
1ÊÙ!£8©Û
§9.1 ÚógCþ/)ºCþ: x, ÏCþ/ǑACþ: y.£8¼ê: f , ��.£8�./�§/'X: y “ fpxq ` e. Ù¥, e ´Ø�.~: x “ ´§(��½), y “ Ñhþ.

x “ I��p(Ø��½, ��ÿþ), y “ Æf�p.'%f , Ø'%gCþXÛCz.òx ÀǑ®�ëê, òy, e ÀǑ�ÅCþ½Ù��.

5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



���5£8(��)�.:

y “ b0 ` b1x ` e, e „ Np0, σ2q,Ù¥ b0, b1, σ
2 Ǒ��ëê.êâpxi, yiq, i “ 1, ¨ ¨ ¨ , n.

yi “ b0 ` b1xi ` ei, i “ 1, ¨ ¨ ¨ , n.

xi ´®�ëê,

yi ´�ÅCþ(½Ù��), �*ÿ.

e1, ¨ ¨ ¨ , en ´i.i.d. �ÅCþ(½Ù��), Ø�*ÿ(ÏǑb0, b1´��ëê).5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



~1.1. x �y ©O�L,�N�ü�AÆ. êâ: pxi, yiq,
i “ 1, ¨ ¨ ¨ , n “ 50.¯µx �y �m�o�6'X?Ñ:ã:�Ú�ä:

yi “ b0 ` b1xi ` ei,

i “ 1, ¨ ¨ ¨ , n.

5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



£8�§�A^.~1.2 (ýÿ). x “Y�£:, y “�íØ.dn “ 17 |êâ��ýÿúª:

y “ ´43.131 ` 0.895x ` e.,/ÿ�x “ x0, �o, �ýÿY0 “ b̂0 ` b̂1x0 ` e0.~1.3 (ýÿ���). x “ ,�«<�ê, y “ ÁG^uþ,

z “ ¿§.ÏLêâpxi, yi, ziq, i “ 1, ¨ ¨ ¨ , n ��£8'X:

y “ a ` bx ` e, z “ d ` fy ` ε.ýÿ: �â,�«<�êx0, ýÿ^uþY0 “ â ` b̂x0 ` e0.��: Ǒ��z P r17, 18s, AT;�õ�u(��y)?5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



£8�.���q,�O(§9.2)

§9.2 „ §9.4 ���5£89Ùëêu�
y “ b0 ` bx ` e, e „ Np0, σ2q,Ù¥, σ2 ��. êâ: pxi, yiq, i “ 1, ¨ ¨ ¨ , n.£8�.: yi “ b0 ` bxi ` ei, i “ 1, ¨ ¨ ¨ , n.
pYi

pyiq “ 1?
2πσ2

e
´ 1

2σ2
pyi´pb0`bxiqq2 ,

xi: ®�ëê; b0, b: ��ëê; σ2: ?�ëê.q,¼ê: Lpb0, b, σ2q “ 1?
2πσ2

n e
´ 1

2σ2
Qpb0,bq.þ�Ø�: Qpb0, bq “ řn

i“1
ryi ´ pb0 ` bxiqs2.½Â2.1. Qpb0, bq ����:b̂0, b̂ �¡Ǒ����[ÜXê, ½b0 �b ������O.��q,�O: b̂0, b̂, σ̂

2 “ 1

n
Qpb̂0, b̂q.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



½n2.1. b�x1, ¨ ¨ ¨ xn Ø���Ó, K
b̂0 “ ȳ ´ b̂x̄, b̂ “

řn
i“1

pxi ´ x̄qpyi ´ ȳq
řn

i“1
pxi ´ x̄q2 “ ℓxy

ℓxx
.Ù¥, ℓuv “

řn
i“1

pui ´ ūqpvi ´ v̄q.éQpa, bq “ řn
i“1

ryi ´ pb0 ` bxiqs2 ����:.

w̄ “ 1

n
pw1 ` ¨ ¨ ¨ ` wnq:

n
ÿ

i“1

w2

i “
n

ÿ

i“1

pwi ´ w̄q2 ` nw̄2.

Qpa, bq “
řn

i“1
rpyi ´ ȳq ´ bpxi ´ x̄qs2 ` npȳ ´ pb0 ` bx̄q2.

‹ “ ℓyy ´ 2bℓxy ` b2ℓxx, ���:Ǒb̂.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



½n2.2 & ½n3.2. exi Ø���, Kb̂0, b̂ ´�`�5� �O.

b̂0 “ ȳ ´ b̂x̄, b̂ “
řn

i“1
pxi ´ x̄qpyi ´ ȳq

řn
i“1

pxi ´ x̄q2 “ ℓxy

ℓxx
.

b̂0, b̂ ´py1, ¨ ¨ ¨ , ynq ��5¼ê.

yi “ b0 ` bxi ` ei, ȳ “ b0 ` bx̄ ` ē,

yi ´ ȳ “ bpxi ´ x̄q ` pei ´ ēq.

Eb̂ “ b: e1, ¨ ¨ ¨ , en i.i.d., �e1 „ Np0, σ2q,

b̂ “ b ` 1

ℓxx

n
ÿ

i“1

pxi ´ x̄qpei ´ ēq “ b ` 1

ℓxx

n
ÿ

i“1

pxi ´ x̄qei,

Eb̂0 “ b0:

b̂0 “ ȳ ´ b̂x̄ “ pb0 ` bx̄ ` ēq ´ b̂x̄ “ b0 ` pb ´ b̂qx̄ ` ē.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



ëêu�(§9.4)ëê: θ “ pb0, b, σ2q. b�u�¯K(2.14).

H0 : b “ 0 Ø H1 : b ‰ 0.Ä½H0, KL²y �x �mk�5�6'X.

Θ “ tθ : b0, b P R, σ2 ą 0u, Θ0 “ tθ P Θ : b “ 0u.q,¼ê: Lpθq “ 1?
2πσ2

n e
´ 1

2σ2
Qpb0,bq.

Qpb0, bq “ řn
i“1

ryi ´ pb0 ` bxiqs2.

Θ þ���q,�O: θ̂ “
`

b̂0, b̂, σ̂
2
˘

, b̂0 “ ȳ ´ b̂x̄, b̂ “ ℓxy
ℓxx

,

Lpθ̂q “
´?

2πσ̂2

¯´n{2
e´n

2 , σ̂2 “ 1

n
Qpb̂0, b̂q.

Θ0 þ���q,�O: θ̌0 “ pb̌0, b̌, σ̌2q, b̌0 “ ȳ, b̌ “ 0,

Lpθ̂0q “
´

a

2πσ̌2

0

¯´n{2
e´n

2 , σ̌2

0
“ 1

n
Qpb̃0, b̃q.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



H0 : b “ 0 Ø H1 : b ‰ 0.

Qpb0, bq “ řn
i“1

ryi ´ pb0 ` bxiqs2,

Lpθ̂q “
´?

2πσ̂2

¯´n{2
e´n

2 , σ̂2 “ 1

n
Qpb̂0, b̂q

Lpθ̂0q “
ˆ

b

2πσ̌2

0

˙´n{2
e´n

2 , σ̌2

0
“ 1

n
Qpȳ, 0q.

Q “ Qpb̂0, b̂q “
řn

i“1
pyi ´ ŷiq2, í�²�Ú;

Qpȳ, 0q “ řn
i“1

pyi ´ ȳq2 “ ℓyy,2Âq,': λp~yq “ Lpθ̂q{Lpθ̂0q “ pℓyy{Qqn{2.2Âq,'Ä½�:

W “ t~y : ℓyy{Q ą c1u.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



��©). â “ ȳ ´ b̂x̄, b̂ “ ℓxy
ℓxx

. �)��f̂ : ŷ “ â ` b̂x,

f̂ L:px̄, ȳq, ȳ “ f̂px̄q “ ¯̂y.

ȳ “ â ` b̂x̄.
 

 

 

 í�²�ÚQ:

Q “ řn
i“1

pyi ´ pâ ` b̂xiqq2

“ řn
i“1

pyi ´ ŷiq
:::::::

2.£8²�ÚU :

U “ řn
i“1

pŷi ´ ȳq2 “ b̂2
řn

i“1
pxi ´ x̄q2.Ún2.1. ℓyy “ řn

i“1
pyi ´ ȳq2 “ U ` Q.

řn
i“1

‹‹
::

˚˚ “
řn

i“1
pyi ´ ȳq
:::::::

b̂pxi ´ x̄q ´
řn

i“1
pŷi ´ ȳq
:::::::

pŷi ´ ȳq

“ b̂ℓxy ´ b̂2ℓxx “ 0.2Âq,'Ä½�: W “ t~y : U{Q ą c2u.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



·K4.1. í�²�ÚQ “ řn
i“1

pyi ´ ŷiq2 �£8²�ÚU “
řn

i“1
pŷi ´ ȳq2 “ b̂2ℓxx �pÕá, �

1

σ2
Q „ χ2pn ´ 2q; eb “ 0, K U

σ2
„ χ2p1q.

b̂0 “ b0 ` pb ´ b̂qx̄ ` ē, b̂ “ b ` 1

ℓxx

ř

ipxi ´ x̄qpei ´ ēq.
ŷi ´ yi “ pb̂0 ` b̂xiq ´ pb0 ` bxi ` eiq

“ pb ´ b̂qx̄ ` ē ` pb̂ ´ bqxi ´ ei

“ pb̂ ´ bqpxi ´ x̄q ´ pei ´ ēq.

pŷi ´ yiq2 “ pb̂ ´ bq2pxi ´ x̄q2 ` pei ´ ēq2

´2pb̂ ´ bqpxi ´ x̄qpei ´ ēq.

Q “ pb̂ ´ bq2ℓxx ` ř

ipei ´ ēq2 ´ 2pb̂ ´ bqℓxxpb̂ ´ bq,
“ ř

ipei ´ ēq2 ´ ℓxxpb̂ ´ bq2.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



·K4.1(Y). Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

Q “
ř

ipei ´ ēq2 ´ ℓxxpb̂ ´ bq2, b̂ “ b `
ř

i
xi´x̄
ℓxx

ei.
ř

ipei ´ ēq2:
ÿ

i

pei ´ ēq2 “
ÿ

i

e2i ´ nē2

“
ÿ

i

e2i ´
˜

ÿ

i

1?
n
ei

¸

2

“
ÿ

i

e2i ´
˜

ÿ

i

a1iei

¸

2

.

ℓxxpb̂ ´ bq2:

ℓxxpb̂ ´ bq2 “
˜

ÿ

i

xi ´ x̄?
ℓxx

ei

¸

2

“
˜

ÿ

i

a2iei

¸

2

.2Ön ´ 2 1, ����Ý
A “ pakiqnˆn:

ÿ

i

a21i “
ÿ

i

a22i “ 1,
ÿ

i

a1ia2i “ 0.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



·K4.1(Y). Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

Q “ ř

i e
2

i ´ př

i a1ieiq2 ´ př

i a2ieiq2.

A “ pakiqnˆn Ǒ��Ý
.

Wi “ ei{σ: W1, ¨ ¨ ¨ ,Wn i.i.d., W1 „ Np0, 1q, K
EZkZℓ “E

ÿ

i

akiWi

ÿ

j

aℓjWj

“
ÿ

i,j

akiaℓjEWiWj “
ÿ

i

akiaℓi “ 1tk“ℓu.

pW1, ¨ ¨ ¨ ,WnqT d“ pZ1, ¨ ¨ ¨ , ZnqT :“ ApW1, ¨ ¨ ¨ ,WnqT .

Q “ σ2
`
ř

i Z
2

i ´ Z1
2 ´ Z2

2
˘

“ σ2
řn

i“3
Z2

i .5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



·K4.1(Y). £8²�ÚU “ řn
i“1

pŷi ´ ȳq2 “ b̂2ℓxx �Q �pÕá, �eb “ 0, K
U

σ2
„ χ2p1q.

b̂ �Q “ σ2
řn

i“3
Z2

i Õá:

b̂ “ b `
ÿ

i

xi ´ x̄

ℓxx
ei “ b ` 1?

ℓxx
σZ2.

U “ p
?
ℓxxb ` σZ2q2. eb “ 0, K

1

σ2
U “ Z2

2
„ χ2p1q.

5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�



Q “ σ2
řn

i“3
Z2

i , U “ p
?
ℓxxb ` σZ2q2.2Âq,'Ä½�:

W “
"

~y :
U

Q
ą c2

*

“
"

~y :
U

Q{pn ´ 2q ą λ

*

.½n4.3. 3H0 e, u�ÚOþ:

ξ :“ U

Q{pn ´ 2q „ F p1, n ´ 2q.Ïd, λ “ F1´αp1, n ´ 2q.
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~2.1. x “ 5��Uê,

y “ 7í3z©ê.�âÑ:ãïá¼ê
ln y “ b0 ` bx ` e.�x̄, z̄; ẑi “ b̂0 ` b̂xi:

b̂ “ ℓxz{ℓxx, b̂0 “ z̄ ´ b̂x̄;�í�²�Ú: Q “ ř

ipzi ´ ẑiq2�£8²�Ú: U “ ř

ipẑi ´ z̄q2.

n “ 10, �âλ “ F0.95p1, n ´ 2q “ F0.95p1, 8q “ 5.32.
U

Q{pn´2q “ 344.82 ą λ Ä½H0, r���z �5�6ux.5VÇÚOA6Ç���¡ ��ö: ÙE!Ü�


