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von Mises 73 235 1T 5 825k Bayes HEE
RETEREIAE o i
& AT ST AT K8 HER

1 von Mises 9D L&

PR X 3T MEEE > von Mises DD & 5.
1
27(’[()(7')
=L 0<u<2n.7 >0, L)(n) 3 -HEEXyeVEETHS. EBE o LT,

OB EEBEERETS.

plasu, 7) = exp{rcos(z —p)}. 0<ax<2m, (1)

. 1 .
m(p;m,0) = SEIAES] exp{d cos(u —m)}. (2)

ZIZTC,m & VITERBETHD.

#ifE 1.1. (Mardia and EL-Atoum(1976)) B4 ERMHII (1) & L, Fal B
R (2) & T5 8, FHERBEED

, 1 . ‘
m(plx) = m exp{ R cos(i — fiprap)} (3)

WEITA ZZT.R= \/Tg + 824210 cos(z —m) THY | fyap lTFHE—RFTHD.

HATEERRE (2) L FRBEBE ) IXR UMK TH L. - T, von Mises 73747 (1) 1
KB FERI DA LR

2 FRE— FOmEMN
BEBEEE LT di.p) =1 —cos(p—p) FHAT2. FHET— FOFEEHEZFRY A
JIZHTHEZ AT ZEBREHNTIERT 5.

e 2.1. [TEDHEEL L TD L,

/;W{d(ﬂ: ©) — d(fiarap, 1) }m(plz) de = ﬁigg;d(ﬂMAPeﬂ) (4)

MALY LD, FHRE— P fyap HEBOHEERZELT D,

% 2.1. EX (1) OFBIIZHOD5H 7(y; fiarap, R) BE T w(w: 1. R) @ Kullback-Leibler
ﬁ%g(:mﬁjjﬂé Kuliback-Leibler 6:}%@[57%:00)?%7]:’% Iy /A‘MAP @%T& U AT @%U)
RETHD.

. . . Ij(R
KL(m(p; fivap, B),m(ui i, R)) = R x LlR)
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3 RBREBAAXH#HTE
BRI AHET A LXITHEERREEZRE-T X237 ABFETRT.

EE 3.1. AEAEERE (1) 0T T, KXBWILT 5.

fwmw—mw MMW)MWMFQ %)
0 Io(7)

EA D, ..., 7, AEER p(z; w, 7) IKRED SR DRI SN b D & L, FalE LR
ELTC, wlusms, 8) BRETD. 272, 7 & om; IZBERE T 5.

@R 3.2. X (5) 1L o T, ROERXDBMILT 5.
p s
E.E, [Z{l — cos(z; — mz)}} =p {1 _ ]gé:;[zégi} .

i=1

3.2 ZHAVWTE—AL MEIZED (2#ETS. $72bb, MEFESIIKRDO LD
W22 5.

& os(a. — moy = B
;% ;{COS(@ m;)} = IO(T)ID(S).
7=rEL,
ii{cos m;)} > ﬁig:;

Dr&E b=c0&T5

%;{LOS ;—my)} < 1)

DL §=—cobT 3.
81%5& Bayes jﬁﬁ% p«EB ’E%f%ﬁ‘é, ,I:LEB = /fLMAp(ml, ceey T, ()).

4 #HE

L BRE— N yap BFEBOHERZERT S, 2. BOME (11, ..., ) & (M. my)

ALV B, ITRRSRIZHEN 2 R, BRBR Bayes HEEBD U R 7 B/ E L, BBk Bayes HEEE
TR A E RS ERRNCERT . EDER 229D 7N —T 18 »P N TV B EEITIE, m 2
BEEOYHE (ip+m) OELICH D, B8 Bayes HEEED U A7 1 3x b3V, £
B2 Bayes HHEBNRAHETEE L VL IEITIL, VR DETFNIZERE 2. 3. B
TNRKEL 2B &, RER Bayes HEEB BB EHEEITEMNTNL

25 Xk

K.V. Mardia, S.A.M. EL-Atoum, Bayesian Inference for the Von Mises-Fisher Distrbution,
Biometrika, 63, (1976) 203-206.

—596—



Dual structure in the conjugate analysis of curved exponential families

AL - R KPR{ERK
ABUIE - i M4

1. EEERE
HHFREC R B S B AL p(; 1) = exp{—d(z, p)} a(x) ICBT 2 IHMENT 23800 T 5.
CCT, aBXT pldpRTHD, FEMEda. t) &

p+1
d(a, t) =" hy(a){f;(t) - fi(a)} (1)
J=1
THZLND. B fi(a),.. .. fori(a) BEXU h(a),. .. iy (e) G EREWIZTEOLT
A, RO RIS KO von Mises D HDRR — AL LTEENS.

AFEXROOME, RIOMAEMEIC U 2 IR L DAERNGE RO MM T 2T & THS.
FHCAMA R EA S D QOB HDO FTENTNERY R 2T 2 C 405 A HREE
<. TOFNIT Bayes HEUBORSEM A 7T, 28, FNFNOHERITMEIGE LIC & SICHHT
BEKIEE HNCHTH 5.

2. HMMBEENRTA—AB LIPS A—4
RO MR DAL IEIEAT DI 5 & 8T LIVICEERE D Z 7o DI BN R 2 DO L LSS
X—’S’%’:@A?}”% I}EI%( }L},+1(;1,) Ci’l‘ﬂ%ﬂ‘]b:ﬂi‘t’[ﬁ D, f'f;"lj { f)f,‘([i)/d/ij }131“]5,, CiJ_EgIJTX;J%) t
W GEDE & T, HERWRIERE ST A—2 = (n....,n,)" &
n; = n() = —f;(p)

DESITEATS. NS A=Z uBXTnE 1 1L HETHD, foo(u) ZnOMBERT
w(n) = fpri(p)

LR THUIEREISMAETEF 2 LT MEKICR S, B () OTENTRENLOT, b

Vx VFIVEBIC L O HERSA—% 0 = (0),...,6,)T BXUMEH 0(0) #EATS :

0, = 0y) = AL BT 6(6) = 07n(6) - vln(6).

NG A—=2 0 1 hj(z) & hpyr(x) DEIFHADOLILTH D, TOREETHMIVZFEE S A—2 &0
SREBTHS. 35 A—EnkoD1x 1 MEEBEBOEE, SRIEETNS.
RHERTIBIMEE UT L(G, p) £720E Lp, o) ZFHETS. 2T,

Lpa, po) = ¢(61) + ¥(m2) — 61y
ThHh, Q) ZRNT L(py, p2) = d(p, po)/hpri(py) EFT 5.

3. BRI MOLRMS LFUSRNMERER
P72 (18R 5 A — Z n Xt U TIRGE S 5 BE10 TSR DL OHEE 0.

m(1; m. 0) o exp{—dd(m, )} b(n). (2)

ZTT, b(n) Q)W TuNR—CESEROFEHEMTHD. £9, FHaIHEQ) ORREEZTYT
MENCRNBHEEE fiemap BE T Bgmap 13 Yanagimoto and Ohnishi (2005b) HHEZR L7 FHE(LH
HBE—FTH5.
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Ml 3.1 BWATEEQ) EHRTHY, FHREEE (0 femep. oz, m, 0)) BB, TCIT,

; hp+1(x)8(x) + 6hpi1(m)6(m) 5 -
99 ap = A = A gsma =6 sTap
s hpt1(2) + Shpi1(m) p = Olfbama)

THY, plz, m, 6) = {hP'H (:1:) + 5hP+1(m)}/h77+l (I:’Jsmap) TH5.
R, FaIDAOREEIB/MERERZER T2 2T, —ROFAEEE «(n), TH
HETE2BEREBEEE 1(nlz) LT3, T—FaMNEX5NTNB L EI,
E[ﬁ(ﬂ) * ﬁ(nlw)] = E[fj(#) l 7T(77§ frsmap, p(x, M, 5))] forj=1,...p+1
TS EREE m(n) OEAE P LEL. BEYEMIRDO T T, ROMEITHRFITEE n(n; m, J)
DE/MERRMERERT 2.

i 3.2 HATEEORDY P, OFTNEE Gir(n)] = KL(n(nlx), 7(n; z, 1)) ZHR/METZO
&, HIGERIEE n(n; m, §) THb.

4. BV ENSERBMOME L IER IS5 XBF
QOB EMNMEREL, TNENDT T Bayes HEEERBOE @M Z/Rd ¥ 2 I7 XBRE
i§=< RET 2HEFIDHIE, ZNZFN Yanagimoto and Ohnishi (2005a) HVEH L 7z m-preserving
&@ﬁﬁ M3 K U c-preserving HRBERTOROMIRICIZ > T 5.
9, HEEFHOMR) BN Thn) = 1 DBEEZEXS.

'ﬂ'm(n; m, 5) & exp{—éd(m, /-1‘)} (3)

i 4.1 (i) BRI S) ERDOFX RN,
[0 6(m [wnln,m 6)]:0.
(ii) KRR L(p, p) 1T T 5HEY AV ICDNTROE 2 I35 ABREN LT 5.

E[L(l‘l') I:") - L(p,, Ilsmo.p) - L(l}'smup) [l) \ 77771,(77; ’ls‘m.ap‘, /)(17: m, 6))] = 0.

RiT, 5 [exp[—01{d(60) +1¥(n) — 65N} be(n) dn MY 61 ICDHRKET B & 5 A IEEBIEL b.(n)
WEET2BEEEZ, ROFEMIHERET 5.

7f<:(77; m, (S) x Cxp{ -—5(1(7’7’1,, I'L)] br(n) (4)

4.2 () BHIDHE) IROFLEHE T
E[n - n(m) I me(n; m, 6)] = 0.
(i) FEERBIEL L(a, ) 129 B B U 212DV TRO Y 2 35 ZABURAHE D 17

E[L(ﬂ) K) = L(fsmap, ) — L2, Psmap) I Wc(”Qﬂsmap; plz, m, 5))] =0.

SE B

YANAGIMOTO, T. AND OHNisHI, T. (2005a). Extensions of a conjugate prior through the
Kullback-Leibler separators, J. Multivariate Anal., 92, 116-133.

YANAGIMOTO, T. AND Onnisui, T. (2005b). Standardized posterior mode for the flexible use
of a conjugate prior, J. Statist. Plann. Inference, In press.
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Notes on Statistical Inference for Discretely Observed OU
Processes driven by a Fractional Wiener Process

TUNRZEREBHER2IAA R SHEELR

1. HIE

75023ty 4 —F—BETHEHEINZ AN Y a Ry 00— Ny 7@RIC
DN, BRI EDSW T RABROREREZZD. Yy ALy, T—XICHIST 3
LERFHECEETITLETRETHZD, FOEREINEDEMEELDOEERB. 22 TR
TH)Vd—R WEFERWERE L, SERE (E8) & Hurst 685 H € (1/2,1) ZBEEITH 5
EUT, FYUTZMREICAZRIBRICHET 2 MBEAERUHERREZ 5. m—8MEH EH
TNA.

2. RIVATEAY X OU @12

KETHRETHDX, “— RISV a vy 41— —BETEHENh B3IV Ta
ZA-D—L Ny 7B (RLTFOUMRRE) THb. ZORIC~IVaTEA Y X OU
BRI DV T BB N 5.

X2 = (X} PVer, T—RITT V¥ a NV AER

t
X=X+ / Ay = X¥/)ds + v, (1)
0

OfEZERT. TTTwld—RTEEY 1 —F—BE, y c RBLU N o > 03 RIBET
HB. TNE—RHBCAROR TR TRHHEZLDTHB L VA2 5. TOMRARILE
e oA 7 AR E A EFERETH 0, it

t
X = e MK py(1— e + Vo / e dw;?, teRy, @)
0

LIRCEZ6NB. XV2ZITRENTREL T Ni(y,0/(2N) ZHED.

—A T, TNEIFHIZE FEEREAEILEERERE, S EX<EhZ Ko )bd—
R B ILECATRIC DN T WVWZR BT L TH BN, =V a7 8ITH 3HH, 70 H CHEEEEN
IERICHIRBENZEDICA>TLE S (BENFELY, IBHHEEERE) L WO RENH S &
B, X2 o5 CAHEIBIEUE r/2(t) = exp(—Mt) THZ BN B. Thid Q) leBLT w2 %
KO—HROLT L BRICRODBZ 2=V a VDV TEMD I DEETHS. T T, |
ARV TEIOU BROEREGHLRICL ST, W BEOEVWVECHEBERZ ANSC
LEMRETH AT LIcAEEREL TEL.

3. 757 3FIbOUERE

Y, BWRENO—RTT7 57 aF by 4 —F —BBEOEEEENMHLTHL . He
(1/2, 1) IEH L, BB HFBE w = (Wiher BT T V¥ a3 FINT 4 —F —BF (FWP) T
H3LiE, TN EEEON Y ERETH D, HoBEED

CovfwH, wh] = %(tw + _|t—s|H), s teR, 3)
THEZLNBLThHotz. TOFHFwWIIEY 4 —F —BRLE > THEO R /27,
L IXNFUTIVOREBN SN S (EL, “fundamental martingale” ZFHIN 54

ARV F T =)V T B T EMFRETH B). FWPIZ DLW T, 7 —F—F&3cC
LBRALKRENMMONT VLS.
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FOU @I2iA, (2) 1c BT w2 & wH 1D BX 2608 LTRESN:
1
XE=eMXxE +y1-e™) + \/a_/ e t0dwH teR,. (4)
0

750 atg 4—F—BrOHESBARNIC K> T X DFREN iR REBICRDBT &
WTE, ZHE Ni(y, cHTH)\2H) T2 6N 5; BRINUC H = 1/2 L FHud=<va7
BOBHICH BT LICEE. £/, HOHEBEER- ) I, FBEO N e NICHL Tt — o0

2k—1

TH(t) 2 Z )\—21;( H (2 H-— )tZH—ﬂc O(tzH-zN-z) (5)

k=1

TEZONS. - T XHBERMRESEZHD, Bic XT3V d—F e,

4. FOU LT 2HEHERICOWVWT: BREETEDB—IM

(4)TE5x56N5% XEREFLELTREEL, %ﬁ%ﬁﬁﬂc&mﬂkgﬂwfé—
(1,A) € R x (0,00) DA BBRUHEERITI. CCTENL B 0= < < - <"
'Cn — oDLEL -1, =h, » 0ONDE? = nh, —» © &&%ﬁ}ﬁ’(“%@, e
(0, H) € (0,00) x (1/2,1) BB L9 5.

EEERIOBE, BB BRED (X )occr TH BJADHERN DV TIIW L OH DELE
DFERNDH 5. TN 5 DFRE N (2000 FLURE) DEDTH 5.

EHDTIE Ny(y, cHTQH)NE) TH ol T e R BOHT. TTTHRS DR HEE BB
BEMTETHS. THELEZEXTIDRAGETH AN, JEIL I THICEL TEFOE
RIIEHTH 5. MLE DEZERICERT, FTHL BWHEEZHRT A LIIEEL EX 5.

g e N ZER fICDWTRY LD

< (L—e)+ O(h9) (6)
L4(Ro)

——~/‘ e

z-—l

LIVA—REEENL T, LLFARY MID:
RTEZONBHERHEER 0, = (3, M) T EBE—BR D,

. 1o
Yn = EZXt?—l’ (7)
i=1

[PHT ()P

(Se- (o)™

i=1 i=1

)

n et

EL (v, 0, H) DR THRMBNTH B LT B L, A MM, MRIEE TR T L
SEOEEL DT ER S REBREL TLU F 5 Al 11 ?%.ihgﬁi§®@@%
AT T BAEHIE F 72 HE TV, SN ERAADSE, BRIIDHE L & 5 8 5
DRI FBREE .
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Asymptotic expansion of discriminant functions for ergodic diffusions

LEBEERY kA HEZ

Given © C RP, let 8, and 0, be two p-dimensional vectors in ©. For each k& = 1,2, let II; denote
the total of sample paths of the d-dimensional stationary diffusion process X*) = (X(k))te[o 7, satisfying
dX(l‘) VO(XU”) O )dt + V(X(k))dwgl‘) X(U ~ vp,, where T is a positive constant, vy, is the stationary
distribution with a positive density dvp, /dz, Vj is a function from R? x R? to R4, V is a function from R¢
to REQR™, w® | k = 1,2, are r-dimensional standard Wiener processes, and they are independent of each
other. In this article, we will consider the discrimination problem of how to decide from which of populations
IT; and Il new observations X (9 = (XL(O))te[O,To] is drawn.

In the case where 6; and 6; are known, we may use the Bayes rule: X(® = (Xt(O))tE[O,To] is classified
to IT; if dg(61,82) > K and otherwise to II;, where dp is the Bayes discriminant function defined by
d5(81,82) = 281 (X{)icom) — €002 (X{)iepo.m)) and € is the log-likelihood function. Here K is a
constant dependent of two kinds of misdiscrimination costs ¢(1]2) and ¢(2]1), and the prior probabilities my,
k = 1,2 such that new observations X (9 is drawn from IT; with probability .

In the case where §; and @, are unknown, we need training samples X) = (Xg(l))te[o,n] and X2 =
(Xt(g))te (0,72) drawn from II; and IIz, respectively. A natural extension of the Bayes rule is the so-called W-
rule such that X is classified to II; if dg (6(1) 9&2)) > K, and otherwise to I1y. Here, é,‘ck) is the maximum
likelihood estimator defined as a solution of (JGZ(éfck); (Xt(k))te[o,m))p=1 = 0, §, is the differential operator
defined by 6, = 8/06%, and 6* is the a-th coordinate of §. We abbreviate a plug-in version dB(égl), 6352)) to
dw. Unlike the Bayes rule in the known parameter case, the optimality of the W-rule is not clear.

Let A(z,0) = log %2(z), B(z,) = V§(VV')~V(z,0) and C?(z,0) = B(8,z)(B'(d,x) - 1B'(6,z)). For
any function f of 8, Af(61,02) denote the difference f(61) — f(62), and put vp(f) = [gu f(z)vs(dz) if f
is integrable w.r.t. vp. Let A%(x,6) = A(z,0) — vo(A(-,8)), Therefore 55(91,02) admits an Edgeworth
expansion under some regularity conditions. For any measurable function f : R* — R, let (f)? be a function
such that A9(f)? = f — vp(f), and [f]® = ~V(f)?V, where V is the gradient operator with Vf being a row
vector, AY is the differential operator defined by

ZVO (2,0) 5= QZZmz)w(x)a o

4,j I=1
Put B?(z,6) = B(z,8) + [C?)%(z,8), A?(8) = ve(A(,6)),

2%’ (917 92) =gy (Aégo(.’ 01’ 92) : Aégﬂ(" 911 02))1

* * o "
K32 3(61,62) =3y, ([AB"°(~, 01,65) - AB% (., 91,92)] -AB%(, 01,62))-

Therefore, the normalized version 53(91,62) of the Bayes discriminant function dg(61,02) is given by
dp(61,6;) = \/—< Adg(6;,62) - AC"°(91,02)) with C?(8) = vy (C?(-,6)) admits the following asymp-

totic expansion:

Theorem 0.1. Under some regularity conditions on Vy and V, for any measurable function f,

E(f(d5(61,62))] -/f ¢(z; 29°(91,62))(1+ \/quBo(Z 91,92))>dz+o(T0'1/2),
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where ¢(z; o) is the normal density with mean O and covariance o, Hermite polynomials hy, hy are defined

by hy(z;0) = 0™z, ha(z;0) = 07 3(2 ~ 30z), and
1
98 5(2i61,02) =AA% (01, 02)ha (2 55 (81,62)) + 555 4(61,62)hs (2 55 (61,65))

Let 6, = /062, and denote the partial derivatives 8o, « - - o, A(+,0), 0a, -+ 00, B(:,0), and 6, - 65, C(-,6)
by Agy.a, (48), Bayoa, (,8), and Cy..a, (-, 0), respectively. Let U ual an (65 19)_1119((?‘“ a,(’e))»&a,--.a,,(6)=
Vay-an (6;0), A7, ..a, (2, 6) = Aay.a, (2, 9) V9(Aayan(0)), AL, 4. (6) = vs(Aa, -a, (-, 0)), Aa(6) = AL(6),
BY 4 b5, (0,0) = vo(BY. o (0) BY ., (-07) and By o 4 4.(0) = Bal eyt (0,60). De-
note by (&“”(9)) the inverse matrices of (¥,,(8)) if it exists. Put §%.(0) = 5 (0)%,1.(0), A“(6) =
K (0) A (0), B(6) = B (0K By (6), and B, (0) = X (9K Base(9). Suppose that T is

proportional to Ty: Ty = 'r,'fTo for some constant 7. Put cff (0x) = Ual(B0;0k), CZ%(QL‘) = %(z)ab(Gk;Go) +

& a
acwk;eo)&“ab(ek)), c?o(6),62) = AA%(6,,02) ~ Ty S5-7a(0k; 00) A% (),

7 / ’ * * g"" *
B0 (0,) =5 (00)R” (60)K (emk([Bzf(uek) -Bﬁf(-,eo] - Bﬁwo),
2 ) )
5% (01,02) =2%(01,02) + ;zVa(é’k% 80)7 (k; 60) B> (%),
k=1 &
2
K9y 3(81,62) =K24(61,600) — Z
k=1

a,bl,c
D (841 8055 (6%; 0054 (6 6o) B

(Bk).

Then dw(91,92) = \f—< dB(Gl,Go) ~ vg, (AC% (., 01,99))> admits the following asymptotic expansion:
Theorem 0.2. Under some regularity conditions on Vg and V, for any measurable function f,

E[f(dw (61,62))] =/f(2)¢(2;23{’/(91,92))(1+ 9194 (2;01,02))dz + o(—=),

1 1
VTo vTo

where q¥% (2,61, 602) = Q. (01,02)h1(z; £%.(61,02)) + Q1% 5(61,62)ha(2; £ (61, 62)),

2 1)k
@ (00,09 =c%01,0) = E (om0 + 008" 6.
Ti

Qs (61,62) =£R2(01,0:) +Z b (6:00)(B M(el,ek)—Bgea(eg,ek)>3“"’(ek>

2 r
ek (c2e (0170138008, ) (613 )8 01)

T
k=1 k

+ % (0 (ek;eons“'“'(ek)ab,(ak;eom"-"(ek))‘
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ZALSETIVICHT 2 ARARAOILE : FIRIIH SHAEDH BRI
MINKFERFBEAFW TR =% 517

1.

AL D= DKL, 1950 ERNSHEWES T, EWHFRS N TS, FDOHM
HIZ, COMPDIGH EEETH 2 Z & TERL, BILRNSS A—S 0B BMDEEANEEZ HD
EVWSHRIEKICEH D, FIZE, —RICECIETNOLERBIIENS/S A—F THHT
ERWED, ZERETIIVEE OWEHERNSNE SR, BIFENEATWS. 2T, BT
DEFENE cs*’r%ﬁzﬁ«@rm%%zﬁb,aa@ﬁﬂﬁ :rob’f%%ﬁﬁfcmt,@:%j—)bm&o.

2. ZlbmHEEDOIEMNMHE

BLEMAETIEELD. ¢ 13 N0, 02) KRESEBHEEL, X|,..., X,

Xe = aVXi +e, 2<t<k)
= aPX; |+, (k*+1<t<n) (1)
BETIVICRD ET3 (X WilY). 227, o, a?, ¢, k* 1IRAMTHY, #EH (n — oo)
EEZADBICIAZ0<ASIRIERELTE =0\ 2RETS. BlbEzE kL ELEEED
(R BAMNBAEEZ T(k), MANCHVOZ2B8O R I MIT YLDy —0 %

L*
Qr = Tearr D {2X-1(a® —aW)e; — (6P — aV)2 X7 1} /0?
t=k+1

k
+ g o Z {Qthl(a(l) - a(z))et — (a,(2) —- a(”)zXf_l}/cr? ()
t=k*+1

EEHTIE k—k* = 0(1) 2ol 2{T(k) —=T(k*)} — Qr = op(1) BWEA D [k —k*| — 00 725
W Qr — —00 ERDTEMSBBRMRTESL ST, |k—k* — 0o 7251 2{T(k) = T(k*)} — —oc0
7B PLEXD, BAHEER K CBIL T

E—k* = 0p(1) »D k—argmaxQr = op(l) (3)
k

DEROILD. TNED bk 3—EMZbDEnbng, £, iEEREIMEE AV Ebhh
%, 56

mI?XQ{T(k:) —T(k*)} - mex Qr = op(1) (4)
MNEZTNWBEZEbhNn5S.

LELEREFRFTEOIONIMLE

ZOHTIIELAE 1 2 OLEEREOHMIERZERD . €OLEDIIEEAK 2 DEFIVE

X: = aWXi+e, (2<t <k
= aPX; ) +e, (k] +1<1t<k3)
= a®X, |+, (ki +1<t<n) (5)

ERARL, BIERZ ki, ky ELIREED, (RN BAMBEEZ To(k, k) LT LTS,
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WE1 TEF) () DNETHIZENIEHDOBETET I (5) 2EAD &,
lky —k*| = Op(1) ®3BWE [k—k*] = Op(1)

BRI (3) MEHZEIFRL THEA D I &L > THESND. ZOMBORERZ AT maxk, <k,
To(k1, ko) — T(k*) QWAL AICET 2HEZE5X 5.

BE2 TFIL () BETHZENIEHOL &,

Q{glgé To(ky, ko) —T(k")}

By, (t)?
{ 1n(t) }7

Ban(1)?
10— 1) {5 . }] + maxQe) |

—(max[ sup -1

1/n<t<l-1/n
= op(1),

1/n<t<1-1/n

Bin() 2 Bty  (7=1,2),
7e DHERBEOMILZFT] (Bin(t)} (=1,2) WEETS.

COMBE?2 & (4) 2HAEDED &, LA 1 X 2 OREHARERETE maxg, <k, To(k1, k) —
maxy T(k) DWTLTO#HEREEZES.

FE1 BTN (1) BETHEENIRHDD &,
| 12 max Taks, k) — maxT(k)}]

By n(t)2y1/2
{t(ll—t)} ’

(Banlily 1)

~— max [ sup t(]. — t)

1/n<t<l—1/n
= op(1),

sup
1/n<t<l-1/n

Bin(t) ¥ B(t)  (j=1,2),
72 2R BB OMT /2% {Bjn(t)} (=1,2) NEETS.

CNTEHRARELRE m X m+ 1 ORELBREDOHSITIIRTE, RO — 5 — bREHEICHE
T UIU TR/ ENS.
BB 1 hin)>1/n L) >1/nG=1...m+1) BNHD0<e <1ITHLT
limsupn{h;(n) + L;(n)} exp{—(logn)!=*'} < o0
EWETETS. BB m OTTINNETHIENIRHIOS &, AT m 3 m+1 O
LERE Thme EEE,
B;(t)?

2 T ) /2 — AR ) —(logn)'~*
T g5 2 (B3] = -t

Bin() = B(t)  (j=1,...,m+1),

RLMERBEOMIIEF {(Bjn(O)}(G=1,...,m+1) NEETS.
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IWEBHEREHI [T T DM BOBRERICDINT
RETERETHN &) Fin

1 Fr

{&,7 2 1} 2570 p 10D REEMERERIN ET B, £l u(z, 3 -, Tp) EENHE
BETB, u(z, 2, - Tn) EEEEET M B2 MBI B LR, SHETIIEIC
BB u ANBL B CRERAE S (FE) MMEBEZRODEAIC. MRRHEO—ETH D
U-KEatB RO VSt RO NI DOWTRET 5.,

U-#Egt B @D U Id unbiased, 7 V-#HFBD V Id von Mieses DEXFEH-=HDT
EEPRE, BRI/ NRITA NI IRBEITENTH S, BiE. ZOX5ARKSBICD
WTHLUSBHIN OO TORXOTFA N UTHIEEEE [HeWHRomrEs
NHRENZ, BLIEIES &ﬁﬁﬁéﬁlf:b\o

Wl 1.1 U"ﬁ?&hﬁ (degree m) Un L= u(é’iu&iz) e afim)

TN
n 1<i1<ip< - <im<n
()
BREYE )=z (k=1

RRSE - u(zy,22) =5 (21— 22)° (k=2)

Bl 1.2 VHEE (degreem) Vy, := n™™ > u (&, &ipy 0 5 6in)

2 Long-Range Dependence, Fractional Brownian Mo-
tion

{&,7 > 1} AR BHERERINOBEEEZ B, {£,j > 1} RBEE, FHOOHIZ
BRERFITHIEE

r(k) = E[&n&1] =k™PL(k), 0<D<1

&35, 72RLU L(k) idslowly varying, £48H

o0

Do lr(k) =00

k=1
DFEHUEE (long-range dependent) THD LD, {§,7 > 1} ITHT B degreee 2 D U-
MEHED 5 W V-#at&icat U T Dynkin-Mandelbaum (1983) & 1 1FRl#% o) #5FR & B A
Dehling-Taqqu (1989),(1991) I X o TRE N2, degree 2 D U-HFHEE VHEBITHL
TIREREHREREBTADH, ZOEHADOFENSESIT degree 3 BLEIDWTHLER
TBH T EMRERRN,

MR & N2 RICBEIC BT 53R Doukhan-Oppenheim-Taqqu (2003) DHT,

Hwai-Chung Ho and Taien Hsing |38/ HEERAFE (linear process) # V1T long-memory
THOIEBRERIN 2R L. N5 OEED degree 2RO LD AFEBLEEKICHT S
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U-BiaH B V- B R NEN S 2558 U /- generalized U-SEHE., V- BOHHIER M
ZRUKS

00
Xp = Z An—i&;, N 21,

i=1

7L {&, i > 1} 1dii.d., mean 0, variance 1 £3 %, /=

a; =3"°L(j), j=1

LB ZEL. L(j) i slowly varying function. ; < a < 1 © & & {X,} \3HRERYE
(long-range dependence) . El56

S |Cov (X, X,)| = o0

n=1

MDD, DX DB HERBRE fractional ARIMA process 21Z U9 %< OF AR
BREEZED. {&, i > 1}H1id THE20D {X,} D U-HFHED V-KFHRICH L TH-
DMREED T EMNHE, { X} IMUIED D NEBERBEEEOBRS LFFRKRICROEK
3T ENHEEKD, LA LBRERER TRV —ROBEBHRRETEAICH U TIIHIHER
BREEZBROBIBEOLID R H-DREEDRPEEZE NS Z &M HKY, EHTEE
BEEIMNTHROLENTHBEDIFEAEMBRENTNARL,

FHE CTIIEERTHEEREZEFIOMBEEOMILS 2 WITHREBE2E T 57 —AADiH
RAREIZOWTRHL ., BRBICARBEERF OB/ EYTH 5 2 L2353,

B3k

[1] H. Dehling and M. S. Taqqu, The empirical proxess of some long-range dependent
sequences with an application to U-statistics, Ann. Probability, 17 (1989), 1767-1783.

[2] H. Dehling and M. 8. Taqqu, Bivariate symmetric statistics of long-range dependent
observations, J. Statistical Planning Inference, 28 (1991), 153-165.

[3] P. Doukhan, G. Oppenheim and M. S. Tagqu (editors), Theory and Applications of
Long-range Dependence, SBN 0-8176-4168-8. Birkhauser, Boston (2003).

[4] T. E. Doukhan, B. Pasik-Duncan and J. Jakubowski, An approach to stochastic inte-
gration for fractional Brownian motion in a Hilbert space, preprint.

[5] E. B. Dynkin and A. Mandelbaum, Symmetric statistics, Poisson point processes and
multiple Wiener integrals, Ann. Statist., 11 (1983) 739-745.

[6] Mwai-Chung Ho and T. Hsing, A Decomposition for generalized U-statistics of long-
memory linear processes, in P. Doukhan, G. Oppenheim and M. S. Tagqu (eds.),
Theory and Applications of Long-range Dependence, 143-155, Birkhauser, Boston
(2003).

[7] AMIEER, MErAHEROFIIER. NWINKZFHRSR, 2001 4.
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TR TE LR F FRFIZELRD D
BIGHIIE/IND A — R HEE X

BEEHRUERIRAT  BREFE

1. [FL®HIC

Windham (1995, JRSS) I2&k » T, MEFET NV fo(z) (= fla;0)) B TRV
FICHEN R AR MEEESREINT.. HORELZHIEL, AEIZEOE
EEEN/PEV, EVWHIBEICESWHAMMELELZEARE L, #EBEO—HE
FRIET DT OICHEFRRIIAL T AMELTo72b D TH 5. Windham O
ED%IZ, Basu et al. (1998, Biometrika) X Jones et al. (2001, Biometrika) {Z & -
T, FELTWARBOr X MEFEELRRESN, HIETH8A4 =Y = A0
BESL ZODOHEFEOLBNIThNTZ. 272010, Basuetal. ORXOHIZEH D
212, BVWEAZREFEOHE, LWV IMENRKENTVD.

ARETIHRVWELZREFEZRETD. £LT, TOFERSAT A LG
DHBOFEXBHHIZIToTWDH I LERERTD. vk, £TOHELRET DA
I, MRS A A=  RTES O a SR MEEEIE, MEOEIEREL T
b+ @B T e wiEM L TRL.

2. O/\R hfEE
FTROEZEMRL TR (B6>0):

ds (g, f) :/Qfﬁdm/(/f1+ﬁdm)ﬁ/(l+ﬂ)_

WERBRBEEREE §(z) = YL, 0,(x)/n B ZDEE ddg(g, fo) /00 = 0 B
Windham (2L > TR SN HEFBERIC—ET 5. BHRTHELUTTREINDG

Si (20 s(@i8) ] f(a0)s(z;0)de _
i f(e 007 [fw0 P

72120 s(z;0) = (0/00)log f(z;0) THB. Zhix, EA f(z;0)° KKV =EA
FE2aTEEONA T AEHMELTERELEZLDOTHS. £ LTu AR MEE
BIIRTIREEND 1 03 = argmaxy ds(7, fs).

723 Ds(g, f) = dslg,9)'*" — dg(g, )"0 BEA "=V = L ADEAMH E T
F. Zihud KL-divergence & EHFRADOMEBRIZFA L THS. HIZP >0 DL E
Dgsl(g, f) & KL-divergence & —¥7° 5.

3. O/\X 4§
BANRPELEZONIHERFBELLLE, Too AR ML, LIZLIE, 5
Y370 g(z) = (1— &) fox () + €0+ (z) (= (1 — &) f* +6*) 1Tt 5 EEEL (Huber,
1981; Hampel et al., 1986) IZ &SV THERENS. bHAA BN MEEE 651,
FHINIEKRTEAZX N THD.

EEEMICES W a AR N OBRNITONBEHT, BREG e B hENTED
REHCRESNS. LLends, nAR MEER G, BHREIE /& 2L
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LHa N M@ ZERBFBEND. FOBEBILBERSHADO T TR SLOH
HTHD .

do(g, fo) = (1 = €)ds(f", fo) + €ds(6", fo)-

EYLERSY 6 IZBA L TR da(8%, fo) o [8°f) =~ 0 W HICHIE S NG, RERLIE,

WEDBRME T 0~ 0 BEIRFSh, Hiz, (BRI 6 1B [ = fre DR

B LERERIVNED, EWIEBNLTHS. BAX MEE eﬁi HeEtET

ﬁ&ﬁw\ﬁU%%?ﬁg®E%%4é<?é EERBEELLEND, BEMIC, B
BIorA f* & DEEBEZ /NS TH &AM ND ¢

by = argmaxdy(g, fo) ~ arg max da(f*, fo)-

723, FiROEEIX, BHISH f* BHEETADA L AA—THBLELRL, Hi
Hi5y 6 b — BN ThAHUEL A, BERAMEE, ds(0%, f)~0, EVHEx5 L,
[6 fdr~0 EWVWSHEETHD.

4. Fa—2TIN5A—2DER
WE e ZBEE L(g, f) = E,(p(f)) EWHIFATLLED. ZDEE, REHRR
BICESNWT, Fa—=r RT3 2A—4 BORIRAFELE L TUTHRIERTE S :

7=

;1;1:1 ,0( xl,@—z) ) B = arg mﬁin cv ().
BAOMBIIe AEEORBIRTHD. KLFA FIIa AR MIHEINTH WO T
Ex i, ZZTiEa AR MIHESND L(g, f) = —ds,(g, f) (eg. Bo = 1) %F|
AT 5.

kB, BETREILE LT, B BMEALTIE, #EE CVE) TV R
%ﬁEM@J@N@%&ﬁM%@%Eﬁ,K%@ﬁm#yb&¢&%927%ﬁm
mMﬁJ%ﬂﬁ%é‘tﬁ®ﬁ4ﬂ~9;yx®ﬁ%ﬁm,:@%%%%ﬁ%?é.
¥z, CV(B) OHREREZIT) Z& T, TNREILFa—=v IRI7 -4 0Dk
Rix, SATREGHBORBORELZHERIIT>TWDH I L2355 00, MAT, #§
NRIAN) 7 ETFNVOTTOEERRIL, TORBOKRTE2LIV 7 U TIZAES.

5. BEH

# i Newcomb light speed data {Z1F "
oAz b TUIHHT, BiRIEMLEIZ 0.08
ESWbD, Rt f=1Lv5R<
b7z L2 IZ LB a3 R MEIGEWAE
EDLO, BRVSERRE L HIECL 0.04
SH0, THDH. WHIIREIZRDRVAE,
R#baAZX MILBETEOT —F 28
BLTWDD, ERITELLEEHER L D

TWa.
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MSEZET HZZE LY v VHIFHERICD
WT

FLly hid K - ZEREEHR
W.E. Strawderman  Rutgers K

HEOBMIEET IV EEZD., BAMICIEY = AB+e¢ TY I N x 1 DBRIRS R L,
ABEHIO N x p 78 A 75 (T 71 p), BIEEKRHD p x 1 EIRFEHRART M, cld
N x1DFEENRT MILVET B, clf, FREZORIGEL, 0ED ORI i TEE
o Nf(de)a?) ZFEFDELRET D, o ERHMDRE/IST A—=2THD, f(-)FIFRERC
Y HIEEMEET 5.

BOR/N_FHEER § = (A A) Ay DEDEITING o2(A'A)~ITHBIT S, AADE
EANCEV & %, BIIALERICED, ZEAREORMENELS. —DDRRAEE L
T, Hoerl and Kennard (1970) 13V v P EIRHEFE & Gp(k) = (A A+ kI,) Ay (TTTE
EIEDEE) BRE U, frlk) 3EMBOEHRT AL DL RELLHEETRTHS. &M
B, BUENRZEREDEETSH D, BRI 8% fr(k) ZIEARRHS = Ay D
fREAIEL, Ay DEFCH LT, HIAYy D ENFIFESSHERBZEBTHS. DD

1661/16] < w(H)(16AyI/|A'Y])

(|- 11, EEDOI—2VUw F/IVL) O k(H) BEEHTHD, HEEEETIETEE
BAEGELE/NEEHEDLE LTEEND. Srk) D EOERELTVAT EIET
DEENS N D. 122U k ZERIICT— 26RO 2 FIEEBE S TR, THIKE
Br(k) & kI, ZINZ % T LBV 2L, —RICIEEMEITH K 2MZ 2 40BERTY S
AMEW, ZTT, ARETIR, B &0 B THTREE E((b- ) (b-0)/02] DEU%TE
WHEEE (RS 7 R) THhD & D EEBOERTEEL TV AH#EERE LY v
CEBHEE B Br(K) = (X'X + K)"' Ay D7 S A LTRET 2 L2ENLT 5.
FIEREDO T TN A AHEEDREHKS. T ORI Casella (1980,1985)
*® Strawderman (1978) %2 K TEAZ DN TED, BEEBEEFRIELN TV o T,

MEEZHLT T 5/0lc, MYGKERITIEEZAWTIEELLTS L, X £ ZH%T
n%hpmﬁ nAIT (n = N —p) EEAY MV TEBE [ d 2o f({(z—6) Dz~

0)+2'z})o?) (P(AA)~'P = D, D =diag(dy,...dp), d1 > - > dp, PP =1, 0 =P'p)
DX, H%ﬁ%%ﬁ®?f®9®%iﬁﬁmﬁﬁ,X&Z%@dﬂﬁ,%h%h?ﬁ
(y— AB)(y — AB) TH%. )

K%ﬁ?@,CzdﬁkhumgmzlﬂﬁLV:X@*DﬂWStLT%=U—
Wlp(W)C )X 5B 7 5 AREZD. TST B OREER 3,1, Py = P(diag{d;\(
t/e)1}) W%’t—dwmnfﬁb,ﬁcf%@%#ﬁ@d@%—%%%%—f%
B. ITICHERZINZET S,
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Theorem 1. §, is minimaz if ¢'(w) > 0 and 0 < ¢ < 2(n+2)"1{>°(di/c;)}/{max(d;/c;) -
2}.

Theorem 2. Suppose 0 < ¢p(w)/w <ty <1 for any w. Then 5(5’(,)) < k(B) for any w if
either

. . - rep(didy— —d2
Loife,>c1 >cg >+ > cpoy and to < min (C‘C”'l(d”” dp) Cp1cp(didp-1 ”)) or

crdp_1—cp_1dp ? L‘pdldp_l—cpvld%

2. ifcy <cp < -+ < ¢p and ty < mings (%) .
Theorem 3. Suppose p > 3 and Y {di/d} —2 > 0. If dy > dy, let . be the unique
root such that > {d;/di}" = 2 and let n,. be any value in (1 ). If dy = da, let 1.

be any value > 1. Then if ¢; = (dy/d;)™ !, uy = 2(n+2)"1 (3 {d;/d\}"* —2), and

vy = i ; (ij&i‘;ﬁ;ﬁ” ) the estimator 6 where 0 < ¢ )/w < vy for any w, ¢(w)

is increasing and limy_ . d(w) < u,, is minimaz and condition number decreasing,
further ¢; < -+ < cp.

Theorem 4. Suppose p > 3 and > {d;/d1} —2 < 0. Ifp > 4 let v, € (0,1) be the
unique solution of SP_1{d;/d}* = 2. Let v,, be any value in [0,v,). If p =3, choose
Ve = 0. Then if ¢; = (di/dp—1)™ fori=1,2,...,p—1 and ¢, > ¢1, u_ = 2(n +

-1 ( Pdi/d -2+ z-;—ff) and v_ = min (clc”‘l(dp‘l_d") c"”lc”(dld”_‘_d.’z’)) the es-

crdp-1—¢p-1dp ' cpdidp_1 -Cp_ldz
P

timator 9¢ where 0 < ¢p(w)/w < v_ for any w, ¢p(w) is increasing and limy,_.o ¢(w) <
u_, is minimaz and condition number decreasing.

Theorem 5. The estimator (1 ot +WC’ 1) X is munimaz and condition number

decreasing (and generalized Bayes under the normality) if either
1. under Theorem § setting, a < uy and v > of/{(a + 1)vy}, or

2. under Theorem 4 setting, o <u_ and v > o/ {(a + 1)v_}.

2% Xk

[1] Casella, G. (1980). Ann. Statist., 8, 1036-1056.

[2] Casella, G. (1985). J. Amer. Statist. Assoc., 80, 753-758.

(3] Hoerl, A.E. and Kennard, R.-W. (1970). Technometrics, 12, 55-68

[4] Strawderman, W.E. (1978). J. Amer. Statist. Assoc., 73, 623-627.
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FEAEETILE MDLREIZE DUV
NnNF7as4 770y EE

BREETE (BBT), BFE (BUIRSR), IOES (HEH),
HIEX (BIRE) EHE (EMER) WHESR (BHRR

1. IZC&IC

A VEZ & & SNP B TR OB EZ FAWENBETLRET ON TN,
FORBITEABRGOFHEE L SICREENIND I EBHFINTND.

& Z AT, SNP OFTET AMEIRIC L » i, FRIRZ M &% SNP #is 2 0
HLOEEET S LY &SNP LR SN D T ad A 7Ll d 550 ENTH
DIENHLNTET, EOHAMDWRLELRED TS, TOLE|ZEBRI &
E, NI REAT TRy IORERITIZEEHD. UFTlEnNTad47 7oy
7 DMFET %S SNP Bl 2487 L Cifa e 5.

Daly et al. (2001, Nat.Genet.) %, ~NT & A 770 vy OIEELEETDHEDE
PREEL, ~NTudA 7oy s RmLIELEBRIENS D EEREL. 277,
NTaBRATTa 7 ORIEFEZOWTIE, 9T Ny 7 Tholz., FD#IZ,
Anderson & Novembre (2003, Am.J . Hum.Genet.) 1%, </b3a ZETFIHEINT,
T OHBHRITHLMZ OMEBEEZEA LT oy 77 vy 7 ORENEE
BEL., KHRETIE, ~"TodA 77T oy /B’ RI0 555 %DHEBE2LETFL
LT, oDHEXY SBREANEVFIEERRES 5.

2. Ry FRRy bENTOR4 T Ta vy

Pefa(RIZEDNNT 2RO NT 0 Z A4 THEBHIENS. TR FRIEDS L&D
A ORMEZ IR LIZOR TR THD. TR TITHEAMZ R —EFF7E0 T
FETWVDA, EBRIZIHIEFMHTHABZPEEZY LT, TASNNT i
DEFMEEELD. ZOX ) HABRIITEERT VNI LA LEERVNTHD,
WD ZERHMONTETNS., MABRIZDPEEZRSTVEHTEZRy hARy hEEW,
By NAKRy bERy PRAKRy bEDBEANTOIA T Ty 7 LES.

-+ CCCTGACG --- N --- CCCTGA CG --- N -+ CCCTGATA ---
--- GTTCCGTA - - .- GTTCCG TA --- - GTTCCGCG - --

ZINETOMENS, FRONTaZ AL TOIFEALE, BEEOREEEZD
NENTaZATOMBBZIZEDERTHD, LI ERMLATE TS,
ORI, TNETSNP BICSHESEEZ EBL TE RN NT oI T Ty
BICEEBTANERAL L T NEXEZ8B L5 TA,

3. EFIL

SNPO#EE LEL, "TaXATRERIN TR EEELT, #hE h =
(h1y... hy) TRTZ LT D, 2BESNPIZITZ 2 2DEE LMTFEELERNOT,
TNHT77yXy METOE1ITET. BRELTA=0,1Tbhbsd. ERONToX
A4 7" CCCTGACG ixh=(0,0,0,1,1,0,0,1) R ENb. WEEHEN T & A7)0
AEFEELTCWEE LT, e H = {h},.. A} TRITZLIZL, TOHEES
gi,.--.,4a T%’?‘:&@l?‘é
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WEBHEOTDIZA Y FARy MR3—@EAEELED. FRMBSNPEEL &1 +1
ORI H-T2ETH, ABRIDBEZ 1=l E D=1,0 TERTIEILT, A
HEREAWREZ A=Pr(D=1) LB, £, BROICELD 2 >ONT i 7T
By ZIELT, NTREALTESEL, KOLIRTEEEZHET 5 h= (A1, h?),
A = (hy,.. k), B = (hyyr, . hy). STEBIENSE AT 0 Z A FIEERANT
BEATOMHBBIIZEIDERTHAERELES. Z0LENTaZA T hNE
BENDHERE L CKREZEETS

= (1-X3qd(h=0)+ A3 qo(hW = Bt) S g6(R® = m; @),
a a b

ZOFETNVEFR Yy FAR Y FOENR 2 OLL EOBZAIZHILETE 5.
%%Lt%%%?wm,ﬁ%;ﬁ&@iﬁ%%%it%?»fm&w LWnHz
EEBRHL TR, ERIE—HRSETEZEL TS, EBRIITEEANLEREET
wm&&%%fméL,ﬁﬁwﬁ¢fﬁbw%m@i9@@%%T6A7m&47
NDHBETZELHD. T, EREELREOKBRELT, Bl AT wd1 7 b
DB Z T THBRATE NI T oA THLHEETD. ZRH0HNZ
DNWTIIEKT B,
FRITMBIMREEDATHD. MY LEEEEEREL, E2ETVEESLZ
ET, REHEIZEM 703 Y XATERTES, 72720, Ay bARKRy hOFHMR
L, FOMRBEDLEOEMNERMICHEZ, EMTA I ZLDEAT v 7T
BLHPr(H=h) DHEENBERETS. ZHICELTE, TORREHET I
DO TN ITY XLEEST, FHEEZEO L.

4. NTRA4TFTOv s ORETE

WEERHENT B Z A TOEES H TRT. Ay ARy NOBFROELSE S T
£, Ry FARy VEBSDORIEBNANT R EZA T oy 7ORIEIZRETHS. =
D&E—DDMFHETANBHEEIND. TONRTA—=FFTEM 7T/ IY XL THE
TED., EDLHIH ESMBLNE, ETTFERBEMDL TRET S, 12k,
EFVERIRBYEL LT, AICRBIC 72 & T/ MDL 2 W= Dl3, TeRfEd L
RIEFIZ AT 0 # A TEEEEL NSO ERNT o i 4 F T oy 2GS LTIHGEL
<, MDLIZHF & bW A DML THD.

EERZIE, BT e A TOHR, RHANT o s A4 TEEOBRD T, SANE
D, e EORENRTE S TWDEH, T ZTIERTS.

5. YEialb—ia MR ET—HEIT

BEINEZFED AT A=V AERARDEHDIIEL DY Iab—a 275
o, TORRELT, #BRELTWBHEL, Sy FARy b%fﬁﬂjﬂ"5/<v~75§%
VW, ZENRTRENE. ¥, BEFEFIOROFEERITIE, EREEIZLEETH
LT EBREINT.

BEINTZHEER, BFCTHRERENTNWDET—FX Daly et al. THEFENT-D
ERILT—FIWC#ERA L. BT —Z @A LEBRIZIE, 2R ETIciThhi T
T AR BAREAT ORE R OMIR 2 BIEIZ 7 ) 7IC LT=. Daly et al. OF — & |Z@A LB
ZiE, BEOOEBELTWAEANT oA 77 ry 7 SIZIERUEELRRE LZ.
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AT T MBI A REBIANY — REHOHEE
B A PN NS s D T

L FL&HIC

BEBRETNVICBT DRERE AT — FBEEORZ X MY o 7H#HEERBEIZ SN TE X
5. ECFERE LT, EWVNCERT L EBEORECRERNEZ S5ND ET5. i=1,2,... niZ
xtUC, BE OEFRFAZRTHEERE T, RUERZRTHRELRE V, GEEERS
EOES C ={1,2,...k} EIZE%Z &5), IOV ETOBBLZ2RTRELKL Y, LT 5.
F7-, i~n1111('_7’7,Y) 0 =I(T, <Y)) LB 2L (A 2ES ADTEERK LT 5.
ok E, EE Ob\f(l)ﬁ(ﬁl{'ﬁ I, (Xo=a,Vi=0,0,=1) 03 (X,y = 24,6, = 0) D
WITNNTHD. FIFEOHEITE X, TEE 0EFREMAERE L, BB OEAIZIZHTT
ekt Zokr ey — 57755 MEERT — 7 & LA

FECRE § € C DJRRFFE Y — FEEIE

AP (1) = lim pr(t S Ti < t+ ALV = T, 2 1)/ At

Lk EREND. E£7-, BUERE ) € C OFERSERER ML E B (1‘) = pr(T; <
t, Vi = J), £HFRM T OBBOMBEEE i) = pr(T; < t) = ZjGCFO (t) (ErFEI%
Fo=1-F) 745,

BRCRREEERTEGC L, EWIERT A 0OWMBEESC, & G IXHETH (C =
CiUCy, CiNCy = ¢). LEFERDO—EC, OIIZK LT, FREEEAF— RFORSF A M) v
JET )

M= {{ A0} ec,;0 €O} OF/RT A — K 2=/

EEAL, HEGRT —FIZESW TR TA—F 02 HET I L2E25. HERER
Co DRFFFE NP — RIZONWTIE, 737 A Y w7 BT AEEE L. 2, G = {1},
Co=A{2,... k} L L7=BEICIE, FECKEE 1 OFREHFE NV — FBEEIZH L THH/T A
N *‘/7{‘7‘/1/7&0)?&!5 LizZ bz, 7, 70 ML, 7L CLiIZxtT A EDFERE
FENY— K {Agj)(')}jgcl ZEDEIFRLR. bbb, 5/ M O misspecification 73
FOBEDILDETD.

EF /L M D misspecification Z ZETH L &, fET RENRTA—FHIL, RELEZET
NWMODEGET, EONAY— FEEIZ “RbLEVV A= FEEX BT A—LETHDH. T
nhb,

—  log A9 (¢: Depy— [~ AD (2 0) dFL(t

0(6) = 3 | [ log 0) arPte) - [ A0es6) aFi(y
R EE, ) EEKRIETD 0 c O DERHEETRERTA—FETHD (INE 0 &
BL). 72770, AD(#0) = [f A (2;0)dz, j € C) T 5. O ICHERNET 2HEREY —H
WMEEBL LS ZEIZTD. B, ETVMPBELWE X (EORRRBENY— FE2givd
&), 05 1ITED/RT A —é?w’@:ﬁfzf;%f;b\
2. MLE

ETNMODEET, 3T A—& 02T 3B ERE

= i Z {5;‘.7(‘/1" =j)log)\(j)(Xi;9) _ A(j)(Xi;Q)}

i=1 jeC,
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TEZBND. MLE 6,13, L) 2B K720 QL LTERESND. HFEHVEBY,
SHAE G (EFBEEG =1-C) £45 L&, KEOKANCE D, BHEEAE L.(0)/n
i,
— Gz log A (2 8) dFO(z) — [ A9 (z0) dH (2
€6 = S { [ Gy toen (@6 ar(e) - [ AN ai6) dl(z)

WCHERINRT A, 72720, H = 1-RG. BRBEE LTI R AVES (=1
OBE) I, £0) Z2RAAT D 0 OMEIL 01— T 5. £, TF /L MMBELVWEEIZ
b, £(0) ZERKRILT 2 0 DIEIT, FTE1 0 BERI A GITIRTFE T, BEO/ T A —FEIZE L,
L L72and s, —RRICIE, £(0) ZRAR(T 2 0 OIEE, FTE 0 RERISOAR G ITIRTEL, 65 1Ic—
B LAV, LienioT, —#&ICI, ML E 6, 1365 12505 — Btk % /=720,
3. ELIMLE

BEO (ECEREREEELRV) HRITY Y £FEHT —FICESRT A M) v 7
EREICRT LT, Oakes (1986) IZTEIMLE & KIENAHEEFIRE L=, Suzukawa et
al. (2001) 1%, ML E &ML E D HBICOWTHRE L7z, Z 2 T, Oakes (1986) D
LIML ExBAafaRmEIz—i{td 5.

RS Fy LREURR j ORMBEMEFY 0/ VI A N v I WERR TR
Fh, F, FO L35, Z0 L x| iRt LEE

L) =nY { / “1og A9 (t; ) dFY (1) — [ A9 0 an(t)}
jec 0 0
ICEVEETS. ELMLE 0 %, IEEISHEE L2 (0) # B K(LT5 0 & LCEHETS. F
BIHEAE LE(0) 13, n(6) o812 Fy L FY 2 2neh, 2D/ w52 M) v o it
EECEEMATLOTHS.

LB L2 (0) D88 1 T & 8 2 THIZ, £ 21 Aalen-Johansen &%y, Kaplan-Meier
oL JITN D ETH 2. BIE OWELEAME X Suzukawa (2002) 1IZE 0, 7=, %ED
WTEOMEE 1T, Stute and Wang (1993), Stute (1995) 2 Pic X ARG, —h b L [EEE
W UT, O L (0) OBARME A AT A TE S, F7, FRAEAWT, HE
MLE % OEREHERTEINS.

TR = inf{t : Fo(t) = 1}, 7e = inf{y : G(y) = 1} B & &, &k < 7 DH LT,
L (8)/n %3 0(0) \ZBRIE L, LIz#3-> T, iEEIML E 6% 430 0—EHERETH D = LR
SND. Fl, BEREEDOL LT, Li(0)/v/n OEGEERMN R EN, Lizn- T, 5LM
L.E 07 OBEERER TSNS,

TTVMBPELNWEE MLE CEEMLERWTNRLED S A —F O—KEERT
H5. LrL, TEMLEOML EZH 2HEMMMETIILUT Ch D, Thbb, =5
IWMBPBELWEZIE, FEIMLEIZ L 21EHRIBLEIH Y, MLEDFE LU .

Oakes, D. (1986). Biometrics, 42, 177-182.

Stute, W. (1995). Ann. Statist., 23, 422-439.

Stute, W. and Wang, J. L. (1993). Ann. Statist., 21, 1591-1607.

Suzukawa, A. (2002). J. Japan Statist. Soc., 32, 77-93.

Suzukawa, A., Imai. H. and Sato, Y. (2001). Ann. Inst. Statist. Math., 53, 262-276.
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Nonparametric kernel regression for multinomial data

REEA - BREY R A B A
BIRA - REHT Ak X

1. &
ZHEROMEZEZ L. BRESEc NEAONIEED (r + 1) RTHEEXRT ML
Y = (Y,..., V)" BEESH Mo(po(z), ..., pr(z);n(z) 1KRES, &b

Pr(Y =ylz) = n(z H P2y ™
3=0 yj
TR . TTTy= (Yo, - u), Diops(@) = 1, Tigy(2) = n(z) TH 5. HLDEHME
RIFBICHT B RIGHER p;(2),7 =0,....r DHETHB. 1 DO7 Ta—F & LTEEHD
Dy bETIWEREBZETOEY bETNVEERLIZSTA Ny ZHELNS B, AE
T, kernel {EIC K 5 IR FIER RS S L LTEOH LWL VSS AN Y w o7 7
O—FZRET5.

2. kernel # £ €&

KBEOHEE 2z, = (i—1)/K,i=1,...,KIZH LT, Yy = Y(@)/n(z),i=1,... K &
T5. ZCTY(z) B, MEADNTICLEDY,; ThHD, HEBERRT % DIC Read and
Cressie (1988) TH A BN T 5/3F7 X —& X\ Z#FD power-divergence loss function % ¥
HT%. TnBHIVNY =547 5—FREPCNY VA —HEBED % A 7 OEKE R
BIRGE L LT, & 218 U TR power-divergence loss function ZF[F U TH

LU TeHEe 8 OB A%
T }7 A r
Z%{(/—Bg) “1}4"’7(1“253')},
j=0 J j=0

v), Lo1(B,7) = limaaoy Ly(B,7), 8 = (Po,
= ¢(xz/h)/h, ¢ & kernel T, TDHR— i

2 K
Ly(8,7) = mgdm(% )

&i%ﬁ—é c C‘—(‘\ Lo(ﬂ,’}’) = hnl/\-ro Lz\( y Y
GO A ETS TV AT H B, (2
[-1,1] &F 5. oo LT

(8,%) = arg min (4, 7)
EEB. TDELEp(z) DHERIZG1CE-T

(Zz =1 ¢h($z - T)Y'\+1)A+1
Y= O(Zzlil on(z; — m)Yz;\“),\J‘

TEABNE. CTTEICO LS pja(zh) <1 REERTCEICEETS. FCA=0DL &,
K7 Nadaraya-Watoson #ER L 5% . REOMBTET—ENB/F X=X (A W) *
RETDRENDS . ALED (N, W) IZ3T B p( h) = Boalh), Dialsh), o a3 AT D
BEEp() = (po(-), p1(4), -, ()T DHEBDH B 1 DDV T ARKERTS. LizhioT
NG A= DFRIIHERD I TANOHEREBIRTHT L EEAONS. AT A—&
DFERGT—ZZERT 2 0H HERBOR S RFHMET 2BERBEICMKEL TORETRE
ThH5.

ﬁj,z\(‘ﬁ h) = ﬂj
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3. BLERE
HEBOR T ZFHNT 5 HUE L LT MISE (mean integrated square error) ZfH 7 3.
ng =n(z;),i=1,...,K B HEIEYZKERZEED T T p;a(a;h) DINAT AL FHD
WRERR A E N TR TEA BN S:
- A ) (2)(1 = ps(2)) R
Bias[p; (z; h)] ~ §%Ibw($)*‘h25%(2),‘/BHA(I;h)]Cf}b(l)(nllgz(l)) :

TTTC pp= [ 2%6(2)dz, R= [1,6(2)%dz TH>T,j=0,1,....7IHLT
blj(l‘) = (1 — (1 "I‘T’)]Dj((l’)),
)

(1 2 (1,02
J7%) P; (z) p;(z) (2)
bo (2 LD BY -, z) y.
2_7(3’) 2 { ( p](x) p](‘r)g Pl(’L’) +p] (T)
EBI, mKL - PP BNETS. CTCTpldH A EDEHMTHD. TOLETED (r+1)
RITRYT PV a(# 0) 1SR U TROWREERESF LN S:
Vi KhaF {p(z; h) — p(z) = A(2n1) " 'by(z)} —a N(paTby(z), ol L(z)e).

T T T by(z) = (bo(x), bin(z), ..., b1 (2))7, ba(z) = (bao(2), b21(2), .. ., bor(z))T and L(z) =
R(diag(p(z)) — p(z)p(2)T) TH 5. RE LIRZMHEDT T p;a(z;h) DISA T ZAOEADE 1
TSR 2THD O(h2)- 23 7 ABAB K D IR DB L 755 DT

Dia(zih) = Pia(zih) = (2n2) 7ML — (1 + r)pya(z; b))
EBL L, THI Bias[p;\(z; )] DE L EHEZNNA T A E UTRIIZRVISA 7 AETHEER &
xY, EHICTONAT AEERDTEOTERICHEEZEZ RV ENDNS. STHOE
BHREINZEET, MM T ADFEBHEDACADNZTENZ T LICHEET S, XA T RE
IEHEE BRI U T & ARG EREME SN 5B,

4. 18T A —A DEIR

HEBDR X ZFHMlid 2 E% L LT MISE (mean integrated square error) 23 5.
INAT AMEIEHETE & P; 5 (x; h) OFEST KR [61, 1 — 62)(C [, 1 — h)) T % MISE 1%
173
niKh
£75%. TTT Byj,Byj,Bsj,V; 1361, S ICHAEL Tz p; DINEEBTH S. > T, IXTD
Paj(+ih) O MISE DI 3 _o MISE[f; (- h)] ZERIMIC /NS T 2 R4 A h I3 ZNZN

1/5 1/5
/\opt = _%7 hom = (%) (EB%) (nlf()_l/5

THEXBND. CTT B = Y oByj, By = Yo Bay, By = g By, V = Y, V; T
%. TOFERICH LT ROT(Rule of Thumb) *® PI(Plug-in) DFiE %W A T UL ERRIC T —
ZICEDSNRT A= NNV RIBR DR TES.

i

- hp 2
MISE[T)J',,\('; h)] ~ T(Blj)\ + QBQJ')\ + ng) +

5. ¥YXalb—3>
F—RICETIRG A= N ENY FIRAOBRBICHEEDOREEICETEI I 2 L—
VaVRERNOERADT TOa—FEHTHB T EERLU.

Read, T. R. C. and Cressie, N. A. C. (1988). Goodness-of-Fit Statistics for Discrete
multivariate Data, Springer-Verlag.
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RURATAY7ERDHFICETE0Y Y bPOEREOHHOELICZDNT

WILBEKRE - BE  HEHESH
ILEEREAY - BF HahE

1. ZColz. —MEREE TV (Nelder and Wedderburn [4]) % 2 5 B(n, ),

n

Pr(Y =y) = (y

)wy(l -m"7Y, (y=0,1,...,n)

C’Db\'(%i Z OB R FREEERI Th A Yy MRS logit 7 = log{w/(l -7} THEZX 5,

TT, NEORZZY T/ N—TICBU B RKIGEICHIG UTEREH Y, ..., Yy A EWICHTIC
Ya ~ B(na,ma), (@=1,...,N) £§BILIBEAT Ll A7 sy 7ERET L (AP bEF
W) logit me = 200, (a=1,...,N) BELNS, 7L, 2, = (Tal, -, Tap), (p < N) BHEE
N7, B = (B1,...,0,) &T B, FRC, p=2, 21 = 1,202 = Ta, (0= 1,..., N)edTBeHE
FISETFVELTHWENEaY y FET IV logit mg = ) + faza, (a=1,...,N) &%&%, 0
AT 4y ZERDFICBO TS A—ZORKHER B = (b1, ..., 6,) PELEREEFDT L,
DED logit Fo = logit m,(3) WHWHEEMMEEFDC LAMEN TV BN, AHE TId T OERIEM
DRBDRFELTE D,

2. EBOHSHFOME. BRIUHEBOHINEE (e.g. Serfling [5)), B& U Lawley [2], McCullagh
(3] DEERICEDE, logit m, DHEEE logit 7, = /8 DAL TROEHEE S,
FET DN na=Np TR LE, FME

1 /Np — py (0< p; < 1) for each j, as Np — oo (1)

D& & T, logit 7 — logit m7a —— N(0, 62) as Np — oo, (@ =1,....N) 7L, o? =
S S TalTamkl ™, KD (5, k) RS \7'3‘2 -1 ZajTakNaTa(l—7,) T%épxpf“ﬁ‘] (Fisher
FEEITH) OBITH K1 O (I, m) A THY, o FERINEEZEWRT 5,

B2 R (1) OB LT, E(logit #ia) = Aa + N7 ' Ba+o(N7 '), V(logit #1a) = N7 ' Co + 0[N 1),
E[{logit T, — E(logit 74)}*| = N72Dy + o(N7%), LFEETE S, 12720, A, = logit 7.,

P p p P
B, =-(1/2) hm Ny ZZZZIQ','/{]"IK"SRQ‘T,S, Cy= lim qufy.
Nyp=—00 Np—ro

j=1g=1r=1s=1

p P 14 p P P
D, = lim N% E E _S_ g E g I(ijalla“lnl{] IRl ms'iq,r,m
Np—o0

j=1 =1 m=1g=lr=1 s=1
N
Kqrs = Zxaqxa,.xasnaﬂa(l — o) (L = 27y), (g,r,s=1,...,p)

a=1

L35,
3. EREERIZEBDDy POERALUOHRR. EH 1, FH 2 ZH T Konishi (1] 8L U Tane-

ichi et. al,[6] (IC X DEHEI N/ ERIEEBRO—BANICE D E logit 7, ICEAL TUTOERELE
m%f'%ék— th\—t%%o
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#1: 87 =-2,8; =3 DHPAD n = 40,60, 80, 100,120 1T B C7(0.05) x 10° (j = 1,2,3) Off

n 40 | 60| 80| 100 | 120
C}(0.05) || 1280 | -136 | 295 | 586 | 384
C}(0.05) || 885 | -403 | 61 | 314 | 204
C3(0.05) || 885 | -383 | 72 (314 | 214

logi Aa = i
g1 {logit 74 ) N _ logit i, 1 B Lo (n: =0)
O [4i1og ELTe — g (Ba + }Cica) mE

woa v N[ 1 e ogitfa—An) 1) L lC
go{logit #,) = ,/—5; {fa (e 1) Ny B, + 5 ‘afa

F2RU, €a = —Daf3C2, Ny = Anba +1 £33, THEW, UFOMHE g;(logit #a) —
N(0,1), as Nt — oo, (j = 1,2), BXU E[{g;(logit #a) — E(g;(logit #a))}*] = o (N{l/g) o=
1,2) Zihlc UERSHANDELUNRBET NS,

4. BEFECLDAEUOHEDER

ETFNVELTp=2,N=8n = =ng =nBEX ZHEIKEAVE YT HALVOERES
TS, B—rPy hOHEENE logit 71 ICBIL T A = (logit 7 — logit m)/0%, A} = g1 (logit ),
A} = ga(logit 7)), & Lz & &I B = 10000 EO#DELICHL A, (j = 1,2,3) A N(0,1) D L
5%5 lo.os ZREZ BERE BJ(0.05), (5 = 1,2,3) £ T3 & EIT N(D,1) NOELIDERE & L THEE

B O

C](0.05) = B{(0.05)/B — 0.05, (j = 1,2,3) ZF, 35 A—ROEDMEMN g; = -2, 5 = 3 DHEA
IKEDERRLUIEDONE 1 Th B,

S 3 Ek
(1] Konishi, S.: Ann. Statist., 19 (1991), 2209-2225.
[2] Lawley, D.N.: Biometrika, 43 (1956), 295-303.
[3] McCullagh, P.: Tensor methods in statistics, (1987), Chapman and Hall.
[4] Nelder, J.A. and Wedderburn, R.W.M.: J. R. Statist. Soc., A, 135 (1972), 370-384.
[5] Serfling, R.J.: Approximation theorems of mathematical statistics, (1980), Wiley.

(6] Taneichi, N., Sekiya, Y., Suzukawa, A., and Imai, H.: Commun. Statist.-Theory Meth., 31
(2002), 163-179.
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A CONVEX COMBINATION of TWO-SAMPLE U-STATISTICS

RV B R AT A7t
BERESE ML FE i

1. 2BAU-REAEDOHEES

F & G 2R OGRS E U, B30 = 0(F,G) % F and G ) estimable parame-
ter(regular functional) &9 %, $7xbB, B (B, kernel) h(xy, ...,zpy 91, .., Uny) DB T,

ky ko

9—// Wty e T Y1 i) [ | dF ) [ 6 )

i=1 j=1

ERENDBEDET D, 1L, h(z,. TR YL o k) BENEN a1, oy By, ey CBIL
YT, BBk & ki ropiﬁ#zﬁt R/ANDEEET degree THBo Xp,.., X, & Y1, Y,
%%ﬂ%’h D EFNCGCHEDKEE ny, ny DFELLT 3B,

kernel hICXT9 % 2 KA U-HiatE Um ne ERTHALNS

-1
1 ng

Uning = . 3 Z Z h TRRRES zk 7YJ17~~7ij2)>
k1 )

(n1,k1) (n2,k2)

CTT, M F < <o <y <y ZHGTET iy, 0,ip, LTHBNS,

w(ai,...,a;k) WHEXONIZEICDWT, j=1,... k BEGa +- +a; =k BIFELTED
B o), OIFATHIGERE T S, wla,...,q;k)s DD 1 DFELRET 5,
d(k,j) = 31+ +a}_,\w(a1,‘..,aj;k), J=12,.,k L, Dnk)=3r_ dkj)(7) &6
J1=1,.. .k RO jo=1,... ko iZX L, kernel hii e &

h(jlvjz)(xlvv--;Ll'jl;yl,...,yh)

1 + +
= 1 R ,k P ;k
Ak 30 d0k. 7) Zr1+m+r“=k1 231+___+sj2:k2 w(ry,. .., 75 k) w(sy 5323 k2)

Xh(l?],...,.’l?],...,l‘]'l,...,Ijl;yl,...,yl,...,yj,z,...,yh)

Tl 51

Ti1 312

YL, IO kernel ICHT B 2484 Usist@er U0 v¥ 5,

GDHEERELT, RTHEALNS 212K UMt 8D MESZEATS !

k1 ko
1 1\ [n2 -
= > > dik ka, UL,
Y’n,l ny .D(Tll kl) (_n27k2) ( 1131 ( 2 ]2)( 1) (]2) ning

Ji=1j2=1

A, w1, 1,...,5k) =1 and w(or,..,q;k) =0 for j=1,....k—1 DFE, Yun
B2 R UGB Uy, n, 1055, 1A, j =1,k BXTr + - +rj = k BEZTIEORH

a1,y KX LT, wla, ... aj;k) =kl/(eq! - o5!) DIFE, Yo n, & 2R VHETEIC—EHT
% Vm ng = T kln2k2 Zzl =1" ch1=1 }?:1 ;l:g::l h( GRRE Xlk 1Y]17 1Y3’k2)°
2. FLARME
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d(k, k) >0, Thbbw(,.,1;k)>08Td, TDLE, & =kdk,k—1)/dk k) &8 L

dk,k) (0N . & Iy dkk-D( n Y\ &% (1
D(n,k)(k>—1~7{+o(;ﬁ>’ D(n,k) \k-1 -n+o<n2)
B HIID, Xz, T1+~'-+7’j1=k1 (jl—_—l,...,kl) EJ:U:S]_‘}""""SJ‘Q:]CQ (j2=1,...,k2)
BT EOBER ry, .., BEU 51,000,855, KRNLT

2
E{h(X1, . X1, o, X X Y1, Y1, Vi, Y3) ) < oo

T1 S1

T Sia

9B, TOEE,

2
Yoing =0 =Unjjng — 0+ R}n,m’ E[R}u,nz] <

zlQ

DR DD, THUCKD, Upyn, DHEHEEDND Y, n, DEDEAMENE» NS, &B, MU
TORBRETIIN =ni+np £ L, 0<p < LIZHL, ppn, =m/N —plEBE5IC nyg,
ng — 0o £9 B,

RO (41) = E[h(z1, X2, ..., Xiys Y1, .., Yiy)] BET ROV (1) = E[A(X1,. .-, X591,
Yo,...,Yip)] &L, o= Var[hO(X1)] LT E, = Varp@H(v1)] £ <.

LUFOMENKD 11D ¢

NY2 (Y, g —0) 2 N (0,p7 k3o + (1= p) K3 1) (ma,me — o0),
C
sup IP(Ynl,nz —0<z) = P(Upp, — 0 < x)l < Ve
—oo<T <00
E[JAN9(X7)P] < co and E[[AOD (V1)) < co and |\/Bryms — B < CN"V2RAGES B0 21,2,
AT, N(O,1) ISR HRER L T5. &, =n] k¢ +ns k3G, LB, TDLE,

sup_ [P(NYV2 (Vo = 6) S ) = P(07 k61021 + (1= p) koo Z2 < ) |

—oo<LT <0

sp |P(NV2 {5 Ko+ (1=K} (s —0) < 2) — 2(a)] <

—oo<T <00

—OOSEC}?<OO lp(ggllwézz(ym,nz —-0) < JE) - @(m)’ < N?/zo

Denker, M. (1985), Asymptotic distribution theory in nonparametric statistics. Friedr. Vieweg
& Sohn, Braunschweig.

Koroljuk, V. S. & Borovskich, Yu. V. (1994), Theory of U-statistics. Kluwer Academic Publishers,
Dordrecht.

Lee, A. J. (1990), U-statistics. Marcel Dekker, New York.
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Statistical Estimation of Optimal Portfolios for Dependent Returns of
Assets

BRGHRZERFR BT8R DI B4lE
RREEEAY HTEE HOIEE

BER £ 125132 m BOEED S > LU ¥ — 2% X(t) = (Xi(8), ..., Xm(t)) EL. ZOH
FHEB LB MBI Z TN TN 1= E{X()}. & = Cov(X(t)) &T %, F£7=. portfolio
weight & a = (a1,...,qny) TRYT, ZOEE, BE. BxOHUEN S optimal portfolio weight
MEBEINZDN, INSITH—LE ‘

9(u, %)
TREIND, TIIT, g: RIMOHD/2 L =170 5 BT
SATXRRTIE, U —2MAViid. or stationary process &{RE L T optimal portfolio weight
EMETMINCHEE T2 DB LD, HERBOREEZHELDDIIEETH D, ARETIHY
G—IRRIEEREL . g(p, X)) OWNLREHEEZRET 5,

{X(t) = (X1(t),..., Xm(t));t € Z} »¥ Gaussisn m-vector stationary process T, ¥ p =
(1, o) B BBAE R(K) = B{(X(t) — p)(X(t + k) — p)'}. AT MUTH £(N) =
{fir(N)} 2D ET 5,

SHITRERET %,

Assumption 1.

S IR < o0

l=—00

X(1),...,.X(T) MR N=L T2, TOLER(0) =2 = {0i},0 = (¢, vech(E)') & L.
i 1o
Bo= sz(t)
. 1L
o= 2 YOK() — A~ B
6 = (i, vech(£)).
LT5, £, ROTHZEAT 5,

0
2

2mf(0), (m x m) — matriz
{271‘ /_:{falaa ()\)faza4 ()\) + fa1a4(/\)f0203(,\)}d/\

jap, a0, 03,04 = 1,...,m, a1 > az and a3 > cm},(m(m +1)/2 x m(m + 1)/2) — matriz,

I

Assumption 2. B¥ ¢(0) 1. EHEAICHITREET D,
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Theorem 1. Assumptions 1 and 2 D F T,

VT(g(d) - g(0) 5 N (0, (gg)l ( %1 902 ) (gg)) (as T — o)

4
r
%)

89, 6/17/781]86“(2)/ 8/.1417'-" 6/,“\;,80-117.'., 80"kk '
t a 50

Assumption 3.

(1) fN) . 5= (n,...,n,) e HCRITNRIALTA XENB,

(i) AU = [T 8f,(\)/OndX, j=1,...,¢,l € ZITHL T, T2 _ AP D)||g < oo
Bk D 31D

(iii) g=>m(m+1)/2.

Assumption 4. (A [ZHERMRL) EQE c BEFEEL T, £,(\) — L, Z¥EEEETD. Z
W Iy idm x m QBT &9 5,

Assumption 5. K% % Fisher i #{T5 F(n) QIEEME LT 5,
Z I T,
@A) = (vec{11(N)}, - - -, vee{m1(A)}, vec{paa (A)}, . . ., vec{thmm(A)})

72U Yap(N) = 2{eae] + epel} (e, 135 a BN 1. ZDMDEAIE0 D m KITRT ML)
L35,

Teorem 2. Assumptions 1-5 O T T, g(f) WWABEMTH DI & &, REFMZT NITE
ER2ITI C WEETH I EERAETH 2.

{E(A) ® £3 (M)} 2(N) = (vec{0f,(X)/Om},.. ., vec{0f,(X)/Ong})C.
FH2KD, UF—0BRNTHDIBE. g(, ) PHEERIZ—RITHEF D TR W &3]
BAL 7=,
RiZ, EQXIBBRAETIVT, EHEEN TR 220, TOEEVWOREIE
INE = det [{Asymptotic variance ofg(é)} - .7:(77)‘1]

ERERICHME L 2B 2 IRET B,

217, quasi-Gaussian maximum likelihood estimator % > THUE B NEE BN T
X5 ELEBHET B,
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Discriminant Analysis for Multivariate Non-Gaussian
Locally Stationary Processes.

BREXE HEIFEE $E) -

ZEBMITICEB W TIE, S OB O FENFERICHEEINTE T, ZEEMTICBITS
A HR OREIE L ERINTF — ZISAT 5 2 L. 2R ERKEEY, Shumway(1982) iXEH
BRI F 1T DRk~ R HBIRIBEIZ OV T, AEMRIFEE1T 572, Non-Gaussian X BEFHIFH
P57 — & M OHIBIZ OV T, Kakizawa et al.(1998) X Kullback-Leibler 1% ###JE <° Chernoff 1§
HRAEZEOHBFEZREL, B L REOBRBEOSEOMBECSA L,

EFEFRINT —FIZOWTOMTIT L CHISN THREY, EHFORFERBTIDILER
BRIIET/VIRY Tid7ew, Dahlhaus(1996) (FEEREETHBEROZ 7 A THD BAETBE
FREL, HEOHERONIERE ML L, A#ME Tk, Kullback-Leibler {H# I # <> Chernoff
FHAE 2 & TSR time-varying A7 hIVRIE ORSIBE A B s — R (b & o B0
HARE L. FOHBEEOREMNIZET S asymptotics A SMMZT B, £/, LAN 7 7a—
F1Z & A HEIZ non-Gaussian optimal 72 ¥BIEHE LIBET S,

T 1. HRBRII X, r = (X3, XY, (t=2-N/2,..,1,.. ., T,...,T+N/2,T,N > 1)
B3 transfer function 1791 A° D RAAEEBR L X, RHE

Xz = / " exp (IA) A2 (A dERN) (1)

REETHIETHD, ZIi0. €N) HESAEEZ BT EE AT FABETHY . & =
[T exp(IAt)dE(N) 1. RTA b/ A INT b, iz A° BROEEERZT,

EM K & 2n - ETSMER A < [0,1] x R » C™*™ AEFELT, Alu, —A) = A(w, \) TH Y

sup [AZ 7 (Nas — A (i;/\) < KT (2)
'Y ' T ab
foralla,b=1,.... mand T € N &= ¥+, Z 212, Ay, ) iFu iCBEL TGEETH D, LI,

flu, A) := A(u, \)QA(u, \)*, Q = E(e,e}) % time-varying A7 MNEERBEITY LML,

T, Xer it MA(co) 5

o0

Xy = Z at,T(s)Et-s (3)
=RO. DED,
Ay r(A) = Z ay 7(s) exp(—tAs) (4)

T& 5 & L. transfer function 1T7IXE KR ERIEMH%2 2 L RET B, Time-varying X227 h
MR fu,\) O kernel B/ 235 A R Y o s HEEE LT,

™

friu,\) = [ Wrh— n)In(u, p)dy, (5)

-1

ERVD, T Wr(w) =M Yor W (M(w + 27v)) 1 B 72 %4 2% 72T weight function
TH O, Iv(u \) L w281 BBF2Y 4 K7 5 LT5ITCH B,
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Kullback-Leibler {&#R I <> Chernoff {F#RHAIE L. RO MR time-varying 27 b
EORBSIBHII—RLEN B,

D) = %/0 /_ H(fj(u,/\)fk’l(u,)\))%):—du (6)

ZZW, H() b 2ITPMEREETH Y. B H(Z) 1E. Z = E,,(BAL1T3) CHE—OR/IMELZ
2, H(Z) DERE LT,

Hg(Z) =tr{Z} —log|Z| —m, Hg,(Z)=Ilog|aZ+ (1 - &)E,,| — alog|Z] (7

DMLz, quadratic function
Ho(2) = 5ir (Z - Bp)? ®)
ENREZLND,

5. BRI X = (X _njor X X - o Xy nyo,r) B3 time-varying A2 b
NVEERE £ (u,\) TREOSTOAL 2 2OBMONT IV —11;, j = 1,2 DR, EHbn0r 7
ABLTVADEHBI LI E T D, Xy DAY M LT3 Y — 10, OFE#E% Dy (fr;f))
B, WRIEM Dy %

Dy = Dy(fr;fs) — Dy (fr; f1) 9)
TEHELT, Dy > 0D 12, Dy < 0 DI, (ST 3, Dy ICES<BHBIRRT
Pp, (2]11) = Pr(Dy < OI,). Pp, (1]2) = Pr(Dy > 0|Il,) & 725,
EE 1. EUREAREREEL, AV EEDES ETH (1)) £ f(u,\) LT5, T0&
. II; DFT, Dy 5 (=1)7+1Dy(f;; f) TH Y.

VT{Dy + (-1 Dp(£;;£)} 3 N0, VE(j, k), as T — oo (10)
Thbd, ZZIZ,

, tr1 o[ 1 " ;
VA, K) = /O = / r{Que (s (1, VPN + g 3 kap et (@G ()] du,

47 44
- 6 a,b,c,d

Qi (1, ) = £ (u, V[H® (£ (u, VT (w,A)]

P8 () = {19 @ Yapet,m = [ A, N)Qy (0, ) Ak (u, A)dA

TH5,

IDEELY, Dy D—EHERRENDD, ZOfM, II; 2311, & contiguous T DD asymp-
totic Gaussian optimality ®° Gaussian robustness # &4 %, 7=, Non-Gaussian LAN (2%
3< BIZ, asymptotic optimal 72 ¥|BIEUEL HET 5,
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Influence of Liquidity on the Optimal Strategy
TN RZRFRHRE AT R i—

BT 7 A ADOHMARIER T, TRICENTERmESY EHICEE T
FBHTEMREETNTVS. LML, HEOTE TR, TOREDEY TRV
HHEOEVERFER S SREET S, HHEOFEIIBHTERVNETHS.
AHE Tl RE B T 2 RENE O ER M LT

(0, F,P{F;0 <t < T}) ZEEOFHEWHIcTHEREREL, POFTO
{F.}-Brown &% {B(t);0 <t < T, B(0) = 0}, 58E \ D {F,}-Poisson @& %
{P();0 <t <T,P(0) =0} & 5. LLEHEDMBR A1) & FEREREOMHK
BEE S(t) iXFNFh, UTERT&3 5. '

rB(t)dt, B(0) =1,
uS(t)dt + oS()dB(t), S(0) = Sp.

dg(t)
dS(t)

i

il

TTT, So 7, pm o ZIEOERTHD, r<pkiizd.

TREE W () ZHb, X2EELEREETERTAREREER . RER
WGERANEZ LTS DI, EREEDORELLE X (1) 2 o) IKEET 2H5 %
A B, UL, MEaMEAMEWzDIcEE I3RS 2 RTEEMNH D, Poisson 1
BOYy TR DRHEE RN 5.

REROHHIT 5 v(t) ZIEHEL & LT, ZHUCHE> TIREE NS W (), X(t)
W), X(t;o) EEBL T LT 5. kB, REFIGFFAINSREUSZ L
TOZERNRET 5.

V[t,T] = {v|v EFTFH, t <s <TIKBWVTO<v(s) <1}

TDT LI, BARISEREEDZEE D RERIC KL EREEANDRENTE K
W EREKT 5.

KRG Tl BB E B o (¢) S ERIE VAL, z,w) BN Uz, RER AR
CIBREROIARA Ellog W (T;v)| ZRAICT 2EMIKTH D, HEEH LI
VAt z,w) = sup Eflog(W(T; )| F ]l xo.we)=@w)

ve V[, T]
TH5. B, BEIDFICKINT 3 & EOREREEIE v>°(t) SMEBIER Vo (t, 7, w)
X, BLFDX 31075 T & Merton (1971) I K > TRENTV 5.

ve(t) = o,

Vet z,w) = logw+ (7"-!— (#2;27‘)2> (T —1t).

TTT, 2o=(u—-1)/c? THH, 0<zp<1E&T 5.
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AEWE TR UEEEERIIIOFED ThH5. 2HllE Matsumoto (2003) 22
Lfﬁbw
(I 1] REREEIRIEEEL, MEMEUTICI>TEA5N0%.

VMt z,w) = logw + ANT —t,2)
Z CT,
t ot s
AMt,z) = / e K(s,2)ds+ A [ sup (/ e”“‘h’(u,g)du) ds,
0 40 p<y<1 \JO
K(ty) = E[fY*{1))],
. 1.
) = (w=ry+r—5o%"

yS(t)/So
yS(t)/So+ (1 —y)B(t)

HRZ A EICRE TS, Rl & T, @Y aERC i UTE
MAILT B,

Yy(l‘,) —

|r(t) — x| < Ci 0<t<T.
[EIE 2] HRCEFZEE Ly [0,00) = R, i > 1 DFEEL, EEDne NI
UCRZRIZTERC, >0, M, >0DEET S, 0<t<T A> MIEHLT

" h; )\t 1
(T’—f (0+Z )>|_C’n:\m:

"R (AL o1
VMT = t,oMT = t),w) = VNT — tizg + Y L—(l—l w) < Cy

i=1

[EHE3)0<t<T LT3 Ao ooDEE, 0<2<1T—HIC

/\‘271-’-3 :

VA(t,a:,w) — V=, z,w),

MVR(tz,w) = VMt z,w)) — %02(1} —z0)* + l0'41‘%(1 —20)4(T —t).

2
5, A Tl RN O IR TS RO WU EIC & 16 LU D

WTLEKRLUT.

[BE ]

Matsumoto, K. (2003) : Optimal Portfolio of the Low Liquid Asset, Doctoral

Thesis, Graduate School of Mathematical Science, the University of Tokyo

Merton, R.C. (1971) : Optimum Consumption and Portfolio Rules in a Contin-

uous Time Model, Journal of Economic Theory, 3, 373-413
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Test for parameter change in diffusion processes by cusum
statistics based on one-step estimators

VIV KY Sangyeol Lee
Mat Bt raLkE—
SRR BUERE A e R L
1. FEHE

IRT A—=224 © & R OFRMHESTH B LT 5, ROMBMD THRRNICE > TY

ZbNb 1—3;9\’iEi”E‘F—?ﬂ)ﬁ?&i@FPE:%A%) :
AX; = Vo(N0, 0)dl + V(X )i,

Fo1Z0 b~ Wl DO TEEY o =W TH 2 LT 2, Tk, it

I’]l . }]O T}c’fb‘
TRGE LTz LUF, F41E CUSUM #UEHiaT 2B AL, Hy OB & TOWRLEE) %218
H9 5,

TTT. ROK %z, iRl & = % L £T,
Assumption 1 fE#ERE t ~ X0 IZEH T exponential rate O o- KR TH 5.

Assumption 2 % r € RISH U, BIE 0 ~ Vo(a, 0) & 4 MEERINRIECH B, 5
2. E|%(X0,0)[2] > 0 AV 0 € © I LTHD 1,

Assumption 3 Ep [|52 (X, 00)[%] < 0o BB ¢ > 1 ITH LTHRD 1D,

Assumption 4 % k=123 I/ L, ERHEEDIEK {i’\%‘—'(‘\;,());ﬁ € 0} M, —HKHD
EANC B DHEREFEDE {g(s,0);0 € O} ILRE SN 2N 4. EHIC

5’“\
Ey, [sup (XO,F))E'Z)(XO,HO) ] < oo, foreveryk=12,3
60
BXU
Y
Ep, |sup —‘—2————()&0,0) < oo, foreveryk,l=0,1,2,3 such that 1 <k+1<3.
fce '

AN RIRVASH

YR

Og — ‘/0 ~8o ﬂo_l __0 to
ET(H)—/O (A 0)dxP — 2 (\ ) (XP,0)dt
ILE-TEZBNB VI ERICHEDE, Bk o®0) & nd) ZROESICEETS

T T
SV Y
o) = / — (X[, 0)dx{ - 020
o V2 oV

51
(%ﬂ) (Xg,())}

b\ij&bciv\/x%v THEEBICE D CUSUM MEFhiEREZ %, Bkl #IA
HEER 00 DA ERET 5,

(‘Xteov@)d

—Fy

3

=

<

S—
|




Assumption 5 0, € © ZEFET %, T € [0,1] IcH L. 5% =0, £FB<: T € (1,00) ITHf
U SUP7e(1 00) rp|63 — By < 00, Pgy-almost surely D%, %% o >0 THo>T TV4r5' -0
as T — 00 THBLIHLOICHUTHD LD,

Fkld, TYART Y THER Op &
br = 07 — [Tn(03)] v (8)
LREEL. HEEE u~ S B
S¥ = uvVT(Byr — 0r), Yu€[0,1]
CREET D, RNVBLDEEHTH S,

Theorem 1 Assumption 1 - 5 DD D ERET B, COEE, HyDEET, T — oo
ETBLE, HRBROT u~ S i THEEOOHY B u o V' THoT By =
—n(fo) " {(u A v) — wo} ZHETZT HEOIT £22(]0, 1)) ZE D THIIKT B,

T DM & B ERTHEN b, BAIIROMENT BOWENFHZEHT 2 &N TES,

Sr = sup W*T(~n(0r))|0ur — O[>
u€l0,1]
Corollary 2 Assumption 1 ~ 5 WD DERET b, TDELE, Hy DL LT, HRLE
BOFI S 13 T — 00 LT B EE sup,epyy IWelP CHTRUGRT 20 72721 u~ W 1242
WTSTNETH 5B,

2. Remarks

RADEREERRTE (J RTT) DHBEIC-R/ETE S, TOHE, REHstR S 3

szﬁﬁﬂ@_%ﬂw@m@rﬁﬂ
uell,

CEEMAOND, 2120 —n(0) 37 4w ¥ vy —1ERITHITH B, Corollary 2 I2BIF3
RRRIZ S = sup,epo ijl Wi lE k> TEEMA NS, 27 L u~ (WL WYY
& J-RET ST VBT H D, ZONTEMMINCHET 2DIESH TR, Lee
et al. (2003) XEYTANOYIalb—y a3 ik BBEEEZ T3, (5D Table 1
ZRE )

EORRIE, HIZFE—HTRICHE D EREHI OB EOEB LB ENBZNETHA I,
Csorgd and Horvath(1997) & LELICE D SREHABRIER L. MlE

S w2
sup —_—

en<ull—€n u(l - u)

ZEHL TS, ZEU ¢ BYDITERT 2 EHFITHZD. HEHC u(l —u) Hd ok
HTDESTGVWMOMREL >T=DTH B, —F. KL DBBHH TIRYIDELD 21T
LA TA N

Csorgé, M. & L. Horvéth (1997). Wiley.
Lee, S., J. Ha, O. Na, & S. Na (2003). Scand. J. Statist. 30, 781-796.
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First and higher-order asymptotic properties of estimators for
stochastic differential equations with jumps *

Nakahiro YOSHIDA

Graduate School of Mathematical Sciences, University of Tokvo,

3-8-1 Komaba, Meguro-ku, Tokyo 153, Japan.

December 2, 2004

1 Estimation for stochastic differential equations with/without jumps
finitely /infinitely many on compacts based on continuous/discrete
observations

For estimation of stochastic differential equations without jumps, estimation schemes have been provided and
the asywptotic behaviors have been establishied. Rigorous asywptotic theory in estimation problein by sampled
data was essentially initiated by Prakasa Rao (1983, 1988). Prakasa Rao provided a lcast square estimator and
established asymptotic results under the “rapidly increasing experimental design (RIED)” condition. Yoshida
(1992) proposed a maximal likelihood type estimator and proved the joint convergence in law of drift-diffusion
estimators with correct rates under a lower sampling rate than RIED. This form of asymptotic results are
succeeded by other studies: Kessler (1997) improved it to lower sampling rates. For a stochastic differential
equation with jumps, recently Shimizu and Yoshida (to appear in SISP) gave a maximum likelihood type
estimator and proved asymptotic novinality of it.

A general M-estimaor unifying those approaches and the asymptotic normality and expansion were pre-
sented in Yoshida (Zenkintenkai 2003 (2003), DYNSTOCH: Inference for Partially Observed Proccesses at
Copenhagen(2004)). Our estimator is general, and hence, it includes the maximul likelihood type estimator as
well as other estimators such as a moment cstimator. Misspecified cases are also in our scope. So we start
with a stochastic differential equation as a generator of the “true” data, independently of the paraneters to be
cstimated.

Let (E,€) be a measurable space. u denotes a Poisson random measure on Ry x E with intensity measure
v(dt,dv) = dt x A(dv) for some o-finite measurc A on E, and let & = pu— » be the compensated Poisson random
measure. Moreover, w? denote independent Wiener processes. We consider a d-dimensional stochastic process
X = (X;) which satisfies the stochastic integral equation

1 7 g4 3
xt=xo+/ A(Xﬁ)ds-i-Z/ B,;(Xs)dwf-k/ / C(X e, 0)ids, dv), (1)
0 soiJo 0 /B

where A: R — R4 By :R?Y—= R%and C:R?x E — R4

In a usual correctly specified parametric case, the coefficients and » of (1) depend on unknown parameters,
and (1) coincides with the cquation corresponding to the true value of the paramcter vector. Processes with
infinitely many jumps on compacts are within our scope.

*This work was in part supported by the Research Fund for Scientists of the Ministry of Science, Education and Culture, and
by Cooperative Research Program of the Institute of Statistical Mathemnatics.



The data set we can observe consists of the discrete-time observations (X3, ), from the complete realization
(Xt)ier,. Here t; = ih (i =0,1,...,n) with h = h,,. We denote by § = (¢',6") € © the unknown parameter
we want to estimate from the data (Xy,)I,, where © = ©' x ©” is an open rectangle of R™ x R™". The
unknown parameter has two parts. In a standard situation, for example, &' denotes a parameter which is
commonly involved in the drift and jump parts, and 6” denotes a parameter in the diffusion part. Since 8’ can
be multi-dimensional, this parameterization includes a special case where theve are distinct parameters in drift
and diffusion.

In the previous conferences, the author showed asymptotic expansion as well as asymptotic normality for
an estimator, i.e., a mapping from (X, )i, to @. It can be constructed quite freely, thus, we can choose an
estimating function independently from (1). Let A% € F(R¢ x ©; RY), and set

() =e,:(8) = AX —hAR (0),
where A; X = Xy, — X,,_, and AT, (¢') = A™(X,,_,.¢'); this is our common rule of notation. We considered

an M-estimator, a root of the following random functions:

Val®) = S AT(Xe AKX, 0)[ex0)]

i=]
+ Z {C:zl('Xt\‘—l s AiX: 0/) - G;L(Xti—l ) Ai-Yw 9,)} :
i=1
Yy (0) = Z{B?(Xti_l,mx, 0" (e (6B At — BP(Xe,_,, AiX, o")}.
i=1

2 Polynomial type large deviation inequality

In order to obtain the most rigid consistency (i.e., consistency of any sequence of M-estimators), estimate of the
residual term in a stochastic expansion, and convergence of the moments, we need an estimate

F ['é" =6l 2 wﬁ] <n M.

We prepare the following notation. a bounded open set ©.,in R™, C = diameter(©), 2 = O x 7, Hy :
OxE =R C¥in0, Ur(f) = {u € R™; Oy + ar(fo)u € ), ap(by) € GL(m),
Zr(u;00,7) = exp {Hr (60 + ar(6)u, 7) — Hr (6o, 7)} .

We work under the Partial LAQ property at a 8; € ©:
Zp(u;by,7) = exp (AT(HQ, 7)u] - %I‘(Gg. )u, u} + rr(u, bo, T))

for (u,7) € Up(fy) x 7.
Let Vr(7,60) = {u € Ur(fp); r < |u|} We will assume four moment conditions. Under mild conditions, we
have

Theorem 1. Given L > 0, under the above assumptions, there exists a constant Cr > 0 such that

—pa - 21, C
Pay.ro sup Zy(u; bp,7) 2 e Ry T < ——le—
(w,7)EVr(r,80)x T r

foranyT >0 and» > 0.

We discussed an illustrative example only to explain the idea, while it is too simple to show the real advantage
of our result:

Xg = XU +0]t+ \/0_9;w¢.
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