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On Multiple Comparisons of Mean Components in
the Intraclass Correlation Model with Missing Data

FOREELR - BEMER A F
FORERRLR - B HWE P&

AE T, HBESEATIIN—EK 72 #1E %L © D Intraclass Correlation Model D
TOBVIRLBET —ZIZBWT, 52 b7 — FICRBIDA U256 OFEHR D
DREFEREIC OV THERT 5. BIET 265 L LT, Seo and Srivastava[2] %2°
H5.

% EXYLT 5720, kD & 9 72 Two-components mixed linear model &% 5.

Tig=ptoj+ey, t=1...,p, j=1...,n (1)
T, ajley AWML %m%nim \ﬁ& o2 OIERSHR &L FH 0, nHk o?
I LD EEETH. 75, E[CE'LJ] Hiyt = .,p'Cﬁ) D ) Var[:nw] = 0a+062(5

0?), Covlzs;, 2] = 02,(s # t), TLT, Cov[mis,x,-t] =0,(s#1t) &b ZIT,
ni=mnd=1,...,p&lx; = (Tj,...,2p),7 = 1,...,n &BIE, z; TFH
7 M= (p,. .., 1), SRS *%&ﬁﬁl Y EF O pRIGIERSMICHED. 27EL
X =0*{(1 - p)I+pee'} ITERATH Y, —HM#EE& (intraclass correlation form) &
MENns. 22T, Tidpx pmi{i?fﬁl e=(1,...,1) iZpx 1 DFI~ZT kv,
pE€l-(pt—=1),1]ThHsd. HEESEITH S BZOL ) REELFOET VT,
Intraclass Correlation Model & BEiZ#L5.

RHETIE, RET—FOHEICRT HFEHRSOREEREICONTERD.
ROLOIBRHRHZEZD.

H:MI:IJ’Q:...:/’LP (2)
BRI MV E, & = (215,...,%p5),7 = 1,2,...,n B, ZEL, p=p 2
2P, THD. ET, o ZENEIMILIZ N, (15, 5;5) €5, 2T, Bhargava
and Srivastavall] D7 AT 7 #FIAL, KOL D REBREEZD.

5 =0y, Cj=ly— lese) y=1£(1-pH {1+ -Dp}7 . (9)
J

TBE, 2 IZENTNISII N, (Cipy, 1) 205, 22T, ¥ =0*(1-p) T

hbd. ZIT, %7ﬂ/ﬁ1mé7 5%%%T6i9;,xﬁéﬂt7 B% s

BoOT7ay 7 58T 5. 72FL, $k7uy 2 i3p® xn®TH T,p>s>k>1

Thd. &bl
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] n® e o 25 ()
= 1~ w ) _
i = Lm = Zij s p(k) Z z’ Z.. p(k)n(k) Z Z (4)
(k) (k)

A2 = k) ;Jz; (k) —(k) z(k]) + Effc))27 & = (m® —1)p® —1)  (5)
&B<. Z, 2D REBEOT 0y s D6 RS THE. EoT, FRHOTT,
%ﬂ%ﬂ@7 =304 & “CZE_L iz,

2 (0 0 \ F®502 )
TN~ D e ks ©

2
&%, PLEIZXY, RERFERIKROLIICEZDND.

S ST BRIy
Ek:l Z ( z.. ) /p Fp* f (7)
Yoy fEAEZ/f ’
I, prEi W -1, f=i o B THY Fp XBHRED, fOF ST
bH5.

AL TIE, Srivastava and Carter[3] D fEFIZ AT, BRELIZREDFIEL
KL, A%, 52275 —¥ THi L T\ 5 Bhargava and Srivastava[l] IZ331F 2 %)

D bF R MIHTARBEERREICOVWT, REIF—¥2EELEEELTTS.

EE P e

[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] Seo,T. and Srivastava, M.S.(2000), “ Testing Equality of Means and Simul-
taneous Confidence Intervals in Repeated Measures with Missing Data, ”
Biometrical Journal, 42, 981-993.

[3] Srivastava, M.S. and Carter,E.M.(1986), “The Maximum Likelihood Method
for Non-Responce in Sample Survey, ” Survey Methodlogy, 12, 61-72.
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RRDHIBERME & T — 2B
[E SRR ST i A

1 FL®IC

JEREA E OB TIE, EIREBEORBIZEE TH D, E - WEIT O HE, LM A EEANIITT
AMERETILERS LML THS. LiL, FAREBETH> LB~ sd, BXE, &/H
ERFEET HOT, FHIBOFR TR L2 RH5E, REEORROMIENS AL ICERO &H 5 AR
A DM E I DTS, F DT, FORIEAMMOHIE & S THEBEICELEREOONE S 0K
EXRITHOLENRD L. Tihbb, R ETAHEMANT, HABFEOTFEBEREZREL, TAVEKYIZHE
RERAELOONE I NERETASZ LIRS, ZOBEBEOREIZIE Kulldorff 05, Tango @ ik

EIILO, WS ONOREEMER STV S, AfRTIRERICL CHASH T2 Kulldorff 0 F5iE%
&E%Téﬁ?'@%ﬁf:fﬂ“ﬁm(ﬁkiv O 8D I FHEKEE ISR T DMEEOFMEARETDS. &5

OB AR L CEBRBICBIT DT — ZIITIC DN T OBEREIT).

2 THEBEEHREDRE
L R ETHEMMN m BEORKIRICHDHNTND ETH. EER X, X, -, X (TEWICHZIZ

WFH BT Y LT Po(nips) (i = 1,2, ,m) \CHED & L, ZOBUMEE @ (i =1,2,--- ,m) T 5.
L, >0,0<p <15 ZOEMEL, HBHEE Z(€ ) BL otk X,

pi=p (1€Z); pi=gq (i¢Z)

DEFAOFT, RERHR Hy : p = g, ALEHH : p > ¢ ORABEMELZEZEZS. 2T,
n(Z) = Sier Tt M(2) i= Yiegmy G = ZUZ¢ 5L &, ZOREE, RELREDE XML, BER
irE

n(Z e\ (Z°)
n(Z) n(Z .
A= sup (u Z)) (u(Z“)) 7 (n(Z) - n(Z ))
7eZ n(@) )™ uw(Z) = w(ze)
w(@)

ERVEREILRD. RELIC) ZEEBEEE T2, 20, ZOXNERD ZBARELLWEETHD,
INMEBIIHEEILp> ¢ ERoTVADONE Ik, T TFAsayIalb—ia Il TREY
79 Z e NRHES.

ERIOEERAE L CTHRREEEAEZSHA, TORESNDEE Z (3 MBI LTl
DOOEFERTHHZENLEENRD. FZ T Kulldorff HIEKEE 1 # R LICEEr ORLH#E, £OHIC
EENDEHE Z L L. ZOr 200 LTORESN LRE TERMICELSE, SLIZENERT
DO TITH Z & ThELREHARD ZEMNTESD. ZOLIITLTRLAZETOER Z 04
ELT ZREDE. ZOFEIIERCHENOBETH Y, EBEL OEFEHECHE CRHASL TN
5 Lﬁxu‘m% Z0 Z DEDHFHHRRIGEVEEBEROREIZIZEN TV, PR TR aRgo

I ECRESNRNZ EIZRB. ZITABTIIUTOX 57 Z 2ES 5 71k (flexible scan)
%ﬁ;’%@“a
1. HBXIE i H b OEENEVIBEIZ k- 1EAORKREZ RV HY.
2. BOHLE k- 1HEOKREEE i 28bE kAOFNLES (K k) BOBEAELEEEZ, ZOF
Ti2EH, EBIETHERE L TWEEAEDEE Z LT5.
3.1IE 1Dk ETELEE, 2TDZEZ]M0D HT.
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4. YULEOFBEEZE ( ICOVTITVW, FO2THD Z 2 BERETHIERE Z LT5,
EERIZ Z O ELRRFEBEOREISER LT, Kulldorff ® ik & el &1T o712, = Z TITEHEIE & 5
HNRETRERBEMICOT 2B EL, Ty ARy hET A (p=3q) DTF TN DD I
L—3a Vil d» TREZT o772, ZOfEE, Kulldorff 0B TAEID FiEDEE & 1R TER D8R
IZxt L, ZOEREZRBICRIE TEA I N DD oTe. Ei2, B E AN/ 3R TERORIEIZLILE
T&5.

3 MEBEEICE T HREEDFME

—RIZREWZB O TIIRENZ L > TEOLEATONS. L L, EEEORED &L 5 A FEaEk
DEIEOSGE, TOMEEE EMIZRE TENERV O, TREEATLEVEEZRELZ LD LRV
P, FILITEICERREESRE SWUEEWORR ENWANEREZ SR T, BMRERIISLTH
B EE SETONETIEYIal—ra s ild»T THEEREENRESNBE) 2REAE L
THWTWA ZERZVD, ZATIEREEOFME LTUIFR+5THAH. T TEHTIE, HBERy
F ARy PEICH LT, BERICRE SNTEEROEE (KR &, 2oPIcEdEnd sy ARy b
DOEFHHARFIZRT 2R MEEZ, TOFMEITS (RBR). 0L RFMEITH Z L TRE
BIZEDEVDLCBETE, FIUARRTRELEREENS y hARy bEEBALE AT THEIE
ZIELRAEL TS Z ENBEIN.

T BSADOHDLAEy bARy MEBERET HE (a = 0.05) DERF

Kulldorff Flexible
Length Include s Length Include s
l hot-spot regions Total l hot-spot regions Total
0 1 2 3 4 0 1 2 3 4
111 © 1 110 0 0
20 0 351 351 210 0 o0 0
312 0 4 0 6 3]0 0 0 0 0
410 0 3 0 0 3 410 0 o0 0 138 138
512 0 2 0 0 4 510 0 0 3 147 150
611 0 0 0 0 1 6|1 0 0 2200 203
710 0 0 81 0 81 710 1 0 4 147 152
810 © 10 18 38 66 810 0 2 9 107 118
910 O 2 0 26 28 910 0 0 10 71 81
010 0 0 29 3 32 b1 0o 2 5 28 36
1110 0 1 13 1 15 110 0 0 0 10 10
12|10 0 2 4 60 66 1210 0 0 0 2 2
1310 0 0 5 62 67 13{0 0 0 0 0 0
1410 0 0 10 27 37 1410 0 0O 0 0 0
15|10 0 0 6 37 43 1510 0 0 0 0 0
Total | 6 0 375 166 254 801 Total { 2 1 4 33 850 890
power=0.801 power=0.890

4 EFREICETHT—2EBH

Mt FEZREFO~OBEAEEZ DB, EEORRCRENODBEZLEICE > THRHEEHRL
BRBLGEBEBE LR TRWTRNWI EDH 5. TIUIHFLUADOERCMBALE L /2508, HIZHE
B LRI PREARRTI-DOEREBETILVIFEASLHILOEEbND. -, SENE
RERBMED DI CII R Kulldorf O FEBFIAEND Z &M BV., THIEEROOLMHIRTEL D
BN, FEEEBRE BELTWS Kuldaf BERAAY a7 U r—ra V7 heER LA v & —
Fv hETEHTEMALTNSIEL—20ERTHA). TOD, ZORETIT (BRzorbT &
L) BEMEOBREIZAVGN, —EOIT— /N FREZUF— IR Y 7 MIR->TWA. ZO X 5 1ZH R
ME FIEEBRELILEGS, TOERLEDIMENLEL D L0HD
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HHFRGEDEDHREETIICEITS LiuEEEICDNT

RHER - B Bl BR
iR - 2 B BEE
iR - BEWFE KR BCE

1. RCBIC

INETEHATIARNATEFI (y, XB,0%I) \IZBI1F5 OLSE ® RLSE, £LTH 5
W% biased estimator & DB DWW TDWHFEZE Trenkler([7]) * Akdeniz and Kaciranlar
(1)) BREWToTEE. FHRTIENTA—IRT MLVE2DH DAV ARIIVITET I
(v, X181 + X282,02V) ZH,D. Xo OREBREHTET, SR 1IDONITRA—F 6,
HIHRENDNEZTT, biased estimator DD Liu estimator 1 RLSE KD % MSE £
TERLBBRFIT DN TERETo 2.

2. ¥iF
nx 1 BRI MLy, 2D0n x p SIALETS X1,X3, 22D px 1 INTA—FIRY
NV By, B2, n x 1 BRERY MV e TLBBEETIV

y=X1B81+ X208 + €

KBWTE(Y) = X161 + X328z, V(y) = 02V 2Ty XEFIN My = (v, X181 +
X2B2,0 V) TSI EVNS. ZIT Py = Xo(X2'X2) Xy, My = I — P iICKDET
)I/ Ml }i Mz = (sz,MzXlﬁl, 0’2M2VM2) &%ﬁ-% ZCTFEIH’\"J%FF Rﬁl =7r O
TTO B, DHEERICOVWTHERZTS. 4, 8 OHER 8 OFMEICOVNTIE, MSE T3
MB)=EQB-pB)(B-B) EBAVWTTROLIITEHET S ([7))-

B DHEER B,,8, THLT. B, M B, LDbEVHTE.
&L M(B,) - M(3,) DEEEETS.

3. Ordinary Least Square Estimator

EFINMs = (y,XB,0°V) BT AR/ 2 RIEICKD B OHEER 32 RD5. V BIFEEHE
THIED, V=W'W ERBEAFTH W BEETS. ZHZ2AVWTW ly=2, WX =
UWle=e EBSEETIN M3 (2,UB,0%I) 723, S=U'U = X'V1X DEQ
RBEREB = (X'VIX)'X'V iy THD. S BERTRWRSE §5°5 =5 25—k
WTF S~ ZHVWTB=8"U'z=(X'V1X)"X'V~ly &75. Z#Q% Ordinary Least
Square Estimator (OLSE) W5, /=811 8 ORFHERTHS. INEAVHEET
)V My 2B B B; ® OLSE By RO ESITEES.

B1 = (X1’ My (M3 V My)~™ My X 1)~ Xy’ My (M5 V M)~ My,

4. Restricted Least Square Estimator & F®DFEH

RZS2Um OmxpfTdl. r Zmx 1 X7 ML&EL, Rr EBBEHETS. 22T
B1 TDOWT RBy =r RBFWELEERTS. ZOXREOTTD B, DB/N2EHTERD, 2
RO B &

b1 = Bl‘}'(X]_’Mg(MzVMz)—lexl)_R,(R(Xlle (MzVMz)_lexl)—R,)—(T*Rﬁl)

E72%. T3 % Restricted Least Square Estimator (RLSE) &MER. 7238 RB: = r DA
DT TIXRLSE & 81 O NEHER 725, Trenkler([7]) DFERZE S &IZ RLSE & OLSE @
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BRIZDOWT, RD (1), (2) IXAETH D ZENEX 2.
(1) by 1X By LD DBERWHEEER.
(2) 6= R,B]_ —-r &TBHE JI(R(Xlle(Mz‘/Mz)_1M2X1)~R/)_6 < o?.

5. Restricted Liu Estimator
Ridge #5E & ([3],[4]) & Stein #2 & (6]) DEWVWDFRZESDEI LI RHEER

By=(S+ D)Xy My (MyV M) Moy + dBi)  (0<d<1)

2, Liu ([5]) REoTREINZ. ZRL S = X' My(MV M) M, X; Thb. Z
N&EET) My TO Liu Estimator EWS. ZZTF; = (S+I)7H S +dI) &8 &
B,; = FuB8, &72%. 72 b,y = Fzby % By @ Restricted Liu Estimator (RLE) &0 3.
E(b.y) = Fygf, + F4S7'R'(RST'R)"1§ Thh, £ =S5"1-S5'R(RS'R)'RS™!
EBL Ecovibyy) = o*F,BF) E135. ZZTHIBE&MHOTF, RLE & RLSE 2 MSE 28
WTHET 3L, by & by ® MSE fTAEZNEN M(b) = 0*%, M (byg) = 0?2 F S F) +
(Fa—I)B1B1/ (Fg—I) &12%. SWREEETFILD, PSP =A £725 X5 RERTF
P CEENATI A BWEETS. WE B= PP B & TIIEAEHETSIED BbIE
AEMETHD, BOMARMILTHEATHS. B y=PB, LB EB =Py &R
5. ZITHIBEE RBr =7 OF, BL D2DOHER by, by KDWT. KO (i), (i) &
FEETHDZEERLE.

(i) byg 13 by KD BVHEER. DED

2
M(by) ~ M(b.g) = P(A + )7L (1 - d)? (1%~dE - w') (A + 1)~ P!
B EETFITHS. CCTE=AB+BA+(1+d)B Th5.
(i) E 3EAEETHD. v & E TERINBRY MV ZEMIET 3RS e L, E- %
E O—R#¥175 (EE"E=E 2W/~TE™) £T5&,

2

~YE~y <

(o}
<= (0<d<)

TH5.
SE

(1] Akdeniz, F. and Kaciranlar, S. (2001) More on the new biased estimator in linear regression,
Sankhya, Series B,63, 321-325.

[2] Baksalary, J. K. and Kala, R. (1983) Partial orderings between matrices one of which is of
rank one. Bulletin of the Polish Academy of Sciences, Mathematics, 31,5-7.

[3] Hoerl, A.E. and Kennard, R.W. (1970a) Ridge regression: biased estimation for non-orthogonal
problems. Technometrics, 12, 55-67.

[4] Hoerl, AE. and Kennard, R.W. (1970b) Ridge regression: application for non-orthogonal
problems. Technometrics, 12, 69-82.

[6] Liu, Ke Jian(1993) A new class of biased estimate in linear regression, Communications in
Statistics, Series A,22,393-402.

[6] Stein, C.(1956) Inadmissibility of the usual estimator for the mean of a multivariate normal
distribution. In Proceedings of the Third Berkeley Symposium on Mathematical Statistics and
Probability, 1,197-206.

[7] Trenkler, G. (1987) mean square error martix comparisons among restricted least squares
estimators, Sankhya, Series A, 49, 96-104.
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EDT74V3ERVE L—F—REFREBH

BREX-BT- -t FAEX
BREX-HET DAY Sl

1 [XLC®IC

ALERIZEB SN TV OIHREEGRERA L —F—1zo2\WTELS. (MEmEEOIE) £/71X
(RO OEBNIEREIZEV REFARBRIZIY, REIASITIIBRETIIBET IR
EHBEZ/IZEZIELY. 20D, L—F—2AVTHROOKREZBRATAILENDS. L—
Yl L OMEREEBORE LIL, L—-F—bEEENLERKY, HERHLETRATIR, %
DOIRBHA T OREE (W, EH, a7 V- 2 Y) BEORFRTELTE. Z0oRELZFAEL
T, ZESNEREOEREBOE» bHREARFNEOEREMIET I LIZL Y, MREHELE
5.

RERETORERTIE, HREE, 2EO BEHEORKNRRFHo T AHELE] 0£4L LTRELT
Ele. ZOREDS LTI, ZERIERBEAE»OORKFEOERS DY (B L LTESHS
na. LaL, EBIZIIBBESFOLHITRoTWAB &EITE 2T, WEESEREMIIEELT
WBERELZEDPERTHS. ZOBRE, BROBEZFOREEDLOARELLTELNS.
ARETIE, ZORERIZH EDOEBEBAFEZRETI L LB, HEIVAHAIHLTHSE
BEAETHD [NV AFEREE] LORBETRoTHD, 77, ZBETRBEHL2EFELTI D
IR ERDIMREN 1 RTTHD I LEREL TS,

R, FREICRBITEIENRTAYOMEE, BETHRINERICERAINTEZHE JERS -1
EEEINTZERARL—F—Db0RERLTWS.

2 MEREOETIVE EZIE]

SE, FMETIBHMEL LT, HREAEGREL BHNE LLERBO L —&—CT—HMicAV bh
TWBHOEFIATS. ZORBME LTRKROZAREFLNS. I8, BET S/ UV R IIBREN
VW) ObDTERL, HIBREDIE GEER) 2o/ NWATHDI L. EIZ, 1EENID
TONTVWAFIETHE NNV AER2ERIEI DI, BEREOERBITOLRATVWB I L THAB.

KIZHMRELFRIZOWTEZ S, RE LICHEOET I MEEEIC y 8220, TORARE
HEOETIZRL., ABEMKT y 8 EICEETS LREL, KERIZ y 1220 TOFAEKMER
ELTESETD. HRETOHERTIE, ABREAES y 8 LICHROICEET S L2 REL TV
IOEENS & TR, ZEEREEARILENSORFNECERELE L LTERENS. LML, H#
REEBEZXMRE L TEZXTLLEITL, WHEOERIZYZLOLIIEL . RERLIE, BR
i EOREEITBEREBRNISERICEET S L Z2FRERENOTHS. fle LT, H@E, EHH,
REWRE, HRLTIHORENEFRERTOREE (ERD) 2F-TRY, —RELTIEZIC
<vv. LIehoT, BZlt TRRAISNDZEEIT, ERNLEAREERLIIEIH TEXLANLY
BFieERRL D, FRETH, Z0XIRELEZLLIC, HRARHERLHIRM I LIZETS
B (BEREE S LTRETS. ZOREDND LTI, ZEKRIE, EROELTIEA050ERD
o LBERIIELTI2HED 28R R L LTELRS.
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3 MRERNEOER

HMEREENREETTADIZE, ELEADMNE) 22 TO BILE] O2BEOERNLE
Th5. FIT, BARZERIZH LTI ANVFEELTRY 2L THEROMHEZER LTS,

3.1 TIADOMBEE

BEOFMEPEVIZEVZAILE, HIALLRAVWTHLELENOERRERTEZENTES
B, BRFELTOEEALVERITE, TNENOANDDKFEREVIZER Y bV, FELED
BENEEICRS. BICEETIANVARHI MR EOBERICRE LIGaIZR L T/hE k0
(MikE EOBEBZ LK 8km]) OT, BEARERYIHI LI I L IFEBIZEZSbDEE %
T,

IOMBEERETAIRLLT, BAEERLINTERY, REORFER VW RAEREHKTHS.
IOEMEMBTLIZEICEY, RRIBMAFMOERAHZRVIEVIGE (MRE LOERZLT
10[m] BE) Th, TOEMEEBETS I LAMNRIIRZS. LPLSEIORRIZRENT, HxldH
LWBEREEZRRTS. OB EOBERER, HRITOATWA SV AERLI Y HLEROZAID
BOWTELTWS.

1. JER B L S AOB A OBERTETHS = & (MFE OB LT 20[cm] )
2. MRERFROLIEDOKNEE L HET BENREASNENE NS BRTERTH S
T,

TOFEEOESHIT I 2 b—3 a I ARMEERICE VBRI TWS.

3.2 ZT{EDERX

FIMIZELIE DI, HEL—F—IC LI MREEROBAETIE, HRORNEOEREZER
XOHHTOSENRDHD. & ZAHD, 7V RERMENE RO REROMITHETIY, EiTHRES
REZFEENPORHET DI LA TE V. EROREG T, MREICHET 2EMEFREORELIIL
DETHHERFERIILLT, ZOXMEH-TVD. LiL, SEERLLEZERLZOET
NEFIRTHZLIZLY, RERNOCHREIFALRLEERET DN TES.

HWRERHEORERTHEEEETT 272010, BANETOESY EE2 5. ZOXNLELA
ERETOLDIIEBL LR EFERIS, TE7FAZRBLTEEROEHELERL, MREKHEOHFR
EOECHHTELIIICEREL TS, EE, SELRAOEEZRATSZ LICLD, 2OEEKAT
DBBEEEZBVEETED LR TED. £, ERLATORREFNEROENFEFE MIHEHE
B|TE) THOLNDZOT, REEOEBERTILNTETHS. ZORRLEBROEABFEOK
EAVWTHELR TV IEMADNEBEEFEREHDED ZLITLY, BRARNELRTERELETT
5.

ERLER, BhREBETIRIZZLOThARELSTREENSD N, TOTHEHFE LK Ok
BEFEODXLELETERL WS, £z, Z0OLEIZIFREINSIEADTNITHRE O
T20[cm] BEIZMZ OGN TV S, ZALDFERIZOVTHY Ialb—va VIZE A REERET-
T3,
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Wavelet - Vaguelette 538812 X % I E & HEE O LB

BERER - B gl
BRIEC - BL - e i oRaRE

1 B#®

ANLHREO L — & —CHREEG Y BFT 508 AE £ 25, ATHEESNRE L SEHT, M
%ﬁﬂtmﬁ@@%%vmUT%Wﬁ%tLt&%M&&U,Aiﬁifiﬁéﬂa.ﬁ@#
Gt I8 DG, ROADREHRREFTA(LEARSD

ot R
H{t) = e [ Ag(u) 7000 () du + 0By (t) = G(t) + 0 Bylt), t> 2 4T

Jt-T ¢
(1)
By (t) 13857 fractional Brownian motion (fBw), o > 0 13MEE O K, fo > 0 (TS0 )H
Wk, 6y (LN A R E 7 am~v@77EﬁF*gwigww*w,c@m@ h i
MRRETHD, HRHOREIBE A() L LTRHEINS, LEA-T, Ht) OBNF—
S R RNHG A WS T 2 (E 0, B A() OHEERTTH T Lo S,
ZEEZOEBRZETNMALTHD (1) 1%, KO 2 EI2BV TR O RS A4 .

1. MEF NI ETEF ChH D

IEEE OB{FILIL BT 52 U — X, Wil sccid, B L) = Ll EVvc g ¢, [/
A GERDA) 1oL ) B s soe 7L L UCRE L“CL‘QI_&YJ'J‘%L‘ (Mt
ELOLOEBFE AT ROLDOLLANSTHD) . iTh b, BELT, MEE
BEFENZKFT D B2 D HNAKRALOT, Bm #RE LK. & =47, Bm (TIEES
BROT, 7= U TR OPHA T Sk,

2 T A HEENTHL L
BIEC A() 2oV TOE®RIZ, KM [t - T, t]) EORESEE LTLABELRAN, —iklT,
HEERRIZBET 57 — 2 LRI N BT LBNTEZRVEL, #0057 — 5 4 E B

VAl g S

M Z @EZT 572000, MREOREZKBERIZET LTS, 20L&, A() (LR
%

n—-1
AW) = pol(mso)(W) + D PiTyp ) ) + Pndiynoo)(y) (o > 0)
k=1

THEZLND. LT, Z0HA, Al ) DHETE! iTLﬁEE {yr} & BAER A OREEE {p)
ERETHILIRESND. IBIC, ty=EYyw), SO) ={ty:t-T <tp < t}uU{t, t-T)
EBLCEE, BEDLVIEL

)R S, Als) / g ) du, L) = A(E()),
s,5'€5(t)
DEDLDZ LD TNS. LiznioT, A() OTFESS {t;) BEHETE S 2h1E, #
ZEENFET ML ST {pp}(= {A(ty)}) BHEET 2 2 EMATREIZ AR S, HED, HEDET
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TEFERDORHTHS.

2 R
FEg A OBHIL, wavelet THROBESTTHD. Lind, wavelet 2T B & L HIE
DIV, E AR, (1) 126 &S REEAOME T, HEMROIFEEMEO 2912, wavelet
EHENT T TIEAEDZRERIZITRY e\, wavelet ZHEDICH TH D wavelet-vaguelette
SiREFIATAZ LT, BERETHRZES ZEDRTED.
vaguelette 2 21T ) BEUE {vap(t):a >0, b€ R} &
Vap(t) = g p(t) + 27i fo @ tha b(t) (2)
&5 ZIT, o HESKR [-rr]) 08 END LD 72 mother wavelet L, ¢ (3L 0IE
E@éﬁlf&bé A, vaguelette ZEHLIZ D BHEUE {vap(t)} 131 DOBEE v 200 vay(2) =
a=2y((z = b)ja) 12 L > TAERENDH, =2 THGD va,(t) HE 5 TRAL. 02 A8
H O vaguelette DG E L PR RD.
H(t) @ vaguelette A%
(VH)(a,b) =/

— 00

ThHdD. ZOLE, ROMGBAERTIENTES.

o0 [ee]

G(t) vap(t) dt +/ vap(t) Bu(t)dt = (VG)(a,b) + o(VBg)(a,b)

— 00

W1l u & A(L) D1OOREFESEL, brH Y T TN L T Ao F i s A
WERTET A, ZO& X, RIVEY L.

(i) FEED pe (0,1) I/ L, |b—ug| <pra £zl |b—ug—T| <pra 7eniE, &5 M, #0
PFELT, lima” 3/2(VG)(a, b) = M,
a—

(i) w & (—ar+b,ar+b)U(—ar+b—T,ar+b-T) 725lE, 5D M >0 7 {FEELT,
111%a—5/2 (VG)(a,b)| < M.
a—r

MR 2 (EEDOBER, e>01ZXfL, 2 M. >0 NTFELT, be RIZOWT—EIC
P{I(VBH)(a,0)] > e0”} < Mc(o™Pab+1/2)2)

REBE o % a=0? LI THEOKE ¢ IZEKFSYE, g€ (0, gg—p), 6 >0, &&
S B=(E+0)g-1ictnL, HB2LY, o(VBy)(a,b) DA —F—IZ b Iz o Tz
Op(cB3/24009) LITFIZ/2 5. fhdy, RE1705, (VG)(a,b) 122WT b £7213 b— T 23l
REBIZHD EEDF—F—T 0(c%?), ZHThVEEDA—F—IT O(0%9?2) LLFTh 5.
L7EMR2T, a—=00DEEIZ

: Op(a®?) L b — T VRIS O
VH)(a,b) OA—%— = P
i@ { Op(a®?) 7213 Op(a®?+8) LIF © Zoofh
BROT, BELRBEEEZRE LT b 2801, HHRNIIT A() OFREFERR 252k

(2725, 272U, T2 Fhicl ZAIZb RO fﬁﬁéﬂé
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Bandwidth selection for kernel smoothing in binomial regression

EHESE N LAY BBl
BIEK - EHET PR A K
1. kernel #E =2 ﬁﬂ%ﬁiﬁﬁdﬁhﬁﬁ@?@ﬁéé’%ié. KEOHEx, ..., o OF% x, TN, HOETE
RS LB Y, W8S~ T25. 22 CT XTOMHEBETHEEORISIEMNLTHA &
D MIEOBY, i =1, K355 k=4 p, p, = plry) % 2IHAY R Bi( N, p) LT A LA A

W ERUC R p(2) (B8 L TR R AR ) V3T A Y v 7 T T a—F i &
5. WA - PR (2002) &i%ﬁﬁ%(“”>’ﬁﬁﬁ$ﬁ”ﬁ%%l§ L 7= B AT & kernel #F &

Pl h) = ZZ_ cw;(x)/0;
Z  Niwi () /0;

AR, FOHEROEIHIOWTHRE LI, Z2C 0 =0(1—p).p = (Y; +VN; /2)/(N; +
VN, wi(z) = ¢(h ™z — 2))/h TH o T, ¢(z) 13& DI N kernel, h1Z3 NIBTHD. #
MEMEICT S0, BB ide,=G0-1)/(K-1),i=1, ..., K ThdL L, N iZT~T
LWL B, 85 ERZIED Ff p(x h) D734 F 243 O(h?) L 0 WS O(N] ) O IEN
HBNBEDT, ZFOEEWEETH LI plz;h) D31 7 AMEEHER

1 Lo
Blzsh) = g+ (1 = 20 )flash)
MEH XN, 2Ok &, p(x;h) O MSE &
v(z)R(9)
MSE[fi(z; h)] = h*jia(9)° f(z)* + NEh
THEzbNAD. ZZT, ,ug(qb) = filz‘zd)(z)dz f_ 2)2dz, f(z) = {p®(z) - 2(1 -

20(x))pM (z)20(x)"1}/2, v(z) = p(z )(1—p(m))’(3b€> AHE 'Ci HEED(z h)IZEEND
SN RERET—ZICEDE E@JB’M RiET S Plug- m/f:(/)?;b:f)AMr#'%L Z OMERELC D
WTEREE XD,

2. Plug-ini& H5EM (0 < § << 1) ITREL T, 54 T AMEEHE & plz; h) O KR (5,1 — 4]
b T? Mean Integrated Squared Error(MISE) O /IMEIZ L - T HiiE /3 N8 hopt

hopt = C(6) (g§) (VLK) 1)

BELND. T I TCO) = (R()/ua(8))°, 6 = [0 f(z)%dz, 8 = 1 u(z)de THD, =
D& Eplz) \IEETH 0, & 0 OHERLETHD. 6) OHMEBEZMALT 272012, plr) OE{EH
EE

.
plzig) = %;wmm
FHERTH. Zhnb flz) O—BHEEE

2 PP(xzg)  (1-2p(x; 9)P (25 9)°
flz;9) = 2 p(z;g)(1 ~ plz; 9))
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BELNLD. 6, DEEELLT

PERT 5. HAERMEEDOTT, 6,(g) ® MSE i
Ba(p) 1* L As(p)
NlKgs N1K299

THEzNh%. ZZ2TA(p,pM,p@ p3) p) Ag(p) > 0, As(p) > 0 I L FNFNFEIMPUIAR S
NI ETAERTHD. 22T, 0,(9) DHEOFETH A (2) DAWE 2 AT LY #<
HHBZ LMD, o T, BB R/N FIE gope 18, /S T A2FBUZIER LT

MSE[: ()] =~ [92A1<p“>,p<2>,p<3>,p<4>>) n @)

N\ /7
(%) (NK) YT AL <0,
_ 1

Jopt (5A2

271

THEZBND. —F, O DEERD plz;h) 2R L THR TS 525, FRICEENE /S FIED
B % MISE BETITR 9 & BOBMICRSB. 6 ORFERE LT

-l 1 oo
QQZF;N_f;(Yi_Yi)

RRATA, ZZITKY I -0 IKEEND o OER, 3,01, 6,1 -6 0B END o, IZHK

17 (3)
) (NyK) YT AL >0

(K9 S NI (B - V2) £ <. B0 MIT Ny = 00, K w00 D& &, K/NF - 0(1) &
FiL K/NE = o(1) £72% k SFIETAUL, By(k) — 0 = Op(NEK)"V2) b 22 2 BiZibii+ 2,

_ B \* e
o = 00 () 8

CESWTETTED. £z, hopy PHXIRZED

Popt 1
Propt 1=0rp ((NIK)2/7)

TEZBND. hopy ERALTEONDHEER p(z; hopy) 1, —FME & BHEERMEE L.

BT gopt ZEAT DL &I, Ay, Ay, M KEENDEORMNOMYEHETHLENSH
5. & A; OHEEICIE, Rule of Thumb(ROT) 2BAT 5. 7720 b, plz) OVIEHEEREL LT, /§
SAM) v HERp(zB) 2 ERTE. I CRRNTA—FBORERTHS. p(z) OEBEK
pD(z) b pD(z;8) TEBEH|AD. ST AP v 7 HFREZR (3) IRALTEDBND gop DHEE
BE Gopt LT 5. KD h OFiE AV FigiL

2
61 (dopt)

hons = C(8) ( ) (N, K)~1/3
TEZz LA,

3. 3aL—Y3y BENAY NIEhop DEBNCET S Ial—va VOBRICOOTHREL
o, FRETIBRELET —F~DFEAL, TOEAMEEZTRLE.
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%5%:% ST AER ST R TS
\Z BT AEDOE DS TR

R #5

PN BN N e
v AT AR S B

FEN (S) DI (F) 2o B STEATIIPIZ R TE O R Z O REEEN K £ 7570
B IDHMICHONTEZ TN, HOBZ AERENERY Ao THHIGALHE
BEOEMN N TN D &35 overlapping 2 F%2 352 L1129 5. overlapping
7e¥ 2 G, BilA K SSSSFSSSSSS WD RIITE S 3 Otsh#l|lZfE L Tt
oMoz Licnpy, £hen 3EHE, 4RBIE, 8EA, 9RHE, 10EA, 11
BIHIGEZ > TWAZ iR 5.

AR CIESFE DR S OIEE I 2 2 EMILRAITH O O F IXER TH D
SIFRERT, FAORICHEREZOMITIIOMImAENR>TD L 52T, #E
FBEPORATHINIEF TRETDH LI BRBHERW T2 LTV HHEAICL AL
RODZEVPHRDERT NI ALZRE L. FIATHERERZ 3 DFRIC
W71z 5E, WTORREDOTEHERELLND.

®P 6346) @®@
® ® ®
@ n=11 @ @ /\ C@@
@Q) @ ®® ®

 : ®

@ @ ®  ®
@ ® ®
@ m =10 @@ @@

©55® ®®

K 1: n =11, m = 10, K 2: &4 Opgshn B 3: &4 opthids
k=4 OBAEORITH JEHETWHBIEEDOH 5 @R T B HEOH
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BRI TO L S 2iih CaxiED /-

(1) BEDOR S OMINENRFE ST HZTR Z 5 5MIZONTDO I E TOMED
WAL T, MELEHOW~FRER EEOCHRICBONT-IBATOEFET L
Y XLULDREINT ISR, KR THINTH2TALIY XLZ2FNE
L CHERRER BRI REBATHLHETE A 2 L2,

(2) AR TOEOZ %, ELENRICIEATZEA, S OFIRIZWA PG
D2 >EFNZET TR L.

(3) FEBRANIBOE SN/ T HEMNEITY I B W THED R SO INEN R E ~7-
TR AMERDDZ LT, BBEEM ADBELTH DL &S
BEEEv—DI—DEEE T,

(4) EEEEDOUVHENRERPN TROGAEIZEBNTYH, BFEOE SOREINEOK
DM HIIRDD Z ERHEL TNV Y XL EBRBE L. 22T
INETICROOND Z LBREE)N T, MEREHE 8 OFIRIZERIZIBEETO
FRENEDE D& KT,

KA ETEFEREE L ~— D — ZH VB HEERE L 7= D% Ebneshahrashoob
and Sobel (1990) T, Z ZTIXE EIERFMHFEMRFHEMOBER L Ex
H L, TRENORMA & MEEREKE KE ks 28T FRE RN T
WMERBEEEGLIFEERELTVAD. S BHIZABTIE, HEHEEMOMER
PCRFEDBER A S — Rl L 2R T — D — L 0 XFEREAND Z &
T, ENTNDOERMA & MEERBEEE K2 Rk & 3 587 SN T
By ~&BEB 7 — o (B ATRFEOR S ORIhE) (2 B4 5 4590 O RN
/O, FOXFERIFE S TOAREEBE, $FEDOBRZ — 3
Tl WO DMERBERICRZOTHSD. KBETIE, ZOHRITRREIN-S
EZWRET 52T, MRITHREM 20 %2 L TV AEBAIZBV TS B
IRGANE RO D Z L B FREIZT D R X ERBELE v — D —DFEWH R ER
L7z,

25 3k

[1] Ebneshahrashoob, M. and Sobel, M. (1990). Sooner and later waiting time problems
for bernoulli trials: frequency and run quotas, Statistics & Probability Letters, 9,
5-11.
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A generalized Pdlya urn model and related distributions

FIRFRIBTIE R (FEEH ST SERT) & B
EERFETEN ARPFHE L= B

1 [FC&®HIC

FORIZT~UL 0 OED ap 8, T0L "1 OEN o @, ..., TV "m” DE
B oam BHASTNWBEET S, ARETIE, EOREY b= (a,01,...,0m), EDOHREL
b=+ +- - +am ERT. ZOEOCHHDL random (Z—2DEZIRYVHL, 20T
L EHER L CEIZRET. 2 O, addition matrix A = (a;5) 4,7 =0,1,..,m > T
LIZEXBMNT 2. ZhE -20R(TLT5. 20X R ITE nBRVERTLOLT D,
2T, ATHID row XD B L= EOFEE %, column (TBMNT 2 EDEFEZRL THEY,
ITRIDERITEAER L TH. 2483, b L, 707 OERMEaESn L&, I-00
" DEEa; (j=0,1,..,m) HEMTHILERLTND. ABRETIE, n BORMAIZ
BUIES kb O - BOBORERESME 4 DDERRDIBMAFIESIWTEETS.

ASFETOWFRETIE, EENREE L0, FRITICBWT, BMT2E0ENRE L
(@1 +aipg+- +am=a1+aj2+ - -+ajm, 1 # 3,47 =0,1,..,m) LV HDERE D
NIEBETOEEMTLALTHD. 72, ZOHIKIE S L TO Pélya DETET T IV OREE
RFBOCITRETH D Z L HHE XN TV B (Johnson and Kotz (1977), Kotz et al. (2000)
BR). ZZ T, fINOFRIZEDL LT, MELSHOEHNRAETHD ZLE2TRT. &
BICEONOEERE 5 X, KAREICB T EIERIFEBEACTETAIRTHDLIZ L E
R

2 Notation

EXk OBEHEZDEIZ 4 ORI 252 ¥ (Fu and Koutras (1994) ZR) % #H
T3, 0F0, BEELRVWCTHZAA2 2, BS b ULOEZHZ 28 AT, EELTH
ZB58AH, brHIRI k OEERX A FERY, ThENE Type I, 1L, III, IV
DEZFERELEZEIZTD. X1,Xg, .y Xn 13X n BORITIZE - THLNRD T ~ULDF
L, ZOFOFICENDES k; © "i"-HOH (Type B; T =& %)% N(n,ki; )
(i=1,2,...,m) TERT. £/, ROBEEETHET 5.

(2.1) 1(5;8) = (11(J; B1), s b (G5 Prm))
[ki,] 51: =-[:
(4 Bs) G (k- 1) g — 111,
I(j = ki) B =1V,

ZIT, (- (ki —1)" = max{0,(j — (ks — 1))}, I(u) & u @ indicator function TH 2.
ABE T, (N(n,k1;01)y 0y N b Brm)) DB 725570 % SR TRER B SE VT
EBETH.
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3 Results

FEONEREE by = (01,002, - Com) EIREL, (N(n,k1;61), s N0, ki Bm)) P
FERBBEHEE ¢u(bo,t ;08) ERT. I T, t = (t1,...tm) £TD. /k L, X1=5(s=
0,1,..,m) 72, EDLEDEDREN b = (g, 02,...,0m) EWRETS. ZORHKED
T'C X1, X2, Xn OFIZBENABES & © ""-BOBIZOWTORGAHEEBREEE
qb 1(bt B)i=0,1,..,m &K7.

Theorem 3.1 BRI ¢,(bo,t;8), ¢ (b,t;8) i = 0,1,..,m IF, KOBKHERR
AT LTS,

a4

(3.1) ¢n(bo,t;B) = Zm Salbo+aitiB)  n21,
(32) ¢0(b0) 116)"'1
(33) ¢D®,t:8) = Z|b] ma(btait ;B) n>1,

3.4) ¢0b,t;8) =1,
n—1 13,

3 Q; al+.7a % 1584 ?
(33) o000 =3 3 el (b F Jai T ant i)

i §=0
a[n,aii]
+ et ezl A= LILILIV i=12m
(36) of (bt ;) = i i=1,2,.,m,

Z I, al®d = ala+c¢)---(a+ (z — 1)), al0d =1, lbo| = Yo% i, |B] = Doimg o,

a; = (g, -+ @im), lail = D710 aij-

SE X
Inoue, K. and Aki, S. (2001), Pélya urn models under general replacement schemes,
Research Report on Statistics, 54, Osaka University.

Inoue, K. (2003). Generalized Pélya urn models and related distributions, Proceedings
of the Symposium, Research Institute for Mathematical Science, Kyoto University, 1308,
29-38.

Fu, J. C. and Koutras, M. V. (1994). Distribution theory of runs : a Markov chain
approach, J. Amer. Statist. Assoc., 89, 1050-1058.

Johnson, N. L. and Kotz, S. (1977), Urn Models and Their Applications, Wiley, New
York.

Kotz, S., Mahmoud, H. and Robert, P. (2000), On generalized Pélya urn models, Statist.
Probab. Lett.,49, 163-173.
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Stepwise smoothing ANEZF| A LI-BERRER DR IE
RlERE LFEH 2= B2

B, HERERORICES], HHWVEIIEZERY T 7 OTERICKIET 2 HREHUER
BREDT T LIREEEREDO LT, HOLERNVE D EFTOFLKREOBESALERD
ARERBIZOWTORREHET A ENEL RoTER (Iob 21, LM consecutive
systems OfF M DNA sequence (2317 % matching OFBECEIZES WS EHEH
DR E) . ZOX ) RBEBSMOBEREL RO HMEIL, <A EDHELE-
THRENTE 2. L, ZoHER, R TIERNEMICLR-120, EEEROR
FIAEPMEGFEER b oL D122 2 AP REEIZ R 5.

ZO®METIE, FEFEFEIZ OV TO stepwise smoothing A EZFAT B &0 58
D, RTHERBERELZRAL, ZOFEEZELIMELT, SEXERBRT
HEROFENARRIZRD Z L R LT,

Ny ={0,1,2,---} &L, X #FFEZEMH (O, F,P) LTEBINT No-lBMEREHK LT
5. X ONTIIMEBE R IE0 D, BRBEE B[] A RENEX O5H IOV TIET
Thnsd., &biZ, F O subo-fields Fo, F1 &2, Fo CFL 2ETH & X, Flff
HITFEIZ DV T O stepwise smoothing AL 0, E[tX|F) = E[E[RX|F)|Fo] 23HK Y 3L
D, ZORUICE Y, SESEREHMEERSBEEE OGRS ER SN, X OMRBEK
EROBZDOTNTY XLEBETAZ ENTE S,

BUE, MFROTLICR- TS, HAAROMBEIZ T 2 HE 2 kO L 5 8By 5 2
EBTED.

(1) 22U LEDEREFKFIZEZDHE.

ez, 2TEEOELROBEEZNEN X1, Xo ET5H L &, FEHEESERIT
Eltf 2] 2205, Y =114 & LTRSS BB ELHETLE RV, F72, 2
BREOFROF[LEEMEZ ZN T W), W, & T2 L %, sooner event MFFHH
o = min{Wy, Wy} R later event DIFLEHE 7 = max{W;, Wo} OMEREMER
DL EICH, v—h—TEOREEENE RO 5ONEMTHS.

(2) LV EMLRERENRIZTIEE.
ATIEEL O FEFOBKIL, BEOTHMNDL—IKOFR IF — 3 FETE R scan
statistics DFERDHA~EIEN > TS, HITHIZIE, sub o-field D&V Kz TRk
MNBEIZIR B,

(3) BT 2HEEEINOEE 2 BHICT 554,

& F & 72 consecutive systems (23 TiE, FEREKROEESBIZLD 2 ENE
V. BEREEDIABICEATEREEEILHE LT, ZRTBFALR, /I 7DEA
EICREREREPERE SN D258 bFFFEORERIZ2 > T 5 (Aki and Hirano (2003)).

(4) BB SN HEREROES KR AN A,
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FEREHINCBE L TIE, =/ a7, +—F—k OERFRI, —&— (k,r) D
R, Bk~ a7 @ POREHEANTEEEZRREINTE . £, 77
T4 HANETFILONFHRDORERIZE 72V, Markov tree £ TOED 3D
Thisd X 2o 7 (Aki (2001)). A EDETFTAZIBWTIHE, RIS 5003758
R 72— AR AND Z LICR Y, RUEMTOEODOELRE S L LU, stepwise
smoothing D& X HiZ L - TH LN D T EHEIEEDOBRROME L FRIC
FTAHZEMTES., ZOBANE, HEROCIEIHEBEAERTLIZLICL T, BR
BEHEE Z EANFERIZRS.

BIDZ A TOERGFHEDETNE LT, BEDETAEEZDILELTED. ZOHE
HE—RIZIZEOENENL L T DT, IR —FEIIRE TE RV, £D7®,
B L & 912, stepwise smoothing D& X FIZ & o THRMHAT & HEREBEEOEGRAE
EoTh, TOMEBENBERIZITRLR. E0OMREBEKETOH D& BEIZK
D5 EITREIC e DA, HEREBEEORRZIET T LU - B L EEIC KD
% Z LN TE B (Inoue and Aki (2002)).

(5) BROEOE X FIZEE DT IHE.
EREOMBEIZHT 27201003, SEIELBEXFICFHLL2Tnidzeb2n. £
7o, ZOEZFOMETEROICLEEHIMELZSIER T END 5.

(6) EHMEHEREE,» OMBEOREERLBRT 2586

BEB 2 — BT BRI, < 0%E, BRIEL L DHREHOKIF A b0
BEZAPLHET DY, LEITRERICERMEL & 2HREROELRHY, £h
DESEIERFETHETDZ LI L > THBIEOHBERHDOELHBELNLTND
BEbbd. TOXIREHICE, SELFERFROEFIOVTORKSMES
ZIOZELEAVHETSHS.

51 FISTHR

Aki, S. (2001). Exact reliability and lifetime of consecutive systems, Handbook of
Statistics, Vol. 20, N. Balakrishnan and C. R. Rao Eds., Elsevier, 281-300.

Aki, S.and Hirano, K. (2003). Waiting time problems for a two-dimensional pattern,
to appear in Ann. Inst. Statist. Math.

Inoue, K. and Aki, S. (2002). Generalized waiting time problems associated with
patterns in Polya’s urn scheme, Ann. Inst. Statist. Math., 54, 681-688.
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SRE—ROFBEMES

LifERE B A
AT RCERBSEAT SRR

2ODMN BRI T =T, Ty E R=R, R, %X, 1<i<d1<j<nKHLHEE

s
g |1 #B=E
“7) 0 otherwise

EEHFL, Z;=10LE RHIT ODUE i &%F R DAE j T—HLTWBENWD (Fu et al.
(1999)). TDEDIITLT, Zigrjpe, (t = ) D {0, 1}-ERINEED. k&1 XORENEEK
ETB. DA YRIBAT E DAFY /%ui% S &

k—1

= max Zitt iat
1<i<d—k+1,1<j<n—k+1 g Sk

TREEN, 2OORIMTES t HTHML-EE, —BLETFORAENTSS. 200
BINZBNT, BE—KEE, EX L ORI — 2 TA—RKITHLOEDFTH B EETB.
Xy, Xo, - & {0 1} E<IVa7Fz1 &L, %B%TIEX% Pr (Xl = 1) D1, PT(Xl = O) =Do
(7). .(9)
HeRMeRTFIE P = | D0 PO jtep HERHERITAIZ PY = | DY PO ) =012,
Pio Pn Pl% 171“11
E¥E. TPl = é (1’ rB.
AHETIE, TOTNITRACBNTRE-EMNZLDTEI 3 £ TOEBEM (RITX)
W OMRERDELES A, HR4ERSEED 5 EREKOHERIIHT 2 REGEL 52 5.

EH. BE-BNE LD TRIDETORBRE W OMRERSEL ¢(z) 1

b(z) = {pozpo1z + prz(1 — pooz) (1 — Pl;;:c_)g( )

(prozporz)g(x) + (1 (pr1z)k- 3P10$p0133>(n

Aj)B(k)h(z)
THEZENB., 2T

k
(53]
(pnm)k“?’mofbpmm{( mz ) H

T =
ote) P10Zpo1T’ 5y
k 1
1 74‘"
—5(1, 1)I(k is an odd ) H
=2 =i
A= 1 (p11z)* " 2prozporz
’ —(pu1z) 2prozporz 1 - (p11z)* " (prozporz)?
1 g
. ) if k£ is an odd,

B(k) = .

E_o if £ is an even
1~ (p117)2 ™ *prozporx
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TH5.

FaE—BOBEHE W OB BETORE Pr(W = j) OFER ¢(c) WEEEREOT, &
NERMLEZ 27 (j=0,1,2,-) ORBENSRDZZENTES. Tk ¢(z) 2WMPTHITHERE
B5.

Do &: ™M 75:%31%3’1 P10 & P11 L::B”—bi, ﬁ’*/\"*—‘?v 701‘/7‘;1/3;3(?_75'61}‘6&'—‘&&3@%%
DHERERBEEZED ZENTED. 51T XL, X, -, Xy, KBWT, FRE—KORI 5EK
(non-overlapping) O OHERERFEEHED Z ENTE 3.

EPAF v VA BIGEE S A T AQEBME S BRRBRNH 5. (Chan et al. (2000), Glaz
et al. (2001)). FE, Pr(W < z) Zf>T (k-1)-within-consecutive-k-out-of-n system with
dependent components DEBENFETE 3,

Xz, BETRITOFNH 5. 2D0BETRIIO—BIZTDVWTHENRS L&, XFENF—2N
TR LA TORUHEEZFHED I EPHMSNTNS (TATA box, DnaA box, ete.).

EW, g(o) EEEDNSRDBE, PIAR k=4, 5 D& FTRORITTLD.
(1)k=4®a%ﬁ(4):( ! )'C

1 — prozporz

b(z) = {Pozpo1T + p12(1 — pooz) }p112{2p102P012 + P112Z — Pr11ZP10ZPOIT — (ProTP01Z)?}
1 = pooZ — P10TP01T — Po0TP11TP10TPO1T + PooZP11Z(P10ZP01T)? '

(2 k=5 DEEB(5) = ( i ) T, ¢(z) = {pozporz + p12(1 — pooz) }g(x)/D,

9(z) = (puz)*{p11z + 3p10zpo1z — Pr17P10ZPOLE — (ProTPO1T)?
+p112(p102Po1)? — (p112)* (Prozpo1z)? — pr1z(Prozpoiz)®),

D = 1-pT — p1oTPo1T — PooZP11TP10TPOIT — PooT(P112) p10Zpor T
—p112(p10zp012)? + Pooz(P112) (Prozpo1z)? + poox (p112)° (Prozpo1z)®.

738, ARG Han and Hirano (2003) ICEDOWTWAS. SIAREFLWI EZI DRI 2
SRINZN.

B R

Chang, G. J., Cui, L. and Hwang, F. K. (2000). Reliabilities of Consecutive-k Systems, Kluwwer,
Dordrecht.

Glaz, J., Naus, J. and Wallenstein, S. (2001). Scan Statistics, Springer-Verlag, New York.

Fu, J. C., Lou, W. Y. W. and Chen, S. C. (1999). On the probability of pattern matching in
nonaligned DNA sequences: a finite Markov chain imbedding approach, Scan Statistics
and Applications, (eds. J. Glaz and N. Balakrishnan), 287-302, Birkhauser.

Han, Q. and Hirano, K. (2003). Waiting time problem for an almost perfect match, Statistics
and Probability Letters 65, 39-49.
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Statistical Problems in Automatic Recognition of Estrangelo

Kyushu University T. Sakata.
Kyushu@Institute of Design(Doctor course) S.C.Tan.

1 Introduction

We discussed about automatic recognition of Estrangelo, an old Syriac lan-
guage, through clustering analysis. The motivation of our study is that such
an automatic recognition engine might help to mutual understanding between
peoples with different languages and cultures. Such classical languages are
very important through many historically precious classical texts. Our pur-
pose of this experiment was to reconsider the Cloksin and Fernando’s result
of the recognition of Estrangelo by using different features and a different
classification technique. One major difference between the work of Cloksin
et. al. and us is that they used word segmentation into strokes and we
treated a word as a whole. It should be noted that major difficulty of recog-
nition comes from each character has variations of shape in relatation to its
position in a word(right, middle and left) and further each word has many
different shapes in relation to the text in which it appeared. For example,
"God” has more than 100 different shapes and ”brother” has more than 50
different shapes. If we adopt the method of recognize words as a whole with-
out segmentation like us, these variation of shapes of the same word might
be a big hazard of the recognition or increases the need of a huge dictionary.
Thus our aim of this research is to check the possibility of reducing the shape
forms of each word by clustering them and regiter the center of the cluster
as a new word in the dictionary.

2 Experiment

Our program of this experiment is described as follows.

(1) The degital images of 64 x 64 pixels of 50 different shapes of 20 basic
words, total 1000 images, were collected.

(2) We used the original images of 4096 dimension of each shape as the
feature and did not used any special extracted features.

(3) For 50 shapes of each word we applied the hierachical clustering with
the rule of joining pairs having a minimal euclidian distance. The number of
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cluster were varied 5 to 50 increasing at every 5 grids.

(4) The center(the mean vector of the cluster member) of each cluster was
registerd as a new word. Thus our dictionary has 20x the number of the
cluster shapes.

(5) The same 1000 shapes of the 20 words which were used in constructing the
clusters were reinputted and compared to the cluster center and the nearest
center was asigned to the shape.

Below is the list of recognition rate.

3 Conclusion

From the table we see 10 clusters for each words are enough to recognize the
20 basic words even with such varied forms. It reduces the dictionary size to
5. However we we note that

(1)For invariance consideration, we need to use invariant features, invariant
moment or polar transformation.These will be sought in the future.

(2) For classification we can try other rule, including SVM or Fuzzy classifi-
cation which are tried in the future.

Character recognition rates by 5 clusters for each word

brother desire father follow good  forget
82.00  82.00 82.00 88.00 84.00  100.00
god glorify hope  lord light  love
86.00  92.00 84.00 74.00 94.00 74.00
obey offer  preach pure rejoice say
88.00  80.00 86.00 74.00 94.00 96.00
son swear

98.00  80.00 average=85.7

Character recognition rates by 10 clusters for each word
brother desire father follow good  forget
98.00  92.00 90.00 90.00 94.00 98.00
god glorify hope  lord light  love
100.00 94.00 100.00 96.00 96.00 88.00
obey offer  preach pure rejoice say
100.00 100.00 94.00 100.00 100.00 100.00
son swear

100.00  86.00 average=95.4
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Evaluating High Dimensional Probability
Expressions Using Recursive Integration

A. J. Hayter
Georgia Institute of Technology
ajh@isye.gatech.edu

Yokohama Conference on Statistics, December 2003

Recursive integration can be used to evaluate high dimensional integral expressions
as a series of lower dimensional integral calculations. In this article the evaluation of
general multivariate normal integrals is first considered. Secondly, the specific case of a
quadrivariate normal integral is considered.

Let ¢r(x; p, X) represent the probability density function of the random variables
X = (Xy,...,X;) which have a k-dimensional multivariate normal distribution with
mean vector g and positive-definite covariance matrix ¥. This article addresses the
evaluation of probabilities defined by a set of inequalities of linear combinations of X.
That is, for ¢;; € R, 1 < i < n, 1 < j < k+ 1, attention is directed towards the
evaluation of

PleaXhi + .- +cXk S pe1s 1 < i <) =/ /d)k(wma E)dz (1)
S

where the set S is defined as
S={x:cam +... + ek < Cigy1;1 <i <k

It can be seen that by employing a linear transformation of X these probabilities
can be expressed with different ¢;;, p and X, and specifically g = 0 and X = Iy, the
k-dimensional identity matrix, may be assumed. Notice also that for the purpose of this
representation, a two-sided bound on a linear combination of the random variables X
can be written as two one-sided inequalities.

While the evaluation of equation (1) ostensibly requires the evaluation of a k-
dimensional integral expression, it is shown how it can actually be performed by a series
of recursive one-dimensional integral calculations. The number of these one-dimensional
integral calculations depends upon the dimension & of the multivariate normal distribu-
tion and the number of inequalities n that determines the integration region. Whenever
the number of one-dimensional integral calculations required is not exorbitant, this ap-
proach affords a practical algorithm for the numerical integration of (1). Furthermore, it
enlarges the set of probabilities of the kind (1) whose evaluation is computationally feasi-
ble, in comparison to more direct numerical integration approaches to the k-dimensional
integral expression.

A special case of the decomposition is addressed in Miwa et al. (2003) where it is
shown that a k-dimensional orthant probability for a general multivariate normal distri-
bution can be expressed as no more than (k — 1)! orthant probabilities for multivariate
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normal distributions with a tri-diagonal covariance matrix. In that paper a geometrical
approach was employed to decompose the orthant region. The paper also provides some
examples of the computation times required to calculate the orthant probabilities using
that decomposition method.

A rough estimate of the overall computational intensity of this method can then
be made by using upper bounds on the number of terms in the decomposition. For
example, consider the integration of a six-dimensional multivariate normal distribution
over a region defined by two-sided inequalities for ten different linear combinations
of the random variables. The computational intensity of this probability is no more
than the equivalent of 10 4+ 180 + 2, 880 + 40, 320 = 43, 390 one-dimensional numerical
integrations. This is clearly computationally feasible, and it is an immense improvement
over calculating this probability by the direct numerical integration of a six-dimensional
integral. If each dimension of a six-dimensional integral is specified with N grid points,
then in general the direct numerical integration of the six-dimensional integral requires
N?® one-dimensional numerical integrations.

Let the random variables X = (X, X3, X3, X4) have a quadrivariate normal distri-
bution with mean vector p and positive-definite covariance matrix X. This article also
addresses the evaluation of the two-sided orthant probability

Pl; £ X; Sui;1 <i< 4) ()

where some of the l; may be equal to —oco and some of the u; may be equal to co. With
a suitable linear transformation of the random variables X any probability of this kind
can be expressed as a two-sided orthant probability for random variables with a mean
p# = 0 and with X equal to a correlation matrix with all diagonal elements equal to
one. It is shown how (2) can be evaluated numerically with a one-dimensional integral
calculation.

References

Miwa, T, Hayter, A. J., and Kuriki, S. (2003), “The evaluation of general non-centred
orthant probabilities,” Journal of the Royal Statistical Society, Series B, 65, 223-234.
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Informations contained in record data

SR BT LR
SR B AR B

1 LIz

T, TR — ORI S A I0E O fESREH B 15 B A BREE L RIS Eh AR ES
D 2 EDREAITPR TS, £, EEO FHIBEIC VT B L ST 5 ([ArBNOS],
[HiAkO2)). Af T, EHEESM O/ O BIESIERICE S HEBEIZE £ 5 Fisher HH &
(22T, [HoNO3] IS\ Ttk 7z BT, SO Ma STe— RO N < SHOBEIMAT 5. £
7=, FeEKEIZ & £ 5 Kullback-Leibler (8 &I DWW T HEH L A

2 EE

MEREH X O (WA= MEICET D) EREEBEE (p.df) & fz,0) LT3, 72 L0e O
LL,0% REOBMIXKET 5. £z, F(z,0) % f(z,0) ORFESHEL (c.df) &5, DL,
01,05 € ©IZDWT, f(-,02) 1ZXTT 5 f(-,6,) DFERE T B 72912, Kullback-Leibler (K-L) 15 &%

f(l:a l)
fle 92)

WL~ TEHETD. RIS, ELDFERFZ (upper record time) T,,, EAZOFEIE (upper record
value) R, &

I(6) : 605) = / F(2,6,) log o272,

Ty:=1, Tp:=min{jlj > Tn-1,X; > X1, _,} (m=2,--,n),
Ry =Xy, (m=1,---,n)
LEBETD. £, TALOCHERRA, BHRELRRICL TERT . 2B, AR TRHROELEZR NS,

(0 zRfJT(nel,aQ) K& & n DEIEAEAN LB LNRENE N, & L, EAoRERIE
(Ry,--- ,Ry,) & LICORGEIER T = (Ty, -, Ty, ) O (R, T) Db K-LFRE

(i) TY(n;01,02): K& & n OERIEBIERNBE LN/ LLOFEE R O b K-LIERE
(iii) I (n;01,02): KE & n OEEAIEARN LB ONLRE (FK) DFREMER, ObLOK-LIEHE

£ 7o, TALOFEKE (lower record value) (2B L TH, FERORFE 5, (n; 61, 02), I}Lz (n;61,02), Iﬁ, (n;61,62)
EHWS.

3 BEHRT—IDOEHR=E
7, Xq,--, Xp ZEVICHSICWTRS pdf f(2,0), cdf F(z,0) &4 20MICHE > BELE
Betn ok = B RDEEE R, ITNEFFHSEL AV X, R = maxi<i<n X = X(n) ke
Db, FO pdf 1,
fr, (z,8) = nF(z,0)"" ' f(z,8)

2725, B2E LY ZRROTLEME R, P b2 K-LIFREIL,

Hytri6r,62) = [ i {log jﬁg:zg +(n—1)log §§j;§1§ }nF"-l(x,el)f(w,al)dx

20, THOREKEICOVWTIEF %2 1 - FIzEzhE L. £72, (R, T) Db 2 K-L B8 &

f(z,61) Fz,01)\
IRT 7 91a92) ;/ { f( 02) +e 10g (LU,HQ)}F( )f(:l'? gl)dz
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t:‘tp D ) IAUJ(161192) %ﬁqb\nli

n 1 ‘
IgT(”; 01,92) = Z ZI}V{[(Z,HI,QQ)

i=1

12725, SbIZ RO b K-LAEHEIE 1Y(n;61,0,) = EV + Ep, [log(AV(R)/BY(R))] 1725, 1=
=L,

EY = Z/ ( f(”” 61) )Fi(:L‘,Ol)f(m,Gl)dx,

1=0
U - : n—m . - 1
B (r) = coeflicient of s in H TFo o Firid2)s
LD, FRIOEREIC ST, EE AL(rm) ELTF# 1—F EBEM2b02BOhITE
V. BiEviab—va U L AMIERHEERITS.

1
U — : n—m - o
A" (r) = coeflicient of s in J:Il T=Fi s

i=1

4 4

EEOBERAL LT, BEOHBICETIRHT —F0b 20 K-LEREIZONTHENSB, 0 E,
D.CURERIND. (N - reb s Y CBSTIT VTS p.df. f(z,0) = 8e7% (z > 0); =0 (z < 0) &
iﬁlﬁt}‘?ﬁ Exp(l/f)) WCEDTEREIETD. 12720, 0>08T5. Z0&&E, X i=0,/0, L THiT, &
ROFEEMER & O/ D DFEERIED b 2 K-LIFREIL, ThEth

IY (n; \) = —log A — 1—A)Z———————+An—1)ZBk,\n+l), IE(n; A) = —log A — (1 — A)

i= 1 k=1
LB, =L, B(, ) e S B E 5. WIS,

n

1
Igr(niA) = 3 515 (52), The(n) = Z =Ii7 (52
=1
& U CRESE L RO/ (R, T) Db D K-LFEREN B LN D. BRI, MHRE R DL O K-LIF
HREIT

=g NP - (1-N T35 Bl=-fog) Y 1-0-NY %
=1 i=1 J=1 =1 1==1

LLT, Y3ab—va itk W 2OEREDENELNS (TRER).

A

0.01 | 0.02 | 0.05 | 0.1 0.2 0.5
n 1 3.62 | 293 | 2.05 | 1.40 | .809 | .193
5 173 | 13.9 | 9.47 | 6.34 | 3.53 | .777
10 || 33.5 | 26.7 | 18.0 | 11.9 | 6.43 | 1.33 1.48 | 9.21 | 23.2 | 51.8 | 139 | 284
50 154 | 121 | 78.1 | 48.8 | 243 | 4.11 286 [ 15.4 | 37.2 | 81.5 | 216 | 440
100 207 | 230 | 146 | 88.9 | 42.3 | 6.39 | 0 | 3.52 | 18.2 | 434 | 94.6 | 249 | 508

& Exp(1/6) & O NI B R OTEEKEIZRIT D I (n; \) OIE (BT 3 #7)

2 5 10 20 50 100
307 | 2.39 | 6.70 | 16.0 | 45.1 | 944
1.00 | 6.74 | 174 | 39.6 | 107 | 221

oo O Ol

SE X
[ArBN98] Arnord, B. C., Balakrishnan, N. and Nagaraja, H. N. (1998). Records. Wiley, New
York.

[HiAkO2] Hida, E. and Akahira, M. (2002). On the construction of prediction intervals for record
values. (In Japanese), Proc. Sympos., Res. Inst. Math. Sci., Kyoto Univ., 1273, 165-177.

[HoN03] Hofmann, G. and Nagaraja, H. N. (2003). Fisher information in record data. Metrika
57, 177-193.
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U-BABROMESDRATF 2 —F Y MEUCE IS Ty 20— ARRA

BREAX-B XHT
AR X—8
BimME  FE AR
AKX - &% R HB

1. F

X1y Xn B3 F DODKEE n OFEETS. KRBk (> 2) DM kernel g(zy, ... 2x) &
HOMEABEZHRN 0= 0(F) OHERE LT U-RHBONES Y, (Toda and Yamato (2001)) &
HERX3. Y, RUTOLSICLTERALNS: j=1,..,k KMULT, w(r,..,rj;k) Z i+ +r;=k
ERETERH ry,..,r; ONBFEHABRBETS. wiry,..,rjk) OPRLEBT1DORIETHIE
T3 =1,k KBUT, dki) = T, wlry, k) E8< AL, S 1)
et =k BERETTRTOESR r,.,r; ETESNBIMERT. j =1,k KHLT,
96) (21, - 25) &

+

1
_q(j)(a:l,...,zj) = d(k,j) zr1+~-+r,~=kw(r1’ ceny rj,k)g{.rl, ey T, ...,:cj,...,zj)

1 rj

K&YERBNS kemel &L, gj)(21, ..., 25) KHIGT S U-ketRE U &¥5.
w(ry, ..., 53 k) @ﬁﬁﬂaﬁ‘),gm(zl, wo i) BRBETHD. E, 5 7 ICHULT d(k,j) =0 THD

Ex HETAUY 120 £75. coss, RHRY, 11 '
1 5 L )
Y= ——o d(k,j Ut 1
D(n,,,)j;u)(j) W)

ILkY BRSNS, BL, D(n,k) = i d(k,5)(5) THB. j=1,...k IKHULT, w(ry, ..., rs;k) &
Dz &b 1 DRESLBHARKTHBDT, D(n, k) RETHS. (1) DHEDD UL OEMIIER
ThY, TOML 1 L30T, (1) IKLYEBZSNERERSIOABSTHS.
2. ARFa—FY ML Y-HHBOI v JT— R

(1) K&UBRENE YHHRY, DRFa—FY MEICHLT, vy 4 75 8dERERL
3. W5, VoY, ORBRERELT

7 = (-1 Y - Y,)?

=1

K&YEZSND 62 203, AL, YO i3, X; ZBUOVEAZE n- 1 OBREICETIC (1) K&VE

A5ND Y-BMBTHS. kernel gz, ..., 7x) BHBIEUEVRED S vy 2 F 4 703 HEER 52 %

AWERF2—-F o MEY-BRHR Y, CDOWTO n~! OFHEXTOIY PO -XBHEEZS.
d(k,k) >0 &F3. CDEE

dik,k) (n) _ . & 1 d(k,k —1) n _ 5 ~1_)
D(n, k) (};)bl n +O(n2)’ D(n, k) (lc—l)— n +O(n2
ERIETEY 6 (> 0) FFET S, kernel g(zy,...,2x) IKHLT, RDLDSICEL.

Be(T1 o Te) = Elg(X1, 0o Xi) | X1 = 21,0, Xe =20]  (c=1,2,3)
9V (21) = 91(z1) — 6,

e—1

9Nz, ..., Ze) = te(Z1, s To) — E E g(i)(xgl, v X)) — 0 {c=2,3).

i=1 1<l <<l <e
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%7, kernel g_q)(21, ..., 2k—1) KN LT, RDLI LB,
k-1 = Eg(r-1)(X1, -y Xp-1),
Yk-1),1(71) = Blge_1) (X1, .y Xa—1) | X1 = 21],
yé,?_l,(zl) = Pr-1),1(21) — k1.

clT,
of = E[{y(l)(X)}zl of = (k~1)’E[{g® (X1, X2)}7,
v = MEL‘I 1)(X) 4} 1)(X)] 26p0?

LEE f1, fr &, gD, gD, ¢ ZANTHRENIBHKETS. 251,

2(X
T:wﬁém“ﬂy ¢ = E[fi(X1)sM (X)),

EBE, a1, 03,03 &, gD, gD, O, o) BLY £, £ EANTRENSBRETS. ThHER
nWadzelcky,

7 vn(Y, —0) = \/—- U+ ——*—::1 } + R}, + o;(n"l)

f{
ERTEMTES. HL,

w_ L1y a1 (X:) 1 1

U :-;;{g(l)(X;)+ 1(n }+;§- Z 02(Xi,Xj)+F 2 a3(Xi, Xj,Xi),

1<i<j<n p 1<i<ji<i<n
4 (X) = a1 (X:) — 5 fi(X)
THY, = 0 (0k-1 — 6), E|Ry| = O(n~37). %/, o3(n7?) &, EROEH c > 0 KHLT
P(|o B> en~t(logn)~!) =o(n~!) £HW/TRTHS.

BB 1 dkk)>0&L, 1< <o <ip <k IRMUT Elg(Xiy, ..., X5 )2 < 00 £F 3.
il%(XlsXhX& X)) <o EL,e>0ICHLT Elg(X1, X1, X2, s Xa)|*Te <00 &F%. 2D

3

= o(n'l)

Peitn-0<e) (Lo e L{- G ) <)

sup
~00<Z <00

PRV L.

Uyt IS LT Maesono (1996) DEREAN, 74 S—BBMZRAVWTERAADELNETOZ&ICLY
ZFa—F> ME Y-SR RICHT 3Ty ST —REMNBSNS.

piE 2
s [p(&;lﬁ(y,, ~6)<z) - H,";'(z)l = o(n™Y).
{8L,
Hi(z) = ®(z)+4(z) \/_ (vlz + g — -g%‘f—) + ¢(z) 7;71 {1)335 + (1;4 + :1;;" )za
o 283 e () o= £2)).

(BHCRMOER, ELUHE 2 DRAESFSHMICDOVTIE Yamato et al. (2003) 2RI

BEM
(1] Maesono (1996), J. Japan Statist. Soc., 26, No. 2, 189-207.

[2] Toda, K. and Yamato, H. (2001), J. Japan Statist. Soc., 31, No. 2, 225-237.
(3] Yamato, H., Toda, K., Nomachi, T. and Maesono, Y. (2003), (to appear).
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UHAROMEEOAF 2 —F> M #£T<
S OPEYS RNl
BEREBAR¥Y-BE  Kf T
FH YR
HukemE B X
TR - % AT E ' Z

1 F

O(F) %5345 F OHETTHARE Ly gz, ..., 00) B8k > 2 ORFR—30bE L, Xy, -, X,
ERt F o OEEREE &2, 6(F) D#EFEEE LT, U-HEHEOM#ES Y, 1 Toda and Yamato
[1izkh, BESNTNS :

k
(1) ( ) Uy
_1:1

tEL\Dmx):ZL“Mﬁ)(J)T%D go) . B—FI g DAERESIKESTEALN

BEETH D, UY 1, H—%Ib g IKHIET 3 UMEHBEET, dk,j) = 0 25 KT 3
r(zj) = O &Tén

2 Y-HABDORTa1—-T 2 MEICDWT
HETHREAHREO OELD T vy VP17 BHEBRER VAT 2—FT > MEY - HETEOD
Edgeworth BRIZXRD LD ITH 5,
[4pRE 1]
2) sup  |P(or VA(Ya ~ ) < 2) — HA()| = ofn™)

—ooLz o0

AN AORVAS I b sl N

V1 g )1:3

(3)  Hi(x) = &(x)+¢(z) ko,

v122 + vy — —-——) d)(a:) {'U;glis + (vg +

Tl =

1 >
[vo + 12————(vz —2u) =72 5( e + ez)]:c - 36(:1c )“}
a1

ko
R LS. BIUORDODBEXRZIGAFIOFMIIDOVWTIE, Yamato et al. 2] ZBBa i,

3 A
B 1] 3ROBLER O = [(z— p)PdF(z) 2EAL. pld FOFHTHD, H—FIiI.

1 . 1 . ‘
5(1? e E(mfa:z + 23z + 1175 + 2323 + 22E + Ta3) + 2212223

72D, ®IET B Y- HERIL. Yo =d3,3)n? L, (X; - X)%/(6D(n,3)) THB, =L, X =
Y Xi/mTHB, B FISEEREEERS, FIEIHERER X K20 T, EX[" <00 TH
LERET D, (AR FHAELOZEAL THHTHIHER, 6 DFEbhOLy P T —ARKEH
FEOEDHHOL vy T —2AREId o(n™!) DA —F—T—5F 5. (ii) HF FFES Ozl T

g(zy, 22, z3) =
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BFTRVWESIL, 00EHNOIy PT—ARMEMFEOEDLDOT Yy P T - AR EDOEDE. pe
IBWTRAD. 2L, V-HEEMR, S-HEM R, LB-MARIIHT D 1w ITROBD TH 5.

_ ANl (VS - #EHR)
=Y —k(k—1)m} (LB - #i3te)

B 2] kE>312WLT. A—F)
glz1,z2,...,Zk) = 21L2 - Tk

EEZD, ZON—FIT, HETERRKIF) = p* 252 %, 2 F i3, BERRERSL,
p(> 0) ZBL THITH S ERET D, £z FIHIBBER X 1ITD2WT, E|X] < ook =3,4)
-1 E| XA < ook 2 5) THDERETH. ZDHE,

— 12,
er =0, e = (k= 1)p***m}, of = p** Pmy, vy =0y = 3k = Lvm, ;)\/HZ’ vz = Sk “i)"f‘“n",
_ 6{p?*my — 6p’m3 + (k= 1)(k = 5) mz} _9{2u’my - 4pmi + (k ~1)(2k — 3)mz}
ve = p2m3 - wrms
_ | AR -ttt (V.5 - A R)
PoZ k(e - Dmd + 2 - )0 (LB - EEHR)
MESND, wld0 DELD LHFENEHLDOIY T AREDEEHX 5,
) 38] A— ?
g(z1, 22, 23) = —{I Ty > Lo+ x3) + (29 > 21 +23) + (23 > T1 +12)}

2EZD, L, I(A)EBER ADEHERTH S, ZOH—F)VT NBU(New Better than Used)
DUEERH OERVWEFSRETHLMETRELIBRIF) =E1-F(X1 +X2)| 25X 5. 7 F
W) —HERHUQO, 1) THEHE L, (i) RTA—FIVN 1 THLEE I e(l) THHHEITDWT,
BDELVOLY YT —AREMRES A=, V-HEE, S-HEtE, LB-MEIEBICHT S ur OEIXKDA
NTHbB,

Q) U0, 1) 0Ha }I (VS GEHE) B zé (LB — #E )
() () 0BA b= - (VS #E8HR) LK p=—2 (LB - fAHE)

RKICKEN2DHh—RIVEEZ D,
[#] 4] probability weighted moment : § = 81 = } E[max(X;, X5)] = E[XF(X)] .29 % H—
I
oo1,22) = 5 max(zs,22) = sl 2 22) + 221(e1 < 25)
BEZD, NHFN—HERHU0,1) THDETDE, 0=1/3, go)(z1) =11/2, 6, = 1/4 2155,
V-5t R, S-MEtE, LB-REBITHT 2 i OBIIROED TH 3,

po= =35 (V,S~ BEBHR) BEU p =~ (LB - HEAHE)

12
SE

[1] Toda, K. and Yamato, H.: J. Japan Statist. Soc. 31, No.2, 225-237 (2001)
[2] Yamato, H., Toda, K., Nomachi, T. and Maesono, Y. (¥:5&+)
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OUYrETIVICESBIEREDOKTE

BILERAY - BT JIIFRE

1. B

BIERROHEEL, C¥OXEME R X THEKEEREETHL D, EHRET
WEEDZ RSN ETHLERATHDI LEZ BN, §ETE OWFEEN Z N2
LT&T, SEHS (MB#EEF—F2AWTBERROEE] LWHFEX, 2O T
LERLESDLHEISNTWILETH S,

I OHEFEOEEL, ROLS THD,

(1) MBHEROBENLS, FIE - FRELHFTE I2HBEZR2T D,

(i) ZOEBELZ2EELLEETNVEED,

(ii) BONAEEFNIRELZWEEOT—F 2 ANTHLILLY, ZO4ED
BIERELHET D,

EZAN, TNETIHOFIZHTWEHEERT —F 2 AW EERROHEIZET

BDRRZARITHD L, T—HRITOEBAREEBAL LS TNDIRLIE, ETHIVE
BRNWZERLTERFPEHLTWVWALOMESRICESZ L3bhroTc, —EDKRE2ME
X, B REET VRS CTREREOTTAREZESTWSZ L THS (Excel DFf
HN =Y ORED), BEETNTH, HROZ LRBLEHALE (FRIE) OEK
2 [0, 1] KEICINEBEEEITR, BETT LV EEo TREBREZLHL TN HE., TV
RICH S HEROEHRERN O KB I 1 2HEABE. FOMEEHRNC0 T 1
ERBWTWE, ZhT, BRODSFERITITZLRN,
HOBELRB L, —BIZ, FT—FEHOA e "ZERLEERAEN VB TNWAI L
WWER2L, ZOVUyRIYLDT—<i [F—FEFTOZD OMFRFEER] THDD
T, BIZHRORWEHER TH-TH, oL ) REERLT—FIlb oWV TEDL
AEFSTeRBITEDE I RBEREBBOLNDENE, vy hETFTML L DBEIEREOEE
RN LTHRET S,

2. BF—SEFE--BEREOHTE

FEETIE, BENEEDSI2H D 1 H LB LEL VBRI LT ILERERBNTD.
I3 RS EEREESCE TR TICOVWTHEEERZAND L, IZIERO 7 ERICER
TEHIebhol, () WIX, FOERIBIKBINIHEHEROEETH D,

Lowd Gek. BEFILE)

o

a.
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=

BERESHEOREIC X285 (BEIER)

BER ORIz L D1B& (BELASE, & - BHEAE)
EPRKIC L BEE FFRHIBEER)
FIEOE Iz L D4%E (2L)

f. EEER (BE. BEE)

g. BEZEOKREE (REEE. REBAH

2 e

[

a~g IWHTEMBIEOREHE 2, KOBBRICBE#H L TET/VIZIRD AL,

BiE EF VIR ATEOZERK

7E b DHET (Erf#i7EL— 28R L) /&4 &

TEH I 2% DIER (BRI EFLE— 2 BEEERR) E5e
7t b ER#IE L EXE

REHF 2 ERIHIREERILEEERE

Aff bR BIEEF/REE

S FlE B S ERTHSIEREAe

HELDE ER#RELSRTEEe

e HEVRE REIAE

EESOREETE > TNDDI, BREREOK/NMIEILGBRWIEELTIDTH D,
EF—FIZ Lo THREREH N TINLDEBEOSH B8R LR, BRERIR, AEL
R, KFRER, REILLEDO4OR, SALEL L THEYTHD LHETEZ, 3. Zh
CARBETRTEAWIR Yy NEFAEMA, TORBAZTEOEELEZR TRB L
RRET VI LTCRER, BIERELPHETIETARE LT, BRECKOLOBEDL
niz,

logit( p)=—13.766—3.3166 - BHEFIF + 16.928 - AfELLE

3. RBRORK
B, FRALET—F2Z0FFARTY TITD, BERRZEN L, X 0.5 %
BRELT, BESCEOT CEIERRE > 0.5 Lot b0, FEELZED T THERR
< 0.5 LRoOTEHLDDOEEREERARIZLIA, RODX IR,

BIEE/RZE  28/32 (87.5%)  JFE@IELZE 60/64 (93.75%)
ZZT, BlESEOT CHEREEN 0.5 KM (BIEOCFRERMEIX 5 BILIRE) L72-oTLE
STt EEDOEEBERICOWTHRASRTAD L, MBEHER EICRARWRERRTEE LT\ o,
HLLIIHMBERFOLDIIEBR DT EETHo T,
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U 20 MO ERIROFRRBHEE QI DO/ b B SHT

=ZER¥ T ATA—HE
MELHEKRY B BPERRE &R

1 FC®HIC

BERREIL, 1998 SEOBFHSFLLR, BEO Y R 2 77 7 ¥ — 2L THRIREERETS Y
27 MHBMRIR] ORFEEHD TN 5. U A7 IS EURIC BV 2HRMEHEEL, VAT 7 28 —%
SR X, Xbh A RRSEY HEAER Y & U, RMOEEE ElY X 2HET 2EEMTE L T
Kok 2cEN LN 5!

Y = u(X) +e(X), E[X]=0. (1)

Z DEVRSAT ORI, BEH o(X) b% IR T F—(X IKHkHF) L 2B 2 & TH S, FENF/ FHH—
REEFED b & CHRIMNEHZHEEL 2SR, fSkoa s X N EYR, BHEERRE 2RIATH &N
AT ABEL B, ARETIE, HAERR (1] 2FIAL , BEEEN ERO &S 2 B2 R OSAIGEAY -
ez 2 N ERHEEREVIRET S 2, 3] RE—RBEEHOEFNVELT, (1) B—HHBET NV, (2) fiL
BREEFIV, (3) ~RIMBERETTFNVEZERL, ThZThoEF VBT a2 MERZH#ET
5. BRTAHERL ADHERRT — ¥ BITNEAL, TOoRMMEEZRT.

2 RO/ EF, BEEHGEICEL T

JERHR /R —RBEEEHO b & COEMBHINIES K DISAMEICTN 5. Zh b 0 BRN RN FY
E[Y|X] O#ETRINE, Y 2L T EllogY | X] 2k 7Y, v/8 2 hEIRIC & > THRIER
YERDEDTHIENTE, ITHEOKEL 2 VERMTAETEEL 2 5. RRFHEERE DR
13, EEENENT/FE—T, 20, REMNTEH E[Y|X] OHEPLEL RBHILTHS.

WARREHEE T3, EBEHLBERICN T 5 RS AR TAERITN T 2 RESIEFICKE2E
(FTNAE) 2 2 270, BN _RIEERRE OO N AN CRVEERY AN LT 6 DENRELRD.
OXZNEEREEZ VA 2ICE VI ThEOREBLBERT I LN TES. LAL, BEHOHAHIE
R 2 EFE NS IR EY| X)L TRERALS P AZELCTLE ).

BEH D AEHIEHR /R — 254, BERAER Y 1< Box-Cox B0 4 DXL BAT 5
ZEWEHTH D, TRBOT — W/ ST 52 0FEL OEEIER 2 R, HER
BT — ZRMEN R FIAL CLOHEERZBETES. LbL, MO RE EY|X]) 2HETHHET
¥, B2 b EEH R BV L FRICEHUN A 7 R (Transformation Bias) [4] & FRIN BT A%
HUTLED.

3 SfisEREERAVEO/LXS B

HEr L TRERDN AL ESTS. HRFEEBRE pX,Y)2 X =2 h%ﬁé%ﬂ”—ﬁq € (0,1) &
B fo(2) ¥, Fy x (fo(@)lx) = g 22D & 3% fo(z) L L TEHEEN S, TIT, Fy x (o) 354
4% P(Y|X = a:) DRBHHERTH D, TSR HET S ié’itﬂﬁﬁﬁbfﬁ%énn:
3 [1]. ZhbEhiEO—BHERTH 5 L BIRHEEROIRTH Y, ¥ ORTHEIIL TaN2
FNTHB.
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BE—a8EFN]: 27, Q)BT BEH«(X) B X IKEFEL RWEEE2ER 5. 0BG, &M
g PR fo(z) & FEAMAFE p(a) OBHRE, TRTD 2 KB, KO L IICHKRSh B:

p(@) = fo(x) = F(a)-

T, F e DRBOHEBCHE. ZheffAT L, RASNO ¢ HILEERNETE f, 2HVT
et AHTIEBIN p(z) @ TEBHHIC TN R MR HEREZ RO & HICHETE S:

ﬂ(‘l’)Homo = fq(m) + éqa (2)
ZZC, 81 Fl(q) OB/NRHEEMTH 5. fitiomo P O 5, BIH D TEIR) 2HMS1T 2AEH DN

T RA—FRSAEERICE > Taxz MI#EESh, B0 TME] 28855022055 X%
&y DHEMEN AN TROENFEY (BN k) Ik W #fEESh 5.

[IEREEFN]: KRNI OMEIT TR RED X 1ITEETS LS REREF NV EEL D,
R (1) 123V ZEEEN (X) = o(X) - LRRShBEATHS. O & MELHEICLY,
FTRTD oL, Refbt g HELE, f,(z) & REMATH p(z) DRI

fo(@) = p(@) +o(x)F (a) 3)

EV BRI D NI, BB qi,q2 € (0,1) IHL T (3) AW, Zh#% u(z), o) ICBT 5 kD
MEBRE BT 8, R u(x) =D OREAIIOLE £, (z) & fo,(x) ORI (2L, o
I L TRTILATESL. ZhEHATEE, ROLIRMERLELX DI LN TES:

fusm(x) = Bfy () + (1= B) fou () ()

ZZT, fUEBNREERTHESh S, (2) LRKC, fism DRBHDNAT A—FN Y O ThE
WXL TansNR N2 EERIC L RSN S.

[—RALAIEREETNV]: NMEBERETFMIBOT N > 3EULOSMARBEZRETAZ Ik, K
DEIRRERELHET I N TES:

forsm(@) = SN Bufen (), TN Ba=1.
ZEC, Forenes fon VESDLEEIRIC LD, Bu,..., B BEB/AN_FHEERIC LV HEESL B,

4 BEBERRT— 5B

Lido#ERL KO BHEAMRT — ¥ BINCEAL 2. F— 5 E 100000 BZhZhicBir 5 5@8Y
AT 7 75— OETINMRIREORIFHER HEETHRETH . T ATy TRFVESTICE
D, 207 - SBNBREETFNVCEVELTESZZ e2tbhr ok, £k, #ER 4) 13, £ANTEHD
HERLL T, ERObD LY Y (B REBEZDOEKRT) RNZ EAREN .

SE Rk

[1] R. Koenker and G. Bassett Jr. Regression quantiles. Econometrica, 46(1):33~50, 1978.

[2] I. Takeuchi, Y. Bengio, and T. Kanamori. Robust regression with asymmetric heavy-tail noise distributions.
Neural Computation, 14(10):2469-2496, 2002.

[3] T.Kanamori and I.Takeuchi. Robust estimation of conditional mean by the linear combination of quantile
regressions. Technical Report B-394, Tokyo Institute of Technology, Dept. of Math. and Comp. Science,
2003.

[4] J. Neyman and E. L. Scott. Correction for bias introduced by a transformation of variables. Ann. Math.
Stat., 31:643-655, 1960.
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Unbiased Estimation of Functionals
under Random Censorship

tmERE-BEF HIl &KX

1 EL®IC

IO 7= ZIZESHEERBIC SV TE XD, nBOBEEOE TR 2 2T EEgRLR X, X,
PEVIINL T, REODEAF (EAFEEEF =1~ F)ICH) &5 B GZ LG Y 2T0Y £To
A RS EEREEE LT 5. T FLAMTUID 7 — 5280 T, X, Yiei =1, oo BB
sny,

(Zi,6;) = (min(X3,Y5), I(X; <Vy), i=1,....n

NEBEND. 1L, [(A) 2 EAEADTRBEK L T5.
TR Y, Y VRIS RO GUETFBIE G = 1-G) e, X1, X, Vi, Y
HEVCHL Th S = L & IET 5.
AL TIL, B0 F-al B o icx LT, [ dF OHEEEEE2 5.

2 Kaplan-Meier &% & ZOKRE

F, & FIZ54 % Kaplan-Meier (1958) #E 2 (KM#EE) & +5. [ dFOBRBARRHEEETHD
[ ¢ dF, i3 Kaplan-Meier #y (KMFE5) & Lidh 5.

H#%Z; = min(X,,Y;) D08 E L, 7 = inf{z; H(z) = 1} £x <. Stute and Wang (1993) i3,
JodF B[] odF OB—SdE & THD Z L &R LIz £77, [ pdF, O4 I, Gill (1983), Schick
et al. (1988), Yang (1994), Stute (1995) (Z & » TH#~< 547,

THW MO TOKMETEEZ AV TKMBSARBETLHZENTED. Thbbh, G, 2 THU0
BT GIZAt T D KMEERE T L &, KMEY [0 dF, %

- = 5199(21)
wdF, =n~t Z =
./ i=1 Gn(Zi“)

ERBETABZENTED. GOKMEER THD G iE, 1 ZEALORF Y 7 N TEHETEAZ b, =
DRBEEZANDZLIZE T, KMHED [ dF, 2B HICHETE S

KMIEDIL [ o dF OHER L LT/ 7 2% & 5 (Mauro 1985; Zhou 1988; Stute 1994), ¢ 23HF
TRVBEITIZEDNA T RLEZTH D Z & PERHE TS (Stute 1994). KMIEZIZRT 2 Lok
B, GREMTHLFRIIBIS [ ¢ dF OTRHEERZTETSH. GHEEMO & X,

1= 6ip(Zy)
S n(G) =n 1 ——
’ ; G(Z:i-)

LB L, Son(G) R [ pdF OREHERTH D, KMHES [ ¢ dFy i, Son(Gr) (Gn DEIR) IZftie &
BV, ZOEMIE ST, NATAREL S, L L, FIRHET B Son(G) 1T, BREAIZ KM Son(Gr)
L0 L RERGEHE L.
3 TREEE

THE 0 BRI DT G RBEHOBEIZENT, 0 = [[ o dF OREHEIC SOV TERD. ROMERELE
Z5.

Bulpripo) =071 {6 p1(Z:) + (1 - &) po(Z:)}
=1
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EE L, Btk o b o i FITIRFE LRV, L, ZHGEBERMO GITRFLTH L.
L DEEE, 01(2) = 0(2)/CGnl(z—), wo(z) = 0 DX HITBATZHB AL, O, (01, o) I KMES

[ o dF, iz—%T 5.
HEED.(o1,00) BFIZELTO= [ pdF DRRHEETH B0 OLE SR, B o & o

MR DL EWHIZT &T&;é.

G(z=)pr(2) + /O " po(y) dG(y) = (z) forany 0<z <+

TG
/ o) dG(y) =0 if 1 =7
0
INEDEEERMITEE 0 Lo EROBZEIZLN, NRHEEER

Zi— .
—IZ{ P62 ~/0 —'—%dcw)}

PEHEND. 2L, [0,7] EOREy ZROEHE I

/0 ];((y))dG()<oo forany O0<z <7

Yra){G(rg) = G(re=)} =0 if 1¢=7
TMRHEERU,.(v;G) DHEITRTHE A b 5.

n x VarfU,(v; G /{<ﬂ }2 {/O-rc,o(:z)alF(ac)}2
+ [ Fo)a)? ao /%{ /;tp(t)dF(f)} 4G ()

Eo, TOGWMER/MET DLV BWRTOER#EZ 71T,

ope () = {A ()} ! / o (t) dF (1)
LD ERLND. Bl NMRIEE R Un (Yopr; G) 1, KMBS & WERICRE Th 2.
SE Uk

[1] Gill, R. D. (1983). Large sample behavior of the product limit estimator on the whole line. Ann.
Statist. 11, 49-58. '

(2] Kaplan, E.L. and Meier, P. (1958). Non-parametric estimation from incomplete observations. J.
Amer. Statist. Assoc., 53, 457-481.

[3] Mauro, D. (1985). A combinatoric approach to the Kaplan-Meier estimator. Ann. Statist. 13,
142-149.

(4] Schick, A., Susarla, V. and Koul, H. (1988). Efficient estimation of functionals with censored data.
Statist. and Decisions 6, 349-360.

[5] Stute, W. (1994). The bias of Kaplan-Meier integrals. Scand. J. Statist. 21, 475-484.

[6] Stute, W. (1995). The central limit theorem under random censorship. Ann. Statist. 23, 422-439.
[7] Stute, W. and Wang, J. L. (1993). The strong law under random censorship. Ann. Statist. 21,
1591-1607.

(8] Yang, S. (1994). A central limit theorem for functionals of the Kaplan-Meier estimator. Statist.
Probab. Letters 21, 337-345.

[9] Zhou, M. (1988). Two-sided bias bound of the Kaplan-Meier estimator. Probab. Theory Rel. Fields
79, 165-173.
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ZEBEEAO—HEREMETEICHS T HEEUIDNT
HILEERY - G EHER
IEESE KPR - BE HOHE
1 ZRBEAO—HMERE

F1Dsxr FERICIBWT, FHORMBEESNTHS r BD s BOHENS R HHMELESHT
FNEELD, Tihbb,

(‘Ylja se 74Ysj), ~ MUIts(nj;plja' . 7psj)7 (] = 1a~ .. ,’l‘)

ET5H, ZIZT. EleXij = nNj, (J = 1,...,’[‘), 0 < pij < 1, (’L =1,...,87

Siapi=L(G=1...,r) Thd, TOLE, —REDHEFER

Hy:pn=pp=-=pp=q  (1=1,...,35)
ERETHIZOHONRT—F A N~z AR,

R* =2 n;I°(p},q")
Jj=1

L > THEZBNTWS (Read and Cressie [2, pp. 23-24] ), T Z T,

(1 . [ (PEN" B
af k  k : * p:
1*(p},q%) = ¢ Zpijlog(zﬂ (a=0)
=1 3
qm@(%) (a=-1),
\ =1 Di;

p;j = X,-j/nj, q;‘ = X,x/n, X,'. = Z;=1 Xij, n= Z;=1 nj T&)ég ’\017"'5;/( /‘.“‘:)IVX%E’I'&
R° OfiL. FELELSEE (RO b1 2 ®FHE (B #5ATWD, /-, R I1E, £HES

A OEA EREFFTEIZR LT Cressie and Read [1] & Read and Cressie [2] (2 & W #2E =iz
FrEIZXIST D, B L,

nj/n = v; (0 <rvj <1)for each j, as n = o0

#1:rxs 5BIFE

BEHR ] 1 -+ r gt
category
Ay X - X | Xo
A, Xa - Xe | X,
5 ny -+ Ny n
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BRETHR6E, R* X Hy Db e Ta OECEOTHEMICABE (r—1)(s—1) OHA 2R
RS = L BHBAT VD, ZOBESTEAVT, BERENHIC Pr{R® < z|Ho} ~ Ao(z)
ezl

Ap(z) =Pr {X?r—l)(s-—l) < 1‘}
EVIEBERWS, 22T} IRBRE f OV ZROMICWE ) REEH LT 5,

2 HAZFELOBER

ABMEIZBOTIL, Ao(z) TEZONDIA ZRAEPOKRDEDITUT O 2 MEORER &
R* O DELEERET 5,

(1) EEAHAEE LS ERE vy VU — 2 BRI L 5EE, S0, Pr{R® <z|Ho}~ 4 (z) &=
EL.

3
1
Ay(z) =Pr {X%r—l)(s—l) < x} + %;}wj Pr {X(2r—1)(s—1)+2j < fU}
LW S B TOELL,
(2) Hy Db ETD R =W+ 0,(n~%2) 2 3BEARX W 25X, (W —1,) /08, PHIFEL 5y

BRENEN X}, _ 1y PEIRFEESBTHS (r-1)(s-1),2(r-1)(s - 1) & oln Y £T
—EHFBLE S, b6, AR, TALEANT Pr{R < z|He} ~ Ay (z) 727 L.

T — Ya
As(z) =Pr {X%r—l)(s—l) = —\/7;——:“}

ey < Flin "W

3 HERRICKDEUDHE

FHRECBVWTUL, BERETANSEEHEEZRB IR L LILL - THELNOIREREE R° O
EMRHERTAVREERIZEID. A ZREL Ao(z). ERSALEE Ly VU —2BRIC
L DL A (z) BEROE—RA Y MEEIZ K 2L Ay(z) DEREDOLEBERZ /25,

S5 Xk

[1] Cressie, N. and Read, T. R. C. : Multinomial goodness-of-fit tests, J. R. Statist. Soc., B, 46
(1984), 440-464.

[2] Read, T.R. C. and Cressie, N. A. C. : Goodness-of-fit statistics for discrete multivariate data,
(1988), Springer.
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Asymptotic Expansion for Distributions
of Test Statistics for Profile Analysis
in Elliptical Populations

HLUBLRL R - HRpbi g i S R
UL A - Blg e R

1 iE Lo

SEESHOTHNY P ST 5T 0T 1 = WHHETI S BRI
DIFWAANOVTERT S, HEAMBIZBWT, 707 1 —Lakeld, (i)
57074 — LB A () S T0 T £ — AT ChD L E, K510 -
HLThE0E) D, (i) 774 =M -HLTnwDbEE, EOIIKETH
BHED D, HOBE LT 5K (Rencher(1995) BH) Th 5. AHETIZ 7O
74 = VR ORNIATS, —HEARRMBIZETE AT PV ORSIH T S %
HiE (Hy:Cp=0) (2B e &

T2 = N(CX)(CSC)H(CX),

BLUTEAMEIBITAFT 7074 = VORE (Hy: Cp) =Cpu®) 12817
B HREM AT =

_— — 1 1 -1 L
1 2

DIFESAIZDNTEEET S,

BEHSHE L TERFHEIRE LB, “Oo00RERFTE T2, T4 E F 57
Mz E D=t M EDRBEEN LY, BHBEROD & TlE—fIcZ9) Tids
WV, REECIIEHBERIOD L TOT, T2 OETERE 222281240, 3
FHEOZBEERRDL., X FEARFYHXT PV, SITEARSEETEATH,
X(j) 35 BERD S OERFHRT MV (j=1,2), S,37 =V ERERS
AT TH S, Clk, 7V 7dp-1TCQA1---1) =0, CC'=1I,_, ki
729 (p—1) x piTHITH 5.

2. %6M 4%

pX 1DHERNRT MU X BRROTGOBRERKrb2L &, X EpEEEHSM

IZHE9 &), (Muirhead(1982) ).

G272 h((@ — p)'S Nz — p)), cRIEER hidd BIEAME

EQALES LA b
d(t) = exp(it’ w)y(t'At), i3> 5HBE.
ZDEE, X OFEHRT PV p, TEESEATIIIE —2¢/(0)A THRX N5,
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3. EABERD b & TOREER
T2, T3 OWENS, —MMr k) T2, BEROSHIGBATINIBAAT
Fle LTEd, X, W= (N-1)/NS+ (X - X -p).Xg Wy = (N; -
1)/N;Sg) + (X5 = wO) (X gy — p@) 23 L,

— 1 X, =y A
X=p+ ~————,N_z X =pY + \/]712(1)
1 1
W=IL+——=2 Wy = I + ——=24;)
VN ? JN;

(=12 tBE BREETAIZLICLST, REEHOD L TOT?, T 05
T OWHE R &k, ROEHEES.
(E1] T2 OHHid

Pr(T? < t*) = Pﬂxw.<t2'FZ—;%bPT&Hbl._H)+OUV4)

LnEREE SN, EAI1000 %5 12 () 1
(0) = Xoa (@) + s (@) + by (@) + o(N )

THz2HN5B.
[E3E 2] T2 DSl

Pr(T < t3) =Pr(xi, < %) + SNZd Pr(xZ,01 <) +o(N 71
LERERE SN, B 1000 %1 (o)

@) =21 0) - gy {do - e+ oY

THALNS.

IO OFEHRIZBIT HRHE, FFHIIEKT .
Bz, ETROLRERTEOWERMAOERE Y I 2 —va v OERE
teEL, ﬁﬂl@ffﬁﬂ%%ﬁ)ﬁ]f\%.

E3H

[1] Muirhead, R. J., Aspects of Multivariate Statistical Theory. John Wiley and Sons,
1982.

o

[2] Rencher, A. C., Methods of Multivariate Analysis. John Wiley and Sons, 1995.
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Loooyn) EF D, 2720y, 138 BEA O & B OEGEORES [ COBRETH S, =
DEE, Y, JWRLT,

Yoy = f({j;ﬁz) +€H'.Ji (1)

CARTEY Do 72720, [ IIIERRIEOMEBEEL, €, IRRE, B, = (Bu, -, Ay) 1TREVS
TA=FT, g<p&TD, Eiz, Fo=ft58), - [ty B)) &8 & vy, = F, ten
ERE D, 12120, €y = (i1, y€irp) THY, Eley,] =0, Varle,] = X, #LT,
e L LRET D, ZDEE, /T A—43, ORI ¢, = ¢(8,) L TEs
17O e DRIFFHERXM OB Z T 5, =& 2, ¢ & LTIIEDENRET T /L (Davidian
and Giltinan (1995) 2R) f(1:8,) = Bulc™d O HIBET AHEKRIES, /(¢y) 2EZDZ &
N3 B,

2. XLLER
IB'I ODOLSE%IBL k L’“ V‘l = Z1'(yi7'~f'ﬁ)(yz'r'—fi)l }:Téo T:f::b‘ f{ = (/(lla/ﬁl)"
J(t:B;)) T D, Seber and Wild (1989) D& Dz, 7—7—R&EIZ LD,

fi=f8) = fB,)+FYB, -8)

0 =9(8) = g(B;) +g.(B, - B)

LEBITE B, 2L, FY = (8£,/88)), ¢\ = (89:/0Ba, - ,0g.)00,) THB, =
IT, en BERRT N,(0,5) 1HE D LFHE ¢(B,) + gl(B, — B,) LN N(0,
g“ﬂ”ﬂ%”FWZﬂ%FWFWY@Jm>Kﬁib\V:‘G+-~+Vk@ﬁﬁﬁﬂ
T4 % — MR W(E, ) WD 220, v=n+  +np—k THD, DED, 5 =V/r
XY OWERLLTEZLILD, ZNOOIREIED, T 2 & OEBIZH T HRIERK
Eille

G~ 9o € 6~ bw £ q\/alSai/n + alSayfny for all i £ (2)

WL VERTED, 1EL, a, = FO(FY DY -lg ThHY, V2 1IZAF2—F > ML
BEofOmfle R TH 5D,
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3. Oy bA—ILEDEE
Yo = (Yora, \.UO?'J))l (r=1-,1n) Zal hr—/ LREFN S ORI MEL4 5, 2D

E&Egli=1 k) &gy DEBIZH LT, ¢ — g0 OPRIFFERXEIL, AIEIOWTEIE B
Wak

9 — g€ g — gyt d\/af,»b'a,;/n +apSag/n fori=1,-- k (3)

TEZLND, 72720, diZFF Y PORHMEERMICNT a8 TH D,
SMOBHEEEY & Lo & &, Hyakutake (2003) O (2K TAY I alb—a it kb,
WBHEPRE LELVREEALH D, ZZTE)IICHTIEHBES

1 & bb+ym)
7. 7 b 7 7 o
AZ; b;b;)? + (byby)? +2(bbo) (4)

(2L DUl B,
TDOHE RV S 2 L—v a VLK DIREER B T ots, EF AL L TIHEMEEET L

Ft: B;) = Pate™P! (5)

ZRV, (5) DT 5HEKE g = 5216—1//312 DRIFHMERRXH % 5000 48R LT, /37
A — & DRTE i Table ] THEZTWA, I alb—a OfEIZ Table 2 THAB, 21
0, M )ODEEU’B‘O)JL?{N%E?I}T&)Z: EWRDND, OPRT 4y 7 EFT MBI HEHK
AOEBIZOWT LY Ialb—a 27000, Lld 2 RERe o1z,

Table 1. /NT A —4& Table 2. I al— 3 FHER

k=2 h=3

n 21 22 21 22

5 | .9508 .9012 .9604 9508
(.9556)  (.9550) | (.9640) (.9542)
8 .9520 .9500 .9502 .9506
(.9540)  (.9508) | (.9520) (.9530)
12 | .9014 .9516 .9544 .9506
(.9534)  (.9522) | (.9550) (.9524)

Population | 0 1 2 3
i1 0.8 09 1.0 038

P

Davidian and Giltinan: Nonlinear Models for Repeated Measurement Data, Chapman &
Hall/CRC (1995).

Hyakutake: Biom. J., 45, 772-780 (2003).

Seber and Wild: Nonlinear Regression, Wiley.(1989)
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[J KRan. S., Toun Mulh. Anadyws. 83, 124 — 140 (2062)
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1) Ng, V.M, Jour, Mald pvodysis, 83, 409 ~ 414 (2002)
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