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A minimax regret estimator of the normal mean

with unknown variance after preliminary test

R B KF YR B oH B —

1. F EHBSEEA N ®) b soR&asn0BE Xy, XpxAWT., B FH
OEERMHEEERL D, BH. HERE LCEATHIEM W34, BPHucE LT
HAFMOYHEMS S 2BAF. 2OWHHMERMI~ETH s, A, BT
Y g HE N E WD RIS S 2SR, COWFIHBERALLbDE LT,
MM D & S, ROMRHEERD 2 5 ahBEL N3,

(k) = B(U)X + (1 = k(U)o (1)

T U=n(X —w)/o T kid weight M Th2. kDbl ick-TWVE
THIRENTEALEERN IO S RIEFNBELDBbH B,
O F fii R FE HE & B
ky(U) = I(J U |2 z¢)
Hirano[3] ix . Akaike[l] I BIBUE B L TFMBRTEOFRKEEZE D 12,
© Shrinkage it & &
k2o(U)=U?/(14U?) o &% Thompson[5] o ifiE
ka(U)=1—ae ™’ p& & Mehta & Srinivasan[4] o ift 5 £t
O Inada[2] o {5 ot
k(U) = w (| U 1< C) +I( U |> ©), w* €[0,1]
COHEE RN T REHEE & & Shrinkage ffE B2 MlAGbLEL D EEIL SN G,
w* i3 Minimax Regret ##E I X - TE D o
CCTRBAMSEMOL & Inada DiEERICOWTEERT 3,

2 . Minimax Regret it F & BOWBERMO EX2RROIEEREEX S,
(k) = K(T)X + (1= K(T)ro (2)

T KT =wI(| T|< C)+I(| T 1> C), T = Va(X —po) YT (X: — X)?/(n— 1),

w€[0,1] Tdhbo

E #2 Minimax Regret $1% © F © ® Minimax Regret Weight w* o & #E {4 & 5 {4

B30, THD, —MiEERSIENRL. Chdrou=0¢ L THEEHED B,

jik) o= Ez (MSE) 2 M(w,p,0,n) THb L., Regret B 2 kX TEHR
%0

! Reg(u, 1,9,1) = M(w,1,0,7) = iy, M(w, s, 0,1) )

fik) D MSE RiKic & - THX Sh B,
0,2
M(w,p,0,n) = :‘I’(w,&, n) (4)

PN wmﬁmy=/lwmm”wmjww+@_¢p#@uwwm, (5)

2 k(v)dud
+~//(n—1)07v52(u+6)’u #()k(v)dudv,
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$(u) = exp[—u?/2]/v/2m, k(v) = v*T lezp[—0]/T(252), § = /ap/o.
Chwxic, Regret I3RS e & A S b,

o? . o?
Reg(w) By 0, n) = —;{‘I’(w, o, n’) - 02’321 \Il(w) 6 n)} = FR(U)) o, n)‘ (6)

Z @ & % Minimax Regret Weight w* L Rk 24+ b0Tdh 3,

o2l 2t R o)
Wi w(8), wi(6) FE TN (T),(8) KE- THEBEINZOMMETZE DL &
RD2-H>DEMHIAFHEN S,

_wrgiun@o U(w, 8, n) = ¥(we(6), 4, n), (7)
Ogﬂ'gl U(w, 6, n) = U(wy(6),6,n). (8)

FEM1. w(l) REKX 9k -THX S,

6 f f(n—l)C’u>2(u+6)7(u + 6)¢(u)k(U)dUd‘U

I Jnnycrus2(u sy (u + 6)2¢(u)k(v)dudv
rhFaBREETsn. (10) 2F% T L5 REOHMODBEET 0

we(§) <1  ( |él<é ),
we(&) =1 ( |é|=6 ), (10)
'lUg((S)> 1 ( |6l> 61 )

wo(d) = )

COEE1 & Rw,6,n) BRRD L S>ici b,
R(w,é,n) = ¥(w,d,n) — ¥ (w,(8),8,n) (11)

=2 L §=+/nujo,

_fwe(8) ¢ |6]<68 )
‘“‘(‘”‘{ 1 18>8

£ 2. Minimax Regret Weight %% 4 3,

Z2 % X

[1] Akaike, H. (1973). Information theory and an extention of the maximum
likelihood principle, 2nd International Symposium on Information Theory
(eds. B.N.Petrov and F. Csaki), Akademiai Kiado, Budapest, 267-281.

[2] Inada, K. (1984). A minimax regret estimator of a normal mean after preliminary
test. Ann. Inst. Statist. Math., 36, A, 207-215. ’

[3] Hirano, K. (1977). Estimation procedure based on preliminary test, shrinkage
technique and information criterion. Ann. Inst. Statist. Math., 29, A, 21-34.

[4] Mehta, J. S. and Srinivasan, R. (1971). Estimation of the mean by shrinkage to
a point. J. Amer. Stalist. Assoc., 66, 86-90.

[5] Thompson, J. R. (1968). Some shrinkage techniques for estimating the mean.
J. Amer. Slatist. Assoc., 63, 113-122.
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B EHR R = UL I BT B S o 2w
h B 5> B4 A% 388 oD 491 5= —Parallel Profile FFIL OB &

BiRA-E ML BX
LEBX - -H M B/
MANOVA ¢t GMANOVAERAETFLNORKAZBAETH D
Parallel Profile EF L %% 2 3,

X=A81lp +1ng +U (1)

U, X: Nxp BEMxHNEORBEHICHL T o BEORKATHA
EhaLE07—FiTF. A: Nxk FEAOHBEFTNT, rank A= k.
§: kxl, §: pxIFRABHA<I M. U: xpBBREFATEITI
HEWiRMWI»> Np (0 .2) B> borT 3.

EFLMEBNT, BERBOEHAZIRTICLiICL->THSN S
SYYANBEAMMEOBABICH T BRELZT LS,

HOl : ¥ = v21plb +o2Ip vs. HIl1%HOI (2)

EEL. YIS0 02>0 T2, RBEQICHTIREHHBRL LT,

- Si1-2 fy2'yzl
N= " oy (3)
St1{ (p—1) trY2'Y2}

BIEBxh3., 2H#L. Ql=p%lp L. Q= [Ql Q2']” #pxp
BEEFRA. [X Al REFA3EAHRAGAEVEL. HGT 298
75 % Vxx, Vxl, Vxa, -, T3 L&,

Yi'Yji=Qivkx-1Qj§® , Sij=QiVxx-1laQj” (4)

ThB. NELAEHEHBNOLRE2E52 2 RN LELHEHE TS 3,
EHRHUDOLL T, —nplog NOATMBIEM=np BRENEL X
Xor>CEHIN S,
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P (~np log N<x) =P (X <x) +0 (M2, (5)
1
=—(p?+p-4),
2
1 2
fn(l-p)=————p (p+)(2p-3)+(p-1) (k-1)
12(p-1)

U, n=N—-1Thkh 3.
Wi, REQIEHTI2ERZEELHHBINIZZ2 3,

( S11-2 ty2ryz2|

, —(=X1) . t>t*
S11 {(p—1Y try2'Y2}

A= < (6)
Si11-2 'y2'vya|

(=X0) , >t

(p! (S11+ trY2'y2)

=1 L.

1 1
t=—3S11 ., t=—trv2’yY2 (1)
n n (p-—1)

CHD. MNEROEER () cHT oL EREHBTH S,
H 00 S =c?Ip vs. H10% H00 {8)

—nplog NOEBRAHARDB L, ~np log NOBRIHL —K
T3 BOLPo .
B2 X
Chinchilli, V.M. and Elswick, R.K. (1985}. A mixture of the
MANOVA and GMANOVA models. Comm. Statist. 14, 3075-3089.
Srivastava, M.S. (1987). Profile analysis of several groups.
Comm. Statist. 16, 909-926.
Yokoyama, T. and Fujikoshi, Y. (1992). Tests for random-effects
covariance structures in the growth curve model with

covariates. Hiroshima Math. J. 22.
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Missing data O H 5 HpHHEEEZ LD
ZEBREHBE TV

NIV HEE=E

Potthoff and Roy iRE L -2 ZBEEME T vid
Y = A 5 B+ €, (1)

Nxp Nxk kxq qxp Nxp
THbo 1oL, AB BIHIZEIW T T rank(A) = k,rank(B) = ¢ < p, & 2k
BEITI. BETT e= (e, ,en) OBITREWICIHIIT. R EFh Ny(0,5) st
55D ET B, < DEFNIE complete data i > TV BN, I THAHBEENS S
P EIEES = 0°G,(p) = *(pF), (4,7 = 1,---,p), (0 > 0, Ip |[< 1k &
— BRI S = 0?Gu(p) = o*[(1—p) [, + 91,17, (0 > 0,— =5 <p<likHE)
% &> missing data 2GLEFVEH L B, —hkd ﬁ}ﬁﬂ’fix_%ﬁo missing data %*
EUBER TN RO LEEDBFBRLEL SN BN, RIS E % b > missing
data 2 EUIBAR—MB ORI WYL 3 0 T, Bhargava (1962) o~z F ¥4 v &
IZ & - T4 U % monotone type o missing data iIc > W TR~ 3, =it
Yi=A 5 B M+ ¢ , (2)
Nixp; Nixk kxq 9Xppxp; N;xp;
ThHdo i p=p—(i—1),(i=1,2,-,u),& OBITREIL. 2> N, (0, M/TM;),
(M; 30 &1 »0R3FFAViTH) KiffE>b0 et 2, IFTH. BB ORDic
BM;= B;, M!XM; = 5; £E<,
hoic. RIS HTELZ 2T FL 2) OFEEHEL 2, D& &0 MLE ik
Fujikoshi, Kanda and Tanimura (1990) B LTRH B T EMNTE %,
Theorem 1. RFIEAHMEE L 2EF L (2 Y (1= 1,2,--,u) o b &F¢
Z,p,020 MLE 5, 5,623 k0 HERE ()~(iii) ol TH 2,

() E=25(p) ZAY):-IB' ZA AEBETB,
1=1 =1
A2 A

. 2 nooapt—=2bp+c

(1]) o= my l_p\z )

(iil)  (mg — N)ap® — (mq — 2N)bp* — (mya+ Ne)p + myb = 0.

ELLN = S8, Nyn = N —k,my = 3%, N.p,,i? = §*Gu(p), Ri = L(Vi -
A,‘EB,‘)’(Y; - A,’EB) a; = tI(Cl,R) b, = tI(Cg, ) = trRi,a = ZF:] ai,b =
i bie =Tk ¢, Cyi = diag(0,1,--+,1,0) T Cyiz HET 2, (1) Rk vec(:) & %
w3 &

(@) vec(5) = [Z (B:.L7'Bl@ ALA) - Z(BS ® Al)vec (¥;)

=1 t=1
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LhiiBe 1. U = (ALA) A — AEB)ST W, = i (B7Ps,801 7 —
Ipi))siz;:?}/i’(-[ _'A(AA) lAl)}nnz—Ni'—k é:ib<o D& .

Lemma 1.
po= p+pn P+ pn™ +0,(n7%7),
(N/n)6? = o? 4 an V2 +an™ + 0,(n%3).
2 il AN N
po= -[NZN-'{(ri—ﬂz)ﬂa( — rib® + pc}]/[0? ZNN(P‘ Drjl,
= t,7=1
poy = b1 — pa IZN No’py, ri=pi—(@mi—2)p% (i=1,--,u).

ST pa,0a,a® BD D (5=1,2) REMWT B,
wic. MLE O BiES %2 RD 5 &

Theorem 2. p,k%2@EE LT N; = 00, (i =1,--+,u) > N;/N; — 6 >0, (2 =

e ) D& &
. 2 = Tiey 6,1 @ B; L' Bl _
6)  vee(VA(E - 5Y) S Nig(0, [EEEB BBy
1=1%

@ (b )4 |(0) (5 7))

E :“_.l 5 E : 61?1(1 4 ) 6.(1+p7)a‘
3 iy b o = d .__._A_‘{,_
i) h&ﬂ 5 o Py L/ F ci émg L/ o = Z, 5'(}1, 1) Zk . 511} ) ﬁ zk IISL?"; y

= 2 Jl)e g 5,
k=1

§t\ N, oMic# R 12 BE 2 S 5 1B S Dadac(complete data i3 3 0) icif L T
O % O elliciency OMEREBNT 2, —HEIBHEZ L >BEORHOER
bHET 5,

25T

[1] T. W. Anderson, Maximum likelihood estimates for a multivariate normal distribution
when some observations are missing, J. Amer. Statist. Assoc., 52 (1957), 200-203.

(2] R. P. Bhargava, Multivariate tests of hypothesis with incomplete data, Tech. Rep. No.
3, Statist. Stanford University, 1962.

(3] Y. Fujikoshi, T. Kanda and N. Tanimura, The growth curve model with an autoregres-
sive covariance structure, Ann. Inst. Statist. Math., 42 (1990), 533-542.

[4] D. G. Kleinbaum, A generalization of the growth curve model which allows missing
data, J. Multivariate Anal., 3 (1973), 117-124.

[5] R. F. Potthoff and S. N. Roy, A generalized multjvariate analysis of variance model
useful especially for growtih curve problems, Biometrika, 51 (1964), 313-326.

—278—



Asymptotic properties of sequential estimators of a

probability density and its derivatives
Friga HBEH MR K-

L M8 X.X,X,.. #»5HHREN (Q, F,P) LTEH SN/ THE—AIE)
HERERFIT, MEURDLHEREERE £ (x) ¥ ForT5, p20%5x6h/-BH
¥ 5L&, random sample size N, OfFA X, .. e Xy, KHEISWT £(x) OP
s £ (x) (f(O) (x) =£(x)) DHEHEL £ %, Samanta and Mugisha
(1981) ¥ £ (x) (p=0,1) ® kernel-type MDEXK (sequential) HEELE
L, —HER—HH, WEERER COnTRETWE, AREDENE £ (x) O
kernel-type 0ERHERE & f;i’ (x) 2EHL, N, KOVTOBELLEADTFT t—roo
ELEE, f::) (x) —£® (x) OERELP D order ¥ KDB & THA, Basu and

Sahoo (1989) Hp=0 KM LTZDMELEZ-> T,

2. BRUEER LR >p HENET 2, MTFTH. EHRET f(i) (%)
(i=1,...,r) PHEETHLRET 5. K , RKROEMLH TR EOERMEFR LIV

p'r

K(y) OF_XToEeLTt 5,

I | (y) |*dy <o for i=1,2 and 3, J.ler(y) ldy <o ,

—o9 00

IyK(y) l —0 as |y| — oo,

1 e 3 1 for j=p
T jy K(y)dy =
J- 0 for j#p, 3=0,1,...,r-1.

—o0

smoothing parameter h & LT

h =n , <

1+2r <o 1+2p

EH% B, HEO KK %5kho £ (x) OERE LTROBAEREREFL 5,
Zhit fixed sample size ®HAIC Menon, Prasad and Singh (1984) #¢
RELEbVDOTH S,
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Ny
SERED
fN N p+1 )

t j=1

(N, t>0}, A BERLERERZN (Q, ¥, P) LOFEOREEEY & AHRERDEK, EX
%% (i.e., P{A>0}=1) HEREH LT 2, ¥/, n (£>0) Hn —eo
(t—roo) %MATEDNERMET 5,

EH (g, t>0) B g D0 (tooeo) ¥MATERDKET 2o KON ERET 2o

HHEHD,, D, 0<{<min{a, l-a, a(l+2r)-1} KXLT

N
p(| — - ll>D18t} = 0(e§/2) as t—oo,

n
t

-1 = (g8/2 oo
P{kntSDzet }=0(g’") as t—deo.

(1)
S50 (X, n21) X AWMET, »D  sup P (v) | <oo,

—ooy oo

sup | £F (y) ] < oo #iRET 2, ZOEE, £(x)>0 ERAEED x I LT

—ooy<oo

sup leewl” (£, 0 = £ ) gyo,,, (0) - @) | =0(e?)
t

—ooy <o

as t—yee MEHIUD, I D(y) BERERSHOSMEMEEL,

y=1-0(1+2p), cm (x) = (1+a(1+2p) } £ (x) sz(y)dy-

—o0

P EN

Basu, A.K. and Sahoo, D.K.(1989). Berry-Esseen type theorems for
sequential density estimation. Seguential Analysis 8, 119-134.

Menon, V.V., Prasad, B. and Singh, R.S.(1984). Non-parametric
recursive estimates of a probability density fuhction and its
derivatives. J. Statist. Plann. Inference 9, 73-82.

Samanta, M. and Mugisha, R.X.(1981). On a class of estimates of the
probability density function and mode based on a random number of

observations. Cal. Statist. Assoc. Bull. 117, 23-40.
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SMHBHLOEM»PCErh2HKHABROMESH

UM K& %8 HHE K

1. ¥ Critchlow(1986b) i3 X #RE¥ L DFEREIc - ARG BRI B OK—MIHEEERIE L
TW3. 5[aid Spearman’s footrule,Spearman’s rank correlation 2 SUHEROKEFR L, T
OIFICE&EE N B IEMED & Critchlow DBt & » TES N2 2 A IS 4 2 REHKITED
BEFSEME e > W TG T 5.
2. Critchlow O®ER%E 4,2 AR IC I 4 % Critchlow OFE—IRRKEEREBNT 5. =
BEFERBERE 1,2 & L, 2P hohlKE F,G &4 5. € LTRERS:F(2) = G(z), X
TR F(z) > G(z), 125 3 molc LTt F(zg) > Glzo) &7, EV S REMBEEER 3.
(BL,F,GoMliGEERELTBL. 21,..., 2m ZREHL » S OBEHE, Zni1y . Zmtn 2R
BF2 508 ET 5. ZLTi=1,...,N (N =m+n)icLTr(d) %2 Z;0 Z,,...,2Nn
OPTONERIE TS, CDL & NIHE%E Sy TR T &,me Sy &85, RicZo 0IERLf
TEoMEIETH B EE {7(1),...,7(m)} = {o(1),...,0(m)} 2K/ FT LELERTE. 2D
& & Ak SURIEREIZ [7] = 71(SmXxSp) £785. BL, S xS, = {0 € Sy;o(i) < m (i < m)}
ThHa. &, WURPICHK S ST 2 IELT T OEMETEHIR, S x SnTHB. Ch s DEER
RAooPERE & LT, & Hausdorff Distance % fH\ 3.
d% Sy LOWEREE S 5 & &,Sy/(Sm x Sn) LOKEREE

a*([r],[0]) = max{mz[wi min d(a, B), max min d(, f)}
TREHKT 5. Critchlow 13, Bill & hrc BRI FHF mie st LT d*([7], Sm X Sn) ZHREHRITRE L
THWA I LERIELTVA.

3. Convex sum distance 2 SELNZMREHKETR & ¢, WHEEL D convex sum distance
TERTD.
Definition 3.1

N 3 FRE¥ £ D BERE d 5 convex sum distance T 5% &13,[0,1] oM fE2HWT
_ [r() = o(d)]
d('n’,U) = Ef(—N————)

EEFDLEERED. L, fIR, I convex T f(0) =0 %t dbDE T 5.
C @ convex sum distance » LE PN AREREHBIIRO LS 1T 5.
Theorem 3.1

convex sum distance 7 58 b N 3 2 EAME KT 2R EHHEIL
N .
i—a
Ty = Z;f( )

ERB. {EL 3q1y v 3 O ‘iﬂ'(l), .. .,7r(m) %/J\éb\)lla‘cjﬁNgifC 6@1 Iﬁ] L < Cmtly-- 3 Omtn
Br(m+1),...,7(m+n) ZNSVIEREBI b0 L4 5.

Theorem 3.1 TRDARERABOMEERMELRTICRESKBEESLETS 3.
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B (8) Ay =m/NELEEIT,0 < Ao < ABHEELT,2TO Nttt LTho < Ay < 1=
LB,

ﬁi(wfdzﬁﬁﬁﬂﬁ¢wwmﬁﬂf&6ﬁﬁELTJoSA§%—MT56ﬁT@
M LT h(z) = f(Oz) BV E &, [M(2)] < Kle(1 - )73, (1 = 1,2 RU
0<z<1)MBEbiID.

Theorem 3.2
R (2),(b) b &T (T — py))/oy RATEEICIBEERDHRES. #2725 Loy, ok
k() = F((1 = Aw)z), ha(z) = F(An(1 - 2)) &RV & &I
any = m / hi(G(2))dF(z) +n / ha( F(2))dG(z),
cho= o[ [ FE0 - FGMGEHGEEGEIGE)
—mn [ [ @)= G GE)RE@MCEICH)
= [ [ (1= F)F@R(GE)M(F@)ICEICH)
st [ [ F@ - FEMFE)ME@NGEIC)
s 2 [ G~ CWIR(GEDH (G ERF)
- mn [ f G(a)(1 = GG (PU)AF()AF()
—co<LzLy<oo
~ mnf [ (1= G(=)) G (G FW)AF()AF ()
—oo<y<z<oo

+ G(2)(1 = GUH(F (DI (FW)IF()IFW)),
—oo<zr<y<oo

THX SN, Z LTINS RIEN I TyOTHARUSHTES 5.

2% XK

[1]  Critchlow,D.E. (1986a). Metric Methods for Analyzing Partially Ranked Data. Lecture
Notes in Statistics, Vol.34. Spring-Verlag, New York.

[2]  Critchlow,D.E. (1986b). A Unified Approach to Constracting Nonparametric Rank
Test. Technical Report No.376, Dept. of Statistics, Stanford University.

[3] it #. The limiting normality of the test statistic for two sample problem induced
by convex sum distance. Annals of the institute of statistical mathematics ~¥&§gh.
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Almost Sure Invariance Principle for U-Statistics

RS A T HR R
IR FHEFEE &) Fl
(&, =1 HE AT IX D5 flim & R0 G MR LRI & 4 5. & Fohe,y) &
X x X DX ¥re RENEE

JJ hx,y)ulde,dy) <o and EJh(E,x)] =0, xEX.
X xX

O, hx,y) 2 E T HU-HKEIBS, & S, =2 2 e, &) L EHT .
1=i<j<1]
FIZ C hiddegree 2 DU-AT R &EWHEN S, X TL2=L2(X,w) L OH RBRIEIEFAFE

Typ:L2—>L2%gELAUIX U T Thglx) = E[h(E,x)g(E)]EEBFRT B &, Tyid

Hilbert-Schmid/F/RFE <, EAM {1} L EEEH{g} 2 Hb, chdidKi=1l>
W TROTEH % 7D,

{ b=, Eleig)1=0,  ElgAEDI=1,
ElgiE)g(ED1= 0 (i),  Elh(&.08iE)] = Migi(x).
X SITh@,y WEL2(X X, )i 313 5 FEINE O Fk T

¢)) hxy)=Y Mgl )gely)
k=1

WIS, FAD[0,00) LD HERBAFR{S(1) ; 120} £ {U(1); 120} B IRD & 5 IZEHH
T5.
i) =2 z h({-;i,fg,-), ul) = E A,cf wi)

1si<jd1]

) _t_),

of
R L _1+22 Elg(&1)g(&ivn)] > 0B RS 5. (W), 1) = {{W(1); =0), j21)i3
75y VBT

[ne] (ns]
EW{OW ()= lim 15 3, Blei@ei @) (=)
n—sco’ k=1 I=1

gl @iiﬁ&)ﬂw’c, mixingZ&{}:D T Talmost sure invariance principle, Bl %, #£3§
RO _EIZS() & U(t) %

(2) 'S(t) - U(t)l =o(f) as. as {—>o,
WKL S & HITHRT B2 2 AT TE S, (2)& Y SODFEBH (Hoelding (1948),
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Yoshihara (1989)),
{1S(nt), ()sts]} —L {U(i), ()slsl} as n —>o inJy-topology of D0, 1],
n
R T H o U UDehling (1989)),
Almostsurely {(Zn log log n)1S(nr) ; Ost=<1 },,23 is relatively compact and the set of its
limit points coincides with some compactset K in C[0,1],
ML D.

Theorem . Let{&} be a strictly stationary real valued random variables with

zero mean and supE“gj(.§1 )'4+6] < for some 6>0. Suppose that {&}is absolutely
j=1
regular, i.e. there exists a sequence f(n) | O such that as n —o

E[ sup [Aalpmt)- Pa)

®
EMtn

<) |0,

for all k=1, where Ml = o{&, &y, - ,&). Assume that E n?{pon) |74 < oo

Furthermore suppose that for some s>0, 0<inf G < sup o2 <o and
j=1 j=t1

3) 2 Pl = 0tns) (n = )

Then we can redefine {S(t);=0}on a new probability space together with

{Ul1) ; 1=0} such that (2) holds.
1

Example. Cramér-von Mises statistics G, :=J n{x(1-x)} Y Fu(x) - x Rax |2 FA13)

0
%z‘ih:iz‘@“ 1272 UF, o)l d 85 i ORRBRSMi. G D BB (e, y YD I 1T
Akzm-- —l k=1& Y, 3)ASELH L.
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T—1F ATy TELCLS

HOHE DO HEZE IC DWW T
KRB AF AL K ZE 2R
E B B X

1. RSB OHEIR
ST F(z) OB p(z) ¥ RO X S CED .

pr(@) =inf( ¢ [F(H) 2 a},  ala) = sup{ t [F(t) < o)
Lt &

o(®) = 21(x) + p2().
FBL, CRERBAWHEE Fu(z) CH L THAT 3 &

n—1

- 1
(Pn(m) = ZX(t)I “T‘<z<"‘;) + :2' Z(X(i) + X(H—l))I(x:—r‘;)
=1 i=1

ERB. REL Xy € o < Xy By Xy, X OEFHEBETD 5. KEF
BOF) kT 208, ERRAOF,) THETS. —H6F) = 6(p) THBH, —
Ryt O(F,) # 8(pn) THB. £ 0T & %FA\T Maritz and Jarrett [3] % sample
median DFHDHEEEE KD 2. ZOfERT Efron [1] D7 —+ AT v T HERLL S
bDE—KT D, CCTHE, pu(z) ¢L T, RDIJSKHDOT— 2+ F w7 tk%%E
25.

on(@) = D Xl vony<a vy
i=1

feiL, Yoy < S Yo, (01) LToO—HRTi»0DIRFRERL L, Yo =
0, Viy=1&,33. L>THF,) Dk KD moment DHEER L LT

Tn(Xla' . >-Xn) = EH'K@P:)

¥ELD. kKL, FHERY ) < <Y O FTTOFHERT. BrKck=1D
L), F)oFlokEREY 5L 2L CRD. COREXELOES, 77—+ X}
Ty 7 EEALHERE S5 %2 median DFEXRL 5.
2. HUR(E

X1, 0, Xy 2 EREADHER F(z) o 0FERET S. §(F) % F(z) D median
LT 5. BEOHERR

X(m+1) lf n=2m + 1

A(2) = 6(Xs, ..., X ={
? (2) ( ’ ) %(X(m)'{‘X(m+l)) if n =2m.
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L Xgy S < Xyt Xi,yo oo, X OIEFHERTSS. T5 ¢,

My( Xy, Xa) = Bl(3) = ) X P(Yuony < § < Vi)

=1
=Y CinXg-
1=1
L Cin = (721)/2" 1. FERICAHICKL TH,

Va(X1, .., Xn) = Var(ph($) = D Cin(Xiy = D, CinX(n)*
i=1 1==1

b D#E R % Binomial type W5 & KT 3. ¥ Efton D7 —F X+ F v 7
7%, Maritz and Jarrett D HFEIC L 3 HEERD C; , CIGT 5 FREE

nl i/n
(m!)? /( 1/ w1 —e)de if n=2m+1

LN n_ ! i/n

[—(—("Tll))ﬁ; /(i-1)/nxm~l(1 —z)™dz if n=2m

TH5% 512, maritz and Jarret[3] L X o TR I LTS, A¥, DEHOENE

LERAD, b5OLEMTSHS. ABCORERY MJE type 25 T B.
T, hREofER &L T, ordinary type, Binomial type, M=J-E type ®

3HIcowT, BERAISHE N(OL), HESH, (-1,3) O—HATHLDOVT, 25

THEEREREL Tk. .
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ROBUST NONPARAMETRIC FUNCTION ESTIMATION

Young IX. Truong
Department of Biostatistics
University of North Carolina
Chapel Hill, N.C. 27599-7400

1 Introduction

Nonparametric regression is a method for estimating the effect of a covariate X on a response Y by
using the mean of the conditional distribution of ¥ given Y. In data analysis involving asymmetric
conditional distributions such as incomes, housing values and survival times, it appears much more
appealing to work with the conditional median, since results can be more easily interpreted. To
formulate this regression more generally, let G(-) be any convex function on R! with the unique
minimum at the origin and define the function m(-) so that it minimizes (with respect to a)

E(G(Y -a)|l¥ = :r).

The function m(-) is called the generalized regression function of ¥ on X. For example, for G(z) = 22
the function m(z) is the regression function m(z) = E(Y]X = z); the choice G(z) = |z| leads to
the conditional median function m(z) = med(Y|X = z); the pth-percentile function is obtained by
letting G(z) = pz* + (1 - p)z~ and a function developed from robust issues is obtained by choosing
G(-) so that G'(-) = ¥(-). See Hampel et. al. (198G) and ITuber (1981).

To estimate this function, a popular method is based on the idea of local constant fit, or equiv-
alently, the kernel method. However, the bias of this kernel method can have an adverse effect
when the derivative of the marginal density or that of the regression function is large. See Hardle
(1990). This problem can be repaired by considering an approach using local linear fits. Moreover
precisely, let (X1, Y1),...,(Xn, Y2) denote a random sample from the distribution of (X, Y) and let
K () denote a kernel function; that is, a density function. Define the local lincar fit estimator rix(-)
by sctting 7 (7) = 4, where d and b minimize

;G(Y —a=b(X; = ) ) K (“;Y)

n

2 Statement of Resutls

Let f(z) = fx(=) be the density function of X and g(y|x) be the conditional density function of Y
given X = z with respect to a measure u. Set ‘

#(tle) = EG(Y = m(z) + )|X = .
We make the following assumptions:

1. The function G(-) is convex with a unique minimizer 0. 4" (t|z) as a function of { is continuous
in a neighborhood of the point 0, uniformly for z in a neighborhood of z. Assume that ¢(1]z),
¢'(1]z) and ¢"(1|z) as functions of z are bounded and continuous in a neighborhood of = for
all small ¢ and that ¢(0|z) 3 0.
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2. The kernel K(-) > 0 has a bounded support. It satisfies
/K(z)clz =1, /zK(z) dz = 0.

3. The density function f(:) of X is continuons and f(z) > 0.

4. The function g(y|z) is continuous in z for each y. Morcover, there exists an ¢ > 0 such that
SUD|,, —x|<e 9(ylzs) € H(y|z) and that

/IG"(y - m{2))PH U (y|z)dpu(y) < oo,

and

/ (6 - 1) - 6() - C'()1) Hul2)in(w) = o) as t—0.

5. The function m(-) has a continuous second derivative.

Theorem 1 Suppose above conditions hold and that nh, — oo and h, — 0, the estimalor m(-) is
asymptotically normal:

m(z) - m(z) — B(z)h? ] .
P( 73(2)/(nhs) Stl:\”""X"> = (1) + op(1),

where ®(-) is the standard normal distribution function and

B(=)

%m"(z) / 2K (v)dv,

J K2 (v)dv [[G'(y = m(=))]g(v]=)dr(y)
J(2) [#"(0]z)]? '

7*(z)

Note that Lthe ‘asymptotic bias’ [3(31?)/1;"t of the proposed estimator depends only on the function
being estimated. This is natural from its construction — the bias came from the error in the local
approximation of the underlying curve by a lincar function. The asymptotic variance, however,
depends on the function G(-). For example, the asymptotic variance of the local mean estimator
differs from that of the local median estimator.
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T XE S5 AT OO — LEs

BRETERY  EREESR
BREXFHER KF

1. F W ODOBFMHEIL, 2OREMNMRE BEKTH>THMEHIC
TR MNTESR. HXL, Weierstrass OFEXEFLMN ZHAHZHNWT
RICEMTCEBZI LIS HABhTWS (Billingsley (1979)) .
BWIEZY—) Y TBOMEICO>NT, Yanato(1990a,b) i&, FEREIEH%E
TW%. 2T, —HAWOMHEIHERLT, B2y —1) 2 I#
S(n,k) wfﬁiﬁ’é?ﬁﬁiﬂﬂ:%’d'. 28, BEfRK

2:3(n 1,k-1)m~"=1/(m) (m>k-1:528%)
el
lZoWnWTiE, BA(1988) Ik b iERMICRERTWS,
W22y —) v TBEL,

X M= E S{n, k) (x)w (n=1,2, ")

X)e=xX(x-1)(x-k+1) TH 3.

k=0
%9 S(n,k) OZETHS. TIT, (
k)=0 (n,0)=0 (n>1) $(0,k)=0 (kz21) &9 3.

272U, S§(o, (0Sn<k) ,
2. ZHA/ML A -V VT

K Koyr W0 2R 1 OFZSMRBCLIMIRBRERIIE 3. k=1,
U, X(k)=Xgte o+ B E, X(K) EZHEAMED(K, 1/2) RS
22T, X(0)=0, 0°=1 &B<,
TTHERER (k) OBBOMFEIES2EI S - v T REEEDS S ;

P2, 14 0=0,1,-+ BXU k=0,1, -+ LT
ELC-1)%* % {X(k)}"]=k!S (n, k) /2%. (1)

n! 1
S(n,k)= — =+ —
k! 1‘1' I‘k'
U, SHE rottreEn ZEETIRTOEDRER rq, 0 1T %
Eo N (Charalambldes & Singh(1988)) .

T (Riordan(1968),p.226) a

1k k
S(n,k)= — X (-1)** ()" (k,n=0,1, ). (3)
k! r=0 r

(k=1,-+-,n, n=1,2,--+)  (2)

DEDBERICBWT, X =) 278 Sh,k) B2IcE->THIOSNB LIRE
L, MloBEAKXB)Z2RE LTHE. #iZ, Sh,k) oBEINGB)ICE>TEXB
hB3LRETBDE, ZOLE(NERTIELITES.  k-X(k) & X(k) BEU
BIRIERS L ZAVWTROMBENTRINS.

T2, 29 k=1, 0 BT 01,2, THLT
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-1 n 0 (n, KACEE 2 B 72 L A KD
~1)YJgn-J I "k -
2,0k G S0, i (zom) .

—IEAAE b(ky,1/2) RS T WIS aERER Y, (j=1.2, ) 2HFEXBT L
lckbh, XoGENELNS.

FevEE2. 35 ki, ', koSn (m=2,3,: 30=2,3, ) BEETEOER ki,
"'nkm ‘:ﬁb—(y

k1+'--+km . - % n o k
(k1,"',km) S Kt k) =3 (r1,---,rm) S(ri,k1) *S(rm,Kkn)

EEL, SHE riteoctre=n & ri2ky, o 2k BEETIRTOEDEHK
rl)"')rkl‘:ga?‘ém%i%?-
F% (Riordan(1968)) 3 p+k<n (n=2,3, ) Z#HEITLEOEE p.k ITHLT
+k -
Y spr=2" (1) S(n-3,0)8(3,K).
k j=k
Hic, mE2. 1XbROBEMRINS;

Féfi2. 4 (Riordan(1968), p.233) 4

m n
> S{n,k) —
n=0 n!

3. 2= T eV

V, # BT UARTY U AMICRS L &, RfF Vii=k OFT V XZHA
b(k,1/2) IS . ChERWT, KOB2M2R5— ) Y TBORFRINRENS.

FénEia3. 1 (Riordan(1968),p.183) 4

1
= (et-1)k (k=0,1,+ ;-00< t<00),

n o knxk
> S(n,k)x¥=e*y — ~ (n=0,1,:++;-00< X <0},
k=0 k=0 ki
RFIVYSHEUT, PINEFEZBZLICEIDRUVE B 2DV T
o kn
Baze 13 — MaIhbd.
k=0 k!
B% ik
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~
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FETH) » BF) o 7~ Dr Ry, Yo 2% 8 41, 2,
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xon NBWMH T (-fr9/k v 3,
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5 C Blackwell and MacQueem 1973 A.S) % 2 % o
o = 0B TN T3 e Sy 7 W AR A
DTG T = KA+ B =, (Yamado 1991),
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RERE A 1991-12-6
RV L TR ST E e

PE3 B (RBASE BEHFE) BIA K38 (s HEERT SO

1EEINTRIC R T A HERERME a(2)e” 0 1@ >HEREY X OFH u it p = £'(0) TEAS
N3, O 8 = b(u) b pdf %

F(z3 1) = a(z)eb==r{b)}
LhERBY. COLE, ROV 2 IIREEER 3.

Ho:p=po vs I:p>po.

n DY ¥ T VOIEATHE X B SOTRET 5L &, bo & bHHIARIR U = n/2(X —po}/x" {b(uo)}/?
DORFEST N(0,1) ZAVE L EMBEX SRS, Lk L, U N, 1) ik L & @?.E.ﬁo);f 5=

i3 0(n~Y?) TH D, PHPLAROPRTRINEDOA — ' —%2HE$ 5 LML, &I TRIERS
TE~DITHD A — 5 — 3 O(n~ ) LLEE 7B & 2 f&#ﬁ’zﬁ‘ﬁ%‘fﬁt:cmf%ié.

1. IEH RS )
X ZIFRUZER L OREFTREMRT 5. $5bb

T(<(0) = [ (<02
TERSNAE T(2) ZHWT
V = n!2{T(X) = T(1o)}/ {x"(66)'/°T" (o)}, 60 = b(po)

ETH B ki = dik(8o)/d0 {x"(60)) T LB & & VORRETS, 51K
E(V)=—n"12x;/6 — n™%2(21k3° — 20k3k4 + 355)/72 + O(n75/2) = mpyr + O(n™5/?)
Var(V) =14+ 271 (3k3% — 2k4)/6 + n2(5551k3* — 7728k3% k4 + 1539K3K5
+1170k4” — 162k6)/1944 + O(n ™3} = sy1? + O(n73),
T V 2L L REFE I ROATRRIRO & 5 ifflah s,
EEL. O(n7?) OIHEHIRL TIRERS.
Pr{(V —myr}/snr < v} =8(v) + [ — n " (4x3 — 3x4)H3/216
+n7¥2{(1345;5° - 144K3k4 + 2755) [T /324 + (40x3° — 45k3k4 + 9K5)Hy /1620}]$(v) 4+ O(n™2).
772U ®(v) IZABHEIEIRATIUIEL, 6(v) = &' (v), Hi = (=d/dv) ¢(v)/b(v) (xv 3 — + BIER) Th 3.
et &xtsotE
W 5% L(p) = [1iey flmip) EBLE, nOMLER X &5 720, X LR = L(X)/L(ko)
&35, & OTRST &M%
= sgn(X — p1o)(2logLR)"/? = sgn(X — po)[2n{b(X)X — b(ro)X — (b(X)) + ;c(b(p,o))}]l/2
EEHRTE, RERFEOT TN N(0,1) it >, WoRnETE, 53

E(W) = —n'l/zn3/6 - n'3/2(50533 — 45K3K4 + 65) /240 4 O(n'5/2) =mrr+ O(n“slz),

Var(W) = 1407 (14k3° - 9%4)/36+n"2(1300k5" ~ 1725x3% k4 + 2405, + 3243 K5 — 30x6) /720 4+ O(n ™)
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=s.p’ + 0(n7?)
Foo&EDLHic2iin 0B EE L 5.
Wy = (W — mypr)/sLr, Wy = W/(spr® + mpr?)/2

W2,  O(n™?%) OIEHME L TIXEB .
Pr{W, < v} = ®(v) +n"?(1660] — 175534 + 324x5)H24(v)/6480 + O(n"2).

Pr{W, < v} = ®(v) + [n"2x3/6 + n~3/2(125k3° — 120k3k4 + 18k5)/720
+n"%2(550k3° — 585k3x4 + 108k5)H3/2160]${v) + O(n~2).
W, D8Ik O(n~?) £T N(0,1) &—Hd 37, ERLERESC V 2B LR L v EL
FHSHICE 5L, A~ 5 — DM Barndorff-Nielsen(1986) 2535RHTW 3, X W2h 255, #f
ERTHTH S x1? B O(n™?) DA—F—TULPITRLIZW, &5 WERE(L L Wi Wad
BRI O(n=2) TS 5. WoPid/x— b Ly MR LSRR TS 3. O T WoSIERSTHIC
O(n™Y?) TINS5 & LIRS 5 EAREWTRTE 3.

3. Bk
<2 %ﬁ’{%m oot LT, TSR S8

fa(zi X, 0) = aa(z; N} ="}, (0) = (0 = D)o™' {8/(a - 1)}, A>0
THA Sh a5k E 5% > Exponential Dispersion (ED) Model &\, ED®) wig4.
(aa(z; A) IZDWTIE Nishii(1990) 22JH). X ~ ED@) DIFAE{IZNIz X (1-20)/(=30) =352 @ 11F
HUeRE e=0, OEHYLER X5,
HHY 25T o=1/2, OEFYLER logX,
EHST a=2 OFEHER X,
HT VY a=-c0, DOEFYLER X2,

AT YT A Xn EEIU L S BEEERIS. ATEGILTERL, 2 OFERRES S, Hic a =0
(= 5316) O, EFHEREFSHEMEUEL RENTRAL 3.

V=3A2{(X/ ) =1}, W = sgn(X — uo)[2M{X /o — log(X /uo) — 1}]/2.
C O & &SRO
PV +27V23)](1 - 13077 /243)"% < v} = B(v) + [\ 13 /108 — A~/2(2H, /81 + H,/405)
+ AT%(17H;3 /1944 — Hy/23328))$(v) + O(A~%/?)
P{W + 271234 X732160) /(1 4+ 271 /18 — A™2/90)"/2 < v} = ®(v) — A"¥2H,¢(v)/1620
+ TAT2 13 4(v) /6480 + O(A~%/2)
&35,

5| A3k

Barndorff-Nilesen, O. E. (1986). Inference on full or partial parameters based on the standardized signed
log likelihood ratio. Biometrika 73, 307-322.

Nishii, R. (1990). The relation between the normalizing Box-Cox transformations and the exponen-
tial dispersion models with power variance functions. Tech. Repo. #279, Statistical Research Group,
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AW CTRERE ) v EREF VoG AMEMAST 3, EHEEERK
OMMER|ME 2 i k-THLWHENMELREST 2, CoHENER
ERDMOEBEHNIIE FHE. Mantel-Heanszel HEFE. Mantel BE 28 &
2o 2HINHOBERCBIINEREL, v 0HoBECR—B#OH
LWEEZEAT 5,

2. MIZEHRY v ERFEF NV
EEMHHE %
p(xim,0) = expl{c(u)(x-p) + C(u)t/6 + b(x,6)]
EF B oL C () = c(ul)e ERXREBTRENZSHTIR bx,
6)=C(x)/6 + a(x) + b(6) LEHBEIF B LILHEET S, TLXHEME
Exponential dispersion model KE% T&d %, H 1 BMMEN x1 ~
p(xsry,0) THY, c{py) = a+Bzy ZRET S & &, (HHETD)
MIZIELE Y » 7 @R E 7 v & &,
HERPE A, d(C(r.6))/dp = c(p,0) &LT
p(x;u,6) = exple(pu,@)(x-p) + C(u,8) + b(x, )}
TH>Te 1 ~ p(xin 1, 0) 51 c(p1,0) = a+fzy EHBEE,
(BB ) RIEERY YIEREFVENE R, CO&s 6 MEMT
HhoBERTET B IEDNE W,
BamBOEANS 5. RENBERY » 2 MK c(u), olu.0) %
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B s &

3.

-

-

iE 3 5 T 7
o= 4T -1/
o2 HST log {u/(1+6 u))

HlE B & O A K
CTRIEEMHOBHREBALCE -2 Y P EEOER, RER

AT 2, FRAEHOILNICE 2, 06 RBEANTHEERET %20

i) BN © pair xy1.xy PO RBHRIEEEREMBK T 50
W ry=BMOBE gk, xy:B) = x1-x3-B (21-25)x1xy

i) g(x:8) T ow(i,jglxe,xy;8) @9 =4 b+ w(i,j) 2R 3,
g(x;8) =0T B %HET 3,

it

n

iii) u(= T py) % Tx, THET %0

T OE B b @ O ERD B
iv) Vig(x;B8)) DRBHMEERERD 5,
T = g2(x: )/ Vle(x:B)) PORERHBEENARMERE 2,

MESOMBELAHREL L TRUTHS %,

(1)

(3)

————— : Combining moment estimates of a parameter common
through strata. (with discussion) J. Statist. Plan. Inf., 25,
187-198, 1990.

————— and Yamamoto, E.: The role of unbiasedness in
stimating functions. In Estimating Function
(ed. V.P. Godambe) Oxford University Press, 89-101, 1991.

Yamamoto, E. and -----: Statistical methods for the beta-
binomial model in teratology. To appear in Env. Health Presp.

————— © The Mantel-Haenszel statistics for the extended odds
ratio in the negative binomial distribution. To appear in J.
Japan Statist. Soc.

————— ¢ and Yamamoto, E.: An estimating function approach to
the linear canonical link regression model. (in preparation)
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/\/mfam,meﬁ”fg /4/?/?2?[?1’\4:/4 ’%:y (/ec‘hv 7;% Séri{_(,

KIRKFAERE = = B (R
R XEREY AR BB

FHE TR, DTLE BRI FFRG TN AT VAN
B AT A E Ty RE G TR LR

2)= (Tl BOY B Frh D 4 prkx DRUB EE
bta. 2R o=a Fu_‘tru/a &wmj T2 = fed ey
2. 2Tl FRIZITRE £ & 53

H o L kA oo boln =

A [ ool o

-

ZZi= Kl oansa n DA C LR NV X -1
T 7 757(,\) z ﬁlm)a /\/\7/</—/ v 2 7/7’&'4’—&&7’5
DE LR "k Dwojda FREE S (7

n
RLITE T 2 1% . =29 T, i
Sp %5V c{am[z7_ My g 3 g0 = %IA)**‘— AN)
n b 53 (R9 B FHE 2 ZE . —H
e 29 ML Zp T o 3% 9 Hau5L spectiad
Aeasiy §73) 1= Wz 7a. Ll Ke 4l
;,;%;# L HRTED , 20 AR F AN 43T g
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2y RN TAFF LA

Foan PENRE x — B 1734 7 1) 1L A z3
AN Fave e e 62303 S e
LT 229 ;Sw'afgi_ﬁ,

() Me asye z; /(:L'-*vww/ Az/gew&/»m&,

(2)  Time Serten 1 AU I XBFA o 2D

v

FE =Y T3 pRe

) A EF RS 23K 5 ) o sl il
n e

j/x N TID- G g ovar K 12 R o AN ) 31.

() (Sx|-yv 27 s = RE Lm Tt

A
(2) 4, = %55 Trr JA- mesisfewcy Al
NLcoren. T3 e fﬂmww-f’h'c 7+ l’f‘f}md &

7% 5 £2 2T vz 3
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Majorization &R, & D
MERFEES  EPRER
BALKRFREFER  AREE

0. F AERE T (1) 5 Majorization REH A Kimura-Kakiuchi (1989)
DEIEFWTEI NS & (2) 2D Majorization AT Rieder (1978)
DR ETNDOT T, MERNENHR RO FILRD 55 A TOESHOEE
M BMEAERD LR ETAVEONEZ & (3) TOLRLETHRN S MERDERI
[EEYEX T AR ERUKEEAED I T %, T ORISR/ NEHO TRNE
ohi &%x5Z 7,

1. Majorization &% Qo % 0= {p=_(u,. )| ZLI pi =0} Db
BETIEVERAERE L. o, B (r=1,... k) RIRD LD IEHT 50

o, =inf {337, pop) | o €00} B =sup {3 i, top | 10 € Do}
CITS popy 2 -+ 2 popr) 1 po DIRDFEREWIEHNHKE X DRI~ b D &
géo:®&%\no%ﬁtﬁéﬂéﬂﬁ®20®&7bquudﬂ%&®;5m

7:_230

Q={M=(Nl,--- )/"k)lar SZ["[i]Sﬂr;r:l)"' ak}
i=1

(1.1) ey = (B — Po, B2~ Bry-- B — Br-1)
oy Oy

l‘(s):(aq“ofo,... )aa—a’a—l)_'k_:_s‘,... ,"‘k

), s=1,...,k
— 8

7l ag=Po=op=Fe=0&EL. ppy 2 > ppy 1 p DERDEREVHENS
REXDIFzli~fcbnLd 3,

H5s(=1,..., k) I L, ROKGAZEZ B,

Op —Qp] 2 01— 0 7=1...,58—1

(1.2)

aa_aa—l?_ar-Fl—ar 1'=$,...,k—1

CDEE, (1.1) TEHREEINI Q I3, Majorization DIFfFICEIEB LN S Q
ZEURINDEETH . pu 13 Qo OFTNTOEHER majorize 3 H/PDXY |
Wy u(s) 1 Qo OFNTOEZRIZL 5T majorize XNAFADNY MLTHBZ &
Db, BE-> T, Kimura-Kakiuchi (1989) OFEHIC LY IRD >0 Majorization
AEFERXNEZ 5h 5,

izt Zle Zi =0 L1735 exchangeable ISHERESL 71, ..., 2k 1KLL (24,...,
Zr—1) N Schur-concave TE[RIFFEEREH>bDET 2, DCR*Y I3 . xe D »
Dx=y=>y €D EMicdHIEELETE, CDLE, ROMERLER (1), (1) »°
ﬁkbj’)o

(i) §XTD p e iTxtl.

Pr{Z+ p € D} > Pr(Z + pup € D).
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() 4k (1.2) BRI ENBIE 5, FNTD p e QITHL,

Pr{Z + p € D} <Pr(Z+ p(s) € D).

N GN (Zh Zk); B = (le'»" a”‘k) &?‘50

2. k&tn@&%ﬁﬁlcwié Majorization A5,  ERELR o dikts57h
BQM th(z)) tn(m) ‘\-—{;E')E‘/w‘—é.l\ifé‘ﬁﬁ%%ﬁ% Xl'lr' o 1Xin &TZ) (1 =
L,... k) o N(= kn) FOSHHER X11, X1z, - - , Xiw ZNEVI DI 5~B L &,
X:; ONELx Bi; 35 (i=1,...,kj=1,...,n),

ST Gij(z) A, Rieder (1977) c:ct@%/\sm:m\i&{% P(Onis€n, 6n) %
@)( C‘:%\ N(= kn) ﬂ?]o)%ﬁf*g* Xlla XlZ)‘ . ;an Li\ ﬁ{% p(N)(gn;fny5n) V:.]
2L HDET B,

Mk a @ (0,1) — (—o0, +o0) ITL D ARENSZ 23T an(r) ZFi> MERIARIHE
BB Tvi = n~ ' 0o an(Rij), (i =1,... k) OBMESTIEE R 5 & &, HMEAIER

LI 5 Majorization FERAD & 315k 51 5,

nM?*(Ty1 —an, ... Tk — dn)
=n"*(Tny — vy oo Tk — i) + 0V 2(evy — @, -, vk — @)
+ 0¥ G —ay,...,3—adn)

B EE MY Tny — pny -, Tive — vk ) EIREPHCIERATRICREV, nt/2(G—
iy) = o(1) THBEDT, n''*(Tyr — N, ..., Tnk — an) ORERSTHIE. N7 b
) nl/z(;LNl - C—L,... yHNE — &) @@J%‘:ch D?ki%:&bibb\%o :-':-T\ &N =
NN ay(r) &3, FIT.

= {nlirr;onlm(;t]v] —a,...,puN1 — @) | Wy € P(N)(Bn;en,5n), n=12...}

LLT, (11) TEXoNSD Q, pu, p(s) 25X B L, Majorization L HUSKE
0. FRSTHOW S FilH L FRANEZ ohib,

Rieder (1981) i3, HERITADMIHAICS 5 & & 1 BUK,2 BUROAIE BRI
BIFRESNANAREDRIE A m Lle T 2 Tld. MERDE UERIcd 2 £V 55k
IEEYE (approximate equality) DMSEREIZT T 3 MENBERIREEEZ 5,
DEE 2Ty, —an, ..., T —an) THS K MERNIFRHRSEICX Uy AREHIRK
TIRUKAE & AR MRIHI 215 B foddic, MEAIFRIEE HRHCREd 3 Majorization
RER (1), (i) B 2hZTh@ff S h, BEEEKE o OIFHRELSZ Sh3,

BETR

Kimura, M. and Kakiuchi, I. (1989). A majorization inequality for distributions on hyperplanes
and its applications to test for outliers. J. Statist. Plann. Inference 21 19-26

Rieder, H. (1977). Least favorable pairs for special capacities. Ann. Statist. 5 909-921

Rieder, H. (1981). Robustness of one- and two-sample rank tests against gross errors.
Ann. Stalist.9 245-265
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LEBHERABOWAINROER L 2 OKA
= 6 AR K % =R RS

TITR, MU THE—SH RS S RAEREROBERTBROW L EE L
FOBAEODVWTHET .

1. ZRTEERFEE ZOWHEST

Xiy Xay + ¢ ¢y Xay + » BMTITHE—-HH2THRKIRTHERNY b LT,
FOHRBFOSFEEE P (x) 45, £, Xa= (Xin, * * + , Xxn)
&L

Ziin= {ﬂéajan1J, Zn= (Zinr Ct an)

EBL (A, ZZTCRESZEORKE®EZ2D) . UT, HERESYZ LK
TV, TERBRD T ECRALTHERET S,

&, X7 MAY an>0, bneR*(nz21) WEEL T,

(1) (Za—ba) SaubH (x) : FEEBILEHE
(227, HAEB RN e EHOE i AIHHP H, e+ 5L %, HiMIER
i, i=1, » - -, k, THAZL®E%TS. ) rhdr&, H¥

LEBBESITE VY, PRHOWSIFEMETS (FeD (H) D) twi.

2. SEBEREHFFORHIG

E¥  [Takahashi(1987,1988)]
H B2ZEBEBEIHETS.

H (x) =H; (x4) -+ He (xx), X eR™

Ll bk obBaEEE, X7+ p= (py, -, pPx) eR* T
O<H;(py) <1, i=1, -+, k ,
H (p) =H; (p4) -+ Hx (px)

Bl T bONEETHIIETHS.

3. WERoHHE

£  [Takahashi (1991)]
FP (anx+ba) DHy (x1) -~ Hx (x3)
THDHDEDOBHESHEE
Fi"(aan1+b1n)W"H1 (x), i=1, +++, k
2 3 p=(py,--,Px) eR™
s.t. O<H;(py) <1, i=1, -, k
Fr (anp+bn) »H; (py) -+ Hx (px)
TH5.
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H Fro2uaphLl, Hy, Hoy? LXTHEEI»FTETD. Z0LE, RO
E4BFRETH S .

1) FeD(H), HC-, »)=Hy(-)H20) ;

2) F;eD (Hp ,i=1, 2 »>D
1-F (t, ¢ C(£)) _

lim ;
t T x" 1-F4 (CtD
8) FisD (H1) 1, 2 ho
F , t
i (b, ¢ CE)) .
tTXﬂ 1_F1(t)

4) FieD(H),i=1, 2 2o
L F(t, ¢ (£))
t 7 1-F (Ct, ¢ Ct))D
::?,x°'—wp{x: F, (x) <1} €0, ¢ (t) =F,tFy (t),
(p) =inf {(x 1 F,(x)21-p}, Fy (x) =1-Fy (x)
b, D) B FPOEEME.

m =0,
X

4. 2EBEMIFE . AFARYY I 2T

Pickands O ZEBBEFHFORRCES, 2ZEBEHIFONNT ALY v
EFLEDNWTOHZEE Snith et al. (1990) & Tawn(1988) = & 5.

& % x W

Smith,R.L., Tawn,J.A. and Yuen,H.K. (1990). Statistics of multivariate
extremes. Int. Statist. Rev. 58, 47-58.

Takahashi,R. (1987). Some properties of multivariate extreme value
distributions and multivariate tail equivalence. Ann. Inst. Statist.
Math. 39, 637-647.

Takahashi,R. (1988). Characterization of a multivariate extreme value
distribution. Adv. Appl. Probab. 20, 235-236.

Takahashi,R. (1991). Asymptotic independence and perfect dependence of
vector compornents of multivariate extreme statistics.
(to appear in Statist. & Probab. Letters)

Tawn, J.A. (1988). Bivariate extreme value theory: Models and estimation.
Biometrika 75, 397-415.
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