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Minimum risk point estimation of the powers of normal scale parameter

MERE HEXLER FH H
IR PN S S

1. &

X1,Xp,... EEHBER N(p, o) S5 DEEE L, p€ (—00, 0) o€ (0,0)idLd
CRHET S, F2, X=X, S2=(n-1)" 1N (XX, &T5. r£0F
EZONEEHTHDLTDLE, T DHERS, ICH L, HEBK

Ly= (8 —0")2+en (c>0IXBEMEE)
EEL, VRV E
R, =E(L,) = E(S%, ~d")*+cn, n>max{l, -2r+1}

ET5. ABRETIHEOBKEBEHEDTCo" Z2HETIHERZEZ D,
WE, VRV R, = 10 n! —i—cn—i—O(n_%) (n—ocDELE) D, O(n'%) D
HERRITIE, LD VYR RITEREMN

noz%arzn*(é:i5<)

DEEBNERY, Ry, m2en* £523. LB LEHS, ol KATHEDT, ng2MNB I L
ETERN. 22T, BREAERS S,

2. EER
ARETCIROFERMBELRNEZRET 5:

N = N(r) = inf {n >m: n2 %ln&i}

BL, miZMPERETm >max{l, 2r+1} &L, L =L5(>1) &T3. Sy To™ &
ETBLE ZOBRRARDOVRVZIE Ry = E(SYy —0")2+cE(N) TEX 505, BRE
ROBEFY 7Ly b: Ry—2en* IC&oTHIONE. ZOLE ROEREE.

EFEL m>m(r)+1 256, c—=00DLE,
E(N)zn*+p——£(r+2)+1+o(1)
=R

my (r) = max{3r, 2} if r>0
ns max{8 + 2r, —2r} if r <0

THH, pldB2EHTO0<p< %-{—irz ERB,. O
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TE2 m>myr)+1 25, c—-0DEE,
3
RN=2cn*+{g(r+2)2+1}c+o(c)
L,

THs. O

)= max{sr, 12+3r} if r>0
mar) =1\ 12— gy if r<0

3. N4 T ZADELE
ERHEER Sy DN T RCDNT, LTFTORRERE.
EFE3 m>m3(r)+1%256F, c—0DLE,

E(Sy)=0d"— \22_6(7“ + 2)sgn(r) + o(+/¢)
By,
1 if >0 max{3r, 4+ 7} if r>0
sgn(r) = { -1 if r<0’ ma(r) = { max{8+2r, 4 —3r} if r<0
THd. O

FORBRZEERLT, o" DEER
o

2¢
8y =Sy + —4-(T + 2)sgn(r)

EEXD. COLE VRV RY = E(3%y —0")2+cE(N) TEx6N5. EE3 LD,
m > ma(r) + 1% 56, E(GY) = o" +o(y/c) &2, s Eo" D2 RIFETREEETH
5.6 DY RI7D2REPRICODNT, ULTOEREZRE.

EFE 4 m>my(r)+1%5E, c>0DLE,

R*N=26n*+{i(’r%—Z)z«E—l}c—}—o(c) THs. O

EE2LEBRL4LD, m>mo(r) +1856WE, Ry — Ry = —3(r+2)%c+o(c) &% Db,
r=—20BaERIE, 54 T IEEELEBRER G, OFHY £ DBERG R SY 12
TEERIZVRIPNELI22. COEE, 1L 20BEMIREL 2B, N1 T7IEIEE
LERBRELRS.

SE X

Aras, G. and Woodroofe, M. (1993). Asymptotic expansions for the moments of a randomly
stopped average. Ann. Statist. 21, 503-519.

Woodroofe, M. (1982). Nonlinear Renewal Theory in Sequential Analysis.
CBMS Monograph No. 39, SIAM Philadelphia.
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STUDENTIZED ROBUST STATISTICS IN MULTIVARIATE
RANDOMIZED BLOCK DESIGN

BRI RE HER pAEE

We consider a multivariate randomized block design with n blocks and J treatments, in which the
k-th observation X ;j; = (X i(},z, e ,Xi(fz)’ under the j-th treatment in the i-th block is expressed

as
Xijk=[.b+ﬁi+Tj+€ijk, (i=1,---,n,k=1,~-,mj,j:1,~-,J) (0.1)

where Y0, B3; = Z;']=1 m;7; = 0. In (1.1), p is the overall mean response, 3, is the block effect, ;
is the treatment effect and e, is the error term with E(e;jx) = 0. It is assumed that e;;;’s are inde-
pendent and identically distributed with continuous distribution function F(z() /g(), ... £(P) /g(P))]
where V(egﬂ) = {0c®}? and efﬁ is the ¢-th element of e;;;. For the respective parameters, the
null hypothesis of interest and the alternative are respectively

H;7r;=0forj=1,---,J vs. A4; 7; # 0 for some j.

We propose test procedures based on studentized robust statistics for these hypotheses in the
model (1.1). We derive their asymptotic properties as the number of blocks 7 tends to infinity. We
also propose robust estimators studentized by scale-estimators for the treatment effects and derive
their asymptotic normality.

Multivariate M-tests and M-estimators based on studentized robust statistics were discussed by
Singer and Sen (1985) for full rank linear models . Further discussions of studentized M-procedures
were done by Koenker and Portnoy (1990) and Jureékovd and Sen (1995). The linear models do not
include our model (1.1), which is not of full rank. In all of those theoretical discussions, Fisher’s
consistency: [ t(z)dF(z) = 0 was needed. Shiraishi (1990) discussed multivariate M-tests
without assuming Fisher’s consistency. However Shiraishi’s test statistics were not studentized.
For many applied models, the scale-parameter of the underlying distribution is unknown and
Fisher's consistency does not hold. We need to construct flexible statistical procedures. For
the model (1.1), we propose studentized robust tests and computable robust estimators. The
asymptotic noncentral x2-distributions for the test statistics and asymptotic normality for robust

estimators are derived, assuming only the finiteness of Fisher’s informations. Fisher’s consistenc
Y Y
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D T we(x@)dFy(z®)) = 0 is not assumed. In our discussion, it is verified that the ARE of the
proposed tests (proposed estimators) relative to the F-test (least squares estimator (LSE)) goes
to the ARE of the Huber’s (1964) M-estimators relative to the one-sample sample mean as the
block size goes to infinity. By simulation study, even for the small sample sizes, it can be seen that
the proposed estimators are more efficient than least squares estimators except for the case where
the underlying distribution is normal. Especially the proposed estimators are remarkably efficient

for the asymmetric underlying distributions.

BE

Good, P. (1993) Permutation tests, Springer.

Hampel, F. R., Rousseeuw, P. J., Ronchetti, E. and Stahel, W. (1986) Robust Statistics:
The Approach Based on Influence, New York: John Wiley.

Hieritier, S. and Ronchetti, E. (1994) Robust bounded-influence tests in general parametric
models. Journal of the American Statistical Association, 89, 897-904.

Huber, P. J. (1964) Robust estimation of a location parameter. Annals of Mathematical Statistics,
35, 73-101.

Juretkovd, J. and P. K. Sen (1996) Robust Statistical Procedures: Asymptotics and Interrelations,
New York: John Wiley.

Koenker, R. and Portnoy, S. (1990) M-estimation of multivariate regressions. Journal of the
American Statistical Association, 85, 1060-1068.

Muirhead, R. J. (1982) Aspects of Multivariate Statistical Theory, New York: John Wiley.

Puri, M. L. and Sen, P. K. (1985) Nonparametric Methods in General Linear Models,
New York: John Wiley.
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Shiraishi, T. (1990) M-tests in multivarate models. Metrika, 37, 189-197.
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Multivariate Analysis, 17, 168-184.
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ASYMPTOTIC COMPARISONS OF U-STATISTICS, V-STATISTICS AND
LIMITS OF BAYES ESTIMATES BY DEFICIENCIES

WuEmE  (BREBKERETZHAR D) HETHEX
BERBRFEER K¥ 7T

1 F

X1, o  XnZDHWFNSDOREZI n OMIFERLET S, 2% FIZDWT, degree k Oxt
Wiz d1—I g(z1,...,2x) ZREDHEEFIRERREO(F) OMEERELRICEOINWTEZ S, #
EABERBHMOHEREL T, U-HEHEE V-HEBIE. L<a5hTns, 23T, &

. k—
B X, , Xy oEEZHFLTEERHTHESSDREIL. <n+k l)ﬁbiﬁéa DY
NRTOHEIZDNT, A—F) gDEDFEEEIWS EROFEFTENESNS,
-1
an(n+:—l) Z g(;Xh--"Xlla"'a\Xny-"’X'rg) (1)
r1+ =k N I

T1 Tn

U X pepra=k 1 Xj(Di%ﬁ"ﬁT%fﬂﬁﬁ: riETAHEE i+t = kEBET
FEDEBEDOTXTOMr,..., T IZDVTOMEERT, ZOHEEIT, Dirichlet 7O+
AEBRIAAET 52T REBRICEDSHEETERBFEIF) OXA IHEBIZDONVT,
Dirichlet 7OEZAD/NNTA—F % 0ITADT2 I LICEDBENIWRRA ZHERTH
HBH, DT EML (1) TEAONS#EERZ LB-HETBEEMRZ £I12T 5, Nomachi and
Yamato (1999) &, KE 2 DH—FRIVICHIET 5 LB-HEBE U-HEtR. V-HETBOLE
% MSE EFHERANWTEATWS, ZARE T, MWL BEEEZ 2, T—X IV HNRL
LizWgEE, s O#HEFE® LRE (limiting risk efficiency) 12 11I2%L <, BLWNRS
Nz, FHREDBEMII. LB-HERE U-HABRH D WL, V-HEHELOWENREZENE
LRD (limiting risk deficiency) ZFHWTRT ZETH 5B,

2 LB-#E1E20 U-HBICKSH RN

w1 Bk g(z1,...,zk) ZREEDOHRHERA—FNETEEE, M T 5 LB-HKat B3
DEIITRTIENTES,

-1
n+k-—1 k-1 n :
B, = )
" ( k ) ;(j_l‘)(j>n

=Ly j=1,..,k HLT UP . =3 ggj) (o, 25)s

-1
k-1
g(j)(xl,...,a:j) = (J— 1) Z:'F"""Tj:k g(itl,...,:EJl,...,ile,...,:l:J;)

—

T1 T

WZXIRY % U-MErETH 5.

ME 1 OXBEL Y, [B-MABROVY 2 REZEWANICE ZENTED, a5 V-
FEROTI 2 RBECOVWTH AR CHENERREEL ZENTES,
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3 Deficiency
T&To) jl’j27 e ajk (1 S jl < j2 S S jk < k) c:?‘j-l/v(\ E[gz(.le,.Xh,. . 7X]L)]
< oo ZRET D, H—F)N g(ml,...,a:k) & g(k_l)(ml,.. .,:L‘k_l) et LT, B

Ye(21,...,2) = Elg(z1,-. . Tes Xep1, - Xk)] e=1,...,k,
w(k_l)’c(azl,...,mc) = E[g(k_l)(l‘l,...,.'EC,XC.H,...,Xk_l)] C?:l,...,k‘—l

EBL, F INSDHBMEXDBE gp—1) (X1, Xi—1) DHFEZRDLSITB<,

o2 = Var[ye(Xy1,...,Xe)] ¢=1,2,...,k,
C(k—-l),c = CO’U[’(L',:(Xl,H.,XC), ¢(k—1),c(X1:---aXc)] c= l,2,...,k~ 1,
pik-1) = Elgg-1(X1,. -5 Xk-1)]

i 2 EREKE L TEY 2 RBEEAND. I—F)bgid. IBRIETHD LRET . ¢
WY D LB-#HE B U-KEHRE V-HREHRICBE TS LRD 3. ROKIITEASNS,

k-1
d(Bn,Un) = P {~2ko? +2(k — 1)(k—1)1 + (k = 1) (ke—1) = 6)%},
k-1 3
d(Bﬂ) Vn) = o2 {—ka% + (k - l)C(k-—l),l + Z(k - 1)(M(k—1) - 9)2}a
1
k—1 1
d(Va,Un) = ~—g={~kof + (b= D11 + 7k = )(pg-) = 0)°}
1

RE 2 DWERMNDS d(Bn,Up) = d(Bn, Vp) + d(Va, Un) MWD D, £72. LB-HaED
U-#st BT 59R2E 25851, d(By, Uy) & MSE(By,)/Var(Uy,) ® n~ LRI
L\, LBHEED V- BICHETAHRICEL T, EHLAERSRO LD,

Example. /NTA—%ELT, HEEXD, LB-HEHEIZ. By = Y (X~ X)?/(n+
1) THD. 1 RKOFLE—-AT b g (i =2,4) ZFFEEEITONTHRZER SN LT,

—4(a — 245 —2p4 + 5413 —2u4 + 33
d(BoyUp) = 2B Z2) yp iy ZHTS g gy 220 3
Ha — [ b4 — Ha — H3
%?ﬁa’%o ﬁ@:\ Efﬁ%ﬁ N(/J,,o'z) ﬁ\%@*gj;‘:ﬁbwc‘ chtﬁl:fctéo
1
d(Bn,Un) = =2, d(Bn,Vn) = DX d(Va,Un) = _g

ST, B> Vo >-U, TH5B, itH By > Vuld Bt Deficiency DEKRIZAWT, Vi, &0
BNTWAZIEE2RT, £ —BIHU(-7,7) DS OEXRIZHL T,

3
3 d(Vn)U‘n) = -

IR

E?%%c :@%é‘\ Vn >— Un >_ .Bn “C\‘ééo

SE 3k

[1) Nomachi, T and Yamato, H. (1999), " The expectation of random functionals with the
Dirichlet process and its applications”. Bulletin of Information and Cybernetics, 32,
165-178.
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Asymptotic properties of LB-statistics and Berry-Esseen bound for V-statistics

BESKREIHD1 FHA—H
BB B KB KA TT

—

F
KH k OxtFR% kernel g(x1, ..., zx) % b 2 estimable parameter 0(F) %€ 2 5. TOHEE L L
, UKEtE U, & VHETE V, PRGN TV S (BIZIE, Lee (1990)). —7%, % F OFEHS
&ELT (R,B) LD/3T7 2 —% o % b D Dirichlet process i\ T 515 Bayes EET, a(R)
0 I ERIFA ZEIZ& DRI Bayes #E& B, #3515 (Yamato (1977)). Th#%, LB-#atE
W ZERETE. A Xy, Xy BT E DODREES n DERETDHE B, I ERTHE 215 :

e R’y 3 A

n+k—-1 _
Bn=( Y a(Xay e Xy Xy Xn).

k it tra=k b "

LB-#s & B, & V-fat& V, 1, U-HEIEOMEHE G L LTERDLT I EHTE D (F21E, Nomachi
and Yamato (2000)) :
k(k —1)

Kk~ 1)
2n

Bn = Un -+ Rln = Un - (Un - UT(Lk_l)) + RQ‘IU

‘/;zzUn+R* =U, -

1in (Un - Ur(Lk‘l)) + R‘En'

BL, UF Y 13 kernel g1y (21, -, 2h-1) = {9(21, 21, T2, oy The1) +9(T1, T2, T2, T3, -0y Tpot )+ -+
9(T1, oo T2, Tpom1, Tm1) }/(k — 1) W 3HIET B U-fREFETH 5. 72, nRyy,, n®Rop, nRY,, n*R3,
£ Eg(Xj X)) |[<oo 1<h < <ip<k)DTFT,n— o0 D& IR 1T TERIZI
W 5.

K|ET, LB-#E1E B, OELIMME & V-Hit&E V, @ Berry-Esseen bound (Z2WTHNT
L. UTFTE, r () LT pp, v, C, Cr 0% FIEFLRVIEEHKE L, O(z) ZHEEEILE
BomoshERe B, T EED jy, .00 (1 <5y € - < gp < k) 124 LT, Proposition
9.1, 2.7, 3.1, 3.2, 4.5 TIx E | g(Xj,,.-» Xj,) 'S pr < 00 & L, Proposition 2.2, 2.3, 2.4, 2.6, 4.1,
4.2, 44 T E l g(lev""X.'i/c) - Eg(le,...,Xjk) lTS Vp ETh. 26, ji=1..k 23 LT,
'(ﬂj(.rl, ...,.’L‘j) = E{g(Xl, ...,X}c) I X1 = Q?l...Xj = iL'j}, 0']2 = Va'r{z/)j(Xl, ,XJ)} & B < .

2. LB-#:t8(I3¢7 % Berry-Esseen bound
Proposition 2.1 E | Ry, |"< [2k(k = 1)/(n+k = 1)]" k.
Proposition 2.2 E | Ry, — ERy, "< Civen™%72 (1 2 2),
E|Rin — ERy, "< Covpn~ 37— (1<r<2).
Proposition 2.3 Var(B,) < (k*0?/n) + (Cug/n?).
Proposition 2.4 02> 0, E | g(X1,...,Xg) -0 3< € £33, B, €13 ko? <1y < €23 21
TEERTHE. COLE EED n(Zk) IIHLT

n(B, — EB,
Sl;p I P[——\/_(—;L—wl——l <z]-9(2) < mn

Corollary 2.5 FED n(>k) I LT
PRB BB o) a(a) |< o egn”

su
P P e Fo?

Proposition 2.6 02 >0, E| g(X1,..,Xs) =0 P< € &¥ 5. AL, £ vyp <& FMWMITIERE
BMThs COLE FEEDn(>k)IZxLT

V(B — EB,) C.€ Cava /o
TR T o« — < (—
k‘O‘l < If] @(.’L‘) |—— (kad'? k3/20?/2

sup | P =2,
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Proposition 2.7 ai’ >0, E| g(X1,...Xx) =0 P= ¢ E | g(Xl,Xg,.. Xi)— 6 32< n, E |
9(X1, X1, X2, ooy Xie—1) 13/2<77 EFTH EL, i <P SERMTIEERTH S,
10)2:3,135,%0) n(zk) LT

sup | PR =0 < ) g0y 1< (S + Oy Sy

kot k3o3 ks/zaf/2 ko
3. RIEDHENFESH
E%‘OD f17f2 € £2(Fk) “:?‘TL.‘C: Wfﬁ (flaf2) = E{fl(Xla'-'an)fZ(Xla-",Xk)} tj—é
Proposition 3.1 FE|g(Xi,.., Xk) [2< o &L,02=0,02>0&T5H. ZDEE,
k bl .
n(Bn — ) 2 Z 5 2, ejie5) [ H,(5y(Z0) = k(k = 1)(6 — 6%).
=1

J1=1j2=1

'fﬂ. L, h(z)((tl,$2) = 1/)2(.1‘1,.’122) -0 '(}) b y Tl(j) & j = (jl,...,jd) 0)‘:1:"6 [ L:% L\/‘(ﬁ'ﬁiﬁ@@iﬁif
»5.

Bl 2L, g(x1,22) = 21712, EX =0, EX?2=10k %,
nl, Doz 1, nY, A 7%, nB, Ay + 1.

Proposition 3.2 E | g(X1,..., Xx) I?°< 00, E | g(X1,X1, X2, X3, ooy Xi) ’< 00 E L, 0% =
02=0,02>0%,T5. DL E,

B0 2 ()Y 3 Y

'M8

o0
eneyzejs H H,«, (_7
=1

j1=132=133;1
+h(k = 1) Y (h( (o123 HHn(J)
J=1 =1

BL, h® (21, z2,23) = ¥3(21, 22, T3) — 6, hf;? (1) = P-1,1(z) - 0.
BlZIE, g(z1, 20, 23) = 212073, EX =0, EX?2=1 Dk &,
n32(U, — 8) B 28 — 325, n32(V,,—0) 2 23, n3%(B,-6) B Z3+32,.

8
ol

4. V-#E1E(CHT 3 Berry-Esseen bound

Proposition 4.1 FE | R}, — ER}, |"< Ciyn=5%/2 (r>2),
E|R;, - ER}, "< Covpn= (=D (1<7 < 2).

Proposition 4.2 Proposition 2.4 ER UEHFDT T, £ED n (> k) 1T LT

V(Va — EVy) CE 12
TN o) )
sup | PIo—— <] = @) [< g En
Corollary 4.3 HEED n(>k) 12X LT
\/E(Vn - EVn) Cé _
P il Var(Vy,) <z]- 2@ < k3o 3” Ve

Proposition 4.4 Proposition 2.6 £EFE LEHDT T, £ED n (> k) 3L T
\/_(V EV ) le CZV3/2 -1/2
Sup I P[_—__ka z] — &(z) [< (kg 3 W)n .
Proposition 4.5 Proposition 2.7 EF CL&HFDOT T, EDO n (> k) I3 LT
[\/E(Vn -0) <) - 2(a) |< (S le Can Cs,ul)n_uz_

S‘ip I P k'0'1 - 0'3 k3/20:13/2 + kO’l
38k
[1] Chen, X. (1980). Scientia Sinica, 23, 1079-1091.
[2] Janssen, P. (1981). Metrika, 28, 35-46.
[3] Lee, A.J. (1990), U-statistics. Marcel Dekker, New York.
[4] Yamato, H. (1977). Journal of Japan Statistical Society, T, 57-66.
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R MIVETIILO7RAEBRRBEOREBEROLEIZSITS
KEFTIOGAHIZONT

BRKFEEXLFE FEE—L

1. SELEESR
Emvw:7éﬁ®&%ﬁ%NPﬁ)&%?ﬁ%s.fu2 N} &¥5, &%
BB TESREEORATHOBRERY o; & L. T0OEEE A, £33, Abiz
_A—nﬁyqazer&% REEOFTHZEML TS, BEEREEITS 1 A ~D
B FICkoT, FBIZBIRT S, BEHER {0,1,2,...} LT f REXRREHIC LT
(F fif .} ERASRIEEXIC f° LELEREEE D 5, —ORECIIEEREDHY
EZOMBLELTHBEDT fR 2 HEOREDIZfF EETRELTUBILf 2 b TERKES
FTHEICT D, EXHEOSEE F LR LI L BUEEM LML, KRB KBV CEERE
EOTBL LT (i) MBRENRE j ~ L EERHBT D LE0, 1 ROEBRRE o)

ERT, fIIHMIS LHBRRITIE: Q(f) LRT. T026&% Q(F) = {Q(f)lf EF}
ET 2, pZEREKLTD, pRE=Z—7 UV FEMERF LT3, £ feFITRLTI

BORBIH S BEREEOHEE [ L35, ThIvBLND R EOEERZAIE
%rU)?:%u&@ﬁﬂ%Q(ni¥ﬁm%ﬁﬁ%u() Q*(f)r(f), FEXHER v(f) &
T3,

2. BISIZESRY MLEDZILOIREARR
B (0SB<1) 388|RHFF LT 5, FEEHEK f e FIZHT2RFFEL

I(f) =3 FQ™(Ar(f)
LEETS, & feFiTxLT
> B RM() = (1 -BQ(]™

n=0

Glim (1- m}jﬁ@“Mn Q*(f)

Adi[I - BQ(S)] = detlI - BQ(H] Y BQ™(f)

n=0
BRIT B, i e(f) Ik »C Qf) PRAEBRESEROKEET L

o(f):= lim oa(f)= ﬂ—;l OI(II ﬁﬂc)?(lgl

pB—1-0

>0
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ETED, FEOD flge FIZXILT
Lg(g, f) =1(g) + BQ(9) Ip(f) — Ip(f)
B L
det[I — BQ(g)] [Is(g) = Is(H)] = Adj [I - pQ(9)]Ls(g, f)
BEKILT B, -
Alg, f) = Qg)u(f) —u(f)
L(g, f) :==1(g) + Q(g)uv(f) — u(f) — v(f)
LB E Alg, f) = 0B BIE
o(9)[u(g) —u(f)] = lim

B—+1-0

AG[I - BQ(9)]
(g1 )@

WERIT D,

3. REFITIOIEHA _
(1) REEZMOSE~DISANTETSH D,

1751
Adj[I - BQ(f)]
(1= B)N=1a5(f)
DEMAERICOVT, b L 1 -8 2REHCHTTQ(f) KBITHHEBHRETH D,
RIS ERRARETHD LHETED, TRITREBEHOFELR2GELTTLR &
b, BRENEHERU CHAIDEBN THANDHERERICARE L R EEEERT D,
(2) KIRBIBREHEDHELFIETH D,

(1) & 05(9) >0 THIEIEETDE, u(f)u(g) £2D2DiITA(g, f) = 02D
HEERMRILG € Cg) iewnT (L L8816 pl, € K,
ERBBETHD, TNIZREFTIIOBBIZE > TREHNBREBROHENFRETH D

EERLTW3,

SEXK
(1] PBHA - & BRIEE[ AR 7ESH |, HEEE, (1982).

(2] T.IKI and N.Furukawa; Vector-valued Markov decision processes with average criterion,

Memoires.Fac.Ed.Miyazaki.Univ.,Vol.54-55,p.1-10,(1984).
(3] T.Iki; Vector-Valued Finite Markov Decision Processes with the Average Reward Criterion,

Memoires Fac. Ed. Miyazaki Univ., 72, 1-11, (1992).
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FEZR A4 B AR D FI

ET D IERT L8 RS
RRRFRFER BT HR = Bk

1 [FU®IC

ARt D H AR A PR BEBIE (pef) DBEBOH N OB FIAEEZRRS Z & TH
5. 2 BT, RIMid A5V TIR—B{LIhz & &, BEITBTS0mmIE pef 2
WTHRITT 5 ZENTED I 2 BARPITIRARS. &z, @B BMES T o
BENFIHATES Z L 2R /20T, 3 BT k-match prblems ~NDFAZRRRS. ZZ
THRFIN iid NSV ATIT—RKIEL TR TE 5.

AFRED 2 B Hirano and Aki (1999a2), 3 Eid Hirano and Aki (1999b) iZFE D)
TWa. EDOEHETEL OFIHIZEA THWRENDTINS EBIBI N/,

2 EICET539mANDFH

2ETIE, 021 OfEZEDHRERORY {X;,i=1,2,...} Z&>S. BOIHE-ST
BHE X; 2 BEORIT, X, ME1 2ED528283), H0%2E2Z2%6KMEDE
DILITT D, RINid THHEE, Bl k BORRIIAIEZ 2 £ TORTED S
Mz Gplp) EMNE, B% {a,a+1,--} R T RLIEEEDDFHE Gy(p,a) En<.

Ebneshahrashoob and Sobel (1990) 1Y)V X—1 BRITITBNT, &I s DERZIO
BNEIZRRE r ORBOEDNINDBE IS FTORITROSME, TNSDED
TNONE 5 ETORTRDAM%E pgf ZHVWTROD TS, B % sooner problem,
%37 later problem &\ T &IZ9 5. Aki and Hirano (1993) 13, iid RFlzE<)La 7
RENTHEER L, pgf Z AV T sooner problem & later problem Zf#VY/=. iid RFIZE <)V
JT7RFIOEDZHBITIERT B EE, HEDEEOHTITLELART pgf ZHAWDHEIZ
MO THRATH D Z L0035, Uchida and Aki (1995) & Z DREREE —R&{L L 7= sooner
and later problem % pgf ZHWTHNTWVWS.

Hirano, Aki and Uchida (1997) 1%, m KX I THRIIT, &S k£ O 1 OENIZ
CHTRIDETIIRE ¢(m <) O 1 OEDEI SE¥K (overlapping TEA 5) D473
M2 Gr_e(pr.1,k—£+1) THDI L, FHRICLT, BX ¢ ORIGEDE A F% non-
overlapping TERA T EEDHMD pef 2H5A, ETEES ¢ ELEEEDOHHEMN
Gl (a, 0), a = pl...lk_e/(pl...lk—e + ql...l), Eé 4 u_[: & bf:t%o)ﬁﬁﬁ\ G1 (pl‘..lk_e)y
THHZEERLE 727ZL P11 =PXi=1Xi-m =1, Xicmy1 =1,-++, Xic1 = 1).

B8 pgf ¢ Z2RKDDINODIT,  OERBEK @ 2R, INZ2HITLT p 2K
D%, WIlf (1994, p.118) iI#RE D% ("Snake Oil” method) EE>TW2. WRE
DMEZ VS Z & T, Aki and Hirano (1988) &k D —RRHIRIEEE Nz A —5—k @
2IRGFD pgf ZHEAXTWS. F/z, RFNTIITDEE, Aki and Hirano (1993) 1
=5 —k D2HEAMIIKINT 5770 (T8 n T, BE kD1 DEOE I SEHKDH
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) D pgf ZBEDETEATNS. ZOHEEL TRIB m KX)NVIATDEE, Uchida
(1998) 1EXHIET 2 0H D pef & (REDHEZHANDS Z &R ) EXATVS.

pgf MEZ SN EE, ZO pgf ZRODGHOBERIIZ D pgf ZRBATHITKRE 2.
pef WEIBRBERO L E, 0 pgf 7 SRERZRD B 720 DE{EA3 Stanley (1986, p.205)
THALNTND. ZOBREANT, SHOHRERIKRDDIENTES.

Fu and Koutras (1994) /&ED M ERD S72DIT, finite Markov chain imbedding
approach &5 A 7z. T D7 Koutras and Alexandrou (1995), Han and Aki (1999)
KEOTESIMEEIN, pef ZRODFELLTHEARDOIBZ>TNS. £k, §F
REDFEOUEZRNWTT 7T AEH%ERD D Stefanov and Pakes (1997) DN
5. ZOTTIAEWEMNS pgf ZRDDFHIETH ST Aki and Hirano (1994, 1995) D&
REFEBL TN,

3  k-match Problems ~OD%|H

Arnold (1972) 1 k-match problem &XIENZ2DEFDXISRMEEERELZ. #ED
iz, fHRZ2 m BOR—IBA-TNS. 1 @ OETHETROHL, BOEE
L---,m ZE&ELTTL. ZOXIIILTTED X1, Xo,--- Wiid {1,2,---,m }-tiFE
BRERIITHS. (1 EDRITTOEDDEIGHRINDMHERIT 1/m THD) . k Z2EOE
BEL, BETS. 817 1B Tk-match PHEZ 27 &13, X; EFDERID k BOR,
THRRDIBEDENDN—HTDHIEEND. £IT, 1ZUHT k-match (or duplication)
VI DETORFLEM T O0M LRz, BE P(T > j) BEEICKRD, KOX>37:
WHZSATWS.

m BOEONH> T, Y—ERZTo TS, 1 DOY—YERITI k(+1/2) 2hh
2. 121 ADEIET 1 ATDENKRT, SUFAICROEZRR. HLEALEREOKC
FERNANUL, BT —EZAZZITTIROTLED. TDEE, BUDTH—-ERA%2E
IR ENHL ETORBREINZORETH 5.

k-match problem I3, birthday problem (m = 365), surname problem (Mase (1992)),
HORFS FHEIERE (Aki (1992)) EBEENH 5.

#17 i T k-bimatches (k-double matches) AT 2 &3, Z0 ¢ BE ORITREN
TOEIRDBEE k BORITRREDO I EDOENNE—HL, BD, Z0 k BORITHEED
R IHDOF—DORITHRENH D L ThH 3.

Z Z°THd, 1st k-match, 2nd k-match, 1st k-bimatches DFFE R DOBED D pef
MEHIN, IHICKD INSOEESHPEE, SENEEEING. 51T pgf 24
WAHIERBRIIINIATICR LU THEREETHD ZEAVREN5S.

51 AR

Hirano, K. and Aki, S. (1999a). Use of probability generating function for distribution
theory of runs, Proc. Inst. Statist. Math., 47, 105-118, (in Japanese).

Hirano, K. and Aki, S. (1999b). On k-match problems, Research Memorandum, No.
724, Inst. Statist. Math.
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Generalized waiting time problems associated
with pattern in Polya’s urn scheme

KKK K E B TR JE L 8w
2k it

1 [FCE®HIC

X1, Xy, ... 1%, Polya DIEAX— LD ONIHREHINET B, 20L&, X\, Xy, ...
DI NREZ =2 T = (ay, ag, .., a) DO THDLND E TCORELIEPM A L5293 1~
2L, "= DERGITa; € B={0,1,..,m} THd. £, T2 TOMHLIENMMIL,
"score” LW PLEDEB A Lo T—{bkah T3,

A& T, probability generating functions (p.g.f.) {E&Z AW THREIBEI STV
5. FF, MRS DRI HER BRIEUZ K-> THR EN A R A HEIHNT 5. 20 HERR
R, M T EIIARTRETH B.

FZTHE A, EREOFEBRUZ L o> TR S = HERR S, 2R L AR
Lo TSN, LEDOKETH LU LN/ MR AEINTEBH LW kY52 5.

2 Polya DFEAFX—L

Polya DA F— M DWW THIHICHNIT B (FEL < X Feller 1968 % 21). #Eo iz
KDL DIRAB=NVBA-TNDET D, T2bbh, 70BN THHIR—IN oy 8, 5
ASNUIR T THDHR—NVDE ap l, , ..., TR "M THER—NR q,, A-> TS
WRBEETD. ZOPNL T F LR —NE—2IUD L, TEDOR—L &L HIZFHL
FRNOR—NEFIN ¢ [EBINT 5. TELTIOREEFRYET. k&, Fodho
R D% o = (ag, @1, ooy ) ELTRL, BV OREF |a| = oy + a1 + - +
THRYT . e; X +1) BROETH 1 IZHELL, EOMOEIRT T 0 IZHELWWRZ b
ET D e =(0,0,..,0,1,0,...,0) 1 x up1), (=0, 1,.m). WE, TAULHR j Tl B li—
AR &N T35 &, B—A DI, a + ce; ~L T 5.

ZOEDAMITERYIRL, 7 EFREL TWIHIHE, Polya DR ¥ — AL > THS
NIRRT X, Xy, ... BB LN TE 3B,

3 —Hb Sh =55 W R RE

MHT/NE— 8BNS E TOREFLEMRIEE "score” E WS EFEATHZ & T—
AL LTEA D, TR 77 ThBDR—/UZiE "r” LD score 320 TWEH D &
5.l e N={,2.},0F=01,.,m) LT3 FIT, MHELEI X, Xy,...
DINZHIDT/NZ—2 T RBND ETD score DEMOBARIZDONTERT B, /=720,
TRTD score 23 1 (5 LWVE &L, N0 T BIHEREEY] X, Xy, ... DD T
BN D £ TOMIE O HIFRIBIC S L.
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DAt B A= OUMRIEL, a0 = (C00, Xovs -y om) T B & X, HEHRIEHS
X1, Xg, ... DFZFDTRE—2 T BENDETO score 0){:’8?[1(/)5}%%_0!/ VT DR
REAEEcE ®(t) <. 2, WET, (i=0,1,..,k = 1), score n ZGTEY, TOLE
DAR—=IVDRTED o = (g, @1y ooy @) THDERET D, TLT, ZORFRNHPHT
G — T %185 E TO score DRMOSIANI BT DRLATHER KK E o(T;, o, n 5t),
(=0,1,...,k—1) &BL. ZOLERDEIENBRIATS.

Theorem 3.1 FERAEE (1) BLU, FHAHEREEE (T, a,n;t), (i=0,1,... k-
), KOFBAREFHZLTND:
Z la()j tr) 7(),_].),01()4—(.'8',‘,7‘.,' l[)’

a()l

m

(3.2) $(T,0m ;t):Zl—C:— 0 S(F(Ti5),a+cejn+rj;t), ((=01,2..k=2),

(3.3) ¢(Th—y,cx,n 5t Z ’ 1 S(f(Th=1,7),c+cej,n+r;;t),

(3.4) H(Tyanm ;) =1,
where, P(1) = ¢(Tp, , 0 ;t).

Theorem 3.2 TRTOEDEL ny (06 LT, ROFEEIHRIL, MERRELE (1) 2E
22 BACTH b Yo - e R AR (1) &<

m
. (64 " .
("35) E : l Ooll t" T'O)J)$a()+ce)'1r}‘ )t)l
=0
m

(3.6)  (Tia,n;t Z Jw B(S(Ti,7) e + cej,n +7j ;)

(i=0,1,....k — 2), n < ng,
m
(3.7 H(Th—1,x,n 5t) Z J £ $(f(Th1,4), o+cej,n+rjit), n<ng,
(3.8) ;(Tsa,m ;1) =0, (G=0,1,..., k= 1), n> ng,
(3.9) (T, a,n t) = 1.

References

Aki, S. and Ilirano, K. (1993), Statistical Sciences and Data Analysis; Proceedings of the Third
Pacific Area Statistical Conference (eds. K. Matusita, M. L. Puri and T. llayakawa),
467-474, VSP International Science Publishers, Zeist.

Aki, S., Balakrishnan, N. and Mohanty, S. G. (1996), Ann. Inst. Statist. Math.,48, T73-787.
Isbueshahrashoob, M. and Sobel, M. (1990), Statst. Probab. Lett.,9, 5-11.
Feller, W. (1968), Vol. I, 3rd ed., Wiley, New York.

Uchida, M.(1998), Ann. Inst. Statist. Math., 50, 655-671.
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INU— o T YL & F DG

miE At B B
MEEMAY BTHEERRE

1 F

WET—% (BKET—F2EZ2D) ICHEAEIEINFE LT, 7L~ mn
FISHWENTEZ., LML, BET—F ~DOEEER T3 LW EAND, &
T RRESHANE AL L HICR-TW 5.

ZITHE, —MBBELSRICHTITELDE LT, RU— - F oS RET
L. b, BET—FORIEREEZ, TN SHROBEERRLSTAD L
BRAHB.

TR RBMES R E AV LY, R T— - oL S AR
B Z EIZE Y return period DHETEREENRL RBBANH D = & Fit.

2 INT— - FJURILAFH
2.1 EE
FfET —Z @B IHD0ME LT, ROT U ANGHNELANGENS
A(l: Hs 0—) :A((I—u)/g)v —00 < T < 09,

72iZL, Alz) = Az; 0, 1) = exp(—exp(—z)).
ZIT, TUNUGMONEROGNeE 25, 3205, 7 >0 OREEHT
TE v >0 BNFELT

P(Z7 <z) = Az —p)/o), 20, A(-p/o) <],
ERBEDEERD. ZOLE, Z OGAEEE A p, 0,9 ETDE,
Az p,0,7)=P(Z <z)=P(2" <27) = M(z" —p)/o), z=0,
LB, ST, TOFERE AN p 0 &

727! 2 —p
A@;uwnv)ZUAw(ﬂA( =

), >0,

EEZD. TEL, Mz) = A(z;0,1) = exp(—z—exp(—2)), Ay, o) =1—-A(—p/o).
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I OEERBEE R ONMME, /XU — « 7Yl (Power-Gumbel) 737 & FECY,
PG(IJ'v g, ’7) Tiyg‘

2.2 48

7 YL AR DS BRI B IR A NE R TRV DERIED ML, £z
U= JUoUGIMTHEETE S - §xbb, 7o~ ahmORs 8B 910
F T, z(F)=sup{z; F(z) <1} =00 &BE/BEZEZX L,

Fn(z) : A(Z; bT’lJ an) i A(Z; /6117 an; ,Y)

DWESLT 5. WBHEEK ay, b 1X F(2) 225, an, Ba T G(z) = F(zV) 63RE 5.
F70, XU — TUNUST A( p, 0, y) 12TV A OWRE REISIC BT

3 INTA—FHFE

T T V55 PG, 0, ¥) D73T A—FHEEIZOWT 3 DDFERE % 7-.

FELELT, BAEEERT. Z0OEA, HRET RS M=o — P
THRENTZ DSHEEED R E BV EER B - 7.

FiE2 L LT, —BBMESHEZEA L PWMETIK S5 A — 2 52 HETS. B
PRoXT A —Z OHEFEREN 0 ITIES< KO IIBET —F 2 _XFEWHBT D, ZO_FE
B LT —FIZ T VGHREREAL, BEETRI A= (4, 0) ZHEETS.

FEIELT, HoM LD v OEOFEEZRD . ZOHHAD v TF—F 2~
FEBRLZNZT IS EEAT S, BLETRTIA—Z2HELLEL KD
5. ZOLENERIZRD (1, 0, v) ZHEEMBIZTS.

4 Zalb—I3r

INT — « TR 6 OEEL (VA D000 b ORMEELEOFELE Z 2 5
D) X LT, return period OHEFEIZ T o ~IV5F0, /XU — « T L~OLNH, F
LT—RRMELSMZEAEIED 32D FEEZEXT-.

Yialb—=varz, y=05 10 2.15 OFATITo=. y=1 OFETIEZS
NS ER LT FEORBENR—BER N7, FRLUNATIE, RAU— - 7oyl
NADORBENR BN -T2, Fiz, ZOFHBATIINT— - F o~ ASHEEHATHIES
D—RARELIMEEAT AL VBENRR»-. v > 1.75 TR~ U5/ LD &
—RELMZEAT 51F 9 DFENR BV L) penultimate BN R STz,

5 T—HEM

FNZEENDIELBNTEEOUIRTEIRE 2 BIE Lz X 400 ORMET —# &, 45
FEROFEFRKRBIKRET —F 1T T — « T o~ V5Fa %8R LT e A 75 4 L.
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Pitman FESR 4y EID A RIE AR

EREEE (BTFREERRE) . Kt (BABKF)

HIREAE L OBOMRNSENL., IHAEERGRR LOHE RO BANBLETH 285, ol
WAL, BORERIODEID 72 T » & b BRI A2 DAY Ewens HER S HIZRSIETH D, 7= & 21 Johnson
et al. (1997) &M, Jim Pitman |Z 1995 Il E H-—HOFH LT, 1 /T A— 5’0) Ewens {ft#53% 4%
28T A—FITHEE L, AEMREME LI S/ Lz, AR T Pitman OF 7 & YIEINIZHRAT 5
o, HIBEFALHRE L CRRBET /L AE, FORECHNFEL &R 5

1 FEDETI

—HEOEENOWIE By, By, ... &, —BEOFEEDOWIG Uy, Uy, .. 42 BRT Y FLIZAND, £
T B EMR L1 TU ICAND, EBy,...,By B U; 12 ¢ B, ¢; >0, j=12,...,k, (Z;’;ch =n)
A TWAEBEDTT . & B MEFIFNDFEIZADHESR L

. 0+ ka
5 LU 1
B LE Uy 13 e (1)
- C; — &
HoaR U 1 2 ., l<ji<k, 2
O U f+n =J= (2)

f‘\

ThieTh, EORFEEZDE, Br,...,By OTE~OSHLITIE, BE N, = {1,...,n} OIFH 5
B (ay, ..., ) WSxHE L, OREEN

-/

7

k
a)ler=l i =ay >0, 1<k <m, (3)

p((ay,...,ar);0,a) =

L7870, g XENES o OEFEH, M =2@+ 1) (z+n-1), THS,

2 SHEIORE

£ 1 EOFTFTALOLNE

FIZEMA 5 D EIZXRBD e
HIKHN DD | HREE N, OWEFENH D% A2 | B n OIEFEL 5558 €0
FCEBD 2V | HIRES N, OMEFFR20HE AL | BRE n OIEFS 205 CY

#FZIXH1A 5 D ( distingnishable ) 7 XHIA372V %+ ( undistinguishable ) . L.E'Jﬁ\&)%’)?ﬁ‘fatb‘f)\i\_
Ko THOEFANRRO L) IZHDDHERIZHIND, FREFROBRAIC, Tﬁ'ﬁiﬁ"l"’\fﬂ) yEIE RS
LTS, EIOEOEROBEBS A BESE| (random partition ) Th b, HEDOHERSE (3 )
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P, 0 A%) TEDL, Y DZ->0EE LRBICERDT, PO,o;A) TEEOEOREBE L, AhER
BEROBERZD L PO,0;C0) HBBLRD,

. g nlB@ta) (64 (k- Da) 1~a)[°'“1] )
p((Cl,...,Ck)’e,Q) - Hln] ’E ] l(_])((»,,‘“l)‘ ( )

FEKHTEP, BEOEOK |a1],..., |ap] EIPBRTES & XITFZOMEFEERLT |o] = j &
7% O¥s;, o= 1,....n (SHERE) CHEREXRDTILICAB, P60 AY) RKOMED ThB,

k n 5 n
p({al,...,ak};ﬁ,a)-——#H(G%—(i—l)a)n((1-0)“‘”) C k=Y (5)
1 2

Pl,a; A2) PEDOEFBIZOLEOEFIZLEFELRVNE, WA Z X L7, BONEFE 72 B -
DA ETHH, TEEE s= (s1,...,5n) €ECY DHEEPO,;CY) IZROED ThH D,

n

;- — )i\
p(s;ﬁ,a)=n!0(9+a) Q[Eﬁ-!_(k 10)H<(1 o > glj—!, k=3 s (6)

i=1

BELZ—20n TiER.  n = 1,2,... LWIHBEREBREEYEZD L, FIIBRESN(TE, &I2TE
WA TNZERFL< 26 MEORBEABAREMIZFE L LD, PO,a; A%) DXHIZE, EOHEFITLLA

VWSRO F 5| % TP ATBE ( exchangeble ) & FES, $JFR, BHETELFEZETHDA, de Finetti 334
REFRHOLHOREMETE LTEALLMETH D,

3 HAREXH

TERRBEIIROEY TH B,

P8, c; A°) P(8, a; AL) 12T
DEIOHESE L RRAR, TR EREER, EELSBOF.L, DTG I 431

Pl.a; C) i\ T
DTG 45, FEmEID Y TET /. GEM 70f

P, a; CE) 12T
EE— AL b DEEEOBENE, BRSNS, T A—FHEE

2 & XM

(1] Johnson, N. L., Kotz, S. and Balakrishnan, N. (1997) Discrete Multivariate Distributions, Wiley

(2] Pitman, J. (1995) Exchangeable and partially exchangeable random partition, Prob. Theory Relat.
Fields. 102, 145-158.

(3] Pitman, J. (1996a) Random discrete distributions invariant under size-biased permutation, Adv.
Appl. Prob. 28, 525-539.
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FERTHDOT TOFIBRERAZOREAFOEBIZDONT

ERREREEREHRE BH A
EBREREBERERRE HA £

qBAOREROERETEHIEL LT, Bb—ROZFEC 1 tBBARSTET A0S 5.
A BIiBEHA (=19 »on BAOEBERICLONET~F %y, j=1,---,ng) &EL,
n=n 44 n, ET5E, IREBOETVEUTOL S ILEKLES.

Yij = Wi + Eij i=1,---,q,7=L--,m
pi 135 REEMORMEDFEHERL, ¢ ITAERZET, BF eij ~N(0,02%) 2RET 3.

1 TR B DEEN L OES LTE<H BN TWS one-way ANOVA test &i, JREEARER Hp :
pr=--=pg ORETHY, ERSHOT CRIRENILF) Thb.

FFEIESMED T TIE, Fujikoshi, Ohmae and Yanagihara (1999) i2 & ¥ 1@ 8541 DM BN KD
LNTHRY, BRI X2, LRDIEBNHPTND. £, BRROREFHNIZHE, ER
MDREDT TRERTH D Z LBMONT VB2, EERMEOREDT T, Yanag1hara(2000)
KLV EERAARD LN TEY, BRI X2, TEPBROBELFE L THEM, BLIRER
TRERZRDIENDH-TEY, BEERHEVREL RV L EERBMLET, FERORED
TT, oM eEIDTBLILIIEETHSD.

X,;j X BFEMH 1L (Z = l,-'-,q) 75“5@%] A (j = l,---,ni) ETBH. L, 11,
DN py, DB 0, THY, TNENRWNITA—F—ThD. BXDREOIFERBIL
Hy:oi = =0, THY, ENBRERIEL LTROT 2E% 5.

; — 1) logs; }
1,-1

IHRERSAOT COLELEETHY, S IXEEFEF, s? i%?‘/l/'-‘?"d)?l‘gzﬁﬁ’ﬁ
REIN—TORRTHERL Se =31 (ni— 1)s?, 7 = (mi — 1)7P 30 (X — Xi)?,
n YL Xy ThB. ERAMOT TR, TIREBRAMNS 2, TH5HZ &Mn%:hrmé.
Sugiura and Nagao(1969) CEHRSMA DT TO T DRESAFOBLERBBRD bh T\ 5.
AHEOHIIL, XYV —KIZ, FERFAOL L TT ORESAOWEEREZ 0t OF—F—
ECEHT 5 & T B, REERO T Yy = (Xy —m)jo & LT, F50, 41 LE2
nN50T, YVij~idd (j=1,---,n;; i=1,--+,9), E(YU)—O, Var(Yi;) =1 ¢ 15, ™MEs
ﬁis? EEEELEV = (Vla ) V) Vi= \/—(312_ 1) &, p= (pla"'apq)li pi= \/n—z/—n’%
Ans e, TEBRRAALUTOLIICEZLNS.

=(n—4){10g

1 1 _
T=To+%T1+HTz+OP(n 8/2)

To= V(- pp)V/2, T = {(pV) — (oY V*)/3
={4p'(VV)p ™ = (p'V)! = 29(p'V)? + (p7°)'V* ~ 2(p™2)'V?}/4

72l a= (a1, -, 0)" IKHLT, @™ = (aft,--,a7) L5,

TRV, Vy DIBLHZEE THRE TS Z &2, Chandra and Ghosh (1979) 12 £V Y
En BT 5 Cramer &R EDREDT TT O n~t OF—F —E TORMED Validity 13{REs
SNd. Wiz, TOREEEELRO TREL T ORESAOEHLERBAEHT 5.
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T DR ZRDDDICHER V OBECHLRMIIUTOLIICEZLNS.

) = #(030,m00) [ 1+ T2Qs(0) + Qo) + o)

Qi(v) =L, pila(m), Qa(v) =L, p; %qa(wi) + S0y, 005 o (vi)ar (vs)/2
q1(v) = —Hs(mg /*v) /6m)/?
0 (v) = Hy(mg **v) /mp + moHy(mg /*v) /24m3 + maHe(mg /*v) /72m
22U, Hi(z) X kRD Hermite ZHEXTHY, mo~mz T8 RETHDY DX =225 F TR

EHHDTHS.
INLZANTT ORMBEEIILITOL S ICRHAZNS.

3
Cr(t) = 3D [l + % > bjsO’} +o(n7h)
i=0

bo=—-h+Jo—Js,bo=-3J; +Jo—Js+Jy, b1 =3Jy —2Jo —Jy+ J5, bs = J; + J3

Ji = {4m} — 6gmi — 3¢*(—2mg +mu)? + 5mi| o *|*} /24m

Jy = ma(l =29+ ||p™1||?)/8md

Js = —(m§ —ma1)(—4+6q—5|lp™||*)/6mo

Js = ~{(5+6)mg — 6my + (m — 6ma)||p~*|?} /12mo

Js = {=2md+ q(—2 + mg -+ 3mf ~ 2my) + m; — (=2 +mp)||p 1|} /2m0
TIT, p=(1-meit)™t &V T ORMBEEATIHERD x5_, ROBRVDT, BAR P TIRARND
ERbDD. WRER X2 2B EIIZ2T/my LEELTRY, ZHIZET2RENFOELE
BERLUTOLIIZEZLNS.

2T 13 _
P (% < 1‘) = Gq-1($) + E;bj(; ._1+2j(.’15) +o(n 1)
TeriEL, Gy idx} OHFBKTHY, b R ETEALENTHS.
AHETE, YIa21—2a 2 FWI0RBOELOBEIZSDWTHLENTS.

2% 3Lk

[1] Chandra and Ghosh. (1979). Valid asymptotic expansions for the likelihood ratio statistic
and other perturbed chi-square variables. Sankhya Ser. A., 41, no. 1-2, 22-47.

[2] FujikoshiY ., Ohmae, M. and Yanagihara, H. (1999). Asymptotic approximations of the
null distribution of the one-way ANOVA test satatistic under nononrmality. J. Japan.
Statist. Soc., 29, 147-161.

[3] Sugiura, N. and Nagao, H. (1969). On Bartlett’s test and Lehmann’s test for homogeneity
of variance. Ann. Math. Statist. 40 (6), 2018-2032.

[4] Yanagihara, H. (2000). Asymptotic expansion of the null distribution of one-way ANOVA
test statistic for heteroscedastic case under nonnnormality. Commun. Statist. Theory
Meth., 29 (2), 463-476.
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Fractional ARIMA 1B%2 O/F 88 B3 0 #1288

bR - B H LR

{X,:n€Z} WERER (Q,F,P) LOFY 0 0EGFEEBRE L. 205
Bt x () &L

v(n) = E[XzXo]  (n€Z)
LA(Q,F, P) \oBWT X (k€ Z) AR AMMASEMEE H L€, H IR
(Y1,Y2) = E[N1Y))
& VA
Y] = (v, ¥)"?

WCBIL TZN B & Hilbert 2B & %%, n e NIZHL T, Xy,..., X, 3% H 120
TiRD2HRRITETERME Hym &L H P Hym ~OEFBERAEEL Py
EEL IO, Y e HIZWLT, PV i Bll7—% X,,..., X, 12&$<
Y OBREBETFHN. #oTY - Y GZF0OFHEE, LRZEN S,

{Xn} DRMEBE o) ETROFRICERINS ©

B(Z; 7]
E(Z:VT - BU(Z: VT

a(n) = (n>2).

(v
(v
A

Zy = Xn— Pun-yXn, Z, :=Xo— Pin-1Xo

EBV, EHIEEE o) 1d 1) = 4(1)/4(0) TEHESND, ZOEHIL.
am) 5. Xo & Xy O FNEFN X1, Xl OFBERNVBRNTELNDD
EOHOMBBETHIL VI BEET->TWVD, ZTOEKT, ah) E X, & X,
DED [ #i#e7% ] FHBRETH L2500 . FHABEH o) 25 {X,) ODRBEREEL T
BICHEETLEEZ LDIIERTHA I,

BT, {X,} 12T 5HHRENT T, FHEBEK 1() OWTZEE)

y(n) ~C-n7? (n — o0),
7272l C>0.0<p<o0&T b, b, of) T2

1) o) ~ <™ (0 o0).

> hen V(E)
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EV)ENEATAED) TEFRENT, T T, TOEHEARE (1] DFERT
AN —S N vd) EEL long-memory process T 5 fractional ARIMA 1
RBICHRL 72 2] OBROBENZIT I 0

~1/2<d<1/2 kL. £/ p,qgeNU{0} &T5, {X,} DIFERIE () 25
ROFRIZET B, {X,} 13 fractional ARIMA (p,d,q) BRELFFIN 5.

_ [T ] |8(e™)|? _ piAj-2d
v(n)—/ e A%WH e dA (n€Z).

TIT @2) b Oz) EENFN R p & q DERESER Th 5, Frid k%
REST 5 :
P(2) & 0(z) XHEBEESEFLT, F-ERCHMAK{zeC: 2] <1}
WCERERF R0,

KA 2] DERIERTH S

Theorem. p,g € NU{0}, 0 <d < 1/2 £T5, TOR, &M (A) 27

fractional ARIMA (p,d,q) ##2 {X,} DRMEEEK o) IZDWTREED LD :
d

2) am)~ 2 (n—co).

FEE 1. Theorem @ fractional ARIMA 82 {X,} OHEBEBEE v()) 7%, v(n) ~

const. x n?7! (n — 00) LWV HNEBEF L IFOILIIRLHAONT VS, NP5

(3) _ ) 4 (n — o)

SorenV(k) n

BREIDT, (2)1F (1) DEELTWA I LD 5,

EE2. p=g=0@2 -1/2 < d < 1/2) OBEIIBNICEBEHET,
a(n) =d/(n—d) 2’8V iL> (Hosking (1981)) TD T L 205, FEKZIZ Theorem
EDb oL B de (—1/2,1/2)\ {0} it L TRAH Y oo & ASFREND -

d
a(n) ~ - (n — o00).
REFERENCES

[1] A. Inoue, Asymptotics for the partial autocorrelation function of a stationary
process, J. Analyse Math., to appear.

[2] A. Inoue, Asymptotic behaviour for partial autocorrelation functions of frac-
tional ARIMA processes, submitted.
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Applications of the Concentrated
Matrix Langevin Distributions

FHINKFLFER  SRHFF

1. Introduction

The Stiefel manifold Vj ,, is the space a point of which is a set of k orthonor-
mal vectors in R™(k < m), so that Vi, = {X(m x kE; X' X = I}. A random
matrix X on Viq, is said to have the matrix Langevin distribution L(m, k; F)

if its density function is given by (Downs [1])
e:cp(trF'X)/oFl(%m; —l—F’F)

with ' an m x k matrix. Writing the (unique) singular value decomposition of
F of rank p(< k) as

F et FA@I,Wlth F S Ih}vp,m; 6 € ‘71’7"7

and A = diag(A1,---,2p), A1 2> 22, >0,

the A's control concentrations in the directions determined by the orientations
I' and ©. The distribution is exponential having the modal orientation I'©’,
and has been used most commonly on Vi (corresponding to the normal dis-
tribution on the Euclidean space). The sample mean matrix X = Y2, X;/n
is a sufficient statistic, and the distributions of X and related statistics are
expressed in integral forms involving hypergeometric functions with matrix ar-
guments, which seem to be intractable, and thus we must resort to asymptotic
theory.

Asymptotic results on distributional and inferential problems concerning the
matrix Langevin distributions have been obtained for the cases of large sam-
ple size n(and small concentrations) and of high dimension m; see Chikuse [2]
and [3], respectively. This paper is concerned with asymptotic theorems and
applications for the concentrated matrix Langevin distributions (i.e., when the

concentration parameter A is large).
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2. Asymptotic Theorems and Applications

We investigate asymptotic distributions of the sample mean matrix X in
connection with testing hypotheses of the orientation parameters I" and © for
large and known A. An asymptotic behavior of the L(m, k; F') distribution for
large A is obtained (due to Chikuse [4]), and we discuss some applications of
the high concentration asymptotic theorem.

(1)We evaluate asymptotically the maximum (marginal and semimarginal)
likelihood estimators of large A, which are given by a system of partial differ-
ential equations involving hypergeometric functions with matrix arguments.

(2) Asymptotic distributions are obtained for the problem of classification
of matrix Langevin distributions under the condition of “local closeness” of the
distributions being considered.

(3) Corresponding to the concept of linear dependence considered on the
Euclidean space, measures of orthogonal association for two random matrices on
Vk,m are suggested. The distributions of the measures are in general difficult and
we investigate their asymptotic distributions when the underlying distributions
are matrix Langevin.

(4) We consider the problem of “orientational regressions” concerning the
matrix Langevin distributions and investigate asymptotic behavior of the max-
imum likelihood estimator of the orientational regression coefficient matrix.

A similar discussion can be carried out for asymptotic theorems on the

Grassmann manifold, which will be presented on other occations.

References

1. T.D. Downs, Orientation statistics, Biometrika 59 (1972), 665-676.
2. Y. Chikuse, Asymptotic expansions for distributions of the large sample
matrix resultant and related statistics on Vi s, J.M.A. 39 (1991), 270-283.

3. Y. Chikuse, High dimensional asymptotic expansions for the matrix
Langevin distributions on the Stiefel manifold, J.M.A. 44 (1993), 92-101.
4. Y. Chikuse, Concentrated matrix Langevin distributions (2000).
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[BER S5 LGREREEET TILEHESA

JE BRFRFEGTHE AT SR EHEEFE
IR BRERFEEEFH 7R B8 ERL
IEERZFRBRGTRRESZAR AH

ABE TIEREFRET —Z 2| OM, Tk, SREEICOWTRIFNIC, F7-13 R 5&4ED
TTHRYVRLAESNIZT—ZOILTHD. BVIRUBIEMS TSRS, T_TOEKE
DVWTEHELWEEENT VABEY, S6ICAGENRASELE LR ERERAT VRAEIL
Y, ZNOLUSNDT —F &7 A5 ZAREET — 4 RS, £ ORA, EBOF—4%
NS UARBRET —F TH/ABZ LI L, 7oA 0 RBERAIET — 7 DT AETEL 72 5.
AEETIAT N T U ARFRIET —FICEAZ Y TT, 60, BESV SHh0 I L—Fis
ZFZPNTNT, AVon 2 BRENRATENSEBNIC 2> TWABEICLEAEZ Y TTWS. §
Z L, ZEXHRLR EOBFEADE, F#/N—FDEEROKRTRE—THL, ASEENH B &
DBETHS. H1& LT, Potthoff and Roy (1964) D%k L D EDEET — & T, L&z 1
R, PEZ2RALBEESEIONWY LEX OGNS, ABETIE, “0 L) RBHHKESY
BT NG UARET —ZIIF LT, FUFAMEBMETAFZEAL, FOHABELES.

FEBHIEEL b 2T & MR ERHMBRET WL, BEN2WIEE %o T35, Vonesh and
Carter (1987) @Wﬁa LT 2EBRCDTTROLIICEASRS. 1L, BEDLH2BT
Ex25. 4, yJ ) 2B iBTOE j BROEEOKYE LAIERT, Py X1 X7 bAETE. 12
ZLU, j=1,N;, i=1,2. 0¥, ERBTHASNIBEENAREZD, Lrd, RLEBA
THEBEEORY B UBRRENERD LW T oA U ARFRET—% ¢35, 9 B¥IO
EFEIL, BiBIIH LT g MOBALEICESSBIFER, H5V ML, ¢ - 1 ROZERLFEE
XHBHELT,

v = XPB0 +ef =1, N, i=1,2

L¥5. 2z, X3 py x g OEEMOBKPEETET rank(X ) =q., B 1% ¢; x 1 0
I~ b, J”imﬂd®@¢W1%A¢FWT%5 Wiz, A—MRBAICRZ2D T
DIN—THEBHEE L, FHOEDY) TOREHOEBZERLT, KE~<2 b P i,

B =2 al) + 10, j=1,,N;, i=1,2

EVVIERANS. Z i, 20 = g0 .. mui%kanix —#475, ok x 1
DEEF~Z bv, v % qleﬂﬂﬁlﬁifaﬁ'ﬁ‘h%’\ﬁ wwm ¢, ... e® ti%z@f@%ﬁ/lx—
FDOFH T R — a«ar»r%a.ﬂ)—my, J%%ZE@MWﬁ%@ﬁa&@o,
rank(A@)=k; & 93, 883~ MU

E(e") =0, Var(e{?) = £ > 0, B@{?) = 0, Var(v{!) = A® >0, Cov(p ) =0

EWMITETD. ZZIL, MEMTAIARKL, A>0, A> 03X FNFREEM FEEELZE

WY 5. Tvs MEET MR TR, 8%, 20 =0, AO >0 2RET B, £, &)
LU ER R RET B,

y(l) — ngi)z(i)'agi) +X}i)l/(-i) +E(i) ,j=1,-N;, i= 1,2

i, B(y) = XP20'a® Var(y®?) = XD AOXD + 02, DBERERSHICHES.
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EED XS REEMEEE LTIV, BEBBRESRS PAORSRITINCOWT,
WD 2HODBENEZ LIS, 1901F, BEESICESEITIINRELRSHEE, Thbb, ADEAR)
EMILRNRT A= LTHEIBETHD. L, BEMBRESS bS5 BITSINECTH
BHETH-T, AN T AD DEFD ¢ x t WHITHIER>TWBEETHSB. oFY,

All A12
Ao Ag
ZZHZ, A, Agg, Agp, Ap X ENERN, qixq1, a1 x(2—aq1), (2—q1) Xaq1, (@2—¢1) X (@2~ 1)

DITFITHD. BUTDONRT A—FDHEEFIZENT, LD 22DHFEEHRS.
ST, N7 A—4 E0,00A0 DRBEITI LT, KDL 32 yP OMELX 5.

]

Ugi) )?3(’1)’

A®) = }&%ﬁbt&%,&”:Ankfé.

::u,ﬁﬂi@q (pi; — g:) 77501T, XD XP =0, XV XD =1, _, w#iretets. &
nex, u el T,

uf? Ny, (296, 10), 1 = A0 42X x(7)

U§i) ~ Np,—q (0’02‘ZPIJ‘—Q£)

ERB. INLOEANERICESINT, AT A—FOEEENEREND.
o?, ADBERD L XTI, —BREET A OBRPEALT, €9 = vec(B') DREAMEENR,

SN ) () o (@) R @) o @ ()
> aa’ O Yoaer uj

2{2)
£ =

j=1 j=1

ERED. Thi, T—FBBBATAT VARD L X302, AMNTEREFELRL, o2, ADBKRED
BRICOERAHERICRS.

—RIS, 0%, ABRROBE, NTUABOBHEITI, o, A ORAHEERIIAE B E MK
TFLIESDOBO LD 85 BENRNRT A =L EBRPICZWEEIL, BR ECELHEENTFET
5LV ERRESOT, BESTOHERE LTELONS. (Khatri and Rao (1991), i
(1993)). L LBNTL L, F7, TUAT U RBEOBAICIR—RIZKRDE Z L BE#HETH 5.
EDW, o A DTFEEREZRD, TRENRALCHENC €O ORERZERT 5.

ABETIE, REMELRY, Zhb0HAICHE L THRERZENTS.

SE Xk
(1] BEERBRIR (1993). BLE HIBRE 70— DR LIS, SR, 358, 60-66.

[2] Khatri,C.G. and Rao,C.R. (1991). Multivariate linear model with latent variables : prob-
lems of estimation. Jr. Comb., Inf. & Syst. Sci., 16, 137-154.

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

[4] Vonesh,E.F. and Carter,R.L. (1987). Efficient inference for random-coefficient growth curve
models with unbalanced data. Biometrics, 43, 617-628.
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Wu @ GEM EB#ERZICINRT 557
BAXE  FREOGEAR

1. &
EF) f(z|0), €0 DFTRLNITRRET—F & y LET, y LEANRREET—F ¢ O
% x(y) = {z: zws =y} LB & REEBIIKTEZ BN,

o(vl8) = / F(2]6)d
zEX(y)
IOELHEEERDD O L LTHESIhZVWbYE EM-Algorithm 1 2 BB
Q(6ln) = / log(f (218)) f (zly, n)dz
zex(y)

ERWT, ROLICERLEND, ETHE 0 NHEHELT, n=0,1,2,... I LTK
DLODAT v TEWHRT 5 FE THRYIRT,

E(xpectation)-step  : Q(6]6,) BEEE X
M (aximization)-step : Q(0|0n) ERKIZT D 0 =04y ZROIT L

M-step IZBWT, BEKE2 2500 ZROTHOBEELW2HIE, DL

Q(0n+1|0n) 2 Q(enwn)

THDHE D2 0,y THRETH LV DN G(eneralized)EM & Wb 5D THD, T DOULR E
& LTI Wu(1983) I E-TEZbNEBDIZRE S LIFELHNTWVSA (McLachlan and Krish-
nan(1997)), €£® GEM DOULREHITIBIER H D Z L ER LT,

2. Wu (1983) I2& % GEM OWREHR

GEM THL, 6, o4 TLba=—2IZERD 0, FEDZN, 4, 0, W5t LTAIRERMBOLE
B% S0,) LELZLIZTB L, ROMIZDEEPLERICBERTETVWHLEEXTL, €
TT, 1IXBEE S X 52X BEXT, 20 € X, Ty € S(zn) THDHE S REFICHE L TNRD
— e ETHRATE 5,

SEE 1. (Global Convergence Theorem(Zaugwill(1969), 5 ¥Fft (1978)))
1 BEE ST LT, A%z, € X TR 21 2041 € S(zn) THILIXBMOATVDET D,
SHiL, ROE&EGEHET D LIRET 5,

() {zn, n=0,1,2,... } 3P BT PEEOFIZEENL TV,
(2) S BHHEAT OREGDLETHMTH S,
zn €T¢, 2p = 2, Un € S(2zn), Un > u =>u € S(2)

(3) KEMET S X LOEZEERBELE o PFEET D,

(3.a) zeTl® = afy) >a(z) for Vy € S(x)
(3.b) rel = aly)>a(z)for Yy € S(z)

Z O, ALY 3L,
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(i) zn PERARITRTTIIZEEND,
(i1) a(z,) TEFEMNT, 5 z €T IZRTD alz) IZPET 5,

T_TOEM-RERDEEE
L ={0*cO: Qb76") > Q(8|¢") for ¥ € O}
LEL, ZOT OFIZ GEM KT 2205 ZLAMEIZ25, TOR
S(6)=1{neo:Q(l6) > Q6]6)}

£ 72571259, Dempster et. al.(1977) D5 272 EM OUUREHORBRY ZFEH L, EobY & LkEE
Pk 5% - 0% Wu(1983) T B, LiLAAL, b GEM IR LTIRME -7~ EBE 52 Tl
D(LEZITEZRD), RXDRNTER 1 »HEHEX DL GEM IZOWTOER L L TRAFERT
XHLLTWD (ALMEE LGERIZFNTHRN),

EHE 2 (Wu iZL 5 GEM OYURER)
GEM THRONDEEDF 6, n=0,1,2,.. DROZEEZHRET D LT 5,

(1) {0n, n=0,1,2,... } BB B I 2,57 MEADRIZEEN TS,
(2) S 12 I THTH 5,
(3) 0 € T° = L(Bp41) > L(6y)

IDEE, b, DITRTOERAITEM-BEHETHY, L(0,) ITEFEEMT, 5 EM-HEE T
Izt % L(8) WTHURT B,
3. R#A

ROBIZEZD 2~ NO,1),y=[zec[-1,1]]e 2F Y, y T [z ZERM [1,1] ICHRLE] &0
ITERIBFRTH D, ZOFIZEVT, GEM KET3 S@) 3k TELZLNB,

50) :{ [0,2E(z|y,0)—6] 6<0
2E(z|y,0)—6,8] 6>0

L2oT, GEM O—2DH1& LTROL D7 iBEZBLNBEN, ITHIX Oprp = 0 ISR LW

EBBEZBITRIND, )

60 = 1, 9n+1 = Max{E(a:|y,6’n),0n - W},

4. Reference

Dempster, A.P., Laird, N.M., and Rubin, D.B. (1977), “Maximum Likelihood Estimation From
Incomplete Data Via the EM Algrithm” (with discussion), J.R.S.S., Ser. B, 39, 1-38.

McLachlan, G.J. and Krishnan, T. (1997), The EM Algorithm and Extensions, Wiley.

Wu, C.F.J. (1983), “On the Convergence Properties of the EM Algorithm,” A.S. 11, 95-103.
Zangwill, W.1.(1969), Nonlinear Programming : A Unified Approach, Prentice-Hall.

SEFE - IUTIE (1978) JEMREEHEE, BRBOE.

—434—



GMANOVA ETNICHEITIBREFHKABTOHLERN

LEXK -H HIE ZR

BT 72 D FEERIZH LT, WL oM DRAH B VITRER S E&EDY & T 0K LB S -
LRRE 2 THONDRFT —21F, RRIZET 2RECHEKER 2 FIZBVWTERbN5. Z0
£ 5 RERFT — Z T B MHTIC IV T, BAERDEE OB A RREMIZERR L, $i-flbhs 7/
N—TETHR DO BEMICHERT 5 £\ 5 Z LIZB LA S 5. Potthoff and Roy (1964) iZ
Lo TRB S 7 GMANOVA EF /i, 35 U RBIT, v, 0B LEN NI WBEDTF—F
K LTHNLNTNS. L LEIES < IV b Tw% GMANOVA E5 /L4 55 ROME
PrOFIERD, REICERMEZRE L7 RICE SN b O TH Y, FEERMEO b & TOEIRMRM
HEEAEEZLNTVRY, —fRICEESTIC OV TR, BRMICAL N TV BB EERNT,
FET D ZEBREMETHZOT, FERMEDD & TORERFEFIZEECTHS LEDLS.

AFERDO BRI, GMANOVA E7NMITHI1T 2HIARBROBREICE LT, FERMEOHBEZ R~
DI LLHD. & IREMBBOIFESICHET OIWERMICIER LEREITY.

GMANOVA E7 VT3, BEEEBITIY = (yq,...,y,) (nxp 1T5) ZRMBEITH E (¢ x k
130), METINE = (e1,..., €n)' (n xp 1751, E(e) = 0, Cov(e) = T), BEROMIKPFELTS X
(p x q 178, rank(X)= q), MEMEEITII A (n x k 1751) ZANT

Y = AEX' + €,

LWV o TERLT. ZD kD% GMANOVA EFMZBNT, M BEITINCAT & 2D
£, 2FE VW BERMDITE C (¢ x k 175, rank(C)= c< k), D (g x d 7%, rank(D)= d< q) ZHA T

Ho H C=ZD =0,

L1 B L) RBIBARRICET ARELTTOHE, TLERMOT TRESNIZLUT D 3 20ORE
MIrEPA LS.

(1) the likelihood ratio statistic :

Tir=—{n—k—(p—q) +s1}og(|Se|/Se + Sl),
(i1) the Lawley-Hotelling trace criterion :

TaL = {n—k—(p—q) +s}tr (SuS:Y),
(iii) the Bartlett-Nanda-Pillai trace criterion :

Tonp = {n—k—(p—q)+ss}tr {Sn(Sh +5c) "'},

L
Se=D'(X'§7'X)"'D, S, = (CZD)'(CRC')"Y(CED),
S=Y'(I, — Pa)Y, E=(AA)TTAYSTIX(X'STIX) T,
R=(A'A)"1+ (AA)TAY{S 1 - ST X(X'STIX)X'S 1Y A(A'4) 7,
THY, s RERMEOFTOA— My MERZRTHRET, TNENR s; = —(d — c+1)/2,
Sg = —(d+l), s3=c THDH. TT TP,y iT ER(A) ~ORETINTHS.
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3ODBREGHEIL (Y, X] 25 SV2Y X ~OBBIZBE L TRETHBNT, X & £-1/2X
CEBEXMZBIL TS =1, L LTHREEDD LN TES, BREEMLT B0, Zhd
LERTIT VX 28I X LRETAZ LT 5.

FEERMEDOL & TOWERMAZ L 0 BBICHEHT 27010, WS OO EBRLEL RS, ¥
T REHHBIUT CEESNAKHES,, S, R 2 AV TREN TCWAZ LICERT 5.

n

(35) D) Dy AR (X X) DY,
E= (WA V2ZEX(X'X)" 12,
(A’A)~1/2C'(CRC")"*C(A'A)~Y/? = ROR.

=L,

Z=(A'A)7V2E, V= \—/1_-& i(ejej' — 1),

=1

Q= (A'A)7VPC{C(AA)TICY I (AT A) TR

IRLDORBEZAVD L, WEREREHDO S & TEHRER&IZ
Te = tr(U'QU) + -le [{rl —k— (p— QMr(U'QU) +ratr {(U'QU)?}] + 0, (n™%/2),

CEBRASND. KL,

U = RZELS.,
T&) 9 y gﬁ:;& T1, T2 Fi%ﬂ’b%ﬁ,
. 7'1231, . T1 = 8a, ves T1='S3)
Tr : T : T :
(1) LR To = —1/2, (11) e T = 0, (111) BNP Ty = —1.

INLDHERE U OGHBEHORMRXEZ DbV THMEMEZEN LKET 24T, UTFDL
IRMEMRTE T ORESHEWERALBEILNTX 5.

3
1 _
Pﬂb3$)=GM@f+;Z;%Gmuﬂﬂ+ﬂm‘W

28, BFRZNOZHMIT- OV T Wakaki, Yanagihara and Fujikoshi (2000) & Bhattacharya and
Rao (1976) LRBEARFEZMACD I L TRTILBTES. I, TORBIBALT X = I,
D = I, &4 % & Wakaki, Yanagihara and Fujikoshi (2000) TEHENTWAREL —KT 5.
COWERMAOEEIZOVWTIIY AV I ab— a VERPHRETETETH 3.

ZE R

1. Bhattacharya, R. N. and Ranga Rao, R. (1976). Normal Approzimation and Asymptotic
Ezpansions. Jhon Wiley & Sons, New York, London, Sydney, Toronto.

2. Potthoff, R. F. and Roy, S. N. (1964). A generalized multivariate analysis of variance model
useful especially for growth curve problems. Biometrika, 51, 313-325.

3. Wakaki, F., Yanagihara, H. and Fujikoshi, Y. (2000). Asymptotic expansions of the null
distributions of test statistics for multivariate linear hypothesis under nonnormality. Sta-
tistical Resarch Group, Hiroshima University, TR., 00-06.
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X$FIEStE DBREIZOREELIE DT
TRAZE- T /B8

SIFREET
le,j2} 2ofizped s (xB) LORBERINETS. it

w(xyx,, e x5 ) EEAHERLET S, wln.x,, - x,) BEERET SRR ZUH
e PN

BB A B DORIMRET B IC N T 2IER TR

EBD X, x KHLT

f:, w( y,x,, o uldy) = 0 (1)
DE&E u(xl,xz,--~ ,xk)biigﬂz(degenerate) LTnadEn3.

Large Deviation Principles

Let {5 e 1} be ii.d. random variables with a probability distribution p.
Suppose that u(x,y) is a real valued symmetric function on Rx R. Furthermore
assume that « is square integrable with respect to u x 1 and degenerate, i.e., for

any real x
&) =0 @

Let I’ be the space of all square integrable functions with respect to . Then,
according to Serfling (1980), we see that the kernel « induces a bounded linear

operator 7,.Il - [’ defined by T, f(x).:k{u(‘g’1 x) /(:‘,‘,)], fel’ which has
eigenvectors {g,} and eigenvalues {1} satisfying for each i >1

{E(giéx))=0- Agi(&))=
Hgl&)e(8))=0(i=,) E(HEx)e (&)= Aelx)

Then u can be represented by

i s - Srlolelo) [ ads) 0.

We introduce a separable Hilbert space H equipped with the inner product (,)

(3)

and the norm | . H as follows:

piefemlivs o Jon - Slaki< . be)= Sk, bb={ Shbe |

If we assume that
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then from (2)

(ZlfL } Shle(ei(s) = Sl <

which implies that we can define H-valued random variables

G;= (gl(gi),gz(ljf),&(gi);~-) for each i21 Let {U,,n>1} and {V,,n21} be
U-statistics and V-statistics with degree 2 defiende by

e 3 g v = ¥ uls.e)

1<i<jsn 1< j<n

respectively.

Kanagawa (1999)

Suppose that {5 o 21} is a sequence of ii.d. random variables with law pu.
Assume that u is square integrable symmetric function with respect to px u.
Furthermore suppose (1), (2), (5) and for any real ¢

E(ex;{tﬂGlﬂ)) <o, (6)

Z/lkxil for x€ H and & be the entropy function of the distribution
k=1

Let (Il(x)::
of (] which is defined by

Hx):= 21:5(¢(X)-logl‘4(¢)), @)

where H* is the topological dual of H and M(p):= E(exp(¢(G))). Then we

have
lim~ logl{exp(r*]r ] sup h(x)) (8
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Lo #EE & & Hoeffding 47 fi#
TUNKRE - BF AIEEE

1. %

X1, -, X, EEREREREL, T, = T.(X1, -, Xa), Sa = Su(Xy, -+, X,) /%7
A—=F—t, s, \CBIE LIt E LT 5. ARECIIHOKEHE T, /9, OB
FHA —RENIRKRD, FORBEEZ3IKRDOF 2 LT FOWERIZOWTHEL, LR
BB AN, BEEE LTUX

P{|0L<In’—1/2)| Z n-l/Q(lOg n)-—l} = 0(72,—1/2)

BWiTT op(nY?) ZfEST n 20, (n7V2) ETOWERBEERD .
£ T, So 1TKROEERBRLFFOLT 5.

T = tp+n0r+n > n(X)+n2 Y n(X,X;) +n oy (n?),

i=1 1<i<j<n

Su = su+nTlog+n! ZCI(Xi) +n7% 3 G(X, X;) +nT 2o (n7).

i=1 1<i<j<n

Tl 6p, 05 IXEETHY, 7i(z), G(2), m(2y), Gla,y) i
E{Tl(Xl)] = E[Cl(Xl)] =, E[Tg(Xl,Xg)‘Xl] = E[Cg(Xl,XQ)I.Xl] =0 a.s.

AW E 5. ZOEEERERIT Hoeffding- R (H-5%) SN/zFizzoTHE
D, ZLORFHEPZOETRIND. BTRRD UHKHEDIROF2LT b
DHFERL DO TRENS.
2. LOHFAEDHERE
H- DRI T BHE— AV FOFEZRA LT, EYREMEHOTT

% = z—'; +n7 o +nt Zlm(Xi) + n"QCS_j no(Xi, X;) + n"l/zoL(n"l/Q)
DOEERBELRDZ. 2Oy, n bRETEERRT, H-OEINRETHD. ZOFK
BEfo L, AT AOBENTET, Vn(T,/Se—tu/ss,) D n~ Y2 ODEETOT
CU—RERERDBZELTES.
3. AFa—TFT Y ML U-BFENEE
h(z,y) ZRRITDOANE ZICBE U TARERBE 2 ROI—FN) £T5LE, n>2
WXL T 2RO U-Fet &I

-1
U, = (g) Y WX X))

1<i<j<n
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&ﬁ%éné.:@k%az=vwmanav7f47ﬁﬁ%ﬁ%&§&ﬁofx
Fa—Fr ML S, = (U, —0)/6, DEEDOHEEEZXD. ZI Ty DV ¥y
7T A THER Ry kTﬁ?ﬁﬂi%%ﬂﬁ L7c kyy OEEHMEZERTS.
Fujioka & Maesono (2000) T AL TWVD L D IZ o(n™!) OEREHOIERLEW T
IEEHMEROEIERASLEIIRD. ZOEKRTHENERAOMEIIEETHS.

S, W EHHE U-RHBTRET, 3ROF 26TV MERDLIENTES. g () =
E[Mz, X1)] - E[M(X1, X2)), g2(2,y) = bz, y) — E[h(X1, Xo)] — g1 (2) — gi(y) LIB%

e1 = E[g}(X1)], e2 = E[g1(X1)91(X2)g2(X1, X))
DERELERTS. ZoLx

k3 = VnE(S, 1(2q—%g+d+m %)

S
LB,
4. Sov ) FA JEEHEEOIARR
Ky DEIA £3(—2e; — 3ey) DHEEBEHRTD. —2e; — 3ey D%y 7+ A THE
BZ o, LT5L, Py s A T7EEWHRER iy 1

Un
" = Gt

TEZbND. Ry OEERBIL
0y

@me-326 -—*?Z@xmx+~§wﬂ%mww>
néi = n(n —1)& &= néy
LB, ZITE, GIFATERI LI S HAMRENTZH DT> TN D,
5. MEMEEOIAER
—2e; — 3es DRNRIETE R S8y TR LI-EEHTEE

A 87;1.3

OEMLRBIL
2

R3y = K3 + 326 WZCzXz,X)+'(5‘§+"_1/2 L(n7'?)

lz-— 1 Cup

LIeD. Uxv T A TEERER L TMRIEERL DBV, S T ADEDENE
FIZRY, G(z), Glz,y) PEEIZRCHDTHS. Lmd o> T Fujioka & Maesono
(2000) DIERULERIZ IV TIIBIEK Gi(z) BREBIZRDHE, 3IROF 2465 O
EEELTELLEFERIN, TOROHERIEELLRNZEBENB.
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