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1 � �P A, B 	rDB� A ≥ 0 �X A Z�D93� A ≥ B �X A − B ≥ 0; A+, A− J��X A 3 Moore-Penrose3�B1 A 3^#3�B� tr(A) �X A 3n� ~A Z A 3	 �G�
µ(A) t�B A 3 ��> 3�
�x� A ⊗ B �X A e B 3 Kronecker!m�t~ [1],[2] J�%��
/�1=6/�NVm	H�
Xr3ÆJÆ
��t�"U�
3Q�C�/�







Yi = ABC + ei, i = 1, . . . , m

E(ei) = 0, Cov(~ei) = σ2
i · Σ ⊗ V

Cov(ei, ej) = 0, i, j = 1, . . . , m, i 6= j

(1);N Yi, ei, i = 1, . . . , m 	r p × n �`l�B� Ap×q p Ck×n r�F3PrB��B Bq×kp σ2
i > 0, i = 1, . . . , m ZsF�\� n × n ��B Σ ≥ 0 p p × p ��B V ≥ 0 	�F�v9�
\ Kt×qBLk×l ÆX (q µ(K ′) ⊆ µ(A′) A µ(L) ⊆ µ(C)), EaS\

L(d, KBL) = (d − KBL)(d − KBL)′. (2):/� (1) p (2) {�.0K}\Z�B�/\�B,�3�}Æ/Æ=�m3�R�r�{A��Ro�>��F� Kiefer[3] :,�PrNbX32���,4�>�j [4] f$�AJÆ
3O5�*07wXr3�
�R�* M �Xb/ m �GM9�B M V 3of� Φ Z9#: M NEGMU\H3\�A(UL{ 4 Sf�
hy
(i) Φ(M) = 0 .A�. M = 0;

(ii) Lb M1 ≤ M2, < Φ(M1) ≤ Φ(M2);

(iii) Φ(rM) = rq(M)Φ(M), r ZGMU\� q(M) > 0 ZM N3U\��h�~: 2005-04-29; q��~: 2005-07-19nsÆ}: auTG�k� (10501052).
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(iv) Φ(M) Z M 3 m(m+1)

2 S��3��\�w*t R(d, KBL) = EL(d, KBL), Θ = {(B, σ2) : σ2
i > 0, i = 1, . . . , m, B ∈ Rq×k}.d� vP d1 e d2 Z KBL 3�SXr�Lb;�� (B, σ2) ∈ Θ, /

Φ(R(d1, KBL)) ≤ Φ(R(d2, KBL))A*:1V (B, σ2) V�R�5d ��<� d1 � d2Φ , (jA,). Lb:1SXr� E N�*: Φ ,0 d 3Xr�<� d Z KBL :Xr� E N3 Φ JÆ
Xr�tr d(Y ) Φ
∼
E

KBL.�t%<(1G<(�
Xr� HL1 p L1 N3AJÆ
�A�
HL1 = {

m
∑

i=1

DiYiFi : Di p Fi J�r t × p, n × l �\B� DiA = K, i = 1, . . . , m},

L1 = {

m
∑

i=1

DiYiFi + M :

m
∑

i=1

DiYiFi ∈ HL1, M r t × l �\B}�'1/��
XrAJÆ3"�hy�
2  �rl�w 1 ;I"3 ∑m

i=1 DiYiFi ∈ HL1,
∑m

i=1 DiPAYiP
′
C′Fi ∈ HL1, t F =

∑m
i=1 Fi, ;�� (B, σ2), /

R(

m
∑

i=1

DiYiFi, KBL) =

m
∑

i=1

σ2
i tr(F ′

i ΣFi)DiV D′
i + KB(CF − L)(CF − L)′B′K ′

≥ R(

m
∑

i=1

DiPAYiP
′
C′Fi, KBL) =

m
∑

i=1

σ2
i tr(F ′

i ΣP ′
C′Fi)DiPAV D′

i + KB(CF − L)(CF − L)′B′K ′

= (K(A′T +A)+K ′ − KK ′) ·
m

∑

i=1

σ2
i tr(F ′

i ΣP ′
C′Fi) + KB(CF − L)(CF − L)′B′K ′A5d �3"�hyr

ΣFi = ΣP ′
C′Fi, DiV = DiPAV, i = 1, . . . , m, (3);N PA = A(A′T +A)−A′T +, P ′

C′ = E+C′(CE+C′)−C, T = V + AA′, E = Σ + CC′.�"�
/�
X = C′β + e, E(e) = 0, Cov(e) = σ2Σ (4)e�(aS

L(d(X), L′β, σ2) = (d(X) − L′β)′(d(X) − L′β). (5).t~ [5] FL{&� 2 pNQ 1  ���w 2 :/� (4) e (5) {�M L′β ÆX (YUN�% KBL ÆX� L′β �ÆX), <
F ′X ∼ L′β (F =

∑m

i=1 Fi) 3"�hyr
ΣF = ΣP ′

C′F, (6)
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F ′C′((CE+C′)− − I)L ≥ F ′ΣF, (7)

rk((CF − L)′((CE+C′)− − I)C) = rk((CF − L)′). (8)g! 1 . Σ > 0 T� (8) WSF ��? (6) 1 (7) WJ�r
F = Σ−1C′(CΣ−1C′)−CF,

F ′C′(CΣ−1C′)−L ≥ F ′ΣF.�w 3 M KBL ÆXA (3) W ��< ∑m
i=1 DiYiFi

Φ
∼

HL1

KBL 3"�hyr
ΣFi = kiΣF, ki ≥ 0,

m
∑

i=1

ki = 1, i = 1, . . . , m (9)A:/� (4) e (5) {� F ′X ∼ L′β..&� 1– &� 3, w*/L{�%�dw 1 :/� (1)e (2){�M KBLÆX�<∑m

i=1 DiYiFi
Φ
∼

HL1

KBL3"�hyr (3),

(7)–(9) W ��g! 2 d�7�. m = 1, Σ = I, V = G > 0 T�qÆ1/t~ [6] N39� 1.�w 4 M K  (M�<;I" ∑m

i=1 DiYiFi + M ∈ L1, /
R(

m
∑

i=1

DiYiFi + M, KBL) = R(
m

∑

i=1

DiYiFi, K(B + M0)L) + M(I − P(CF−L)′)M
′,;N M0 (U MP(CF−L)′ = KM0(CF − L), P(CF−L)′ Z µ((CF − L)′) N3q)B��w 5 M KBL ÆX�A K  (M�< ∑m

i=1 DiYiFi + M Φ
∼
L1

KBL 3"�hyr
m

∑

i=1

DiYiFi

Φ
∼

HL1

KBL A M = MP(CF−L)′..&� 5 p9� 1, �qÆ1dw 2 M KBL ÆXA K  (M�< ∑m

i=1 DiYiFi + M Φ
∼
L1

KBL 3"�hyr M =

MP(CF−L)′ A (3), (7)–(9) W ��g! 3 . m = 1, Σ = I, V = G > 0 T�Æ 1/t~ [6] N39� 2.

3 �xb�{&� 1, &� 4 ZJ!�E3�$��w 3 a�z |EM ∑m

i=1 DiYiFi
Φ
∼

HL1

KBL, <�/ (9) W ��.0 ∑m
i=1 DiYiFi

Φ
∼

HL1

KBL, <: tr(F ′
iΣFi) = ci, i = 2, . . . , m, F =

∑m
i=1 Fi [93hy{� tr(F ′

1ΣF1) �+/W�H�J!r_
tr(F ′

1ΣF1) = tr(F −

m
∑

i=2

Fi)
′Σ(F −

m
∑

i=2

Fi)

= tr(F ′ΣF ) − 2

m
∑

i=2

tr(F ′ΣFi) +

m
∑

i=2

tr(F ′
iΣFi) +

m
∑

i6=j

i,j 6=1

tr(F ′
i ΣFj).



394 ℄ � � � 2 8 & 27�XLP\ H(F2, . . . , Fm; λ2, . . . , λm) = tr(F ′
1ΣF1) +

∑m

i=2 λi(tr(F
′
iΣFi) − ci),

∂H

∂F ′
i

= −2F ′Σ + 2F ′
iΣ + 2

∑

j 6=1,i

F ′
jΣ + 2λiF

′Σ = 0, i = 2, . . . , m

tr(F ′
iΣFi) = ci, F =

m
∑

i=1

Fi..'Æ1 ΣFi = kiΣF , i = 2, . . . , m, ΣF1 = k1ΣF , k1 = 1 −
∑m

i=2 ki.M1S kl < 0, E F
(1)
i = ki

∑

j 6=l
kj

F , i 6= l, F
(1)
l = 0, </

tr(F
(1)′

i ΣF
(1)
i ) ≤ tr(F ′

i ΣFi), i 6= l, tr(F
(1)′

l ΣF
(1)
l ) ≤ tr(F ′

l ΣFl).'TJ!E. ∑m
i=1 DiYiF

(1)
i Φ ,0 ∑m

i=1 DiYiFi, Z (9) W ��{+J�E.: (9) W �3hy{� ∑m

i=1 DiYiFi
Φ
∼

HL1

KBL ⇐⇒ F ′X ∼ L′β.

R(
m

∑

i=1

DiYiFi, KBL) =
m

∑

i=1

k2
i σ2

i tr(F ′ΣF )DiV D′
i + KB(CF − L)(CF − L)′B′K ′.M:/� (4) e (5) {�*: F (1)′X �L7,0 F ′X , </

tr(F (1)′ΣF (1)) ≤ tr(F ′ΣF ), (10)

(CF (1) − L)(CF (1) − L)′ ≤ (CF − L)(CF − L)′ (11)AKO/�W5d� ��Q"/
F ′ΣF − F ′ΣP ′

C′F = F ′(I − PC′)Σ(I − PC′)′F ≥ 0,

DV D′ − DPAV D′ = D(I − PA)V (I − PA)′D′ ≥ 0,E F
(1)
i = kiF

(1), i = 1, . . . , m, J!�E;�� (B, σ2) ∈ Θ, /
Φ(R(

m
∑

i=1

DiPAYiP
′
C′F

(1)
i , KBL))

= Φ(

m
∑

i=1

k2
i σ2

i tr(F (1)′ΣP ′
C′F (1))DiPAV D′

i + KB(CF (1) − L)(CF (1) − L)′B′K ′)

≤ Φ(

m
∑

i=1

k2
i σ2

i tr(F ′ΣF )DiV D′
i + KB(CF − L)(CF − L)′B′K ′)

= Φ(R(
m

∑

i=1

DiYiFi, KBL)). (12)M (10) WN�5d ��.f�
hy (i), (iii), J!E.: B = 0 &� (12) W5d� ��M (11) W5d� ��<*:�� β, V1
β′(CF (1) − L)(CF (1) − L)′β < β′(CF − L)(CF − L)′β.



2: !Q�6���R�D�0	OWn
I�℄��Ys4BK�� 395.0 K = (K1, . . . , Kq) 6= 0, �EP K1 6= 0, E B0 = (β, 0, . . . , 0)′, /
lim

σ2
i
→0

i=1,...,m

Φ(R(

m
∑

i=1

DiPAYiP
′
C′F

(1)
i , KB0L)) = Φ(KB0(CF (1) − L)(CF (1) − L)′B′

0K
′)

= Φ(β′(CF (1) − L)(CF (1) − L)′β · K1K
′
1) = (β′(CF (1) − L)(CF (1) − L)′β)q(K1K′

1)Φ(K1K
′
1)

< (β′(CF − L)(CF − L)′β)q(K1K′
1)Φ(K1K

′
1) = Φ(β′(CF − L)(CF − L)′β · K1K

′
1)

= Φ(KB0(CF − L)(CF − L)′B′
0K

′) = lim
σ2

i
→0

i=1,...,m

Φ(R(
m

∑

i=1

DiYiFi, KB0L)),%'�*: (B, σ2) V (12) W5d� ��0Z ∑m

i=1 DiPAYiP
′
C′F

(1)
i Φ ,0 ∑m

i=1 DiYiFi.M∑m
i=1 D

(1)
i YiF

(1)
i Φ ,0∑m

i=1 DiYiFi, �Ev9 F
(1)
i (U (9)W�t F (1) =

∑m
i=1 F

(1)
i ,<;�� (B, σ2) ∈ Θ, /

Φ(

m
∑

i=1

s2
i σ

2
i tr(F (1)′ΣF (1))D

(1)
i V D

(1)′

i + KB(CF (1) − L)(CF (1) − L)′B′K ′)

≤ Φ(

m
∑

i=1

k2
i σ2

i tr(F ′ΣF )DiPAV D′
i + KB(CF − L)(CF − L)′B′K ′)A*: (B0, σ

2
0) V�R�5d ��Q"/ ∑m

i=1 si =
∑m

i=1 ki = 1, ki, si ≥ 0, i = 1, . . . , m,FNÆE�/ (10) 1 (11) W ��A�WNKO/�W5d� ��0Z F (1)′X �L7,0
F ′X .&� 5 3E.�"&%. M M 6= MP(CF−L)′, < Φ(M(I − P(CF−L)′)M

′) > 0, 0Z
lim

σ2
i
→0

B=−M0

Φ(R(

m
∑

i=1

DiYiFi + MP(CF−L)′ , KBL)) = 0 < Φ(M(I − P(CF−L)′)M
′)

= lim
σ2

i
→0

B=−M0

Φ(R(

m
∑

i=1

DiYiFi + M, KBL)).AJ!�E�;�� (B, σ2) ∈ Θ, /
Φ(R(

m
∑

i=1

DiYiFi + MP(CF−L)′, KBL)) ≤ Φ(R(

m
∑

i=1

DiYiFi + M, KBL)),0Z ∑m
i=1 DiYiFi + MP(CF−L)′Φ ,0 ∑m

i=1 DiYiFi + M .M*: ∑m

i=1 D
(1)
i YiF

(1)
i Φ ,0 ∑m

i=1 DiYiFi, <;�� (B, σ2) ∈ Θ, /
Φ(R(

m
∑

i=1

D
(1)
i YiF

(1)
i + KM0(CF (1) − L), KBL)) = Φ(R(

m
∑

i=1

D
(1)
i YiF

(1)
i , K(B + M0)L))

≤ Φ(R(

m
∑

i=1

DiYiFi, K(B + M0)L)) = Φ(R(

m
∑

i=1

DiYiFi + M, KBL)),
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2
0) V�R�5d ��A1 ∑m

i=1 DiYiFi + M Φ
∼
L1

KBL )<�#$%�M∑m

i=1 D
(1)
i YiF

(1)
i +M (1)Φ,0∑m

i=1 DiYiFi+M ,�EPM (1) = M (1)P(CF (1)−L)′ ,</
Φ(R(

m
∑

i=1

D
(1)
i YiF

(1)
i + M (1), KBL)) = Φ(R(

m
∑

i=1

D
(1)
i YiF

(1)
i , K(B + M

(1)
0 )L))

≤ Φ(R(

m
∑

i=1

DiYiFi + M, KBL)) = Φ(R(

m
∑

i=1

DiYiFi, K(B + M0)L))A*: (B0, σ
2
0) V�R�5d �� M

(1)
0 (U M (1)P(CF (1)−L)′ = KM

(1)
0 (CF (1) − L).E B = −M0 A σ2

i → 0, i = 1, . . . , m, </
Φ(K(M

(1)
0 − M0)(CF (1) − L)(CF (1) − L)′(M

(1)
0 − M0)

′K ′) = 0..f�
hy (i), / KM
(1)
0 (CF (1) − L) = KM0(CF (1) − L), 0Z

Φ(R(

m
∑

i=1

D
(1)
i YiF

(1)
i , K(B + M0)L)) ≤ Φ(R(

m
∑

i=1

DiYiFi, K(B + M0)L)),A: (B0, σ
2
0) &��R�5d ��A1 ∑m

i=1 DiYiFi
Φ
∼

HL1

KBL )<�℄u
��
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General Admissibility of Linear Estimates of Common Mean in

Growth Curve Model

LIU Gang1, ZHANG Shang-li2

(1. School of Information, Renming University of China, Beijing 100872, China;
2. School of Science, Beijing Jiaotong University, Beijing 100044, China )

Abstract: In this paper, the admissibility of linear estimates of common mean in the general growth
curve model is discussed. The definition of general admissibility is given and the necessary and sufficient
conditions for the linear estimates to be general admissible is obtained among some linear classes.

Key words: growth curve model; common mean; general admissibility; linear estimate.


