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It

HI

XY p 4EIEA A, 24 p=1H, Hodges and Lehmann (1950),
Girshick and Savage(1951) & Blyth (1951) 43 Wl AN Rl 119 )5 V:A0E
W7 e 0 B A ThE, RIREARIIME, 7E 5k e rl A vF
Mo 24 p =21, Stein(1956) kB TAEAIIMAE I 2k N &l 4%
VEIY, [RI, A5 TS K AR BhOA S R W X 2R p 4k
EABENLRE, E(X)=60, cov(X,X)=1. WM p>31, X AH

ARV T o Ga N, b a4 KE, it - a )X
b+ XX

SRR MW, Her X NT X XK. BEJS, James and
Stein(1961) 25 H T € &= ¥ il fh v /& X ) James—-Stein A 11

3"5:(1—1;(—;(2))(, IR Tl Sa) = (120K s HR

a=p-20,  S(a)=5" MIREIEEIE /N,

[ Stein (1956) LIk, kS T % I G vl ZRWF TR VTP (R 340 o
Stein(1964) 116 THUMEARFINAA T, EARGATIITT ZEAG TR
ANTTEEVEE . Brown (1966) UEHH 79 4E4L p > 30, B R E R,
BB ZH B AR A Al T AN AT VR o

IR, VFE S50 Janes-Stein fit 8% = (1 _1;(_;(2))( it
17 Tt . Srivastava and Bilodeau(1989) i1 T M Bk 4> A (1
James—Stein ffitl. Brandwein and Strawderman (1990, 1991) i+i&

TERXFRAGOL N I James—Stein flivh A H—#IE A . Stein(1981),
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Brandwein and Strawderman(1990) 45 T James-Stein fiitt ) X
B — ST X RS BB T B IER] . Ralescu, Brandwein and
Strawderman (1992) ¥+ & T JF IF 25 BROW FR 43 A7 18 67 & 2 B (1)
James—Stein fliil . AR ZL TAEM LIS FE Susarla(1976),
Moore and Brook(1978), Alam and Hawkes(1979) , Phillips
(1984), Ohtani (1999) %,

Gk F MR James-Stein AT TR Z B IE 5 ot
Branchik (1970) 5 F James—Stein flith45 Hi T A% i i deidt, #93

TR b 875 i R T N B e 8 :(1_@;(,2)3" )X, X

b - 0 , N P .
(a), = {a =, HAR, LA AR, 15 Efron and Morris

(1973a) WEW] T 875 J&443 T Bayes FUIUMR, [R5 B Ak DA S 2
gfs bt . HEP 20 4)5, Shao and Strawderman (1994) 2 T

JRU EE 575 1 RS BN A T o 594k Berry (1994) F stein B2
(K177 ZE Ak TSR ik 2 TC IE AT James—Stein vl o AHMNI TAE
A2 L Oman (1983), Li and Bhoj(1988), Kubokawa (1991)
MATBAE James-Stein flivh A TR 240k, 4l in £ -1 1=1H
S3Hr4idk. Ullah and Ullah(1973) ZE [ JRERS tp 5| AT BRI
K A5 TF 5 v ok i /N Z el 1h & . Ohtani (1993) 71 £ 1% 47 7€
(misspecified) £k P [0l )4 & 2 Hp L L T James—Stein Al v+
James—Stein fiTIJIERS, S T James—Stein vl iE i
WG RE A, IR TR R e & 1F T, James—Stein f
HIIEFRAL T James—Stein At AW E LA . Srivastava and
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Srivastava(1993) 118 T [l VAR AL R E ) James—Stein {1} 7E
Pitman #EN R [P i. Ohtani (1996) 518 T 758 i 48 @ A v
James-Stein flvHiciit. HE M TAEER 2 Ohtani (1998) ,
Namba (2000) .

I, W2 R 2E KT T James—Stein {41155 Bayes ftiil &
minimax fli vl 2 [HFKR. L, Maruyama (2003, 2004) F R4
SIS T IEASME R X Bayes il . 254, X
Beflh Pl & T AR James—Stein f5TF. FIHM TAEEA, Efron
and Morris (1972, 1973, 1975) FIH] James—Stein fliiH4&H T4
K Bayes ffivl, JFHCEL T EATZIAIIEHR . Baranchik (1973) W4T
T AR Z T 3 I, 20 El A ) AR ABRA T AN AT
P, F348 TS HN James-Stein i TER M minimax At
Takada (1979) WP T 77 229G (I IE A 70 A (K — AN 6B A, 4t
T James-Stein it I IEHF B M ERAREL, THIEM] T %5 55
g XGRS /1N T AR KABL R Al 31 1) KUK o Groenewald and van der
Merwe (1979) 3t 2 JC R h 24011 James—Stein fTHTE U
minimax fl T /A, TR T IXPP minimax Al v FIRR AR
flith R FR . Li(1982) 735 T MEAL T James—Stein vl HIZ%:
Bayes flitlh, XFH&H: Bayes (i vH & rI AR, I HAZBTAum .
Fan and Fang (1985) i it 7 Mk 55 51 23 A 16467 B 2 5501 M B Bt
Stein Alith & Minimax fith, IF4H T L5 TREAMERM Stein
v 5T Minimax 5. Maruyama (1999) #5387 —2%)" X Bayes
flivl, WEM T e T James—Stein fliil, FUtH T 1% Bayes it
T — 515508 H James—Stein fliTHF IEH .

James—Stein At vH i B K —4LEH 77, Taniguchi and
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Hirukawa (2005) 25 i T 5 T il #26 James—Stein {41} . Kumar,
Tripathi and Misra(2005) it T P RAE S T, IEABIET
James—Stein R (Iftiil. Robert, Gene Hwang and Strawderman
(1993) 7t Pitman #EN) N8 T James—Stein flivl, UEH] T #E1%
HENT James—Stein it Tl & X .

TEARZ KT James—Stein f T CSCERN N F IR AR, 437
JEH O BRIF) & Green and Strawderman (1991) FJFH Stein At
JARFE RS TR IR AL A A TR 10 57 5 LAV E AN
(R LA B A i v BB I o 130, AEE S TIEAS)
AR, OB LA TR R 4. Judge and Mi t telhammer (2004)
¥ Green and Strawderman(1991) (45 FHES B BUS hA8 B
ARG I T o AR5 10 I BUE A 5 2018 T IR v A R
Vo [, JE25 8 T ALV B AR A PERET EA TR, DAL 1
I A o

AICH Green and Strawderman(1991) (B4 F) BAK
Judge and Mittelhammer (2004) (AHIGZAE TR $&H PIIIALAL & 4k
VHEHET BT R R IO R TS, 32 H R AR
R THMBEBRN James-Stein fiit&E. &5, BITRT
Stein (1956) & HIfhTHE (Stein f411) 5 James—Stein fliil &
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§1.1 5|
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Green and Strawderman (1991) F|H Stein 1t EAEFI
ARG H T IR A AL VR vk . 5 DART I 7 VEAN R 0% 5L
FI5 B AR 2 T Re A ), FRuhe T XRnBUs v & e R . 1X
—&h, I Green and Strawderman (1991) $2 H (K IA 4H & A45
SEX,Y)=aX+(1-a)Y ) B H — & 15 B n A
5™ (X,Y) = AX + (I - A)Y .

KR L2 W AR L B 87 (YY) =
AX +(I - A)Y B RBIE B e MPIFEFE 4,5 1. 3 TWishg T ARA S

Al h il s 1.4 55 I EUE AU, LR T P R A A A v R XU 2
IR R AR o X LA Eam R 02, WERBATRIARTEY], AR SCHT
TG AR S AE P RS N AT o

§1.2 EMERISH

B p BN X ~ N (0,6°]), Y ~N ,(0+&,2°D), JFHX 5

YAz, Hrhe?, o2 051, 0, ERH1.Green and Strawderman (1991)
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G TR SS (XL Y)=aX +(1-a)Y 1 KK IR B B N 1K e, N

2 ! i
PTESE M, S =x-—— 20
prt +po +&E pEAPOT

(X=7), BRI N MSE@S" (X,1) = LT+
’ prt +po-+&E

WRI (X, Y) G alX +(1—a)IY , WS (X,Y) AT —
PRI Al A4, BRI T, 50 (X, Y) IR
(o A REk Bt /), RBATBOGEIRE) . NHER 1.1 4 TS
FEBE B A Al T 67 (XL, Y) = AX + (1 — A)Y 18 X&) 5 /N R 48
B A, J2 87 (X,Y) fRR

SEH L1 & p BEREHLIN R X ~ N, (0,6°1), Y ~N,(0+&,7°1)
HFHXH5yMar, Hdo?, 20, 0, EARI. WAL
BUH A 07 (X,Y) = AX + (1 — A)Y 1R IE B 5N IR AE B 4, K
(P I+0°T+EEN (T +EE) o« KIS 579X, Y) BB A

MSE(S5 (X, V) =tr(c* (0?1 + &)t I + o 1+ &) .

FAERHERE 1.1, FATAIEH LS i =52,

513 1.1 (T + o T+ EENY M2 ] + EE JEmT A2 #e(r), I

(I +EENT I+ o T+ EEN " = (P T+ o T+ EEN (P T + EE) .

5|18 1.2 WifFA>B (Bl A-B>0, A- B AAEFERFE),
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Wwd>B, HESK < A=B.
SIE 1.3 HFEAMEAA4=0, MA4=0.
NHRUEH e P 1.1
HX~N,(0,0°D), Y~N,(0+&7°), JFH X, Yior, &

NGRS SE
MSE(8"(X,Y))

= E[(67(X,Y)=0) (6] (X,Y)-0)]
= E[(AX =0)+ (I - A)Y - 0)) (A(X =)+ (I - A)(Y - 0))]
=tr(A'4-0)+1r{(I - A)'(I - A)(*1 +&8)]
=tr[(t° 1+ 0T+ EENVA'A— A (071 + EE) = (071 + EENA+ 171 + EE']
=tr[(c° 1 + 01+ EENVA' Al - tr[(v* ] + 0T + EENT T + o T + EE)) 7' x
(221 + EENV AN~ tr[(22] + 01 + EENVA' (22T + EENT T + o1 + EE) ']+
pri+&%).

AB=rT+0’I+E', C=r*T+&', f5IB 21 MB' 5CHE

RIAZHIT, T

MSE(6,;°(X,Y))
=tr[B(A'A- A'B"'C~CB'A+B'CCB™")]+t[C(~-CB™)]
=tr[B(A-B'C)(4-B7'O)]+tr(c’B'C).

W1 B OWIERERFE, Al AAFAEARA IR Q 173 B = 00" » Mk
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MSE(5"™ (X,Y)) = tr{((A— B™'C)Q)' (4 - B~'C)Q)+ tr(c*B™'C).
X tr[((A-B'C)0)(A-B'C)Q1>0, H5IH 1.2, A% HAX
H(A-B'C)OQ)(A-B'C)Q =0, 87 (X,Y) KB A Reik B /N
NHGIHE 1.3, WA (4-B'C)Q")(A-B'C)Q =0 i n] 13 2]
(A-B'C)Q'=0, HEikA4-B'C=0.
K, M A=A, =T+ T+ EEN) (2T + EEYV I, 87(X,Y) [T
WEIEE /N, IR 875 (X,Y) HR
MSE(S} (X, Y))=tr(c? (2’1 + &N (e 1 + o’ 1 + &) 7).

R 1.1 IR

THFEATENE o (X, RS, (X, Y) IR, B 5 HE 1. 4,
FER 1.2 R 11 ORIEE S (X, Y) AR 5 55 (X,Y) R 2

ARG R

I 1.4 W p R AFEA>0, B=B", WAAHEARZ FHFE
C, fi
CAC'=1,
H



PO EE R 2A A8 o AT DU H B AL A v i

H 2y, 2, M |B— 24| = 0 IR
2G| BEUEW AT LLS WK SERE . 7 2R (1997)
EHE 1.2 W p MR A>0, B>0, I

-1 -1
—”Al irB > A+ B)".
trA~— +1trB”

WFH: HA4>0, B>0, f5|F 1.4 nl40

A—l — (C—l (C!)—l)—l — C!C , B—l — (C—IA(C!)—I)—I — C(A—IC ,

H

(A+B)" =(C"(C) +C'AC) ) =C' (I +A)'C.
PRl

A B r(C'C)-r(C'AC)

T gAT +4B” r(C'C)+t1(C'ATC)
LT =CC', t,>0KRTIHIXNALITR, 1, >0 AKX ALITE,

i=12,,p, WH

p p t

_oT-r(N'T) ; S A

1

i _trT+tr(A_lT) _Zp:t +Zp:i ’

i
i=1 i=1 /1

1

L =tr(A+B)" =(C'U+ A C)=tr((I+A)'T)

p
ti
=1

S+ A,
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MR
MSE(S5 (X, V) =tr(c? (0?1 +&E )7 I + o[+ EE)7)
=tr[(’ 1+ EEN " + (o’ D'

=tr(A+B)™",

-1 -1
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NI+ E'>0, o’1>0, ik, he 12 5 1.1 sor.
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§1.3 RESHEYEIT

68 L2 BAMIGH TR 577 (X,Y) = AX + (1 - A)Y [REILF]
5 PIIFERE A, o AHE, FEBIXHE &R, K RTE0 ST
fiiil

é\X,.i'fl'Np(e,azz), xi'fl'zvp(<9+g,r21), i=12,-,n, JH,
X, 5 M. X0,

ELLS (X, - Y)(X, - Y)] = pr* + po? +£€,

i=1
EIP

F-3) (X, —Y) (X, ~X) 1= 2 +0° + £
n

PR, FATTAT BUR R AN v Bk AT 6, (X, Y) FS5° (X, Y)

SIC(X,Y) :lZé\‘iIC(X’Y)

i=1

1 & ’
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é’\‘mc(X’Y) — lzg‘imc (X,Y)
n o

= DK K X )T X, )

- X0’ Y (X -V - YT - T).

WATGAE § 1.4 FIFEEBRL L 5 (X, Y) RS (X, Y) [ X
[ 2 TR R R o

§1.4 MRRIEERN LA

FEIX i, BATEH Al 8 (X,Y) M 6™ (X, Y) IR
AU LR . WERGE R p « EE o Al AR PRI 11
JAR (LG AE 7 = MSE(8™ (X, Y))/ MSE (8" (X, Y)) 5%,

® LG T ENEENAFDUE, * 1.2-% 1.5 204t T
o’ ' p RIEERIARNT AR r 1R300
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*12 =1 p=4
ﬂ.‘!
e 0.01 | 005 | 0.1 0.5 1 5 10 25 100
0 1.0003 | 1.0041 | 1.0051 | 1.0270 | 1.0485 | 1.2209 | 1.4691 | =1 =1
0.04 | 0.9009 | 1.0021 | 1.0022 | 1.0131 | 1.0388 | 1.1416 | 1.2715| =1 =1
0.16 | 0.9942 | 0.9799 | 0.9709 | 0.9612 | 0.9768 | LOS8T (11263 | =1 =1
0.36 | 0.9793 | 0.9249 | 0.8872 | 0.8468 | 0.3689 | 0.9955 FLOSST| =1 =1
0.64 | 0.9507 | 0.8345 | 0.7768 | 0.7134 | 0.7571 | 0.9406 | 0.9973 | LOG28 [ =]
1 0.9181 [ 07592 | 0.6013 | 0.5972 | 0.6528 | 0.8519 | 0.9455 | L0353 [ =1
4 0.8349 | 0.5522 | 0.4286 | 0.2056 | 0.3180 | 0.5477 | 0.7074 | 0.8638 | 10353
10 | 0.8548 | 0.5630 | 0.4152 | 0.2220 | 0.2081 | 0.3221 | 0.4572 | 0.6785 | 0.9278
16 | 0.8742 | 0.6042 | 0.4468 | 0.2206 | 0.1865 | 0.2446 | 0.3487 | 0.5588 | 0.8671
50 | 0.9078 | 0.6688 | 0.5020 | 0.2362 | 0.1830 | 0.1957 | 0.2593 | 0.4314 | 0.7751
10| 0.9725 | 0.8600 | 0.7625 | 0.4273 | 0.2977 | 0.1556 | 0.1457 | 0.1901 | 0.4150
400 | 0.9908 | 0.9572 | 0.9185 | 0.7051 | 0.5410 | 0.2300 | 0.1744 | 0.1413 | 0.1940
10000 | 0.9998 | 0.9977 | 0.0060 | 0.9523 | 0.9660 | 0.8471 | 0.7201 | 0.5377 | 0.2692
®13 p=4 &E=2
“ 0.1 0.5 1 5 10 50 100
EE
0.1 0.1878 | 0.2190 | 0.3008 | 0.6770 | 0.8260 | 09573 | 1.0204 | 1.1081
0.5 0.3478 | 0.3147 | 0.3839 | 0.6879 | 0.8250 | 0.9696 | 1.0253 | 1.1155
1 0.5150 | 0.4324 | 0.4667 | 0.7231 | 0.8321 | 0.9626 | 1.0385 | 1.1199
5 0.9570 | 08712 | 0.3325 | 0.5408 | 0.9319 | 0.9883 | 1.0397 | 1.1029
10 0.9500 | 0.0621 | 0.9571 | 0.9330 | 0.9553 | 1.0028 | 1.0367 | 1.1073
25 0.9901 | 0.0908 | 0.9974 | 0.9935 | 0.9958 | 1.0200 | 1.0370 | 1.0839
50 0.9908 | 1.0001 | 1.0005 | 1.0050 | 1.0049 | 1.0216 | 1.0472 | 10627
100 1.0001 | 1.000% | 1.0O10 | 1.0044 | 1.0051 | L0075 | 1.0Z240 | 1.0420
1000 | 0.9939 | 0.9990 | 0.999% | 1.0002 | 1.0001 | L0012 | L.O041 | 1.0045
5000 | 1.0000 | 1.0000 | 1.0000) 1.0000 | 0.9995| 1.0005 | 10001 | 0.9988




MR 2R S How SRS DL AL A o
* 14 p=4 £E=4
& 0.1 0.5 1 5 10 25 50 100

T
0.1 |0.1936 | 0.1641 | 0.2040 | 0.4792 | 0.6668 | 0.8582 | 0.9598 | 1.0294
0.5 |0.2983 | 0.2236 | 0.2567 | 0.5224 | 0.6776 | 0.8564 | 0.9587 | 1.0397
1 0.4296 | 0.2956 | 0.3180 | 0.5477 | 0.7074 | 0.8688 | 0.9634 | 1.0353
5 0.8904 | 0.7275 | 0.6656 | 0.7032 | 0.7756 | 0.8996 | 0.9783 | 1.0342
10 | 0.9727 | 0.9014 | 0.8692 | 0.8305 | 0.8684 | 0.9285 | 0.9792 | 1.0383
25 | 0.9930 | 0.9891 | 0.9843 | 0.9586 | 0.9423 | 0.9711 | 0.99958 | 1.0436
50 | 1.0000 | 0.9982% | 0.997% | 0.9939 | 0.9951 | 1.0032 | 1.0107 | 1.0466
100 | 1.0000 | 1.0000 | 0.9994 | 1.0008 | 1.0006 | 1.0094 | 1.0270 | 1.0306
1000 | 1.0000 | 0.9999 | 1.0005 | 0.9998 | 1.0004 | 1.0032 | 1.0025 | 1.0040
5000 | 1.0000 | 0.9999 | 1.0001 | 1.0002 | 1.0000 | 1.0004 | 0.9999 | 1.0017

%15 p=8 &é=4

g0 01 0.5 1 5 10 25 50 100

T
0.1 | 01148 | 0.0990 | 0.1398 | 04528 | 0.6622 | 0.8980 | 1.0344 | 1.13309
0.5 | 0.2496 | 0.1624 | 0.1991 | 0.4792 | 0.6953 | 0.8993 | 1.0475 | 1.2094
1 0.4183 | 0.2531 | 0.26380 | 0.5064 | 0.6972 | 0.808Y | 1.0428 | 1.2205
5 0.9249 | 007708 | 07054 | 007141 | 0.8146 | 0.9509 | 1.0686 | 1.2237
10 0.9848 | 0.0385 | 0.9060 | 0.8572 | 0.8975 | 0.9811 | 1.0607 | 1.2033
25 | 0.9995 | 0.9960 | 0.9937 | 0.9876 | 0.9920 | 1.0231 | 1.0672 | 1.1648
50 1.0001 | 10018 | 1.0025 | 1.0071 | 1.0125 | 1.0303 | 1.0667 | 1.1304
100 | 1.0004 | 1.0004 | 1.0011 | 1.0034 | 1.0106 | 1.0213 | 1.0483 | 1.0877
1000 | 1.0000 | 0.9999 | 1.0005 | 0.9998 | 1.0004 | 1.0041 | 1.0071 | 1.0109
5000 | 1.0000 | 0.9999 | 1.0001 | 1.000% | 1.0000 | 1.0005 | 1.0006 | 1.0016
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FERBCADSS SR P A B R &1«

Lo W& 1.2 JATATLOREER], 2 EER/N, B o2 1R,
SiRWARIRL, Mr>1. HEAR ZK, BEEHRN, rHf
SBWARNMEZR, HH—ESNT 1o FR, 25E¢ w55 K
Ji, Ao Z K, r#bsilan T 1.

MEESI, ME L3 ER L5 LIFH,

2. HHF 1.3 WATATLIWERS], B o2 IR, rJeid/Nm e
BR, He RKLE, 4iRARIRE, Rlr>1. M ? KN,
rAERRIM AR . B4 02 R KUE, Ao 2K, r#fiai
NENE

3. R L3MIFK 1.5 KW p EIERT, BEFEEEHA, W&

i, AH EE IR o 72 0 r (R
4. MNFE L3RR L5 WLLEH Y o Mo AR, Bk p
WK, r N Mo Mo 2R T —2eLUn, BEH p R, r
AR AR EE —HE, p ERZRUBASE o o X r 520 .
b, AEEPR R o Ml AR, B, HEeE>1

I, FATHI T2 S B S T B o AR AE LA i A v gk Al vt
R AL AL
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F-E HAXBREEMENBEEESGITE

jillfs

§2.1 35|

Judge and Mittelhammer (2004) ¥ Green and Strawderman
(1991) [y LAEHE 21 7 IRl v AR 2 R AH ORI S B e JFR T —
AN ENABER i TR RS TR R AR, BATEHRER A
R — B 2R UKL, 5 Judge and Mittelhammer $HiI A4
EATVHHET B R IMBOE L, H& X B AR R A1

ARTEGHW T 2. 2 W AR IS THE 57 (X, Y) = AX +
(I = A)Y R IE BB NOEEFE 4,5 2. 3 e T RS EAS T
(A 850 2. 4 757 I BB RS0 e LR A b At - 180 XU 2 TR) PR 9K R
2.5 il Judge and Mittelhammer (2004) $2 Hi () [ YRS ) 451 1 3t
B EEA T IR IALA o R LR o

§2.2 EMEHIEH

WX, Yok p EIESMALR R, EX)=0,EY)=0+¢,
cw@}{? gJ,E$QﬁXWWﬁ%ﬁ%,@%Y%mﬁ

ZHME, T AXS5YWIiTERME, Ho, ©,, T, 0FMERLRHM
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[¥). Judge and Mittelhammer (2004) 5t T {3 5 (X,Y) = aX +

trd, +&'¢E -2
(D, +®@, +EE—25)

(- a)Y (RS FH N 0y it

trd, —trx
tr(®, +®, +&£'-2%)

S (X,Y)=X - (X -1,

SN

tr®d tr(®, + EEN) — (tr2)?

MSE(5" (X,Y)) = :
° tr®d, +trd, + &'E-20%

W 2.1 76 Judge A1 Mittelhammer [J—3CHY, A T ZERF

tr® tr(®, + EE) - (r2)? e
0<ast, AUDIPa+eS) WD) 6 g 1y
tr®, +tr®, + &'E 2%

I. tr®, -tr£>0;
2. tr®,+&¢-E2>0;

3. tr®, +tr®, +EE-202 >0, tr® (D, +EEN - ()’ > 0.

TR ER 2.1 g5t 78— @ A T A5 BEIACA & il v
S (X,Y) = AX + (I — A)Y IR EGIE BB NIREFE 4, b 87 (X, Y) 1]
A o

FH 2.1 WX ~N,(0,0),Y~N,(0+&0,), cov(X,Y) =2,
MY B=®, +®,+E" -3 NIEEFE (B >0) B, A0£HFE N

R G AT 67 (X,Y) = AX + (1 — A)Y 18 X832 B e /N RIAE FE 4 4

20



PO EE R 2A A8 o AN DUV AL 5 A v i

Ay = (@, + &' =T ) (D + D, + &' -2 -2, RN, 5°(X,Y) KX

tr([©, (P, +‘§§,)_ZI((D2 +6868’)+(q)2 +SZ§,)Z'_Z'Z]((D1 +D, +

§E-z-2)).

ER: HER 11 K] 1S

MES(6™ (X,Y))
= E[(A(X - 0)+ (I - A - 0)) (AX - 0)+ (I - A)(Y - 0))]
= tr[A'AD, + (I — A)(I — AY(D, + EE"Y+ A'(I — AL+ (I — A)' AZ]
=t A AD, + D, +EE -5 -2 )= A (D, +EE' —3) = A(D, + EE' - %)
+1r(D, + EE).
HB=®, +®,+&&'-2-3'>0, WB=B"B"?, HB"*1i#,

Mt

MES(5™ (X,Y))
=tr[B'"?A'AB"? —B"? A'(®, + EE' —X VBT — BV (D, + EE ) AB"?]
+1r(D, + EE)
=0{(AB"? —(®, +&&'~2)B™?) (4B"? —(®, +&&'-2)B )]
+ (@, + 48 = BT (@, + &5 - E)(@, + &' -1).
AT B 1. 1 AR, W32 ABY? = (D, + &'~ 2B I,
Bl A=A, =(D, +EE -T)D, +D, +EE - -3 "I, 879X, Y) I
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ARG MSE(S7 (X, Y)) i 245/, HAH N

MSE(5(X,Y))

=tr(@, + &)~ B (D, +&E'-I)(D, + &£ -T)

=tr([@ (P, +&5) -2 (P, + 58 + (P, +EENE -ZE) (P, + @, +
§E-2-3)).

X,

S (X, V) =X (@, -Z) (D, + D, +&&'-Z-2) (X 7).

SEHE 2. 1 fHIE.

N E B 2.2 fE 8 & AF R LT MSE(S) (X, Y)) Al

MSE(5, (X,Y)) ZIIR R

EFH2.2 FHI =%, O, -I>0ND,+E -2 >0, N

MSE(57(X,Y)) < MSE(5, (X,Y)).

UEH: 2 8 BRI

MSE(5} (X,Y))
= tr([@ (P, + 58 - Z'(P, + 55N + (P, +EENE -TZ)(D, + D, +
§é-x-307)

=tr([D,(D, +§§,)_22]((D1 +0, + 5’5_22)_1),
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HFd, -Z>0, ©,+&-2>0, W51 1.4 wJsfefEdE

A A D ATAS
O, ->=DD,

@, +E' -2 =D'AD,

XA =diag(4,,,A,), A4, >0, i=L-p.
T,

O (D, +EEN-2* =(D'D+Z)D'AD+X)-%*

= D'DD'AD +3D'AD + D'DX,

H

(D, +D, +EE'-2%)" =(D'D+D'AD)™

=D'U+AN) (D).

NITE

MSE(5;(X,Y))
=tr([®, (D, + EE)—Z(D, + EE) + (D, + EENE — 2| (D, + D, +
§&-2-3)7)
=tr([@, (D, + EEN =22 |(D, + D, + E'E-2%)7")
=tr[(D'DD'AD +2D'AD + D'DX)D~"' (I + A)"(D")™']
=tr[(DD'A(I+A)" + (D) 'ED'AU+A)" +DED' (I +A)'].
FH

tr[(DY'ED'A(I +A)7']
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=tr[(D)'ED'A(+A)']
=tr[(I +A)"'ADZD™'],
EEG
MSE(5(X,Y))
=tr[(DD'A(I+A)" + DED' (I + A)'A+DED'(I +A)™"]
=tr[(DD'A(I +A) ' |+ trX.
XS
tr® tr(D, + EE) - (1)’
=[tr(D'D) + tr2][tr(D'AD) + trX] — (trL)’
=tr(D'D)tr(D'AD) + trZtr(D'(I + A)D),
tr(®, + @, +EE —2Y)
=tr(D'D+ D'AD) =tr[D'(I + A)D],

AT

tr® tr(D, + EE) - (r2)’

MES(S! (X, 7)) =
° tr®, +trd, +E'E-2rE

_ tr(D'D)tr(D'AD) + tritr(D'(I + A)D)
- t{D'(I + A)D]

_ tr(D'D)tr(D'AD) .
~ w[D'(I+A)D]

.

M, BFRE R 2.2, HEEIERY

tr(D'D)tr(D'AD)
t[D'(I+A)D]

tr[(DD'A(I +A)7'] <
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H T
tr[(DD'A(I + A) ' 1=t [D'A (DY +D' (D) '],
i

tr(D'D)tr(D'AD) _ tr[D(D")']"'tr[D7'A(D") ']
t{D'(I+A)D]  #[D(D)' 1 +a[D'ADN'T"’

JFH.

D'AN(D) ! =(@,+&E-2)" >0, D(D) =(@,-%)" >0.

PRI e BE 1. 2 13

(DDA + Ay ] < TP DIr(D'AD)
#{D'(I+ A)D]

WoE P 2. 2 150,

HR 2.2 RS WAER L1, RAIUYT &N
Ay =@+ o T+ EEN (22T + EE WRFIE M i, [RIHB AT U H 4,
&R FROE E . EAE X — FEAR R OSSN B, X TR B
A= (D, +EE YD, + D, +&E-2-2)", HEH D, -2>0 K
D, +EE-2>0, HHD, +E IO+, +E—L -3 [T
I, A A RN BIE R e, RASEZRD, - M
D, + & - S MRHE R I, & A RER R 4, FRRHE ) 5. 3RATA5
SR LU 10 AR o B 0 AR I 2 4 A o R 380 8 A5 1 B I s A o
[ RIS B 5 /N o RIS, R N LA NIRRT & A

FURFAE 1) 58
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§2.3 RESERYMEIT

FSE =R, mTE, o, O, T MRmMME, AT
EATIATAE T

iid. iid.
X, ~ N, (0,®,), Y, ~ N, (0+&®D,), i=12,-,n, JH,
L0 X, MY T =M. XA,

1 n
E[=) (X, =YY (X, =Y)] =tr®D, +1r®, + EE =208,
nio

ELES (X, —¥) (X, ~¥)]= @, 4@, + &'~ 5 5.
n

i=l1

[FIE, T

E[%(Z”‘,(Xi - X)'(X, —)?)—i(X,. - X)(Y, -Y)]=tr®, —tr% ,
n—=1 g i1

B (X, - D0, - X = Y (X, - D, - 7)) =0, -2

L, FATTAT LR R A TR AT 67 (X, Y) T8, (X, Y).

é':lc(X’Y) :lzgilc(X’Y)
ni

B I N 10 G0 4 10 G ¢ W o 5 GG S /o 78 )
:lz X_n—l i=l i=1
n 5 :

— (X, -7)
SONCHDAICASH
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Y (X, - XV (X, - X)=n> (X, - X)(¥, - )
— )? _ =l i=1

(X-Y),

(n—l)lﬁl(xi V)X, - )
5" (X,Y) :%ZZ::S["“(X,Y)
- %Z{X —[ﬁ(g(& K, - FY =2 == T))
x[%g(xi V)X, -1 T (X, —YJ}
- )?—[ni'g(Xi X)X, - XY —nZ(Xi XY, - F)]l(n —DZ(X,- -7)

x(X, ~Y)T' (X - 7).

BATVHAE § 2.4 FIFHBAEBROK EL K 5 (X, Y) BT 6™ (X, Y) 1)
PRS2 TB] R R AR o

§2.4 MRRIEERN LS

XA, AT BT S (X, Y) FS™ (X, Y) I XU (1
BRI bR . X B TR, HERmEAE p =411,
AL D, . O, TN
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c t t t 1 ¢ t ¢ a b b b

t ¢ t t t 1 ¢t ¢t b a b b
D, =5 D, = Y=

t t c t t t 1 ¢t b b a b

t t t c t t t 1 b b b a

MEEEL tv av s b AR PRGBS R LA

r=MSE(5" (X,Y))/ MSE(S" (X,Y)) {154, {EM, H—Lom

FIALBAEAAT, el TAERX LT 1 b A ¢ A8 A 15 A B

(? gj%ﬁ%ﬁ%,ﬂ%&%ﬁﬁﬁo

#*2.1 a=02 £¢=4 c=1 s=1

b 01 0.2 0.3 0.5 0,70 0,80 0,90

0.1 0.2898 | 0.3915 | 0.4804 | 0.6178 | 0.8254 | 0.8919

0.2 0.1964 | 0.2884 | 0.3954 | 0.6784 | 0.7B02 | 0.8188 | 0.8870

0.3 0,1217 | 0.1821 | 0.2886 | 0.4925 | 0.668Z | 0.761T

0.5 0.1173 | 0, 2042

0. 70

0. 80

0,50

1,00

1.20
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£22 a=02 £é=4 c=1 s=2
b o1 0.2 0.3 0.h 0. o 0, 80 0,50
o1 0.35986 | 0.4985 | 0.6821 [ 0.7216 | 0.8247 | 0.8689 | 0.9070
0.2 0.3662 | 0.4704 | 0.6613 | 0.V0R9 | 0.8222 | 0.8651 | 0.9073
0.1 0.3210 | 0.4333 | 0.6346 | 0.89581 | 0.8151 | 0.8626 | 0.9070
0.5 0.2224 | 0,364 | 0.4774 | 0.6669 | 08039
0. 70 0.3916 | 0.6243
0. 80 0. 3402 | 0.8024
0. 50 0. BT
1.00
1,20
*®23 a=02 £¢=4 c=2 s=2
b 0.1 0.2 0.3 0.5 0. 0 0. 80 0. 80
0,10 | 0.4727 | 0.5044 | 05352 | 0.5799 | 0.8128 | 0.6278 | 0.6404
0.20 | 0.4717 | 0.5074 | 0.5357 | 0.5319 | 0.6189 | 0.6338 | 0.6480
0,30 | 0.4688 | 0.5040 | 0.5350 | 0.5366 | 0.6255 | 0.6414 | 0.6546
0.60 | 0.4622 | 0.5065 | 0.5384 | 08958 | 0.83T1 | 0.6522 | 0.6675
0.70 | 0.4524 | 0.5041 | 0.5476 | 0.6107 | 0.6631 | 0.6684
0. 80 0.5050 | 0.5488 | 0.6165 | 0.6591 | 0.6805
0. 80 0.5541 | 0.6217 | 0.6700
1.00 0. 5592 | 0.6328 | 0.6823
1.20 0.6611
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* 2.4 a=02 =4 ¢=2 s=1
b 0.1 0.2 0.3 0.5 0. 70 0. 80 0.80
0.10 | 0.3354 | 0.3735 | 0.4041 | 0.4624 | 0.5031 | 0.5250 | 0. 5365
0,20 | 0.2949 | 0.3342 | 0.3729 | 0.4314 | 0.4775 | 0.5016 | 0. 5186
0,30 | 0.25818 | 0.2971 | 0.3361 | 0.4037 | 0.4574 | 0.4823 | 0. 5008
0,50 | 0.1520 | 0.2000 | 0,2496 | 0.3360 | 0.4023 | 0.4326 | 0.4571
0. 70 0.1543 | 0.2513 | 0. 3364
1. 80 0. 2026 | 0. 2957
0. 80 0. 1516
1.00
1.20

*25 a=02 EE=8 ¢=2 s=2

b 0.1 0.2 0.3 0.5 0. 0 0. 80 0. 80
0.10 | 0.30686 | 0.3149 | 0.3157 | 0.3076 | 0.2851 | 0.2608 | 0.2511
0.20 | 0.3042 | 0.3131 | 0.3196 | 0.3123 | 0.2932 | 0.2803 | 0.2603
0,30 | 0.2982 | 0.3154 | 0.3208 | 0.3168 | 0.209095 | 0.2863 | 0.2714
0.50 | 0.2882 | 0.3098 | 0.3242 | 0.3281 | 0.3138 | 0.3041 | 0.2042
0,70 | 0.2781 | 0.3076 | 0.3205 | 0.3350 | 0.3303 | 0. 3248
0. 80 0.3018 | 0.3243 | 0.3424 | 0.3371 | 0. 3305
0. 80 0.3262 | 0.3472 | 0.3438
1.00 0.3326 | 0.3502 | 0.3532
1.20 0. 3721
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#*2.6 a=06 £¢é=4 c=1 s=1
b 0.1 0.2 0.3 0.5 (1. 70 00, B0 0. 80
0.10 | 0.28858 | 0.4895 | 0.6362
0.20 | 0.1837 | 0.2989 | 0.4609 | 0.8073
0. 30 0,180 | 0.3011 | 0.6349
0. 50 0.2006 | 0.627T | 0. 7993
0. 70 0. 3034 | 0. 4585
0. 80 (. 1859
0. 80
1.00
1.20
* 2.7 a=0.6 EE=4 ¢=2 s=1
b o1 0,2 0.3 0.6 0. 70 0. B0 0,80

0.10 | 0.2831 |0.3248 |0.3598 | 0.4216 | 0.4689

0.20 | 0.2356 | 0.2810 | 0.3245 | 0.3931 | 0.4485 | 0.4660

0.30 | 0.1876 | 0.2338 |0.2815 | 0.3602 | 0.4226 | 0.4466 | 0.4680

0, B0 0.1856 |0.2816 | 0.3612 | 0.3548 | 0.4211
0, 0.1862 | 0.2808 | 0.3264 | 0. 3570
0,80 0.2340 | 0.2847 | 0. 3220
0,80 01860 | 0. 2368 | 0. 2825
1.00 0, 1851

1.20
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#28 a=06 =4 c=1 s=2

b 0.1 0.2 0.3 0.5 0, 7o 0. 80 0,80

0. 10 0.3611 | 0.4878 | 0.6518 | 0.F293

0,20 0.3082 | 0.4238 | 008277 | 0.G208 | 0.8020

0,30 0.2878 | 0.3834 | 0.4971 | 0,804 | 0.8033

0, &0 0.2865 | 0.4201 | 0.8385 | 0.TR03 [ 0.8481 | 0.8594
0,70 0.B850 | 0.7724 | 0.8400 | 0.8981
0, 80 0.6554 | 0.TE25 | 0,8343

0,80 0.5184 | 0. 7490

1,00 0, 7270

1,20

MFE 2. 1-2. 8 (UBHUE R o) LUE H -

1 B 340, WO 34K, BEE b IR, LUAH r 2RI/,
2. B s MK, HAE r KEHAZHKN:

3. WA ¢ HEK, KT RN, POAE A 3G R TN T2 1
BRI, HAE r N5

4. B EEMIBEI, LfE r AR

5. B a XN, R s S HEAS KA AR AL o
MAERLEE TR P R iR vl 4. EEL . a s cFbIT
B L5 r IR Z ANFEIKAR L, Hr 62N T 1, K FRATTIG J5i2:

IS o
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§2.5 SLflLbEk

2.5.1 [BIFMEEI DL R AG TR A4

X —7, WATEH Judge and Mittelhammer (2004) %5 Hi A
VARSI (g SIEAG 3E — 25 18 P RIS V1 1) XS 2 TR] R R &
X AR

y=Xf+¢
&~N, (0,6°1)

Forfy Jym GEW &, X hymx p it e, BAp, A
p ez & TATXREALG T p eS80 & f o XN B/
Telliilh = (XX)" Xy~ N(B,o™(XX)"), W BN B IR AR A
W, H AR MSE(B) = o2 tr(XX) ™.

[}, Judge and Mittelhammer (2004) 254 T B A (it it &
BT I CLS A 11 B =[diag(XX)]"' Xy = AX)B , X H AX)=
[diag(XX)' XX, diag(XX) o kx k %t FFERE .

oA LR e 4L B A (BB
i=1,2-,n. IXBPHFAGE R
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BB B-H-nXB-BYB B
5lc (ﬂ,ﬂ) — ﬂ =l i=l

(B-P),

(n —1)2(/& “BYB-F)

5" (B.B) = B ~1n 3 (B~ P)B, = BY - w3 (B, = B)B, - B

A

[0~ (B~ BB, ~ BT - ).

2.5.2 HEBEBILLE

Judge and Mittelhammer (2004) %5 H (1 H TR HL IR T S
v, =X[i,1B+¢& =Y. B X[i,jl+&, i=12,m.
=1

BRI IE SN v, = X s B + Eppa» FeH X, s IR —F1A205 1,

RN B VYA RE AT RN 4 4EIE &) A N, (1,Q) » X H

L ppp

p=LLY , o P L PPl g HokHTIESN
p p 1L p
pp p 1

N, (1,,,0°0), Hp1  =(1,1,---,1),, . 55 Judge and Mi ttelhammer
(2004) 24, FATELE B=(0.1,-0.1,0.2,-0.2,0.3) KM% m , p,
o T ° AR S 1 £ L 2 w1 B A = A | A

MSE(5™ (B, B))/ MSE(S™ (B, B)) Wi . KI5, WEL BB A%t
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MRS 22 A 1R S o AN DU AL 15 A v i

RS EEAE 7 FR 520 o

%29
TE B =
" 15 25 50 100
A8 1 0005 045 07 12 5 10 25 45 140 SO0 12500
a 001 00625 1 25 100
o 00 025 05 06 07 08 085 090 095 009
% 2.10 m=15 f=(0.1,-0.1,0.2,-0.2,0.3)
o® | npo1 | 0.0625 1 25 100

0.0 0.3106 | 0.0971 | 0.1330 [ 0.4450 | 0.4090

0.25 0.3983 | 0.1367 | 0.13464 [ 0.4553 | 0.3997

0.5 0.40097 | 0.1393 | 0.1344 | 0.4425 | 03812

0.4 0.3891 | 0.1218 | 0.1321 | 04316 | 0.3705

0.7 0.3333 | 0.0981 | 0.1300 [ 0.3994 | 03712

0.8 0.2434 | 0.0743 | 01231 | 04125 | 0.3743

0.85 01872 | 0.0589 | 01287 [ 0.4080 | 03364

0.9 01280 | 0.04%9a | 01282 [ 0.4323 | 03732

0.95 00752 | 0.042a | 0.1633 [ 0.4407 | 04138

0.99 0.0414 | 0.0751 | 04806 [ 0.7649 | 08036
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ELN R VAT 'S i AH R WL IR AR DA 25 A v
211 m=25 f=(0.1,-0.1,0.2,-0.2,0.3)
cr n.01 00645 1 25 100
=
0.0 0.4609 | 0.1405 | 0.0992 | 0.5016 | 0.4554
0.25 | 05742 | 0.2094 | 0.1156 | 0.4825 | 0.4304
n.s 053898 02147 0.11a1 0.4404 04134
n.a 05452 01390 01101 04487 04014
n.7 04318 01513 n.1o17 N4laa 03392
n.a 0.33828 0.1093 n.09o2 03915 03310
085 03124 00332 00371 04029 03534
na 02202 00654 0.03a7 o401z 04044
0.95 0.1303 0.0474 n.10a7 04123 04057
n.9g9 0.0466 n.0s12 0.z007 0.a720 07024
#2.12 m=50 f=(0.1,-0.1,0.2,-0.2,0.3)
o 0.01 0.0625 1 25 100
=
0.0 0.a3ls 0 2450 00798 n.4314 0.54a0
0.25 07424 03508 01026 04503 05202
0.5 074589 03523 o.1010 04012 04917
0.a 07383 03202 0.0953 040232 04651
n.7 06831 0. 2667 00828 0.3743 04343
n.a 0.5737 013534 00683 034619 040232
035 0.5021 0.1487 00638 03483 04013
0o 03919 [ 01091 | 0.0564 | 03403 | 03978
0.95 02393 | 0.0654 | 00621 | 03614 | 04375
0.00 0.0714 | 0.0424 | 0.1700 | 0.5962 | 06471
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%£2.13 m=100 S =(0.1,-0.1,0.2,-0.2,0.3)

& n.01 0.0625 1 25 100

0.a 07985 | 0.3758 | 0.0819 | 0.3558 | 06177

0.25 0.8660 | 0.5323 0.1173 | 0.3514 | 0.5489

0.5 08602 | 0.5204 0.1186 | 0.31a88 | 0.4830

0.4 0.8502 | 0O4a7s | 0.1092 | 0.3072 | 04614

0.7 0.8162 | 04043 | 0.08a0 | 0.2874 | 04214

0.s 07471 03121 0.08s85 0.27a8 0.4087

0.85 D.a738 | 0.2562 | 0.0579 | 0.2735 | 0.4070

n.a 0.5765 | 0L1789 | 0.0506 | 0.24687 | 0.4009

0.95 0.3907 | 0.1093 | 0.04a4 | 02873 | 0.4103

n.o9 0.1310 | 0.0435 | 0.1012 | 0.5341 06463

*2.14 m=15 p=0
: 0.01 0.0625 1 25 100

88

0.0 02038 | 02684 | 02873 | 02742 | 02873
0.05 0.3065 | 0.1048 | 00506 | 0.1376 | 0.1848
0.45 0.8504 | 04066 | 0.0752 | 0.0734 | 0.1103
0.7 0.9099 | 0.5533 | 00871 | 0.0656 | 0.1117
1.2 09350 | 05077 | 00918 | 00598 | 0.0936
5.0 09854 | 0.9190 | 04054 | 00529 | 0.0500
10.0 0.9917 | 0.9587 | 0.5698 | 0.0734 | 0.0493
25.0 09780 | 0.9825 | 07990 | 0.1271 | 0.0591
45 09878 | 09776 | 08665 | 01916 | 00708
140 09580 | 0.9898 | 0.9533 | 0.4133 | 0.1616
500 0.9524 | 0.9880 | 0.9793 | 0.741g | 0.4000
12500 09803 | 09887 | 09886 | D.9731 | 0.0643
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#2.15 m=15 p=0.75
! 0.01 0.0625 1 25 100
88
0.0 01809 | 0.1914 | 0.1909 | 0.1837 | 0.1758
0.05 0.3479 | 0.098% | 0.0456 | 0.0926 | 0.1204
0.45 0.8108 | 0.4370 | 0.0645 | 0.0603 | 0.0862
0.7 0.5472 | 0.5066 | 0.0743 | 0.0628 | 0.0895
1.2 0.9094 | 0.6044 | 0.1033 | 0.0513 | 0.0786
5.0 0.9750 | 0.8836 | 0.3572 | 0.0467 | 0.0444
10.0 0.9790% | 0.933% | 0.5119 | 0.0613 | 0.0443
25.0 0.9862 | 0.9693 | 0.7155 | 0.1117 | 0.0516
45 0.9873 | 0.9771 | 0.8107 | 0.1754 | 0.0667
140 0.9892 | 0.9856 | 0.9331 | 0.3565 | 0.1446
500 0.9911 | 0.9900 | 0.9720 | 0.6750 | 0.3492
12500 0.9919 | 0.9926 | 0.9595 | 0.9686 | 0.9171

*2.16 m=15 p=095
! 0.01 0.0625 1 25 100
-
0.0 0.3123 | 0.2000 | 0.2045 | 0.2857 | 0.2040
0.0s 01113 | 0.0439 | 0.0972 | 0.1924 | 01894
045 04925 | 01408 | D.0418 | 0.1539 | 01999
0.7 0.5455 | 0.1771 | 0.0410 | 0.1482 | 0.2051
1.2 06372 | 02379 | 0D.0442 | 0.1193 | 019509
5.0 0.0126 | 0D.6214 | 0.1130 | 0.0491 | 0.0939
10.0 0.0507 | 0D.7640 | 0.1820 | 0.0429 | 0.0700
25.0 09788 | D 8936 | 0.3590 | 0D.0426 | 0.0450
45 0.0873 | 0.9371 | 0.4883 | 0.0585 | 0.0411
140 09953 | 09783 | 0.7414 | 0.1208 | 0.0503
500 09987 | 09926 | 0.9120 | 0.309a | 0.1119
12500 0.0092 | 09970 | 09951 | 0.9122 | 07217
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%£2.17 m=15 p=0.99
: 0.01 0.0625 1 25 100
88
0.0 09635 | 0.9820 | 0.93%4 | 0.9633 | 0.97346
0.05 0.0465 | 0.0582 | 0.4245 | 0.7508 | 0.6951
0.45 01644 | 0.0512 | 0.0782 | 0.7016 | 0.8364
0.7 0.2064 | 0.0593 | 0.068% | D.as01 | 0.8272
1.2 0.2787 | 0.0740 | 0.0526 | 0.4840 | 0.7653
5.0 06306 | 0.2517 | 0.0464 | 0.1370 | 0.3984
10.0 08049 | 0.3967 | 0.0623 | 0.0858 | 0.249%
25.0 0.9110 | 0.6350 | 0.1099 | 0.0520 | 0.1154
45 00405 | 0.7441 | 01720 | 0.0423 | 0.0807
140 0.0833 | 0.8064 | 0.3614 | 0.0466 | 0.0461
s00 09953 | 0.9692 | 0.6313 | 0.0933 | 0.0450
12500 1.0001 | 0.9982 | 0.9800 | 0.6680 | 0.3533

M 2. 10-2. 17 PSS R ] LUE H
1. Y pHio? BRI, HE r SEBRIT RN 2 m 22K, Lol
r B
2. [ PPEREE, WE SRR ROR, S B R KB A, L
flr B4l T 1o H p=0. 99 J&—AMREFERIT A, 24 pB=0 I, LLA r
IREE T 1, mERud R, feigian T 1.

MR TR ELR]: B, p o’ v m M BB HIENET]

& r RZ RN, Hrif2/h T 1o NI EAT I ikIE 2 5 H
i
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PO EE R 2A A8 B FEBETE 30 James-Stein T

F=F EMEFRAHE) James-Stein fhit

][l

§3.1 13l

B X XN p EEASMHLR &, E(X)=0, cov(X,X)=1, James

and Steln(1961) A TR BN T X RURS 1Al T &

Brs fEH M a=p-20F, Sa)=35" MR A S B o R

cov(X, X)=c1, W &" M S(a) W53 5FKR N (1- (PXZ)G e XA

2

1-22)x

XX

LK 0L, A AR i () AR R e A 57 e
BREFEEAL IR T PR T S 2 T8 R R R

AFEZAFNT: 3.2 W4y B James-Stein {1
3. 3 7 W BAEBOR LEAT PR AG T 1) RS 2 [T DG AR

§3.2 WRMHHINERMSEH
B A 8 = (1— (PX2>0 VX R XX AR A SR
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PO EE R 2A A8 B FEBETE 30 James-Stein T

00+ po i1, WA, RELTHTPE R T DB S AR, wT

B S TR B o 67 = (1~ P~ (o’ 1) )X i,
P 0'0+p

LEEHTPR RN A, AT P M BB, AR

5WS:U—Q5190%09+aﬁy5X.
p

%t T 8(p) = a— )X&ﬁﬂﬁ%@% S(p) W LA

tr(a ])

BHIES(p) = (1 -———5)X KIMiTHE. X, 6(p) BAERFIER

(KHE R o™ (p) =1 - 700"+ 1) )X .
FHE R 3.1 R T 8™ B MSE(S™) A1 8 XK

MSE(5") Z IR K &, UEW T MSE(S™®) < MSE(S”) « & TUEW]
EHL 3.1, EHEAHGIH S 1,

G 3. 1 F AR A EXFRIERE R p BT, AT

trd-trd™' >p*.

W %A >0, i=12,--, p KN AMFFIERR, W

trd = i/li , trd” = iﬂ;l
i=1 i=1

i Holder AN&5z0I 1,
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PO EE R 2A A8 B FEBETE 30 James-Stein T

rd-ird? =Y 2 3L >(Zp:(/1”2 -I“)T =p
= i 21 i i =p -

i=1 i=1 7% i=1

g1 3.1 {F e,

EH 3.1 WX KR p EIESHNLNE, E(X)=6, cov(X,X)
=O-2] ’ )I_I\IJ

MSE(5™° )< MSE(6™) .

UERL: 67 5 6™ B XU 73l

2 4
MSE(5”) = E(8” - 0)(5" —0) = po> -2 =97 4)(’2 :
00+ po

MSE(5mJS) — E(§mJS _ 9)!(5mJS _0)

»_(p’ =40

=po ——————%N&T+61Y
p
lﬁt/\ﬁﬁlﬁfﬁ—tr(%'+azl)‘l S — T RN
0'0+ po

AR Kk, MSE(S™) < MSE(S™).

SEHE 3.1 FEe,

HERE3.1 ST o(p)Ms"(p), "MLMERTHE —FHES S(p) £
15 6, (X) =(1-b)X I RS IE 2 5 /DN HIAE ;s 110 8™ (p) W2 i 45

Sy (X)=(I - B)X MIARSIE B e/ MOfFE. PP ERE 3.2 45 T4
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PO EE R 2A A8 B FEBETE 30 James-Stein T

I FRIE R 6

EH 3.2 WX A pdEIESRENLINE, E(X)=0, cov(X,X)

= MS(p)=(1-—LT ) x A 5,(X) = (1-b)X [{IAK
00+ po

MSE(S, (X)) BB/ Nfi . IR, 8" (p)=( -c*(0'0+ po’) HX

AR S (X)) = (I - B)X BRI MSE(5) (X)) 158 B /N

RUGE
MSE(S,(X)) = E(X —0—bX)'(X —0—bX)
= po’ =2bpc’ +b*(po’ +0'6)

2 2
—(po* +00)(b-—LT )+ L2 A
po - +0'0 po - +0'0

k2 b =—L71f, 5,(X) = 5(p) iR ik B B, X
po~+0'6

po’o'o
pot+00

MSE(S(p)) =
M+ 6,(X)=(I-B)X ,
MSE(5,(X)) = E(X —0—BX)'(X —60 - BX)
= po’ +tr[B'B(c’1 +0'0)]-tr(c’*B")—tr(c’B)
= po’ +tr{(c’ 1+ 600" B—(c*1+606") "' c*][B-
(6’ 1+60) " 'o*1+tr{(c* 1 +60") "' c°00'],
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PO EE R 2A A8 B FEBETE 30 James-Stein T

Kk, A B=(c*1+00) "'’ I, 6,(X)=35"(p)WIXEIEE /N,
X MSE(5™ (p)) = tr[(c?1, +600") "' 07600 .

EP 3.2 e

VERE 3.2 LT e B 3.1 v PLIERH

MSE(S" (p)) < MSE(3(p)) -

FR 3.3 X T p dEIEABENL IR 5 1455 R REAR G L,
BE(X)=0, cov(X,X)=®. WHRLTEH 3.2 45k, X,
X 6,(X) =(1-b)X , K MSE(S, (X)) 152 /MR &

"y Wk MSES) =200

trd +6'0 trd +0'0
=([-B)X , MG MSE(S,(X)) BB/ NMUER 6" =1, — D

=(1- C IR T 5,(X)

x(D+600)")X , HXE A MSES™) =tr[(D+600) "' 0o .

[FIRTPI L, oA, BFREX 6™ F1 67 #EAT vt

iid. n
<%X,~Ngaaﬁxhﬂgfqu1%E@§}mnzev+pa%
n

R EC XX =00+ 01, KT AT, LU Fip o

RORAN I 57 R 6™
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PO EE R 2A A8 B FEBETE 30 James-Stein T

57 = (I—M)X, 5ms = (I—p—zaz(lZXiX;)‘l)X.
n

Iy xix, P -
=

§3.3 MRCRYEEREH L

FEIX 0, AR5 FE AN T IR OB (R B fE AU L A,
%o, 00 M p A XX WA AKX E

r=MSE(5"™S)/ MSE(S™) [F 540,

*3.1 p=4

0ot 005 | 01 | 03 l 5 w25 | 100

[ L0472 10446 | 1.0350 | 1.0470 | 1.0537 | L0531 | 1.0416| = =]
004 | 02772) 05615 07612 | LO3dE | L0596 | 105335 | L0329} =1 =]
016 | 027307 0.2007 0.4108 | 0.8129 | 0.9500 { 1.0630| L.OGOL | =1 =]
036 | 03603 | 0.2479| 0.2839 | 0.6042 | 0.7931 [ L0266 | LOSLO| =1 =
064 | 046801 025011 0.2527 | 04604 | 0.6395 | 0.9770 | L4FT | =1 2]
! 05587 | 02028 | 0.2525 | 0.3700 | 0.5234 | 0.9162 [ LO0LG | =1 =
4 08233 | 05081 | 0.3844 | 0.2472 | 0.2790 | 0.5827 | 0.7612 | 0.9478 | 1049
0| 00235 06003 | 05502 ) 0.2004 | 0.2495 | 0.3720 | 05251 | 0.7717 | 10062
6| 0.04700 07805 | 0.6539 ) 0.3356 | 0.2735 | 0.3055 | 0.4065 | 0.6413 | 0.9564
S0 | 09836 | 0.9150) 0.8536 | 05572 D.4168 | 04504 | 0.2570 | 0.3668 | 0.7102
0| 09901 | 0.9362 | 0.9242 | 0.7067 | 05839 | 0.2072 | 0.2522 | 0.2701 | 05001
400 | 0.9974 ) 09883 | 09815 | 0.5967 | 0.8230| 0.5016 | 0.3802 | 0.2633 | 0.2501
10000 | 09093 | 0.0907) 0.0000 | 0.9047 | 0.9914 | 09588 | 0.9131 | 0.8103 | 0.5564
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MR A 2R A S

S ——

P

e

T

HFE R James-Stein fifivf

%32

p=28

0.01

0.05

0.1

0.5

10

1.8928

18548

LTS

1.8172

.48l

756

182090

0.1554

0.4920

0.6950

10837

12104

5004

1.6458

0.1016

0.1823

0.2002

0.7692

0.9331

2330

13731

0.1267

0.1152

0.1656

0.5153

0.7414

11016

1.2350

0.1702

0.1027

0.1217

0.3536

0,559

0.9004

11341

0.2197

0.1069

0.1060

0.3537

0.4230

0.5369

10596

0.4957

0.1935

0.1342

0.109%

0.1554

0.4566

0.7014

0.9456

0.7031

0.3400

0.2217

0.1041

0.1057

0.2563

0.4175

0.7080

0.7047

0.4t

0.2070

0.1200

0.102%

0.1502

0.2095

0.5556

0.9220

0.7003

0.5448

0.2227

0.1461

0.1050

0.1377

0.2559

10

0.9632

0.8264

0.7214

0.3595

0.2336

0.1077

0.1042

0.149%4

400

0.9552

0.9441

0.9016

0.6519

0.5041

0.1931

0.1342

0.1034

10000

0.9909

0.9999

0.9998

0.9995

0.9975

0.9932

0.9856

0.9554

HIAU A R T DL
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N, BERWARIRE, Wr>1. HEARZ K, HOOHK,
BN R AR, /T 1. Hi, 2007873 K
LR, Ao’ 2K, r#ieiam T 1.

2. X p i, HEr 2 TAKIAN AR . B2 0'0 7800
KZJa, ridgesilén T 1.

XIS AT AT LA 0[] 25— 2RSS 18 b il fU o AT o R
AR, BRI, 260021005, FATINEEZB 5. [H
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PO EE R 2A A8 L X Stein Al v R 2E D HEST

\
/.

SEE Xt Stein {HiTBYFE—FAR

§4.1 35|

jillfs

WX N p EESHEINE, EX)=0, cov(X,X)=1,
Stein (1956) 14 T 24t ¢ FHAEW WU SR, p 23, X A

RATRVINT o Ma 70N, bR K, iS5 (a,b)=(1-

= X' )X BAREA MWK, HERKEEN X . B,

James and Stein(1961)Z5H T 5¢ ¥ E MG THE X ) James—Stein

Eﬁé”(p_—qx N, T S(a)= OM—AXMR&

LEIK 35 LA LI 1 5 (a,0) W1 5(a) Z IR

§4.2 5%a,b)FS(a) XEMITIE

T BTN, 25 cov(X, X) = o1, WP 5k

éwﬁmza—
+
Ma AN, b RAKEE, 55 (a,b) KBS TN T X (XK. % T

James-Stein fil 6% =(1— “’){iwmn W BT X (A

47



PO EE R 2A A8 L Xt Stein il tF 3L

James and Stein(1961) 25 H TREHAIUE . BlJS, Stein(1981),
Brandwein and Strawderman (1990) #5 ) T bb# faj B UE R, f§i5

VI James—Stein YAk v (1 RS i) BE Ry iR, JF HAER] T p >3,
0<a<2(p-2) K, 5(a):(1—%))(E‘JN@*@IE"J’J\TXH‘JN

s Ma=p-240, HXRERHENDN. FEHMWCH 4.1 S
Brandwein 1 Strawderman(1990) &1L 5 (945 H 85 (a,b) 1A
/N T X I RS 1 — AN BT AR R, EBH T M 0<a<2(p-2),

a
b+

p>3, Hb>0m, 8%ab)=(1- i(X)XE‘J}XL SN T XX

I . B4ty Brandwein 1 Strawderman (1990) 7521 (15| ¥,

¥ 4.1 £Y~N@, 1), N
E[R(Y)(Y - 0)] = Cow(Y,h(Y)) = ER'(Y)

KH, B (p) FETES H}igh(y)exp[—%(y-9)2]=o, R AT
DA BRI .

W41 FHEEHY ~NG, o), o LLE (4% (1985)) ,

E[h(Y)(Y —6)]=c ER'(Y).

EH 4.1 WX N pgEIESBENLINE, E(X)=60, cov(X,X)
—o?l, M%0<a<2p-2), p=3, b0, &5%(a,b) IR/
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T X R . X, 85 (a,b) AR MSE(S® (a,b)) H

—b(a’ +4a)c'E !

o’ +(a’>=2a(p-2)c'E _ .
po-+( (p=2)o £ b+ XX)

RUGE
MSE(S5° (a,b)) = E(5° (a,b) - 0)'(5° (a,b) - 0)

XX, X(X-0)

= po’ +a204E—2 aoc -
b+ XX) b+ XX

M5 Brandwein and Strawderman (1990) ZALLFIAIERR J5:, w40

X(X 0) i X,(X.-06) _Zo_z i X,
b+ XX T\ p+Y" x| 4 ax;| b+>" X?
=1 =1

i=1

p
& b2 X 2] _GZE[p(MX'X)—zX’X)
P - r 2
p (b+zj:1)(j)2 b+ XX)

S S 2 2b
b+ XX)  (b+XX)’
|

MSE(5° (a,b))

=po’+a’c'E : —a2b04E;2—2a(p—2)0'4E !
b+ XX b+ XX) b+ XX
—4abo* 1 5
b+ XX)

1
(b+XX)*

= po’ +(a’ -2a(p-2))c'E 5 lX'X —b(a’ +4a)c*E
+
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PO EE R 2A A8 L Xt Stein il tF 3L

I, M0<a<2(p-2), p=3, b0, 55(a,b) MK/ T X
(1) R o
EH 4.1 HFEE,

N, IR 85 (a,b) B S(a) FIZ A Z -
Casella Al Hwang (1982)iFM T, X X ~N(9,0°1), Hp=>3

1 1 1 .
Hj‘y ﬁE > > o .L[:ty Xﬂ‘$5 =
XX (p-2)c°+0'60 pc*+06 (@)

(- ‘0 fliTHy, HAR XX 2 po’ +0'0 11

TR A, M R, HE— i
XX 0 XX

po’

H—BiE . ﬁﬁ?a%w)a— iQX,i%

po +¢9'6’
~ AN = N 1
mx%%mfﬁm%ﬁﬁﬁﬁ,@&MWﬁﬁﬁ%%—TE@o
po

ST h>0N, E FE_ ' mrgEye_ L <p 1l K
XX XX +b XX +b XX

I, E bt E— Eaal&—o NITEERENE RN SE G FEE

XX+b XX po’+0'6

5% (a,b) EHATH 5(a) H 1T
A BN EAEWIAEAEXRE R a R b , 41175 55 (a,b) IR

INTS(a) o ABFRATEBA HBIRKEFIIIPIAET] o AT § 4. 338
AR 2 AR R
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§4.3 BERMILE

FEX—, B p=4 18, a=p-2, o =1 EE,
Y5 T 1 MSE(S (a,b)) (BT,
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3.1
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TEE, b=0m, MSE(S®(a,b)=MSES(a), K, HE 4.1
MK 4.2 TLUE A/ Ea b, {13

MSE(S° (a,b)) < MSE(5(a)).
FHBEATENE o, p, 0, a, bIAZALKIFRAL I XS
AL » = MSE(S (a,b))/ MSE(S(a)) 56 . #4145 T p. 00

o’ a FbAEEUE.

*F 41

TEg B B

P 4 %

g4 24 8

a 01 05 1 5 10 1000

4 6 2
& a-3 a-2 a-1 a a+l a+? a+3
#42 a=4 00=2 p=4
¢ -3 ¢t -2 -1 i a+1 i+ a+3

0.1 0,9125 09080 0,913 09212  0.9282 0.9345 09400
0.5 07308 07112 07950 0.7459  0.TET4 O.TETR 0. E0BD
1 06164 05677 0.5724 0.5074 0.6168  0.B420  0.EEEZ
5 05444 0. 4648 0.3350 0.3541  0.3299 03183 0309
10 07780 06491 05841 05045  0.4614 04287 0. 4082
1000 09597 0.9799  0.9703 09812  0.9523  0.9M437 0. 9354
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43 a=4 00=4 p=6

-3 @ -2 -1 s a+1 a4+ a+3

0.1 0.9595  0.9595  0.9922  0.9957  0.9993 10027  1.0059
0,5 0.9913  1.005¢  1.0247  1.0446  1.0B37  1.0815  1.0979
1 0.940%  0.9471  0.9674  0.9915 10163 10404 1,083
) 0.9459 0.9212  0.9123  0.9125  0.9193  0.9209 0 943
10 0.9612  0.9350 0.9175 09082  0.8999%  0.8985  0.5961
1000 0.9992  0.9985  0.9977  0.9970  0.9982  0.9955  0.9947

* 4.4 a=6 09=8 p=8
-3 a -2 a-1 o a+1 i +2 i +3

0.1 0.9973  0.9935 1. 0001 1.0017 1.0034  1.0052 1.0088
0,5 0.9397  0.9950 1.0015 1.0087 1.0161 1.0235 1.0309
1 0.9358  0.9936 1.0034 1.0145 1.0262  1.0381 1.0501
G 0.9574  0.9545  0.9553  0.9589  0.9847  0.9723 0. 9613
10 0.9535  0.9443  0.9375  0.9328 0.9299  0.9286 0. 9287
1000 0.9959  0.9986  0.9982  0.9979  0.9976  0.9972 0. 9969

PRI 25 R T LU
L. o BRI, LUAE r SEHER, TS0/, SRS PR
2. p~ OOKKE, HAHrHK;
3. AifEafbfifdr<l.
ST b TR 25 SRS IR W] &, A2 a b 4843 5% (a,b) TR T

5(a) 19, AELUR I LA R IRA A M FIEI X — 4518
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FHiL S T—HRIM 5 e

Stein(1956) 51051 T Geil St IIZRZ), Ik 1858 n] V04l
T . [WEE, James—Stein fhh MBI T U KKK
JEXHR, Xf James—Stein flvh B IE, Sudk LA N Jy THI ) CAE
Sk it . Bk, % James—Stein fifivh K FLAH ¢ (4 ) B (BT
AT AR5 10 I FH A S50 2B e 3

A K Green and Strawderman(1991) LA J Judge and
Mi ttelhammer (2004) 4 H (KINA L A il H B HE 2 T 53— g6
BEIABUE . 45 T AL AR AT v e 1) AU a2 38 g /N IR AR
I T PR T 1R AU TR (R DG 3R o T3 T B I A T R4
R S H s Y L

AN, 2 SR AR R 45 1 AR FERL ) James—Stein A
THE, I8 T 5 James—Stein flil ) KUK 2 1] ) ¢ Z2 LA K AR B4
T[] James—Stein fhil & MIHL R 1.

B, BATHE T Stein(1956) FEtH ki ih & (Stein fhi1) 5
James—Stein IO HR. A T Stein it T (5 TR 14
1, HYPEWHE T Stein flivh XU 15 James—Stein fli v A2
BN

?—ZFE‘JE)?%HE@
. AHEWNERMAENEXRFPFEHAEa M b,

MSE(5° (a,b)) < MSE(S5(a)) . F— TAE bRz — & MBI LiF
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FEAEX I H . 2Ga e H I, {77E b 4813 MSE(S” (a,b)) < MSE(5(a)) .
It — 2B R T ZE R XU IR 52
2. BRI R (R BTG AR W R A T R
JERCR A RAR LY, P, FRATHREAE JR 2 TR bk — 2D e .
3. N B LA 5 — AN H AR BEAE 7E BRI M rh 4R A
PR B DOASUA T R XU 8 S e /N R I o [R]INF, AR R N HAT R T
P & R AR 1) H
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FEFEINAUL T & James-Stein
flivh KB 5

o A B 2
T ke MR S
feSdUm. Lo HR

RIXE

IE I FH FERE ARSI DAl VA AR G R 0T, AE SR 1R A
HHES 2] p TCIEAR AT G, Stein(1956) 45 H1 T A4t ALz dn
MR WX Rom p EIESBENLINE, E(X)=60, cov(X,X)=1.

W p =30, X APV T FE TR, Ha e,

b 7 Ky, AT &1 - %)Xi%%ﬁﬁ%,ﬁﬁﬁmﬁ%
b+ XX

INF X IR . BfJS, James and Stein(1961) %5 Hi T 5e 4= ihilfh
VR X I James-Stein fliil 5]5:(1—1;(—‘,)(2))(, FiHe T i
8(a)=(1—;—,X)X; et Ma=p-20F, S(a)=38" 1A ik B
/N,

H Stein(1956) g G H A, SEG KRS T KEK A
RUFPER ) 8. 11 James—Stein iP5 T2 G127 FK X%
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(2004) # Green and Strawderman(1991) [ TAEHES 2 INALLY
VAR R (RO IS T, A B R VB8 T AU
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WILE T &5 James—Stein it M Z KR . Befa, MWL
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pr’ +&E¢
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. °5 &, SfXY)=X- PO
pr +po +&EE 0
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prz +pa2 +&'¢

(X=7), BRI N MSE@S" (X,1) = LT+
’ pt-+po +§§

WA (X, V) Gl alX +(1-a)IY , WS (X, Y)h T —

(RN 13 AE R R i S B ) 18 4 K= i = S X NS T U B
L B -

T L1 & p BEREHLINE X ~ N, (0,6°1), Y ~ N ,(0+&,7°1)
FHX Sy mor, Hho?, 20, 0, &R WIAERH N
B A AL 67 (X,Y) = AX + (1 — A)Y (R IE B B /NI FERE A, K
(T +0? T+ EEN) (T +EE), XM, 87 (X, Y) B A

MSE(S}(X,Y))=tr(c? (2’1 + &N I + o’ 1+ £&)7).

EH 1.2 W p X HEEA>0, B>0, I

trA™" -trB™!

= = >w(A+B)".
trA™ + rB™ ( )

g 1.1

L % p=1, MSE(5;(X,Y))=MSE(5, (X,Y));

2. M p=2W, MSE(S)(X,Y))< MSE(SE(X,Y)).
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I, AT T & SRR A, %R, R e A

P 4o’ +EE
EGTIMINFERE A, FVRFAEAR FHRFAE 7] 5
M ERFME, FRATE H T AHN AL T &

PTG 6 4 ) guum— (X-Y),
;Z(Xi_yi),(Xi_Yi)
i=1

5 (X.Y) = X = 2 (X, = V)X, - V)T (X -T).

TR EE R T 8% (X, Y) F1 6™ (X, Y) [ R 2 a] {56
o W T ZFSERIAS AT ARG T 1 RS AR s, 2 8 T
AT S e

(=) MRBUEFER A ST &

WX, Yoralh p LSk &, HEX)=0,E(Y)=0+¢,

covmze’: qu Serh @, X WD T ZHERE, ©, Y MBS

K. Judge and Mittelhammer (2004) 45 H 15 5 (X,Y) = aX +

tr®2+§’§—{r2 ik
tr(®,+0, +&E-2%)
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tr®d tr(®, + EE) — (tr2)?
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MSE(5; (X,Y)) =

FATFRERE HAHE T 2IREFE I, A A e B

SEB 2.1 WX ~N,(0,9,),Y ~N,(0+&,D,), cov(X,Y) =%,
WM B=@® +®, +E -3 R IEEHFE (B > 0) B, A £350 F
B AT 8™ (X,Y) = AX + (I — A)Y AR IE B e /MR FE 4 4
Ay = (D) +EE-Z) (D, + D, +EE -2 -E) ", I S(X,Y) IR
N ([P (D, +EE)—E (D, + EE) + (D, + EENE - Z'T(D, + D, +
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EFH2.2 FHI =%, O, -I>0ND,+E -2 >0, N

MSE(57(X,Y)) < MSE(6,. (X,Y)).
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= (X-T).
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5" (X,Y)
= X - [(n3 (X, - X)X, XY -3 (X, - X, - Y- DX, - 7))

x(X, ~Y)T' (X - 7).
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R 0 R 3 o ) B ARRTE 20, FRATTHF James—Stein ffvH4E) 3
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Matrix-Weighted Combined Estimator and
Further Study of James-Stein Estimator

Author: Shi-Shun Zhao
Major: Probability Theory and Mathematical Statistics

Thesis Advisor: Professor Ning-Zhong Shi

Abstract

There are many good properties when normal mean 1is
estimated by the corresponding sample mean. But when it is
extended to the p-variate normal distribution, what

Stein(1956) proved made many statisticians surprised:

Let X be a p-variate normal random vector, E(X)=86,

cov(X,X)=1.When p>3, Xis inadmissible as an estimator

of @. Under square loss function, the risk of estimator of

a

the form (I1-————5—
G+ X[

)X 1is less than that of X for a

sufficiently small and b sufficiently large. James and
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Stein (1961) gave the James-Stein estimator &% =

(1—%%&;}Y} which dominates X. They also discussed estimator

S(a):(l—;—,X)X and indicated that the risk of 5(a)i5js is
minimum when a=p-2.

Since the result of Stein(1956), statisticians from all
over the world discussed a great number of problems of
admissibility. Later, many statisticians put their focuses
on James—Stein estimator as well. From then on, James—Stein
estimator has been extensively studied, modified, improved,
and also applied in many fields.

Among the works of improvement and application, we are
attracted by Green and Strawderman (1991). Inspired by the
idea and form of Stein(1956), Green and Strawderman (1991)
present a new method of combining estimators which differs
from the others. The difference is that the auxiliary variate
is possibly biased. In their work, Green and Strawderman
(1991) showed a better property of the combined estimator.
Subsequently, Judge and Mittelhammer (2004) extended the
result of Green and Strawderman(1991)to the situation that
variate is dependent. Judge and Mittelhammer (2004) also
presented a better property of estimator by means of
numerical simulation. The main work of our thesis are
developed based on the two works.

In this thesis, we mainly extend the above two results

10
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to matrix-weighted combined estimator and discuss the
relationship between the risk of matrix—weighted combined
estimator and that of the above two estimators. Based on this,
we also generalize James—Stein estimator to the estimator of
matrix form and compare the relationship between the risk of
James—Stein estimator and ours. In the end, we discuss the
relationship between the estimator of Stein(1956) and James—
Stein estimator. Our thesis is divided into four chapters:
the first chapter discusses the matrix-weighted combined
estimator in the independent situation; the second chapter
discusses the matrix—weighted combined estimator in the
dependent situation; the third chapter presents James—Stein
estimator of matrix form; and the fourth chapter shows the

further study of Stein estimator.

1. Matrix-weighted combined estimator in independent

situation

Let X and Y be independent in p—variate random vectors,

2 2 2 2
and X ~N (0,0°1), Y~N,(0+¢&,r°1), where o and 7~ are
known, but @ and & are unknown. Green and Strawderman (1991)

pri+EE

D > which makes the minimum risk of
pt +po +&¢

gave a,=

11
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S¥(X,Y)=aX +(1—-a)Y, and then

2
sex ) =x-—L0 (x-v),
(pr”+po”+35%)

the risk of 5£E(X,Y) is

pr’ +po’ +§§

If we write 8°(X,Y) as alX+(1-a)lY , then &°(X,Y)

becomes an matrix—weighted combined estimator. For the
combined estimator of matrix—weighted form, we present the

following theorems and corollary.

Theorem 1.1 let p-variate random vectors X ~ N, 0,0°1),
Y~ Np(¢9+§,r2[) , Xand Ybe independent, where o’and r’are
known, € and & are unknown. Then, the matrix  which make
the risk of matrix-weighted combined estimator o&7°(X,Y)=
AX + (I — A)Y become minimum, is
Ay = I+0° T+ EE) (TP T+ EE),
and the risk of o,°(X,Y) is

MSE(S3 (X, V) =tr(c? (0?1 + &) I + o1+ EE')7)

Theorem 1.2 Let the pth order symmetric A4>0 and

B >0, then,

12
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1 1
oA 0B a4 B
trA= +trB”

Corollary 1.1

I If p=1, then MSE(5, (X,Y))=MSE(5; (X,Y));

2. If p>2, then MSE(S"(X,Y))2MSE(S!(X,Y)).

We discuss the relationship between &and 4,, and indicate

2 '

o+ et isti
s 255 —and ¢ as characteristic root and characteristic
TT+o +&EE

vector of Matrix 4,, respectively.

Since & is unknown, we provide the relevant estimators

of &, (X.,Y) and &5°(X,Y) :

2
Sex, ) =x-——£2 (X-Y),
;Z(X,-—K)'(Xi—)’i)
i=1

(X, ¥) = X0’ [- 3 (X, - X)X, ~¥) T (X -T).

i=1

We compare the relationships between the risks of
glc(X,Y) and SmC(X,Y) by means of numerical simulation and

discuss the effects of parameter variations on the ratio of

the two risks; finally we propose the practical range of our

method.

13
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2. Matrix-weighted combined estimator in dependent

situation

Let X, Y be two p—variate normal random vectors, and

X o, = ,
E(X)=0, EX)=0+¢, cov = , where @, is co-
Y ¥ D,

variance matrix of X, ®,1is covariancematrixof Y, X 1is

covariance matrix of X and Y, where ® ,6 ®,, X, 6 andé

are unknown. Following Judge and Mittelhammer (2004), noting

that when a=gq, = r®, +oo —irx , the risk of §(X,Y)=
tr(®@, +®, +&£E-2%)

aX + (1-a)Y becomes minimum. Then

r®, —trx
tr(®, + 0, + &£ -2%)

S (X,Y)= X - (X-Y),

the risk is

tr®d tr(D, + EE) — (rL)’
r®, +tr®d, + E'E 2%

MSE(S; (X,Y)) =

Similarly, we extend this to matrix form and obtain the

following theorems.

Theorems 2.1 Suppose that X ~N (0,®,),Y ~N (0+&,®,),

14
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cov(X,Y) =X | when B=0, +D,+&'-X-%" is positively
definite matrix, the matrix, which makes the risk of the
matrix-weighted combined estimator o)°(X,Y)=AX+({—-A4)Y

reach minimum, is

4, = (D, +§§,_Z’)(q)1 +@, +§§'_Z_Z,)il-
The risk of &3°(X,Y)1is
tr([@ (P, + 58— Z(D, + 55N +(P, +58NE -ZE(P, + D, +

§é-x-37).

Theorem 2.2 let £ =X, ®, -X>0 and ®,+&'-X>0,

then

MSE(87° (X,Y)) < MSE(5,  (X,Y)).

Similar to that in Chapter 1, we investigate the

relationships between ¢ and matrix 4, and propose a
condition for & being characteristic vector of 4.
Since ¢, ®,, ®, and ¥ are unknown, the relevant

estimators of §z(XQY) and &6,°(X,Y) are presented as :

Y (X, - X)(X, - X)-n> (X, - X)(Y, - )

é’\‘lc'(X,Y):)?_ i=1 ()?_)7)’

(1=DY (X, ~X)(X, =)

15
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5" (X,Y)
= X~y 0, = )X, = X0 = (X, =00, = 7Y =D (X, =)

(X, ~¥)T'(X - 1).
We compare the relationships between the above two risks
of glc(X,Y) and SmC(X,Y) by means of numerical simulation,

and we also discuss the effects of parameter variations on

the ratio of the two risks and practicality of our method.

3. James-Stein estimator of Matrix form

In this chapter, we also extend James—Stein estimator to

matrix form and obtain the following two theorems,

Theorem 3.1 Let Xbe p-variate normal random vector
E(X)=6, cov(X,X)=0c"1, then

MSE(6"") < MSE(6™).

Theorem 3.2 Let X be p-—variate normal random vector

2

po
— )X

EX)=0 , cov(X,X) =0’ , then &(p)=(-
0'0+ po

minimizes the risk MSE(o,(X))of J,(X)=(1-b)X. Meanwhile,

16
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5" (p)=(I—-c*(@'6+ pc?) )X minimizes the risk MSE(S (X))

of 6;(X)=(U-B)X.
Since @ 1is unknown, we obtain the relevant estimators

of 6% and &6™5

2
5JS =(1_ ipn 2)0- )y
—> XX,
nio

’

5™ =1 —ijzo'z(lZX[X;)l))? :

i=1
Furthermore, we compare the risks between them by virtue
of numerical simulation and obtain the practical range of our

method.

4. Further studies on Stein estimator

2
aoc

This part we primarily compare &° a,b)y=(1-
p p y comp (a,b) =( T

)X

with é(a)z(l—Xa—,X)X, lead to the risk of Ss(a,b)z(l—

2
aoc

b+ XX

)X , and obtain the following theorem:

Theorem 4.1 Let Xbe p-—variate normal random vector
E(X)=0, cov(X,X)=0c". When 0<a<2(p-2), p=3, b>0,

the risk of gs(a,b) is less than that of X . The risk

17
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MSE(55 (a,b)) of 5%(a,b) is

1

—b(a’ +4a)0'4E—2.
b+ XX)

po’ +(a’ —2a(p—-2))c'*E

b+XX
Finally, by means of numerical simulation, we compare the

relationships of the risks o 5 a,b)an 5(a) and indicate the
lationships of the risks of 5°(a,b)andd d ind h

existence of aand bwhich makesMSE(SS(a,b))sMSE(S(a)).
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