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1. xL&IC

27 EETNEIZ OV - L B HEYEIC I, Hochberg and Tamhane(1987) @ Union-
Intersection {E23& 525, £DFEIX, BEOHESLCBEMAOHEIE X D2 >N THRK
EEEOSHEZHETIZENBE TRVEWIEERAMLREENEETS, 22
THOEZEELEILEIEIL, Srivastava and Worsley(1986) D k~X—Z HEt B DS
¥z AV, ®B I Bonferroni OREREH W C ZHEAETTH HYIY, —HE
BON—Z A EORIGAHARIFERLE TA T—RBEEITS>, ZOoHmEREHA
WRIBFZEHIR R 2 R OBREZ1T 9,
2 BREMHE

kD p ZERBEFIH Y, 1 EEORBERORIERZ b z;(i = 1,2, k)
i3 p-EEERSM Ny(py, ) 128D, HELEITI = k45, 22T
Lilt<j, 1=1,2,---,k=1,7=23,-- k) XL T

RIEARER Hyigy: gy = py, SISIRERE Kpjy ey # (2.1)
525, 2TO4,] ORBBEDLRIIHT S Co(= m) B RBHRHR
{H{I,Z}aH{l,3})' v ;H{k—l,k}} (22)

REXD, 5 i BROBEMNLLY LV IAY A X Ni(i = 1,2, -, k) DE(EBIELR
~7 bk 2Pzl 2P L3, i BB ®!:%l®t“2i¥i’3f\7 hLz a8
AL HIESBITIE S, Ti%ﬂ' Si &b LTSN LI EAS B S BITH %

n,.5’7 -+ 'n,ij

Sij =
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n; + N,

7:<j) i:1:2a"':k'—1) j=273"":k

- _ N;N;
&9 5, MR Hpgy: py = e DT TH, Yi; = N; + N; (@; — Z;) ~ Np(O,E)

EHEETE =y S y,; 1. BHE (p,v) © Hotelling T2 SFNCHED, T T
v=N;+N;—p—1 T, Srivastava and Worsley(1986) iZ & > TIRE I /&K D
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PR et 4 P P -
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NG A—=F (3p,3v) PX—F5TMICHE D, HRA Bonferroni DARERIL, IR



nd,

m—1
(maxS” >t*) < ZP(S” > t*) Z { Sii >t)N (S5 >t} (24)

i<f i<g, 4
3 S & St OREBSH
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N;N; 1 1 1 1 !
a,,i,‘(NX:l): : (0,"',0,——',"','—~,0,"',0,"-——,'",—'—,0,'",0)
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EBEX'a;; =y;; L7120, ETZAQRXN) = (aij,a05:) B Ly, =a] X, Yl
a;. . X THDHNH

AX = ( % )X = ( Ui ) =Y (2x p) (3.1)
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a,i#,ju- yi"jt

LERDB, ZIZT, Sex2)=YVIY Lkt

v, V! Yi Y, V! Yie Sij 8
S = 1,5 if 1,5 _ i*,J _ 1J 3.2
(yz g V Y. yz g V Yy '*) ( s S'i‘j‘ ( )

&RE 5, Srivastava and Khatri(1979) & ¥V S o> [RIFRE SR B RIS
_ptv-3 -3 r-3
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(3.3)
ERED, T TN ~BREFUERTHS, 22 TS;; & S OEDEE
EROIM, Sy; & S, ORBHEE & pyip = 1 1ANTTA 5—BHET5 &

P{(Sw > t*) N (Sz‘ j* > t*)} ~1— Gpv( ) ‘htzm *J* -+ ‘htuz * g (3-4)

ERB, ::"c tijici= I — Pigarjr CHY, 1, W EEETHB, =20 (34) K%
(2.4) RizfRA L, thBEE Bonferroni D AREX % AW EIBERBR RO, R
EEIT D,
BE ik
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estimable parameter 9(F) DEEFE L LT, U-HstE U, & V-IKETE V, ;
n

U, = (k)-l > oK X5,

1<j]<"'<jk5n
n

V, = nik > Z 9( X505 X50)

n= Ji=1
FEENTNE (AL, Lee [2). 72, Yamato [4] 12 &), 6(F) O R E LT LBHHE B,
n+k-1
—( ) ! Z g(Xls"'7X17"'1X"""‘Xn,)
[~ W
,-]+...+r,,,=k L) Tn

/LM, BL, Yorttry =k ATy =k BT IRTOFRRER 7,..,mn £ TED
NaHMEERT.

Toda and Yamato [3] &, V-#(Et 8, LB-HE B2 &80 U-MEHEOHRERES ¥V, 2RELL. Y, 3
DToLHLts5i6ns.

J=1. kLT, wiry, k) ZTri+ o+ =k Rl T EER r,..r; ORHRIEER
BETH MBEL, k(X kernel g DR THA. j=1,..,k iT3F LT, w(ry,..,ry k) DECED 1D
BETHBEL, .

d(k,j) = Zrﬁ...w,:kw("l’ cn Ty k)

EBC LT, Lty =k B BT RTOESEH ., ETEONBHE
RY. =1, k3G LT, gy(T1,..25) &
1 +
g(j-)(xg,...,x]) = mzﬁ+ +r;,-—k (T‘],.. ,Tj;k)g(xl,...,:r], ...,.’L’j, ...,.’Ifj)

I2ED5 2615 kernel & L, 9 (Z1, e xy) 1XTIET B U-HETE % Uy(,j) ETH. ZDLE,G(F)
DEFEEE LT

Y= B nk de] UU)
RELM. BL, D(n,k) = Z;‘ . (\,_7)( ; ) Tb'b%. i, ri+ e, = k(i =1,k &

RBEEH ry, vy XL T, wlry,.rjsk) = kl/(mlor)) D8 E Y, 3 V-EEE V, &5,
w(ry,.,r; k) =1 D& & Y, |3 LB-#it& B, &% 5.

DFTIE, C %88 FILEFELEVWEEHEL, 0() v EEERSHBOSARK LB, T,
P1(z1) = E{g(X1, ..., X&) | X1 = 21}, g0 (z1) = 91 (21) — 6, 0} = E{gD(X1)}? L B &, kernel g I3
JEB1L, BDD, 02 >0 & T 5.

2. U-#HEBOHEWESR Y, (I3 T 23 Berry-Esseen & HR
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Borovskich [1] 12 & b, U-#EH &I T 24 R DI Berry-Esseen B ELRPBLN TV 5. Fia
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Comparison of a new drug with a standard or placebo drug through clinical trials is a very
common problem of interest in the pharmaceutical industries. In many such trials the treatment
responses are measured on an ordinal scale rather than on a continuous scale. A number of
authors over the past decade have considered techniques for analyzing such type of ordered
categorical data. A simple scoring system called ridits (relative to an identified distribution) that
was first introduced by Bross(1958) may be used towards analyzing such data where cumulative
probability scores instead of arbitrarily selected scores are considered. Brockett and Levine
(1977) noticed that the ridit scores, estimated from the data, have the property that if we
combine two adjacent categories and redefine the scores by the same method, then the scores for
the remaining categories remain unchanged. The most common category scores or equal
interval scores do not have this property. Ridit analysis has been successfully applied to the
study of automobile accident (Bross(1960)), cancer (Wynder, Bross, Hirayama(1960)),

schizophrenia (Spitzer et. al. (1965)), preference studies ( Pouolard et. al.(1997)).

The technique of data-dependent allocation of treatments to the patients are of paramount

interest with regard to clinical trials. For example, if the subjects enter into a system



sequentially, the problem of allocation of treatments among the entering subjects requires
thorough scrutiny. Further, as the subjects are human beings, from ethical point of view, it is
desirable to carry out a test procedure with smaller number of patients being treated by the
inferior treatment in course of the decision making. With this idea in mind Zelen (1969)
introduced the concept of play-the-winner rule for dichotomous treatment responses. Later Wei
and Durham (1978) and Wei (1979) modified this idea and introduced randomized-play-the-
winner rule. One of the major requirements in such sequential trials is that the outcomes are
known relatively quickly and the treatment responses are dichotomous. In fact the method
provided by Wei (1988), holds only if the treatment responses are dichotomous and
instantaneous. Following Wei, Chattopadhyay (2002) proposed a test procedure for more than
two treatment response categories. However, that procedure is not suitable when the treatment
response of all previously treated patients are not readily available with the clinician before
treating a particular patient, i.e. when the treatment responses are not instantaneous. In practice,
treatment responses are not always instantaneous and often it is required to follow up the
patients after certain time period since administering the drug. In the present article our aim is to
provide a suitable test procedure for comparing two treatments (say treatment A and treatment
B) when the treatment responses are ordered categorical in nature and each patient is followed
up after certain time period (say, D days) from the date of administering the treatment. On an
average this rule also allows more patients to be treated by better treatment in course of decision
making, preserving the ethical aspect of clinical trail. At the same time the treatment responses
are not required to be instantaneous. Various small sample and asymptotic empirical results of
the test have been derived. Moreover power and ASN studies have been done by simulation to

establish the claims.
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1. LI
DERTEHEROGNDET—YERHT 3201003, MV HOBE, BT ILendy b
TN EERWEELENMTONS, 11 2 FRELEZFALINIEORE 21T D HA.
MR O2ERER L TESINZOD, H5WIDEIRNORE DIV F1dIVELR
SIEMNSIEIRL T ENDERMES NN, 29 LEBEICDWTI. &)U HE L
INEEREEHWZERREREVSHWSNS, LML, IBFATT) — 25008 ET—4
DG, BEL =)V ORNTINERED & 0 /0972 D720 N 5 O T ERNIZRE
217D OISES TR < B U 2R BERbER LtV ite RO 2EZETD
ZENEEND, AE T, SEIRT—F OFTICZEREEZ 0 AN, BRICERBEORIC
720 TS TIBORIEEIT D HFIERICDWTIRET D, 72805, echelon MEHTIZL D HE
ROZEMWLREEEZRD, TOBEICEDELEMAFy VREBEHETL I LI2hD,
BEITHNENSHEIL L TWBEIIEEER DT HEZIRET 3,

2. ZMAF v UHEE
ZEMAF v AR BROBERDI D ITHBEICESNDT—HICBWTHERICE,
FEWEZRTHER Ry FARY b)) ZRDFB0DICHNSNS (Kulldorff (1997)) .
ITRTOEEE G &L, FOMHAEROESE z 55, iz ONETIHMAANZIH 58
HEEMR p, 1B Z ON TR g THOBDET 3, BHEEZEH DHRIZAEWICIEIET 5,
IDEE, KHIILUTORDTH S,
WREEMREL Ho:p=q vs. XIKER Hi:p>q.
ZZT n@ETNTOEE G TORERDK. nz) =8l z NTOREFIORK. ¢G)%&T
NRTOEEGC TEEEZFDOOH. )@z ANTEEEFOLOEK LTS,
ZDEE, BTV ETIVEDISEEL MEUTFORXTREN, KRy bRy MdafEs
DRSS DB Z THRADDHDET 3,
(C(Z))C(Z)(C(G)"C(Z))C(G)-C(Z)

2= n(Z) n(G)-n(Z) - (C(Z))C(Z)(C(G) ‘C(Z))C(G)—C(Z)
EG)yew e(G)”  "e(G)-e(G)
n(G)

Z TN, e(z) Bz NCREZFRDBOIFETH 2. Ky ARy FOEHER DT 21
ERatEE LT MELELMETE logh Z5HHE T 5, Kulldorff {FAF+ > 2HDHNIMHE
BOFLEL, FRIIBEROFESMTRDETREITTNS, T, BEEHRED logh #
ETFANDEIZEDEFEL, FRFC pvalue HEFEL T3,

3. 1 XcOEFATIY—2RHIOAERICBTHERY NARy OB

2ODEE x &y KEALTr& c@/OIEFAT I k> THESNZr X ch
BIRIE, rXcD2RITAY T a LICEMBEE S DT —F EBRTENTES, p % i



17 j AT 3-8 D REAER(=12..,rj=12..c) &L . p & p; EENTNITRUT
DREIEEEERTHOET B, TO, BERHEL T2 DOEBIMILTH D ENWIRHE
E25,

Hy: p;=p;p; fori=12. . randj=12,...c
n@ij) & clij) ZFNTN i F7j FHTFIT) T HREFROKE S ROBRIER ni),
i) & n(j), c(j) EENTTROFNOBERRUERIERICHT 2 EIERET S, £z,
n(.) &) BENTHHRBEFORZ IRUBERIERET S, FERHROTT, (17 51
A5 3TV —DOEBEFEEORLHEEERVHRERIRATEA 5N S,

5 _<GeC)) c()e()
Yoe()? c(..)

FEL T, 2EHTHIALZRT Y D EFINMCE D HBLEILFEEEFIA L. R 1 OMWH
D EREFAREE S B HIREREOHEIR T — 71T L TERICHIIEN SR L Tt
IVBZERDITS, 22T, BEREORRZEENST—4 & LT Kulldorff S5ABAFELZY 7 b
7 7 SaTScan IZHEVY, DEIRDTINT—4 & LT relative risk Z 15,

. ) =By =

®1 MHROEEREFRE S FRRFERETOEEI N 6 X 4981&

1.40 A F4 140
Mental Health Status 132 A A Al 132
mild moderate 1.26 A E4 A Bl 1.26
well symptom | symptom | impaired sum - ) -
formation | formation 114 A F3 A 114
Alhigh) 64 94 58 46 262 ::3 : : ::g
Parent's | B 57 94 54 40 245 2 N N ot
socio C 57 105 65 60 287 110 A A 1.10
economic D 72 141 77 94 384 :»gg N A 1oe
status E 36 97 54 78 265 107 A A Ci 107
F(iow) 21 71 54 71 217 1.06 A A B2 1.06
1.08 A D4 A 105
sum 307 602 362 389 1660 oe s 04
1.03 B 1.03
102 B A3 1.02
1.01 B A3DID2B3C2 101

K1. relativerisk ICED < BE#E
echelon EHTIZ & D HEIROZEMILHEE#EE S L TR 1MMES N, £ OEBICEDEERA
Fr UMETRESEL, HRIONIMED SERL THS I EZRRT S, Echelon 7 KO
55 I RS E RS B AR E TS & 5 1 E—2 & LT impaired-Flow)& kv 7&
L C. impaired-D,EF &, moderate-F. 58 2 ¥—2 & LT well-A(high)% b 7" &L T, well-AB,C
& mild-B. NS0T 70T — 3 > E LT moderate-C. K> TR S 115, ((F4,E4,F3,
D4), (A1,B1,C1,B2), C3)MEETE 9. 7 1 Thvw FARY MOFEAME L TEIIN S,
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Joint distributions associated with patterns,
successes and failures in a sequence of
multi-state trials

WAt EERATFERT H L R

1 [EXLE®HIC

{Zs,t > 1} 1L, 46 {0,1,..,m} ([ZER L BRITI L T5 (2 2T, 0" 2RI, &Y
DE 717,...0m" R EEEZ LT D). € &, HD (single £7213 compound) /*% —
vETH, IDEE EX 0D RITH 2y, 25,2, ICENB T - £ OFE X, T
Zh " OEE Spi (i=1,2,...,m), R "0” OFE F,o TRTHLDETH, £, ¥ —
v ERr BENDE TIILELRRITRISEE T, & 75,

Xy T DELGARITHEA ZICADB CTEERRE LR LTS, TOEEFEDWE
FTIE OFFEEFZICL > TRESNTE . #Z21E, Koutras and Alexandrou (1995),
Koutras (1997) 2 & o T#Z%E S 7z Markov chain imbedding method I, K& N 7275
ETHD.

LxL7ehib, (Xny Fr0, Snyiy ey Snm)s 74X (T, Fr, 0,570 15 ST..m) O RFES A &
ERTAIATEODIZEARKOFELZLRE L THAVWDILERH S, KiRE TlE, Markov chain
imbedding method (22 &, ZNORBELDMOBHFHEORELITD. Z I TR, (i) X,
7% a Markov chain imbeddable variable of binomial type (M.V.B.) Th 2 & &, £/, (ii)
X, 7% a Markov chain imbeddable variable of returnable type (M.V.R.) TH D L &, &
W 2 BT THEHFERRET S (MV.B, MVR. OERIZHOVTIE, FREN
Koutras and Alexandrou (1995), Han and Aki (1999) ZZ&R).

EERBICBWTR, X, T, ORASHET TR L, RRFICHE), KBROEDHH b
HOETEETILLT, TIDOEREREREBONDBEV L HD. LI T, HEIC
W O DFER, HEFHEBREELIENRZTRAA L b TRAMTLTFETVS.

2 Generating functions

F7, X, BN MV.B. THAFEIZ, (Xn, Sn1yees Sam) PRSI ZE LT S, proba-
bility generating function ¢, (u,v), 3 &1 double generating function ®(u, v;w) 2D
EIICERTD.

© o o
= Z Z ae Z PI'[Xn = ‘B,Sn,l = yl,"-aSn,m = ym]umvi"l ...vgzm’

© oo oo o0
= Z Z Z Tt Z Pr[Xn = x,Sn,l = Yy ey Onm = ym]u’vi’l cep¥may™,



ZDEE ¢p(u,v) 1T, BEL s x s 178 Ay, Be; (5 =0,1,...,m) AV, TNTh
WD X HITFREND (FEBAIL, Inoue (2002) %S HR).

n

¢n(u,v) = a(v) [T | Aso + uBro + > vi(Asj + uBej)| 1,

t=2 =1
2L, 1=(1,..,1) € R*, a(v) %, BERMHRMEL T 5.
l’\i, Fn,0+Sn,1+' : '+Sn,m =n (‘:1’\ 5 Eg{;f:‘it(’:% E'ﬂ‘é jﬁé k (Xm Fn,Oa Sn,la ey Sn,m)

O probability generating function ¥, (u, vo, v), double generating function ¥ (u, vo, v; w)

iZ, ¢n(u,v), B(u,v;w) ZBLTRDHD I ENTE D,

F, S,
Yn(u,vo,v) = F (uX“vo""’ul"’l . -vf,;"”") = vg Pn(Uy v1/V0, eey Um /0),

¥ (u, vo, v; w) = Z P (uy vo, V)™ = B(u, v/vo; Wug).
n=1
Y (u, v, v), ¥ (u, vo, v;w) EFIATIIE, EHEEEH X0, Fro Sniy e, Snm OFH, 5
B, S tN O DOMOESBICOVWTHRRLD Z LR TE 5 (FRREAHILITYE B#RE).

3 @R

B, sxs 1751 Ay Bi; (1 =0,1,...,m) DIERLTIEZ IR, (T-, Fr, 0, ST, 130y SToym)
DREBESHHERTITETHD. £ X, B MVR. THHHE HHE, MV.B. DFE
& DBENMNIFENIZ D (Xny Froy Snly e Snm) @ probability generating function, double
generating function DEH FEE 52 3.

BRIV OO R EFIEZRY B, TZMIEAL L LITENTETFETHA.
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trials, Ann. Inst. Statist. Math., 51, 419-447.

Inoue, K. {2002). Joint distributions associated with patterns, successes and failures
in a sequence of multi-state trials, Research Memorandum, No.839, The Institute of
Statistical Mathematics, Japan.

Koutras, M. V. (1997). Waiting time distributions associated with runs of fixed length
in two-state Markov chain, Ann. Inst. Statist. Math., 49, 123-139.

Koutras, M. V. and Alexandrou, V. A. (1995). Runs, scans and urn model distributions:
A unified Markov chain approach, Ann. Inst. Statist. Math., 47, 743-766.



On estimating discrete multivariate probabilities
by pooling incomplete samples

BT RIR B FE AAfE E—B
1. Introduction HIE m<n &T5,
Xl = (Xl,()?Xl,l: Y -Xl,n) ~ A’I’U'ltinomial(NlagO) 91) Ty 97l~17 672))
Xy = (Xa,0, X231, +, Xogm) ~ Multinomial(No, no, m, -+, Nm) 12T
(1) Xy 83X, OHBIES L, o= =t oo Om
=0 00 2ie0 0

(2) Xo %Xy OBAF LI no =00, m =01, -, Tno1 = Ot T = jep b5
ThHdHZLEE D,

BE 1. X, Xy, X, BEWZHMARZESANLDOS o E LYY 7T
X1 = (X10, X115 0, X101, X1,0) ~ Multinomial(Ny, 00,61, ..., 6n—1,6n)
Xo ix Xy OWINEPF F 72 1T BIE Sy
X3 Xy 50T Xy ORINABFE - I3 BB S
Xy 1T Xy, Xg, Xz OWT ORI AGFE 72 13 5IB 4

X Xy, Xy, o, Xpng OWTILAORIRAEHF F 7 i BIE S
Bz, X1, X, -+, X, OHERBEZHABECES LN TERHLERET S, FiZ, HFl
B DBEEET MLEHEICXERE LD EEIT, Z0LH5RT o Fuyr7) v a2 iTh
RNETDH, EITBHE
(a) 6; (i=0,1,2,---,n) ® MLE % exact lZK® 15,
(b) EiZ, MLE ZBE KO T THEHN.

LRROBEREZ, SRS —5 y b LT HHERE MLE IZIBE LR2WTERLE,

2. MLE OF R

Asano(1965) lj:\ X1 = (X1’0,X1)1,- o ,X1,m, v ',Xl,'n) ~ Multinomial(Nl,é)o,Gl,~ . ',Hm,
gm

ey 0n), Xo = (Xop0,X1,1,+, X1,m) ~ Multinomial( Ny, 20 , 21 ey e )

e , _ im0 0’ 230 6i im0 0"

2T, 0; DMLE P RRHEERB THDIZLETR L, ZTOTATTERND L, RODZ LH

TEND :

FHE 2. EH1 TRDHLNZ MLE 1T, FREEETHD,

Underlying distribution 2% Poisson %A TH, Asano D7 A 77 2 BT, WA=,
HHED BB DFAIZ MLE OFR{RENTYE D



EE 8. Xy; ~ Poisson(X;), i=1,2,---,m, Xo;~ Poisson();), i=1,2,--,m~—
2, Xom-1~ Poisson(An—1+Am), - . Xm ~ Poisson(A+---+Ap) T. ZhbHD
MeREHY ‘J"*‘T?EE:"L}:TZ)O TokE N\ OMLE IR R#EEE, Note A\, ® MLE I,
improper prior [T, (dX\i/ X)) BT HEREEAT TONA T HH D,

EH 4. TEI IBITLIOMDREE., X1 ~ Pozsson()\) i=1,2,---,m, Xo;~
Poisson((3 521 Aj) % (Asf 2125 ), i=1,2,- -1, e y Xm—1,4 ~ Poisson(
(T Ag) x A/ (M + X)), i =1,24 ’”EL'C‘E Ai O MLE BARRHE (BRUONAX
) BRED,

3. Negative Multinomial(Ll#. NM &LBEER) IS T 2R REETEDER
BlambonTwa i), X= (X1, X, -, Xn) ~ NM(k; 64,602,-++,6,) IZT, improper
prior df1d6y -+ - d0n/(0361 - 6n) XS THRBETT 6; = 2/(k+ Yjoyz;— 1), (i =
1,2,+,n), fo=(k—1)/(k+ Sz —1) 2#B5ND,

Example 1. X; = (X11,X19, -+, X10-1,X1n) ~ NM(ky; 01,02, ,6,-1,0,), Xo=
(X1,1, X212,y Xin—1) ~ NM(kg; 61,62, ,0p1 4+ 0n), -+, Xno1 = (Xn-1,1, Xn-12) ~
NM(kn1;61,00+65+ - +06n), Xn~NB(ky;0;+62+---+6,) IZT. improper prior
d61dbs -+ db, /(6361 -+ 8,) I= LB ERBKRTTD 6; D Bayes HEE §; 1%

i - k,—-1 = _ Total — k. il z!2 ‘o z[+ 1 j]
0% Total—1' 7~ Total—1 2z +z[+: 1] 2@ + z[+ : 2] zl + z[+: )’

§=1,2 THB, AL, k=T ki, 2 =50 21y, al+ 5] = Di 2y, 2l =

Zi Zj2a+1 ﬂ:i,j, Total = k+ + Z Z w’i,j % L/’C\ \:j’b E) O):}ﬁﬁ’%&imﬁo

Exalréple 2. (Xi1,X% 2,X1,3) ~ NM(ky,61,602,03), (Xa21,X22)~ NM(ks,(61+ 62+

03)9 7 , (61 + 6, +03)9 7 ), 12T, improper prior df;dfy -+ - db, /(636 - - On) I LB
2 -

E%?E%T'CUD 6; @ Bayes HEE 0; TR,

Li L7243 5, Underlying distribution 23 Negative Multinomial @&, Asano DT A7
TERWTHERORREZTE DD, EEBERNRVBEINZHEETH D,

SE B

[1] Asano, C. (1965). On estimating multinomial probabilities by pooling incomplete sam-
ples. Annals of the Institute of Statistical Mathematics 17, 1-13.



Slippage rank tests for k location parameters
in the presence of gross errors

MERFIFE EARAR
MUK FHERFER RF KT

ARETHE, tEOMBEREROONZ AV v A PREMEZERLL, WHEIMICE
BKHE o LIRB R wARA DIEMREZHERTD. TOLE, WAMNE/NRE DO TRZH
MeadEEbIT, BRLULERENIENAMREREIC D I EERLL.

1. REXRIEANONZ MRY vy RS DKREHBE

Xit, oo s Xin = 1,...,k) i, BiHPLOKRES n OEBEBERERLEL, TOM
BTN Git,... G KD ET D, G,y ,Gin € P(6i56,8) THO, HHOR—HIZ
RE LW, ZTT, FULD Fy DIt P0;¢,8) & P(0;¢6,0) = {G € M.; G(B) > (1 -
)Fg(B)—bforall BEB}, 6, §€(0,1); e+d <1 &TB. £k, PN (;¢,d) = {Wy =
®f, @y Gij | Gij € P(Bis6n,0n), i=1,... k55 =1,...,n}, 0= (01,...,0,) &£T 5.

KO D IRINEHEONZA R 2 v R DREBEEEZ .

Hy: {(Wn) | Wy € PN (By; €n,6,) for Vn € N}

N (1.1)
Hi(A): {Wy) | Wy € PM)(0:(An); €0,8,) forVne N}, i=1,...,k
ZCT, 60:—'(907"'790)7 O‘i(A'n.):(90a"'790190+ATL7907'“aGO)) ’I:Zl,...,k, €n =
N —— | — [

ke i—1 k—1
nPe, 6, = n 8, Ay = nRA, A > 2r EF B, 1€ (0,400) M, 0 < (e +20)/7 <
[ A+ dFy, A(z) = dlog fo(x)/00 |p=g ZWIZTER LT 2.

2. AV yRADIEAIRE R, 13, BHHEE X1, X2, , Xp KBTS X,; DI
&%, kEAMPIRMRE & Thi(Xy) = £ 20 a(Ri(XN)/ (N +1)), i=1,... k&
T3 ZOEE, AVyRAVREBE (L) ITHLT, Ty = (T, .-, Tvg) KETER
D& DIBIEARE 0 = (0, Pn1,--- > Pnk) EBAD.

1, if max TNJ'(ZBN) < )\,
eno(Tn) = 1<j<k
0, if maéckTNj(wN) > A,

1<
1 . 2.1)
, if Ti(zy) = max Tni(xzn) > Ay, (
pni(zy) =4 m(@w) (@) 1<5<k i(@x) > dn
0, otherwise,
1i=1,...,k

Z T, m(a:N) ¢ maxi<j<k Tnj(:cN) b‘)%ﬁké #’L%f%ﬁ(, )\n Liﬁﬂ@ﬁ{ﬁf?ﬁ%
Ay XA DIBARE (2.1) KL, BREF o, OUILHERRE BAKEE LiHER&/NRE T
i, TNENROLDICERSNSD.

k
1 —liminf ey, (pn), liminf Z,Bni(wn)
i=1

n—00 n—+00



ZZIT, an(‘Pn) = inf{ EWNO(‘PnO)§ Who € ?(N)(Oo;en,5n)}, Bri(en) = inf{EWm(‘Pni)i
Wi € ?(N)(Gi(An);en,(?n)}, i=1,...,k TH5.

3. AU yRA DIBLIKEDFEENFER
pM = (M, ud), Do(\) BRO XD ICEET 5.

p = (1/k)(k — 21 + 1) (e + 26) (a(1) — a(0)), i=1,...,k,

Do()) = {(331,... 2 | max @i < A}
TDEE, N ERATHRESNDERETS.

M
u Aa
i Za =1—
P (Z + € Dy ( )) @,

ZIZT, ZWENO,D)ITREDIHERNRY MIVT, = (044);05 =1-1/k(@ =j), ~1/k (i #j)
7z, A= [l(at)—a)dt, a= [y a(t)dt THB.

FH1. Ay =a+n 2l ETBIEIRE (2.1) OF (¢n) 1, WHEHE EKE o ORET
HB. Thbb,

lminf an(p,) > 1-a.

n—o0

V(A) = (1 (4), ..., v 1(A)), Dp(N) BROXICEHET S EF, WHENENMEHOTF
RRROEETEZE5NS.

vi(A) = —A/OIA(FO_l(t))a(t)dt + 2—(1“k—"-9(e+ 28)(a(l) —a(0)), i=1,...,k—1.

k-1
3 = . - 1 < 0, ; < — .
D () {(901, » Th-1) | Jax @ <0 Zﬂh kA}

i=1

2. FE1THEASNERET (p,) KL,
k
L v(A) Ao
lim inf ;:1 Bri(pn) = kP (U +—r" € D; (71’)) ,

ZIZT, U= (Uy...,U1) & NO,Z) KEITERART MVTE = (54);645 = 26 =
3), L(i#3), TH2.

KOG, MR AREDRETH .

1
. /0 ACESY()a(t) dt > g(e—t—%)(a(l) — a(0)). (A1)

EE3. £ (A1 DOTFTT, THITHEAOSNERET (o) 1, MM RRETHS.
bbb,

k
liminf Z Bri(pn) = a.
i=]1

n—roo



e HE

4

R ERHBE R D F
HEHCEBIST FE B

[ HERERBEBORA] ORET, MEEREREEK (pgf) OBEB M NOF RN
BB DWTHRE L (R I 4 (2000.10.5-6) REEIREX). £ I TR, RN iid
NEINATIT—ibEnz L&, BICET 006 pef ZAVWTEITT2ZENT
EHLREAFTRE L. £k, BEIETHSMELT TRMOBENFIATES
ERRTDIT, k-match prblems ~NOFAZAR Nz, TITHRID ii.d NEXIT
Tie— R L TR T& 3 & & 2845 L7 (Hirano and Aki (2002)). & TIZZ 0%
OHFEI DV TR,

01 DEREDEEERDORY {X;yi=1,2,...} £EXS. B> THEEL X;
i BEORT, X; ME1Z2EDZEERY), H0REDZEEKRMEED T LT S.
FEMN iid, P(X;=1)=p THDEE, EE k ORINENBZ LD TRISETOR
FROSHEA—F — k OBRAFHLE NN Gy(p) ENLK. ZORHDEE {a,a+1, -}
W7 ML EZDR % Gr(p,a) EML. BS k£ ORNENMICOTEISETICE
T 2 (¢ < k) DRIHE (overlapping count) DEEZ DEH Gr—_p(p, kb —£+1) ITHED. Th
34— —MOBEREL THEKRDZERTH D, TNE "negative version” £T5&, &
@ "positive version” EEET . Thabb, F—F—k O—KR2ESMEEZ, 05
AN DOHEEZERF> TWS (Aki and Hirano (2000)) Z&ZHMELZ. £NF— 2 OFF
LRSI ERD, TINSR/ENBMEEITDOWTHE L/Z (Han and Hirano (2001)).

FHETZ LEORIITEDNTVS. FlliicDWTRINSZEREINZW.

a,k,n ZEBOERE LIZEERETS. {0,1)-18 iid EREET X, Xy, T, P(X; =
N=p=1-¢q&¥2. X; 2 i FHORTELE. 237 s(i) &, i EHORATTES
ED1DOEZBALZEEB q, TITRNEE 1 ZEDEERT 5.

TE AAT70OMMN n LTFTHBEE, I k D1 DFE (non-overlapping) DD 7347
BA—Y— k O—2BEFHENN, Bi(n,p,a) ENK. (a=1DEEF—F— kD2
A THD).

R X, Xy KBWT n BEOQ 1 MBI BETORTKEL, EELIEL<kT
k>2 2 TERKT, 7, 2K £ ORINE (overlapping count) ® n HEENE IS
TORTHET S, £OEE, KMVRVID.

WA 1. 7 TTIKESE k © 1 O#F (non-overlapping) DL Z 2 EFIL By_1(n,p,2) I
€D,

THE 2. 7, ETIKEST k D1 DOHE ((£ ~ 1)-overlapping) DI Z B EEIL Bi—g(n,p,2)
HED.

m bkl dm<l<kZHETEBRETSE, LOFERIE m K<)V T7RINTHIE
Eh5.

KNG =2 EXOHNE — > DFERBFMBENOHRZHRNS. X, X,,... 2 Q=

{wiy .., Wy }-ERINTITRINET D, ZORFITBWTHEE/NY — > D sooner and later
waiting time problems & /8% — > EZOM/NY— BRI U D TEZ 2 FTOR B KHE



BFIZDOVWTIANRS. EX k&L ODEEBONI—FFNEN Sy = ara---ax &
Sy = biby- by, (aishj EQL 1SSk TLIS <L, k<O &EFB. W (resp. W) %
BT Sy (resp. S1) NEZDETORFEBRME, We ZIAUDT Sy ™ S, DELESM
PEE T B ETO/HEEM (i.e. Ws = min{Wy, W1}, sooner waiting time), Wy ZIEU®
TS &8 DEL 5HETDETOFLEM (i.e. W = max{Wp, W1}, later waiting
time) &%, S; & S5 (4,7 =0,1) D overlapping indicator €;;(r) &, S; DIRED r
K%msawmbwmri%k%bm&%l FIATRNEE Q) EEETS.

E’é@ ﬁ VV(0 (resp WS ) 7 So (resp 51) ol 5'1 (resp So) J:Dﬁ’ﬁ‘\_ﬁu.m <
NETORERETD. BT, PO = Prv® = 1), P = Provi) = 1) &
pE, we, WP, W(” Wi, Wo, W, OHEBERBBI (ie. ¢s(z) = 1X 1:os()
’c‘”—‘%ﬂ%’hqﬁs() 69 (), 65 (2), 41(2), do(z), d1(z) £TB. ZOEE 6 (@) &
o0 () PRFEREBD. TOMENS ¢5(z) | ¢s(z) = ¢§ (2) + 6§ (z) THABR
3. {Wg =t} u{Wy =t} = {Wo =t} U{W1 =t} ORGP S W, OREREEFEMHERE
R EEDZENTES. LERIVITRIITHERTED.

TIT W, ORBERBERERDS. {500 0EE, pH@) =0, (t=1,2,...)T
50 ¢D(z) =0 ThB. Lo T Wy OHERERFEK go(z) 2WRESB. ZoTenm
5 X1, Xoa,.. . & ad RFlEL, P(X1 = a;) = pa;,i =1,2,...,k) ETBHE, ZDOFRF
mbrczw—y Sy MR LD TEI B L TOHBR S OMERERFBEIE ¢o(z) 1T

)

dolz) = Pay - 'pakmk
1-z+(1-2) Z'r._l €o,0(r )(Par-u v 'pakzk*r) + Pay 'Pakmk

THEXLNBZENDMS. INEAVNE X1, Xs,... B iid RFIEL, F—2 5
BN —2 Sy DYISF—2ETB. § NMEUDHTEI B ETOREREIHOMERE
KRR ERDSD &, TR ¢o(z) KELNWI ERDONS.

UL Z0EE2, #IZIE exchangeable DX 572 i.i.d. &0 —RRERRINDBEITHE
RERBERZAWTRT ZEIXREZED. Aki and Hirano (2002) 13 typical sequence
EERTDHIELE>TIDEEEZRLTNS.

L& 3

Aki, S. and Hirano, K. (2000). Numbers of success-runs of specified length until certain
stopping time rules and generalized binomial distributions of order k, Ann. Inst.
Statist. Math. 52, 767-777.

Aki, S. and Hirano, K. (2002). On waiting time for reversed patterns in random
sequences. To appear in Ann. Inst. Statist. Math.

Han, Q. and Hirano, K. (2001). Sooner and later waiting time problems for patterns

in Markov dependent trials. Research Memorandum, The Institute of Statistical
Mathematics, No. 816,

Hirano, K. and Aki, S. (2002). On k-match problems. To apperar in Journal of
Statistical Planning and Inference .



EAH - MNBENET BHETNTUXLE
T OB ME R EADIH

REILERAE - BREEH Pt &
FBILKE - HEFE : TH RA

1. [3UBHIC

2 534 B(n, p) DFEEBIR b(x; n, p) AT BE B (x;n, p) \ZUANRE 72V TEHEATRE
BTHD. nBREVWEE, NVICOWHRY 7 N TINGOHENTZZHDITIET—F4
) 7 F(SPSS, S-Plus H)SHRANEY 7 MY TF A4 h, A1 TNENRHD. ANNTE
TEDLNY I ONFEER EOEEM EICE D, Bl/RY 7 bz 7OoREMEEMD T EE
HETEARENBE-STWAEEDNS. ZOIENBMEL>T, RAZEFOFEHROE
MW ATFALATIIUETERWERE - MINBBLETELER A TL (BT FEM AT L
EWD) ERELE. ZOEMY AT AZBEBBERSH OMREECHHEROBEOREIC
AL, CHNETICHSNTWEAETHELREEE SR EETHELLEORKED
LE L, B S5 EREEMEEOREERT S, BRELT, EAOXESHIELD
INEWEED, FEREDHERMMASHEL T, 2ESMMOBRRERCHHEROEEES
ShEEETHETAAERED THAI I ENrE-. FRAEIAEKOMEE
Peizer-Pratt DIERRZAWT, R EFMIC 2 BEAREKOE? S FHALSMBEKOEEEE
TEHEWIEERERET 2.

2. EISkEZEE
s S OMEN SR BER M ={<s,i»107 <|s|s107,-Lsi<L}EEX 5. Z
ZIZ L =9007199254740991 (%9 9007 Jk 1992 {8). A 0)77:<§‘,i >SEETIREERBR &
WS, BT EEERB <, i >IN N EEREKsx107 OFIERREEo T, I
U I TER SN TV IEMS AT AT, EXZICHLTIR, #sx10"
EEBICERRTERNWY, TV IEERRTRARETHD. A THENEE
T <s,i>x<t,j>, BE<s,i>/<t,j>,
ME<s,i>® <t,j>, WE<s,i>-<t,j>
FEAT D, CORBITMET R0 LOKE<B725107 THELBBRIKEEE,
1077 E0MNE< 5725107 Tz Vo BMERD. ErNERERET 2200
I0DRFRIZETIRADE2 RN TET. £z, 5, 755, MAAHEBGREDEAS
ns.
3. 2IEMERBHBOHETNIUXA
2 RN MEROEEZEY S EETHETDHRE LT, REBADOHEZTS
DENH D, 2 BRBEMDb(x;n,p) DEEES I ERTHET ST INITY X LZBRN
5. b(0;n,p) BLUb(x;n,p) 0<x<n)ITDNTNAWARFEAEZ L - BEfT 5.
BECHERMOBEDSRWHEEZERT . ZRIC, BXORZEIN2 0EXTOH
EEBRZT->Z. H560U0, MEENMORRLIOEZFAELTHE, INEHALT
b(x;n,p)=nCxp*q"* & TV S EETHET 2HENINWI Ebhro /.

4. 2IESHHHMOHET NIV A
FHEMICE B HEE LTI, Stirling OAREHHATSHE, ERFEZLULEREL



15, F#H Gram-Chalier FEFAETR(1975), Fr N4 (1997)), Camp-Paulson DITEIF
(Camp and Paulson,1951), Peizer-Pratt DI (Peizer and Pratt,1968)7% E3AI 541
T3, INETORMERREICED L, Peizer-Pratt OIRRRX T N —BEENLI NI &N
BEXINTVWD. ZIZTH, BEWRETBEEY I/2/2&1% & Peizer-Pratt DI &
OREEDLREZE LRSS, RETDHEORIEGEZRANS.

MECTERIN-EREROMZE2FEILIAEZAMNAL T, 2EHHHEK

B(x;n,p) = Eiob(i;n,p), x=0, - ,nDEZERDD. KRERRITHL TIRERBZERED

MOFTEICRMIDIND ZEPBERLEBD. EFEZERETHT 0T, TOKEIIEA
15720WL 16 FITHHIED2HEZEBTNE, T— Fm (ZZITEEnp ) 572 DB
N x KT Db(x;n,p) DED/NEWEHEOHEIZERARELRD., ZO0XD7x OHEHE
(X)) ERD T B0, UTDEIBHE SN Uspensky D AREH (Kambo &
Kotz,1966) & Bahadur D A& (Bahadur, 1960) 2 5. ZHIZL D, SHEREZRE
LanostERMEERET S NI S. R,

B(x;n,p) =b(x, +L;n,p) + b(x, +2;n,p) + --- +b(x;n, p)
DEDBFEEEDEDIRBRAEICI D TRDDZNEND T EITRD. ZITHEEER2.R LS
BWEDITWAWAREEAEZEAL, BECHEREOB AN 5 RWETEH B 2R
T5.

5. SERORE

2RITBEE B(x; n, p) DEZREERDIMEK O(r) & Peizer-Pratt DALIINT (x;n, p) T
ERTE2AEEIDPEVERTHE LD ZEFI<HSNTWS., Thabs,

B(x;n,p)=®(T (x;n,p)) .

T CTRRERDCOH LI OFEEELD. B(-8) <10 THBMN S, ~8<t <8I DA
GAONEE, OF)DEZE 2EDMMERB(x; n, p) DELME B(x;n, p) #fE> TRk B &
EEZD. BES={x;0<x<n -8<T(x;n,p) <8y DEZMNIKIADHBENIEHEDTF
TEWELAESNS EBOND. ER, BEOKRZEINIFATp=050LE, SOEE
DEFIK 25315 THS. KM(-8,8) % 25315 HICELT 2 & 1 XEDEZ I 0.000632036
LY, WRVDMEIS[EEND. FWHBRINE, T(x;n, p) B HaiEnk 5728 x 2498
NDHIERXRD. TOEE, B(x;n,p) & Q@) DIEBEE L TRATESTHAD. DEH
REMALEAELEZISNDS. BROKRZIENAVNARALREZHAGDETENNI N
MERN, ENNERCWMA I SAELUEELF DN ERND L 25BOPBEET 5.

{11}



—RAET IR 2 o ERERIC L DRI

HAmE BET RSB 2R

1 B

(X1, Xo) ZER DM F(ZLE) 2 b OBEANLORE S n OEEAERLT S, S
Iz, F(z) OBERBE f(z) = F'(z) 1 f(-2) = flz) 2M72T 020 TRz Bis L,
IR EED Z &L (% 22dF(z) =1 LIRETD. Thbb X, -, X, BEWIZMSITE
Xi 13 p DWW THHRR— O#EGESMER F(=E) 260, p & o 1, TAEN X; OFY
EOBTHDBERAMNRTA—F LT 5.

IRBEARERE Ho @ o= po v.s. RIS Hy : p # po (po 1XEE)
DFENDW TR EE o ORE, RIEE L KMHEDOFEE LT, Fr) BIEEIERSRD, R,
FRERDTAOEFEZADERILLY, TNEFNAT AN w278k, 20T A R v 7,
TINTAN) w7 EEHEI ZEHRTED. ZHH3DDFHEDY I 2 b—ra VAT,
FRziE~%. ZORRLEERAEORERE, SHOBRREICLY ZND 3 00FED 1 0% &
R DHEEMRRET D, BREBEOAOBERRIECLDMTFHEE AT AN v 2IE, /52
MU w2 BEIRNGAMY v 7 IEOEEITS.

2 FEOHE
LT ORHEED.

O BIRMEDR ERSHIZE->TWDHAN, BRELFIHRIRERRFEIIHERTIZEADLLEY,
ST A NY w7 ERERL L.

O BRMEIREERSM 0.95N(0,1) +0.05N(0,9), REEL LOIRAERSH
0.98N(0,1) +0.02I5, 2 VAT v 2 4576 LG(0, 3) 72 & O ERSAICE VA REST
WHBAR, RIERFIENED R, ERBEFTORAFERSS.

O #RME S mREE S DE(O, %) REDERTH POV BENT-SHIZE> TV D5
GBI, /TR MY w7 ERRLRL, ERBEMTORBFERIERICL D, EER
FEL ) L37 A RY v 7IRIC bS50, ERBERCORRFIEL Y bIEFIC
By

3 DHTDEXRIZLDIFE
HIEIOFEOBEN L OEDHNTF v — MR- CF —FIFT 5 L NEZ LN D,



R F vy— bk

<1> ERMEORE, <2>5MOKEK,
<3>,<4> REBROMBE L HMEROERNE 5T

l

O < 1> CEHEREHNEINT, < 2> CERGABBRINRIN, <3 >
X OERERZHEROLNANIETIT AN v EERRR

@ < 2> THAEHOMMNBIRINIVUT, V235 A BT v 7 EEZER

@ ZhbATHNITEINRT AN v EEER

LRROMENTF ¥ — MBS TCfEITIE 1 DORIHFIEL HRED. ZOMRFTFEICLIIHEER
Zopt LU, BAYY L, IBAHEE o, MHEE L EOBEMPIRICIVERLZLDEZ, DEDR

T TN B,
K8 n=15DEZFONHRETOHERDERNE
F(z) e(p*, ) e(p,p) e(u*, )
N(0,1) 0.98 1.02 1.00
CN 1.16 0.99 0.98
co 1.49 0.99 0.98
LG(0,2) 1.01 1.01 1.01
DE(0, %) 1.36 0.98 0.98
£ n=30DLEOLHFRRTOHEEEDORETNE
F(z) e, p) e(p", 1) e(p*, )
N(0, 1) 0.98 1.02 1.00
CN 1.16 0.99 0.98
co 1.32 1.02 1.00
LG(0, &) 108 101 1.00
DE(0, ﬁ) 1.31 0.98 0.99
4 BEXHR
1. Davison, A. C. and Hinkley, D. V. (1997). Bootstrap Methods and their Application.

Cambridge University Press.

. Shiraishi, T. (1990). R-estimators and confidence regions in one-way MANOVA. J.

Statist. Plan. Infer., 24, p203-214.

. Shiraishi, T. (1996). On scale-invariant M-statistics in multivariate k samples. J. Japan

Statist. Soc., 26, p241-253.

. Shiraishi, T. (1998). Studentized robust statistics in multivariate randomized block

design. J. Nonparametric Statist., 10, p95-110.

 BEEE (2002). 1EA, 2 KT F K1 B R EREE . SRR R

v LT
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AR BRI MOEER

e EXE (BEK-#EI - Bk)
B FRK (BEX - #EI)
Ong, S.H. (Univ. of Malaya)

1 FCHIZ

K 3B EBE FOMBER, 21,2, ... [TMSIFSMICH, K &3S IS EHIIERT
ETB. O,

¥ SK Z, K>0
0, K=0

EEEEHEE V). RERFERTIE, K IR, Z, 138KREE, X 3RERELRT. £ T,
Z; IHBAEREOMBER THDI I ERREL, Z; OREEHE s(z), 2=0,1,2,... THI.
Panjer (1981) 13, K OREZEL py 55 2 B

b
Pk = Pr—1 <a+;>, k=123,...

ERTCTR, HEER X OMFEEAMATE L LE . ThEIBELT, FBTIE K O
HEREIE pr 25 3 THIH{LK

b d e
Pk~Pk—1<a+E>+Pk” ( +A+k 1) k=273,4,... (1)

EWICTR, X ORFHEEIHCIBLEREEL

2 HEEERBHOER
K 3 (1) 23738, X ORREE f(z) iz =0 DO,
J0) = pe{s(0)}* = Gk (5(0))
k=0

ERY, x>0 0, B

1
fle) = 1 - as(0) — ¢ (s(0)) ({pl (et blpo e (S(O))}S(m)
+ 3 |(e+ Z) st (4 ) 0] e
+€ZZ~sw—z L-—j))

=1 g=1
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%?ﬁf:j‘ 7o 7 L, S?'*(Z) = P(Zl +ZA) = Z) T3 L/, GK T K @6@‘%&%4&, HK (=

o0

ff}((t)—/ G (w) du:

0

THD. T, c=d=e=0 DO, Panjer (1981) OFFERIZFEETD.

3 3EHbXERE-ITHH

(1) ZWETHHMINV 20BN TWS. FAZIE e =0 THIELAD 2 ESA (Ong and
Lee, 1979) 2 03 5.

(1) 20/ ELTH LA ERNTD. GREBR/IEBEOT 7 —R&H (Erdélyi et al.,
1953, p. 283,eq. (2)) 2 A"l =¢g=1-p(0<p<1l)Az=A(A>0),a=3s sZO),c—N+1
(N ITENEH) LBEx#HR D L HERER

N eiFi(s, N —E+1;)
pk=( L )p’“qN il D k=012... (2)

1Fi(s, N+1;2) ~’

/AL, 2) X k> N ORRT

_ NWENpk(g), _ny1Fi(s+k—N,k—N+1;)\g)
PE= "0k — N1 Fs, N+ LN

LBIRTD. ZOSHIE, HFIZs=0HLLIE A0 0O, 2IESM B (N,p) &40, bLb
s = N +1 D#§X Charlier #34375 (Ong, 1988) OHELREH TH 5. L - T, FERBEK (2) &>
53Hi% —M% Charlier #¥5r#m & FES. Bi{b

N+h+1 M2 /N+2—-s N+1-s
Pk=§(~1+~—;)m—1+-§—-( - )psz, k=2,3,4,...

k k E—1
EWET 5.
F,ABICA=p=1-qO0<p<l)yAz=2(A>0,1l-c=n(n>2 ThHEBH),
a=1-ntERTIRLADTHEHY A TOHHEH/OLI, TOHML E(L) 207 L HEERE
B,

SEXH

Erdélyi, A. et al., 1953. Higher Transcendental Functions. McGraw-Hill, New York.
Ong, S.H., Lee, P.A., 1979. The non-central negative binomial distribution. Biom. J. 21, 611~

627.
Ong, S.H., 1988. A discrete charlier series distribution, Binom.J., 30, 1003-1009

Panjer, H.I., 1981. Recursive evaluation of a family of compound distributions. Astin Bulletin

12, 22-26.

—102—



Minimax Empirical Bayes Ridge-Principal Component Regression Estimators

ARNGED (ERAKE)  M.S. Srivastava (University of Toronto )

BREOFBETL y= A8+ ¢ LBV THBEHOMICHCAAEMBBER, ThbbSEAREITEETS
BEERBRENI ML e R 2ETAMBEEERLS, 22Tyl N RTOBAE~NY P, A1
N x p ETHEIITHI, N RTE/ENZ bV e 1d My(0,02I) IZfE> T2 ET 2,

B D2 FIER (LS) B = (A'A)" 1A'y DHHEL Cov (B) = 02(ATA)"! THEZ LN, $&E
HEEBUATEETLHEIE, (A'4)7! 27 ill-conditined I27% A7:0 LS BAKEII LD, MELHEMIITS
7l (A'A) ! a AT AERTI H 2L 2, T4bb, HA'A)"'H' = D =diag(d),... ,dp),
d] 2 Z dp, &: L, €T = (.’l'],.“ ,1:,,)‘ = HB, 0 = (91,... ,Gp)t =‘—Hﬁ tﬁ(o %E%ﬁ‘lif)‘ﬁﬁﬂ'% t
Bl d PIEFIIRECILTERT S,

BN 2EREBOAREL* AT H-00FEE LTERSERE, Vv JEFE a2 HE
BENFHLNTVADS, I I TlE Hoerl and Kennard (1970) 12X > TEHB SN2 v VEAREEE

BR(A) =[A'A+ kI Aly =B~ [T+ 2A'A]"'B for A=1/k k>0
OEMAERY EFRZ LIZT5, CNEBERATRT EHSEID

- A d;
6O = S S I N

EEPNEDT, 2y DINTVFORE d; 1L TRESNTB I EXDDE, TIT A E 2y THAT
LZRELTABTLATAITHY, XERIEETHVCTTFAREOREEL NS (THLHIIIHDDDOFE
ROBETIEL A END, L2 LE0BERBENRIIEESTE R, LS 28R LTL}%?)}{E‘#&: i)
BEWEEAND L IIRETH D, €I TRENA AEORAAT )N ¥ T LTHER B () OBEE
ARTHRBILIITH,

COMFETIE, 557 gD pxg TH C I LTRE Hy: B=Ca,a € R, " FEENIHETEL

NhHe ZDEE, B ORBEANS AHERIIADL ) IZKD LN L, ERDH B ~ N (Ca.o?A],) & 18
~B

ETHLERABEBIB~ N, (B (A ), 02 (A A+ ) LD, B ONA KRR

B\ a)=(A'A+ 2 )" A'A(B - Ca) + Ca =B - (I +2A'4) "' (B - Ca).

LEPND REFY N, o 13 B OBDSH N, (Ca,0{(A'A)7 + AT)) 1BV TEEEND, 12
DHEZT oA E &= (CA'AC) IC'A' A, dgp = max(A\", Ag) THEETHILTHY, I, M 2 F
g

1

(B-Ca) {(A'A) '+ NI} (B-Ca)="—"—~

P

S (- BB (g2

di+X

1=1
DBELTEROND, SOEE, BHAL TR (EB)
B rp, &) =B - (I+3ppA'A) (B - Ca)

# Strawderman @ 2 FeiBEBEICBM L TR/ 2HIEER ,@ FRBTEIL, ThbbIow s AIILA
ZENRENS,
REENA ZEE (EB) OREIE, aDT V7 ¢ FREVE SIIRBRRDEEN/NE(R>TLEH S
EilhHB, FITHBHANS XEERE (HB) 2E 25, £7, MENENSH
Bla ~ N,(Ca,o’\,),
a ~ Nylag,o?rIy),
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'
i betal
1
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l
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1

EB RR ML

0.001 0 002 0.003 0.004 0.008

Figure 1: 0, B35, B7, By ®1) 7 VEVFRMEMORM (BB k= 1/) OET, HEIIFEITRIER EB, RR,
ML 1 1/Agp, 1/Apr, 1/AnL PEZRL TV 5, )

RBETDHE, BLWEBEHIHE ¥ =A,+7CC T3 LT B~ Ny(Cau0?¥) LR EILD, ZDEE
BRAHE BIB~N,B T ONT) (ATA+ T Ll B ORBEINS TR

BP0 1) = (A4 + ¥7Y)" (A AB + ¥~ Cay)

=B - (A4 {(A'A) "+ AT, {[a - ca’(, T)}
TEXBNB, 7275L
&S (A7) = &) ~ [Iq +7CH{(A'A) 4 a1,) c] @) - o)

ThY, EHMTERN2HEETE a()) = (C'GTIC)IC'G™'B % ay DFE~HAL 7=k LTV 5,

BEHE A, 712 8 OIS Np(Cop, ¥ + (ALA)™) IZB I 2RAHEETE Sup = max(A**)0),
Fyp = max(t*,0) (& o THR 6B, 72751 A", 7 1E G = G(\) = (A'A)~1 + AL, \ZHLT, #
23t

n(B - Cag)'(G +7CCH ™ 2(B - Cag) =S -tr (G +1CC") !,
n(B - Cay) (G + 7CCH™'CCHG + 7CCH) (B — Cop) = S - tr CC(G + 7CC!)™}

N\/THbH, DL B ORBMREER~NA TR

—~ ~ " -1
377 =B - (ata) {(A‘A)‘l +Aum + fHBCC’} (B - Cay)
TRENE, L2 LBRELFLIOREREDI v 7 ABOHHIIBERETIITE TV,
%Viﬁwn'&izb—>aPulof2%§§E%K%?%gl7®$ﬁ%ﬁLTﬁE§@Ré%
HELTH2E, Ho: B=0 OHENGENLIRERS ZHEEE B (App,0) PHBIEEN AHEE
B 0V A OEBHENTEY, & HFREVEXIZEEA 2 REERIIHTAREEIEHTHE
ToT\WA I EMREILA. Marquardt and Snee (1975) (2 & o TI/bNAT—F I LT v V8B %34
WTHBE, Figuel &2, RAZFEEEE (k=0 DL ZDME) FFREEIZR>TVAI LA DD D,
Amr 1E Ho: B=0 OFENKENL72E & OREBIERANS AEERD X DRFEEERLTEY, Aps,
Myp BEEBELREEEXSATHAZ LdhH b,
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BRI DO RHER & 7 DREE

Mat SRR MlA B

1. B

SHRETOREFEHZFZEDT. HILLEAINEIBREINTNS, EF - ®FAEL
XY HEAREEARABRIIOVTERT ORI, LDEWREFTHREEZ A7, FIC,
KBEOHBHEBIIMSNOBEAN S DEE/FEETH L EEX, MBROBEZRU
HE. HLWRETE, H2NWRETOED, OMENRRA TS 5ELEAT,

2. ORI

FHARRBRTI, 1) a7 - AUFa2TLEERT S, 2) A7 - AU Fa 5 LITHET
SIEE (TRT5KIR—MEE) O7— I &ERT 2. 3) &FBEITIIH OB H) 1%
ERMHIC L D EBRBEEZ RS, JOFREORRE CBT (Computer-Based testing)
EEATND, Ll ZOEHKIFZADE2—F—EES I ENSELTHHDOTHR
72, EEARHMEOEANSEL TS, 22T, HE T IIVOEREFEBRMED K
TERA D 572 5 % 7 HAE AL BB (Randomized item testing) &FEE,

3. EERLEBRR

mERCHBHARTIE, ROEHEZEL THTETS : 1) ROSNZHEBENE, 2) H
RENERBAR, 3) HET—)b, 4) HEINZEE. Z0OHT. BbASREAN
vy THHRINZHBAREEB 7 —IVOMIcd 2, —F, HE—)ILEHES
NBZEBEDF vy 7, AYEIKREVWTNE D, EBEAHHICIVERTE S,

R HERICBNT, HENRFE THIRERIEREMA T, Loiahnr
MEMNEZ < H 5, Linn f7 (1989, chapter 2) 113, HBROZH M OEm CamEEIFE
BORENEHINTVS, B TORGEEBRCEETAIMELLT. HBIZLS
TRBRIEETERW] NH5. ERBOBRRICIERAFRELTIEINDZDIRESE
VEETHIEEERAINTN S, JIORFETEE, BREEIWIEELS, EOR
E£HATRYL, RESNEREANOEBIVRETHLIEERLTND,

HE S—IVMERENS & BEEY =I5 HEREB 2 @WUI5ER, EEALHE
MERAICEZSNDN, BHiEBERMHNBRWEIEIRES 2, HES—ILEERIL
T, HBEXINA2BEIIHET20H5OREDZRST I EDAIEEL, FOHESINS
HEgEEIEOVWT, HERBOREEZFILIE L LB TE 2, RIFIZERHH
EMEEN, BHEEEDMFITBNWTR/MEEEREZNTWS
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4. ARMEDCREM
B TIIRBEEEEAE R L. FLTHEE YL ZERME (surrogate) RHEEM &
Bialk, ZOHTIE, bLELRERRILBWESORELERT .

41, BERTRWERME
RBREENHRESNIZRBRABTEZREL TRV ETIEL, —FZ ORI %
ET20ONNRAEIT2 D, ZnSiBEEL RLTHW2ARTZAERIEL LN,
ENTIE, EBESHLE, H2VIETZOER, LSMIHBRBEENHRINLZHRAR £
RETEZ2DESIH. ZOMER. EXREBICBT DRI D D WITEZFMEIC
BIT22HADEIDMITLALMETH S, —RBEREERCVESERZAIET
HD.

4-2. JHB 7 — )V D

HE 7 OERICIE, BATEEICANREEZLEELT S, HRITAREEN
EBRANBOHBREZRETZ2 ZENENTH S, ERICHETINSDIZEE V-
NWOEHFEETH D, HEB T—IVITIE 10,000 DA —F—DIHENEEN S,

5. HE 7V OHfrr - BE

HE7—NVEERLTB I EOEMI. TOHBOREE, #pNHETML TE
MZEHRTELILICH D, HMERZREHDVIIBHIEIC L DEBOREEREM
MLTH/ROSND, HERGERTIE. SEBRREE ] 228E  MEVWEHEBICES
T BRI |

O 1 |
1 +exp{a;(6; —b;)} = 1-+exp{a;(6; —b;)}
Lans, GBI RIEBRNRETELHRRETHD, FE2HRIIBETERLTH
ERSEZTOIHERN ¢ THHILEHEEL TS, FE2HEZERTZ L, ZHEH
BB ERERETT IV (Linear canonical link regression model) THH DD w hE
TIVTH2, FEHEOKEEZFBAICEEL T Z&ICED, HEOEA LOE
EEDS, —DOMEL T, BEREHRT2-00ERTBREEZDZENDH S,

6. ¥bHDIZ

TERDOREBRIT, BMADES  FREICHEEL., ILUE) - £ - ZEICHE BTV, 1
WU TEERMEERR T, HBAUTERFESRAMRERICED, BEROEH,
MR ERVER - WEZTV, HIEOTHEEIXES,

P;(6;) =

Cj
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REHEEZHFICHT S5 U-RABOBRERICDONT
£/l Ft (RRIRKZIFE)

6,21} etz T 2 EREREEEINET 5. iz u(xx, ) EEHH
BT S, uxx, - x) BHERET BHEHRE N B & ITR.

1<i <12< <x,\ <n

Example 1. U-#z18&: U j 5:1 SN )

Sample mean: U (x) = x 1

Sample variance : U (x],xz) =3 (x1 - X, )2 (k=2)

Cramér-von Mises-Smirnov statistic :

ul(x,x,)= J:w(u)(l{xéu} —u)(l{x2Su} —u)du (k=2)

ZDOEE

1 1
U, '—72——1“ w(x)(Fn(x)—l) dx,

L w(x) HESBEEL F,(x) 2{€,.1<j <n} ORB L.

Example 2 V-itat&: V, i=n"" ZU (5;1 T u.)

151‘l <z2< <t,§n

ERD 2y, X LT

(3.2, )uldy) =0
DEEU (X)X, X )IHEBELTRBENS.

fe,.7 21} #iid. 0B E 1T Hoeffding(1948)I0 & 5 H-HMIT & > TRILL TWois
blu(xl,xz,---,xk) ICEE T AU-HEHE. V-HETBICDODWTHLEBREEE (BhEESR
#%) . DonskerBARRE, HICRERNREE, WHEEM. AMREREEZEMDTH
BRI RN BN S NT B, E7-Yoshihara(1976) 10 &0 THE,,j 21} 2% 6-
mixingPabsolutely regulartt BEOTHMIELFOBAE,, )21} #iid MR
EEFITEMT S Z &Ik o TH-SBERWTREL TWizbu (x),x,, -+, x, ) 1B
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THUME R, V-REFRICOWTHLMERERENRD LD I EARINTN D,

—F. B (X1, %5, 0 ) PUBE L TWBBERE L j 2 1} iR 25
DESIIEBEH-MEHNEZ WD ENORDY DA EER DI 2LENS 5.
FD—=DELTU (X, X5, , %) 27—V TIREER L. SEOWEHREEZHEA
5:&KOwT%%ﬁé.

=[01]. C(T)z&T tomgmkek, C(T) LoRHEE

fg) [ F()g)ar, f.geCT). eney, EC(T) EOERBEFTRET S,
w:T" S RIZET 37— ) THREERIIADO LI ICREND. 77— THEE,
k=(ky, ky, ok )€ Z™ (ZV3EEBRMK) ELT

(k) = |, u()e, (1)

THE2BND. FEL. t=(t,tyt,)eT",
e, (1) =€y, (tl)ekz(IZ)"'ek ( m) exp{?.mz J
p
ue C™(T™) it LT & M—HRIRRAYR 0 310 0 TRERRER LRI [, j 2 1R L.
1= (éi, ,éza""éi,,,) LEBEWEEE, HERIT

Sy (1) = Z Zu(k)ekl (& )en (& ) el ) = i Gvrn& ) (N o)

k;=—N k,=-N

MDD, X e RTIZHLTo(x):= Zu(k )Xy, X, EBL. £l RTERER

Kk, <oo

TG, = (el (ék)’ez (ék)a ) ZRAWT

ann:= zu(éh 'éi'z’”.’éim)

1<) <0, <<, Sn

-3 5 (S le)Eale) Sele)|=of S0

= 00 k

WEIZn"V, 18{G,, k2 1} DESTMOABEE L TRT S EMNERBIDT,
(G, k2 1} ICET2BIRER LA T 5 L TVHH RV, OBEN/SIEHZHARD
SEMERD, I, -V | ERET B ENSU,OFENREEERRD.

—108—



U-it it BEDO#IERE S O Edgeworth &5

EREBRFEFR

K ROIT
M T ¥ B S EPIER B AT 8 X
BEIR B RFIB T EMAR FRY—ER

1 B

KE k> 2 ORI —FI g(zy,
F s OEBER X,

Sak) BEREDSMOF OHEENRERBE I = 6(F)
(2001)) #EZ 5 @ w(r,

X WEDSHEEREL T, U-BEFBOBT
T k) BB =1
EDBR DM (r

D, T
&8 Y. (Toda and Yamato
SklZHUTry + - Ty = k 2il=-4{EED
seea ) DWTIHADHEEREM O MHEERETH, j=1,... R ITHL T,
Ak, /) # 0D EZE,
1
9T,y xi) = _mzh_l_“_”j:kw("'la---,Tj; g1, T, Ty )
ETB, 7=EL

C =1,k

r1{@E
+
= ZT]+"'+"'j=k Lj:\ T+

75 {&E
KX LT dlk,d) = T 4 gm0 (T,
I gy 1T B U-HE B LTS,

- Ty :lu) &Téa if;
+ri =k ZWRIZTETOEOBHROMICHT Z2MERT. Un

-, &

L U i -

1 k n
Y, = d(k,j U
D(n,la)j}; (k. 7) ( j )
ETB, 2L Dnk) =S5 dik) [ ") e,
J

EIAT, =gy (e, .. z;) 1 d3EREE T2, j =1
c=1,...,7 12/ LT

yRIZH LT, 65 = Efgg) (X,
V).,

':XJ')]’
.,zc)zE[g(j)(Xl,..., ...,X.::.?:c]
EEL, T, =1 IZHL T, g (31) = vgalo) —0; EBE, c=2,3,.. kITHLT,
g((;;(rl:“-vl"c):w(j Tla -~,-T¢ Z Z

(J.)(:l:h, o) —0;
i=1 1< <<l <e

LB, A= gl ITHIST B U-skEHRE H ;)

Yoy e 1w EBEEL, H)

n CRT. guy=9&0. 0,=0ThHs, /=
n%H“t%ﬁTéo
2 IvyvTU—REH

EEEY-HEBD 1/n DEETOI Yy PUY—-ARBAMNEON S,
T 1d(k,k)>0,0}>0,1<5 <je<kiFLT
[Ig( IR

7)) < OO11‘7|1./)1(X1)|4 < 0, Bl (X3,

XI)IS < o0,
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Elpo (X1, X2)|* < 00, E|ppg(X1, X2, X2)|® < 00, Elphs(X1, X2, X3)[* < 00

lim sup ‘E[e’jtwl(xl)]l <1

lt]~ro0

ZRET S, X512, Lai and Wang(1993) o Condition (C) £7-12 (D) Z2EET %, TDEE,

o [P(Lron-ass) -ge)=o(3)

MRV D, 72720,

Gulz) = &(2)- \/~¢(Z)P*(Z)"— (2)F; (2),

L ke L
P = B+n@E=Es 26,
P (z) = @HQ+RM%
2
. LI
Pyi(z) = :?%z + /'g”af (2% — 32) + Py (2),
* I T 27,2 a1
FPi(z) = {——2—+a +Zk'(k“‘1) [02“201]};‘2‘3
Hr k3 Kkg7 1 _ % 5 3
+[ . 24] —(2* - 32) + 266(2 102° + 152),

P(2) REREERDTHODTHEKZERL, ¢(2) FREERDIFOEERAZERT.

EIAT. Yy OV vy U1 7 HiERE 6% = (n- 1) DL, (W) - V)2 LB, 1R
Lo W 02i=1,2,. .., nic720 LT X #BDBROWKES n— 1 DA SEE LS Y-#HEHE
ETBH, AFa—F > MEY-HEBO 1//n OEETOIy ¥7— A BENEENS,

G2 €>0,02>0281L T,

E]g(Xl} ')Xk)|4+€ < o0, Elg(k—-l)(Xl,"'»Xk-—l)I4+€ < o0,
EREL. j=12,...,k—21Z8LT. Elgg(X1,...,.Xj)]P <0 &I,
lim sup IE[exp{z’tg(l)(Xl)}” <1
|t}—o0

ERETD. TOEE,
Sup lP<\§_lﬁ(Yn -6) < z) - H;(z)i = o(n'%)

—ooLz<oo
§5. 12721

HA() = Hale) = Hog(2) = 0(2) + —= (= 2+ loss® + (e + 1) 000)

BE B

Lai, T. L. and Wang, J. Q. (1993). Edgeworth Expansions for symmetric statistics with applica-
tions to bootstrap methods, Statistica Sinica, 3, 517-542.

Toda, K. and Yamato, H. (2001). Berry-Esseen bounds for some statistics including LB-statistic
and V-statistic. J. Japan Statist. Soc. 31, No. 2, 225-237.
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Finite exchangeability and a simple covariance structure

Kecio University and Takachiho University
Kunihiro Baba, Ritei Shibata and Masaaki Sibuya

1. Introduction
Multinomial distributions have the variance-covariance maftrix

A = n(ding(€) — €€7) = ding(p) — 1" e 1)

where £ and p are the probability and mean vectors of the components, respectively. There are
some other distributions with a similar variance-covariance matrix. Hence, reasons leading to this
form, and the generality of the reasons are questioned. This paper is to answer to these questions
based on the notion of finite exchangeability. Because of the various aspects of this notion, the
answer is not complete, and examples are provided to show situations.

Baba et al. (2002) found a sufficient condition for the partial correlation to be equal to the
conditional correlation, and found that some distributions with a simple covariance structure,
including the multinomial, satisfy the condition. Conclusions of this paper are (i) there are many
distributions with a simple covariance structure, and (ii) most. of them satisfy the condition of
Proposition 1, but some distributions do not.

The equality of the partial correlation of Xy = (X1, .X) and the conditional correlation of X,
given X, = (Xs,...,Xy,) holds under a general condition on the conditional moments.

Proposition 1 (Baba et al., 2002). If

E(X

Xie)=0+ BX,e

for a constant vector a and a constant matriz B, and if the conditional correlation Cor(Xp|X <)

is independent of Ny, then the partial correlation pCor( Xy ; Xic) is equal to Cor(Xp|Xpe).

2. Main results
For a fixed integer n > 1, an n-variate rv X = (X,,...,X,) is said finite exchangeable if its
distribution is invariant with respect. to the permutation of the components.

Proposition 2. (a) Assume that an n-variate rv X = (X1,..., X)) is exchangeable, and

wi=E(X;), 1= Cov(X;,X;) and 0% = VX)),

m

are finite. Partition the index set {1,...,n} into m parts L;, |L;| = 1;, Zj:l

Y = (}.’11' ces }vm),' )/:7 = Z?:l I[] € LJ] ,X'j, and

l; =n, and define

V(Y) = (0% — r)diag(l) + 1 U7 (2)

(b) Ifu#0,

o~ »
V(Y) = dli\g(#) + /—12 IJ‘IJ'T': H= (/11\ e v.“'m)a My = “1.7 (3)

JL

(¢) IfY°7 ., Niis a constant, sayt,
\I(Y) = (71 - 1)—1“’202(diﬂg(£) - £€T)1 £ = (R.Clv s :gm)Ta ‘5_] = Ij/” = /lj/ta (4)

where the last expression assumes | # 0. Further, the condition of Proposition 1 is satisfied.
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Table 1: iid variables and partially exchangeable multivariate distributions

X iid Y partially exchangeable

Poisson Multinomial

Binomial, Bernoulli Multivariate hypergeometric
Negative binomial, Geometric ~Multivariate negative hypergeometric
Gamma, Exponential Dirichlet

Table 2: Exchangeability of the mixture distributions

The mixed distributions The mixing distributuins The mixture distiributions

Poisson (intensity parameter) Gamma Negative multinomial

Binomial, Bernoulli

e Beta Multivariate beta-binomial
(probabilities)

Multivariate hypergeometric

. ) Negative binomial, geometric  equivalent to the above
(size parameter)

Negative binomial geometric Multivariate beta-neeative
° Beta g

(probabilities) binomial
Multi ¢ '.( L atl 1 - .
, hvaria © negative hyper GHgB3 equivalent to the above
geometric (size parameter)
Multivariate beta type 2
Gamma (Multivariate F),

Multivariate Pareto

Gamma, Exponential
(scale parameter)

A condition of the finite exchangeability is the partial exchangeability. If (Xi,...,X,) is a
random sample from a univariate natural exponential family T = Z;‘:l X is a sufficient statistics.
Then the conditional distribution given 7' = ¢ is exchangeable for any n > 1, and satisfies the
condition (c) of Proposition 2. Examples are shown in Table 1.

Another condition of the finite exchangeability is a mixture of i.i.d. random variables by
mixing some parameter. Some examples are shown in Table 2, and these satisfy the condition of
Proposition 1. However, a unified justification is an open problen.

3. Multivariate power series distributions
Generalizing a univariate power series distribution

p(x)6({x}) = g(6) "' az 6%; az = (d/d6)*¢(0)/x); 2 =0,1,...; 0 € O, (5)

its multivariate version is defined
m m 9
p(x; 0) Hé({arj}) =g(8)"a, 2! H (;), xeNG,0,6,€0,j=1,...,m,m=2,3,...
=1 J=1 =

(6)

Proposition 3. For the distributions (6) with ag = 0, the conditional moments E(z;|z3,...,Zm),
J=12, and V((xy,22)|x3, ..., &n) have usually gaps between the conditioning value x, = sty =

0 and x. > 0. Hence the conditions of Proposition 1 are not satisfied.
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