdso
T, THIREDWTHEEKT 2 =7 VBIROGEEES X, Bk 5,

—7%, pFEpf O, K (3.1) i V{ATIC} 2 O(n™") % T consistent [Z#EE T 5, —#& Iz pfF
+pf OF, X (3.1) O 2L, V{ATICH D O(n™%) OIED consistent ZHEERZ I 2 5T
v, EBCBIOMOERD L, Ll Th, R1TEZSATWVWE X,
Vie)n it Op(n ) 0w s 835 250T, O(n?) OE% consistent IZFHHL L5 T30
BEDERNC IR DS 2V, EEBWIE v iXER B DT, pf & pf DIEF B EICE T IVER
DERSTREEI /2 5 D RT3 7012, KFETIER (3.1) 2w,

EEC BL) DE2E (ZhE Vi EBL) 25ET 20FFHL» 5, 22T, Gf=H,
GFf=HF LIRETEBHHWCOVT, ZOEEPRBECREED 2 HRERECODVTHARRS, =
dim 6, me=dim 6 8 < &, H B m.<min (n, m2) BFELEL T,

| iy —mz | <20° Vana<(m1— mc) + (ma— me) < mi+ mo

B 2, pF=pf OERICIZ, mc T DDETFTAPEBICEDETVORITTH 5. Bz, ©F
W1IBETN 2 ZEUIEEITIE, 20 Vaa=ma—me £ 5, BRI Vina 25TE T 2 OEEAR
FRizix, 0L ER2REL > TEZIETHESD.

(31) %V{é}—f— (tr G1ﬁ1—lé1ﬁfl+tr ngz_lézﬁz_l—ztr é12ﬁz_1621H1_1)

4. EFIVEEES

EFNVOEEE N=(1,2,..., 0} £33, 2o I{fHoETA~d TIC k& risk % TIC,, TIC,, ...,
TIC, & risk,, risks, ..., risk, &4 %, risk Z/N2WEICHE R b O % risky <riskp < <
riskyy EEL L risk Z2—FB/NELT23ETNVI[1] 2BOU0HT I LN I TOEHNTH 5. KE
I%, Shimodaira (1993b) 1z % - Tk~ 3,

risk B/NDETFNVOEHDH 2 Z L #EZ T, 7*={iEN : risk,=risky} £ B, BHF—5
POBRTIETNVOEEESGRICN LEL. —BRVLVETNVEEZ SN HEEARETE
By DORBERINEL BB X, sEEDIW, Tukey MOLELBKD FEERZIE, B
EAKE o IFRD X S ICEEEINS, Pr{s*Cs}>=1—a (Hochberg and Tamhane (1987)). =
N Eixshc, Gupta FRo subset selection D HFHFEICHEZIE, BEAKBIIIRO LI CEESIND,
& kes* iz D>nT Pr{k€.5}>1—¢a (Gupta and Panchapakesan (1979)). Af& iz 2 0 3@
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D DHELBIZ D WTKRET L7, REBOIGH T risky <riskp 25— EIICWZ 5, ZOR
|lo*|=1%D, LEOZEY OEBEAEOERZIFA Cic 3, ZOHETY, Tukey DEMHE
EEDFNGupta Db D LY KEL R VRFH LD T, ZDEWKRT, Gupta DHFBENL TN S

Wz 3, Lal, risk 2N LT B3FEFADWL D0, 1T L A Erisky ERICERZE>TW
5ZeRBRCEZON, O BHEEEEET S L, HEHNRWET VE bk (GRTH
L7zWiizid Tukey 00D iz b EWRMRH 5,

BEESZEBRT 27018, AR TIRRD & 5 A tEIE 2T R o7, 23, TIC, TIC,, ...,
TIC: 3ZEETHOMICHD L LIz, TRTDETNVOBRER DAV R 318, BHIH
W ZDRERELSEEN B, L, pi=pf &5, TIC:—TIC, BEHLHNC x* OFTEEE TR
2, HEDRHATE, = 0id %3 — BB SRV, pF L BT —I ¥ n iz
U THMEWES, RBVRENES., 2512, EEESDHET ATIC OSMOHERE
RAWb DM, #h2Z0EMEEAKR L., TRNE—BOSEER t-5A2ERSFHCGERLT
LEDZ LY T 2. COXIRERICEY, Bon2EHEESIHERLOTIRR Y, &
QIEF =5 B n hNS EECREESBETH S,

FBEESOHER I DV THRRS, HHIIMNHESR, £3°, & Tu & S: 2RO LI E
=735,

TIC;,—TIC;, _

J V{TIC,—TIC;}’ Si=,max T
c: BEMEERE LT, EHESR2 T =(IEN: S;<c;} LELZ LT 2, EBEKE > OE
o BRODEDCEENS, 57, BRERZ, »EET 5.
o (TICi—l‘iSki)—(TICj—I’iSkj)
Y JV{TIC,—TIC;}

Tukey ZRDBEIE, TRTDIENKEZOWT c;=c LB X,

Tl..:

(4.1) Pr{max max Z,;,éc}:l-—af
ieN Jj*i,jeEN
Gupta JiDHE X, & IEN KDV,
(4.2) Pr{ ‘max Zijéci}zl—a
JEi,JEN

IVEH ¢ 2EHET S, EEBOHE TR, (TIC,—risky, ..., TIC,—risk,) 27 v L 0 D
SEEBIERDMIC LB ST E L TERL, TV T HNVaHER2TR -7, 58T,
V{ATIC} D#eER > CetET 5. RETFTAND P-HiL, Si=c; L8255 aDELE LT
FHEL .

5. EFIHE

T— B L TETNVOBERMOBLZ WHE, TETVEEESIIARE L R HEARD 5. 5%
BARRIC L7035 T, ETVORERBE R BN TBLARNEZDIFWI 2 THRWDIED, E
BROIERTIX, BREOBHIFECEL 225602k, ZOLI XL TEEESHKE
2T LE57BE, EDVSERIOETAVRREINTHEDP2HHNE I ENEEICR 3,
kY, Flk T =% L2 DDEROFFEEEZD, TTVOBEHD 7R %2E 2
BETZEebTEL7E25, ZORDOVEDDFERELT, AETRE [TF7NVHR] con»T
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#2272, AE (1994) bvoTw3ko, REFAVETEFTNVEMIOSE L THRELHE
X, EFNVEROBRTOENRFECEVES,
EFNEIOKMYNSEREERT -0, EF VMO [EH 2B Lc0nEgsk
v, JRICIIERZ RTTREMSS B 508, T I TRETNVEROL O O EH S 2 EBENRD
T, TIC 2> TRO LS CEET D, TT NI LETNV ] OEHEL dy LELR,

dis=VV{TIC,—TIC;}.

INDPEMOANEZH I TORSBOMEL VHES»TH S, Lich-T, 78 [ {HHN
i, 1T —2 )y FEM [AOSEZ > TENO DN d; 2355 CTES, 2
DIEDEDVEDVEDMEF LN ERTHDOELEELLIENTE S,

IDEDCEE LT TVHMNIZ, EOSGHRELNIEGE->TbDICRE, Lizdd->T, Z
O E, [EDHHEH» S Rz JEF VMR EIERZ LT 3, EBCREOOMBAS T, dy
LF— I SHEFE LT dy 2HESI DT, L LN TE 2013, BESH» S BRIk 5,
F7z, [ RCEMEEBICRCE T 2w T, 6 ETOFITIE, ZRITTREEEHWT 2-3 KT
B ELTH#W,

FEE 1 EEHE2 XV, REFEIZWST, duxJJ0F, pH)n TH B, 65T, dy BITERDTE
DZER | THOERETNORESIAEIOEREE BN TE 2, EERX, RBEOM» S Ri-#iK
R DT, dy BRETFNVOMESHE O & A8 5,

EFND [EE] 2 TICTEETZ &, FEEBTHOLHMNE Ty ik, ETVIiN6ET
WiERIEZRCES, JoT, Hirsbhskdic, €710 TIC OERF & PEDIERF
EATLL—E LR w, Lr LRI IN S DEFIZIZIERICICR S ZEBEVWLE S ThH
%,

EFNIEETNORIOHEME| Ty | BWREVIEEEZ DT, | Tyl <c 3RS DHFI
BTERL R BEMEL VLS, Ei}, R (4L 0 Tukey D ELBDOER ¢ ZAHVE &, T
TOEFNVONEEEZFRBICRELTWA I EICR L. B, EFNV i BNEFIV j 2 EDHEEI
ODVNTHEARTH S, IO, BRHSHOEETK-LBHREDOE Y T7 ADEEMELEIICE D
MOZEREZ22ZE, TIC,—TIC;x—D(ps, p)+omn £EF 3, 12770 AmiZETNVDHE
HEDETH . ds=y2D0F, p)n %E 2 2 L, Ty~ —ndy/2+ dmind; LEBPTES, L
TetSoT, | Tyl <c i3 | ndy—vV2om+c? | <c TEMTES, 2B 28 m IZHARTKE WE
i, &5 ndy<2c LMTESZ, &Y, ndy DB c R LTHBBERSTNIE, =D

model space

H4., EFNEMEZ2EETELTIC2EITELE, ZOMOEKEE, 3D2DOTTANHD,
TIC,<KTIC:<TIC:s TH 5. LHL, EFTNV2RETN1IRZIEEISTNDT, Tu>Tn
LirAh, Lied>T, Tukey D P-{Ei3, EFTNIDABETIN2 LDKREL RS,
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DETNVOERIDOHFIBDOL Z bh b

6. % fE Bl

EBEBSTOLEERMEIZ OV TW L D2 ORERE B35, x=(x.) R2HAZEH~RZ b
W, vy ERBERET S, x £y ORSMEE qlx, y)=q(y | x)e(x) LEL. (x,3) D nflD
ML BEEE ((xn), v, ..., (xn), y2) BELBNTVBE ET 3, qlx, v) TR gy |x) D
BOtE 2582 Z L HWNZ DT, dx, v, p)=—logplx, v| ) DR V2 d(x, vy, p)=
—log Ky | x, 8) ZHWS,

BN qlx, v) ODFEERRET 2 £, G*=H* 7y, TIC|Z AIC LRIk 5, Tk
bbb, mEOHBEER2E>72E 700 TIC 13,

TIC=2% > (1+log 27+log %)+ 212 m+2

EWRB, Flr, e¥=y—BF—Bfx— - —Bhan EBLE,
_ [ E{eted) >2
Vier}=1 ( ot 0%
5, R, EFNVINETNL 2EURR Eldfef}=E{e?) 0T,
Vie*}=1— (ot /c5)*
kB,

LITFofi Rz EER T, B1) ik >T V{ATIC} 2#FEL., %7z, Tukey ® P-f#
13, Holm @ sequentially rejective procedure %5@f L T /1% H 177z (Hochberg and
Tambhane (1987), p.56). &€ FNVIFHEE WAL HEEROBZS 2 (1, 2 DX S IcER LT,
Fie, EF VU BT BIERR, nds RV,

6.1 FERNEENT—%

*— ¥ ¥ v+ BABY 134280 ((1979), p.57) &b &ofe. T—F8iE n=15 T, 4 DOHAZE
bbb, TT VORI 4 DORALHEE S HbL RO T RTOMEY 2'=16H%2ZE 2
7z,

5121k Tukey & Gupta O HETEHE L EET VD P-E%R LTz, BE/KE 20% Ti,
Tukey T Gupta TH § DDEFNHBREIEINS, BINETNVIE, HEAZH X, 2&50GE7
NTHB H6HEETNVO AIC & Gupta O P-fE%RR U7z, SiBAEHE Xi 25 8 HDET IV
53, AIC 244/ EL L TWwB I NI db T CEHEA NS, Eid, BREK A, ...,
B D t-3EFEIE, JEIZ, 8.1, —23, 31, =16 THY, Ihhdd X BNBEIRPT VLI LR
bbb,

E7w%?wﬁﬂ%%?.zwﬂmﬁu,%?m%ﬁ%éﬁﬁih%So@%fw@&%
Torgerson (1958) MHRTREBEEEZHA VT IRTICB & L THiWwE, SFFEISEHED
cmdscale BE# % v 7z (2 -48H (1991)), Ch 2 ERMcRT &, K8 DL Sk 5. it,
2R A UIRERZR 9 wRT. &L S §FED hclust BEUE A7z,
N DOEDOEE X Gupta ® P-{ETH 5.

COEFNVHEORTLS bTALEND LI IZ, EBHEHESD S ODDET NI, EHKDIES
KRBATHYS, TEFIVL2, 3,4 BRBAMAERRL CwE EEZ 6N, 2LBEETVOH
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TFERBM2ODL I CHETERETEDLDT, ZOIIX8D2DETLNEESEATHDDIXHA
DZEEVZD, 1L, BEFAEBOBATERED LI R >THuiREWI & XD, 3 DDOFHHEE
] Xo, Xs, Xu DREBEBCEHAT 2 28F1R, HLEALTW3 Z b b, D% DHER
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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.



