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λT β̂
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<(λT β̂) = <(vTPXy)

= vTPX<(y)PXv

= σ2vTPXv

= σ2λT (XTX)−λ.

=!'$#$ ">%$9$5 $" 3,%,9 -,& β /' &.$ %&''!"!(5 .&&. /' -! %&''!'2, β̂ 8&.)$*:

.&//' ?%$.$9" #>>*!",8;

<(β̂) = σ2(XTX)−1

3! .$99&.$9 3,%,9 (@&#$ -&*3,"!8!;

<(λT β̂) = λT
<(β̂)λ.

A,%,95 -,& (!!"9,.($-"/* /' '/*#!!93!/",.$2!5 y ∼ N(Xβ;σ2I)5 .&&. /'
-! %&''!'2, λT β̂ 3!/",.$-. '/*#!!93!/",. B.$." 9&'$!!*"$&.$'8,. $& %>(&"!

'/*#!!93!/",."C;

λT β̂ ∼ N(λTβ;λT (XTX)−λσ2).

A,%,9 -,& β &.$ /' %&''!"!(5 .&&.

β̂ ∼ N(β; (XTX)−1σ2).
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 !""# $%&  !"# A $#%&!'() n× n *&&+,'-$. /y = µ 0& 1y = V. 2''$

/(yTAy) = +,(AV) + µTAµ.
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=#'
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A(V + µµT )
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=#' (AV) + µTAµ.
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yT (I−PX)y
]

= #'

(

(I−PX)σ2
)

+ βTXT (I−PX)Xβ

= #'((I−PX)σ2)

= σ2
#'(I−PX)

= σ2(n− '%/3(X)).
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σ̂2 = yT (I−PX)y/'%/3(I−PX)
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&$+*)+) &,%#"& p 0& *'++)+$)(+,&&!$#$) ;&,&*))+,'"& ncp = µTµ.

yTy ∼ χ2
df=p;ncp=µTµ
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yTAy ∼ χ2
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(Oy)T (Oy) ∼ χ2
+*3-(A),µTOTOµ

yTAy ∼ χ2
+*3-(A),µTAµ
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r,ncp$ r := *&.,(A), ncp :=
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yT (I−PX)y/σ2
∼ χ2

+*3-(I−PX)

∼ χ2
n−+*3-(X)

5 (<=

@**/'/ &'4$.'%& %**E -*%'&*/* 3:,&$-% σ2
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(

χα/2;n−p ≤ yT (I−PX)y/σ2
≤ χ1−α/2;n−p

)

= 1− α

P

(

1/χα/2;n−p ≥
σ2

yT (I−PX)y
≥ 1/χ1−α/2;n−p
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= 1− α
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yT (I−PX)y/χα/2;n−p ≥ σ2
≥ yT (I−PX)y/χ1−α/2;n−p
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= 1− α.
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yT (I−PX)y/χ1−α/2;n−p . . .y
T (I−PX)y/χα/2;n−p.
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λT β̂ ∼ N(λTβ,λT (XTX)−λσ2)

λT β̂ − λTβ
√

λT (XTX)−λσ2

∼ N(0; 1)

5& 566,$+( #..%.+( 0.''& 5&-%.0 -9$ 1$$:#..% 5&-%.07 E.$ Y1 ∼ N(0; 1) 5&

Y2 ∼ χ2
k; 5& ,.$ Y1 ⊥ Y2; 0$$0 t = Y1/

√

Y2/k ∼ tk7 F((4&

t :=
λT β̂ − λTβ

√

λT (XTX)−λσ2

/

√

yT (I−PX)y

(n− p)σ2

=
λT β̂ − λTβ

√

MSE · λT (XTX)−λ
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t :=
λT β̂ − λTβ0

√

MSE · λT (XTX)−λ

H0

∼ tn−p.
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E.)& I(λT β̂) = λT (XTX)−λσ2
5& 8(MSE) = σ2
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1$))&)4. λT β̂ +$0/(#0$--)$9( -)

̂
I(λT β̂) = MSE · λT (XTX)−λ
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√
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

tα/2 ≤
λT β̂ − λTβ
√

̂
9(λT β̂)

≤ t1−α/2



 = 1− α

P

(

λT β̂ + tα/2

√

̂
9(λT β̂) ≤ λTβ ≤ λT β̂ + t1−α/2

√

̂
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yij = µ+ αi + εij , i = 1,2; j = 1, . . . , ni.

9#?3##5()# βT = (µ, α1, α2)< @3,.4 ).4#0( 7%5%)##,5#(4 2(33%,( ).(+*

,# -%2# #5(3#&% ,#%40%+# 7;;0, A-%2#+ +'0,.)%,.+ ..5(3$.+B< C+()#+#+

..5(3$.+ n1 = 2;n2 = 5D ,#(+#+ ..5(3$.+ n1 = 10;n2 = 30< C+()#+#+,

..5(3$.+, ;3 +1(0(3.4 +..5.+# λTβ 2(33%3$ λT β̂E -.+ λT = (0; 1;−1)<
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+(;;3( 2(33%3$.,< G#(+#+, ..5(3$.+, ;3 +1(0(3.4 611-(4# 4(+7#5+(;;3(

2(33%3$ MSE2E -.(4 7;0# 7%5%-. +1(0(3.4 7%5%)##,#5&#-,;5( β 2(3*

3%3$.,< G%2%)# ,#+,(4% 2/7;,##+( H0 : λTβ = 0 6% -%+.,%)# +#00#-+

,#+,+,%,(+,(-.,

t :=
λT β̂

√

MSE2 · λ
T (XTX)−λ

.
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