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Large-deviation efficiency of first and second order

KK - ¥ FREBX
1 LIz

FATOOHEEIZ 3V C, Bahadur M KIRZRBOB AN OB Sl fattoMan 1 > & L
TESHBALTWD ([BTL]). £ I Tid, REEEO—SEE & OMBIERE O 500 F 1A Kullback-Leibler
(K-L)y tFEIZ L > THA LN, £-@E 2 ERISEDOT T ;t Fisher fFHEIZL > THEABNRD. ZLT,
FO FREERT HHETEEE Bahadur B THD &0, & 512 K-LIFREOHNTERIZE-5< Bahadur
RO 2 REEIZOWTHaR L s T3 ([F82], [A95)).

AT, Bahadur H2MME & ITORRRDBAND, 1R, 2IROKIWEFDIECOWTIR LS. EE, i
WA A A RHEE BOBEMRIIRT 2 2 RO TR A2 R, BEOIZIZES S, mHlE fsi/\m)i,,uc f&)c
HEER 1R, 2 RO KIGEA DO TER LS.

2 &

X1, x>,--- Uy BTCHNTHOLIZ, WG (o- BRI 0 2B 2) s B R (p.df) f(x, 0) %
[ReFriiINare )ﬁ{L G LT D 7L, 0e@ L L, O R OBIERET S, WE, X = (X, , X))
H:ﬁ%«x 9 DHEER 0, == 6,(X) 13, 0 12DV TRFT—4§IZ

Pypn{fn <8} =1/2+0(1), Ppn{b, >0} =1/2+0(1) (n— o)

AHTeT L x| b, #WHEDRMEAR (asymptotically median unbiased B LT AMU) THhA LW 5. =z
TA%0D AMUBERSED I TR ETD,
EE HDH AMU HER 0 = 05 (X) BEELC, LED I, € A TEDIe O, FED a> 0122 T

Py n{l6n — 0] > a} > Pyn{|6% — 0] > a}{1 + (b1 /n) + o(1/n)}
=: B(a,0){1+ (by/n) +o(1l/n)} (n — ) (1)

ETB L b EhAERETA. COLE RER (1) R o(l) ETHY 2 CHE, 6% % 1 RO KIREH
% (large-deviation efficient & LC LDE) T#H 5 &\, & 512 (1) A3 o(1/n) £THY L TE, 62 % 2%kD
LDE THDH & 9.

W2, LDE #Z 2 57912, 0,(e A) OmAHERERDO FRERD S,

3 11X, 2XOKREEEMHE
ET, 00 % O IEEWCREE L, ([ H : 0 = 0y + a, MR K < 0 = 0y DWLEAYUE 1/2 + o(1) DR
BRIE ¢* = o*(X) I1X

DFEOEIMEE L. 7270, a>08 L,
Zj(Bo) == log(f(X;,00)/f(Xj,00+a)) (G=1---,n)
LB D DT, ¢ REREKHE1/2 + 0o(1) AT EIICROONDIERTH AN, VEDOHE,
¢ = Eggta[Z1(60)] + o(1) =: p+ o(1)
LUl & T Eg(¢%) = Po,{Z(60) > ¢} THDHHH

Poyn{fn =00 > a} > 1= Py, 2{Z(8o) > ¢} (2)
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T B Ei, (2) ICBWT Z(6e) PRRHEROWHIRERM %152 1 HIsid, #EALEL (saddlepoint approx-
imation) ZFIHT S ([J95]). W&, BAZELH2KMOEED t 12DV T M(t) := By [exp{tZ1(60)}].
K(@t):=logM(t) & L, FER K| (t) =p Dt D% i(a) LT 5.

T 9 OEED AMUHER),, (EED € 0, FBED a> 01220 T

Pg,n{én -6 > a}

. 1 t 2t 1
> Lo (o + 2D 8D oy 4 1 {40 By + SR mv ) +0 ()] ©
MY L. 772U, A = v [ VK (), Gb) = raa(Z0){E" (D2, (1) = kao(Z)/{E" (D) EL,
K3.0(Z1), Faa(Z1) EENEN, HHH 0 =00+a DT TD 2y D3K, 4 ROF 257 bETH. &l
1

>

Bo(A) 1= AeM/2{1 - ®(\)} ~ N3 (A = o),
. 3
Bs()) :=— {/\3B0(/\) - \/—%(,\3 —~ /\)} N (A = 00),
Bi(\) : = MBo(A) — —;/15_;(# — ) % (A = ),
1 15
.B’f;()\)Z:/\E;B(]()\)—\7;(/\6—-/\4'1‘3/\2)~-'\/—é—;E (/\‘—>OO)

EL, 3% N0,1) DRESHEKLT5. )
FEERBCLT, a <0220 Th (€ A) DBHERP{l—0<a) DTFREBLZENTED.
4 #
Bl 1 (EE#5376). N6,1) © pdf % f(2,0) L TDE, pi=E,(2)) = —a?/2, K'(t) = (a®/2)(1 +2t) & 72
B i= 11075, £77, k3a(Z1) = ke a(Z1) =0 E725 005, (3) L1
Pyo{|0n — 6] > a} > 2{1 - ®(/na)}(1 + O(1/n?))

223, X = (1/n) Y0, X; R OBRREERTHDT, § D 2K LDE X725,
#l 2 (FAREESAR). pdf % f(2,0) = (1/2)e Pl (z e R0 € RY) &35, 22 & (3) L v, fEED
e RLIEEDa>012O0T
Pon{lfn—61>a} | 1 (E 1) 1 (.1_) ]
2i-a(/ng] 2. a\7 Ta)ntOlm) (o ()
5. =, n BEE, Thbbn=2k-12T5L, 0 ORLEERIEARREX ) (b, £, £
BDOe R, FEDa>01221T

Pon{| Xy~ 6 >a} 1(3 1)1+0(1

i-oima] L 2Gta n—) (n = o0) )

I272%. £, (4), (5) b Xg) 1 1D LDE TH 575, 2D LDE TR Z & 5405,
EEXM

n

[A95] Akahira, M. (1995). Statistical inference and large-deviation probability. (In Japanese). Mathe-
matical Science No. 380, 56-62.

[B71] Bahadur (1971). Some Limit Theorems in Statistics. Regional Conference Series in Applied Math-
ematics, STAM, Philadelphia.

[F82] Fu, J. C. (1982). Large sample point estimation: A large deviation theory approach. Ann. Statist.,
10, 762-771.

[J95] Jensen, J. L. (1995). Saddlepoint Approzimations. Clarendon Press, Oxford.
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EEEEAEX (&%) ET/ILO
TINTAMNYYIEEEOUE

EREA ( ERALEHFETER)

1 ABASERXEFLOLI - R AMN v IEE
HERFZCE VO THREE NI TEL (BEAEL) ETVDNRIALY
JHEFIE L L TR AR IEHBERRAECRFERE R ERBT 5 LN TES,
HIFRFmitEEE (FlcdE—AERE) L LTHLON TS ChoHEESED/IMEER
DMEBIC DU Tk Anderson=Kunitomo=Sawa (1982) ¥ Anderson=Kunitomo=
Morimune (1986) ZFDWWFEABH 5, T DEDFEEFFD BH Td Hansen O
CMMIEL L THIS N TV B —R{LET—X > b & (Godambe (1960) DHEESE
RELFHENCAZE) PEAFETELCHNSN TN S, T 51T Owen (1989) A
REL, #ESEREK Qin=Lawless (1994) MiGH U7 LER (Empirical
Likelihood Method, #&L T MEL i) (C L3 HRESEEIN T3,

2. RBARKXOBRLEHE - GMM #E

HECOBICFLET VEZELZ CLICLT, VWEEBELWEERER%:

(1) Y= (y’2i) zlli)( g ) + u (7’ = ]-» T vn')

LUK, CETyu LynldTNPR1Ix1 L Gy x | DRELH, 2,1k K, x L4
ETH 61 px LRHIBEAY Ml {u} GEWNCIEITZHEEZEET] (B(w) =
0(=1n) THB, (¢ =(F,7)d1xpp=C+K)7rVET3,)
EOICEPAT M2, BZED K x 1 WEEE (55 OITRIEER HEREE

(orthogonal condition)
(?‘) E('u,i z,-,)=0 (‘1:’:1,"',71)

EHETECLREELLS, AEEEOREKY, = (yu, ya) ICDWO TOEENE
REETEBEAICE., ABSEXORERIZ

(3) Cyi=Mz+v (i=1--n)
LBITB, TTTEEANT v, = (v, vy) & Elvi] =0 2L, I (1+

Gi) x K DREITHITH B, CORBEABRNETINVICETEBFRENI VG =
(8,7 ™ MEL ¥ Bk

(4 O IEARE: ;pzuc(e ‘2
= AT S penldma] St Al S )

LEREND, (TTTh REREROHEEM. ul) SBRENEEETHD.)
%, GMM HEERIE

) 7 20l S ld ] S

i=| i=1

- = y2z ! 1 i ﬁ
[nZ% 71 Ztl[fﬁ;m ZZl ZZ). Y'JL,ZU .~ )
LRI,

3. BBRLEROAE
MEL#ERL CMM#EEEXSTHEHERND I T X ({EIE MEL#ERE) ZEAT
%, CTTHRBHER (pi=1,---,n)} OEEER
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P L 18 Nzw(0)]

L33, CTTHRFIR—EME(0<6<1) THY, MEMELHEREICERND S
TSP REARI M THS, CITRRHHARER L=K-pLtdahL, i
§=42 rBOTHELIHTEE (BEMELEER) COWTERLL,

D& E—EDRED T THRENEEK TIEE MEL #E2(X MEL #E&%
WEL, Bic LAKEV L EICIARBC CMM #EZBLFEICHKETEZ LN
Shote. BE, BICBLNEMERRD —E 7DV T Kunitomo (2002),
Kunitomo=Matsushita (2003a,b) \&H8A L7z, '

4 BROEM & ORF

BEDISG A M) vy« EFVORER TREFRRNOEERICET 28RO
HOESSRIC DUV T & b —MRA ¥ % AU T Takeuchi=Morimune (1985) A
RUERRVEBEETH S, .

FINSGRA MY v ZECEL TI3HRE. Newey=Smith (2001) i Phanzagl=
Wefelmeyer (1978) DZELHICH T2 HMmEFA L T, #HEHEXORRLE
HERENIECBRENEEF O LR RLEEFRLTV S, RKLADEEE
ORI 5, TOFEIILT LE—RIICED LBV DTIEEND L OF
ENFEHINT VS, TORBEICDONTRBRLDOBROFAE L &5 T F
b, 22 T A MY v FHEEOBRDMBICOVTOMELLTHB &,
BERBRTEESEERRBELTVWAXSICBbN s,
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Non-regular Estimation Theory for Piecewise
Continuous Spectral Densities

by Masanobu TANIGUCHI
Waseda University, Japan *

Abstract

For a class of Gaussian stationary processes, the spectral density fo()),
6 = (r',n'), is assumed to be a piecewise continuous function, where 7
describes the discontinuity points, and the gain is smmothly parameter-
ized by 7. Although estimating the parameter @ is a very fundamental
problem, there has been no systematic asymptotic estimation theory for
this problem. This paper develops the systematic asymptotic estimation
theory for piecewise continuous spectra based on the likelihood ratio for
contiguous parameters. It is shown that the log-likelihood ratio is not. lo-
cally asymptotic normal (LAN). Two estimators for 8, i.c., the maximum
likelihood estimator @7, and Bayes estimator 0 are introduced. Then
the asymptotic distributions of Oarz and ()B are dervied and shown to be
r1onn£rnlal Furthermore we observe that 93 is asymptotically efficient,
but Oarr is not so. Also various versions of step spectra are considered.

1 Introduction

For independent observations from a uniform distribution, for example, uniform
distribution on the interval [6, 8 + 1], estimating & is one of the most fundamen-
tal problems in statistics. The systematic asymptotic estimation theory has
been established by use of the likelihood ratio for contiguous parameters (e.g.,
Ibragimov and Has'minskii (1981)). However, in time series settings, there has
been no systematic theory for such problems. Concretely, suppose that {X,}
is a Gaussian stationary process whose spectral density fp(A),0 = (7,7), is a
step function, and assume that 7 describes the location of step, and the gain is
parameterized by 7 smoothly. Spectra of this type appeared in signal processing
literature (e.g., Papoulis(1984)) and in econometric literature. Especially, the
permanent income hypothesis (e.g., Geweke and Singleton(1981)) is written as
a spectral density of step function (see Corbae et al(2002, p.1074)). Further-
more, more generally, suppose that fo(A),8 = (7/,n')’, is piecewise continuous

* Mathematics Subject Classification (2000):. 62F12, 62M15, 62M99
Key words or phrases: Piecewise continuous spectra, likelihood ratio, non-regular estimation,
Maximum likelihood estimator, Bayes estimator, Asymptotic efficiency
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with respect to A, where 7 = (71, ...,7,)’ describes the discontinuous points, and
n = (m,..,Ng) is a smooth parameter for the gain. We can find such spectra
in many fields. For example, an environmental time series called the South-
ern Oscillation Index has the spectral density of piecewise continuous type (see
Shumway and Stoffer(2000, p.244)). However, the systematic asymptotic theory
for these spectra has been quite barren. Therefore the purpose of this paper
is to develop the modern asymptotic theory for piecewise continuous spectral
densities. It is shown that the asymptotics of the likelihood ratio between con-
tiguous hypotheses and estimators are greatly different from those for regular
spectral models.

This paper is organized as follows. Section 2 deals with a Gaussian stationary
process with piecewise continuous spectral density fy(A),8 = (7/,7')". Then the
asymptotics of the likelihood ratio between 8 and 6,, = 6 + (=A™ n=1/2A""Y
are elucidated. It is shown that this family is not locally asymptotic normal
(LAN). Section 3 introduces two estimators of 8, i.e., the maximum likelihood
estimator (MLE) §M 1, and Bayes estimator 53. Based on the asymptotics of the
likelihood ratio, the asymptotic distributions of 5111 1, and ) p are given and shown
to be nonnormal. Also the results imply that 65 is asymptotically efficient, but
Oar1, is not so, which makes a sharp contrast to the ordinary asymptotic theory
for smooth spectra (see Taniguchi and Kakizawa (2000)). Section 4 provides
various spectra of step function type. For them, the asymptotics of the likelihood
ratios are illuminated. Then the similar results to those in Section 3 follow.

As for notations, we denote the Euclidean norml of a matrix 4 by || 4| g, the
spectral norm of A by ||A]|, 7 and 7~ are the right and left limits, respectively,

and f, L, fimplies [|fn(A) = F(A)2dA —= 0 as n — oo.
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On nonparametric and semiparametric testing

of multivariate time series

PN S A U 3
WHZE #FEXR - B

1.+

FRETIL, AT MVEEITINZET 28EHICXI LT ) voRs
ARV w7 BBWNTIEINT AN v 7 RREET—IH O BEENE
B L ORART SAEETFIOHERICE S Fi- 2 RERELIR
L., ZOEEHEEZEL,
2. EFIL & IBMARER

Zy = (Zviy. ., Zo) ZrIRTIEEREFBRE L, £FOAXT MVEELT
Bl f(A) D g(0,y) 1E. rxr TFHERBSECT, D51 80T v IRTT~T b
N 8= (01,...,00) BEDu(vy <) RFTTXT My y= (Y1, )
MHiRDd, ZO&EFRERHROTTC, fON)IESEDOHFER

(1) f(A) = g(8, Rvec(f(A))),

BRIt LD, TITREw xr? ® GERITF L L, TRbbERR
SIETRTIN0THY, FITTIEH LI E LEOHKSDOAL, £FITIE
BAUEORT DA ThHD, LN UREREO T TIEARY MVE
BEATFNE 0 fED/RT A =& & r2 20D uflD 85 B & DS TRE
FIREARZ E BT D, vy =0DE XL/ T AN O IRE, v >0
DEETEINRTA N v IREIZRD,

JORBE LTI BERE T N ORRE, IRSIHEORTE. SR Sk
DORE., HOEPHEEORSEMHEORE, BOEEEEORSEORE
Wb,
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3. BEHER
BRNEZ,,.. Z,BE5Exbhe & 77— @KL = Z(j =
1,2,...,[n/2]) &£ L. fi= fO) DHEEREZ TBLE Y F K7 T A
1 m/2

Pt Ipes t=1,2,... [n/2
fut — +1j=§/2 Zt+j [n/2],

175155, —TFIRERH (1) DT CORER% fre = 9(bn, Rvec(fus)), t
/2 ET By T Tl = (Biny. . ., Ouyn) 1FODWERETH B,
WE K(A) 28R r x r{TFlAZBI8 L THIFRDMES & 5B4T. 0

ERDDIZAVBENITINZFE LWL EDOR LTS, ZLTHHET, =

YUK (M), ZEAT B, TZTM, = (may) = fuufrs & 5.

4. ERAORER
X1
HHREOT T, BERRBELVE X, HEERK, oNTFEELT,

(n/m)Y*(T,, — (n/m)n)/otdn — co D & FIEHEEHRHARIHKT D,
LTe3o Ty, 6,%n, o D—BHEERD DN, — n = 0,((m/n)/?) L9

i,
T = [T~ 2

IREGRSIE LW & &, BEEFHSMIIRT 5,

EE2

HOREEDT T, BERHESELL AR & Thid (nm)20A4—F—
TEDOERKIZHRES B,

LIER>TEED/ NS A P v 7 « BEFLOBREICBIT S, JSRH
DY ETORBDA—F—n2L 0, A— FIEL 2B,

I TEET D, T Tz i 37—V BN ICBIT AV A R T A
1,
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FHIASEERBE DK

# L& SRIERM
REKEXERE O X AMFHER

BN EEEOHGT L THERL LT ET,

0. LI

P SO - SRR DN Sk L ORFEORICRER SR b OB LB B, K
HTaw)S, HIOZ %%, GEP Box & OBHkE. RAFisher D¥EEIRY B oifs% (4%
CEBRETHIE) B EHIRICER S TV 5,

KEREERL, A ¥ 4 7 31725 Kendall and Stuart ##8 2 7 K% [HEEt5E | 2 8%
THEMEDOETENT, —REALRIIEDDEAI L, B H{LEMbIEWT W, EX
TRISH S R EIEBA BRI R D259 b, SIIELE bHLOEE DD Lk,
CURABEL W, BEHEGL N, 2002 AR 2 2 L0255 40 DO
TEdH oA, Mt [FEl] BEALLDLROPITOVTE, KRRk b,

5T, 1986 EDBIE 572 & I DLEB BO—RILRILE TV BT 2 2R LT Wt B
BT T o7k B0, SEDREL SN LN

[#3%E . GLIM 3#iet 20 v 4 k7 L]

[S6, # 4 ko THTTH?]

DRAG, EHEORZ L]

VI LDTH B, MER, THEMECT, FALEREE OIRME ARt 2 VIR S
LT GLIM TED L) IZETNVERIRL 2D, SHEIERE MET S o zEEZBML
RINE L LR B0 /DTH b,

ZDtk, 1990 F % F IR TIX Liang and Zeger(1986)) — kAt HEE /12 (Generalized
Estimating Equation, GEE) #°, ME{kR, MEAMMHE T RKICIY R AEEE L rEEDFS
B OICAERERA Y7 b 2ER2 I, TRNITOREVENSERET -5 Tb%
ERERETNVOHRAMAFLAD T2 b D% —#ILETZE TV (Generalized Linear Models,
GLIM) DO#HMATHNFZ D LI ko7 bDE LT, FHShTW5, R, FFEEFE -
ERSE T, BEICEME S LT, Hansen(1980)0 —ffk€— 2 » M & (Generalized Method of
Moments, GMM) 23— DHiIFE % FE VLT 7z, DS [Hi] of TCINLDFERT &) 5
TARERCICEROSH D L5 TH D,

1. RAATHEHEELE—RXV ME

FraseEicid, B8] ko o200 MEMFICBT A EREORE RV LIZIRKRES RN
AREOERIZOVTEB L2V, Zhb X TANINPEEOHESE GRE LT OKET IR,
) DR TE oI L Thb, E72, 1985 E X AFMEBHEELERO) T— b >
FUYRITLIBCTRF#ETBEC L E [SEREARORENFE L ) Ol [
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BREGEOBTME EANEN 2N L] ERESN 0, RREXEE (ARFELAENSR
A, BE. BEAAEERNITENEE) 2R Lo —HBERITAZETRZTNETEIRVWETE L
TA 37 V2527,

KT, ZITHRALLVWOIE, [HE] L LTOFREDRETH %, EROLHIRKA [
BIZHFLFEEVID, I FVFHETRL, IFLETI LT LD HETH 5] £k NTw
BAS. ZAud, [REERIN, ERAEEOLDIZARI»E-7/2b D] £T5% KPearson ® [FED
TiEL v LIZ E.Mach DZF 2z FEREI—FHREEbN 5L,

Gauss DB/ eHEE B & Gauss HAF OFHOTITIE, FHELEHRHI S S (Gauss, 1805, 1820).
Gauss 13, BB, FEEE T O BEHEEIZF DT V72 Most Probable Method (BRIED & UHERE)
AN TEYESE (LSE) & —HTAHETEF NV E LT Gauss BHi B /=D TH S, Li1d, LSE
OEHEIEE T, TED Gauss FAFITEDL R { TL, MIEME, Mk, SH8ECRENTT—E
PO RRETEOH TSN ERIMITEIEEZRLADOTH S (Gauss—Markov EF).
Gauss Lfg, LSE L —+— & T, EFVOMEME, BEOLXTEITH O EARM >S5
DI~ NE, SHEORET [HBEPH] 2B R ko,

—7, Galton (1877) 1% Quetelet D BFEH %) Gauss FHi X WL L O TIE R, EOAEY
WEBKEZES OELEF IV (Law of Deviations) & L THIFA L7, AWMEMENZEELS Gauss
DA TEUTEL LI BODTI RN L EIEH L /2D, Pearson(1894)TaH 1) . Weldon O F 7K
1) BE ORTTEIBIE & AR DD T — 775, Gauss FHADRARELEHEL 2 DL LTEBT S D
HRWE L7z, ZOHRTIE, BRESHEFVOBINTIEHOBRF P RHEHEEFRN LT [E—
AV ME] ThbbF—F Y=(Y), (=1,..00 i ROERE— X > P EBLDOHBBEH~NT v
6 DKL LTOBE— X MIET B HER,

2.(Y) = p,(0), (i=1,...m, dim 6 =m),

ThbbE—AY MERICEISHEFEREZAVTHEEET) JLPRBENLHLLLTK
XpfifEER 2. Lo L, ERICL ., 2 ORI [LLT Tid Gauss 44 % IEH 72 445 (Normal Curve)
ERT LT A LR L, FD%, Gauss S A EEAMEEZEZ L HEEXEIZILTLES .
X 52T & 7% 1) B4E Pearson IZEMET AT L L2 B,

%Dk, Pearson (X 4 KF TOE— A ¥ FEMRIZHED { HAiilE (Pearson &) OSHHICEF L.
7%, Pearson RIZIEH AR LIRS L VO T EFE— A Y MEEOMMEIZR B\, F 72, Fisher
DBRAEEZEF L THHTHICB I EIEREC/MERRORRICL T, E— A MEERH#
HEN, Gauss DR LIZBENERTORESFOBREL VIZIATORASND. —7F,
Fisher(1935)1%, PAHEIZHEE 512D A V1T Pivotal Quantity DIES % EA L, ZNIIHEFENG
DOHERE LTHEMTONRS,

2. HEHERNORE L ED FHVERTORENRE

Godambe(1960)13, NMEZHEEFIEAIH LT (3] et EAL, FRHEEHFREAOER
% WL L 7. Bhapker(1972), Morton(1981)13, #N % LB OHEEHBEICILEL 2. FIC, TMRE%
HEEE g=(g (Y, 0)),j=1,..pom H5 2ozt &, RE#EEFERELT,

%COV(g)"g =0
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AENPN TV 5. Godambe £, E— A~ MEDOWHEDK S L HFALEOBHFERORF L v o 7285
EEEIRT2HEE LTREHEEHEROEREWR LA L LTWEY, Lbohtwn)tds
BEERETIHETETVDZ FANTO [HE] 2B ERLAEREEDLEL 2BV, &
OHEEF BRI L RN ZFE UIZT 5 DAY, Hansen (1980) O—f{LE— A >~ ME (GMM) TH D,
IHLIBHEETRAOL ) 2 EAHFRATIER G EWERBEARY MLD L, /L% FORSEAT
FloMtTH v EtE L L TH/ME

ming"Cov(g)"g

AT EVICHBOHEEEEOLLDTHY), ~HORII A ZFREEETHAH. LELOFTE
WL OH, 2 XA/ EOHEEEDOP THE RO ILSHATH & R/ 5 L) Bk
TRAETHAILOLRENTVES,

& T—7, Huber(1964)> M HEsE w1, BHIEICREEEZHEFE T VORBED D &L TRBET 5,
SThbb#HerET Vo (U] *BH#L T8, EEEEOFMEE (4 HO Information
Sandwich) ° Min-Max E B2 360 < MR EF VEE &L L T, [B/MERE D 7 (Least Informative
Distribution)] D% EA L TWw5. GEE & 45T 5 1H#ED—2>TdH %, Information Sandwich
134 Sk AR E A O BEHEX AL & LT White(1980)D 57 L IFITh, B &#E5H T L O H &R
e o TWA.

THICER LT, ARG SRR & 72 D FEH L 720 A%, Wedderbumn(1974YDE 2 ThH 5,
113, Nelder and Wedderburn(1972)0 GLIM (2 31T 2815130 B F H o8 MDA RO LR E
i, TEE (Quasi-likelihood) | EfLERHTONAHE FIRL, FO0AA, HHEEEKFTS O
FTCERES RS HFHERRICET 5 [R/NMEHRE 21 (Least Informative Distribution)] T 5
Z & HR LT, Wedderburn DA 2 7 B

Y—pu
QY. p )y=r
"TV(W)

3 ERBEEL Var[Y]=V( ), u=ElY]ORBENIE LITHUL, S L & TR EREE CET 2 8%
WEDEEIHESTATHANE L) (—o I vy 7 2, ik BEREE R E
BERDIELEKRTA., 2%, LSEOBARLHEEA GLIM @ Quasi MLE &\ ) Z & Il%k 5.
%72, Wedderburn OBEIEIL, SHBHFEOSHERD A I TEE T im0 glud)Yrp) ¥
272 = KIEETHREBREOERTREEM L 72D DAL T 5 (15,1988, Heyde, 1997). %8,
HERETF O TIEH T E % D7 Gourieroux et al.(1984)%) Pseudo likelihood TH 5. T4 b
b, SHROBENE > T THHERO MM ENILED 7 7 2L LTEREEES
HRABELLZLDOTH S, BT~ AL VED, REEBL—HT55M L L THRERS ik
PEEATLOTHE, B, White DFEIR, COBOSHEBHEEN T THERINTY
%,

3. SERBUAE & T OMBE RS HTHEE | 2 BBV V< 0Mm IEETRES, ?
McCullagh(1983)i, Wedderburn DA 0 7 B %

QY )= (Y ~p)
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EEEEIHIRLS. 22T, p=EYL,E=Cov[Y]THY, £THBHS I 0lHTH L. B

TRED B VIR RIEEHFERHR T, Cov(Q)=- [?93} £\ ) B4% (Fisher TBERATHI A5 74 < &
HH) Y, ESHBEROBEEISECRIMET L L) DY, B2V LEHEL Iy 72
HOBILIZFRERTHA, GEE W,

S =diag[Var(¥;)]"*R( p ) diag[Var(¥))]'"

L vy VEZEAR B HE (Working Correlation) R(p) & #6277 ZIZRET A Z & T, White D% #
BTTEIZ L2 S 2 BRiT1E, McCullagh DBUAEZDL D TH S, £NIZH D 5T McCullagh
A% GEE |2 #t$89 % 1%, McCullagh and Nelder(1989) T L TV A X 912, —XBDHE L&
D, SoBEREFEELALL &, BUXITHEEIBRTETY, TESREMM SN

UL, 3FIE$ % Dispersive ?Eﬁlﬂﬁﬂﬂjiﬁﬁﬁ—ﬁ: LZWwnbThHY, GEE THWHNTWw A4
BIEEOK LI ORI EZDTH A,

—7. GEE ®ftH 1) 12 Quadratic 5 H A5 fRIZED CHEREIRB L TV BHLL LW,
%13 ) Gourieroux et. al. (198427 % %9 5 Quadratic {8 DMk, FOMEF— 5y ~DEH L
% % 515 Zhao and Prentice (1990)5 D FiEd H 5, —7J5, Morris(1982)D 2 K 5-EkBEE % #2018
MOHREFSERBICHEL L) L LTYH, GEEWHEET 2152 OEEMAMEED S EHhN 5188
DATHENREIET B L 13E 2 5N vw(Kotz et al 2000, LA, #E, 1992).

iz, #§(1992)iZ, McCullagh and Nelder(1989)A%4&#% L 72\ 55 4E 08, R0 RMS HERK.

oF O,
Cov( ,YJ) .
et Ly Flu,u)= Jep Thbo BiZ, & ORBSTRROEEMI,
Var(X)
F=G(F p i~ 1)

ERBIEHR LI, 2T, GRS TRLEERRETH 5,

HE 1 HERE—EOSERIRMBSHER., FORERERDLD, cuju LRISNDhOfA

PTH5b,

R . oP=F(ps pF(pppd=GF(ui pp) prp) GF(py, pd) prp)kili7zdoT,
p=G(F(piy pp) pep) Glud Flun pp)pd M

ExY, G, FISEHBEE,. GUREBIE. Flu, p)=cpjp bbb,

TEo T, SRBEAT L BT B IBESHR, Thbbd Y vamit, BRLZETHEY
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ppip ¥FLOOMBRE —ELERTE L ELELEHASHLUNOHE—-DIRBB AR TIE A
whFHESN EIAY, IR, B1992)13 EML 2 R v BT R,

L p
Cov(Y)=¢ Z=¢ diag( pe 12,/1 zz)l/z(p 1 J diag( 1 N )”"

STl S8hwI E EIRT LA, SIS /\L]T(,U,,U-,) l+p 5 USRS L
B r%RLE. oA, BORFIE, @EOGEEICH LT [EA] & LTERT I LIS

EE RNV, 8502, Iwasaki and Tsubalu (2002)Ci, Z OHEE ARSI T B B RSB A
‘/) %Ti@'é &, ThbbInHEE FENEECOEEIET L E LTFH fﬂ TR bR L7

88 2(Iwasaki and Tsubaki, 2002)
Lo # A $L

L op
'L, ol . i bl 2l .
Cov(Y)=¢ (,u“u,) 1+ diag( ;e 1 V2 ) L[P I ) diag( s 17, s g”)l/” (2)

lZxted A 2 BEIRBUSMIROBEREZ 71 7 v 70 s BEF AW TIIRT L, Q)DL
W25,

=w©

- i
fr Oy = 6(y,)6(yy)exp(=4) + Z{—Texm%)}p,(}»l)pj(.v;) (3)
e

Jo1

y.l—f%_‘e_w’w’
ZrEL, pi(y) = Pl , Thh (=12) 003, Z02ZBHREASFk
(26) 725
6
i 1 - P

P
2 =
DERBETHSL. T, A= P { 9192,} <52,
o |(1+p)

H%E) BESHFGNL, p=0 FFRVTIE, Y=0 (ZHFRLEFLHFOHHTHY, Mk 2KES
YRBGHHE-DRT V VEBILL o THEES NS TH S, £72, p—0 OBETIE, T
R2EET /o HmICIET A,

G2 OFHIE, XKO2O00HETBLTEINS.

A1 ETEHEBQISTET BB IRON MK

.6, +v,6, —b(6,,6,.p)
]

log fy(y:0)= +e(v) . 000)
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£
. 1-p’ 6.0, |~ 7
PEETAETIE, 20F 2452 FNEEDG,.6,,p) 13, 5 ST ~1|E%5.

FERIE, EOoBBEBE X245 Y FEBOBEBERERHES FREATRETIUIR V.

9192
(1+p)°

P
—p? ol

W2 #lAﬁyb%ﬁM%@JﬁJ £ { } 1| ICRERS AT HIE T 5 & §
2

= & S
i, #oE— Ay MEEHIE, My@® =exp(—/1)Z—ﬁ(l-—~g—tl) “’(l—(—g—tz) Pk h
Jj=0 J- 1 2
5 (FCikid, &2 LFEER).
COE—A Y NEEEIGE2 TRLASHICHIET 5 I LIZEBICHD 5.

Rl SWOORELSHE, HY=FHORT Y VRESHTHY, Thid, Tweedy 547 &I
AN BIBBSMAIRTH Y, ZOFMOFTHBEIE V(pu)=p L% 3,

%) Tweedy 541 1%, DEBEPLBD B LTV <M (V(u)=p?) ERTV BV (u)=p)
ERBCBRETRZLTNVES,

ZEL TICOMOIHE) EEEOFTERE (I NLAMIESICHEED) @1 IR,

@) p=D85. Prig=y=0) =075 (@) p=0.90, Pr (y=y=0) = 0.8097 () ;=0.95, Pr (= y= 0) = 0.9025

1 M= =1, ¢=l @%%@%EE@&(:;)
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SO, WHERB I LAHEATEERLEEOHBEA BRI CTELI L2 RBT L7, 5H@3)
B RT7T VU EBFEA L THEOS 28O HER R T20IFHAT S I L DWHET

A (Iwasaki and Tsubaki,2003). Z % L C, HEK & 417 Bivariate Negative Binomial 5-4f 13, KO &
LS, MM ZADZHSMHORT VYV VREDHERY, ERREINTWELEERD ZHY
ik hid, HEBEYPRKTH 5.

4. THRBEICHET 2 BER
i 1 2 Pk UE, MR E DS, BURDH HHBME T BN TE 5 2 L n b £,

90(/“1)‘”‘/
K,

Bz LT, WHBERMOTED Hpu ) Hpu D BB BIRIZ 528N Dh5h. TOLE,

F(,Ll,’, /1j)=

olu)

i

H(p =1+

Yih, G(go(/z,.))zl—kM RilieT L% G HEETE, ZOMBESETTRES S 2 2
H;

ERGEHE. LI T, FRCHEREROEREERE TEE, TR L HEEEIENL

EEWT SR DALV I LEEZLND.

Bl . SRS DOHE
SEBROEE, LROFHEROLIICH, §1F, ZhEh

Pi 2p, -1
Hi )=—, = —
®) 1-p; w(pl) Pi(l—pi)

Eh b, E-T, G(gg):?_t.___ “2¢~+4 YL AT ENTED,

e Z BN
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Validity of the expected Euler characteristic heuristic

Dept. of Statistics, Stanford Univ.  Jonathan Taylor
RRKEREERE T 2RMRE N 8

Faculty of Industrial Engineering and Management, Technion, Robert Adler

M % C° BB, M C M % M \SEORENIHHNIE b 2SR, M Lo C?
HREE f(z), zeM, ZLTF O MNOFIBE f(z), zeM, £T5. 2T flz) D
BRAE OWEHER

P (sup f(0) 2 o) )

zEM

BELIT A4 4 T —EHEOIES R ER S, [ ASHRE 0 98 L o F 7 RBOBEIIE, (1)
ROF A T —FHIEIC & HELUT

dim M 0
P (su}gl f(z) > u) = Z Ej(]W)(QW)_(jH)ﬂ/ Hj(r) e 2 gr (2)
zE =0 u

rERENAD, 2L Hy i jIRO Hermite IR, L£;(M) 1% f OHXSHEEHN» 6 M ICFHES
hiz V) —< e BIcE S < “intrinsic volume” & 5V 3 “Lipschitz-Killing curvature” & KiZh
5 M OBMETH D ([8]). F DMBREE 0 HER 1 oY ABTHDOERIEM D Karhunen-Lodve
BEZFOHEIL 6] TRANLGNTVS., ZOHRITIIER ¢! M — S(R™) & n IRTCAEHEIE
HHERARY MV E(w) ~ N(0, Inxn) PWEEL T

o~

Flz,w) = (p(), E@))an = Y &(w)pj(2)
j=1

YET S, 12EL S(RY) CR™ I R® OBMNIRTHD, Fa—THERAVEERICEY 6] T
A A T —EREOBRED RN

C(M) ” wlew?/2 duy (3)
u/ cosBc(M)
TEZXO6NBZ®RLIE. ZREL6,(M) E M OBRFE (7] 3]) TH 5.
Blo7sa—Fe L, fH%E# (isotropic) RH Y AFOBFAICIE, M IZBITH5EXZIE
g ([2] ® Theorem 4.5.2) @b & T, Piterbarg [4] I “double-sum” HEZHVSH I 2T &
WA A T —BEEOBRED LN

Ce—o¥*/2 Ja > 1, (4)

LEEINLILERLE. EREL o BERBICISX STV,

s R (2) ROFELROREL HEL T, A —F—TLV/hE0boTHY, 44
S5 —EERNRIC & BIELIMBIFCH B I L ERLTWA, L LS EOFERIE, Karhunen-
Lotve BEMNERIETHDEER, HIAENEHFHREERY, ROWIRETOL AT
EREEOTFLt 25X 5 b0TH k. (4) Bl TIEFEORERE VL, M I
B9 5 IERI&M ([2] @ Definition 4.5.1) bEHEZEEL Ta. (3) RicBL T, EEOH
B BT 7 OBEA %8 U CERSE OF O Karhunen-Loeve BHA2ET 5 Z LIZFLGN T
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% (cf [1]) 2% (3) ROBEFEE n — co OWRIBEICHNS I LIITERY. i, Lo
o —ARECIHR TH > C, FROBRREE M c RF ICHIRR S h - SH 2R
B3P U TERIED Karhunen-Lodve B2 HILRNI & 2RT 2 2 MTE D ([5)).

KFHAXDOBEWNI—RORETA A T EHEOEH R EX DI L THSH. KRLDORERL
LTHZIEROZ EASERHE NS, f S 0 08 1 o TARTHHIT

1 1

)2tz o
ARV ILD. & 2T o2(f) V%, AFRIE® Karhunen-Lotve BHZR>HED M OBRFED
WAL ERKTOBEICHRL b DO TH 5.

lim inf —u "2 log (’P (sup flz) > u) -P (sup flz)> u)

SER
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Inference on general unit-root cointegration
and associated computational methods

Yuzo Hosoya* and Taro Takimoto!

Graduate School of Economics and Management, Tohoku University

The paper presents a practicable framework to deal with theoretical as well as computational
aspects of statistical inference on general cointegration models. With general unit-root
cointegrated processes which includ the vector ARMA model as a special instance, the paper
proposes the Whittle-likelihood ratio test for cointegration rank and provides a limit theory
useful for the asymptotics of that test. Section 2 derives the Granger representation theorem
(Theorem 2.1) by employing the adjoint matrix of AR part of the generating mechanism of
the process. The approach turns out to be useful for examine the root-condition of the DGP.
In Section 3 the paper gives a central limit theory (Theorem 3.1) and an allied invariance
principle (Theorem 3.2) based on a set of assumptions introduced by Hosoya and Taniguchi
(1982,93) which requires the Martingale-difference and/or conditional homoscedasticity only
asymptotically for the innovation process involved. The limit theory of the paper enables
application of the cointegration rank test to a wider class of processes than those investigated
in the literature so far. Section 4 considers the Whittle likelihood in the general set-up
of the paper. Extending Johansen’s asymptotic theory of the likelihood ratio (LR) test
for cointegration rank, Section 5 presents Theorem 5.1 which shows that the log Whittle-
likelihood ratio has asymptotically the distribution of the trace of a matrix composed of
functionals of a multivariate Brownian motion and a Brownian motion as in Johansen (1995).
Corollary 5.1 showing how the asymptotic result is modified by testing against the alternative
hypothsis of trend stationarity. To derive the asymptotic distribution, the paper employs
implicitly the asymptotics theory by Hosoya (1997) on the Whittle-likelihood based inference
for stationary long-range dependent processes. Based on our limit theory, Section 6 proposes
a feasible numerical method for evaluating the maximum Whittle likelihood estimator and
the joint p-values by means of the idea of Hosoya (1989)’s generalized likelihood ratio test
for hierarchical statistical models. Testing the cointegration rank is conducted by means of
simultaneous comparison of a null-hypothesis rank against a nested set of alternative rank
in which the full-rank explicitly involves a trend term. The most delicate issue involved in
the numerical evaluation for finite samples is that the maximum of the Whittle likelihood

is not necessarily attained inside the admissible parameter space where the root-conditions

*The paper is partially supported by Grant-in-Aid for Scientific Research (C)(2)15530136.
TResearch Fellow of the Japan Society for the Promotion of Science, The Doctor program (The Secondary
Course). The paper is partially supported by Grant-Aid for JSPS Fellows 15006983.
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required by the company matrix of any model of given rank are satistied. We proposed
an adjustment method in case they are violated and also a numerical iteration procedure
for maximization of the likelihood in each step of which the root requirements of estimated
coefficients are implemented so that the estimate obtained in each stage of iteration is
guaranteed to fall inside the admissible parameter space.

In Section 7 the empirical analysis is conducted in view of identifying the VARMA model
pertinent to the trivariate U.S. interest-rate series on the basis of the paper’s estimation
and testing method. In comparison to Reinsel and Ahn (1992), Yap and Reinsel (1995),
and Takimoto and Hosoya (2003), this paper investigated the same three U.S. series, the
Federal Fund rate, 90-day and 1-year Treasury Bill rates, over the period 1960:1-1979:12
and it turns out that our simultaneous WLR test supports most the VAR trend-stationary
model among the nested set of VARMA models in contrast to the existing literature all
of which seem to indicate results more favourable to some reduced rank unit-root models
rather than the constant-mean stationary model. The different outcome may possibly be
due to our employment of the trend-stationary model as the full-rank alternative. Under the
trend-stationary alternative hypothesis we conclude that these series are trend-stationary
processes individually, but it seems to depend on the character of original data sets we
use whether constant-mean or trend-stationary hypothsis is appropriate as the full-rank
alternative. Recently, Andreou and Spanos (2003) discussed whether the macroeconomic
series are trend or difference stationary by bringing in the concept of statistical adequacy
which is concerned with the empirical validity of the probabilistic assumptions underlying a

statistical model.
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ETREET — % DRBEIZONWT

RIGERF - BEREFREAR  RHESE

1 ==
H &

RLUIL, Fb/) T4 VEREHEZIINRTL— 0y T, 954 F3EHOF =L/
7 A U RS SR i T U e/ NRFORIR S A O FE 72 B RIR A A TR S vz i =3
TDRE~ONBERIZE D Z EEFFRATAEOIITF v 74 VEFENSHE 150 km LI
WALET AHIE TIT > EREBRERZ R LTVD ), ZOF — & OfFH TRER L2\ o
ZEMBIZOWCUTICHEAT 5,

#1. 1998 42 A5 2000 R E TITRB L2 F =/ 74 VED O 1# 21 601 Al
VD AR - AR - MERIOBURIRDSAFRR  (EFIE/RZE)

s B (E€AH)
B () I (01/01/87-31/12/89) I (27/04/86-31/12/86) I (01/01/83-26/04/86)
5 & % & 5 &
0/67 0/75
0/651 0/667
10 0/1383 0/1287
11 0/1523 0/1457 0/156 0/149 0/28 0/26
12 0/897 0/858 0/501 0/406 0/333 1/345
13 0/305 0/302 0/437 1/437 1/989 6/906
14 0/164 0/159 2/1449 6/1460
15 3/1339 9/1319
16 0/579 2/754
17 1/93 0/100
&t 0/4826 0/4646 0/1258 171151 7/4810 24/4910

2 BT —4

HEE R 7 BA~ONE - SRR OBREIL, MR LB REL, KWTIHTHY,
I EEISHR LTV Ry, L7 » T, B, Bt I vR~ofRIcEL T, IEFRE
272 5T 5,

18, MEEORZERT. Bkl HIZIERET, 5000 A5 THD, £LT, BEkEI
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SR LT T B ERIRAS AL LB 72t o o A8, FREHE 3 ¥ RIS E BRI
L7=IEECIE 31 1 (5B 741, & 24 6) OFERBBABROD-Tz, Fio, BAEEOD
2409 05 B 1 AMCERBRABEON-TWVS, £2T, #1EEBRLT, F=A/ 7
A ) EAR T JE D H T U7 ERIR A DREIT. Bl B s, HEHES v REA~ONE -
IR T D LRI R ERIELIE 2 A, SAOERR (1 ANTRFER) 6.
FERTEITH L 90, EICHEENGIX, pEETRT LI L DfERMERITT.
ST, M. BR2EER. BIUOBTHINL, BREBAOEREZp LTD L,
EHER 2 ATIZ, RO X IR VAT 4 v 7 ETNVIZE IS LD TH D,

log [p/(1-p)l = B o+ B st Brat Bixit B ax; (1)

S, s=0 (R). 1 (B); aldRBEER () ; x=1 (IF). 0 (ZOHM) ; x=1 (IH).
0 (FOM) THY., BIEIHEET RERMBETH D,

LIAT, R1MPOLHPBLEIC, ZOF—FE, FFN (1) OF T x. x (L
THESELHBE (quasicomplete separation) >YTH Y. B4 By DEALHEEMBITERK L2V
RE B,

FIT, BERTTAEH c #BAL, ROXIRET VO T CREIT LT,

log [p/(1-p)l = B o+ B st BaatBag (2)

L, BBNIEFRETHHI Enb, g=0 @ 1), g=l @), g=2 (B & L7,

AFRITCHH L TR ORERH /28, ZORICET /N (2) WED < BT IERE
T, LERoTRHRADEDLVET S letter BVARFEIN., WEEPODRIISLT
EEZHEB L, TZTE o 02a=1) 1220 T, g=0@F 1), g=a (BO), g=1 F
M) & LT LIZREREBA L, S5HIT, 1991 F 5 1996 F£F TIZiTo 7 12 FADH
PRERIERLT, BRETETALEDRNWI L 2B 9,

3 K53

MELRABREDFERL RN ELHWTTE RV E WS | RREEE R RFSHERAICEIE
LT3,

3% LR

1. Shibata Y, Yamashita S, Masyakin VB, Panasyuk GD, Nagataki S: 15 years after Chernobyl:
new evidence of thyroid cancer. Lancet 358, 1965-1966, 2001

2. Silvapulle MJ: On the existence of maximum likelihood estimators for the binomial response
models. J R Statist Soc B 43, 310-313, 1981

3. Albert A, Anderson JA: On the existence of maximum likelihood estimates in logistic regression
models. Biometrika 71, 1-10, 1984

4. Shibata Y: Thyroid cancer 15 years after Chernobyl. Lancet 359, 1947, 2002

—388—



R EER DS E BT L T OfFx 225 A
BRERY-BL K#E T3

1. Kol s iEH

LHAERBITIIER  RF T OB EE XD, TRILBICOBSHTFT WZIRLF, Bl
eI MR CIRFERIS A A > T A, THIZ L b 6, £ OBABEIZELZHIE
HOMIEEZ BB L LISBIEREDITOND Z L0380, L LAMRL, FEERIZFN 2 #T
5 R+ OFERIZ & THRATO B BT R~ DX O Y HHifE~ 8Bz, L THL@EH —ED
WIERETIHIEE SR,

2 ERENBOHET AT, B@EBFORFIHERE 7T THIHEENRE L, REkiER
SEERDDFEOHRBPONT NS, L LAans, flAE—FORFIMERNFOBE, 4
AR ROEIE RO G R TR <, BRI F O KM Z ECHIEE T ORBEAELRDS Z L3 H
B &ied. FRITEERRFOKEOLEHILENFATHY, 2 0ROITHLVINNT L DEE
gl ) FENERIND. TOFEE, SIERFRLOSEICH, REEATEFEICELTE
BWOWEBNORET D HIECELTHNWS Z LN TE S,

Wiz, —HORFAREEOMOERRE, 2V HERE, EEEO LS IZERE TIIFEE
TETCHLEBROBEH TIEEETET /A XL LT LBR - BERT) THIHEEEEZLD.
ZOHEE, BHRTOEL 2B THEILENDFIHK T OKEEZET, 50 FLEIK
FOEIZH L TRE L FMEEE E X DHER FOKELZ RO HFEDOENANERD. %
DO LEIERFOKEZ L DOV AR AOLEBBNER R FEL 5.

2. 11 3) ZroHEHBREERL
iR LD\ 2 TEET TV
Y, =M, +E, i=Le,aj=1,b
BEZD. BELPDHDLHEIL, TITORIVBRVOMICHELRRESBHERNBEOND LWV
IENBHD. (TZLOZEXBROELZIZAERAERY

1 (1)
L(m;n)= 5 Ple, -n,)

TEETD. p'={u, sp,) FITOBIKEDEESY T, PEPP=L. P'j=0 (j=(1---1))
BT h-Dxb EXFHTHS. T Lmn=01%, p —p =k, Thbb, EmklEL
B on KEQISENETTHD ZLE2E%RTS. (1) RFAEZVLONT— L L THAHERL
HEOHMZEER LG GIIZBERIZILREIND. Z0 2 BMREEAERIISOICLHM
DREERER

L(G;:G 3G )= P (r i, + 7., +- 4 7,1,),

y.=A4 if ieG, YqA=03gk=1 (2)
WILEESND. ZITRAFHBERORE S2RTHAE (BMOZRER 2KROXSICESE
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T5. ¥7, (1) KL UL, Bl nz2RATHRELI V. K (2) RILREREKL, %
EATNBDT,

) (3)
S(GI;GZ;"';G.")z maX“Ph'(}/IYI +}/3yz +"'}/,,y,,]‘

(/1'“,1’)
ZREF TSRS 95 (Hirotsu, 1991). Z Z2°C, (3) NOFFEITZH &M IR KHEHE

. o oo l 4
z@=m%M7®RbH=m%bWAw%WJJEROm+~+KLM @

?h#%ﬁi%né.L#éﬁazmwfmmﬁﬂ%ﬁmﬂM@mtﬁﬂo%@kwﬁnmﬁkﬁ
FEOSMIZELW. £IC, TTH REBEZEARIC, Ward B O 7 I 25 ) v 74D, &
BT LRER REEME L Wishart /MM CHMET2 2 L1280, SEOAEEEZHET S L
MTED., EEICIRILAE THD o *2HETHOORFIETHR L-KHEZHAVS.

3. HFMEEERO T CoHER|
TERIIFIOKBEIZBRRIBFRS 255, 2EOEZ HIIBL ZHEEINS. HlxiT, 7
WZBERRIEFERSHY, FifTL i {TOMT

Hy= My S~ S S, -, (5)
TRENDEIRER (EFHEBLRLTNL) 2ELKIERHBLEVEENHSE. Z0HEE,
(5) RIFEATFIZMNT, pou —p)zo ERSABIEMD, (2), (3), (4) RKicksl
TPy %

P'=C(D,'D,)'D,",  C:EELEHOREITH
TEZMX-HHENERICLS (Hirotsu, 1982,1991). —F, R ULRET, FIOEMTEL
TmWGAEE

m/axﬂ(Pa' ®P,')ynz’ p,: P DEF
PREIND. ZNIFIDIEFIZH > TE I THETAIDONE L RE A ERF R TIERERTS
AT RIS, 2 060BEZ HFITE 612, MOBR \Z - OERZHET 2 BN THEESH,
BEMIZIEB N Y X LT ~5 B &4 5 (Hirotsu et al., 2003).

SO TEFOR A IZNEFR & D HBEIT,

max(p,' ® Z')|'(p, : FOKIFN) 5 max(p, @by[(b: A =T ~7 by i max(p,’ @p, Yy

:

DEILRNANARKHENRRETE D, ZHOLDEHBIINEFSEEICLFOT I EATE,
BREBRT — 4B 2 I LD WANWSH AL EENRH 5.

BE IR
(1) Hirotsu, C. : Use of cumulative efficient scores for testing ordered alternatives in
discrete models. Biometrika 69, 567-577. (1982)
(2)Hirotsu, C. : An approach to comparing treatments based on repeated measures.
Biometrika 78, 583-594. (1991)
(3)Hirotsu, C., Ohta, E., Hirose, N. and Shimizu, K.: Profile analysis of 24-hours
measurements of blood pressure. To appear in Biometrics. (2003)
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Randomization {22 T

(RS

1

Randomization 1& 20 ML IZ5E L - K FOE D FEORTY, FELRLOO—
DEVHTENTEL)., FOFHEEZONDL [LUHIE] I, BEAEKEOEDLS
FFhITHRIMS, FORIEIEHEVEVDRIER S WS, HEIEOFEORIZERIC
B ANSNZ-DIE 20 I G- ThLTHo7:, F9 LT 20 HiICEELLKENT
FEOFT, Fid R.A Fisher ®FEERFHEEIZB T 5 randomization, J.Neyman @ random
sampling, ¥ LTI r¥a—yDRERE L HIZFEL 7 Monte Carlo simulation, & 5124k
Bt B.Efron i & % Bootstrap HEIZEALE T, WAWALLHETEERNELHHTVEZ
EILEETRETHA. '

L7 L, randomization DERZD L DIZOVTIE, ZBHENTo2) LAV DT
TWa EHIZELNA, REZOMBEIZOWTIZLEAES0EIID T, WAVAS RN
MLFDORACEZTERLIEDPHLDT, UTENLIZDOWTHIEZEEL T, S4HEOMET
FELEVWERD,

2 randomization M I1E K4

FEARZREIZ [randomization 1d EEL LR FELDON] L W) ETHE. Fnid &
D ELDIZE [ LB ERAEATED] EVIAMBEIRETS. ZhIZOVWTRIET- &
BNZ—2o DAL EENZEXHE, Thbb L&) BERE LTRLTANFEICR
B, b LERLATFICTAZ ENFTMRELLIE [ UH&] #TAL4EIEI 2.  LEI&AYT
bNBDIE, FERTRRRDEOS 0% EERENEHEORBONCHETL L) % [T
BOE] PARTELGEETH L, FOHELLFEOHEL LTIX [Ho72] ANk 47
Lol Al TIEAFENETLI LR L, 2L [BRELRLLFIE] Tholzbilad
SN, Yool Ab [EXEEhor] LLTHELDAETHA). FOBAER
EARFEICE o7 LT, FRNCIEED [FHFOF v X 2526 TWRDEDPL,
BWRIETFETRCTY [AF] 20 [AE] ThotkdhzanThs., Ll [T
ZFx v 2] 2 DEEZ TANTERDLVWLOTH S (2 I TREFRIZ5] & &I
HLT, BLE) B URMED N EEITENFFEIC (U] L) dbvnoTHE
BRTHDL. AL LiZo0wTo [ LEIE] a2 —mL2Thhizwl, LI LA
AEDHAEL5 LB ER LT LAIERIZE o 7 AVERIINFEIIRE). 29758 <
CHlEDHERIZOWT, E9METL0E [{LEFIC] (2WIEENEEFD) Fix
2 RE] ZFLrEDONTVEISIZEPLZS BV, b LEANFHELIPBFICRDLZ L
Tholzhb, NARFNEFZITANGWTHS )., £ [Fia] o [AF] &, #HED
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[AF] CREEASELTWEDITTHY, 29 LTRIFEDHRIE SN, 121 35BE0 MR
N%LTdH, FNEZITARLEVIZLZOTH A,

INE—DODOBEELFRA VI THDHERY. 2OIFHREOREELEVIZLE, FOFE
EERBERLTELEROZEEL W) ZERBFRIIET>VWTEBD, 29 LTH#EE®RES
LFoTHRIDSIToNDE, ThbbRAELERELYEANTIILFREINRELLINTHL L
EZONTWA, L2Leds, MFEELHEOBICEHAINLIFRS, 50IL—1D
REEWIZEE, EAOBEMLRBIIBIIANREL W) ZEIELTL B0 R VIES
FFERL LR, ERPHBSER SN HE, [F0L IR TF-oTwan6] tun)yZ
ThhE, FREELOBEIERTABEDERIIOVWTELNLILIIHTH L. 0
Ba (] 2 Al ORDAFIRLETHNE, 2OFHAOERIZONT, RETHEI L
PWHETRZ LT, HEIVEFERL Lo TRETARELEDNTD, FIFANRLNEDT
»H5.

randomization b TN EF UEKZHD. ZZCRIEICR DL, (UFEZDBEONTE
Db DIz [ZEM] Thb. randomization 1F [FEIIEY DL WWEETHE] Ew
FDRFNFHREDVZBRUTHY, (R IR V] LI BT ThoT, BRIFWTIIZLT
SALPOHFEURADTH A, LELFREIBFRELFOILICLT, BEORHIIAE
BEND., £ LTCEDRENOBEIR [HEFFTHE] CLoTRIES NS, b LY
BLEAUAEEER LBAORELFETLLV) [L—L] Lo TROLNALDT
HoT, BADTr—AXF0NEEHTIROLNE D DOTIIR W,

ROV =] EVIEZFITELREL, BEARMICEZ SNAER2 S0 [
L) EZ %58 FE L7z RAFisher %, 15 Cid randomization 2 L7z DX FE
DEINTHEbNALY, Fisher DEHELZHMET A L TO—DODOMBEETH 5.

EHIE DT> THE RN, Fisher D [RKHENWERBERILOT v ¥ 2T ] &
WA EZFEEY, BEOBAMEL [BR] BORTV-VERELLDDOTHY, #2
POFBROFRE M (0F VHEEEE) PETICL»»bOT, Bt FED [F
ARG L M AR ENB I LIl o TWVA LV THLIVDTH B,

AT [ LBIE] MTbh 254 [(FREEE] 2F VEROAFEHEEKEFRLET
B, HAVEFDEFO [R) V] 28 LT, MBOEED L) RBEZBRITE [FHzo
RIE] &AL [HROAFEHL2VIEIRATFE] LOBICE, BELFry FANE
WIEDEILWTHA)., THLLAHELRIERD [RAF] 3wl Lwvin)
CEIhD, ARRICEEIEY O VIEREZERT A2 E AT EE%RE4E, randomization
W&o T, FHRY, HLVITHEENIREY O VERZELLLTYH, ZRIIHEREELTY
BRAERLRIDOL L NDDTHEIENLET LW THA .

3 BAFI4FL{LER

randomization (ZFE LT, AR [BELR] WRICEEBLOIZ, HOZ—0 [
RAHIDE] €M o7 L & ThHo7 (1959 FEEZFAHEOTHPSCHv—t3IF—). Zh
ERDEIRODTHA, PRIOEBRTTRT2KED Lk BEORTFIZOVTERLW (2
DHFIEREERHELDALIND). 20L& k< -1 4 LI ERENRFNEYIZ
EEORF#ES L TEBREZTLITLI V. LaLk> 2" -1 DL, WOoPDRTIIREE
LTLE) DD, BEELEBRIARTEEIILRS, ZOBA2%k<2"—2%561F, KO LI IZT
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I, k=p+q p<2~1 g<2" -1 LTHF%pfl, @D 25123 T, 2
BT 2 OHELT, —HOWIpEORT %, 51 qEOERFEEY DI, 2D
BEREOVHOTE T ¥ ¥ AIHAGDE, FITIIHETARFOMAEDETERLT
v MOBAEEES. BONHERIIOVT, BE1HORTFOMBIZOVWTHE, RES
79 & %2101%, B2MORFOMBILT yFaniEELAL LT, —3ELTHY, @E0D
OO R E—DOEZRICLEDVWTHEATS., RICE2HORF IOV THFT S &
EIIEIHORTFHRET VL REEL AR LTE2OBERRICH EDWTREFT A LW
IDTHH. TNERMFVEE, BFHDROBHEFMEROKRX S4B IRER L L
WILDIFRDLNBIETHLEVER o7, EZLIES (EExY LT ABIcFNIEE
IS ESTHLI LYo/ DTHo7, FITINIIOVWT—ENRL2ELZ L
2ol

Rt zx — L L TETMETNITRD L 1202, y 2 EBEIHED n RTX2 ML, 0%
B pRITRY PV, wZdiENT PLET AL, 0L yldnxpBLiEITH design matrix X
ZkoT

y=X0+u

EFEEINDL, IITEHIOLICENM) =0, Ewd)=d’TLRETSHE, ranX =p<n
b g IERA2FEIIL T

0* = (X'X)"' X'y
Lo THESN, /o023
2=Y'(I - X(X'X)"'X")y/(n - p)

EHESINA, £ LTOHIZODVTRFMRER, RMEELHBEBRY I2ITH) 2 eHTES,
LU rankX =p>nOFEITIE 0 OHEEIIATREIC 2 5.

EZANRX DTV LIIEROLND, ThbLZNIHEREE T, 22F05%H 2 EA
ETNEp> n DFETOLHENTEICLS.

Fhidz=Xy&dT5hL

E(z) = E(X'X)8
EnBY, pxpfihl E(X'X) OB (X'X OBBIZRICn AT Thad) pliiesd X
HITAIENTES.
FoEkEIZ

b, =EB(X'X)"ly=EX'X)" Xy (1)

ETNEEG,) =0 TdA55 6, ITHENIZ0 ORREHRER (X7 ML) I2koTWA. T
bLEAOKEZ L) SVEBEETNTHETH I ENTEETHS (7). 6 OFHETH
75D

V() =EX'X)'E(X'X00' XX )E(X'X)™ - 00 + ?E(X'X)7! (2)
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ERTIENTEL. COLI)BRBEETBEE p< n DBAILFET LI N TESL. 20k
&/ 2 FIEEBOSBIEIBITING

V(6*) = 2E((X'X)™)

LB, 6, k0 ONEESEATIR BT 5 LRI 0 2 5 OE LHSITRE L R B8,
WHZE 215k, Dhilc

E(X'X) Y2 EBX'X)™Y  (CREL-GIVEAEHFFIILL L2 EKRT D)

THoH05, BEOHIKED. T2bL (|0) NS FNIEH, L VIEEEIC RS,
EHIZHIIDVT, BFRNCENDUTIT 0 ICE LW BESNBEE L, 00, v HE
LTENIZ O xMABEVIHIET

o = B(X'X)"1X'(y — X64) + 6o

EVITRORRHREEFBONS. ZOHEROFHIEFEHATINIL (2) I2BVTH % 6 - 6,
TBEPRLZDDOILRD., 2L TH=0, %518 V(0) = ?B(X'X)™ £ 5.

n DRI DATIGE ) H BT, 0 12BT % Fisher FMETHIX B(X'X)/0? 125555
V(bo) 2 DMATHNCE L K, Lo Tl BRFIRBANMRHEER L 52, T2bBL 1
HEBRTIWEEETHSD ().

o2 DIEFIZOVWTIE

E{6,E(X'X)6,} = traceE(X'X)E(6,8.)
= trace{E(X'X00'X'X)E(X'X)™! + o%I}
= ¢B(X'XE(X'X)'X'X)6 + po?
Thbh, £7-

E(y'y) = B(X'X)0 + no?

THoeH 5, BX'XEX'X)X'X) = kE(X'X) FERLE VIR L » T,

~2 1 ! __l‘/ ! A
Or = n——p/k(yy kgrE(XX)BT)

EVITRTHETLIENTEL., —EOBAICIE o ORBHERIIRD LN,

4 Random design DA B4

n < pDHFE, HW5D over-saturated design IOV, Hr H EEFDYUEE (1950 4
fAFK) Satterthwaite DREAN D ), —HMFHETBERT L, LHATHOKE S bRERE
HINECDWTHE N Vb { %Y, oversaturated design 12, ITLAEZITANLNS
e {BboTLEST, £NE L DI random design XDV TDBLATHELTCLE o7
NDIFKRETHo7-.

&2 Dt random design DEfEIL over-saturated design O & 9 % Hd 2B AR 2 b
WTIBWA 5 TH B, oversaturated design b & EASFLITE L bRV, ZHITSH
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ORFHVHFEETHHT, HELDELHOLOELHETCHAIENDH LI LObhoTnD
B, FORDENDPHEETHLPIEOIL LWL I RBACRERTHLEELNLANLLT
Hb.

FRENLOLA, p<nTHAP XX *REIZTLZENRTELEE, X255
LISBATEX'X) 2 RELEIZTAZI LT THY, Lid X DELD X34 B~
NS B EHIZTTNIE, B AEREIZEVHERPBROND EHFEESNLINLTH A,

FIZIEb o L DMBLORX'X =’ L, L THIEDEFE LWHATHL (EXRE) .
X T BHIRGEHEDT T, ThHTRTELHEI E(X'X) =02, L T5 I LD TR
Biddh v, BEERINERZFO—HBITH LA, AUROBE X OIELDENKETE
BEWIRENHHLIIZEDNRL,

LV EBRZOIKREAKEDES, Bl x ¢¢ (pKEDTHERT m M, ¢/KiED
bDefll) OBETHL, ZOLE P x ¢ HOITH 5 R HIRGKEEZELIEDL D LI,
—MRIHWEETH L. CDL A BEFIE ¢ Moy BRELER DL, p" D ¢¢ BXE
FEERLHDEEFENETNAEL, 20757 v ¥ LIClAEbEIE LV (EFIEED
—fEfk?) .

HBHVEREMR 7Ty 7 BEICBVT, v lOMELrKEL kD bEOT Ty 7 TERT
BYEE, brjv=rdBEHE L, —20REOC DR LEY r L THIEL V. LA LI O
ATLRERHY A VEIFELE balanced incomlete design ST 2 729121

A=rk-1)/(v-1)

PWERTRITRERL WL, F20LE M3 T BIBWHFET S EIERL 20,

CDE)BHELEREOT Oy FANDEIN DT ET VT LT T, FRED2ODMRTE
DEEH QONFALTE Yy ZICALEE) OWFEENEEONI-HTALICTEIL
BEZLNL. ZNDX I 7% randomBIB EIEEREHDEFEALAZERBSTHE. 170
Mo BIBLIZEALRLLIICHEDLIENTESL. Thbhy v ERBAEO n X7 b,
uwhk—BEY, 0 v REGRFETRI MY, 75709 75REFRET O MV, w B EER
BEFETAAZ MLVETIUE WiZ2WTIE EBlw) =l FRERMEERELTE ) .

y=ulp,+Tp+ B; +u, E(w)=0 E@?) =c? (3)

ERTIENTEL. LZLLIETRTOEDNF 1 THEIn XY PVERT. /2T, BD
TRTOEFIX0OFTLIE1THY, 7o

71, = rl,, TT =rl,,

B'1, = kl1,,  B'B=kl,

L6 = 0, L7=0,
T ETH. DL ERN2EEIID EOCERAFERNG

nt' = 1,y = ng,

ril, + 70 + T'B7 =Ty,

kal, + B'TH + k+# = B'y.
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Nl (%A

b+ 1T'BP =

1 _
—(T/y - ylb)7
r A
1

- 1A 1 ' —
— = — — 71
T+kBT9 k(By 71p),

- %2V 1 1 / =
— =>T(I - —BB')(y ~ 71
(I-T'BBT))=_T(I-3B Wy — 71)

%182 . Z 04D Q1% adjusted yield vector EMHIN B L DTH 5.

A=TB'B'T
IEEBATHITH 5. BIB DHEE

Q,
F7-

Lo Twadh, 16=0EETNE{1-(v-\)/kr}d=Q

&=

-

(v-1)
v(k —1)

f= Q
#78% . random BIB DEAIZH
. 1
= (I —-—A)8
60=(I . )6 +w

wIREENR S ML E VIR BB, E(A)

i v—1 s _ ,
=20 rv(k—l)(A (r—AI —-rl,1,)0 +

= ('r'
DODETIDHEES* G AHZEDNTEL. LS

(7)

= A+ AL ZEETAUL, REh (7)
JEA LS

k(v—1)

v(k — 1)w

EoT, HANEL2EDNPTT § DOFEHFRKEL LS.
DI LS BIB LA L TRBICHIET A2FHQQ 21E5 &, #DREEA

E(Q) = (v-1){(1+ f)oj + o2},

op = (06)/(v—1),

F=03/vX, G ADEE N\,
ERDBIENEIND. LTcho TEEEHFHIL

1 Al

i
EVIETERD SN, 62 DRESEIE

2 1

Cbk—1)—(v-1)/(1+f)
LVIRTROLNS.

S=y'y~yBBy-

S
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FZTHEGIEEE D BIB OBE L AMIEDE LN TELI LARENL. 2L
FIT, REEEHNOQ, BLUFOHMEv—12EbI21+f TEHLIEPLEL
B.fWHTEYRELHITIE, SOOI THERED F 2B TRERESZVwEWVD
RHERETDHILHNTED.

LIATIOHE, BBIET Y FLRBAZRIL, IS > TIIRELY S 2 b1
DELTHRENTEZLZLDTESL ThbLHER (WG 2FDFEWATHE KON
IV BETRIOL) 2B e M S AR ELOEBRTFALLVEV L TEINT
HbH9.

FEWRFREOFHELID EHI2E2DIF 5T (4)(5) ROEBT BT 122w THFE#EE - T
LEHIZEDEZOND. Thbb Ty YLARBEOBITEIIN L ODDERED b O
THEDTHD.

5 Random RBEEE

J Kiefer i3 1958 4£{2”Non randomized optimality and randomized non optimality of
symmetrical designs” & V9 T, REEFFHEIZOWTHL, Z0H LIESLITLAR
BEIEOMEFRIEEOOKREZY 272D THo722%, ZOBL - IX0TEH SN, Kiefer HH LT
FEVEDIZZOHRILDO S 4 PVORFEDT T, #HFEO randomized non-optimality” D
FEEDORIFEALHLEES I EE R Dot LIl LNS.

FEOAEZRTOICRSEHE LI EET L) k@) OG0 L TERBIIERR
F O, i =1,....k T OERSMNE) ETH, BT NEOEERELIT-T
f= =0, 5RETAHILTHELTA.

ZOLEARLEBEDNER AL, kBY)OWEIIH LT, EAFNN/EEOERZITVE
DFERT Xy i=1,...,k j=1,...,n&LT

p_ (K = X (k- 1)

YKy — X2/ (N - k)
FESHEBACTRETAZIETHAE., FHITEEMRADOT TOTOHAILIELE

w=n) (6:; -7 =N} (6:~0)/k

HEHE k- 1L,N -k DELFAMIILE, SIS (0, -0)% =c &R AMILRFIIITS
MEDOTREFRKIZTHHETHY, T/ non-random ZEED B TIAE CEHBETHRED
DTRERKICTIHRNTH A LARENS. A" non-randomized optimality” D &
BRTHD.

EZAWT YT LMEEFTETIERO L ) LI EAERICR L. kBORBOFHNL m
Bz v ¥ LR, TRENN/mETOERLT FRELZITAE, HLEHROT TRE
METEOSHIE, BHEm - LN —m, FELE

Y = Nz(ej G2 m 0= 0;/m

DIELFFAERS. E LI THIRREINRECOVWTOARE Z LIRS, @ i
FEFMICEB T 505, £ OHFHEIL

EW)=Nm-1)od/m of=3 (6:~07/(k-1)
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L%,
2N HHSR 20 ERETIE, (m— D)F AZIZEEEm -1, JELE ¢ IR X2 5

MICHE) ZLitih,
B = PAF>Fy(m-1,N—-k)}=P{X*(m-1,¢)>X2(m-1)}
=.m53gﬂazﬂwﬁﬂX%m—l+%0>Xﬂm—1ﬂ
k=0 K

FWIBILESNS, LI T X3 (m-1,¢) 1330 XEHENE X2(f), HEE fo X2
HER X2 m - 1) BEEEM - 10 X2H0 LMo m2RKT. £3THLELI

5=a+Qqu+%ﬂw%+%Ew%+””

EVITBTERTE .2, EXD» L5 2HORK ¢ 13

1
ml(%)

~[3

~¥

2 R Ly=X3(m-1)

C’1 = (%)e
E%h. ZIZTEW)=Nm-1)o3/m AT 2L EQ)) & m I 2 & EHRKD
THIENDbhD., Thbb o2 dNEVEZIZEmAVNECEFRENIIKREL D, =
n#® [Randomized non-optimality] OEKT AL ZAThHE. o2 NRKEL LD E E@)?
DFOEFRELS2BDTIDIEFBN L% %5, o2 BHAHEL Y KRE L NI,
m=kDLEIIRKIZELILIITAHETES.
TITRRDHHEEEIm <k DTHm =k LVRBEDDPKREL 2 DD 02 L DIRE
DEHE TP EW)ZETHED, TOMBEOKEN 2 F =y 713 ZIThh Tz,

6 Randomization DT

Fisher #* randomized block DZE 2 F 5 EA L7z &, ZL{DADERIZH -7 LI TH
%, ZORE%E D > TR Fisher DEFE Td - 72 Student” (Gosset) & dHELTL
To7DIETHE. HLOANANFERLZZEE 7Oy 70D T Ty MWL DO
g% 7 Y T LICEFIT A L), FEEANT VRS EDINER I B E VI ET
Hofe. TMIZH LT Fisher 3 FNTIRIBEEMBREN TELL 2D EDNAELETTRL, 5
YT LELZABRESE L, Thbb 70y FEHONTOXDORBERONEEIIE L 5
BYNEL BB EFRLIEOTH o7, LA LI OBERMIERLTETHL. T 5L
EIC &> TEIIBRIC HR-72) BEICZ5Z L1d, EBO < DELEFERDTAEVIES
ERIIE, RBEBIVBIIL2OTHS, 29 LTHESMIZZI VD [Fo7:] BEb
TRTHLCDTEHEENRTVWAI LIFWI T T o

ZLDONE [REOKRRE, &2V ISEAMHICB O TEEESE I TH D, BH2
RO THERIZZ 72089 TED] EThATAR:Z L2 D - 72A%, KR ANTELEES
FlEGBTEEI TR L LA THERE SO ENIHENIEboTLE) 2810
AN, ENDZERENHRT [BRTLED | OFEREI L EBROEETH-7- B
D BB ENHELVEER) . [BEH] 22 boTHLM [For] EEFHTLER
/IR
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LA LZFCTHETAIHEBLEROY vy 72 F LDOWKEZ L ETRIE, RUPLEL2IC
FoTnAERbLNADDIIKREVT, B VLTV FLII—D2%2BATETTALONELW
ERbND, £ THEENE L THERGHARLIROARNSEZ QT LR 20 b L
NEnwDT, FOZLix FREELZTREE LR, EBRLEHFBIGEVWT Ry 7 T 7~
FREFATL0E, TOLIRFEYERTLE—DDTRTHAH., FOBT T HHEDOHT
SyFabEfTbRIEE LAV EIFVIFTLR WL, LA L#IZ T RAFisher 137XC
DGFrHEE AT v T LTHFORNS T Y FLIZ—2%BAZ LIZES LD, L
L—20F 7 v ileBE L T£OXTFLERELOMIE, 1785, WESFLHEOTT Y 7
BITAITERN LR E T 7 AT IE, FRTHLRIETTHSE. &) —2 DS
BMESTDORNANEDLS Z &% Neyman FEH L 720124 LT Fisher 5% W 2L L, #
N2 ADE UVEIBEITICEBELTLE 72 bd ot

EED random sampling I2BWT, LIFLIEREOHRL2LRKMHIZE>T, A -1
BT E T y Y LGRY, RE—EOFFTEBIERTIB TS HEINONL I EDH 5.
THITEBIZIE TV BOMO RN T o VLI =D BRI EIIBEDT, T8 LD
HTIEMETH A, ZEOTTIIBIMED BCHEESEET S LT, REEmb b
WL BBELRNETAHEIEIZIZRIOTHS ).

7 HBIEBEHD 5O random sampling

oversaturated random design (378 R F4E [ 5 @ random sampling & B2 EHRH 5.
LV LD HBRHMEBEO-DOTHEEEZDIELTEDL, THLELEKEE NOBEAN
BREE n OEAPBNENDHE, HERBTOER &, ... én, ENEERIITEAS b
NV EEADMEL y,... ,yn TNEBRRLTERZ v E y iZThid, BAREEIZVE
LT

Suwify (i=1,....,n j=1,...,N)
y=Q ;=1 (BIEAPBERNE jBUTHLLE)
0 (29 Tl &)

BRI RV AL, TRTOIDVT Y iz =1 EREND. HHVI
y =X¢

X5 v FLZEHTATHITHL, ZITranX =n< N2 5 X' X 13IFERTH B
E(X'X)=D

X ARATIIC, F0%E j HAERIIBEROE j BUSERILAINIHERp KHEL
Kbk, LehioT

E=EX'X) X'y

K EDRBHERIRD. E0 <L BT

1 n
& == myi
P
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Y, THUIE  BAIAERICS L TRAEE p 1, HCERBITIIT0ICHEL 2D,
INIR—RRSAULEEETH L, MRBEETHA I LEIFRIEIDOOND. T4
bbAEEnOELD»S N BOBEFBEVOET X TONMRHEENHLN L. L1dZ
N T LI LHEETRTHL I L,

RSN o PR R
Ezﬁlg—nzej—nzyi“y
YhoT, SCAD)DEEEIELIEPLLHELPTHS.
CNEZFEWERT S EHEFASEO T g(é,. .. .En) D°

yors

LEENDEE, m>kRLIAE,. .. &) OTMRMEE B

h‘(&j’“ o )6]]6) = (1 Jk)

. L h(&,.. . 6K) Ur.. i BOBMPTXTERIISECEND L &)
0 (9 ThVEE)

7275 L (1, k) R s ok PERICHENDHETO TLEVET S
EWIATETERDOLNED D,
N 1 -
b=—— > A& ... ,&)

NCr .
T sk

PRRHERICR D,

EIZERBEFRDBEAIARHEETIETDH L TOOLEDEEFIE, 7LD LD 2RI
TBRENDLIETHALILIBHIIREINS,
FRERBEFROBKIIOWTE, 98 EORIZETIIT A ENTES L) REBNDEE
RBEWT, —BENIENMRHEERIFELSZ. ZOZLERTOLESTH L.
EDEERIZOVTVRIE, & j=1,... , N2 LT, #%E% contectured valuesa; j =
L...,nk%x,0; DFHEG &L LTE-aORNRECEETE AT, Thidg- A4 (=72
LARERIEEIN a DEOFEY) LVIRETEZONEDH,

‘ga:g_A+E

PEDTRBERI D, THILTE, OB ErE e =a; j=1,...,N THNZ
IR AZERBELNTHAENL, FENVATORIR/NIEAMREEREODEUI ¥ OICL
B, 0L RERITRTORNRHETRELBHICELTNIL I L BLATHS,
LFROLIICBEFATHOREMNOEE IR LTS DOFHREG X L8 o PHEETH L
X, FRIVAVWALRETEZLNE. LEREOFI [EHE] LEIREDITHLA, D
£ HPBRr LEEPRREEOTETAATA Z LIERAECD LITLITITh T 3,
ZDE) BHEIHREOEEIIOWTHEHIDOETVERIRETADDTR L, WhW S model
free” 2L DEEZOLNTVWAD, LA LFIICEMESHL. —2BEHAVLORTWAH
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HEEC, NFHEEEEITETLZY. MRGHEEELABEEEL VAV AREIATWY
BN, FOEIEIEMTHLL, TLFORIIRARTIED > TAFEIKREL LT
LEFIDDHBZVDT, EBRICEDE VAV TR, LA L [AREME] (2 model free
BHECIBTS (BB OM—DEETH LIS, BALJIRIRETERVWERD ., &
TRIDE) LHIERERAVDI N OPDOHEMRE SN TV AL &, FRE O % EIR
T AR EESYL T LA LAV LA EETH L, I T200HER 6, &,
HEETAHEE, ZOTHROBEELILRL T, 2ORNMII>TELFHFETHIT LW E
BbonznrdbLlhiw, L2LedbZ00BOHEICL->Th, HPFERIH SRS
ETNIE, 2ODHEEENHROLONDIETTHY, FOLE

Vi, (1) < V(1) V5(2)>V,(2)

t&é:&ﬁ@b%é#efaa.@L%Jp@%%%ﬁl%mwéamﬁﬁwmiiﬁ
Hh, FHITIIHPERLZELHAE, I VEFELHDER2 2E L5 AL 6
HEVWEERLT, AEVRLLBZVWTHA ).

BENEHROFI RIS ER RN LM RFET A LR 200, FANEHVWLNE X
9127 % & randomization {2 & 2 [ EERAGHINA SIS L2 BB 3] L)) magic i
HATLED.

HEDIMETMAITEMILL, SAFOPOMEHEL EWIZHMZBEELHF LIk -
TWAENS, FOLI) REREFATLAIZ L IIBERORELHELEL DL 2O II R RIZ
LToTwh, ZOL)RIKTTIE model free ZEEIE] &V 714 72 a ideHd T, &t
REBRDT =Y OBEIOVTHRIIZETFVE EIIZ0 ) L TiHERPEDLIRETH D L
B, 9 LTEARMBIZBNTY, FOL) 2EFVEEBENCHBETRETHA ).

8 Monte Carlo %

%12 Monte Carlo HEIZ DWW TAHANTE I ), Fiid randomization A5~ TD
NI ATBHEVIWEEBBICFIETALOTHAE, & IFNIEERTHEY (Ho v
BENERMUZETHDH BV BOIFE 25 ETLIOENTHS. { HRT
A N L$5EBENRTE BRI N72 1225 & 2 545 Monte Carlo D EFTTH 5.

L7 LEIEED® [deterministic % 5 ¥ random I2T& % Z £ 4%, &9 LT non-random 2T
ELVDIEH 5 H? % BV Monte Carlo %, 205 random {EIERK b ARD L VHEE
VR BB P,

THZDOWT—RITE (BRIZIETRIE) OBBEVYATYT A0 7 B HEOEFHEI LW
ZEFHMSNTVAY, 3RTLEICRNTE) Bt — ¥ —-DaMEBLIHFEIIONT
WA, HEFOFREOI LR L LLEVDOTEBAL VA, LT IiE

I = ff(a:l,... ,LL‘m)dl'l,... ,d;l?n
EFRHETHLE fOBEOVTEIMRESRE. ThbE 28 (21, ,2) & (24, ,),)
OEOMEGR (M) L 28 TOME f(z1,... ,z0) & f(z],... 2p) PEEZ2VWT, &ML

ETELVAGIE, BF 5 ( BifiZe Monte Carlo 7 minimax 2 ERTERTHAI. L
D L— b7 b b RO SR, 55 VIERSIICY T2 v VEENR DI OZ £ H8
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DR THBBEVLRLBRVDT, FOLI) RIFEICIZFOBEREFH L - FEr#E 2R
2 6y, FIUTEHE L ESEEE 45D Monte Carlo B EDETE L ONE DD Litkwn
M, LBLFOLIRELZ T OB ERBRIBVATYT Ay 7 i DENS L
2TH»9.

9 TV

Randomization &V DL, EI D ODRIZL WA TH A, KIZIESICEBRTET
Bl ZNTHIEEILLI > THRUDPLDTHA I LW
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