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1. BLsic

HETWEBERKREFRNE, 2RBMODROZOREICHL, #1HORBBROEERLRE 2L, B
WHRRTES, FLRBNERTBENCORTAENTLRLIEAVWLNS. KBFZEE, Douke
(1997) %82, 200N BOHEY p BEORETHONL DL LT, TORIGDOHERAS b
VIS p BEERSHIHEI L E, 200FHRI P VOEOBRBERREZEZ .. TOR, KE%
ITHIBRBEIC20DDFHNS VBB TAI LR RELLEERREIRNEBET 20, BEE
RHA2EMEFETRELL. BUBHERREOHEY AV, BEEFI TN T—422T
MU RERAELEREL. FLT, INL200REMKAELTHAVTERVELEFERR L&
FEL#H, BRAREAH, SEEOERKOKEZ SN LELADES2 S22 E0RHAOT b EIT2
MEEMOBEDEZ HBERH L., ILENCESINLBERAREEY, FEKELREBNIOTT
BB B ERE (BEARR) OREFNELRRL, 2 O0RERETE T BEASIC B LEERE 1T 7.

2. BERBEMETRE DA 2RGEHE
2.1. BEERHA 2 RIEHE

WE 2ONME (WLEL WE2) »HY, ELEOHEL p BEORKISTHEHAENS. ZOHERIR
EHRNEABKR K AOKREZTIDDOLE LT, REXTHIEM k(k =1, -+, K) THRONLEWEDES
EEBAEOERY A XL g THY, BR kK ITEBONIERIA Xt ng =kg THE. Bk I
bU%Em@pﬂmﬁ?K7%Wmm@~i2)upmeﬁVﬁN@M#,z)b%7%®ET5
TIT = (i1, a2 -5 i)y B liEHWJ p x p EESBITIE T 5. BFEk m%rong 18

0)% Eﬁﬁ“ﬁg—% mlknk 1+ Tk 142y Tlkng m2k‘nk 1+ L 2 k142" 1 L2kng tyf
5. ZTo =cCri— Ca.k EL-EE, %’Eﬂ[‘%f@ﬁ@ EERAMEL b & IRERRE H() 6;: =0 vs
Hy : 517&0 (z—l 2., K) #1759, vE, T = (10F e+l Tik)/g EBE, T THEBERY

4 Zﬁ%ﬁﬁﬁ%m{:%iﬁ‘ﬂ'%.
SO = (@14 — o) {(Z1 + T2)/9} (@ — Bap)- 2.1)

W, KB Ho o T SO wEbE p 0)7:4_§% SR % i, 7, EBH OF T Sp) 3B
Bop, FEUEE A = 020 (B0 + B2)~Lp O30 4 ZHAT XA iHED .

2.2. BEERFA 1 2 RMEHE

KTk BIEE TOF— 5 2 THD AU BEEAMER 2B 1 2F6EEERALT S = £k, Y
LEET B, u@ﬁﬁﬁ%ﬁﬁ&ﬁmﬁ42§ﬁﬁﬁtﬁ$utLT5 uaﬁﬁsuw4zﬁﬁ$wﬁmmwﬁﬁ
\htes, A8 Ho DTC S BRI gy O A R 32, 1w, 372, 8L Hy OFC S BEHE gr
SELBE Mg i DIELH A T X2 (Ao kWA YO LTI, TTT g = pk, Ao = Sy A1y T2,

2.3. #&Y)R L{ERERRA

cnbn SP 5P FRuTHE LERRAERETS. RVELEBEBRAORECHLT
GiArmltageHE(lQGQ)%ﬂ}ﬁTé NOICEEKE o ERAREER KEED L., VIHEXE

¥ xk(k =1,2,...,K) @ S icovtit 2 4HELT S EowTik X &MV, S =
1—1 Xz, & l-/tﬂ# (S1,-- 3 Sky- .., Sg) WK2WnT

P(Sl>b1):aI)"'3P(Sl Sbl)'”}Sk—-lSbkv-lsSk>bk):a:,)"'s

P(S1 <by,-+,Sk—1 <bk-1,5k > bk) = ok (2.2)
DEEIRYIOEHED L T, BELNLEEK kML o = NK of, T2 H2BAE
(b1, bz, .., b)) EMERBET . T T, BRMEN(E = 1,. K)W?#EG»EQL'CLan-

DeMets?£(1983) TORDT VT 7%’%5&& ar =a-k/KERwa. Jw‘Ba; =g — Qp-1TH
5.

—473—



2. 4 wHAh
ITH 0b LTOZ OREFROMINEEET 5. VIS E&I%"C@ Sy DHEREEBRH f1(u)

i S,El) E2nTH 2 (M) 2RV, SP 1eowTiz x2(he) VD, TIT Mgy RIERL Hy O %
Lo 5P DELETHS. B 1BBTORMY 1] &
mi= [ A (2.3)
THEOND. KT, BEEWE (k=2,3,...,K) TORKIR
ri= [ i) ot - wyduce (2.4

CEEOIB. 7L foor(u) 1 k— 1 BETO Sy OREEERETSHY, ¢(v—u) RS zonTit
X2(ALk) BRIV, Sk)bg’)\/"ﬂiqu(/\zk) THYS, VWE 7Tk*21 (T ETRE, oM T T = 1k
THEZ o2, WELLEILOWTOFEINERT E(ny) = Zk L nempAng(l-Tg-1) THE N5,

3. BRRNT 2EMEECLDIBAERROEAESE

ZORERS A 2 iR SV L BEAMNY A 2 FewEtE SO Ll BERREFRT
DRIIEARBDETIRE BB BB D T ORAEAY Ny — gK DU, 550128 1
FEOBBOERy, HE2EORBROEEL 2HEL, ERETHELERY g CEBEDOEZSZ, VK
LIEBIRA, Bth e R, o Nl 1 — f 523 T g OlEBEL%. H b2 LRk
EEH K, KIEOBEOH p, 0 = (/' (1 + o) "y Off, OREHETR7200/NERER ¢ 238E
T3, FRTAT T HENE ak) = k/K 52, SEEOETKE o = alk) —alk— 1) &k
EL, THIIESOTEERTOZEBOEEERME by, by, ..., bk & (2.2) 2o TEXRRET 5.

(Step 1)

REESE RTE | £ 1 28, SR CRBLERRODME ¢ 2 AN T 5.

(Step 2)

emﬁa&ﬁmﬁfg by, ba, ... b #bEC (2.3), (24) #oT mi® 2% 3.

( ) S DBEWRIELE Ay = gD062 DIELT A 2 TS X2(Are) KBS

(ii) S ,‘f’ DFEEIECE g = g0 82 DILH 4 25T x3(Dak) KIED .

(Step 3)

B n® = 710 4 2@y +mi) REET S,

(Step 4)

(i) w —(1—f)| <eZ%biF, BAERME nmax = gVK £ L, HEERTT .

() 7@ — (1 —B)| > e &oiF, i=i+1 &L, &HT gt 2B, Step2 ~E5.

BIEHBOKR, BIBAROBEDPS b, BERNIY A 2 FeferE SO GBERN 4 2 FwitE

;)lD%%%fé%Ct%ﬁbt.%Kﬁﬁ@?ﬁﬁﬂ@&@ﬁ&ﬁlh%,%@%ﬁﬁ%ﬁ@%:t
ZRL7z.
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Some Multiple Decision Procedures with Elimination

HPERF-HFE FA &
HPRFE-HE FE M

k(>2) BOBER mp,...,m BHDETDH. TROOREMIZONT, IEIE2HE
HREXITROMENSETERINTEE. TNOOMED RN T, Fl2IE Selection
<X Comparison with a control 72 & ORIRRIZRT L TiX, IRE % LEFEIZ 5317 T A& BB THA
LAMCRETE Z2BEFICON TR EZOERBETREL, ZOERDY 7 U 7 D3
Hixsh3 LS Elimination DFEZEAT I I EBBZZ6ND. KBTI, RDLE 572
Bechhofer (1954) @ Indefference~zone approach # % &2 L7z Selection RIS 45
Elimination @ FEIZ DV TH AT,

BEM i =1,k BDREANTA—F v i=1,., kb2 T 5. T A—FDIE
T %

Y SV S S Ve-1) S k)

EEBEL, =1,k BUORERE 1y, i=1,.,k ETDH. TITH, vy 2B
BEH 7y #BRTIMELZEXD. TOLE, FABND 6*(>0) & Pre(1/k1) I
LT,

P(CS) > P* whenever «y € Q(§%) (1.1)

RHZEBEREND. ZIT,y= (15-07) Q@) ={7 9% — M-y 2} &L
Q° (6*) % indifference-zone & K.5. 7z, “CS” X “Correct Selection” &7

Paulson (1964) X RER SN EHR S OHEIZ, RO L 572 Elimination DFE%
t Bz Procedure ZEFE L7-.

EEOERSER m: N(yi,02),i=1,..,kB3H5LTH. EL, T v, i=1,..,k
IIERET, 8 o2 I E T 5. £, Xiy, X, 1 Ny, 02), i =1, .., k WCHMELIZHE
545, HOBEESNIME N (0< A< ) ILHESNT ay ={0?/(6* - \)}log{(k -
1)/(1=P*}, Wy = [ay/A] EEETD. ZZT,[c] idc &0 bhSRBEROELKLTD.
1BMEE L LT, £40BEALL LES20H T U 72T 5. TDL &,

Xj1 < max {Xn,Xgl, ---anl} —ay+ A

WY T E 5 R4EM 7; i3 eliminate LTLED. L, ZTOERBTEIREMD 1A
Folzigd, FOBEMEZRIRTS. TLUANAOEE, 2B BICER, 1 PSR T eliminate
ENENoEBEMMSBRLIES OV 7Y 727720, —f%IC r BB IZRBWY
Ti, r— 1 BB B T eliminate &N o> 2BERND 1B 0% 7Y v 7 &7
W, FD L& ] .
Zst <m9x{ZX,,S} —ay+rA (1.2)
s=1 s=1
IS T3k 5 EM 1, 3 eliminate $5. 72750, (1.2) K817 % max i3 r — 1 BPEH
T eliminate TN o BEMCBELTES. r BEEB TRoZBERN 1B -72%
B, TOBERLERTS. TRLUNOES, r+1 BEBRICED. L, W), BEETI
LA EDOBEMNE > THWHE, Wy + 1 BEEZITR-oT, £D L EITKR-TWR
£ ERINRT 5.
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Hartmann (1988) TiZ, Paulson (1964) OFEATHWLN TV A REXOR DV IC
geometric inequality 38 & O% Jensen’s inequality % b H1 2 Z & T, Procedure DHIZE
END ay % ay = —0? 1og{1 - (P*)l/(’““l)}/(d*—)\) DEIZRODTND. ZDay &
HLHUWH D& T, BRRHAREELTAE TCOERBELBROREE/NS LTI ENTE
% & Hartmann (1988) TiEXH6H T 5.

Tamhane and Bechhofer (1977) i, EHFEHIZIT D Selection FEEIZX L T Elim-
ination D FEFIEALEKRO L > 2 _BEEEREELL.

1BMEAELT, §«0BEM m, i = 1,...,k b ny BOWEEROY 7Y 7
XD, 0= 1,0k, 5= 1y 2070, AP XY = 50 XD/, i= 1,0,k %
%’1’%’?5 Y&]) = maxj<i<k YEI) & E%v’;—é FDE %,

1={i| X" > X - 1} (1.3)

IR &2V RHEMIT eliminate LTLE S, L, TOERBTIECBER LMVEL R
MoTeFa, TOBEAZRIRT 2. ENLUSADHEL, 2 BB ICED. 2BEBE L L
T, 1 B¥PE B T eliminate SN2 FEMD O ny HOBIMERDOY 7Y v 7 Xi(f),
i€l j=1,..,n0 ZIFRD. m, 0 € [ IZOWTHHER L BIMERZ SR T

ni n2
%o (S ) s oo cex
g=1 j=1

%_ﬂ‘ﬁ L/, maxiefjfi @6%@%%%{3‘_5

Paulson (1967) 13, &+« ORBEM m; (i = 1,...,k) VENLENRMZKRI T DHEE ;,
i=1,..,k ZboTNDLE, vy ZBIRT DRI LT, RO & 72 Procedure 1%
ELTW5.

HOEEINZE XN (1 < A < (1+6)/(1-6%) & EOEHK JIzbEI0T
ay = J{0*(A2 = 1) = (A = 1)2}/(M\log)) LEEL, a = (1 - PY)/(k-1), Wy =
[((—loga)/{arlogA}] & T 2. 1EBEL LT, £4DBEM m,i=1,..,k 25 1[ED
DORIT X, 1 =1,k ZITRD. 0L, RIOEEE Sij,i=1,..,k 7=1,..,
FROEE Fij,i=1,..,k j=1,.. £ LItL &

Sii—Fi < lrélja%{k {Sjl - Fj1} +loga/log A + ay

WWETIEE 2B%EM 1 13X eliminate L TLE 5. TORITIFMNNIC, r BFEEIZRBWT
X r — 1 BRFEE T eliminate SN2V T2 BEMANDL 1EASOOY 7Y 72T,
TDLE

Z(Siﬁ — Fip) < max { Z(Suﬁ - Fuﬁ)} + log o/ log A + ray (1.4)
B=1 B=1

(2 TidE 28B4EM m 1 eliminate 5. 72720, (5.1) 12815 max 1dr—1 BEE T
eliminate SNV -7=BEMIBELTEL 5. r EEE TR EBEMN 1 @BE 254,
FOREMEZRIRT 2. ENLUSNDOHEE, r+ 1 BEHBICET. L L, W, BEFET1I@ELL
EOBEFNESTORRE, Wi +1 BEEBZ{T2-T, 20 L iz T2 (S5 — Fip)
VDERRXOBEH m, 22RIRT 5.
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ZERDiGEDBhattacharyya®l! FROERICDWT
WK - % Mg —

1. BUBIC  FEBERDGE, RABBOBEONRHEEDSTEITATRYSEL AL L
T, Cramér-RaoDEHRAFEXNH Y, 261, ZOFREX+HF{L L 22Bhattacharyya®
BHRALEXDH Y Lo 5N TWvWA, Cramér-Rao DBEHRAZER DO TFTROEREIZO W
Tit, Wijsman (1976)%°Joshi(1976)%'% 5. —7%, Cramér-Rao DIEFHRAER 2 BRHEE
DA IR L 72 Wolfowitz D E A E X (Wolfowitz (1947)) 8L C SN TV 325, T0
BEEDTREERTAZLRFEIIINTHYIILALOBEILERATRETHLZ L
b b oTE7:(Ghosh (1987)%). TOZ LEFERBRDFEEIIE, BEHSAEDO T TS
COBEIERTRETHSL Z EICHNTHEELRERD LI ICEDNE. —F, BREEICBIT
% BhattacharyyaDEHRAFRICE T 875813 Seth (1949)05% 575, £ ZTHZ SN TR
BEAREER DL >TwAh. fkiltAkahira (1995)IC& ), BREEBICBVWTRAFZEL
P2 EIHEE ST RS T A WY % BhattacharyyaBlO TR E, 20O TR % #EAICER T
EBRMERHTNAREN, TOZ LR, FERTOREIBITIHREL N LBVERZERT
EHLEV)BRTEZRIHS. 372, Koike (19971250, BREEDH A Zexact R ER T
MO BhattacharyyaBlO FTRA5 2 b, BRTHERMEIIOWTEELTWE, I T3,
REY MRS = BREHE b OREESHF L L, TROBRIOVWTEZ S,

2. Bhattacharyya® 7&K X, X,,.. ZEWIIICWTNS (o- BRI LB % )55 RRT
Bf (z, 0) WD MRS L § 5. BL, O3FEFHETS, ZITf (2, 0)CHLT, OCRALTOELNE
REHOLIETH B &\ o L EBEREIE L TR b 0L 5. B, 60, 1) = log f(z, 6),
00)(0, 1) = (8% /80%)0(0, ) (k =1,2)kTB L&, I(6) := Ey [{e(l)<9,x>}2], J(8) =
Eo [(V(0, X)) (6, X)], K(6) = Eg [{eﬂ)(e,_X)}g], L(f) = Eg [{z<l>(e,X)}4],
M() := E, [{2(2)(0,X)}2] _I%(6), N(8):= Eg[{eﬂ)(e,X)}zz(Z)(e,X)] FI2(0) &+
5. ¥, n=1,2,...2% L’CX(TL) = (Xl,... , Xn)EEDT.

ZITrR, E(3) < ook % AEILRIL L7z & &, BhattacharyyaBlDE#HARERK % LA
BERERIC B DA IR LKOEE 85,
T1(Koike (1997)). g(0)% © L C2OMMA TR MY, T,%g(0)D(ERIA&LE% 7)) R
WERETS. COLE, T,008Varg (T,) KoV TRORERIH Y L.

Varg () = (9'(8),9"(0)) V™" (4'(6), 6" (6))'

L, V=V(0) = {Vi(@)} @ x2F5) & L, Vi1(8) = E(r)I(6), Vi2(8) = Var(6) =
E(m){J(0)+ K@)} +2I0)E {T > _, (0, Xy)}, Vaz(0) = E(7){—3I%(8) + L(6) +
M(0) +2N(6)} —2E(r)I?(0) + 4B {r > _, 18, X,.)} {J(6) + K(6)}

n=1

+4E [T {Zgzlﬂn(e,xn)}z] I(6) EL, [V]|#£0k¥ 5. (GEHE)
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AR, EHIOKNLHELLT, EITr=nk kb L& %E2 5L, VORSE

V11(8) = nI(6), Vi2(0) = Va1(6) = n(J(9) + K(0)),

Vaa(0) = n{—31%(8) + L(6) + M(8) + 2N(8)} + 2n*I*(9)
Ehh, TOLE, LOVERWTESHAE TRIZ, EEGEEROBHED & &)DBhattacharyyaf!
DOTFFIZE L { %25 (Zacks (1971)).

3. Bhattacharyya®d FRMER {Pp}%(Q, F)LoMRSMmEE T A, 727210 € © C RlE
5. X1, Xo,... %, BV (Q, F) EOBREEIN & § 5. X DTz
ME(X,B,u) e+ 5. 72751, X C RIC, BRAOBorellat, uk(X,B)Lno-A IR
E¥ 5.

X1, Xz, .. %, HVIZHIZIZWEN G RRITO BB E b OREEIDAIRICHE ) BEREH
FleTh. Tabb, TOHEHN

dPX
(@) =ewm(or ), TeX, 0O

EFB. L, Pp(X: eR' = X) =0, 013 [, edu(z) < ook BHEADKERE, 7,130+
DEBMEEKELT5. ZITE, 00EKEBHgO)DHEEMELEX 5.

ROEREHZRET 5.
(i) g(6) 12O L CORMA TS TR VIDMETH 3.
(i) &0 € ©IZDWTELAITIZ Fp(73) < co %7z
(it) #EEFTA(T, T7) B ()P REZEF R TV (T,) < cokiflizz¥

DL E, Eﬂlehattacharyya*F“Tﬁﬂ)V&i Vit = v E(r), Viag = Vo1 =

g E(T) + 2} E{T D0, X0)} Voo = " E(T) — 2(v))2E(T?)
B {r ST 4 . X,) )} + 4y E{T (zn L E0(0,X,))°} TH2 515, Koike
(1997) & b, _OD“F%@J?_EJZ@M?‘H}%#L;P, EEOn > LxtL, {r=n}cBVTIEEA
ARV AR A
Tn(x(n)) =a6(Sn(xX(n)) — nvg) + bo{—n75 + (Sn(x(n)) — 779)*} + g(6)

ERBIETHL. 12721, Xmy = (@1, -, %n), Sn(Xm)) = gz &5, 22T
by = 0L % BHAEYEXD. UTTR, EEBE L THREOERELR, T4bb{EE
Dm ENIZDWVTP(r=m) <1P®RHID2LTH.
EHE2. 7%, I={n1,ns,..} (1 <n1 <ne < - ) TOREDHERY &L BEILBIET 5.
BLRIERIGHEDOTT, BEIOTHRE20 =0y € OTERL, by, = 0L 2 572DDPE+S
FfFix, FILRAIY T =inf{nel : 37  Xi=a+0n} (oBldb&t%HTER,
BHEEM I g(0) = A+ Ba(yy — 8)7, #EENT, = A+ Br ae. Py (")TH5.
(FEHARE)
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HETHIEERIZ B TS5 MLE & Bayes i&

BRI AR AARER—HD

HEHIERI BN T, BE X = (Xo, X1,..., Xm) OUES D, TERRE ZDHDTIX
72K T, BRZREHYD reparametrization &2 > TWREADH %, FFEIE. DL D RFHIT.
MLE ¥ Bayes ¥IZ L2 HEE S ERBM LIz, BHOHIMLOED X = (Xo, X1,y Xm)~
Multinomial(n,¢), ¢ = (€0sCtsenCn)y SomoG =1L IKT & & P G = ¢:(0), 6 =
(60,01,.,0x), Yk 6:; =1 LEERINTWT, 0= (0o,01,...,00) DHEE LI=WNREIS
A—F —DHBEEEITEE L.

0. ZHEAHFOBHE. BRBEDTT §) =z/n b improper prior dr(f) = df/[6(1 — 0))]
IZXt4 % generalized Bayes #EEBE TH D LIXR<HShTW3,

LB FEM X = (Xo, X1, -, Xk )~Multinomial (N, 09,0y, ..., 0) OHEDH. ZHAH
DEFE L E LRET 6; © MLE §;(z) = z:/N BPEFRE L(60,6) = Tr_, (6: — 6:(x))? DT T
HAMELTECEZLSICBI 22 LRV, T3 E0DRN,

Property dn(0) = df;d0;---df/000,---0x LEDD. X=(Xo,Xy,..., Xp)~Multi —
nomial(N, 8o, 0y, ...,0c) IT. EROHEER d(x) 25 LT, generalized Bayes risk «(6, drr) &
“+00 tﬁ%}o

ZIT, Alam 51k, RO EDREZFERUE. k=2 OFAE. §; =z:/N OFEMERTOD
W x,z1,22 2 1 DFEL. T3 TRWERIAT. fiEOHE. & =z;/N {& impropr prior
dn(8) =AY 2 (risk HIROD) generalized Bayes #E &, HEDBEAEROME EITI LS
YDTH 2. TODEIIZLT Alam iE, & =z;/N OFAMERL. BWT. —ROBERE k
\ZB89 % induction CHEBA L7z, &KEIE. TOXSRERD S, ¢:(0) OFD* identical Thawn
BEOEREEZFRLIIIT I,

1. m=k, ¢;(0) =0; T. BEERICHKOZWEE. 6; D MLE & z;/n.  z;/n D 6; ®
SEHNHERTH I LIEEH SR LAONTWS,

2. ¢i(0) OREDNEA DEDPBEHEICR D L. MLE 2XD20DREICRDZLHH %,

3. JEFBMNAZMLE MLE &, 43T UHFANEEBLRW., ZHEHAHFOHEE. (3 WL
D) BRTERA/FEICROINZ L IRIAY A VREFEL TRV, ZEHAGFEEXSES
ACRBUCHIRD S 23H4. HEIBAT T MLEDSEHFBSNERBZILDH B, RLiE =
HAHRTREODP 0<0<afBLO<a<liHBENATWRIES. Ourr 2ERT 2T
BEHR T2 LIEEETH 2, L LS, Brown KL 2%MEEEERAWD L (U7
WA X nhdh 2BEREVSS) BFRIBKT T MLE OFFFAMIRE 2, BiZ, & =9:(0)
ENSA—F —FBMXNTNBIBA. (0o,01,.-,0,) ik TRPT £, REUCHRD R 2,
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KIS >FMNH b, ZoficX b MLEBIEFENLRZ2 I DD %,

4. Bayes hIFZHAN MLE K LTIk, MLE 28# L. D DHFEKRHEEEIT replace §
BZTEDEFE LWL, LHLEHS, Example 2.1 IBWVWT, MLE 28873 2 EEEZR DT 5
N DD. FOHEBEMIIOWTIEHFARLN TRV, (EWS kb, EHEORATIE, FEHE
ERTFEENR DD 5720) Example 3.2, Example 3.3 IZZE > Tik. MLE 2 #H T 2#E &
PHHRNICEI 2L TETVWRN, TMLE 28835, ZLICEEDRD, FENHER
2T, Bayes k. Folb B HEHHTREEZRDDHFEDOVEDES S, Bayes ikid, &
FEEDBRELRbNBD, ¢:(0) = ¢:(60,01,-.,0k) D5 00,04, ...,0x DFHAXTEDPN TS
Bb. (0o,61,-..,6x) ~ Dirichret(ag, ay, ..., ax) I BE. BRBIEHETE 2,

5. limit Bayes i, generalized Bayes ik Bayes {iZ&iL. BANHOREELRT 5. B
IR DN PREBADRL UL D LA 2725, limit Bayes, $72b5, LEOEHA.
HA[S Dirichlet(ag,ay,...,a5) B ANT Bayes 2 FHEE. ao,01,...,0:. >0 &TDHIL
DEIX SN D, FEBKIC. improper prior dw(8) = db; - - - db,, /006y - - - 0 BT generalized
Bayes #ZEDEX 5N 3,

BERKLT CORETIE. ¢:(0) =0; DIFA. 6; ® MLE i& LFRIC L2 limit Bayes, gener-
alized Bayes & —H 9§ %, LD L. ¢:(0) 2 0; OFHADHFE. —HT D LIRSV, ThE
Z A, limit Bayes DEELRZVWC L O HHEB L, ;> 1 forall i TdH>TH generalized
Bayes MIFE LRV L 3 H B0

6. stepwise Bayesian procedure [Z4& % justification limit Bayes DS7EZE L72 V),
z; > 1 bfor all 1 TH>Td generalized Bayes DIFE LW T LIRFWIT DWW T, stepwise
Bayesian procedure {Z X% justification 1757z,

7. BEOEIREIHATINS EED limit Bayes, generalized Bayes, stepwise Bayes H
FEREDT T, BEDFHIREN TS L &D limit Bayes, generalized Bayes, stepwise Bayes
EERLUI=,

8. stepwise Bayes #E&E & MLE OB DWW T, ( Dallel, 1988, Biometrics ) @
Example #E 8L, CO—8WMe2—RKLLT. XROEREE:.

B8 X = (Xo,X1,---Xk) ~ Multinonial(n,() \=T ¢ @ reparametrization &, r D
HWIALRNT A —H =T MV 01,0,,...,6, THEIZLNTWELT S, CZTH 6; & 6; =
(65,0,03,1, - 65,5, 085 =1, 0:520 2% To & G D 010,011, 01,6,,020,02,1,

ey 02,03y 00y 070, 0r15 oo, Or . DRERTRDEINTVERSE. (61,602,-,6,) ® MLE ik H
FIRET CEH AR

—480—



Multiple Comparisons with Components of a Linear Function of Mean Vectors

HEK - ET - 2 RRF —HE
FEA - BT - B BE LK
K - HF g

k BOMI72 p (> 2) REERBER m: Ny(u, ), i =1,k Xbd LT3, HllD
HENZIS U CEDDNDRE b (1 = 1,.,k) ZHOBHEK ¢ = 5 by, ZEHEL, ¢
DIRGT (€1, &p) AT ZEBLEX 2, SEHBIEL LT, Tukey (1953) ® MCA
(all pairwise multiple comparisons). Hsu (1984) ® MCB (multiple comparisons with the
best). Dunnett (1955) ¢ MCC (multiple comparisons with a control) ® 3 2% # 5, &
v MHRKES n; D HEEVE B IEAR Xil’-")Xin,l- ZHHLT Yin; = E;;lXij/ni BEE L,
Yo=Y5 b Xin, EET S, 22T n=(ny,.,m) Thd, TOLE, (&,..6) &
Yo= (Yin, -, Ypn) THET 5, KHIE 2d (>0) 2ETILE, 3HO0LEREL. *
NENKROERDORIFHEHERE A2 525,

(MCA) Ra={(€RP: & —& € (Yon—Yip)2d, 1 <7 <5< p).

(MCB) R, ={£€ RP:¢& — maxgyr & € £(Vpy — maxXsz, Yen +d)F, r=1,..,p}.
7272 L. +zt = max{0,z}, —z~ = min{0,z} &7 3,

(MCC) Ro={€€RP:& —& € (Yrn—Ypm)£d, r=1,..,p—1}.
AWE T, ZELBOKEIES EEREE L DICEELT, 52503 d(>0) & ac (0,1)
WZxt LT

P(E€Ry)21-a for Y(u,%i), i=1,..,k (1)

2% Ry, DBEZXEN LTS,

k=1TX =0, D&%, Hsu(1989) 1% R, DHERICHLDERBOKNE S2HH L.
KHD o % djo DB TEATESRTHEML TS, Hochberg (1974) ZIEATHIT, 3t
S3HATSEI 3y = (0(;yrs) #* spherical model D& &, FT42bH, 045 = 2pir +72 (r =) or
Oir F@is (r#s). bLITFNEMERRERAL LT,

O(iyrr + O(iyss — 20(iyrs =277 (1 <r<s<p) (2)

ROEEF L OLE, FEMBEIIBO TRV HEE2ETHIZ N0 D, kEOBERD
SABITINC (2) ZRET B &, RO 3 >OSEWEEICH LTER (1) #BET 5. Ra
DEEITRDOFIRIZHE), & i M b HIHIEAR Xij = (Xijl,...,Xijp)a j=1,..,m (Z 2) &
L, BREv=(p-1)(m-1) b 72 OHEE

SF=Y">"(Xijp - Xij. — Xir + Xi.)? /v (3)

EEET D, TIT Xy = Y0 Xijr/py Xir = Loy Xige/m, X = L0y Tje1 Xijr/ (pm)
Thd, & m BT D ZEBEREETOELRRY.

2 hls szlbls} +1} 4)
dz g’ — I~

N; = max {m,
J

TEHET D, (4) KHE-T, & m TN —m BAOBMEAZME L. IHERL SDET
YiNi = Zjvzll Xij/Ni %%‘%ﬁ?‘éo %0)&:3\ N = (Nl, ...,Nk) BT YN = Zle biXiN;
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EFETH, EFRO (MCA), (MCB). (MCC)Z YN = (VIN, .- YpN) ZRATDHZ & T,
TR (1) 27 T RREEEKM Ry 285, B, (4) ROF D ¢ {13, Takada and Aoshima
(1997) L FEFEOERICL VB ONIFEN TR TN ETNOZERBIEZ LI Z i L-
TEDDEF B, RESNB t{i# t =1, (MCA), t = £, (MCB), ¢ = to (MCC) CHEEHE
ty < te <ty ZRBDIEFMKIL, BR (1) 2R 772Dl MNEL 2 5FAKIZ MCB < MCC <
MCA 2 2BESH B Z Mo b, LROFEAIZH VT, MCB M@EF O indifference-zone
selection & subset selection P F % B L TV D Z &IZEET D, Spherical model (2)
PRI A L LT, B = 02{(1 — p)I, +p:;J} 725 intraclass correlation model % &1z,
FOEKRT, EO (MCB) OfERIZ, k=2 L LT X, 1 =1,2 % intraclass correlation
model (ZFRETHIE, (&,...,&) (ZB8T 2 indifference—zone selection & Z DRED H & T
Ho7z BR (1999) KL BHRE—BT B,

FRETIHELIE, QOERELZIZITLEEED X, i =1,k I LTH EK (1) 27
72 Rp DHEEREZD, TOBAE, p=2 1l W TR EROHETERY TWADT, p>3
WZDOWTHR) 2225, & m b m (>p) BOPMHEAZHBEHL, BHEv=m-10

S; = i (Xij - X—im) (Xij - Yz'm)//l/ (5)

Jj=1

EHET D, S ORKEFHE 4 12ESNT, & m ICRBIT 2 ZEREETOEAREEZ, (4) I

¥z T
2 k
u
Ni = max {m, [@lbilx/liglbjlv% +1} (6)

TEET D, TNENOLELBIEIINT 5 w EOFHEIZOWTIE, MCA, MCC (25t L T

Sidak DA, MCB (ZxF L Tit Slepian DA%ER%E £ £+ AV, Aoshima, Takada and

Srivastava (2000) DFELAVWTHEONIBELHFEADHL LTEHEX D, & HIZ MCA (I

VWNTEE, Tukey (1953) conjecture & DBHED 6, 15, 2% spherical model ? & Z FBHEF A

Tf‘&’i’ ED] EVWOTFROTTEARLHEROBENOHRT DI LAHKS, ZHid. (a)
=3, (b) HDEDERK a;’s 12 LT (Yin — Yon, ..., Yp—1n — Ypn) PHGBATI C = (¢y)

(D)*(‘Tﬁﬁi B e =ar+tas (1<r<s<p) LREDHLE, CDZOODi'E'AL_’Db\’C’J nk

HBELWIENERXD, —RO kI LTI, REERY T2 —va VERICKLY FEO

BENb LEEZRAELT,

BE R

Aoshima, M. Takada, Y and Srivastava, M. S. (2000): J. Statist. Plan. Inference , in press.

Dunnett, C. W. (1955). J. Amer. Statist. Assoc.,50, 1096-1121.

Hochberg, Y. (1974): Amer. Statist.,28, 137-138.

Hsu, J. C. (1984): Ann. Math. Statist..12, 1136-1144.

Hsu, J. C. (1989): Comp. Statist. & Deta Anal.,7, 79-91.

BR (1999): % 67F B AR FSHEEBESE, 246-247.

BB - LI - FUB (2000): 5 68 B A A FSHEMEE, 353-354.

R - BB - FIE (2000): B 68 E A A FHREEE, 353-354.

Takada, Y. and Aoshima, M. (1997). Seq. Anal., 16, 353-362

Tukey, J. W. (1953): The Probrem of Multiple Comparisons. Mineographed monograph.
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Hypergeometric Systems, Weyl Algebra, Creation
Operator, and Sequential Conditional Inference of
Contingency Tables

Toshio Sakata Kyushu Institute of Design
Ryuichi Sawae Okayama Science University

Sequential tests have been used frequently in medical statistics because in this
field it is very important to obtain a test result as early as possible. If a dose
is not useful the experimental test must be stopped as soon as possible. On the
other hand the tests of contingency tables, especially the conditional test with
fixed marginals, have also been used frequently in the field because the level or
the effect of a dose is usually clasified nominally. However the sequential test of
contingency tables seems to have not seen in the literature. We propose a new
theory of the sequential conditional test for two-way contingency tables. As far
as we know, this may be the first attempt of such study. Our work is based on
a deep theory of the hypergeometric A-systems of partial differential equations.
The system of the partial differential equations is solved by using the theory of
the Weyl algebra of partial differential operator, the annihilation operators and
their inverse operators, called a creation operator. These were investigated in the
studies of Oaku[2], Saito, Strumfels and Takayama[3], Sasaki[7] and so on. Also it
was studied in the proof of the identities about hypergeometric functions. These
treated the problem from purely mathematical viewpoints. The only exception
is the paper of Saito,Strumfels and Takayama(3], dealing with an application to
the integer programming. Their paper gave us a strong motivation. The creation
operator of the Weyl algebra of differential operators is the key of our study.
It is, in general, calculated by using Groebner basis on the non-commutative
Weyl algebra. However, for the case of two-way contingency tables it is given
in the explicit form by Sasaki[7]. We use his expression in this paper. On the
other hand Groebner basis of the toric ideal of polynomial functions was used to
generate the Metropolis walk on the contingency tables with fixed marginals by
Diaconis and Strumfels[1]. In the litarature it is well-known now that MCMC
theory works well for obtaining the p value of a contingency table(for example see
Sakata,Nomakuchi and Hayashi[4],Sakata and Sawae[5], Sakata and Yanagawa|6],
and Sawae, Sakata and Asagoe[8]). However the p-value obtained by MCMC is
an approximation. In stead our procedure can calculate the exact p-value both for
the sequential test and non-sequential tests. It is noted that from the viewpoint
of calculation time our proposed sequential test mainly works well for the case of
sparse data, that is , the case of small marginals. The whole theory is founded
on our following finding.

[Finding] Let’s assume that we have a contingency table with the row sum
vector 7 and the column sum vector ¢. Then we can calculate the function
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®(z|r,c) characterizing the set £2(r,¢), of all contingency tables with the same
marginals with the sample data. If we get an added sample at the (%,j) cell
then apply the creation operator C;; to the function ®(z|r,c). Then we get the
new function ®(z|r + e;,c + e;), which is the function ® corresponding to the
set of all the contingency tables, (r + e;, ¢ + e;). This is the set of contingency
tables for the conditional test of the next stage with the added sample. Thus,
we can obtain the set of contingency tables with the same marginals with the
sample data at each step by applying a creation operator depending on each
added sample. Thus we can perform the sequential conditional test. In this talk
the link of mathematics and statistics was made clear and also some simulation
results of the performance of the sequential test was shown for the 2 x 4 tables.
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FEXTPHRBIE D T TOERTIERA DI D BIRIEE
KRR Lot BB &K

L L ®IZ
pX 1IN Bz - A pIRITIER DT N (1, 8) O DEERE TS, ¥
DEEE LT
L p p
T=o?|” = (04)
P

ERET D, TDEE, o= (fu1, -, pp) DHEEDNoss & LTREEZX D,
Ud, 1) = Z{exp (di — ) — (di — ) — 1}

TelZl, d = (dy, -, dp) VIuDWEETHD, p= 1D L &, TDloss i linex

loss function &FEEINTUND, ZDloss ILIERATH Y, ZRITDEFEE . &

i, 2‘1 (d — )2 ENEZ HND, LL, LD ed, p) % Taylor B
P

FHRCED S (e b 2B T (d— ) &2 SRR
=1

@b%?ﬁ@wu::TM@%@%E%d%@ATE%MQ5w&&éi5

RnEROZ, 2720, widBEMAREOHTH D,

2. HEE

pOREERE LT, 5y = (T, -, Tny) BEZ D, 7;7’;“1, L, =n"'"

2

DL BT, p) = p{exp(g =1} <w £V, no = - 71711/ A =po?a=
2plog(1+ %) Thd, FOHEREL LT, 62 = gtr‘? LD, TCIZL. S
L S (@i = 20) (2 = 2a). 0 HERETHD IS, S

i=1

n—1

trS,

a

TREDZD, 72120, miZBEAREDER THD, T X Vpukzy THE
ER-AE

N = inf{n > m)|

pnDHETE %kbf bp = Tp — Ml—( W EEBEZXD L, B, p) =

p{exp(~ —b) +o—1} FFlZ, b= ——3:'9“5 CZE D, 2B BT,

6= 50— L1 THASND, 22T, pORERE LT, by = £y — 2oV
2n 2Np

2
THET B, 6,5 BV ZBE, BU(6,, p) = %‘% <wky

trSy,

2w

}

N*=inf{ln>m| n>
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THEARE D Ty Tua#ET 5, mIFBEMRZIERTHD,

3.Risk {22V C )

XTI ED3ODHEFERT Y, by, dn IZKTT D FNFNDrisk & Ry, Ry, Ry
BEETS, TR w—0DEE, BERELTKRESD

2
Ry =w-+ g/—t—z—(% —p*) + o(w?)
2w? ot ., M
R, :w+%—(y-p _21;)+0(1[)2)
2 2
R ;\LQ) L)+ ow?)

N . AQ + 7- <01 N +
iEL, pt = ZE (Sp ) E(SK) = BEQuxpp-1)+Aex i —22k) 7.2
o@xnimﬁw;m Y= MU+ AV EBL, REL, U, VIR T,
TNENBHE (- 1), 1025 HATHD, 727700 A = 21 —p), =

1+ pp—1),) = E(y), »Var( ) THDe ReWE/NERY, Ry = Ry
7260 :hJ: ‘OsNﬁs\%ﬁk fcﬁé fﬁk R1,R2,R&Z)§’LUHTT§)5 i))é: 973)3
i, EOFERND TIIRETH DD, BEERNIAFZO L D IZBbind,
4. Bl loss

Z ZTiIRIDloss & LT,

r
d,u Zd—-u I{d<#}+bZd—'LL ]{41\,.,_‘}
i=1 =1

72720, a,bidknown RIEETH Y a £ b, pOWETFREET D EL BT, 1) =

éﬁ <wkFB, FEL. A= 1(a+b) B> TR,

— 1nf{’n > TTL[ n > ZAU"trSn}

B, LEERIULEZIZEY

w? 272
A)\z( A
ZE 0k

Chow,Y.S. and Yu,K.F.(1981). The performance of a sequential procedure
for the estimate of the mean. Ann. Statist. 9, 184-188.

El(Zn,p) =w+ —p*) + o(w?)

Chattopadhyay,S.(1998). Sequential estimation of normal mean under asym-
metric loss function with a shrinkage stopping rule. Metrika, 48, 53-59.

Woodroofe, M.(1982). Nonlinear renewal theory in sequential analysis. Soc.
Indust. and Applied Math.
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LINEX $8EBE# D & TOEHST DL DB RHERE
kKT H N

X1, Xa, - ZEWCHI CIESAE Ny, 02) KRS HEREEEI L L. p OFER
HEEEX D, HEIC L2 E%EE LINEX 8585

L(d, p) = exp(a(d — p)) —a(d—p) — 1

(@#0) L L. 1HY TN hDIXMEc(>0) T3, &L o2 NEMTHS
o, AN, HER

= 0.(7'2

Jn:Xn‘_‘—
2n
ZRWZLED) A7

Rn = Ep{L(6n,p)+cn}

ao? 4
= cn.
2n

a’o?

DAV En=n.= o D EmMNERD, FO®RN) XTIE Ry, = 2en,

2:72%)0 l_/i))l_/O'Z bs*iﬂ"é&%@‘t“\ *g;d:&nc\ jﬁiﬁ&lc ‘ifﬁ‘/‘%kttbsf“%
BV ZOEDPE, ROZBFTHELADNTRERENS, Stopping time 2

T, =inf {n > m;n > bl,6,}

L. pu%
, a&%c

on. = Xr. ~ 5
c

2
THET D, TIT. mIZWHIEAK. b= \/g—; {€} 13, ROFEHKEH=TE
el
£n=1+-1~£0+o(l) as n — 00,
k3 n
52 = LS (X; — Xp)2 TOFRRBEEAROY RV

Rr. = Eg {L(STC,/;) +cTc}
&izbh, VIV MIRr — R, CTEHRIND, COLERDERP TSNS,

EE 1 m>7R5E
Rr. — R,

€
c

+o(l) asc—0.

[T
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KIZ Stopping time (& T, TH 2, p OHEEEARTE X, TF >R WHE
HRCDWTERLLS, ZOVR2E Ry LT28T 5L,

EHE 2 m>47R51F,

RT.: — R, . ao? 1
- == +§+o(1) as ¢ — 0.
INHDI D5, purely sequential stopping time DIBFE T, FEALR L
LINEX Bk D L ¢, #HEHICIEHFENTH B Libdd,
RIT, Hall (1983) H5$2%E L 7= accelerated stopping time DFEEE X 5, &
DL BRRIIAE AR 2R D stopping time £ T 5o

Ny = inf {n > m;n > pbé,}.

1L 0<p<lo HMIHHUAER Xq,..., XN KDL DNT, 2ELH M, 2R
DODADPSESD D,
N2=[b5'N1+I$]+1,

Mc = ma.x(Nl,Ng)‘
TIT. k20, [uiZuZBBIRNEROEL, &HOEFEARA M, — N B—#ELT
AL (OSwFTEB) u % by, THET S, COFWHEARD ) XV,
Ry, = Ep {L(ngI‘) +0Mc}-
FEE 3 m>7=R56E

Mz_l_.{_o(l) asc__)o_
C 2p

WU Stopping time (& M, THB D, u OHEE X p, TITOERHEEARICD
WTEBLED. OV RIE Ry £T5 &,

BE 4 m>4R5E,

5 2
RMccRﬂcza:2+~21;+o(l) as¢c— 0.

ThoDZ ¥H 5, accelerated stopping time DFETH ., FZEXELL, LI
JEHBNTH DI LDBDD S,
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TERRERAN T L B A RO
HEKE HER BB B

X1,X2,... % pRJC iid BEHEENT MVOFIET S, E(X)=p, Cov(X) =X (> o)
EL. S5 8BRODE—AVIMNETHFEXRET S, HAlaN/c Xy,...,X, TEHEZQ
5X,=Yt XinkbER, p KBATAEACBINKEZSDOHMEHET S, TAEX
NIKREIOHR ] i3, FEARICODVWTR. EXAohb a(0<a<l) & d(>0)iC
XU T
(I) HBNKREOHE

P("" € Rn) Z l-a

A R,={weR: || X,-w|?<d} &L,
(I) REIHEHEE DS
P(peR,)=1-a

BARKEBRW2dUTD R, 2&F, 72U || X[P=X'X ThB, SHEEITONTE.
L= X, —pl)? LEETIEE,. EXOhZ W (G0 kLT

() E(L.) < W

%5 Xn %287,

BEASHVIZEBRERIGO L &, (D-(I) O Healy (1956) i2& > TEZX ST,
(II) Df#IE Kubokawa (1990) Ik » TEA SNz, oHERWLT NG Stein (1945) O Bk
HAEZEBICIRET A& T HADEREER L TW5, BFE, Healy D5 72 (1) O
EAROER THEAMIIHB EIN S Z £, Aoshima (2000) Ik » TEHEHE NI, Aoshima
B ol B anic (1) O 2 ROEEFIHENKD LD & LU, Kubokawa 215
A1) OB H 2ROEEBIEIR DI DI EATHL TS, BEMNEHED B & &,
EABTIBEOVCREE > TOWTHRBDOTWBEEERZ G DS S T, Aoshima, Takada
and Srivastava (2000) Z (I) iZx{ 9 % f##% . Aoshima and Takada (2000) {3 (II) =4 5%
. EWEN_BREETEZTH 3,

ARE T, 27 EHEOSEEERBERMDOEH A Aoshima, Takada and Srivastava
(2000) & Aoshima and Takada (2000) 285 % 7= (I)-(II) DL, 2 ROEFEFHICES C
EEIHT S, oI, BEASHIVZERFEERSHTHIHAIT. (1) EREODET
BEINICZREHINO 3R -ARDF 2 L5 M THHEBHEZERIICHEN. (2) JE
ERHICH U TTBREECEYNBEEREZ 5, U, ZREMHAOIEEREICHT 5 R
HOMEE. K. —EBOFEOV I a V-V a VERICE B EZAIEE - T,

FEHASHFED S ET. FIATE—BEFICHT S (1) K20 T ZREHAEZUTOLD
IKEZ B, (LI, BB - 3K (2000) #BBOZ &, ) FHADER L LTKREE m (> p)
D X1y, Xom ZHIE L.

Sm =(m—1)"1 i(xi - Xm)(Xi = Xm)
=1

OBEKEEME by IZETNT
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ERHT D, (1) Ik-> TEMEER X i1, XN 2B L. AEREEMEFREEDE
<Xy 2HETE, 0L & HHEEETR

R&:{weRPMth—wﬂxﬂX}—w)g%& 2)

LRSS, FAHOL LT BHB TE = N X v—-p)S; (X N—p) OBFERTY v
O T2 3 E—HTEEENHHTELDT, () IZENT am = p(m—1)(m=p) 1 F, m_p(a)
ETniE. Ry i3 1) ORBICiE 5, FERBOLETHE . . m— 00T TY D% it
BT AZBRENRD D, ERENEHICLD (- T, #HAN [BEINICKES] 2b1
B0 BE0, BEOATY V7O T? OFHRIFFESRED b & THR -7 Kano (1995) &
Fujikoshi (1997) O&ERiX. S THHINZHERORHNTHERITL S, RO 4 D% |E
T3,

(A0) (X, XX') ORRAMITX TS5 Cramér A

(Al) X ORKEHE X HHAR;

(A2) E(||X|f®) < oo;

(A3) lim,_omdi=¢, 0<c<agl
EHHOS ET. (1) ORBEREIL. a0 = x2(e) AV n* = ap)/d® TEIFBI LI
HETS, EAPOEER (V) K HIRRKEFELEMEOEEELRNTEBEM L. £F
BOBE(LICEES BT, BHEMICH2BOMUHE b DKM TEHEE®ZI OB I &I
FEETS, B r=N/m BBHEHTEZI N, EAMEN2RETHS Z LI &HF
REHHDLBHRFEORBARLTEL. 2HOEEERRARNIKE 2. (1)IKBIT 5 anid.
/N—=+ > s E®O Cornish-Fisher & F

am = o (1 + %nl-) 3)

TEZoh3, SCT. .1 B TESR - ARFLLAS VIR EBOMETH S, TD L&
&, R\ 12 (I OFEERHED S & TOHEHRRIZT S,

EREICONT. EELED am ZRANWIEE, BEBRILE r OB THLI LI
EETNE. HEEF LSV NOMBEFANSL LTI UTO 2 S0 HKETE 2,
(1) ERSHLD bEHVENES. HAOKENENEILPBHDHEZ, DFD. FERK
IADER 3) DBEERKRIE. EXREERIRT S LHEEICL S,
(2) £ABATIIDEANTHEIEZHEETHE, B)DEEEK L ZBBER. ERSH
LD BENENEAICEFTWEE L OEELDH S,

BEXW
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BBESMICE T HSRREELIZDNT

FUBR - ¥ &G FRE
PR - BFE REEX

1. FL®IZ

Boft, B2 13 AR BB R R OMO S AR T 2 KR (FRIZ L %) IBEZBROKREE TR
DT, BEHWLN TV ERIEE, Edgeworth Tl & fhEFRFI L, T OEEEEN RV Z L 2D
(JATT99]). ER, &SI 2MEEBEOELIIHFOBOESTITL B A A, FLES TH BVIELE
Ex5z7.

AT, EDILVLKOPDFMCONTEDOELBE 4D 5 & LI, BEROEHUXO 62D
W B & 17> T, Edgeworth #T{tl, Lugannani-Rice ¥T{l% & O & 1T 7. £z, TOEBUKXEEIZL
TERHEEE~OFEHIZONWTEE L.

2. XIRZEEL

£, X1, X0, X, ZEWIHMMIZ, &5 = 1,2, 1Z0WT X; 03RS p, (z) = P{X; =z}
(z=0,£1,£2,- ) (T3 D BERHEREHII L 45, TR b0 S, =37 X; OREFEKE p(y) ==
P{S, =y} (y = 0,£1,£2,---) £F5D. F2KjIZOVT, X; ORERREE M;(9) = E [*¥]
(BecO)bTh. HELOREAZELHIMKMET S, 22T jIZOVT, HERMEK po(z) =
Po{X; =1} =p;(x)e?*M;(0)"! (z =0,+1,42, --) OPERIEHE D FIE P;:={pjo(z) : 0 €O} 45
2B, ZIT, pio(z)=p;j(z) 12725, £72 S, OWEREEE p}, 4(y) := Po{Sn =y} (y=0,%1,£2,---)
TEROT. 2120 pho(y) =pi(y) £T5. ZDLE

Proly “yHM
Ly,
n 1 T n n )
— =0 . i . : (y—1,—it
y)=e yjl;[lMg(ﬁ) 2W/_-Wj1;IIMJ(0+zt)jl;[1AIJ(0) e~ gt

A, 11U, i KA L 5. £ Ka(6) 1= Y log My (9) &35< &

Kn0)-0y 1 / Ko (8+it)— K (8) ity gy

Paly) = T

CRB. S6ICEa=1,2, - IZDNT K (0) = (d* /do°) Ko (0) LB . WE, Fy=0,£1,+2,-
PNT, S, =y D ex K (B) =y L7250 OHTER by = 6o(S,) 8525, ZZTK (fy) = O(n)
(a=2,3,---) ZIRET 5.

21 1([ATT99)). S, OHEEEH p(y) IFHEEIZKD L 5 25 R BB,

- 2
sy Y Ka(bo)—foy K (o) 5 {K > (6o) } 1
() ZWK,ﬁz)(éo)e 1+ ; {Kﬁz)(éﬂ)f { @) 90)} ( )

12, BHEEDELA KD E 5 1ZKH 5 = ERTE S ([TA0O)).
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SEE 2. 5, O EREEERIT, BRINICRO LI IZEZAbND.

> ) k2 KD (Go)k 1
LSy 2y} = pily) S exp d —ky — —e— — +0(%) 0 vES)
KOG o (ko)

TIT, pi(y) RER L TEAORELO LT,
REEC LT, FRUBHZ DM &RD D Z LR TE 5.
%. S, DATO FRMBHERL, BTAICKO L 5 It 52 b,

k2 ) (Bo)k

PR A 12
2627 (00) 2 { K (60))
B L, pi(y) RER 1 TEX ORI bLD LTS,
3. BREEOELOBE ORIELE

EBRIZ, 2 BT, AD 2HSAR, SRSl L OHBEIZ oW T, L0 ER) HIEEE, Edgeworth
SN & B EUE % BOER BT £ 0 2RISR, BUE & BT 5 = L I2 &>, TOEBIOMHHEIE2 R
Wie. T, TR OBEITAUT Jensen(([J95]) 123543 B &3EIUE & HBE# 1T, IR 2, RO
XDRSZHER LI,
4. RREE~DER

EE2, ROKAE LT, KEEE~OEREE LS. EEOIEV o (0< a < 1) I220T, P{S, <
Wb =a/2 %5 0% 0(y) £ L, P{Sa >y} = /2 £725 0 & 6(y) &I, KR [0(S,),0(S,)] A5
ERNCEERE L - o 0 ¢ DEEXMICR D, EBIZ 2N, BT Y 5 m0BEICEHEKRE 2 #K
L, EAUTEIC X BIEEKREZ & & B L, T O £ T

> . 1
P{Sn <y} =p}(y) D exp 4 kbo - +0(n—2) » Y<EB(S)
k=0

%: 2T B(20,p) O p KT 5 FRUEHERR (%) 14T 2R 08 (%) Otk
(ITF85) p.163, % 9.1 B8)

T 1 2 5 7 9 12 15 17 18
HiE 21.61 28.26 4556 55.80 65.31 78.29 89.59 95.78 98.19
EIEEH 0.88 047 -0.01 -0.09 -006 015 059 1.13 1.57
HRERH IE 1.36 097 027 -0.04 -027 -050 -059 -0.49 -0.35
75 xUx | 031 023 014 013 012 014 018 023 0.24
EHFIREE 089 068 035 021 010 -0.01 -0.05 -0.01 0.04
F4fmoEsl | -0.05 -0.03 -001 -0.00 000 001 002 004 0.05
LD (EH# 2, %) 0.02 004 001 -0.03 -000 -0.00 -0.03 -0.02 -0.01

SEXH
[ATT99] Akahira, M., Takahashi, K. and Takeuchi, K. (1999). The higher order large-deviation ap-

proximation for the distribution of the sum of independent discrete random variables. Commun.
Statist. — Theory Meth., 28(3&4), 705-726.

[J95] Jensen, J. L. (1995). Saddlepoint Approzimations. Clarendon Press, Oxford.

[TAOO] &#&#RZ, #RFE L (2000). Higher order approximation for the tail probability of discrete
distributions. FREBKZF HEEITHIFEATHEICE 1161, 46-77.

[TF81] PrPNRE, RREFFNEE (1981). 2 TN L KT ¥V 4340, BRHES.
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Bivariate and multivariate bioequivalence
test procedures

HEA - % HE EE
1. SEERBERESTEKICHT &R

BRE p,q(p>q¢>2) #EETS. £4 0 1% p KT Euclid ZHOBES T, K
REFLLTD. p RTERERE~Z MV X =1X,,...,X,) 130 = 61,...,6p)
(6 ©) Z BRI L THHEBERAH Pg WD LT5. p REBKESS M
x:=z,...,z,) XL, X ORERELK

Pg{X =} = a(6)b(z)exp (}pj m)

i=1
TEHRTD. 72IZL,b0)>0 &L, z;,<0 &72B4 (1<i<p) BEETIRLIT
bz)=0 2 F5. 6 DEWHES O, 0, %
O:={0€O|0;>20L722i(1<i<q) BEETS.},
0,:=0\68) TEHL, RHD 0 \Zx7 3K
Hy: 0€6yvs. H: 0O,

EHEKEa (0<a<l1/2) TRETAHELEZS.
HH1(1<i<QIERHLT, 0, =0&T5. n;:=101,...,0i1,0i41, ...,0,) I
BRARETHY, Y, =1(Xy,..., Xic1, Xiv1y .-, Xp) 1, (ST 25 E 04
BETHD. RIZ, ¢i(x) BRERER BIE, ¢ (z) IHEEBRETH Y, Neyman
ZRFO. $2bb, Poog{Yi=y;} >0 L RHLTOY,; OEHRE y, ITHLT,

Ep-{1(X) | Yi=y;} = (1.1)

BERY LD, LAaL, BHARRE ¢1(x) := o DAHSIE (1.1) 2@ TREREE
L72\> (Lehmann (1952)). & Z T, bioequivalence FIEEIZ#3 2% Tsuda (2000) @
FHEEIEERLT, ROUEEEBZTRE di(z) EXD.

MHE 1.1 B (1 <i<q) OB s (i) BEFEELT, Tz < s.(1) 230
Po{Y: =y} >0 25 (1.1) REL Y L.

FHFE T, BRORFIRICL T ¢ HBERL, HEREDIK C OF THAENT
bHHZEETT. £, TNLOIEAM L LTI, ADESEST, EEEHEFRES
A, 2% & Poisson 9F 72 EMEIT LS.
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2. 2ERBERSHICHT HRE

QRTTRERAY MV X 1= Yz, 7p) LHEREH S IZEVNTMIT, X 1 Ny(6, X)
CREVS, §2/0% 1 N2 RS LB, L,

. 61 2 1 p
- (0) 5ol )

ThHY, 0 L o iIkm, plIBEHORKLTS. Tk &, K
I’I()Z 9120i7‘:&10220vs.H1:01<075=002<0

EREAKEa(<1/2) TRETHIHEELEZS. ZOREEIZH LT Sasabuchi (1988)
I EEHRRE (intersection-union #RJE)

1 i=1,2KLT /nX;/S <c
0 =nfh

DYRER~TC. 2L, cid, BHE R O t-57 t, DT/ 100a% K& T 5.
¢p 1EREFRERET, p PRADFE THREDOKE IiX a THD. p, o2 H3EEA
DHFEITOWVWTIHEL, Liu and Berger (1995) % Tsuda (2000) {Z & - T intersection-
union BRE L U bREAB —RIZKEVREDERLINTNWE DT, FHFETIT,
RIERDOFEEZANT, ¢ BERMOBEIZ ¢ LY bBREAB—HIIKEVBRES
T 5.

¢r(X, ) = {

SE 3R

[1] Liu, H. and Berger, R. L. (1995). Uniformly more powerful, one-sided tests for
hypotheses about linear inequalities. Ann. Statist., 23, 55-72.

(2] Lehmann, E. L. (1952). Testing multiparameter hypotheses. Ann. Math.
Statist., 23, 541-552.

(3] Sasabuchi, S. (1988). A multivariate test with composite hypotheses deter-
mined by linear inequalities when the covariance matrix has an unknown scale
factor. Mem. Fac. Sci. Kyushu Univ. Ser. A 42, 37-46.

[4] Tsuda, Y. (2000). On the bioequivalence problem and a testing hypothesis
problem for the bivariate normal distribution. In press in J. Japan Statist.
Soc.
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Minimum risk point estimation of the powers of
a negative exponential scale parameter

R Ry BEFE R %
BEXE HEXFH  FEH A

1. &

X1, X2, X3, . . . EEWICHSI R ERERIIT, OLBOHREEBRE 2 & DEBTMIC
> &9 5:

1 T—
fu,a(x) = ;exp (_ o ) I(mzy)a

fBL, p € (00, 00) Lo € (0,00) L BICKAT, I 13 ADERBMTHB. 5L5NL
EEr (#0) IS LT, o7 DIHEERBEERS .

. Z(Xi - Tn)

=1

Tn =min{Xy,..., X,}, Op =

n—1
EBE, T DHEER T ICXT L, BABEK
Ln= (o, —ad")?+en (c>0EHER)

25X, VAV % R, =FE(Ly,) = E(oh, —0™)? +cn, n>max{2,1-2r} £§5. K
TRHYRY RZEBMITBEAMERNC o 2HETHMEEE R 5.

YZ 2 & Ry =720 n " 4en+0n"%) (n—oo) BB, O(n™ %) DEEMET 2 &,
R, BT BEEDKE & ng it

nOR.J'\/LIEO'T=n* (&HK)

THEZAON, ®RND)RAVIE Ry ~2en* 223, EZAT, cidkRHTH DD S ng bRE &
BRY, HERICRNDOEELAB g EAVWI I LB TER . 22T, BRMHEAE2R» 5.

2. ERR

AHE TIHROEAMPBEFIERZRET 2.

- _; s Il r}
N—-NC(T)—mf{an. n > \/Elnon

BU, m BHBREFRET, m > max{2, 1-2r} Z2H L, l, =25 293, COL &, ¥
Dr#0Lc>0H LT, P(N <oo)=1HMD LD BAMHEEILLEZS, of, To™ %
HETD. COLEDVRIIE Ry =E(oy—-0")2+cE(N) T5256h3. FXREXDHE
XEVUZLwb: Ry —2en* THIAZLICTE. ZOLE UTFOEERE
EE1 m>m(r) 2ol

E(N):n*+p—-;-'r(r+1)+1+o(1) (¢ = 0)
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2L,

max{2, 1+3r} if >0
max{5+2r, 1 —2r} if 7<0

mi(r) = {

THD, pRBHBERTOLp< (1 +7?) &23. O
EE 2 m>mo(r) 26X

RN:2cn*+{%(r+1)2+1}c—|—o(c) (c—0)
BL,

max{1l+45r, 7+3r} if r>0
7—8r if r<0. O

mz(r) = {

EHE2ICBNT, ofc) DEEEWET DL r=-1DLE Ry BB/IERS.

3. VA7 ADIEIE
BRHEER oy D/SI T RZDVTERS.
B 3 m>mg(r) sl

B(o}y) = 0" — Lo(r + sgn(r) +0(v/3) (e~ 0)

BU,

mg('r) = {

max{5+2r, 3—3r} if r <0,

EE3ILD, HlOBRRMEER

Ve

5 (r + )sgn(r)

&y = oy +

EEZD. ZOLEDYRVIE Ry = B(6y —0")2+cE(N) T52b6h3%. 6D 2R

2 Ry D2 0EHRICEET 5 ROBERMNES M.
EFE 4 m>mo(r) o

Ry = 2cn* + {%(1‘—{- 1?2+ l}c-{- o(c) (c—0). O

EEH2LERALD, m>ma(r) 26, Ry (n _—R’].‘Vc(r) =L(r+1)%c+o(c) (c—0). &>

T, r B —1DPoNIIEENS TREBEDENTHI LBDI 5.
E& R

Aras, G. and Woodroofe, M. (1993). Asymptotic expansions for the moments of a randomly

stopped average. Ann. Statist. 21, 503-519.

Lombard, F. and Swanepoel, JW.H. (1978). On finite and infinite confidence sequences. South

African Statist. J. 12, 1-24.
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