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On the inequality of Kshirsagar

PR FHTF s f—

1. TLBHIC

X % o-HRIE p BT DEERH f(2,0) (0 € © CRY) 2 oMELKETS. B
Eos% S0) :={z : f(z,0) >0} &, g #ESMICERL IIABR © Lo
B 9(X) % Ep{a(X)’} < 0o #iiT¥ () OFIRHeER L4 5. Bhattacharyya &
DOARERE, HAHTERFBGOTT,

Varg{g(X)} = (gV(8),...,s® (@) W=1(8) (¢V(8), ... , g®(8)) =: Bx(0)

ERBIEERLTVS. AL, gO(0) = TL W(B) = {wi;(0) }ijmr,. 4 wis(0) =
By {ZG020E0 12X, 0) b (i,j =1, k) £B<. RAAIBRTOBES K By(f)
iZ Cramér-Rao BOTHRIZ—EL, § €O 22T, ZOTFTRIIFOKREEZ KX < THUT
BRICHK, T72b5B(0) > Bu(6) (k > 1) 2R 1o,

=X, 174y v —ERENFKBRT 5], EEBEMRMBICE L THS TRV
%, Cramér-Rao < Bhattacharyya B ORERAHIL LAWK 5 RFEERRBEITY,
LD & 57277 %EXD, Chapman and Robbins [CR51] &z L W R&E T 5.

B, Kshirsagar [Ks00] 24 9, Chapman-Robbins B0 %3 % Bhattacharyya
HMOAREXEBLIBEOFELAVTILRELAEKRO L5 2RS¥ REhE 0 ¥, =
_3_9}5()35%@_0; (r=1,2,...,k) &< &, Kshirsagar D&

Varg{§(X)} > supwZ'w’ =: Ki(d), say.
¢

BL, w=w(l,d1,- .. ) i= (9(d1) — 9(6), ... ,9(d) — 9(6)),

Y =30,¢1,...,9%) = {0i}ij=1,..x (05 = cove(,¥;) (4,7 = 1,...,k)) &L,
S(dr) C S(dp-1) C---CS(g1) CS0) %25 p; €0 (i=1,...,k) Tsup LDHD
ETSH. Lvl, ZORXTRAERNRENLET T, fHoFREXRE OFER LITONT
FECERER TR,

ZZ T, Chapman-Robbins BOFREAZ, [Ks00] & RO E TR LIcBlOR%E
KERL, BONERERELAVWT, #@H O Bhattacharyya B@O TR E OB HTTH. [
BROFERIL, Akahira et al. [APT86] Hiz bbb 203, ERIFERESTWBRD, Bi2DH
ReEBoTD. BRI, BONAREXOERIZET W 20 0MBEERT.

2. PRiEBRROSHICHT HRADFTHFN

X %, % o-ARMECET HEEE f(z,0) (0 € O) b oREEEHLT5. BL, O
. R OBEA LTS, © ETERSIE, EREETRY, HDIEIEE ¢(0) ORIy
£25. S(0) % f(z,0) DBEL, S(6) D SO+i) (i=1,... k) £2BL>Co+id €O

(i=1,... k)zﬁammam ZICY; = Uy(x, 0 5) = (3) Tio () —1)'igiﬁ(§§;,§—")

(i=1,...,k), Gi = Gi(8,6) = (F 1) o (D(-D'g(0+18) (i =1,...,k), V =
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V(8,0) = {vi;(0,0)}, vi;(0,0) := B (V;¥;) (4,5 =1,...,k) &2, RoERE
&5,
TE1. §(X) %g(6) OREHRERLT S L,

Varg{§(X)} > suAp gV lg =: Dy(6), say
8¢

MY o, BL, g=g(0,0) = (Gu...,Ge) P> A= {5 : S() D S(O+id) (i=
1, k), [V(G,8)| A0} &L, A=0Dex, £0=0 &+5.

FE. Di(9) = Ky1(8) = H(G) 2550 3L,
EIH2, HDIA0EONT, SOE+i6) SO (i=1,...,k) L7rdLE,

w(0,0+6,...,0+k8){S(0,0+5,...,0+kd)}?
w(0,0+36,...,0+kb) =g(8,8){V (6,5} g,d).

AR Y L.
#3. FERIGHBEOTTRMERY L.

Bi(0) < Di(0) < Ki(0) (k> 1).

3. FTROLBIZELT

F2HITRLUETROBRICONT, PEEREFIRDITOOEGEZERE LT
PE. ThooEEELAWT, RFB/MBRREHEERICRY, TREERT S &5k
EREHE L. Zhid, B% D Cramér-Rao #<°Bhattacharyya RO TR &R Lz
BITHD. sbiz, BRBEZFOBERSHKIIBWNT, BRI IBTFREEEOH S
7T RERD. B#IZ, By & Dy OX/NBRICONTIE, %3225 By < Dy RV LD
B, TOFEERRYMIEZVEEERLE. 4%, RERIRBECBT 2EERI&HEE
BT ANERDH 5.

5 3k

[APT86] Akahira, M., Puri, M. and Takeuchi, K.: Ann. Inst. Statist. Math., 38, (1986),
35-44.

[AT87] Akahira, M. and Takeuchi, K.: Ann. Inst. Statist. Math., 39, (1987), 593-610.
[B46] Bhattacharyya, A.: Senkhya, 8, (1946), 1-14, 201-218, 315-328.

[CR51] Chapman, D. G. and Robbins, H. E.: Ann. Math. Statist., 22, (1951), 581-586.
[Ko97] Koike, K.: J. Japan Statist. Soc., 27, (1997), 65-75.

[Ko99] Koike, K.: Commun. Statist.—~Theory Meth. 28, (1999), 857-871.

[Ks00] Kshirsagar, A. M.: J. Indian Statist. Assoc., 38, (2000), 355-362.

(LCY8] Lehmann, E. L. and Casella, G.: Theory of Point Estimation (2nd ed.). Springer,
New York, 1998.

[SGT76] Sen, P. K. and Ghosh, B. K.: Ann. Statist., 4, 755-765.
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BERESFETILOTTO 2EREEIZHITS
HEBEFEHDHEIZDINT

EE A (TERFERFE BRRFIER)
S8 BE (TERFERFER BRARZHER)

Loh (1991) T, 2 2DEEREMRNAOIED EHI~ 7 b L OHEBEN HiR
LTV 5. Loh (1991) 1% Graybill-Deal ZUESHEE &% R T 2 Stein OB AHEE
BOEHZ RS, FEERIC LY 2 FHE KD T T Stein BUEA HEEH Graybill-Deal
HECHERZYURTIZLEERLCWA. ARETIE, 2 2O SEEBHAESFD
B OHEERMBE L |, Loh (1991) ORERDOILEEZ B fo o7,

WE, BT LR

Y, =158 + €, Y,= InE + e (1)

&Té foCL, Yl, Yg, €1, €y XN x pﬁﬁ’ﬁﬁ?ﬂ, 1y }ij"\fo)ﬁiﬁ}z)‘ 1Th
DNXIRXTIV, ERFRADpx 1T MVTHD. ZIT, BETH e =
(811,6,’2,.. . ,eiN)’ ('L = 1,2) UD%ﬁ}iﬁlﬂi‘Lbll—'ﬂ—@#ﬁH@%Z‘ﬁilﬁ 5 k L/, %(D%
EERA% A

|27 %h(el, 2 ey),  i=1,2,j=1,...,N, (2)

13 <4

3B, L, h() X [0, 00) EDOKMBEIE, S 3RO p x p EFERFRITHIT
b5

22T, FBRTEF A (1) OFE T A—F R BRI LE €) = N(E—¢) (37 +
SDE - &) Ob L THET B L TH Y, BIKMICIE Graybill-Deal B &t &
DREMERERDIZLTHS. TOHEELTE, TV A7 ORRHEERICEL
72 ) R DFHiiRE KD, £ OFHER b REHEROEFLENT D, LW O FIE
TRIZIN, BEBEEQ)OTTRY A0 EROEENHETH LD, BE
BE% (2) %

|21|_N/2}22l—N/2g(t1' {EI1€,161 +251€’262}) (3)

KBENPZTELZ TN ZEIZLE, ZIT, git [0, c0) EORMBEHTHS.
HOIEREHBRLD, KDL 57 ) DEHEREES:

2
[V N (3 [ {B7UX - 6)(Xi — O + B ZIZ]). (@)

i=1
L, 0=VNE X lpx1_7 bV, Z,iEnxpfTHITHB (n=N-1). L
ERST, (3) D¢ DHERMMER (4) 0 0 DEEMBTBENABZENTE, §0
HEERIRRIZ R RBEK L(0;0) = 0 — 0)(Z7' + ;)0 - 0) Db & ‘g‘%i'ﬂ\ <
TlickB. EROBBEEAVS L, Graybill-Deal B AHERIT 0 = (ST +
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)1(511X1+5’21Xg) é:i*h}:rbrc%é IIC, 8:=2Z,(i=12)Tdh

CIOHTEREFURBRTED Py sl e BOK
6=B'®BX,+B'(I,- ®)BX, (5)
%27, EL, B(Si+ 8:)B = I, BS,B = F = diag(fi,...,f,) (/i >

> f), BIERAE F BB BRI 5,

Kubokawa and Srivastava (1999, 2001) iZ & 28 HEI 53 ET /LD T TD Stein-
Haff identity # VD Z &I XY, HEER(G) DV A7 Z27HET O &I XY, KD
T 572 Stein MEAHERD T = B1@TBX, + B (I, - ®T)BX, 285 &
NTET:

BT/ fy)
BST/(1 - f;) + 65T/ f;

&T=n—p-1+41-f,) +zzf’(1 f)
k+#j k

k#ﬂ

@ST: diag(A‘ls'T,...,(,ggT), ¢ST (.7: 13"')p)’

HiEEER er oD

BONHEERI L0 DURIEZLHETAED, £ =0, S IINALT
B, (N, p) = (8, 5), (13, 10) DB EDOKERBREITolz. BT, MEEHDELT
e;i(i=1,2,j=12,...,N) OSTL LT, BERBt DML LEE Kotz A%
E2, RO L HIBREER BN

1. 5,3 O BEAENEVEL L 284110 kLD 0 DY RIKBRIK
X RBEMCHY, (N, p) = (13,10) DL = m%j: NGOURBH L.

2. ¥, T3 DA BEAESBOIE TV BBAIIE, 0 1k5 0 Dcou xa
KRFLNE ot 7, T O EAMES I ‘é&foliofwé%

r39° @&Eimﬁkﬁ:éc‘:%%&)éw (p=15), TOKRE XX 1%?”%'(
Hoi-.

3 2,57 OAEEUNAL THIBEY VT A A XN —pREELEDET
X, pAHZ BT LIT D T x50 OV Ry HBER LB ST,

4 HEERD 11, BEBEK (3) Ob L TEHLER, DhbRIEER b EEER
Q) PbETH, 8 LB 0 ORERIEHTHE I LNbIoTE.

BEXW

Graybill, F.A. and Deal, R.B. (1959). Biometrics 15, 543-550.

Kubokawa, T. and Srivastava, M.S. (1999). Ann. Statist. 27, 600-609.
Kubokawa, T. and Srivastava, M.S. (2001). J. Multivariate Anal. 76, 138-152.
Loh, W.L. (1991). Ann. Statist. 19, 297-313.
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PN MV O S EREEDORFEIZONT

SORUHEARE A - HE Wile B
WOHUHERE A - B - L W UTRE

PN D ZELEILZB VT, §XTORT O (W) (B F 2 I
l>< r‘ai TR D )7 -1 Tukey-Kramer i (Tukey(1953), Kramer(1956,1957))
L. KawTld, SHHBUIHT % Tukey-Kramer DK wOIRTH L F 4 &
Tukey—Kramcr i (Seo, Mano and Fujikoshi(1994)) (Z2WT, b, pRiNz
?\)W)T’\“’CUDNT035?0)!?3:]“‘1’%%3@%?@26:0\/\{, ZOWRFHEDRE akin L, &
LA, RO G120 5 ORSFRY 2 MR E BB DWW TEE T 5,
M=, ] FEEDOpRTANZ PVOFFHIE L, M =1y, 1] £ M
DHERE L, vec(M) 1, Niy(vee(M),VRE)IZHEIbDETH, 7277L, Vi3
kx k DEERATEIT, Sidpxp DFKMITIIE T 5. & 612 s%zmrﬁ% Efrdl L
L, S13 M LT W, (S, 0) 15 bD LT 5, “or X %78 Tukey-Kramer
FEC LB RS I,
{i:l'z' - i:l'j = (p; — Hj)}/s—l{ﬁi - i:"j — (1 — Nj)} > éq?)ku( a)dyj,
1<i<ji<k

ELTHz2z6NAE. 22T, Qo) 13, EEEAT 2—T » MLEE oA (/37
A—%p k, BHE v) (1 21L, Seo and Siotani(1992) % &) » £l 100a% £ TH
5.:mﬂﬁﬁ%%ﬁi V=IntsE, LHEIIl-aTh.

DL, ZREDOHE DIt Tukey F18 (Seo, Mano and Fujikoshi(1994) %
S318) ci&mi SIIEABNE,

N ~ 1
Pr{a'(ui — ;) € [a’(ui - uj):‘:qp,k,u(a)\@dija’Sa ]

1§i<j§k,a€7€p—{0}}21—a.

Thbb, §XTOLj(1<i<j<k)IZLT, FREEXEIEISRTIHIR
Henw)HZEeThab.

COFRIZOWTIE, k=30L ZIZHKD LD L HHFHEIZ Seo, Mano and
Fujikoshi(1994) I & > T/REN, ZOFAHADOT 1 77 2 FIH L TR EORE £ 3%
b, EELT, C={ceRF:ic=e—e;,1<i<j<k}El, vee(X) %
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N0, V@E)IZHED 45, 2L, X = |z, & COEX, KDL i
REELD.

QUL V,C) =Pr{(Xc)(rS) ' (Xc) < (V) for any c € C},
272l tWTEEORESNIERET DL, JOfR 22D EE, eI
L E=ITHY, TOMRIE, (=1, =q¢, (a)/2v) DL &, &% Tukey-
Kramer £ ® coverage probability & ¥ 5. TD& &, ROARFEXHHY LD,

1-a S Q(tm V,C) < Q(tpa VOiC)?

22, Vy i1, Vg = \/d13+\/d23, if:li, Vdiz = \/3—1—2_“}' \/@, i]‘:(i) \/K:
Vdio +Vdis ZWRET H75TH 5.
AR IB RO SE, ROARERDREH LD,

l—a= Q(tca Vlsp) S Q(tc, VaD) < Q(tﬁ V27D)7
S te=tolosp kyn, V)RV =V, DL ED TR, DL 100a% £ THY,
T2 = max {(a:,- — )" (dip, 8) M (x; — wk)} ,

Mmax-c 1 <&<k-1
$/2, D={deR:d=e;i—e,1<i<k—1}THY, VI3, dip = dys+ ds
FWEL, Vold, Vdp = Vi — Vau, T7°4E, Vi = /A — Vdis R T BT
HITdH 5.

RIFICBMEERE LT, EBIIEOBERTHTH 29D 2012, wW o
DINTG A—F DEFFIIDNT, %% E Tukey-Kramer 5T & A xf b sk & xF BB
DWTC, FNFNOMEEDO FE S—t > PEEFBEREEK Y Iz —a v
WL DR, RTEOBRELEEL /.

Z£E M

[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 Ad-
justed Means ,” Biometrics, 13, 13-18.

(3] 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.

(4] Seo, T. and Siotani, M. (1992), “The Multivariate Studentized Range and Its Upper
Percentiles,” Journal of the Japan Statistical Society, 22, 123-137.

[5] Tukey, J. W. (1953), “The Problem of Multiple Comparisons,” unpublished
manuscript, Princeton University.
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ZEERRINICE T HHEEBEDKREIZDOINT

FRKYE BE B RE
HRKRY &F KRB ER

1 [FL®HIC
SEBRERBERIN(Z, = (Zusy ..., Zn) t = 0,%1,...} 25T DHE. TOMEHELE
Cov(Zas, Zy) = ogopp(a, byt —s), a,b=1,...,7

ERIELRZRTINER LR, T2 To2 e BTN ENZ, & 2, DHETHD, 2EE
BOERETAPHBEBEDET N LIZI S ELND A, KiEr BREWVWFEITII RS
A— S HHBRBHNTIEA T LEVHEENRLEILRD EVIRARD D,

KITr @V T —Z Ik LTIk, "43#HE8 (separable correlation)

Cov(Zas, Zit) = 0a0p1(a, b)pa(t — s), (1)

EARET 2 HEHNH D (B 213 Haslett and Raftery (1989), Martin(1990), Katanoda, Mat-
suda and Sugishita (2002) %), separable correlation % iV AU, BefEl 5O +E AR &
ZER SR OMBEEE L M L ICFREHED D, EEIENST RS, EZABRTOK
., ZOFETHEEEECAVEHIIREMNZ 57280, HEICGERT DIt %4t%:
LSBT 2RLENRH D,

I T, ARE TIIZEENRI|OIEBIERE % separable correlation TEEH T 5 Z
EBRTEDONENPERET DREEEZRET S,

2 BREWMEE

X3 (1) IR & T 5 separability DR EMFH BERET S, 2,,...,2, ZEA LK
& l./_c\ Zt m;ﬁ.[s&.j“— Y ig&% W()\t) = 7517;; Z?——-‘l Zs exp(—isAt) & LT\ /\t IZBiT5
EUART T h% I = WOIWO)* EEBLTBL, fu, FEUARTTL I, &R
A=D L THONDBEEDOHERTED (ab) B DME fo, 13

( m/2

m/12+t Z IZ,ab,t+j; 0<t< m/2,
j=—t+l
m/2
i _ a{t{ Y Izasg, m/2 <t < [n/2] —m/2,
Uabt — j=—m/2
[n/2)-t
[n/z‘_“”“‘—]+n11/2-t+1 > Izwerj, /2] —m/2<t<[n/2),
j=—m/2
\ fab,—tv t < 0.

TExZbN%, X
ST, REESR (1) OT THHRMER fr, #WRT 2, REERBOT TR f(N)
&, g(A) & pa(h) = [exp(ihA)g(N)dX 7T HD & LT,

fab()‘) = Uanp1(a, b)g(’\) (2)

—197—



DT LERALTROL S ICERT S,

fR,t = Vgt’
BL.
N 12
Vo = '—ZZathta
nt:l
- _ 1Z fU,a.a,t
S
1 1.
= —tr [fU,tE_l],
~ r ~ ~
$ = diag(Vin, ..., Vi)
ThB,
Iz; & fry HRERFEOT TIIEDOERZOIZHENWZ EBMFETEX D, MBFOERY
. 1 [n/2] R
Co(lz, fr) = — Z tr(lz,tfﬁi)*‘r- (3)
t=—[n/2],t50

R OEMEIL L bOERECHAT S, UTORED S & TCo(lz, fr) PREFEDHDT
TOWEIBRE D,
(A1) Z, 13D 2B T [logdetf(N)dA > —co.
(A2) F(A)IE X € [—m, 7] ITBVT, 2 BEEREM S 7TEE,
(A3) faa(M) >0, a=1,...,7r, —w <A<
(Ad) m = 0O(n®), 1/2 < B < 3/4.

Theorem 1. {RE (A1)-(A4). RERRD (1) Db & T, n2Cy(Iz, fr) iTFEH 0. &
B So = 4r [ trlag(N) f(A)ao(N) f(N)]dX DBHREEREZ >, ZZ T,

20 = {50 -9} 7700 - (g0

WIZ, Co LITRIDOREZRVZZ LIX Y, NOREXHBEZE/RTE S, =2 T,
LToORHEZEZEZS,
o [n/2] o
Ck(fu, frR) = 3. K(fuefry) — K(L), (4)
t=—[n/2],t#0
ZZTK()E, C” LOERIBEETH B, o
Theorem 2. K& (A1)-(A4). REEH (1) Db L T, n2Ck(fu, fr) ITFH 0.
538 Sk = Ar [ trlax(N) f(Nax (V) F))d) OBLEER 2 S, = 2T,

) = {5z —o} o0k - T e
. OK(M)
K= —om Mo,
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Sequential point estimation of a function of the
exponential scale parameter

MHERE - BEXLES FH 5
FrimKe - HEE WH X
1. &
X1, X0, X3, - BIROHERBEEMEZ & DERSHICWS MU REREHDINE T 5:

fo(z) =0 exp(-z/0), z>0

ZIT, REMH e (0,00) XKRMTHD. BEO: (0,00) — (0,00) I& 3 BlEF 5 ATHE T
HBEL, E1REEBICOVWT I (2)#£0,2>0THDET5. UWFTIE, 0D 2 WEEK
CEIREBEEE, sheh, 0 L0 TRiIIT . AHE TR, RESKOBEK =0(0) D
WMEEREZD. REXInOEEAEEX, - X, WHLT, X, =010  X; T3 8 &,
0% 0, =0X,) THETS. BEEKL LT

L(6n) = (0, =02 +cn, ¢>0

EEZD. JIT, cRBHERTH Y, BAERY D OMEBRAEEKRTZ. COLE, Y
22 % R, = E{L(§,)} £¥ 3.

8(X,) —0(0)=Xn—-0)0(Cn) 2#RT ol X, OMICHIHEER (,CBLT, K
DEHEERET 5:

(A0) $%a>28 LT, sup,snBlO (G| < oo
T, mBAAEELAETHD. ZDLE,

E(fn —0)* = B{(Xn - 0)f ()} = * {0 (o)} +o(n™!) (n—ocoD& &)
LRBDC, VAT

R, =0o*{8 (0)*n "' + en + o(n™h)
Y75, o(nl) DFEERITIE, VXY R, iARREHS

no = ¢ 0|6 (o) =n* (£BX)

DEESHFNETRD, Ry =2en* L7253,
CIIRHTHEIDOTC, ng ZAVWSAI LIFTERYL., FIT, BRHEAEZHAD. ZBET
FRDEIERBEZRET 5:

N = N, = inf {n >m: n> c‘1/27n|0’(7n)|}.

0% 0y =0(XN)THETZLE, ZORRARDY X7 E Ry = E(by —0)2 + cE(N) T
52603 BRAROEIE, VL v bRy —2en* iCEoTHIBN D,
2. ERER

1

T fl@)

h(z) x>0
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ETHEE, FILRBINEIRDEISICRT I ENTES:
h(Xn)
h(o)
Y, =(X;/o)-1, i=1,2,--- ¥2L,S5, =" Y, Y,=n"1S, &B<.

h(Xn) = h(o) + ' (0)(Xn — 0) + 1(Xn — 0)*h" ()
BHMET oL X, DM HIBREM 1, 28228, Zy=n+aS,+&, LRED. 2L,

L

N=inf{n>m: Z,>n"} II7C, Z,=n TH5.

6'(0) 2h(o)
THh,
K () = 9’/(3:) {2{6/ (z) +I:::9”(:J:)}2 B 260" () -}I— x9(3)(a:)}
6" ()] 23 {0 (z)}? z?{0'(z)}?

THd ROXMHEELS.

413
(A1) HBee(0,1)lRHLT, {[(Z"—Z;) ] ,an} E—HAESTH 5.

<, zt = max(z,0) TH 5.

(4
(4

(A2) WO (i), () D5 b, PR &b —HHED L.
(i) h”(nn) >0, n>m.
(i) #2b>2HLT, sup Bk (1,)]° < co.
n>m

EE 1. (Al) & (A2) BHRDEOBBE, c—» 0D L X,
E(N) =n*+p—1+o0(1)

TH5b. =FEL,
L a8'(0) | o} (0)}  o%0)(0)
EN e TR W0
_ E(t+aSt)2

=T o inf{n>1: >0} THB.
p 2B T o5y)’ inf{n >1: n+aS, >0} »

WIZ, YR ZIZDWTHRS.
8(Xn) - 6(0) =0 (0)(Xn — 0) + 16" (0)(Xn — 0) + (X — 0)*0) (4e)
EHET o Xy DR D 2HREN ¢ 2EZ, MOKEEET:
(A3) O0<c<ckMLT,n*212¥3. B a>1, u>1KHLT,

sup El(n*)%—Y—Nl4au<oo »D sup E‘9(3)(¢c)|2au/(u—1) < oo.
0<c<Lco 0<c<eo

EE 2. (Al), (A2), (A3) BRI ORI, c —» 0D L &,

. 08" (o)  To2{0"(c)}? 2B (0)
Ry — 2en* = {3+2 7o) + HO(0))° - 7o) }c+o(c).
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DICHOTOMIZATION REDUNDANT RANDOMIZED
PLAY THE WINNER RULE FOR CONTINUOUS
TREATMENT RESPONSES IN CLINICAL TRIALS

Gopaldeb Chattopadhyay Aditya Chattopadhyay*
Bureau of Applied Economics and Statistics Department of Statistics
Government of West Bengal The Uninversity of
Burdwan
India Burdwan 713104,

WB, India*
Plan of talk:

Sequential method for testing the identity of two univariate continuous distribution
functions in various applications in statistics is a well-known problem. Clinical trial is
one such field where the experimenters are interested in the comparison of two
treatments (placebo versus new drug or between two newly launched drugs). The
classical approaches are based on either fixed (or random) number of observations
drawn from both the samples or a fixed number of observation drawn from one sample
and a random number of observations drawn from another sample, without paying
adequate attention to the problen;l of allocation of treatment to patients. But, if the
patients enter into the system one-by-one i. e. sequentially, the problem of allocating
a treatment to the patient gets much importance, especially in the case of human
beings where ethically one should treat lesser number of patients by the inferior
treatment as the trial progresses. With this objective several researchers have shown
interest in the data dependent allocation technique to tackle the problem and the
corresponding designs are known as adaptive designs. Zelen (1969), for this purpose,
introduced the play-the-winner rule for dichotomous responses. Later on Wei and
Durham (1978) and Wei (1979) introduced randomized play-the-winner rule. For the

sake of clarity we illustrate this rule by an urn model:

Start with an urn having two types of balls A and B, ‘a’ number of balls of each type.
When a patient enters into the system, draw a ball at random with replacement from

the urn and allocate treatment A to the patient provided the ball drawn is of type A
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else allocate treatment B to the patient. Now, observe the response of the patient. If
the response is ‘success’ add additional ‘b’ number of balls of the same type in the
urn else, add additional ‘b’ number of balls of the opposite type in the urmn. Draw
another ball at random with replacement from the urn to allocate treatment to the next
patient. Proceed in this way to allocate treatments to all patients. This rule is denoted
by RPW(a,b). On an average, this rule allows lesser number of patients to be treated

by the inferior treatment.

Wei’s (1979) procedure is applicable only when the responses from the treatments are
dichotomous i.e. can be categorized as ‘success’ or ‘failure’. Biswas and Basu (2001)
mentioned that Wei's(1979) technique has been adopted by many authors for
continuous treatment responses after dichotomizing the data by setting an appropriate
threshold value (see Bandyopadhyay and Biswas, 1996, 1997a, 1997b) and discussed
a robust adaptive design for continuous treatment responses in a decision theoretic

setup.

In the present talk we will start with some issues of clinical trials along with certain
constraints towards implementation of the concerned methods. Then we will try to
provide a suitable sequential technique based on randomized play-the-winner rule
when observations drawn from both samples (we will be concerned with comparison
of two treatments) are of continuous type and need / can not be categorized either as
‘success’ or ‘failure’. In the sequel we will propose an urn model along with a M ann-
Whitney type test statistic for the testing procedure. Some interesting probability
distributions and related results concerned with the test procedure will also be taken
up. Asymptotic ’null distribution and various asy mptotic properties of the test will be
discussed. An alternative test will be proposed and some of its properties will be
explored. To establish the superiority of the present test; the talk will end up with
some numerical computations of the power of the proposed test as against the
competing test along with the ASN studies for three parametric families of density

functions.
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Sequential estimation of the powers of normal
and exponential scale parameters

i K - EEER BE &—
HERE - BARRE Ali Muktar
MHEKE - HEYLZFE FH 0NH

1. F

X1 Xo, Xg. - \TIERSA N (u, 0?) ICIED ML R B HOFN T+, Z 27T, e
(—oc. ). 0 o? € (0.xx) IZRETHS. RBETIT, FRIEZONZr £ 0125 L T
of OHEERMBEAEZEZD. RESnOEEBERX,, - X, LT, X, = 'Y, X,
o2=m-1)T'Yr (X - X)) kTR E o wol THETS HERBEEILTL, =
(0f —a"2%EX. VAV ¥ Ry=E(L,) &5, B#E. EEICEZ0N05 w > 0124t
LT, HREHR, <w 27T H/NOBERE n, AV T ay,, Ta’ ZHEELF, o
MEBEEAREREBE L LidhTwa, Zokx R, = %?"202’71'1 +O0(n?) (n—> x) H
OMHDT, WOLHRFERXELERD.

1.2 or ‘

-— . "‘ y » >
rte*n™! <w. orequivalently, n > —c” =n" (LF<).
w

HEOEDIZn TERETHHETH L, TN REREEEAKLTHS. LirL,
CHEHRMTHAHO T (MEATE 2. i, HROREZHETREEZEAL LD FIEILF
LN ERMLNT NS, £Z T, ZOMEYBRFELZHOTERS ZEI2T5. A
ETEROELRAUERET S

2
. . r .
N=N,(r)= mf{n >meon > Tl,laff} .
w

U0 miTEERE T m > max{1l, —2r+ 1} 7= L, L (0. x) TEZEIN-EHK
fBEBA%L T
Q=1+%+q§)(wem)

B L. LIERTHS. P(Nolr) < x)= | BRENDLOT, EARMHASELE L5,
o7 & o THETS. ZOLE, UAZE Ry = E{(oy —o")?} THEALNG.

2. &R
LOEREHREBEICHE L TUTORENESNS.
SEHPREAL D 2 IR OEIT R

FEI1. bLm>m(r) 20, w—=0&LT
E(Ny=n"+p+1ly—r(r+1)+0o(1)
Thab. =KL,

{1+m if r>0
my (T‘) =

1-2r if <0
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T, plR0<p< Ly r? W TEHTHS.

URAZIZEET 5 2 kOB R

FE2. bLm>my(r) 261 0w—-0&LT
n(Bn/w—1)=—p—lo+5r* + Llr = 34 L(r = 2)(7r — 22) + o(1)

Thb. =1L,

max{l + 107, 13487} if »>0
ma(r) = ) .
13— 14r if r<0
THab.
H1. TEILEH2IVKROZLRODND. p OEBHENR D SRVOT, L
lo > (5r% + 11r = 3) + L(r — 2)(7r - 22),

ERTTEB b 2B, 000w > 0 LT, Ry < w k780 &SRS~
END. WoT, BRI DBRIIEETHSD. /2. E(V). Ry IZFNRFh(, OHENBEE .
BOBBTHS.

RIZBOIZDOWTEZD. b L m>my(r) 20, w—0&LT
E(o}y) — 0" = =¥LEsign(r)(3r + 2) (") "1 2w!/? 4 ofw)
BONLDT, MOAWMELHEEREE LT,
&y = o + YEsign(r) (3r + 2) N "2 w172
EEZD. I, sign(r) = 1(r > 0). = —=1(r < 0).

s (r) = max{l + 6r, 5+ 3r} if r>0
T 525 if r<0

Thd. ZOL& YRAJTRy = E{(6h-0")?} THEABNB. 22T, 2 00HEED
YR % &T 5.

FE3 bHLLm> mo(r) 78, w—0&LT
n"(Rn — Rn)/w= —1(3r 4+ 2)(Tr +2) + o(1).
Thb.

2. EEILVROZEADND. r< -2 EFt, r> -27251F, YATENEL
THOECIERTRIVMERBENICEDTH DM, ~2 <r < —2R0EF, BEMIZHED
T2,
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EIRFRED Linex loss O F THOERRHETE
ER ZEk (KRAFSIK - TR
1. &

Linex loss function O F T, #EEIFETAOEIFERT NVOBFRMEEYE 2 5. error
VL 0 8 0 OIERSFICHED £ 45, Linex loss 1% Varian (75) IZL ST
THEASH, BT ERloss ERIETHD Z & &R LTz Zellner('86) X3
loss TOME%Z E 2 7z. Takada and Nagao ('01) iXELBATHIASKRE DS, S¥kiCiE
MATDOYHIT RO Linex loss TOFRKREEES L X 1=, Z Z TIL@HE OENFRE~
7 MVOE B RHEE RIS Linex loss O F CIEBIAAIT admissible TN T & 7579,
TRbb, WRTOHEENTET D Z & amd.

2. BEEIRETIL

BCEIRET Ly, = 2+ e (G = 1,---,n). = iEp x IUDEE;":U“\7 My, g =
(Br, -, Bp)' iﬁ%ﬂmy MoV, el 3BMSE 2 RERIER T 0 EK 0 DERSTIZUE
D. Xn= (21, +,Zn) Drank ILp(< n) LRGE. loss function & LT

L{d™, B) = Xp:bi{exp(aﬁn)(dgn) —0i)) — az('n)( ) - Bi) =1},
i=1

(X,’ZXn)_l = (w,-j,n) s a,(n) = ai/(nwiim)l/z (Z = ]., s ,p) . fcﬁﬁ bi >0 y Qg 75 0 bm?
H5. dm = (d(”) o dMY HEny OEAIZESL § OMERTHD. o2 BEERO L X,

d(n) = /8 _'2— 71:—7“— I—’ /Bn - ( ) 1Xrlzyn )\n = UQ(GI (nwll,n)l/27 e 7ap(nwpp,n) 1/2)’
Yo = (Y um)” o7
EL(d™,8) = YL 1hi—— aio’ , ETEL(Ba, f) = Thy bifexp(“ o) — 1} LD,

EL(d™, B) < EL(Sn, 5), Ba VX admissible T2V, o2 BAEMOBE. 5, = B, — 3—,2 7z

?

> 3 ~ ~ 1 - ~
7ZL, A= ng(al (nwll,n)l/za T ;ap(nwpp,n)llz)laﬁ n—p Z(yi - x;ﬁn)z'
i=1
~ a? (120'2
EL s = 5P bE (.2 A2 i .
aja? a?o? a?o?
=P b 1 Z —(-p)/2 T
2.2 2,2
) <1+ ST ThBnb,
nv 2n

p

EL(B,, 8) — EL(G,, B) Z {exp —¢4;—1} >0

=1

2.2

L, £ =22
2n

1% admissible Trx7gvy,
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3. EXIHEE

B DWEERR T &L ABFRME L & O 2 TH Ry NEREERIIMOMERIZ LT, BT
KB EIND T L ERT. Rn EL(d™, B)+cn &&/INT é*’c?:éif@li:%&n c >01E1

DEEARD cost. Ry, = SP_, b, aio +c'n, B/MZ &5 EAE n dn, = ( Zba )12 =

A
2c

()20, A =P bja?. R, = 2cn.. o2 \IFH,

T, = 1nf{n>m|n>€n( )1/2* 1,
=L, m>p, Zn:1+£+o(nl). T.=n O &%k, ﬁ%é”:ﬁ"“%' THEE
5. R, = B{L(Br.,B) + ¢TI} £ B<. regret Ry, — R,. #5HlT 5. WIZW > 0%
BEAI72 [ ET 5. B(d™,f) < W & LV, $5&, nw—éi;—/a ORI R
risk IR &V ). TB&, m>p L LT,

Tw = inf{n >m |n>£ 62},

Z?D 25D stopping rule (2% LT, Woodroofe('77) &3/ L THIEMEAL m 122\ T
DRAEZRD D, ETFR2risk BRI LT, BHILLEEDDZLIZEY, 22T
DEGZFH=T OB/ LN, o, B/ NEREEREILBLOWENSSE®B &
Bl o TH> TP B Tinadmisible Th D Z EAVREND, FEL <L, Scientiae
Mathematicae Japonicae (to appear) £,

S 3T
[1] Takada, Y. and Nagao, H. (2001). Sequential point estimation of a multivariate

normal mean vector under a linex loss function. Submitted for publication.

(2] Varian, H.R. (1975). A Bayesian approach to real estate assessment, in” Studies in
Bayesian Econometric and Statistics in honor of Leonard J. Savage” (S. E. Fienberg
and A. Zellner, Ed.), 195-208, North Holland, Amsterdam.

[3] Woodroofe, M. (1977). Second order approximations for sequential point and inter-
val estimation, Ann. Statist., 5, 984-995.

[4] Zellner, A. (1986). Bayesian estimation and prediction using asymmetric loss func-
tions, Jour. American Statist. Assoc., 81, 446-451.
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T—FrRAMSYTHICED2DOOBEASHOHEEERT

k- T B s
WA - B S HE
1. [FC&IZ
R, ShE (BCK) TEUCERAERR SN TV A EELY BAT I OERTRENEET D5HE, 1
ATHOLNTVD KBEREERT — 2 2RI L L5 LWy RBEMPITONTEY, &L, BRKEEFEDO D
TIE7 ) vy - AFF 4 (bridging study) EFHEN O BERIFRED 1 D& 7e-> T 5. ORI,
FAOMBEE LT, BWVIIMYR 2 200 F, G OThEim bl S 2 OB ARZESH T,
2ODHRHNELOMENERET S 2EAMBELIBADLZ LN TED. ZOMBIIHT DL/ /37 2
Y w7 REEOF T, Kolmogorov-Smirnov FEX L K HONTWEM, 7Y vy Py« AFF 4|
BFD LI 2 BOEAES IR R DEEOFHOFMI DN TEHEVHLA TV, TIT
ARTHT— FANT v MECL D 2 >OBEMDAOFFERTHELREL, TELT2HOT—4
DEABHBD TT o N\T7 A ARIBEOREDT A X, B DO BERIIT 7.
2. fAREERE
X={Xy,....,.X.}L Y ={Y1,....Y} ZEVIMMICENENER LD F, G LELNER
EFB EL, Xy, X R R Y, Y R QLB ZolE, X, Y IKESNT, 20057
BDELWEWIRB Hy: F=G #RET D 2EAMBEELEZXD. ZZCHMIRGELTH, : F£G
BLB2O00BEMSHTOFEERELEZXD. ZOL DR 2EAMBIZBITAE/ V7 AN v IR
ENFTYH, 2 EAIZEIT 5 Kolmogorov-Smirnov #LEH &
T(X,Y)=_sup |Fn(@) = CGm(3) (1)
% F\ 7= Kolmogorov-Smirnov ME (AT T3, K-S RE LK) (3HH THB. 127EL, Fo(z), Gu(z)
FEBRAFREEERL Fo(z) = L0, H{X: <z}, Gm(e) = £ T, H{Y; <z} (I{-} 1IZEHB%) T
HD. T TEBTIE, TOREFRE (1) AV, £D Hy © b & TOHNM (LT T, IREST & ES)
BT —bARZ v EICE > TEEILIC K-S BREEERE L.
3. T-hrR S vTRRE
AETHE, KILT2BEO7— AN v 7REBEZRETD. 7— bR M7 o THEICLD 28D
EHEOFEEERELITI HBEN, BRESHOELIZAV OGNS REHRFIEL LT
(A) FEIREE%Z Lizf@a OV TAnb Y47 Y 745 Jik (Efron and Tibshirani (1993))
(B) 2ZEAZBAEL, BALLEEAND YUY 7Y U7 EHHT 551k (JE - BE (1996))
Whd. FITEBTE, INOOFEE 2OOBEHANMOFTEEREDHESITERL, (A), (B) 2%
NENKIETDREEXRETS. 2EL, FEKE e IRVICRET DD LT D.
Algorithm 1 (IERET— X F35 v TER)
1 HEAR = {z1,.. ., 2o}, Y= (U1, -, Ym} KETE, RERFHBDOERM ts = Tz, y) &5
"5,
2. &={r1—Z,....,2, — %}, BEOGG={y1 = §,...,ym — §} EFHETS. 2L, 2=Y " zi/n,
§=27,1y/m THS.
B EMPOREEnDYHF TN = {2, 2t} B, g hbREEmMDYY T Ly =
{u%, ., b 2 EEAETMEL, t'° = T(z*b,y*®) (b=1,...,B) 25ET5.
4. FE3 % BEIFEYVEL,

Hy : reject (if ATS\Lboot < a), Hy: accept (if A/S\Lboot > a) (2)
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(&Y, R EROEN, FIREWRETS. 72751, ASLpoot = Sy I{t™ > tons}/B HERHE
7K ¥ (achieved significance level) T& 5.

Algorithm 2 (fiif - RERET— bR F 5 v THRE)
Algorithm 1 ®FNE 1, 4 1ZRERIC L, FIE2, 3 ZUTOLHIILERET .
2° & ={(z1 - T)/8ay-- -, (Tn—T)/Sa}, BECY ={(x1 =5)/5y,.--, (ym —)/8y} ZFETH. 1=
L, sz =V (@i —2)2/(n-1), s, = \[Z;’;l(yj —§)?/(m-1) TH5.
P ENOREZ DU TN = {21,220} R, Y O REEM DY Ty =
{yrb, ..yt A EEAETHRE L, *° = T(ze*®,y*®) (b=1,...,B) ¥#5&71 5.

Algorithm 3 (B&7—FR bJ v TH5E (Preestgaard, 1995))

L IR ={21,..., 2o, Y= {¥1,- -, Y} (CEDE, REKFRBOEBE tops = Tz, y) %5t
T35,

2. 2 00FHERe, y ZRAL, W ={Z1,- -+, Tn, Y1, - -, Um} & B<.

S whbREIBENFN R L m DO UYL TN 2 = {1b, .. 2}, yt = (v ub) B
AETHEL, t*°* =T(*,y*) (b=1,...,B) Z5E+5.

4. FIE3 2 BEKVIEL, (2) LRI LT, BREERBROEH, RIREZEETS.

Algorithm 4 (IERERET—FR 3 v TRRE)
Algorithm 3 DFJE 1, 4 tZRERIZL, FHE2, 3 EZLUTOL S ICEF T 5.
2. & ={x1-%,...,2,— 2}, BLXOY ={y1 - G- . Ym —J EFFEL, @ = {21~ 2,...,2, -
E—T .. ym —F} £BL.
3. w hoREEBENEN L E mOVY TN a*® = {21, .. 22t} v = {yb, ..., ub) B EE
BRI L, = T(z®,y™) (b=1,..., B) #5HET 5.

Algorithm 5 ({1 - REFBEBREET—FX b5 v THRE)
Algorithm 3 OFNE1, 4 1ZFABEIZ L, FIE2, 32 LUTO L HIIEFET 5.
2" &" = {(z1 = %)/$z1---1(@n — B)/s2}, BERG" = {(y1 — T)/5yr--»(Um — §)/5,} XFEL,
" = {(551 “’j)/sza--w(xn —:E)/Sz,('yl -g)/sy"'-a(ym _g)/sy} EBL<.
3w OKREENRERNEFR R Em DUV Tz = {2, o),y = {10 ud) BEE
AETHHL, t*° = T(z*,y*) (b=1,...,B) #5HET5.

LLEDBRTERE, HROFETHIMAEERICLIPRE QHEY) 2B TIEDVIaL—vard
Tol. TORBREREBRERICLDIBRER, ENENARED YA X 58/, BXEET2ERAOH S
TN T. EARTRELEEHOT—Z0b Y7 Y I 3RERE, $/i 5, Algorithm
L2IBLTHUREDY A X B/ NHETA2HEmA R OIS, —F, 20T — 4 2BE LIEERENLY
Y7V T FHRERE (Algorithm 3~5) T, LROTARTOHFEILSVWT, LB EOBEOYA X
T AERBR LN, LIERoT, 2H 0T — 2B BHTT AT R B EIE, Algorithm 3~
55 ERATALRELLEREEZBONIFREDOH D Z LIVRRENDN, ZOAIZSNTIL, SBFER
DHREANRBLETHD LEZTND.

&E XM

[1] Praestgaard, J. T. (1995). Permutation and bootstrap Kolmogorov-Smirnov tests for the equality
of two distributions. Scand. J. Statist., 22(3), 305-322.

[2] Sakurai, H. and Takahashi, K. (2002). Bootstrap tests for the equality of two distributions using
Kolmogorov-Smirnov statistic. Proceedings of the 6th World Multiconference on Systemics, Cybernet-
ics and Informatics, Vol XVI, Computer Science IIi, 318-323.
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ALLOCATION OF OBSERVATIONS IN
MULTIPLE COMPARISONS WITH A
CONTROL

WP - BT - KFBt  EAZGR
FPERE - BE Hih W

1. INTRODUCTION

Suppose that there are k + 1 populations my, 7y, ..., T where observations from ;
are distributed as N(u;,0?) (0 <1 < k) with p;’s and o;’s unknown. In this paper,
o is considered as a control population and 7y,..., 7 are considered as treatment
populations. We consider simultaneous inference on the k paired differences of
means with the control. Let g = (go, g1, - .., px) and o = (09,01, ...,0%). Taking a
sample Xo1,. .., Xon, of size ng from 7y and a sample X;,..., Xi,, of size n; from
m (1 =1,...,k), we define
Ro={p € R"™ 1 ti—po € Xitni) = Xotmo) — & Xi(ne) — Xogmo) + ),
i=1,...,k}, (1.1)
where n = (ng,ny,...,ng) and X, = Yoty Xig/ni (2= 0,1,...,k). Then, for
givend (> 0) and a (0 < a < 1), the goal of this paper is to construct a simultaneous
confidence interval R, satisfying the requirement that

P(p € R,) > 1 —a forall (p,0). (1.2)

2. AN OPTIMAL ALLOCATION

In this section, we assume that o? (0 <7 < k) is known. Let us consider a rule for
allocation of observations such that

ol/ng = 8%t /n; (i=1,...,k) (2.1)
for chosen §(> 0) which is motivated by Bechhofer and Turnbull (1971). Then, for

given (k,a,r), we can show that an optimal allocation of sample sizes to satisfy
requirement (1.2) is given by

b2o2 b2o? .
O L R i L (RN S ER N R N

where r = S5 0?/0?, [z] denotes the largest integer less than z and (,b) are
chosen as the solutions meeting the simultaneous equations

/_ " {B(8(z + AL (8)b)) — ®(6(z — A (8)b))}Fd®(2) = 1 — «, (2.2)
/_ N {0(z) — ®(2 — 25A,(5)b)}’°*1¢(—‘;- — A (8)b)(z — A3(8)ré&®b)d@(z) =0 (2.3)

with A, (8) = (1 + ré?)7M /2.
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3. TWO-STAGE PROCEDURE

For fixed m (>2), first take an initial sample of size m from each m; (1=0,1,...,k).
Calculate S,y = ST (Xi; — Xim))?/(m — 1) for each m;. Estimate r by 7 =

7=1
Zf=1 S?m)/Sg(m) and compute (4,b) values for given (k,a,7) by the way given in
Section 2. Let us call those values (;5\,/5) Then, define
522 -
Nozmax{m, [ d‘;(m)a +?52)~1} +1}, (3.1)
B2S2 SN
N; = max{ m, d’,jm’u Fre) 18 41 Y (=1, k). (3.2)

Next, according to (3.1)-(3.2), take an additional sample of size N; —m from each
7;. By combining the initial sample and the additional sample, compute X;n;,) =
Zf’zl X;/N; for each m; and define Ry by (1.1) with N = (No, Ny,..., Ni). It can
be shown that Ry satisfies requirement (1.2) approximately when m is large.

4. EFFICIENCY

Under the assumption that m = m(d) such that m — oo, md®> — 0 as d = 0, it can
be shown that

o B, V)
40 E(Z:‘;o n;)

We can also show that the proposed procedure is asymptotically more efficient than
Dudewicz and Dalal (1983) and Hyakutake (1996)

=1. (4.1)

References

(1] Bechhofer, R. E. and Turnbull, B. W. (1971). Optimal allocations when com-
paring several treatment with a control, ll, Statistical Decision Theory and
Related Topics I (Eds. Gupta and Yackel), Academic Press, 41-78

[2] Dudewicz, E. J. and Dalal, S. R. (1983). Multiple-comparisons with a control

when variances are unknown and unequal. Amer. J. Math. Management Sci.,
3, 275-295.

(3] B (1996). BB VRV ABEIMEE 1.1-1.5
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Proportional Reduction in Variation Measure for
Two-Way Contingency Tables with Ordered Categories

REEMRFE - #LT BIIEC
R HEMRE - HT BEEEE

HAER X & IRERRY 157323 2 e EIRICBNT, X OfEN
BEZBNZEEDY ORGP MITHT DB, Y ORI DA
THEEHEID D EORE/NE Lo TSN %H 5 RE (proportional
reduction in variation (PRV) REE) I&, —&iZ

V() - E[V({Y]X)]
V(Y)

DEDIWTHEZ 5N S (Agresti, 1990, p.24). T V(Y)RY OFEI
DMK TEEHZERL, E[VY|X)IE X OoamicBL TRs Nk
SR DL TDH 5. Goodman and Kruskal (1954) 1, ZE) D5
£2 V() IZ Gini concentration Z V)= concentration coefficient &
% PRV RE r 28 A L, Theil (1970) 1%, ZEIDFEFEIC Shannon
entropy % F U7z uncertainty coefficient &PEIZIL5 PRV RE U % &
AUJz. 7z, Tomizawa, Seo and Ebi (1997) I3, 7 & U 25—k
L7ZPRVRETNA > —1)Z2EALKZ. ZIWCREM U, TW I,
X EY WBFDIRWAT T 2FOAERIGERAINS. —H, K& -
BA - EE (2000) 1, X KWIEFRRL Y ITEFRHD D 0TI ZED
2EAERIIBVWT, PRVRE YV > —1) 2BA L. AHEOH
W, X &Y OmBINEFSH D AT T 255D 2 nadlRICBNT,
PRVREZEATSHIETHS.

2ILRx CREIRIZBWT, Pr(X =4, Y =j) = p;;, Pr(X =14) =
pi, Pr(Y =4)=p;(i=1,2,.,R;7=1,2,..,C) £T3.TRTDi &
JIHLT, p.>0,p; #1ZRELT, X DHFT TV IZIEDEEHID A
a7, u3 Sup < Sup(BdWNEuy >up > - >ug) ZEORS Z
ENAJREE T D, ZDOEE, PRVREZROLDIICEATS:N > —1
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R C R
Pfj = uz'pij/:uv b= Zusps-a P;k. = Zp:j’ pj“t = Zp:t,
j=1 s=1

s=1

J
GS) :‘:Zp:ta 'Lg Z Dits . Zptv G(z) Z .
t=1

i=j+1 t=j+1

THD R u =uy=--=ug DEE, oMV IIRE - & - B (2001)
DRE YN E—BT DT EIERETD. £z oM 13, Power-divergence
ERANWTERTZEBHTES. ZOREICHWZEBOHERIL Patil and
Taillie (1982) D diversity index DM TH 5. REIZ0 < oM <1 TH
0 FEED N> —1)IZHLTE) ¢V =0 THB72DDBE+ERET,
XEYBHETHO, (ii) oM = 1 THADDOBREFDEMEE, &1
CH LT py /o = 1 £33 NEHET B ETH 5. REDEERMH
1 E T IR T LTTHEL .

SEH
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Measure of Departure from Diagonals-Parameter Symmetry
for Square Contingency Tables with Ordered Categories

imEEFElT  RERERAY - HL
BEAR RERERAE-ETL

TEFINEUSEN SIS r X r EABEIRITBNWT (4,7) BIVERE py;

&9 5. Diagonals-parameter symmetry (D) €7 )V id
pij = Qj-pi (1<),

L:i?fﬁ%éﬂé (Goodman,1979) . %L: {A]’_i = 1} & {Aj_ui = A} D&
&MY, Symmetry (S) €5 )V & Conditional symmetry (CS) ET )V TH%. D
ETIVIREEWNC p; = Njoipii (< f1i—i#r—1) EREDOT, HIZ
A= =7y =1EBWEZETIVE Sub-symmetry (SS) EF IV EERD
L2935, F/z, Marginal diagonal sub-symmetry (MDSS) ET V& RD K S
WEET 5;

Play =Py (d=1,-+,7 = 2),
=iz,
p(tl) => > i, Py = S pi

j—i=d j—i=d

FHEEOHMIL, ) DETIVDLSOREVZRBRE Op, Z2RETSZ
L, 7 (2)SSETINEMDSSETF NN 5D ZRDRE, ©ss& P ypss
FEAL,3DOREOHEWRERT IETHD.

4, {pi; +pjs # 0}, {p&) # 0}, {p(—d) A0} ZEEL T, RE Op ZRDLD
ICEAT B

1
Py = —— 1. oD
D 10g2 I({pz }7{p1] )7
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ok p:* *ok ]
I(+0) = ZZ p;; log ‘2‘)‘1]77 Dij = Z(;J*’

|j—il#0,r 1 ij
ot = 3> P Pa= PGy + Py
Ij'—i|7éov7~—1
P
D *k Kok . .. .
Mj—-E;@”+mﬁ (1< j;7—i=d),
R TR s
DPd)

IDEZ, ROFEENERDIID.

iﬁl CDSSZ (DMDSS‘FCDDfﬁESZDfLD.
FH2 Pgg> Pypss MEROVIMD. HBIL, DEFIVNRDILD
EEIZIRS.

::.b:, 0<Pdp<1 (ifl, 0< Pgg <1, 0K Pypss < 1) THbH. %
72,(1) O p =0 TH B2 DBLETFEFL, DETNVNRRDILDIETHD,
(2) Pp=1THILDDMBETIFEMER, Pss=1MD Oypss=0TH3
& TRDE, (H) BRI (1| £0,r— 1IZRHLTpy =0 (2D
EEpi>0) £l pu =0(Z0EEp; >0)) & (BHH) BLHAMH (
Py =Papd=1,--,r—2) OEHNFEBHIRD LD ETHS.

ZE

Goodman, L.A.(1979). Biometrika 66, 413-418.
Tomizawa, S. and Saitoh, K. (1999). Calcutta Statistical Association Bulletin
49, 31-39.
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ZRBETEROH DL MIVOHEE -5 HHE
EEDOME-

FLl i
FRRT - ZZRIFHRAEN S v & —

HEHRIREEROMML THERBEE2E 22 L &, bo bHEBREVW Yy 7 D —
DIREA VEBORATH D, RA¥A B LITERRHERE R (MLE, UMVUE,
MRE 72 &) BHEFBFNTHABEROZ L THY, Stein(1956) 2% p WITIEH 45 D F
BRI MNVOHERET, I=v/AHERTLHIBLHERN p>3 DL &3k
FRHNTHDZLERLEZ EITRER LTV S,

MR EHR OB DI, FFEFOREERELR LT ENEHRTAZEN
BERT—<Thd. LEHFRNRMEER, HO5VIIHHEERDI FRAREBRTEZ
EHERBEERT—<ThD. BaPHEENRSH DD, FEHFFHRMEREZZELT
WTODOFANLHERAREBT L THD. ZoZ Lid#EEMECHLT, &
BECTEEEZLDILEVWIEKRTHEICEETHD. REROIIHEFRNLREERY
KBTI HERZRELTYH, FETOHEBENEFEN CTONEFCZOHER
EUBRTHRET, TOBERTRHEENCIVELWCREEREYH LEETENS
ThHD.

B4 L, Stein(1956) DFRE, DF Y X 3 p-BRERASA NG, L) > & &, #
KB LG, 0) =16 -6 Db & TEHRY bV OHEREEZE XD, LT T, i
Bz ta—%75%. Rz Stein DFEHIL, XBTHHERZHERT IO
THRRPoTEDT, RHETIHER (=<7 ABER) O BEN R ERICEKRS R
7=h7-. James-Stein(1961) i¥, BT AHER

& =1 -@-D/NIXIHX (D

(James-Stein HEE B L TN 5. AR TIXISE T, )ZRRELE. L»MLISER
IXIP<p-20L &, XOFBEEHERIFTLEIASERHEERTHS. Zhek
b BICEIE U &A%, James-Stein positive-part #E & (JSPPE & 5T )

6% = max(0,1 - (p - 2)/IXIH)X @)

T3V, Baranchik(1964) i%, JSPPERISE#HKR$+HZ L&KL, LdL, &b
{ZJSPPE b %72, 12 Brown(1971) 12 & » TREN D ZEEEHRIC L - THEHREN
ThdHZ ERbrs.

ETEIMMOBRIZBENLIL, RO X5 REEERFOHERZEH TS Z LiIcRL
BRERSS.
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L XEHB (=<7 R)L, DOFEMRHER
II. ISE#%B L, MOFEHNRHER
III. JSPPE #% B L, P OFFNLHEER

bH LA IS OHTEFEMICEHA—FHUOBBEIZ I Th Y, RARSRE
LLTHLNTWS., ARETIZZOL ) e B2 ERICRET 5 Z LTk
WA, FOBEBERDIOSREEEDI TARRBTHZ LTS, TOIEMER
2 Dt Stein(1973) DT A F7 T 5. Stein(1973) 1, Stein Identity ZHRRB L 7= Z &
THELRBRLTH BN, EFRREN (A AHERZE X THWD. 1%
FERADS 02 P CTHADNBHA L 6 = 0 D— R DOERT & HAITH 35—
{b_A XHeEE%, JISERISPPE # B L TWAFREM R H D HEER L L THREL
7e. ZOTRILBEREA 0P TE X b AHERIOHAICHT 5 — b~ XHEE
ENISEXHB T LR, Kubokawa(19D 2L > TRENBDT, —ROFKOE
HRPNENERICIE, HEBETHETHS. LIAT, BREERNRERIZONVWT,
FEMOMRITHEFRICHRE THDH. LLEBICETIRERIL, Stein(1973) LI,
JISERISPPE P RITHHAADI L, S =</ A X OHR) TXXALIEEHEN
TWehot.

41X, Stein(1973) DERISME—MIL L, FEE1/(1+p) for > 0 TERE X H/2
REREERDA

LA 2 A
-p/2 . _ 2| y~a
an e [ (5] e ~gregor - ehcasaa ©)
PEAIOMELTEY, BEL(1+B) TOH=0D—ROME LD L5 hBELtE4
FEBEXD. ZOLE—BILASA XHEER 65(X) 1 6p(X) = (1~ gp(IXIP/IXIZ)X (Z
el
B [, 24" h(A) exp(—wA/2)dA + exp(~w/2)
pp(w) = w———

B [, A2-ah(2) exp(—wa/2)dA + exp(-w/2)

THD. )THEAOND., ZOWERGIZOWT, FEEL I=wr XEDO+5%
HE2EZ2DTLRTED. ELIZISPPE2XBTHbDNERGEELE L - L &,
HER S, = (1 - o(XID/IXIPX O ¢ DEBIMER Tl < BEE o> - & ARER
EhD. THETRREON TV XHEERTEDOL 5 B2 FOME
Bid2doledd, Baikp LIREMNHOMICEY REGELRE LT CRESL =
FOMERZHRT D Z L AHES.
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