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�5b��u�

k£�±eq,'u�(likelihood ratio test).

��Å�þyÑlëê�θ ∈ Θ �VÇ©Ùx,�Äëêu�µ

H0µθ ∈ Θ0; H1: θ∈̄Θ0,

ùpΘ0�Θ���f8.

PL(θ; y)�q,¼ê, θ̂�θ�ML�O. θ̂H´�b�H0µθ ∈ Θ0

¤á�θ��åML�O.u´

sup
θ∈Θ

L(θ; y) = L(θ̂; y),

sup
θ/∈Θ0

L(θ; y) = L(θ̂H; y),
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q,'u�

q,'½Â�

λ(y) =

sup
θ∈Θ

L(θ; y)

sup
θ∈Θ0

L(θ; y)
=

L(θ̂; y)

L(θ̂H; y)
.

w,, λ(y) ≥ 1, Ï�L(θ̂H; y) ´�b�¤á�, *	���y �

�U5���Ýþ, �3λ(y) '���, KL(θ̂H; y) �é��,

=�b�¤á*	���:y��U5��, g,/, 3λ(y) �

��áý�b�,u´�u��áý�/�

{yµ λ(y) ≥ c},

ùpc´���½~ê. ¡±þu��q,'u�.
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�5b��u�

���5�.

y = Xβ + e, e ∼ Nn(0, σ2In), (5.1)

�Ä�5b�

H0 : Hβ = d↔ H1 : Hβ 6= d (5.2)

�u�¯K,ùprk(X) = r, H�k × p�Ý
,÷v^�:

rk(H) = k, M(H′) ⊂M(X′).

Tu�¯K�w�´é�.ëê�5�å^��Hβ = d u�,

���A^u£8�§wÍ5!£8XêwÍ5�¯K�ïÄ.
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�5b��u�

Pµ = Xβ.q,¼ê(µ, σ2)�

L(µ, σ2) = (2π)−
n
2σ−n exp

(
−‖y− µ‖

2

2σ2

)
.

d½n4.1.5Ú½n4.3.3�(µ, σ2)�ML�OÚ�åML�O:

µ̂ = Xβ̂ = X(X′X)−X′y, σ̃2 =
‖y− Xβ̂‖2

n
,

µ̂H = Xβ̂H = Xβ̂ − A(Hβ̂ − d), σ̃2
H =

‖y− Xβ̂H‖2

n
,

ùp, A = X(X′X)−H′(H(X′X)−H′)−1. u´

sup
H0

L(µ, σ2) = L(Xβ̂H, σ̃
2
H) =

(
2πe

n

)− n
2

‖y− Xβ̂H‖−n,
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�5b��u�

sup
H1

L(µ, σ2) = L(Xβ̂, σ̃2) =

(
2πe

n

)− n
2

‖y− Xβ̂‖−n.

q,'�

λ =
supH0

L(µ, σ2)

supH1
L(µ, σ2)

=

(
‖y− Xβ̂H‖2

‖y− Xβ̂‖2

)n/2

.

PSSe = ‖y − Xβ‖2, SSHe = ‖y − XβH‖2 ©OL«�.í�²

�Ú�3�åHβ = 0e�í�²�Ú.P

F =
n− r

k

(
λ2/n − 1

)
=

(SSHe − SSe)/k
SSe/(n− r)

.

ÚOþF =�6uλ��λ�îO¼ê.
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�5b��u�

½n5.1.1
�H�k × p�Ý
,÷v^�: rk(H) = k,M(H′) ⊂M(X′). K

(1) SSe ∼ σ2χ2
n−r;

(2) SSHe − SSe = (Hβ̂ − d)′(H(X′X)−H′)−1(Hβ̂ − d) ∼ σ2χ2
k,δ;

(3) SSHe − SSe�SSe�pÕá;

(4) ��5b�H0 : Hβ = d�ý�, F ∼ Fk, n−r,

ùp, r = rk(X), δ = (Hβ − d)′(H(X′X)−H′)−1(Hβ − d)/σ2.

y² (1)�y²�½n4.1.5.

(2)PPX = X(X′X)−X′, A = X(X′X)−H′(H(X′X)−H′)−1.
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�5b��u�

5¿�(In − PX)A = 0, y− Xβ̂ = (In − PX)y,u´

SSHe = ‖y− Xβ̂H‖2

= ‖y− Xβ̂ + A(Hβ̂ − d)‖2

= SSe + (Hβ̂ − d)′A′A(Hβ̂ − d).

Ï�M(H′) ⊂M(X′),¤±A′A = (H(X′X)−H′)−1. �y�

SSHe − SSe = (Hβ̂ − d)′(H(X′X)−H′)−1(Hβ̂ − d).

2|^���Å�þ��5C�5�,k

Hβ̂ − d ∼ Nk
(
Hβ − d, σ2H(X′X)−H′

)
, (5.3)

(Ürk(H(X′X)−H′) = kÚíØ3.4.3íÑ(2).
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�5b��u�

(3)5¿�SSHe − SSe�Hβ̂�¼ê,

SSe = ‖y− Xβ̂‖2 = y′(In − PX)y, Hβ̂ = H(X′X)−X′y,

H(X′X)−X′(In − PX) = 0,

|^íØ3.5.1á�SSeÚHβ̂ Õá,?
SSeÚSSHe − SSeÕá.

(4)´(1)−(3)9F©Ù½Â���íØ.½ny..

�5b�Hβ = d�q,'u�ÚOþ�,��L�ª�

F =
(SSHe − SSe)/k

SSe/(n− r)
=

(Hβ̂ − d)′(H(X′X)−H′)−1(Hβ̂ − d)/k
SSe/(n− r)

.
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�5b��u�

�q,'u��{,éu�½�wÍ5Y²α,e

F > Fk, n−r(α), ½ P(Fk, n−r > F) < α,

Káý�b�Hβ = d; ÄK�É�b�Hβ = d,ùpFk, n(α)L

«gdÝ�k, n�F©Ù�þýα©:.

Fu��õ�¼ê(power function)�

ψ = P (F > Fk, n−r(α)) = 1−
∫ Fk, n−r(α)

−∞
fk, n−r, δ(t)dt,

ùpfk,n−r,δ(x)L«gdÝ�k, n− r!�¥%ëê�δ�F©Ù�

VÇ�Ý¼ê, δ = (Hβ − d)′(H(X′X)−H′)−1(Hβ − d)/σ2.
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Wald�{µFu�ÚOþ

u�ÚOþF��±dWald�{���E.

��b�H0 : Hβ = d¤á�,K(5.3)¤á,�

(Hβ̂ − d)(H(X′X)−H′)−1(Hβ̂−d)

σ2 ∼ χ2
k ,

^σ̂2 = SSe/(n− r)O�σ2,2Ø±©f�gdÝk,B�ÚOþF.

-d = 0,d½n5.1.1á�íØ.

íØ5.1.1
éu�Nàg�5b�Hβ = 0, rk(H) = k, M(H′) ⊂ M(X′),
�Hβ = 0�ý�,k

F =
β̂′H′(H(X′X)−H′)−1Hβ̂/k

SSe/(n− r)
∼ Fk, n−r.
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Fu�ÚOþ�,�«/ª

�d = 0�,�.�í�²�Ú��å^�Hβ = de�í�²�

Ú�L��

SSe = ‖y− Xβ‖2 = y′y− β̂′X′y,

SSHe = ‖y− XβH‖2 = y′y− β̂′HX′y.

FÚOþäk/ª

F =
(RSS(β)− RSSH(β))/k

SSe/(n− r)
. (5.4)

u´FÚOþ�©f�O\
�å^�Hβ = 0��, £8²

�Ú¤~��þØ±k, 
k��©f�gdÝ, �u�5b

�Hβ = 0¤¹�Õá�§��ê.
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�5b��u�

~ ©¬�.

y = X1β1 + X2β2 + e, e ∼ Nn(0, σ2In),

Ù¥(X1,X2)´�÷��Ý
u�b�H0 : β2 = 0.eβ2 = 0¤
á,��.Ò�ü��y = X1β1+e, e ∼ Nn(0, σ2In).d�β1�LS

�O�β̃1 = (X′1X1)−1X′1y.

u�ÚOþ(5.4)�

F =
β̂′X′y− β̃′1X′1y

SSe/(n− r)
=
β̂′2X′2NX1y/p2

SSe/(n− r)
,

ùp, NX1 = In − X1(X′1X1)−X′1, β̂2 = (X′2NX1X′2)−1X2NX1y.
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�5£8�.

~ �.Ó�5u�(homogeneity test).

u�ü��.

y1 = X1β1 + e1, e1 ∼ Nn1(0, σ2In1),

y2 = X2β2 + e2, e2 ∼ Nn2(0, σ2In2)

´Ä�Ó�.,=u�H0 : β1 = β2,¯K8(�

H

 β1

β2

 = (Ip,−Ip)

 β1

β2

 = 0,

Ù¥H = (Ip,−Ip).
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�5£8�.

�g�.e�LS�O,=

β̂1 = (X′1X1)−1X′1y1, β̂2 = (X′2X2)−1X′2y2.

É��.�í�²�Ú�

SSe = y′1y1 + y′2y2 − β̂′1X′1y1 − β̂′2X′2y2.

u´3H0eÓ��.�LS�O

β̂H = (X′1X1 + X′2X2)−1(X′1y1 + X′2y2).

��.��åí�²�Ú�

SSHe = y′1y1 + y′2y2 − β̂′H(X′1y1 + X′2y2).

Ç�_ (BJUT) Chap1µ�.VØ 17 / 47



�5£8�.

u´

SSHe − SSe = β̂′1X′1y1 + β̂′2X′2y2 − β̂′H(X′1y1 + X′2y2)

= (β̂1 − β̂H)′X′1y1 + (β̂2 − β̂H)′X′2y2,

��u�ÚOþ

F =
(SSHe − SSe)/p

SSe/(n− 2p)
=

((β̂1 − β̂H)′X′1y1 + (β̂2 − β̂H)′X′2y2)/p
SSe/(n− 2p)

.

é�½�wÍ5Y²α,e

F > Fp, n−2p(α),

Káý�b�β1 = β2,=@�ü�.Ø´Ó���5£8�..
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�&�ÚÓ��&«m

���5�.

y = Xβ + e, e ∼ Nn(0, σ2In), (5.5)

ùprk(X) = r. ?Ø

(a) ü���¼êh′β��&«m;

(b) ��¼ê�þHβ = (h′1β, · · · ,h
′
kβ)��&�±9õ���¼ê

�Ó��&«m.

Ø���5,b�H = (h1, · · · , hk)
′ �k × p�1÷�Ý
,

rk(H) = k, M(H′) ⊂M(X′).
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ü���¼ê��&«m

��¼êh′β �&«m

d½n4.1.4�µh′β̂ ∼ N(h′β, σ2h′(X′X)−h); (n − r)σ̂2/σ2 ∼

χ2
n−r,�üöÕá. u´

h′β̂ − h′β
σ̂h′β̂

∼ tn−r,

ùp, σ̂h′β̂ = σ̂
√

h′(X′X)−h�h′β̂�IO���O.du

P

(
|h′β̂ − h′β|

σ̂h′β̂
≤ tn−r

(α
2

))
= 1− α,

��¼êh′β��&Xê�1− α��&«m[
h′β̂ − tn−r

(α
2

)
σ̂h′β̂ , h′β̂ + tn−r

(α
2

)
σ̂h′β̂

]
. (5.6)
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��¼ê�þ��&�

��¼ê�þHβ = (h′1β, · · · ,h′kβ)′��&�

PΦ = Hβ,KΦ̂ = Hβ̂ �Φ�LS�O,k

(Φ̂−Φ)′V−1(Φ̂−Φ) ∼ σ2χ2
k .

du (n−r)σ̂2

σ2 ∼ χ2
n−r,��Φ̂�pÕá,u´

(Φ̂−Φ)′V−1(Φ̂− Φ)

kσ̂2 ∼ Fk, n−r.

Φ��&Xê�1− α��&�

D =
{
Φ : (Φ̂−Φ)′V−1(Φ̂−Φ) ≤ kσ̂2Fk, n−r(α)

}
(5.7)
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õ���¼ê�Ó��&«m

�Äõ��5Ø�'���¼êh′1β, · · · ,h′kβ �Ó��&«m

Ù¥h1, · · · hk�5Ø�'.PH = (h1, · · · ,hk)
′, V = H(X′X)−H′,

Φ = (h′1β, · · · ,h′kβ)′, Φ = Hβ, Φ̂ = Hβ̂ = (h′1β̂, · · · ,h′kβ̂),K

rk(H) = k, M(H′) ⊂M(X′), V > 0.

Ún5.2.1
�aÚbþ�n× 1��þ, A�n× n�½�
,K

sup
b6=0

(a′b)2

b′Ab
= a′A−1a.
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SchefféÓ��&«m

1. SchefféÓ��&«m

¤k��¼êh′β, h ∈M(H′)�Scheffé�&«mIh,=Ù÷v

P
{

h′β ∈ Ih, éu��h ∈M(H′)
}
≥ 1− α. (5.8)

é����¼êh′β,Ñk

Th =
(h′β̂ − h′β)2

σ̂2(h′(X′X)−h)
∼ F1,n−r,

��ÏLÏéTh��Óþ.c�Ñ�&«mIh = {h′β; Th ≤ c},
Ù¥c÷vXe^�:

P
{

Th ≤ c, éu��h ∈M(H′)
}

= 1− α, (5.9)
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SchefféÓ��&«m

�du

P

{
sup

h∈M(H′)
Th ≤ c

}
= P

{
sup

h∈M(H′)

(h′(β̂ − β))2

σ̂2(h′(X′X)−h)
≤ c

}
= 1− α.

Ï�h ∈=M(H′),¤±�3k × 1��þb,¦�h = H′b.u´

sup
h∈M(H′)

(h′(β̂ − β))2

σ̂2h′(X′X)−h
= sup

b∈Rk

(b′(Φ̂−Φ))2

σ̂2b′Vb

=
(Φ̂−Φ)′V−1(Φ̂−Φ)

σ̂2 .

���c = kFk, n−r(α),Ò�´¦�(5.9)¤á.
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SchefféÓ��&«m

½n5.2.1
éu���5�.(5.5),erk(H) = k,M(H′) ⊂M(X′),Ké���

�¼êh′β, h ∈M(H′),Ù�&Xê�1− α�SchefféÓ��&«m

� [
h′β̂ − σ̂h′β̂

√
kFk,n−r(α), h′β̂ + σ̂h′β̂

√
kFk,n−r(α)

]
. (5.10)

ùpσ̂h′β̂ = σ̂
√

h′(X′X)−h.

5 ek = r = rk(X),K·���¤k��¼êh′β�Ó��&«m[
h′β̂ − σ̂h′β̂

√
rFr,n−r(α), h′β̂ + σ̂h′β̂

√
rFr,n−r(α)

]
.

Ç�_ (BJUT) Chap1µ�.VØ 25 / 47



SchefféÓ��&«m

éuH = (h1, · · · ,hk)
′��÷���/.

íØ5.2.1
éu���5�.(5.5), k���¼êh′iβ, i = 1, · · · , k�Scheffé Ó

��&«m�[
h′iβ̂ − σ̂h′i β̂

√
k0Fk0,n−r(α), h′iβ̂ + σ̂h′i β̂

√
k0Fk0,n−r(α)

]
, i = 1, · · · , k,

ùpk0�h1, · · · ,hk����5Ã'|��ê, =k0 = rk(H), Ù

¥H = (h1, · · · ,hk)
′.

duSchefféÓ��&«m´é¤k��¼êh′β, h ∈ M(H′),

¤±�&«m�Ý¬ �
.
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BonferroniÓ��&«m

2. BonferroniÓ��&«m

�Äk���¼êh′iβ, i = 1, · · · , k�BonferroniÓ��&«m

Ii(α/k) =
[
h′iβ̂ − tn−r

( α
2k

)
σ̂h′i β̂

, h′iβ̂ + tn−r

( α
2k

)
σ̂h′i β̂

]
, i = 1, · · · , k.

y² A^BonferroniØ�ª�y.

Ún5.2.2 (BonferroniØ�ª)
�Ei, · · · ,Ek�k��Å¯�, P(Ei) = 1− αi, i ∈ {1, · · · , k}. K

P
( k⋂

i=1

Ei

)
= 1− P

(
k⋃

i=1

Ēi

)
≥ 1−

k∑
i=1

P(Ēi) = 1−
k∑

i=1

αi.
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BonferroniÓ��&«mí�

-αi = α/k, Ei = {h′iβ ∈ Ii(α/k)},dBonferroniØ�ªá�

P
(
h′iβ ∈ Ii(α), i = 1, · · · , k

)
= 1−P

(
k⋃

i=1

Ēi

)
≥ 1−kP (Ē1) = 1−α.

5 éu�½�k���¼êh′iβ, i = 1, · · · , k,XJ

tn−r

( α
2k

)
<
√

k0Fk0,n−r(α), (5.11)

Kæ^BonferroniÓ��&«m§Ù«m�Ý�á, °Ý�p,

��,æ^SchefféÓ��&«m,ùpk0 = rk(h1, · · · ,hk).
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ýÿ

¤¢ýÿ,Ò´é�½�gCþ��,ýÿéA�ÏCþ¤�U

���.

3�5�.¥, gCþ  �L�|Á�^�½)�^�½�

¬²L^�, duÁ�½)���¡�¤^½Á�±Ï���

Ï,3·��â± È\�êâ¼�²��.�,F"é�
a

,��Á�!)�^�Øý���Á�, 
|^²��.Òé

A�ÏCþ����ÑÜn��OÚ©Û,��,ýÿ´ÊH�

3X���ék¿Â�¢S¯K.

Ú�O��,ýÿ�k:ýÿÚ«mýÿ�©.
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:ýÿ

b�{¤êâÑl�5�.

y = Xβ + e, E(e) = 0, Cov(e) = σ2Σ > 0, (5.12)

ùpy�n× 1*ÿ�þ, X�n× p�Ý
, rk(X) = r, Σ®�.

b��ýÿm�:x0i = (x0i1, · · · , x0ip)′, ¤éA�ÏCþy0i,

i = 1, · · · , k��,�®�y0iÚ{¤êâÑlÓ���5�.,=

y0i = x′0iβ + ε0i, i = 1, · · · , k.

æ^Ý
/ª,Kù��.C�

y0 = X0β + ε0, E(ε0) = 0, Cov(ε0) = σ2Σ0, (5.13)
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:ýÿ

y0 =


y01
...

y0k

 , X0 =


x011 · · · x01p

...
...

x0k1 · · · x0kp

 , ε0 =


ε01
...

ε0k

 .

Pýÿþ�{¤êâ����
�Cov(y, y0) = σ2V′. �

Cov

 y

y0

 = Cov

 e

ε0

 = σ2

 Σ V′

V Σ0

 . (5.14)

b�M(X′0) ⊂M(X′),Ï��ýÿþ�þ�X0βÄkI��.
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:ýÿ

^E(y0) = X0β ��O5ýÿy0,=

y∗0 = X0β
∗ = X0(X′Σ−1X)−X′Σ−1y.

�±y²: y∗0´y0�Ã ýÿ,=E(y∗0) = E(y0).

5 :�OÚ:ýÿ¿ÂØÓ

ŷ0�ýÿØ�: z = y∗0 − y0; X0β
∗��OØ�: d = X0β

∗ − X0β.

b��ýÿþ�{¤êâØ�',=Cov(e, ε0) = 0,d�

Cov(y∗0 − y0) = Cov(y∗0) + Cov(y0) = σ2(X0(X′X)−X′0 + Σ0).

Cov(d) = Cov(X0β
∗) = σ2X0(X′X)−X0 ≤ Cov(z).

�O5
u�ýÿþy0��Å�þ,
��Oþµ0�~ê�þ.
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:ýÿ

½Â5.3.1
�ỹ0�y0���ýÿ,Kỹ0�2Âýÿþ�Ø�(PMSE)�

PMSE(ỹ0) = E(ỹ0 − y0)′A(ỹ0 − y0),

ùpA > 0. AO/,�A = Im,K

PMSE(ỹ0) = E(ỹ0 − y0)′(ỹ0 − y0)

�ỹ0�ýÿþ�Ø�.

y0��5Ã ýÿaD0L��Xe/ª:

D0 = {ỹ0 = Cy; Ù¥C÷v^�CX = X0}.
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:ýÿ

½n5.3.1
éu�5�.(5.12)Ú(5.13), eX0β3�.(5.12)e��, K32Â

ýÿþ�Ø�¿Âe, y0��`�5Ã ýÿ(BLUP)�

ỹ∗0 = Cy = X0β
∗ + VΣ−1(y− Xβ∗). (5.15)

y² éu?� ỹ0 ∈ D0,kE(ỹ0 − y0) = 0�

Cov(ỹ0 − y0)= σ2(CΣC′ + Σ0 − CV′ − VC′).

(Ü½n3.2.1,á�

PMSE(ỹ0) = tr (ACov(ỹ0 − y0)) = σ2tr
(
A(CΣC′ + Σ0 − 2CV′)

)
.
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:ýÿ

Ïd, 32Âýÿþ�Ø�¿Âe¦y0�BLUP�du3^

�CX = X0e¦PMSE(ỹ0)����.

A^Lagrange¦f{¦)ù�4�¯K.�E9Ï¼ê

F(C,Λ) = σ2tr(ACΣC′ − 2ACV′)− 2tr((CX− X0)Λ),

ùpΛ�p× m�Lagrange¦f. u´, éF(C,Λ)'uC,Λ¦�

û,¿-Ù�",��

ΣC′A = V′A + XΛ/σ2, (5.16)

CX = X0. (5.17)
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:ýÿ

d(5.16)��

C = VΣ−1 + A−1Λ′X′Σ−1/σ2. (5.18)

òÙ�\(5.17)�n� Λ′X′Σ−1X = A(X0 − VΣ−1X)σ2.Ï�

M(X′0) ⊂M(X′),=X0β ���¼ê,d�§�N,Ù)�

Λ′ = σ2A(X0 − VΣ−1X)(X′Σ−1X)−.

�\(5.18),��

C = X0(X′Σ−1X)−X′Σ−1 + VΣ−1(In − X(X′Σ−1X)−X′Σ−1).

�y�y0 �BLUP� ỹ∗0 = Cy = X0β
∗ + VΣ−1(y− Xβ∗).
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:ýÿ

íØ5.3.1
é u � 5 � .(5.12)Ú(5.13), eX0β3 � .(5.12)e � �,

�Cov(e, ε0) = 0,K32Âýÿþ�Ø�¿Âe, y0�BLUP�

y∗0 = X0β
∗,

Ù¥β∗ = (X′Σ−1X)−X′Σ−1y. ?�Ú, b�Cov(e) = σ2In,

Ky0�BLUP�

ŷ0 = X0β̂,

Ù¥β̂ = (X′X)−X′y.
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:ýÿA~

k = 1´��­��AÏ�/. �ýÿy0 = x′0β + e,P

Cov

(
y

y0

)
= σ2

(
Σ σ12

σ′12 σ22

)
,

Ky0 �BLUP� ỹ∗0 = x′0β
∗ + σ′12Σ

−1(y− Xβ∗).

ey0�yØ�',Ky∗0 = x′0β
∗ �y0 �BLUP,�

Var(y∗0 − y0) = σ2 (x′0(X′Σ−1X)−x0 + σ22
)
,

?�Ú, eCov(y) = σ2In, Var(y0) = σ2, Kŷ0 = x′0β̂ �y0

�BLUP,

Var(ŷ0 − y0) = σ2(x′0(X′X)−x0 + 1).
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:ýÿ

3¢SA^¥,  VÚΣ´���,�«~^��{´^§�

�,«�OV̂ÚΣ̂O�.

ỹ0 = Cy = X0β̃ + V̂Σ̂
−1

(y− Xβ̃),

ùp

β̃ = (X′Σ̂
−1

X)−X′Σ̂
−1

y.

d�, ỹ0 ¦+Ø2´BLUP,$�u§��Ø´�5�,�´��

BO,<�r§¡�²�BLUP.
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«mýÿ

¤¢«mýÿ,Ò´é��«m,¦��ýÿþ��U��á3ù�

«mS�VÇ��ýk�½��.

«mýÿäk­��A^, ~X, 3ó§Eâ¥, �Oö���

#�¬�,�5U�I�V¬á3õ��«m��S�.

b�(y′, y′0)′�éÜ©Ù���©Ù,(
y

y0

)
∼ Nn+k

((
Xβ
X0β

)
, σ2

(
Σ V′

V Σ0

))
. (5.19)

Úc¡��,b�M(X′0) ⊂M(X′).P

β∗ = (X′Σ−1X)−X′Σ−1y, σ2∗ = (y−Xβ∗)′Σ−1(y−Xβ∗)/(n− r).
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«mýÿ

1. �ýÿþy0�{¤êâyØ�', Cov(y0, y) = V = 0.

3Ø���^�e§ýÿØ�

z = y∗0 − y0 = X0β
∗ − y0 ∼ Nk(0, σ2Ω), (5.20)

Ù¥Ω = (ωij) = Σ0 + X0(X′Σ−1X)−X′0. PΣ0 = (σ
(0)
ij ), z =

(z1, · · · , zk)
′,Ù¥§zi = y∗0i − y0i, i = 1, · · · , k.

d½n4.3.3Úy0�y�Õá5,�í�

zi

σ∗
√
ωii
∼ tn−r,

z′Ω−1z
kσ2∗ ∼ Fk,n−r.

PX0 = (x01, · · · , x0k)
′, ωii = σ

(0)
ii + x′0i(X′Σ−1X)−x0i.
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«mýÿ

½n5.3.2
3��b�(5.19)e,eX0β3�.(5.12)e��, Cov(y0, y) = 0,K

(1) ü�ÏCþy0i��&Xê�1− α�ýÿ«m�

x′0iβ
∗ ∓ tn−r

(α
2

)√
ωiiσ

∗, i ∈ {1, · · · , k};

(2) y01, · · · , y0k��&Xê�1− α�BonferroniÓ�ýÿ«m�

x′0iβ
∗ ∓ tn−r

( α
2k

)√
ωiiσ

∗, i = 1, · · · , k;

(3) y0i, · · · , y0m�&Xê�1− α�SchefféÓ�ýÿ«m�

x′0iβ
∗ ∓

√
kFk, n−r(α)ωiiσ

∗, i = 1, · · · , k.
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«mýÿ

51 �Cov(y0, y) = 0�, y0i�&Xê�1− α�ýÿ«mo´'Ùþ

�x′0iβ��A«m�O��,Ï�

ωii = σ
(0)
ii + Var(x′iβ

∗) > Var(x′iβ
∗).

52 ØJuyk���¼êx′01β, · · · , x′0kβ �Scheffé Ó��&«m

¥k0 = rk(X0), 
y0i, · · · , y0k�SchefféÓ�ýÿ«m¥�k´�

ýÿ:��ê, k ≥ k0.

53 �Σ = In, Σ0 = Ik�, ^LS)β̂ Úσ̂©OO�½n5.3.2 ¥

�GLS)β∗Úσ∗,=���A(J,d�ωii = 1 + x′0i(X′X)−x0i.
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«mýÿ

2. �ýÿþy0�{¤êây�'( Cov(y0, y) = V 6= 0 )

Ún5.3.1
3��b�(5.19)e, eX0β3�.(5.3.1)e��, �M(V′) ⊂
M(X′),K

(1) ỹ∗0 − y0 Úσ
2∗ Õá;

(2) ỹ∗0i−y0i

ωiiσ∗
∼ tn−r, i = 1, · · · , k,

(3) (ỹ∗0−y0)
′Ω−1(ỹ∗0−y0)/k
σ2∗ ∼ Fr0,n−r,

Ù¥r0 = rk(X0), ωii = Var(ỹ∗0i − y0i) = Ωii,�(5.20).
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«mýÿ

½n5.3.3
eÚn5.3.1�^�¤á,K

(1) ü�ÏCþy0i��&Xê�1− α�ýÿ«m�

x′0iβ
∗ ∓ tn−r

(α
2

)√
ωiiσ

∗, i ∈ {1, · · · , k};

(2) y0i, · · · , y0k��&Xê�1− α�Bonferroni.Ó�ýÿ«m�

x′0iβ
∗ ∓ tn−r

( α
2m

)√
ωiiσ

∗, i = 1, · · · , k;

(3) y0i, · · · , y0k�&Xê�1− α�Scheffé.Ó�ýÿ«m�

x′0iβ
∗ ∓ σ∗

√
ωiimFm, n−r(α), i = 1, · · · , k.
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«mýÿ

51 �V = 0�,�½kM(V′) ⊂ M(X′). ,	´yeV 6= 0,K3½

n??¥�T^��duΣ0 = X0MX′0,Ù¥M ≥ 0.

52 e^�M(V′) ⊂M(X′)Ø¤á,Kỹ∗0�σ2∗ØÕá,�½n5.3.3�

Ñ�ýÿ«mØ2·^. d�I�ÄuìC5���E.
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