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Worcester’s log-linear model for three-dimensional
contingency table

BB EBE R EREG FER ARE —BB
1. Introduction I xJx K @ 3RTsHEIE {m} 8L,

Inmije = u + u1(s) + up) + Us(k) + V12(55) T V13(ik) T U3(i k) T U123(,5,8)

R HMAFET )V ( loglinear model ) Z X TIE&H 5, u i total effect, uyg I i main
effect, uyg(;) (& i second factor effect, u1233isk) 1 ijk" third factor effect &
HRTED, TDOLDIT. loglinear model XA RE L HIZESVTWDIDT,
u, Uy, up, U3, Uiz, U13, U3, 12z ORICHEEBEZRET 2, L X uw =0 &5,

u12 = w13 = uy23 = 0.

flt /5. Worcester(1971) iX. 2 x 2x 2 @ 3 KL HEIR {mijk}ijr—01 W LT,

Inmy, = w + d;wy + djws + dpws + Sijwia + dipwiz + §jpwaz + O;pwi23 (1)
1 ifi=1,
where §; = {0 im0 bij = 0i8j,  dijx = &:0;0%

RABETFTNEZUTCIDHZ L EEZ T, LHROETIVE (2% 2 x 2) Worcester’s log linear
model EIEE, COETFNOEME., WO LD IZHBPTES 1 (0) w=Ilnmow & base D
BEERE, (1) j=k=0DTT, B—ZEROD index i 7b= 1 7316 w; OLFERHERDHD,
index i 2% 0725 EFEREHRR L, (2) 2<AKIC, v BE_LEHEMO EFEHRE, (3)
wig 1. w, wy, we W EFEBUEHE, - .

Theorem 1. (Bishop, Fienberg, Holland(1975)) Worcester’s log linear model (1) %%
w3 =we3 =0, wyz # 0 THBHFA. LEABRA

Ml = 11, Mgy = Tl Mydy = Tydy, Myl = Tiga, My = Tygy
ThHbd, ZOABRAR. REMICHS LD TEZ, Bl TROB My &, WOED :

ik = Tuk, k=0,1, My = (26 — 2ur)Ti /(N —z113) i (4,5) #(1,1)
ARald. Worcester’s log linear model % I x J x K @ 3 T HEIRICHIET 5,

2. Worcester’s log linear model for Worcester’s log-linear model for
three-dimensional contingency table

_‘ﬂg@ 3 Ikﬁ%%ﬂa‘% {mi_-,'k} L:;(‘j.l_/ (1) @ 7 .\RH’L@E

Inmyjy, = w+§:5[al Ia]+z(5[b]w[b]+25[c e +ii6[ab ab]

a.:l =1 =1 a=1b=1
I J K
+ 5[“] [ac} + J[bc] [bc] + 5[abc] [abe] 2
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where
[al {1 if a <i, (ab] {1 ifa<iand b<j
6i = 51.. =

0 else 0 else,
glvd _ J1 ifa<i b<jand c<k
ik = 0 else

LEZOND, XTC. Theorem 1 TlE. wiz=wes =0 ZHEEL =D, TORERZBRAIC
HERTHI LT, RD theorem 252,

Theorem 2. wﬁb]— [a]*ﬂforaJlab>1 TROE, wi3=0, wes=0 K256

Zij+ (T10k + Tosk — Took)
Z40+ + Z0++ — T00+

Myjp = Ty5x, if 4,5 > 1, Mijp = if ior j=0

Worcester’s log linear model (&, BHRZIRZ LFER L TOLETNTH S5, LFEEAH
EEEZDL. ZRICHE->TEKD S MLE HHERT 5,

Theorem 3. 3 x 3 x3 S&EIRIZT, wiz =0, waz =0 D, w£12231] = w£12232] = {22131] =

w =0 BRET DL

Thoor = Tegx for all k,

muk ﬂ?z]+($21k + 11k + ml2k) if 't,] > 1’ (1,j) ?/: (2, 2)7 E— 0’ 17 2
Zo14 + 114 + T124

.’L'u+(m+0k+$0+k_m00k) if ior j=0, k=0,1,2

mz]k
Z10+ + o4+t — To0+

Theorem 4 w3 =0, wys = 0 BL U wlBd = 0 for all (a,b) # (1, 1) DIRED T TIE

Tij (T10k + Tork — Took)
ZT10+ + L0+ — T00+

THD i, > 1, k>0 KBTI (G,5) & k P,

if ior j=0

mz_',k

Theorem 5 wy3=0, wy =0, wiy) =0foralla>2 b>2, BLY wl%d =0 for all
(a,b,¢) except (a,b) # (1,1) DIREDFTIE. i=0o0rj=0 DFED ik 1& Theorem
AELTHY, i,5>1,k>0IZBALTI, 4, jk D7,

Theorem 6 Suppose wig = 0, wy = 0, w[ab] =0foralla >2, b>2 BL
wipg) =O0foralla>2 b>2 OREDTTR. i=0orj=0DBED My K&
Theorem 4 ICRILTH D, 4,7 >1, k> 0ICELTIK, & EIZBILT 4, j DPIL,

$% M [1] Bishop, Fienberg and Holland. (1975). Discrete Multivatiate Analysis :
Theory and Practice. The MIT Press. [2] Worcester, J. (1971). The relative odds in
the 23 contingency tables. American Journal of Epidemiology 93 145-149.
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On the conservative multivariate Tukey-Kramer type procedures for
multiple comparisons among mean vectors

FEAR - Br- B Bl &AL
REEBLR - # AR &R
RREAA - 28 R &

YRy MVZET A S ERBIEIZBWT, TXTOXRT OZE (k) (287
% RIFRHERXE 2R T 2 HED— 212 %28 & Tukey-Kramer £ (Seo, Mano and
Fujikoshi(1994)) 2380 5. A& TiX, MRLBOHE bE DL AL R Tukey-Kramer
type DFIEDRTFHEDOREIZODWVWTEETS.

M =gy, ) % EBO pRTEHRS MAOFTHIE L, M = [itg, -, 1] %
MOWFEREE L, vee(X) = vee(M — M) 1%, Nu,(O,V @) 12> bD T3,
72170, Vidkxk DEERITHIT, Tidpxp DERAITIETS. &b, SEXZD
RRHEEFTFIE L, vSiZ M LI TWL(E,0) XY bDETE. Z0LE, %
7 & Tukey-Kramer 1512 & 5 RIFFE BRI,

Ui — iy~ (bt — 1) Y8 = iy — (bt — 1)} < 5 (@),
1<i<j<k

ELTHEZDBNA. ZIZ7T, grla)id, EEERTa—7  MufloMm (X7
A—2p k BHEEY) (B2, Seo and Siotani(1992) #2Z:H) @ £ 100a% A TH
5. ZOFRFBEEERY, V=IDLE, ERIZ1-aTHD.

ok E, ZEEDEEDO—R{L Tukey T8 (Seo, Mano and Fujikoshi(1994) %
ZR)IIRD I IITEZLBND.

A 1
Pr{a'(ui — 1) € [a’(“i I DE= e () §dija'50 }
1§z'<j§k,a€7?}’—{0}}_>__1~a.

Thbb, TTDi4, 3 (1<i<j<k)IZRLT, FIFEEEMASEICRSTIICR
BENHTZETHD.

TOFRIZONTIE, k= 3D & FIZHVIOI EMERAIC Seo, Mano and
Fujikoshi(1994) i2 & > TR &SN, ZOMADTA TTERAT S &, ROAREXD
Y S,

1—a<Qy,V,0) < Qty, Vi,C),
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iz, C={ceRr:ic=ei—€;,1<i<j<k}, 2 =12=¢q, (a)/(2v), Void,
Vdiz = Vi + Vdas, £121F, Vdiz = Vi + Vdas, 720X, Vdos = Vi + Vdis
WRT AT, Qt,V,C) = Pr{ (Xc)(vS)"}(Xec) < t(c'Ve) forany c € C} T
H5 CTEBOEEINZER). FRICHRBEBROBE, RORERXMLY L.

l—a= Q(tcv V17D) < Q(tca V>D) < Q(tca V27D)7
I, te=t(ap, kv, V)XV =V, 0L EDTE,, . D LR 1000% R THY,

T[fm = 151?&)(-1 {(m, — mk)’(dikS)—l(a;i — a:k)} ,
¥/, D={deR :d=€—e, 1 <i<k—-1}THY, ViiL, dip = diz + dog
EWEL, Vold, Vdip = Vdis — Vs, £7203, Vi = Vds —diz 22T 51T
¥ThHb.

AR DITH Vo ITFEEETH Y, Nip(0, Vo @ X) IIFFIERIR S ERBIERSMIC
I TWVA. £ 2 CTEBICIE, vec(X)=Bu b BV TEEEREIT-o7. 772, u~
N,-(O,I), B = HID\/Xa H1 GiEﬁﬁqu = (H] s Hg) D kp xXr ﬁﬁu (HllHl =
I,-), D\/X = di&g(\/;\—l_,...,\/x;) ’C“, /\,‘ >0 (Z == 1,...,7’) X Vo X @@%ﬁﬁf&)
B, El, BB OBE L AKRRER 25 2, HIEEREZ T 7.

KBETIE, k=3 L LT, 0LO0DRT A—FZDBEAIZHONWT, 3Ttk & xR
B E TN OFFHED L[l \—F L bR & coverage probability 3 I 2 L—33
NZE VRS, RTFHEORRELBLE LT

SHEXH

[1] Kramer, C. Y. (1956), “Extension of multiple range tests to group means with
unequal number of replications,” Biometrics, 12, 307-310.

[2] Kramer, C. Y. (1957), “Extension of multiple range tests to group correlated
adjusted means ,” Btometrics, 13, 13-18.

[3] Seo, T. (2003), “On the conservatism of multiple comparisons procedures among

mean vectors,” RENKF $ERARNTHIZCRTERFE6%, 1334, 87-94.

[4] Seo, T., Mano, S. and Fujikoshi, Y. (1994), “A generalized Tukey conjecture
for multiple comparisons among mean vectors,” Journal of the American
Statistical Association, 89, 676-679.

[5] Seo, T. and Siotani, M. (1992), “The multivariate studentized range and its
upper percentiles,” Journal of the Japan Statistical society, 22, 123-137.

[6] Tukey, J. W. (1953), “The problem of multiple comparisons,” unpublished
manuscript, Princeton University.
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Simultaneous confidence intervals for multiple comparisons in the
intraclass correlation model with missing data

FOBRA - Be - B MR FLZ
RORTEIREN - Be - B WA TR
FURBEREA - B e B

RO E D IZBRRET — ¥ % B D two-components mixed linear model & % 5.
Xej = b beyy (=1,p;j, j~1,-,n)

EEL, a;~ JWO&%LQNprbTﬁhtﬂﬁT%%&ﬁ%?é.ﬁi%“
VO IERGER Ho cpy == po = - =y (p=pr 2 po > - 2 p) ELT, FERDD
[i] S D A R R -‘a"ocl:U?zﬁJh DAL TR M H@"%lﬂﬁ‘f%*ﬁﬁf’aﬁlijb\'(
BEAD.

T, x5 = (X, Xpyg) EBLE, @5 ~ Ny, (), ) TEWTINITH B, 1272
U,y = (g, /L,,J)’ E = 02{( =), tp1;15}, 0? =02t o?, p= a2fo?, I,
i p; x p; DEAATHE, 1; = (1,---, 1) Dp;x 1 0)5/7]’\’7 FIVTH S & D73 intraclass
correlation model a:%’;l%’) Z Z T Bhargava and Srivastava(1973) D7 1 77 %
FIRLIERDE D BB EERS.

zj = C_-,‘ilfj Cj =z ij ’/J 1]1, vy = =1=x (1 —P) (1 Jr v 1)/)) 2

COEIBERIIE ST, 25 ~ Np,(Cju;, V2 1,,) THWITHILE/2D, z; DES
2 DEWIZMNIICHBO M v 2B DERDMIIRED T &% d. ZI Ty =
a?(1 = p).
km,pzszkz1abT,%kﬁmyﬁ%ﬂHXMMﬁﬂaLT,%%x&?—
Zty bE{ETOvINELET 5y MIRBLDIT sHIZHET 5. iﬁ_ﬁﬁ
vaTuﬁhaiﬂmﬁ;j“a%z<mﬂﬁm%*W&%;M@Wﬁﬁﬂ =k
LHOEATHELT, o£F 70 2P 7 bREkcEHEL, p - i, 0w - ) =

‘L]7

ka1 f k)»f(k) = (”‘(k) 1)(1’“‘) 1) 1) 93,

plk) (k)
(]\)2 1

-k 20 _ k) | 5(0)y2
T f(k) ZZ “‘U BRI N )

1=1 j=
1 plk) (k)

_ (k) —(k) _(k) =(k)\2
O PIPIC T; +T.7)

i=1 g=1

Il
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L3 0, BEE R,
s P
> 3B -2y

S HO4E ) g
k=1

THEALN, CORERKFTRIIFEKR H, O FT, BHEp', f O FOMHITHS.
X512, Z= (Fry.. . 5), B Fr,...,5) EB<E, aplal = 0.0 € R —
{0}) IZxt9" B Scheffé D FFRHEBXMIIA B KHEE o T,

dpecadzTt Jz} P MZ [RAR2 g1V g

DESIEAENG. TTTVREARAM A (@ = 1,2,...,p) DHAEIT,
Fy 1o REHE p*, f O F 5450 LI 1000 % HTH 5.
FHRIC LT, o/ Kot % Tukey BT IR EHER B A B A o C,

lai| | fR40° 2
auéamiqp fa}: 2 Z f Zn|az (Zm)

k=1

-1

DESREAONS. TZTp* =5 1 PP T, oo ja /ST A=F p* fOXFa
7 Y MeE i@ 8D LR 1000 % TH 5.

BUE BRI DWW T Scheffé 8 & Tukey MO FEBHEHEMIZDOWT, REINEUE
BEOAKRETREST DHHE, 2T —4F DH & TO Bhargava and Srivastava(1973)
DIk, RBNECTHETOREAZ BH L - Bhargava and Srivastava(1973) D5
E2BERICHE L Thakz. BRmICY, T2 B3BLELRZRIAL, wW<Doho
NIA=FDHBITDONWTEITANOT I ab—a &, ZhsORKHE
B E 52 7.

INNEDREEL T, MOEE~DIEHA, Seo and Srivastava(2000) TS 1
TWBEIBRREEPEM 7IVT) XL E LD, 2EBESE LBDOILE,
X HRLLE: (Dunnett D HEK) R EEEZ TWS.,

PEXH

[1] Bhargava, R. P. and Srivastava, M. S. (1973), “On Tukey’s Confidence Intervals for the
Contrasts in the Means of the Intraclass Correlation Model,” J.Royal. Statist.Soc,
B35, 147-152.

(2] i 7%, #E B (2003) , “On Multiple Comparisons of Mean Components in the
Intraclass Correlation Model with Missing Data,” BH&EI VAR T L [F—FR
OO OHERFER) #ETHE.
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Second Order Asymptotic Properties of a Class of Test Statistics
under the Existence of Nuisance Parameters

BREXRERFRELSHES D3 EE #8

B0 = (81,05) = (61,...,00,60+L, . GP+a) (kFLC. (REMRE H : 0, = 610 2B 5.
F9, L<HLNTVWDIRTEHR Jr%’%a?ti’ﬁ T AERBNT D, —HEAIZ. RED size X power
AN EOEEICEEIND, KBS TIL. BRERFEOEKRD asymptotics 23EIMEEE D
EEBEEDOLICHIIED, BrxDEyT 47 THOMIIT D, Z0HIZ, § = b + 5l
(6o = (610, 020),€ = (c},...,ePT9)) Db L COREFRIFBOBERMEE 2D, ZIIZ. {e} i3
n— oo D& FTERKRIZHEHT L H725]ThHD, Mukerjee (T second-order local maximinity
EWRTLELMFHELY DROVRTERMHBEZREL TV D, ZORERIEN, 77 Z2ZBNT,
optimal Thd Z &EBRREND,

Za(8) = ¢ 0aln(8). Zap(8) = ¢ [Babpln(8) — Es{Badpln(8)}] (T ZiZ. 8o = 8067, 1(8)
IXETLORECLE) 1L
EG{ZQ(Q)Z[;(Q)} = I(aﬁ)(g) + 0(6;52),
Eg{Za(0)Z(8)} = Jaysv(8) + O(c?), (1)
Eo{Za(8)Z5(0)Z+(0)} = ¢ Ka,p4(8) + O(c?),

Zil7e9 &5, £z, Fisher (FMITH I(0) = {L(ap)(0)} ZHEIL

| Iu() L) _ [ Tue(0) Lia(8)
Iw)_(hl(a) Ime))’ g(g)_{g"ﬂw)}'< 0 122(9)>

EF5, ZIZiZ. In(0) i pxp, In(6) : g x q, I11.2(68) = [11(8) — Iia(8){Io2(0)} 121 (8) TH B,
(AR TE H 16, =10 IR LT, UTORERHEEDI IR S 2EZD,
S ={T|T= gijW-W + c71a, 9" g P W WiW; + 2¢; 1 6" g™ Wo, Wi W,
+  taf P WW Wi — ¢ g g7P g K o . n Wi W W
1g“’g”’g“‘(Kc,,r,s + Jars) WiWe Wy + ¢ abW; + 0p(cr ),
al,a2 ,a3 EH. ST =0, THOHE.},

ZIT, Wa, Wag 1. Za & Zog BESIELIEZ D THS, 98 & ¢® ZZNBRIT & g O
T5I0 (o, B) BB TH D, &b, TA v vaff OBMEERVTEY, flZE, v—<F
(4,5, k, ..., q} 1%, @%wmaﬁmﬁ STOMERL TS, 207 T2 S I3FEEM a; & af®
&l O 3EFZITTH DM, Rao’s score X Wald RLE LA BE D, —RIZE<HMON TS
BREFIE Mukejee TRESNTWABHHBEZELTHENY TR TH D,

Guu(2) ZEEE p THLE v 0L X ONHBEKE T2, BERERFHFOL LT, LUTFO

EEMNARLY IO,

(2)

FE 1 0=0+cleDPblTHT e OHFHBEITRDO L 5 IZHERETE 5,

3

Pyrecte[T <2l = Gpalz) + ' Y m;iGpyajn(z) + olct),
3=0
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— e ey

BEORE . o, of & TEANS,

T, A =gieted THN L A m; (1) THERZOR TV DA THEDE— A b EBER

THEHIICBWT, F¥im; I, e DRARBEOIRS THD e (IEFTLOT, BEHO 2IROIEA
BIEREIZIESKRE 5720y Lo T, — AT, MIEAOUBRLRETHDL, KROTHEIT (2) TEHL
LN TWARERTRN Y T AT, READILEATETHD I LERLTND,

EE 2. REFKHET ¢ LI LT, TOSHEKEOBISEOFEIRATERENS,

P, T < 2] - Py orezte, o001 < z]

—1
o+cn €

C;I(Ka,ﬁ,r + Ja,B’r + Jﬁ,ar)dadﬁsr

x {Gp2,a(2) — Gpal2)} + o(c; ).

DI} =

1. KOEKXBEVIEHET B,
gii'gilagjj'gj’ﬂ(Ka,ﬁ.r + Ja,6r + Jp,ar) =0 (3)

ZDEE, TONMHEEIL2ROEE Tey ITEEFELZV,
B 1Y, Fisher HE8ITH) g5 (0) B3RS 62 & EEBIR THILIZ. (3) B3RV L2,

TH2I T OSHEEORNFEORBII2ROEE TE LW LE2RLTWS, 2Ly, —
RRENTI TR D O IEMREITRE bRV, BITAIEETH D, B 11E (3) B e CTiE, BiA
M2WRDEE CEREIZRDD ZEBHEDZZ L ERLTWS, 20, BABEOHEERDOETH
HAEEBETIE, TOBEAEETHLRY I,

INOLDOERICESNT, BROBRHILE, BRONBREDHEEL L £ O DBRENFIZON
TRERRTEND, £/2, FREROFIL LTUIEA OZERET IV, BRIIETLE2 5. HKEH
RETHRNTT 5,

BRHEADOHEIZE L Tid, Mukerjee BZEREL TV A LELLKFHED 2ROEALEE LI-RER
&t & LR* @ optimal properties RREND, p+c e DTT, T € ¥ ORHAIEEE PT(ec) =
Pi(er) + ;' PT(e) + o(ct) & 95, &6i, BESHE AR LT,

PT(A) =min P{(e), PLR"(A)=min PFR (e),

E45, ZZIZ, minidgyeted = AR e, ETEBNRD, DL E,

EB 3. T e OFEN 205 Bloje + 9B Kapy) + (p+2){ah — g°0™ (Ko rs + Jayrs)} = 0
BT ET 5B, (LR* OFE o Blgj = —g"*BP Ko py & ab = g™ (Karis + Jars) &1
2, ) ZIOLE, Ag>ORTEELT, 0< A< Ay T ALK LT

PT(A) < PERY(A)

DEE Y ST,
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EAPERICEBITAERBETILET S Y RY—FTU—ETILMLD
fai-Y Z#RAERE

RO BRI - BLEMAR HE BHE
FORERRE - BT HA BT
FRHEARE -H#T EE RHP

T EFIBNEFOONT N WRE U575 R x RIEFZEIRIZE VT, (4.))
AR p; ETH(i=1,2,... R j=1,2.... R). EEXFF (QS) TF /WML KD X
HIZEFRK S D (Caussinus, 1965):

Pij :(1‘,'/3]7,[77‘]' (I: 1,2,...,R:j: 1,2,...,]?),

L, o=y FRZ, {ap = B} EBWTIET IR (S) £7 v (Bishop,
Fienberg and Holland, 1975, p.282) T 5.
BRMED TV (1,7) E21F (4, D) ICAD EVIFHEOL LT, B (1,7) ICADFHF
T S RERIT,
vy = (i)
TEHEZLND. ZOLEQSET/MMIRDO LI HREND:

Qijk = Quji (1 <Jj < k),

=12 L,
Qijk = PijPikPhis Qhji = PijPjiPik-
EHIZ, QSETMIRD L HITRENTH Lv:
p;':j = %I,}/j (i # 7)-
Z I, QS ET ML, AEMIZT T v KUY —7 U — (BT) 7/ (Bradley and Terry,
1952) LRMETH D).

Tomizawa, Seo and Yamamoto (1998) £ L C Tomizawa, Miyamoto and Hatanaka
(2001) 1x, AT IV INEFRZWEE LIEFRHDBEOXTN TN LT, SET
AHBOREYOREZBAIREZEA L. AHRE T, 7 TV ITBEFORVE
USENLRAIEFHEIFRIZBNT, QS ETF/NVE BT ET AL ORY ORES
BlaREXRRELE.
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Rx REFHERIZBNT, RO i< j<kIZHLT, Qur+ Qri Z0ZIREL
T, QSETADLORIE) DREZBIREZRDOLSIZEAT S:
A>—-1IZX LT,
o) = AR+ o (CARERE

22 —1
=77 L,
A X
1 X ng”
IN ()= * (—-’—Jﬁ> — 17+ Qi ( ”) — 13/,
(5-) AN +1) K% [ J’“{ Ci @ Ctyi
A = * C?ﬁk x vk 1 * *
- Z (Qijk + iji) y Wijk —E_’ Cijk - iji - ‘2“ (Qijk + iji) .

1<j<k
Z LT, gy = lim $p3 & EHET 5.

R BT EF AL OME Y 202 RE (00) Itk >THRT) 2828 L7 (M
L ERE L) . REOEGL) & o) g oM imo< oM <1Thh, £E
D> -1IZHLT, (1) QS (BT) EFT AN L2 DDMEA455MEIT IV =0
THH, (i) QS (BT) ETANLORBEZIBEKR[ZHIIEED i < j < kIZXLT,
Qi =0 (XEDEE Q5 =1)F7lY, Q5 =0(FDLE Q5 =1)DLELERT
D) ThHEDOUETREEIZON =1DLETHS.

REDEFEXM, fl72 & OFMIEYS ARE L.

S5 Xk

Bishop, Y.M.M., Fienberg, S.E. and Holland, P.W. (1975). Discrete Multivariate
Analysis, The MIT Press.

Bradley, R.A. and Terry, M.E. (1952). Biometrika 39, 324-345.
Caussinus, H. (1965). Ann. Fac. Sci. Uni. Toulouse 29, 77-182.

Tomizawa, S., Seo, T. and Yamamoto, H. (1998). Journal of Applied Statistics 25,
387-398.

Tomizawa, S., Miyamoto, N. and Hatanaka, Y. (2001). Australian and New Zealand
Journal of Statistics 43, 335-349.

—530—



IEFEATIUEADEIRICE T2 EBRERICHT S
BENABRINTA— AN ETILEERAHETIL
ERER AR BTHHER KE 5

RAEEMRE - H#T BA BT
RAEMARE BT HiE "

ITEFINIBFOH DR CRENIGRD r x r EFDBEIRIZENT, (1, ) B /VHER
Bp; &2 (1=1,2,...,m7=12,...,7). AT X—FxF (DPS) £F /L
(Goodman, 1979) iX, RO X S ITEEEND:

6i_atbi; (i < J),

Pij = { e ‘) (1)
Pij (i > j),

722U, by = by BRI {0 = 1} EBWTET V(1) 1 x5 (S) £ 7 /v (Bishop

et al,, 1975) ToHd. LT, {§;_; = 6} LBWIET IV (1) 1F, RERXFR (CS)

£V (McCullagh, 1978) Th 5. F1z, B £/35 A —4 % (LDPS) TF /b
(Agresti, 1983) IFIRD L S ICEZ I B!

Dir __{ 07y (i <),
Tl (29),

TIE L, by = oy BERFR (QS) £ 7 /L (Caussinus, 1965) IZKD X S IZER S 5:
pij:aiﬁjwij (i=1,2,~--,T;j:1,2,--~,7'),

DEDCEETD. 20L&, S, CSETMI, {p;} & {Gy;} KBZHBEZL TRERRE
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TWO-SAMPLE FIXED WIDTH CONFIDENCE
INTERVALS FOR A FUNCTION OF
EXPONENTIAL SCALE PARAMETERS

Daisy Lou Lim, Eiichi Isogai Chikara Uno
Niigata University Akita University

Several researchers have dealt with the sequential estimation of specific func-
tions of exponential scale parameters. Mukhopadhyay and Chattopadhyay [2]
considered the difference between means while Uno [3], Isogai and Futschik [1]
focused on the ratio between the scale parameters. Other functions of the expo-
nential scale parameters are of interest, such as the generalization to any power
r of the ratio parameter considered by Uno [3]. Thus, in this paper, a fully se-
quential method for the interval estimation of functions of the scale parameters
from two exponential populations is considered. This work is an extension of the
work of Uno, et al. [4] who studied functions of the exponential scale parameter
in the one-sample case.

Let h(z,y) be a positive, real-valued and three-times continuously differen-
tiable function defined on R% with A2(z,y) + h2(z,y) > 0, he and Ay are the
first partial derivatives of h. Let X;, X5, --- and Y;, Y,, --- be independent
observations from two exponential populations, II; and II,, each determined by
the scale parameters, o; and o0y, respectively. Given d > 0 and o € (0,1), the
focus of the paper is to construct a confidence interval I, for 8 = h(oy, 02) with
length 2d and coverage probability 1 — a, based on samples of size n from II; and
I1,. Set n* = (a?/d?) g(o1,09) . This sample size is the asymptotically smallest
sample size that satisfies

Plocl,} >1—q.
Since o7 and oy are both unknown, so is n*. Thus, the following stopping rule is
proposed:

2
N:Ndzinf{nzm:nz ggg(XH,Yn)},

where m > 2 is the initial sample size. Once sampling is stopped after taking
N observations from populations IT; and Ils, respectively, the confidence interval
Iy = [éN —d, Oy + d ], where Oy = h(Xy,Yn), is used for . Now, \/N(éN - 0)
is shown to be asymptotically normal with mean 0 and variance g(o1,02) where
the function g on R is defined as g(o1,02) = hi(o1,02)0% + h2(01,09)03. This
result is useful in showing the asymptotic consistency of the confidence intervals
{In} as stated in Theorem 1.

Theorem 1 (Asymptotic Consistency)

limP{fciy}=1-c.
d—0

A second-order approximation of the expected sample size is given in the next
theorem under the following assumptions:
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(A1)

3

+

(Zn - — ] ,n > m p is uniformly integrable for some 0 < ¢ < 1,
€p

where z1 = max(z,0).
(A2) Y nP{{ <en} <oco forsome0< e < 1.
Theorem 2  If (A1) and (A2) hold, then
| E(N)=n"+p—v+o(l), as d—0,
for some p and v defined in the paper.

Taking as an example the ratio parameter § = h(o;,02) = 01 /09, the second-
order approximation of the expected sample size is E(N) = n* + p — 4 + o(1),
as d — 0. Estimating p by 2.03 through simulation, another stopping random
variable is proposed as follows:

2'——2
N*:Ngzinf{an: nZL(n)zaf;"} where L(n)=1+1_'9_7_’
a2y, n

which is shown to be asymptotically efficient. Isogai and Futschik [1] has com-
puted a measure for the asymptotic bias of the estimate . Thus, in addition
to the intervals, Iy and I}, the following bias-corrected sequential intervals are
given:

Il =6 —d, 6, +d] and If.=[6L.-d, 0%.+4d],

where 0%, =@y + (3d)/(av/2N) and 6. = fy. + (3d)/(aV2N").

Simulation results using a coverage probability set at 1 — « = 0.95 and pilot
sample size at m = 13, show that there seems to be no significant difference in
the performance of Iy and Iy. However, the bias-corrected intervals I}:, and I}V*,
are more effective than the ordinary ones, Iy and Iy«, in the sense that their
coverage probabilities converge faster to 1 — a.
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The wavelet estimation for hidden periodic model in spatial series.

RREERFERTEE I E—
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=1
FEZD, 22 ey ptr) € [-mym), 7 =1, ,q i, BB PTRATZEH LS, ¢ iR
ORI, BEOED. A < Ay, E12 ey = Ay 29 i, < o) DEE T <1 &L, 2
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(Xpm} WREER /A XF T LT 4=V Xnm = Y peo Loieo Gk DWngm1 THXD
na&?%a::;\ﬂkni%mﬁﬁﬁffhOELOk+Mdklhum%ﬁtL (W -
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BE 1. (Wam}id, BEF 1/4~NTF L P —NEZRTA N ) A X T, E[Wy 0log |Wol]* < oo,
E(WOQ,OIF(——oo,O)):E(Woz,olf(O,-oo))=0'2 T, 2T, .7:(_00,0) = nk1<0-7:(k1,0); .7:(0,_00) =
ﬂk2<0f(0,k2) ThH 5,

SEODEOEH s, i=1,202#ERE e[l .. eL_eﬁé B L7 o0, ¢
rnP xznzn, 2#RRE P D DD Y REoREETE, #oT, s =

2“%?+@”T%69Zomvx—7VyF&ﬁﬁ?éxﬁ~v/ﬁ%&w”¢“ELd)ﬂm(x
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g, Lof—m,m) DEREZR %@%ﬁ,ﬁwé gl rer (s e g () eim LT s 1K
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LTWBNDT, (¢>( ;)7 , J(.fk"’ » ) LT, &6 (n,)‘"(nj”,nﬁm LT,

(10§ )per (2.2 )per
AR, ta) = " T () g, (k)
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(1, (21 )pe7
P ) = g P ) P )

7 (1, e (2 r
FE 1) = 0 (k) w2 (1)

(1,7 ) e (2 ) er
BTt t) = 9 P8 9 (k) (@)
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1
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Confidence Regions in Nonlinear Repeated Measurements

TUN KR SRR B BT
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0 3 LIEEOBRINY ME g, = (g, 0) (= 1,0,n) ET B, gy (A
DR IZBITHBEAMETH Y. T L TET v

Yij = [t B) + &5 (1.1)
RIRET D, 1272, fITIFRIBERNBIER, e, l3RE2. ﬁi@iqﬁfcﬁifﬂ/{57‘ —4% (¢ < p)
Thd, f(t;8;,) & LT, To& zid, EIBERET LV (1, 8,) = ﬁ
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REBFTOND. f(t;8:) = (f(t; Ba), -, [ty B;)) LBWIL, (1 1

(e~ﬂ3t e P2 t)

= F(t:8) +e. (L.2)

EFETD, EEL. &= (e, 6p) THD, ZZT. B, =0+ b; CIREL. ¢DIEFEE
(B ICOWTEZD, bl v FLPRTHY, e, b ML LT 5, Fo, g IHEWIZ
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LA HFEEB L THRIL TWa D, Z0EHBESFERINTVRVWESRH S, F
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Fixed Size Confidence Regions for Parameters of Stationary
Processes Based on a Minimum Contrast Estimator

—RK - B HE B

1 Introduction

For parameters of stationary processes with mean zero and spectral density, sequential proce-
dures are proposed for constructing fixed size confidence ellipsoidal regions for unknown parame-
ters using a minimum contrast estimator. The confidence ellipsoids are shown to be asymptotically
consistent and the associated stopping rules are shown to be asymptotically efficient as the size
of the region becomes small when the assumed parametric model is correct.

We assume that the observations are stationary process with parametric spectral density fg(A)

. . . . A(MC
where # is an unknown parameter. To estimate #, we use a minimum contrast estimator GLMeE)

which minimizes the criterion D(fs, fn) = T K{fa(N)/ Fn(\)}dX with respect to 8, where Fa(X)
is a non-parametric spectral estimator of fy()) and K(-) is an appropriate function.

2 Stopping Rule and Main Theorem

Let {X;,t > 0} be a scalar valued linear process of the form
o0
X = Zajst_j, teZ (2.1)
=

where {e;} is a sequence of i.i.d. random variables with E{e;} = 0 and E{ef} = o®. Then the
process {X;;t € Z} is a second-order stationary process with spectral density f(A). We then
define the criterion which measures the nearness of fg to f by

D(fe, f) = i K{fs(\)/f(N\)}dA.

—T

A semiparametric estimator BMCE) of 9 is defined by
oMEE) = argmin D (fs, fa(N). (2:2)

The following conditions are imposed.

(A.1) (i) Wa(A) can be expanded as
1 < l
L LY i
Wn()\)—27r}:w(M)e .
I=—M
(ii) w(z) is a continuous, even function with w(0) = 1, and satisfies
lw(z)] <1,
ffom w(z)?dr < 00,lim, 0 1—"—3’%51 = Ky < 00.
(iiil) M = M (n) satisfies

nt*M + M/n'? 50 as n— oo
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(A.2) (i) K(z) is a three times continuously differentiable function on (0, o0), and has a unique
minimum at z = 1.
(ii) The spectral model fo(\) is three times continuously differentiable with respect to 6,
and every component of the second derivative 82 f, /0686' is continuous in A.

Suppose that Assumptions (A.1) and (A.2) hold and if f = fy, then

V(BB —0) — N(0, F(6)™) (2.3)
where
FO) =~ [ Ziog f,(0) 2 1og fo (M) (2.4)
T J_, 66 870\ M g 08 etAAN ‘
which is called the Fisher information matrix in time series analysis. For any d > 0, let
R, = {0 € RY: (6 — OMOEY F(OMOEY) (9 — 4MCB)) < dz/\(F(éﬁMCE)))} ) (2.5)

where )\(F(éS,MCE ))) is the smallest eigenvalue of F(é%MCE)). Then R, defines an ellipsoid with
maximum axis equal to 2d(d > 0), and it is in this sense that the size of the ellipsoid is fixed.
Moreover, for any a € (0,1) and ng(d) determined by

no(d) = smallest integer > a®/d?\(F(6)) (2.6)
where a? satisfies P[x?(q) < a®] =1~ a, and A(F(#)) is the smallest eigenvalue of the covariance
matrix F(#). We have from (2.5) that for § € ©

31_1;% P(6 e Rno(d)) =1-aqa. (27)

This result in (2.7) shows that, for small value of d, the sample size ng(d) yields an ellipsoidal
confidence region of fixed size and prescribed coverage probability. However, the sample size ng(d)
cannot be used in practice because it depends on the unknown parameters. To overcome this, we
define a stopping rule

T; = inf {n > m,n > a? /dzx(F(égMCEn)} (2.8)
where m is the initial sample size. The confidence ellipsoid Rz, has length of the major axis equal
to 2d. Moreover, we have the following theorems.

Theorem 2.1 Suppose that Assumptions (A.1) and (A.2) hold, and 6 € ©. Then, for the stopping
rule Ty defined in (2.8) the following hold:

() Ta/no(d) =1 as. asd-—0, (2.9)

| where do(d) is as in (2.6), and
(i) VTalbp, " - 6)— N(0,F(6)™") (2.10)
(t4?) ;i_% P[0 € Rr,] = 1 — & (asymptotic consistency). (2.11)

Theorem 2.2 Suppose that Assumptions (A.1) and (A.2) holds, and 8 € ©. Then, for the
stopping rule Ty and no(d) defined in (2.8) and (2.6), respectively,the following hold:

(1) {Ta/no(d);0 < d <1} wuniformly integrable (2.12)
and

(i7) ‘%i_rg) E(Ta/no(d)) =1 (asymptotic efficiency). (2.13)
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LINEX {RKBE D & & TOEMRD D FHDL BRPEHEE L
SEAK¥ - T EH fER

2

X1, Xo, -+ BIEMRDE N(p,0%) IV, BEWIHIRBERERIIE L, u, 0 EREET 3.
Xi,- Xn ZBIRILER, FPp k6, THEELEELE, ZOEXIINRO LINEX BREKTRIN
275,

L(bn, ) = explaf(bn — )] — a(bn — p) — 1
ZIZT, a(#0) ZBEMOEH. FPOHEZOSNEER W(>0)iCxLT

EoL(6,,p) <W for all = (p,0?) (1)

BETERY n CHER 6, 2EDEV (FR) R VBE) . o BEARSIE, BEELFERE 2
IZxt LCid, LINEX &b & T, pidi8RxTY X, Tidi<

ac?
" on
THEIND. 6, Z X, LB VIXIZDNEL, I=TvIRATHBNTHIPSTHE. DL
R

bn=X

a?o?

EGL(ana ,LL) = _"27

cigh, (1) BEEEINDE0I2E, BEAE n id n > nyw = bo? TRITAERS RN, ZIT,
b=a?/2W). LPL, 0?2 IRHTHI2-OBERETEAEEAR 6,, ZAVBILRETER
W (1) Z2HETEDICEERNIERER LB H 5.

Takada and Nagao (2004) iX, Chattopadhyay (1998) O{ZILRFZEIE L, WHEHIIZ (1) 2HET
BREEEEREL, TOROEEANEETRLUE. TITH, SERMEETEIMBRHETELR
EFOZROEERIERET D L BRT.

2 CERPEMEREE

2% A (Stein, 1945) D “ERFEHEEE R COMBIZISAT 2. m(> 2) 2B —BIEOEAB L L,
ERAH S EROATERTS.

S = max (m, [bﬁmﬁfn] + 1)
ITT, [zl Rz BEIRVBRROBE, 62, =3 (X:i— X,)Y(m—1), {€.} &
Em:1+g—0+o(-1—), m — 00
m m

EHETEOERS. S>m ROIFEZBRBIZBWT S —m EOERXE2ERS. S HOEXERL
T, p%bs THETS. ZOLEDV RV %

Rs = EgL(8s, 1)

LEB. ZIT, bs = Xg — ad%/(25). TEBEHEEDHERIERE I & A ZROWEA B &
BOREDICE, o KR LT, EDOFR 0.(>0)

o>o,
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EEDLLENDHDL. COTRZS &IZ, B-BEOERKE
m=mas (mo,[p0?] +1) (o2 2)

ETdE, ROBRB/OLND.

EE1o>0, BHE

1 2
Eg(S)an+§+Z—2-£g+o(l) as W —0
W2 ((2-4)0? 1 2
RS:W+a2g9( 52 ——§>+0(W) as W —0

22 RBEIUn} EBEE, 0>0, B6IE
Rs<W+o(W?) as W—0

ERb, (1) PWERICHEIhEI ehbhs.

3 ZBRREHERE

Hall (1981) IC &£ 2 =BeMEHEEEZ COMBICHEAT 3. c(0<c< 1) & k> 0 EBTDOEHE L,
B—BRIEOERBE m LT3, ZBEETOLERKE

M, = max (m, [cb62,] + 1)
LU, Mi>m R5E, M —m BEOBEREMETS. M; HORAIZ L3S, 2ERKE
M = max (M, [b67%, + K]+ 1)

ETB. M>M 251, M-M AOBELBEIHMETZ. M BEOERICEEDE, u % by
THETS. ZOLEDYI V%
Ry = EgL(bps, 1)

ETB. EREL, by =Xy — a6%/(2M). E—BROEAR m %

m=0(W™) a W0 0<d<1)

DEICERE, ROFEREES.

EE 2
1 2
Eg(M):nW+§~—z+n+O(l) as W —0
2W2 (4 1 9
RM:W+W(E*§~I€>+O(W) as W —0

et 41

> e

K“c 2

BEETISICRRL
Ry SW+o(W?) as W—0

Thbb, WENIZ (1) BEEEIRB LD 5.
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2F Chapman-Robbins 7F I

RExXE PRAFECOE
WAEE EIBRFHR

AKHDE TN FROIRE (OME) ZHET 28 FHEMEICDOVLWTEZ 5. K
f& pg HLTNEN g(0) WL 0 THD TEBA56ME, (117 Cramér-Rao
KA MREHEERODHO TIREZLG X 5 EMMSN TS, T OiEamd s
Cramér-Rao NEXDBRTHENDIIETH B, —F, py *© gl0) DO TEIRW
56y, fTHTIE Chapman-Robbins NEXDWEEZNEL HH BN, 0@
ElFmENTI A>T A, @-FHEICEBT 5 Chapman-Robbins A%
KzHH TR b L7z, £72, Koike MOARGFXRREARDL ST DONTEHENL D
WOF 2R UM B ik LTz, AR T, 8-F Chapman-Robbins RH & FHd—
Rz T 5.

1 REeEAE

RO 2R d DUt V)V MR TR E NG & &, FORREX d x d
DIFAEMELIVI—F T p(=pt >0) ThL—Z t2(p) D1 DEDTHRINS.
Al e QIR & B, d RITHATY] [, DR

1d=/ M{de) (Iw) = TI{w)' > 0)

we

THEENB. RED p DRAC T O L5 AR LT, BINTS X € 0 12 A BHEE
B / tr(pTl(de)) 725, SREER p D dy RIEDTR LIREAR o D dy TUTORA
zabﬁwgzﬁzﬂ;ct S, BROKERT VYNV poo TRENS.

2 =F Chapman-Robbins £FI

BOIKEN py THDELTD. 2L, 00 c RIGKRMETS. WEYRRlEs
VT g(0) DEEHEET BRIBIC DOV TRAL D TD.

EE 1 g(0) OMRHEEE g DITHEV(9) D FRIFRDE I ICH5EZA 5N %!

(Asg(9))
J5s

72120, As & 6 OBSEUCIER T 2 ED{ERE

J(0+6) = f(9)
d

Valg) > (J5s = te(pal Lj5)?)).

Asf(9) =
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pols s+ L3sp
Asps = l..‘l‘s_;__”ﬂbgg = (L5,

ZaIe T TH S,
3 #
fl 1 (Concurrence DHE) ©=1{0 |0 <1} T

1 009

110 0 0 O
g 0 01

2 (EEOBEROETIV) 0={0|0<0< 2} T

exp(—(€ = 2(9))* — (n — y(0))*)

s

po = / €+ ne) (€ + nil ddn
(€.m)€R2

(i = v=1), g(0) = 6. T=FZL, lo) ZEREE « DILL Y FNT MIVT,
(z(8),y(8)) W& (0,1) x (0,1) TEREEDREEDOI 2757

Bl 3 (GEEMBE—RIHETIV) 0=N BRE) T

oy @B - Doy : 8Ly,
.
oo = 1 6/2
Oloya- - @ordoy 0: FH,
(0—1)/2

ARV (10
2Ny 1) \o o)
BE K

Tsuda, Y. and Matsumoto, K. (2004) Quantum estimation for non-differentiable
models. Submitted to J. Phys. A. quant-ph/0207150.

g6) = 0. =721,
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FKHAOREBHZ S DIENRIHBICH T IUERROZIREXBEEICDONVT

RIER LB E R Z R D it —
PRI TTRIERT 7R R 1T

1. FUSIKE. —fiz, MEBEREMEE LODROFEIH LT, FBERTHEEBOX
MEEZL LI ELTH, AABETH S I &4 Lehmann [L51] ICE DRINTW 3
W L TRDSRENID 7 RIZE W, Chow and Robbins [CR65] 13, FICHT 5 [E
EROBXEHEXMEHERL T 5, ZOFEEXMEIL, Z202ROWENLEHZ KD
27 E% { O S % (H 21X Woodroofe [W77) 72 &), X (60— (1/2),0+ (1/2))
Eo—tRAMICBL T, Wald [W50] (&, FiBIfRETEZA V=5 2#E A3, FF
BRAGEH R E D bENIBERHEEARE LB I LE2TL, UL, BRBITOS
HTIBOTERELINTWVS,

TR, UWomoNBERERRSAEL2EZ, ZOMEREICNT 2 EZER
DX %, Akahira and Koike [AKO4] (B 3 HiEEESEC L TER TS L
%ER D, ZORE, BOWMATEERHEN0 LALRVEEIC i FLOHEES
KDY [CRE5] DAR & DEIARBO TR THEHNT L E03, 0L RD5EICIE, FTL OHE
EARIEBLEAETHS tﬁﬁ#é.:@:tm,%gm%?%%%%mbkn
THEEZTAE, BAEZTOENTEZILERLTVS,

2. YIS IC & T DIBED 57 D FHE R

AKEITIE, Akahira and Takeuchi [AT95] & FAMRIC LT, SIEiomIc BT 2BED
DA DHEHLIEIHZ KD B,

X1, Xoy o X %, HOICHSIICWTNOBREREZ S D pdf
g((z—0)/€) JEWRENMERELINET B, 12721, 0 e R, £>0, glz)ld, ZDOEDIBE
X (—a,a) T, lim,— 410 9(2) = c(> 0), lim,—,-09(2) = (> 0), lim, 4404/ (2) =
hylim,aog(z2) =W ET5. VE, V= (X, -0)/§ (i > 1), Y :=mini<ic, Y,
Vi :=maxi<i<n Vi &L, Si=n(Ya) + Yn)/2, T :=n(Yy) — Yy +2a0) EBC &,
(S,T) DEE (asymptotic(as.))p.d.f. I3,

™) (5,1) = 2cc exp{s(—c+ ) —tlc+)}+0o(1) (t>]s]).
| ’ (% ofta)

Eed, L1dioT, Zh o ST OWiAAA (as. marginal(m.))p.df. 2 KD 35 Z
EISTES,

3. EREERMOBREZONE. 0 <a<1%2a LT, c+fa~£3“-’+
@l>0f®ﬁ%h,nrﬁﬁm&%< @ﬁ%ﬁ@k%@%&@ﬁﬁ&)

Hiz
T =T<2_l“é> :=inf{n > nyg
0

n—17" lo

Ry, < gﬁé}
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B, KEL, ng(>2) I3YHIERKLE TS, ZDLE, ROEHEES.
B, BXRHEESTK (n, M, — d, M, +d]) \&REWT
() tim P{{My, — 6 < d) =1~ a (MRL—BHE), (i) n/n’ =1 (d—0+),
(i) E(n)/n* — 1 (d — 0+).

Chow and Robbins [CR65] 1%, A WIZHIZIZWTNGFE u, 5780?2201
IHE ) HEREESNIC X L T, IiZVJu ’ﬂ?"%@'ﬁ:’ﬁ@%ﬁﬁ@ﬁaﬁ%lﬁ@i I ICHERL L
o 9, Xp=Y Xi/n 2 =30 (X — X))/ (n—1) &L, FiAIR %

Ty 1= inf {n >np|n> ui/Qd‘Qsi}

EBL L, uap Giﬁﬁﬂzﬁﬁiﬁﬁ@im a2 R, ng(>2) TETHIERE L T3,
IDLE, BRMEAR (r, [X,, — d, X, +d]) 1Z ’E{ﬁﬁf* 3 (|[CR65)).
(i) Jim P{X, -0l <d)=1- (@T@%ﬁzlﬁ), (i) 72/n™ 2351 (d — 04),
(iil) E(r)/n** — 1 (d — 0+).
2L, =l 0 /d2 i3, of DB & EMOLETR FIEIC & DR 7 B/ MEAR
HTH5.

P S, BRI 1, n &) HFERKOBKRTENTVWE EWZ B,

—7, BOMWRTp.df 2304k 35E (ERICIE, &S ol R
BEURBETOTHIHE) 2 €25 L, Hﬁ% ’F%ﬁJZLt ERHERE TT A WHE—
BlELRELOHERFEOD, d— 0+ D & E, Chow-Robbins ORI AT IR E
APOBRTHEL LA EE > T3 I N0 3

PLET, pdf 0& @ﬁlﬁﬁ"(@h’“mﬁ’ﬁﬁf*f‘ﬁb MUREETOTH B ﬁ[/:]v'i%
BRI, RBPHETERZEE, bLIRAADOREDOR0 &R BBEI
n(Xgy—a—10) &En( Xy —b—0) L CHEREDMAICIRT 270 DR .6 53 Et:
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