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o =0 000N

oY, A;000 (i=1,2,5=1,2)

eN;>m,p; >q(t=1,2)

e rank(A;;) = m, rank(A;3) = q (1 = 1,2)

el e OUOOOOOOOOOOOOODOOMO:
€i ~ NN;xp; (ON; xp;s In; @ Qi)
(i-e., vec(€;) ~ N,xp;(vec(0y ., ), In, ® Q)
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+tr {C(E — ) A0, A (E — 2)'C'},
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oo oo to:
X1| Z1 ~ Nixq(® + Z1y1, I, ® Eﬁ)z)
Xo| Zoy ~ Nqu(A@ + Zovo, Iy ® 2(121)2)
L ~ me(pi_Q)(O’ I, ® Egzz))
S; ~ Wq(Eﬁ).z, n;), ni=N;—m —p;+q
Yil Wi ~ Nip.—qysq(Yis Wi ' ® =10,
Wi Wyo (B0, mi+pi—q) (i=1,2)
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0000000 RODODOOODOOenonooon)
~ —1
vec (OMEY) = |In @ {Z{s} " + (4'4) ® {25} 7]
X | In ® {247}~ vec (8))
+(A'A) ® {Z{15} " vec (4716))|
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Graybill-Deal0 0 00 0O OO

vec ((éGD)/) — [Im R {Sl/n1}_1 + (A,A) 0% {Sz/’na}_l] -
X [Im ® {S1/n1} ! vec (©))
+(A’A) ® {S2/n2} tvec ((A‘léz)’)}
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X1| Z1 ~ Noxa(© + Zimis I © Bitn)
Xo| Zz ~ Nixq(AO + Zova, I, ® 2§21)2)
S1 ~ Wq(2(111)2’ ;)
S ~ Q(Egl 25 1)
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+A8{S/n2} ! [{S1/m1} "t + {Sa/ma} ]

—1

—1




U bUd i, b(S51 + S2)b" = 1, bS;b" = I,
F =diag (fi,...,f,) (fi >---> f)0000000
00,0000000.0000,0000C0

© =6,B'®(B')"'+ A'6,B (I, — ®)(B')™"
J000. 000, ® = ®&F) = diag(¢1,...,d,),
0, =X;,—Z~7:(i=1,2)

e00: 00000000000000000000
evec'DOOD0O: & = ®y(Py + Pg)~ 00O

vec (é/) _ [Im ® {B_lq)ﬁ(B/)_l}_l + Im X {B—1(I)a(B/)—1}—1] -1
x [ © (B~ 05(B) "} vec (&)
+In @ {B™'®a(B') "'} vec (47165)')
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o (=Y. ~)0D000O00O (MLE)
vec ((@ML)’)
= [In @ (502} + () @ (=03
x L, @ {2();) " vec (©))
+(A'A) ® {12} vee ((4716,)) |
e Graybill-Deal ] [0 O [
vec ((©FPY)
= [In ® {S1/mu} 7 + (A°4) @ {Sa/ma} ]
x (L, @ {S1/m1} " vec (6))
+(A'A) ® {S2/na} " vec ((4716,))]
e Haff-SteinJ I [0 [
vec ((65))
= (@ (B 85(B) "} H(A (BRI (B)
x L, @ {B~'®45(B)~'} " vec (6))

+(A'4) @ {B~'®!5(B) '} vec ((A716y))]
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OIS = diag (Bf'5/(1 — f1), ..., BHS/(1 = f,))
(I)fs = diag (&{{S/fla ) &fs/fQ)

° &;LIS — (’ng —q — 1)h2j + (Tl — TZ)fj

fi(1 — fr)
Fahyi(1 — f;) + 2ho;
29 J 23% fj—fk
o S = (ny — g — 1)hyj + (r2 — 1) (1 — f;)
(1 — f5) T«
A4h+: f; — 2h;
sl 1]; Fi— T

o hyj = mii(1 — f;)/n1 + Ta(tr (AA) 1) fj/mo
® hzj = ’f‘l(tI‘ C,C)(]_ — fj)/nl
175 (br (CA™LY (CA™Y) f;/ns

®ry = m'Fl, Ty = Totr (CA_l)/(CA_l)
n;+pi—q—1 N;i—m —1
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e N1 =No=12, py =py=7,m=2,q=5

e A’A = diag(v/3,1/4/3),C'C = I,

([ @ p— 02X59 Eg12) p— 2%22) e

e000: 100 X (1 — R*HS/R*GD)%

R*HS R*6POOQO000000000

OHSO efPoonooonn

eI UDODO: UUOLODUOOONO

Iy, v1 = 2 = O2x5

=2 (=) ML | GD HS | 00O

diag (1,1,1,1,1) 10.000 | 20.394 | 16.577 |18.7 %
(0.132) | (0.101)

diag (10,1,1,1,0.1) 10.804 | 22.151 | 20.627 | 6.9 %
(0.148) | (0.136)

diag (20, 5,1,1/5,1/20) 11.529| 23.162 | 22.898 | 1.1 %
(0.156) | (0.155)

diag (16, 8,4,2,1) 9.588 | 20.674 | 16.117 [22.0 %
(0.155) | (0.104)

diag (100, 100, 100, 100, 100) | 9.936 | 20.428 | 13.602 | 33.4 %
(0.376) | (0.128)

diag (10'°,10%,1,10~%,1071%) | 12.666 | 25.933 | 26.277 | -1.3 %
(0.196) | (0.200)




L)L
GMANOVAD O OOOOO200000000, 000

oot

e 0000, Haff-Steind0 0 00 ©HS O, Graybill-Deal
0000 efPoooooon

e Haff-SteinD 0000 O0 0, 22 =W)-t 0oo
oooooooooooooo. oo, @)t
0000000000000 oooOn, 00000
000

oot

e 1O DOOOOON

o

1. Loh, W.L. (1991). Ann. Statist., 19 297-313.

2. Sugiura, N. & Kubokawa, T. (1988). Ann. Inst.
Statist. Math., 40 119-135.

3. Lin, S.P. & Perlman, M.D. (1985). In ‘Multivariate
Analysis VI’ ( P.K. Krishnaiah, ed.) 411-429.

10



i eddodd

R(O, 0)
— E[q(rz — 7)) + 2{2(7‘1 — T2)P;
+(n1—g— 1)(11__2) 1H1}j

6 ]
+4{H};;(1 — ij)fj—aij
J

—|-2 Z{Hl}]j(l ¢J)(¢J Cbk)

- fk
b2
+(n2 — q — 1) {Hy}y;
T 96
+4{Hz};;0;(1 — f; g
+2) {H,};;i0i(d; — ¢k) —~ ];f H
k#j g

n —q—1
000, =m 1+P1—q

ny — ]_ 1
py= 2 P2 a7 oAy (cAY
Ny — ]_
H1 B(@l _1@2),((/_\)1 - A_léz)B/

H, = B(©; — A718,)'(C’'C)(6, — A™16,)B’
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o~y

R(OKY,0) = mritr T3(T + )
+ Fotr (A)TA e (T + I,) 2
+ Fotr (CA™Y)CA Yr (2 + 1) 2
+ F1tr C'Ctr (T + I,) 2

~ —1
000, £ =x@ s,

vec((OMLYyO O OO

R(OML @)
— tr { [Im RS+ (C'C)® Iq}
x [Im R+ (A'A) ® Iq} _1}

~ —1
oo, X = Eﬁ)-zzﬁ)-z
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duuboub bbb (2)]

e U UHOLOOUO, OO OULUOOLOOON

HEEEN

—1
1) ~_ 1) +_ 2) y_
® @KW 1{2(11)2 ! [{2(11)-2 ! + {Egl)a 1}

1A 2) +— 1) v_ 2) v_1] ¢
+A71 0B} {0+ {301

—1

o QAL — 1{51/n1} [{Sl/nl}—l + {52/n2}—1}

—1

+A10:{Ss/na} ! [{S1/ma} ' +{S2/ma} |
= 0, B'd4L(B’)!
+A~'0,B'(I, — ®4L)(B’)!
4L = diag (¢7'F, ..., ¢AL)
¢7t = {n/(1 = )}/ {na/ (A = f;) + na/ £5}
¢ 05 = ©,B'915(B’)"!

+A-10,B/(I, — ®H5)(B)~!
DDD (I)HS (I)HS((I)HS+(I)HS) 1
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e N1 =No=12, py =py=7,m=2,q=5

e A’A = diag(v/3,1/4/3),C'C = I,

o © = 045, E%’ = 292) = I, 7v1 = 2 = O2xs5
e000: 100 X (1 — R*HS/R*ALYY,
RHES RRPALOOOODODDOO0O0DDOO
eHSO @AlnnnoooonO
e000000: 00000000
=2 (=) KW | AL HS | 00O
diag (1,1,1,1,1) 17.143 | 25.685 | 20.722 | 19.3 %
(0.166) | (0.127)
diag (10,1,1,1,0.1) 17.143| 26.399 | 24.006 | 8.7 %
(0.177) | (0.155)
diag (20,5, 1,1/5,1,/20) 17.143| 26.126 | 25.345 | 3.0 %
(0.174) | (0.164)
diag (16,8, 4,2, 1) 14.920 | 28.020 | 19.740 | 29.6 %
(0.233) | (0.145)
diag (100, 100, 100, 100, 100) |12.942 | 26.602 | 14.198 | 46.6 %
(0.719) | (0.242)
diag (10,10, 1,104, 10-19) [ 17.143] 26.886 | 26.857 | 0.1 %
(0.200) | (0.200)
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iapie 1. LIl AAL o oot

KW AL HS 000

diag (1,1,1,1,1) 17.143 | 25.685 | 20.722 | 19.3 %
(0.166) | (0.127)

diag (10,0.1,0.1,0.1,0.1) 19.247 | 27.819 | 26.839 | 3.5 %
(0.194) | (0.188)

diag (10, 10,10,0.1,0.1) 16.442 | 26.933 | 25.260 | 6.2 %
(0.200) | (0.181)

diag (10,1,1,1,0.1) 17.143 | 26.399 | 24.096 | 8.7 %
(0.177) | (0.155)

diag (10,10,1,0.1,0.1) 17.143 | 26.466 | 25.544 | 3.5 %
(0.186) | (0.172)

diag (20,5,1,1/5,1/20) 17.143 | 26.126 | 25.345 | 3.0 %
(0.174) | (0.164)

diag (5,2,1,0.5,0.2) 17.143 | 26.134 | 23.354 | 10.6 %
(0.175) | (0.147)

diag (16,8,4,2,1) 14.920 | 28.020 | 19.740 | 29.6 %
(0.233) | (0.145)

diag (1,1/2,1/4,1/8,1/16) 19.366 | 27.519 | 25.485 | 7.4 %
(0.175) | (0.158)

diag (100, 100, 100, 100, 100) 12.942 | 26.602 | 14.198 | 46.6 %
(0.719) | (0.242)

diag (0.01,0.01,0.01,0.01,0.01) 21.344 | 28.592 | 25.063 | 12.3 %
(0.374) | (0.284)

diag (10'9,5,1,1/5,10719) 17.143 | 26.505 | 26.095 | 1.5 %
(0.185) | (0.181)

diag (10'°,1071°,10-19,1071°,10~19) | 19.714 | 26.521 | 26.521 | 0.0 %
(0.194) | (0.194)

diag (10'°,10%,1,1074,10719) 17.143 | 26.886 | 26.857 | 0.1 %
(0.200) | (0.200)
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idpie <. LIl AAtl U nd

ML GD HS 000

diag (1,1,1,1,1) 10.000 | 20.394 | 16.577 | 18.7 %
(0.132) | (0.101)

diag (10,0.1,0.1,0.1,0.1) 13.484 | 27.317 | 25.925 | 5.1 %
(0.198) | (0.185)

diag (10, 10,10,0.1,0.1) 11.519 | 23.890 | 22.985 | 3.8 %
(0.170) | (0.161)

diag (10,1,1,1,0.1) 10.804 | 22.151 | 20.627 | 6.9 %
(0.148) | (0.136)

diag (10,10,1,0.1,0.1) 11.608 | 23.520 | 23.074 | 1.9 %
(0.165) | (0.160)

diag (20,5,1,1/5,1/20) 11.529 | 23.162 | 22.898 | 1.1 %
(0.156) | (0.155)

diag (5,2,1,0.5,0.2) 10.614 | 21.676 | 19.435 | 10.3 %
(0.147) | (0.125)

diag (16, 8,4,2,1) 9.588 | 20.674 | 16.117 | 22.0 %
(0.155) | (0.104)

diag (1,1/2,1/4,1/8,1/16) 12.602 | 25.426 | 23.530 | 7.5 %
(0.170) | (0.155)

diag (100, 100, 100, 100, 100) 9.936 | 20.428 | 13.602 | 33.4 %
(0.376) | (0.128)

diag (0.01,0.01,0.01,0.01,0.01) 16.386 | 36.779 | 30.349 | 17.5 %
(0.542) | (0.394)

diag (10'9,5,1,1/5,10719) 11.833 | 24.143 | 24.434 | -1.2 %
(0.172) | (0.179)

diag (10'°,1071%,10-19,1071°,10~19) | 15.333 | 26.521 | 26.521 | 0.0 %
(0.194) | (0.194)

diag (10'°,10%,1,1074,10719) 12.666 | 25.933 | 26.277 | -1.3 %
(0.196) | (0.200)
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