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�5£8: f Ǒ�5¼ê.��: fpxq “ a ` bx. õ�: fp~xq “ a ` b1x1 ` ¨ ¨ ¨ ` bpxp.ëêa, b; b1, ¨ ¨ ¨ , bp ��.
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i“1
ryi ´ pa ` bxiqs2�����a, b. PǑâ, b̂.£8�.: yi “ a ` bxi ` ei, i “ 1, ¨ ¨ ¨ , n.
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ryi ´ pa ` bxiqs2�����a, b. PǑâ, b̂.£8�.: yi “ a ` bxi ` ei, i “ 1, ¨ ¨ ¨ , n.

pYi
pyiq “ 1?

2πσ2
e

´ 1

2σ2 pyi´pa`bxiqq2 ,Àxi Ǒ®�ëê, a, b Ǒ����ëê, σ2 Ǒ?�ëê.q,¼ê: Lpa, b, σ2q “ 1?
2πσ2

n e
´ 1

2σ2

řn
i“1ryi´pa`bxiqs2 .��q,�O: Lpa, b, σ2q ����:.

a, b ���q,�O��Qpa, bq ����, =Ǒâ, b̂.1�Êg� §9.1, 9.2



½n2.1. â “ ȳ ´ b̂x̄, b̂ “
řn

i“1pxi´x̄qpyi´ȳqřn
i“1pxi´x̄q2 “ ℓxy

ℓxx
.
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ryi ´ pa ` bxiqs2 “ 1

n
Qpa, bq.
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pyi ´ ȳq2 “ U ` Q.

1�Êg� §9.1, 9.2



��©):
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pxi ´ x̄qē “ 0qÙ¥e1, ¨ ¨ ¨ , en „ i.i.d. Np0, σ2q,
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â, b̂ ´py1, ¨ ¨ ¨ , ynq ��5 ¼ê.

yi “ a ` bxi ` ei, ȳ “ a ` bx̄ ` ē,
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('%f , =, �x Cz�, y XÛ�XCz).�o, â, b̂ ´�`�5� �O.1�Êg� §9.1, 9.2



ÚOþO�:
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ÚOþO�:�Ä�ÚOþ: lxx, lyy, lxy
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ÚOþO�:�Ä�ÚOþ: lxx, lyy, lxyÙ�ÚOþÏLÄ�ÚOþO���µ
b̂ “ lxy{lxx,

â “ ȳ ´ b̂x̄,

U “ b̂lxy,

Q “ lyy ´ U,

r2 “ U{lyy “ 1 ´ Q{lyy.1�Êg� §9.1, 9.2



í�²�Ú. Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

1�Êg� §9.1, 9.2



í�²�Ú. Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

b̂ “ b ` 1

ℓxx

ř
i pxi ´ x̄qpei ´ ēq “ b ` 1

ℓxx

ř
ipxi ´ x̄qei,

â “ a ` pb ´ b̂qx̄ ` ē.

1�Êg� §9.1, 9.2



í�²�Ú. Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

b̂ “ b ` 1

ℓxx

ř
i pxi ´ x̄qpei ´ ēq “ b ` 1

ℓxx

ř
ipxi ´ x̄qei,

â “ a ` pb ´ b̂qx̄ ` ē.

ŷi´yi “ pâ` b̂xiq´pa`bxi`eiq “ pb ´ b̂qx̄ ` ē`pb̂´bqxi´ei

... “ pb̂ ´ bqpxi ´ x̄q ´ pei ´ ēq.
p...q2 “ pb̂´ bq2pxi ´ x̄q2 ` pei ´ ēq2 ´2pb̂´ bqpxi ´ x̄qpei ´ ēq.
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í�²�Ú. Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

b̂ “ b ` 1

ℓxx

ř
i pxi ´ x̄qpei ´ ēq “ b ` 1

ℓxx

ř
ipxi ´ x̄qei,

â “ a ` pb ´ b̂qx̄ ` ē.

ŷi´yi “ pâ` b̂xiq´pa`bxi`eiq “ pb ´ b̂qx̄ ` ē`pb̂´bqxi´ei

... “ pb̂ ´ bqpxi ´ x̄q ´ pei ´ ēq.
p...q2 “ pb̂´ bq2pxi ´ x̄q2 ` pei ´ ēq2 ´2pb̂´ bqpxi ´ x̄qpei ´ ēq.
Q “ pb̂ ´ bq2ℓxx ` ř

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

ipei ´ ēq2 ´ ℓxxpb̂ ´ bq2.
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í�²�Ú. Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

b̂ “ b ` 1

ℓxx

ř
i pxi ´ x̄qpei ´ ēq “ b ` 1

ℓxx

ř
ipxi ´ x̄qei,

â “ a ` pb ´ b̂qx̄ ` ē.

ŷi´yi “ pâ` b̂xiq´pa`bxi`eiq “ pb ´ b̂qx̄ ` ē`pb̂´bqxi´ei

... “ pb̂ ´ bqpxi ´ x̄q ´ pei ´ ēq.
p...q2 “ pb̂´ bq2pxi ´ x̄q2 ` pei ´ ēq2 ´2pb̂´ bqpxi ´ x̄qpei ´ ēq.
Q “ pb̂ ´ bq2ℓxx ` ř

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

ipei ´ ēq2 ´ ℓxxpb̂ ´ bq2.
ř

ipei ´ ēq2 “ ř
i e

2

i ´ rři
1?
n
eis2 “ ř

i e
2

i ´ rři a1ieis2.
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í�²�Ú. Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

b̂ “ b ` 1

ℓxx

ř
i pxi ´ x̄qpei ´ ēq “ b ` 1

ℓxx

ř
ipxi ´ x̄qei,

â “ a ` pb ´ b̂qx̄ ` ē.

ŷi´yi “ pâ` b̂xiq´pa`bxi`eiq “ pb ´ b̂qx̄ ` ē`pb̂´bqxi´ei

... “ pb̂ ´ bqpxi ´ x̄q ´ pei ´ ēq.
p...q2 “ pb̂´ bq2pxi ´ x̄q2 ` pei ´ ēq2 ´2pb̂´ bqpxi ´ x̄qpei ´ ēq.
Q “ pb̂ ´ bq2ℓxx ` ř

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

ipei ´ ēq2 ´ ℓxxpb̂ ´ bq2.
ř

ipei ´ ēq2 “ ř
i e

2

i ´ rři
1?
n
eis2 “ ř

i e
2

i ´ rři a1ieis2.
ℓxxpb̂ ´ bq2 “ př

i
xi´x̄?
ℓxx

eiq2 “ př
i a2ieiq2.
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í�²�Ú. Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

b̂ “ b ` 1

ℓxx

ř
i pxi ´ x̄qpei ´ ēq “ b ` 1

ℓxx

ř
ipxi ´ x̄qei,

â “ a ` pb ´ b̂qx̄ ` ē.

ŷi´yi “ pâ` b̂xiq´pa`bxi`eiq “ pb ´ b̂qx̄ ` ē`pb̂´bqxi´ei

... “ pb̂ ´ bqpxi ´ x̄q ´ pei ´ ēq.
p...q2 “ pb̂´ bq2pxi ´ x̄q2 ` pei ´ ēq2 ´2pb̂´ bqpxi ´ x̄qpei ´ ēq.
Q “ pb̂ ´ bq2ℓxx ` ř

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

ipei ´ ēq2 ´ ℓxxpb̂ ´ bq2.
ř

ipei ´ ēq2 “ ř
i e

2

i ´ rři
1?
n
eis2 “ ř

i e
2

i ´ rři a1ieis2.
ℓxxpb̂ ´ bq2 “ př

i
xi´x̄?
ℓxx

eiq2 “ př
i a2ieiq2.

ř
i a

2

1i “ ř
i a

2

2i “ 1,
ř

i a1ia2i “ 0. Ö1���Ý
A.

pZ1, ¨ ¨ ¨ , ZnqT “ Ape1, ¨ ¨ ¨ , enqT d“ pe1, ¨ ¨ ¨ , enqT .1�Êg� §9.1, 9.2



í�²�Ú. Q “ řn
i“1

pyi ´ ŷiq2. K 1

σ2Q „ χ2pn ´ 2q.

b̂ “ b ` 1

ℓxx

ř
i pxi ´ x̄qpei ´ ēq “ b ` 1

ℓxx

ř
ipxi ´ x̄qei,

â “ a ` pb ´ b̂qx̄ ` ē.

ŷi´yi “ pâ` b̂xiq´pa`bxi`eiq “ pb ´ b̂qx̄ ` ē`pb̂´bqxi´ei

... “ pb̂ ´ bqpxi ´ x̄q ´ pei ´ ēq.
p...q2 “ pb̂´ bq2pxi ´ x̄q2 ` pei ´ ēq2 ´2pb̂´ bqpxi ´ x̄qpei ´ ēq.
Q “ pb̂ ´ bq2ℓxx ` ř

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

ipei ´ ēq2 ´ ℓxxpb̂ ´ bq2.
ř

ipei ´ ēq2 “ ř
i e

2

i ´ rři
1?
n
eis2 “ ř

i e
2

i ´ rři a1ieis2.
ℓxxpb̂ ´ bq2 “ př

i
xi´x̄?
ℓxx

eiq2 “ př
i a2ieiq2.

ř
i a

2

1i “ ř
i a

2

2i “ 1,
ř

i a1ia2i “ 0. Ö1���Ý
A.

pZ1, ¨ ¨ ¨ , ZnqT “ Ape1, ¨ ¨ ¨ , enqT d“ pe1, ¨ ¨ ¨ , enqT .
Q “ ř

i Z
2

i ´ Z2

1
´ Z2

2
“ řn

i“3
Z2

i .1�Êg� §9.1, 9.2



£8²�Ú: U “
řn

i“1
pŷi ´ ȳq2.

1�Êg� §9.1, 9.2



£8²�Ú: U “
řn

i“1
pŷi ´ ȳq2.

ŷi “ f̂pxiq, ȳ “ f̂px̄q. ŷi ´ ȳ “ b̂pxi ´ x̄q.
b̂ “ b ` 1

ℓxx

ř
ipxi ´ x̄qei.

1�Êg� §9.1, 9.2



£8²�Ú: U “
řn

i“1
pŷi ´ ȳq2.

ŷi “ f̂pxiq, ȳ “ f̂px̄q. ŷi ´ ȳ “ b̂pxi ´ x̄q.
b̂ “ b ` 1

ℓxx

ř
ipxi ´ x̄qei.

U “ b̂2ℓxx “ r
?
ℓxxb `

řn
i“1

a2ieis2 “ p
?
ℓxxb ` Z2q2.

1�Êg� §9.1, 9.2



£8²�Ú: U “
řn

i“1
pŷi ´ ȳq2.

ŷi “ f̂pxiq, ȳ “ f̂px̄q. ŷi ´ ȳ “ b̂pxi ´ x̄q.
b̂ “ b ` 1

ℓxx

ř
ipxi ´ x̄qei.

U “ b̂2ℓxx “ r
?
ℓxxb `

řn
i“1

a2ieis2 “ p
?
ℓxxb ` Z2q2.eb “ 0, K 1

σ2U “ Z2 „ χ2p1q, Ù¥Z „ Np0, 1q.

1�Êg� §9.1, 9.2



£8²�Ú: U “
řn

i“1
pŷi ´ ȳq2.

ŷi “ f̂pxiq, ȳ “ f̂px̄q. ŷi ´ ȳ “ b̂pxi ´ x̄q.
b̂ “ b ` 1

ℓxx

ř
ipxi ´ x̄qei.

U “ b̂2ℓxx “ r
?
ℓxxb `

řn
i“1

a2ieis2 “ p
?
ℓxxb ` Z2q2.eb “ 0, K 1

σ2U “ Z2 „ χ2p1q, Ù¥Z „ Np0, 1q.eb ‰ 0, 1

σ2U “ p 1

σ

?
ℓxxb ` Zq2.eZ „ Np0, 1q, KP p|Z ` c| ď lq ď P p|Z| ď lq.

Ub :“ p
?
ℓxxb ` Z2q2, U0 :“ Z2

2

P pUb ď l2q ď P pU0 ď l2q vs Ub ď l2 ñ U0 ď l2, @l.3,«¿Âe, U0 ď Ub.1�Êg� §9.1, 9.2


