
y “ fpxq ` e, fpxq “ a ` bx.����[ÜXê!��q,�O!�`�5� �O:

â “ ȳ ´ b̂x̄, b̂ “
řn

i“1pxi´x̄qpyi´ȳq
řn

i“1pxi´x̄q2 “ ℓxy
ℓxx

.í�²�Ú: Q “ řn
i“1

pyi ´ ŷiq2 “ řn
i“3

Z2
i ,£8²�Ú: U “ ř

ipŷi ´ ȳq2 “ p
?
ℓxxb ` Z2q2,

1

σ2Q „ χ2pn ´ 2q, 1

σ2U0 „ χ2p1q, 3,«¿Âe, U0 ď Ub.
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y “ fpxq ` e, fpxq “ a ` bx.����[ÜXê!��q,�O!�`�5� �O:

â “ ȳ ´ b̂x̄, b̂ “
řn

i“1pxi´x̄qpyi´ȳq
řn

i“1pxi´x̄q2 “ ℓxy
ℓxx

.í�²�Ú: Q “ řn
i“1

pyi ´ ŷiq2 “ řn
i“3

Z2
i ,£8²�Ú: U “ ř

ipŷi ´ ȳq2 “ p
?
ℓxxb ` Z2q2,

1

σ2Q „ χ2pn ´ 2q, 1

σ2U0 „ χ2p1q, 3,«¿Âe, U0 ď Ub.

Q �U �pÕá.
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y “ fpxq ` e, fpxq “ a ` bx.����[ÜXê!��q,�O!�`�5� �O:

â “ ȳ ´ b̂x̄, b̂ “
řn

i“1pxi´x̄qpyi´ȳq
řn

i“1pxi´x̄q2 “ ℓxy
ℓxx

.í�²�Ú: Q “ řn
i“1

pyi ´ ŷiq2 “ řn
i“3

Z2
i ,£8²�Ú: U “ ř

ipŷi ´ ȳq2 “ p
?
ℓxxb ` Z2q2,

1

σ2Q „ χ2pn ´ 2q, 1

σ2U0 „ χ2p1q, 3,«¿Âe, U0 ď Ub.

Q �U �pÕá.�*: Q,U, ℓyy “ ř

ipyi ´ ȳq2 Ñ´Np0, ˚q �²�Ú.

ℓyy: gdÝǑn ´ 1 (1��å^�ř

ipyi ´ ȳq “ 0).

U : gdÝ(�ê)Ǒ1, ŷi ´ ȳ “ b̂pxi ´ x̄q.
Q “ ℓyy ´ U : gdÝǑpn ´ 1q ´ 1 “ n ´ 2.1��g� §9.3, 10.1



b�u�¯KH0 : b “ 0 Ø H1 : b ‰ 0.
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b�u�¯KH0 : b “ 0 Ø H1 : b ‰ 0.Ä½H0, KL²y �x �mk�5�6'X.
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b�u�¯KH0 : b “ 0 Ø H1 : b ‰ 0.Ä½H0, KL²y �x �mk�5�6'X.eH0 ¤á, K 1

σ2Q „ χ2pn ´ 2q, 1

σ2U „ χ2p1q,
U

Q{pn´2q „ F p1, n ´ 2q.Ä½�: W “ tp~x, ~yq : U
Q{pn´2qąλu.3,«¿Âe, U0 ď Ub.
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b�u�¯KH0 : b “ 0 Ø H1 : b ‰ 0.Ä½H0, KL²y �x �mk�5�6'X.eH0 ¤á, K 1

σ2Q „ χ2pn ´ 2q, 1

σ2U „ χ2p1q,
U

Q{pn´2q „ F p1, n ´ 2q.Ä½�: W “ tp~x, ~yq : U
Q{pn´2qąλu.3,«¿Âe, U0 ď Ub.�âY²α ÀJλ. P pF1,n´2 ą λq “ α.

1��g� §9.3, 10.1



~2.1. �âÑ:ãïá¼ê'Xy “ eaebx,=£8'Xªz “ log y “ a ` bx ` e.

x “ 5��Uê, y “ 7í3þ.
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~2.1. �âÑ:ãïá¼ê'Xy “ eaebx,=£8'Xªz “ log y “ a ` bx ` e.

x “ 5��Uê, y “ 7í3þ.

n “ 7, êâpxi, yi Ñ zi “ log yiq, i “ 1, ¨ ¨ ¨ , 7.
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~2.1. �âÑ:ãïá¼ê'Xy “ eaebx,=£8'Xªz “ log y “ a ` bx ` e.

x “ 5��Uê, y “ 7í3þ.

n “ 7, êâpxi, yi Ñ zi “ log yiq, i “ 1, ¨ ¨ ¨ , 7.�x̄, z̄; b̂ “ ℓxz
ℓxx

, â “ z̄ ´ b̂x̄.±9ẑi “ â ` b̂xi.
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~2.1. �âÑ:ãïá¼ê'Xy “ eaebx,=£8'Xªz “ log y “ a ` bx ` e.

x “ 5��Uê, y “ 7í3þ.

n “ 7, êâpxi, yi Ñ zi “ log yiq, i “ 1, ¨ ¨ ¨ , 7.�x̄, z̄; b̂ “ ℓxz
ℓxx

, â “ z̄ ´ b̂x̄.±9ẑi “ â ` b̂xi.�í�²�Ú: Q “ ř

ipzi ´ ẑiq2�£8²�Ú: U “ ř

ipẑi ´ z̄q2.
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~2.1. �âÑ:ãïá¼ê'Xy “ eaebx,=£8'Xªz “ log y “ a ` bx ` e.

x “ 5��Uê, y “ 7í3þ.

n “ 7, êâpxi, yi Ñ zi “ log yiq, i “ 1, ¨ ¨ ¨ , 7.�x̄, z̄; b̂ “ ℓxz
ℓxx

, â “ z̄ ´ b̂x̄.±9ẑi “ â ` b̂xi.�í�²�Ú: Q “ ř

ipzi ´ ẑiq2�£8²�Ú: U “ ř

ipẑi ´ z̄q2.�âP pF1,n´2 “ F1,5 ą λq “ α “ 0.05, �L�λ “ 6.61.
U

Q{pn´2q “ 344.82 ą λ Ä½H0, r���z �5�6ux.
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~2.1. �âÑ:ãïá¼ê'Xy “ eaebx,=£8'Xªz “ log y “ a ` bx ` e.

x “ 5��Uê, y “ 7í3þ.

n “ 7, êâpxi, yi Ñ zi “ log yiq, i “ 1, ¨ ¨ ¨ , 7.�x̄, z̄; b̂ “ ℓxz
ℓxx

, â “ z̄ ´ b̂x̄.±9ẑi “ â ` b̂xi.�í�²�Ú: Q “ ř

ipzi ´ ẑiq2�£8²�Ú: U “ ř

ipẑi ´ z̄q2.�âP pF1,n´2 “ F1,5 ą λq “ α “ 0.05, �L�λ “ 6.61.
U

Q{pn´2q “ 344.82 ą λ Ä½H0, r���z �5�6ux.gSã9.9.2 „ 9.2.5.1��g� §9.3, 10.1



§9.3 õ��5£8
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§9.3 õ��5£8¼ê'X: y “ a ` b1x1 ` ¨ ¨ ¨ ` bpxp ` e “ a ` xb ` e.

x “ px1, ¨ ¨ ¨ , xpq 1�þ, b “ pb1, ¨ ¨ ¨ , bpqT ��þ.
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§9.3 õ��5£8¼ê'X: y “ a ` b1x1 ` ¨ ¨ ¨ ` bpxp ` e “ a ` xb ` e.

x “ px1, ¨ ¨ ¨ , xpq 1�þ, b “ pb1, ¨ ¨ ¨ , bpqT ��þ.êâ: yi; xi “ pxi1, ¨ ¨ ¨ , xipq, i “ 1, ¨ ¨ ¨ , n.þ�: ȳ; x̄ “ 1

n

řn
i“1

xi.
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§9.3 õ��5£8¼ê'X: y “ a ` b1x1 ` ¨ ¨ ¨ ` bpxp ` e “ a ` xb ` e.

x “ px1, ¨ ¨ ¨ , xpq 1�þ, b “ pb1, ¨ ¨ ¨ , bpqT ��þ.êâ: yi; xi “ pxi1, ¨ ¨ ¨ , xipq, i “ 1, ¨ ¨ ¨ , n.þ�: ȳ; x̄ “ 1

n

řn
i“1

xi.£8�.: yi “ a ` xib ` ei, e1, ¨ ¨ ¨ , en „ i.i.d. Np0, σ2q.
y “ a~1 ` Xb ` e, Ù¥y “ pyiqnˆ1, X “ pxijqnˆp.
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§9.3 õ��5£8¼ê'X: y “ a ` b1x1 ` ¨ ¨ ¨ ` bpxp ` e “ a ` xb ` e.

x “ px1, ¨ ¨ ¨ , xpq 1�þ, b “ pb1, ¨ ¨ ¨ , bpqT ��þ.êâ: yi; xi “ pxi1, ¨ ¨ ¨ , xipq, i “ 1, ¨ ¨ ¨ , n.þ�: ȳ; x̄ “ 1

n

řn
i“1

xi.£8�.: yi “ a ` xib ` ei, e1, ¨ ¨ ¨ , en „ i.i.d. Np0, σ2q.
y “ a~1 ` Xb ` e, Ù¥y “ pyiqnˆ1, X “ pxijqnˆp.����!�`(½n3.1,3.3):

â “ ȳ ´ b̂x̄ ÝÑ ȳ ´ Xb̂,

b̂ “ 1

ℓxx
ℓxy ÝÑ pX̃T X̃q´1X̃T ỹ “ pX̃T X̃q´1X̃Ty,

x̃i “ xi ´ x̄, ỹ “ y ´ ȳ1. X̃T1 “ 0.1��g� §9.3, 10.1



§9.3 õ��5£8¼ê'X: y “ a ` b1x1 ` ¨ ¨ ¨ ` bpxp ` e “ a ` xb ` e.

x “ px1, ¨ ¨ ¨ , xpq 1�þ, b “ pb1, ¨ ¨ ¨ , bpqT ��þ.êâ: yi; xi “ pxi1, ¨ ¨ ¨ , xipq, i “ 1, ¨ ¨ ¨ , n.þ�: ȳ; x̄ “ 1

n

řn
i“1

xi.£8�.: yi “ a ` xib ` ei, e1, ¨ ¨ ¨ , en „ i.i.d. Np0, σ2q.
y “ a~1 ` Xb ` e, Ù¥y “ pyiqnˆ1, X “ pxijqnˆp.����!�`(½n3.1,3.3):

â “ ȳ ´ b̂x̄ ÝÑ ȳ ´ Xb̂,

b̂ “ 1

ℓxx
ℓxy ÝÑ pX̃T X̃q´1X̃T ỹ “ pX̃T X̃q´1X̃Ty,

x̃i “ xi ´ x̄, ỹ “ y ´ ȳ1. X̃T1 “ 0.

b̂ “ pX̃T X̃q´1X̃TXb ` pX̃T X̃q´1X̃Te1��g� §9.3, 10.1



b�u�H0 : b “ 0 Ø H1 : b ‰ 0.
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b�u�H0 : b “ 0 Ø H1 : b ‰ 0.

ŷi ´ ȳ “ b̂pxi ´ x̄q ÝÑ pxi ´ x̄qb̂
U “ řn

i“1
pŷi ´ ȳq2 “ řn

i“1
ppxi ´ x̄qb̂q2 “ }X̃b̂}2.gdÝ(�ê)Ǒp: ŷi ´ ȳ “ řp

j“1
b̂jpxij ´ px̄qjq.
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b�u�H0 : b “ 0 Ø H1 : b ‰ 0.

ŷi ´ ȳ “ b̂pxi ´ x̄q ÝÑ pxi ´ x̄qb̂
U “ řn

i“1
pŷi ´ ȳq2 “ řn

i“1
ppxi ´ x̄qb̂q2 “ }X̃b̂}2.gdÝ(�ê)Ǒp: ŷi ´ ȳ “ řp

j“1
b̂jpxij ´ px̄qjq.

1

σ2U
H0„ χ2ppq.

X̃b̂
H0“ X̃pX̃T X̃q´1X̃Te.

1

σ2EU “ TrpX̃pX̃T X̃q´1X̃T X̃pX̃T X̃q´1X̃T q “
TrppX̃T X̃q´1X̃T X̃pX̃T X̃q´1

pˆppX̃T X̃qpˆpq “ TrpIqpˆp “ p.

1��g� §9.3, 10.1



b�u�H0 : b “ 0 Ø H1 : b ‰ 0.

ŷi ´ ȳ “ b̂pxi ´ x̄q ÝÑ pxi ´ x̄qb̂
U “ řn

i“1
pŷi ´ ȳq2 “ řn

i“1
ppxi ´ x̄qb̂q2 “ }X̃b̂}2.gdÝ(�ê)Ǒp: ŷi ´ ȳ “ řp

j“1
b̂jpxij ´ px̄qjq.

1

σ2U
H0„ χ2ppq.

X̃b̂
H0“ X̃pX̃T X̃q´1X̃Te.

1

σ2EU “ TrpX̃pX̃T X̃q´1X̃T X̃pX̃T X̃q´1X̃T q “
TrppX̃T X̃q´1X̃T X̃pX̃T X̃q´1

pˆppX̃T X̃qpˆpq “ TrpIqpˆp “ p.

1

σ2Q „ χ2pn ´ 1 ´ pq.
yi ´ ŷi “ pyi ´ ȳq ´ pŷi ´ ȳq “ ỹi ´ pxi ´ x̄qb̂.
Q “ řn

i“1
pyi ´ ŷiq2 “ }ỹ ´ X̃b̂}2.
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b�u�H0 : b “ 0 Ø H1 : b ‰ 0.

ŷi ´ ȳ “ b̂pxi ´ x̄q ÝÑ pxi ´ x̄qb̂
U “ řn

i“1
pŷi ´ ȳq2 “ řn

i“1
ppxi ´ x̄qb̂q2 “ }X̃b̂}2.gdÝ(�ê)Ǒp: ŷi ´ ȳ “ řp

j“1
b̂jpxij ´ px̄qjq.

1

σ2U
H0„ χ2ppq.

X̃b̂
H0“ X̃pX̃T X̃q´1X̃Te.

1

σ2EU “ TrpX̃pX̃T X̃q´1X̃T X̃pX̃T X̃q´1X̃T q “
TrppX̃T X̃q´1X̃T X̃pX̃T X̃q´1

pˆppX̃T X̃qpˆpq “ TrpIqpˆp “ p.

1

σ2Q „ χ2pn ´ 1 ´ pq.
yi ´ ŷi “ pyi ´ ȳq ´ pŷi ´ ȳq “ ỹi ´ pxi ´ x̄qb̂.
Q “ řn

i“1
pyi ´ ŷiq2 “ }ỹ ´ X̃b̂}2.
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b�u�H0 : b “ 0 Ø H1 : b ‰ 0.

ŷi ´ ȳ “ b̂pxi ´ x̄q ÝÑ pxi ´ x̄qb̂
U “ řn

i“1
pŷi ´ ȳq2 “ řn

i“1
ppxi ´ x̄qb̂q2 “ }X̃b̂}2.gdÝ(�ê)Ǒp: ŷi ´ ȳ “ řp

j“1
b̂jpxij ´ px̄qjq.

1

σ2U
H0„ χ2ppq.

X̃b̂
H0“ X̃pX̃T X̃q´1X̃Te.

1

σ2EU “ TrpX̃pX̃T X̃q´1X̃T X̃pX̃T X̃q´1X̃T q “
TrppX̃T X̃q´1X̃T X̃pX̃T X̃q´1

pˆppX̃T X̃qpˆpq “ TrpIqpˆp “ p.

1

σ2Q „ χ2pn ´ 1 ´ pq.
yi ´ ŷi “ pyi ´ ȳq ´ pŷi ´ ȳq “ ỹi ´ pxi ´ x̄qb̂.
Q “ řn

i“1
pyi ´ ŷiq2 “ }ỹ ´ X̃b̂}2.

U{p
Q{pn´p´1q

H0„ F pp, n ´ p ´ 1q.Ä½�: W “ t U{p
Q{pn´p´1q ą λu, Ù¥P pFp,n´p´1 ą λq “ α.1��g� §9.3, 10.1



§10.1 ÚOûü¯KVã~1.1. θ1�, θ2�; a1�3, a2��, a3?n.
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§10.1 ÚOûü¯KVã~1.1. θ1�, θ2�; a1�3, a2��, a3?n.

G�: θ “ θ1 ½θ2.
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§10.1 ÚOûü¯KVã~1.1. θ1�, θ2�; a1�3, a2��, a3?n.

G�: θ “ θ1 ½θ2.1Ä: a1, a2, a3. 1Ä�mA “ ta1, a2, a3u.
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§10.1 ÚOûü¯KVã~1.1. θ1�, θ2�; a1�3, a2��, a3?n.

G�: θ “ θ1 ½θ2.1Ä: a1, a2, a3. 1Ä�mA “ ta1, a2, a3u.��: 'XLpθ1, a2q “ 10: XJ´�"�, ��§, ��Ǒ10.
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§10.1 ÚOûü¯KVã~1.1. θ1�, θ2�; a1�3, a2��, a3?n.

G�: θ “ θ1 ½θ2.1Ä: a1, a2, a3. 1Ä�mA “ ta1, a2, a3u.��: 'XLpθ1, a2q “ 10: XJ´�"�, ��§, ��Ǒ10.�A�âθ æ�1Ä��L ��, �´θ Ø�*ÿ!1��g� §9.3, 10.1



§10.1 ÚOûü¯KVã~1.1. θ1�, θ2�; a1�3, a2��, a3?n.

G�: θ “ θ1 ½θ2.1Ä: a1, a2, a3. 1Ä�mA “ ta1, a2, a3u.��: 'XLpθ1, a2q “ 10: XJ´�"�, ��§, ��Ǒ10.�A�âθ æ�1Ä��L ��, �´θ Ø�*ÿ!��: X “ 1(�~); X “ 0(u5). �*ÿ. �âx æ�1Ä.1��g� §9.3, 10.1



§10.1 ÚOûü¯KVã~1.1. θ1�, θ2�; a1�3, a2��, a3?n.

G�: θ “ θ1 ½θ2.1Ä: a1, a2, a3. 1Ä�mA “ ta1, a2, a3u.��: 'XLpθ1, a2q “ 10: XJ´�"�, ��§, ��Ǒ10.�A�âθ æ�1Ä��L ��, �´θ Ø�*ÿ!��: X “ 1(�~); X “ 0(u5). �*ÿ. �âx æ�1Ä.

X �θ k': X „ Pθ.1��g� §9.3, 10.1



ûü�ºx.
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ûü�ºx.ûü¼ê: �â*ÿ�æ�1Ä.X: δ7 “ eu5Ka3 “ ?n, e�~Ka1 “ �3.

z�X �*ÿ�x, k3«�À1Ä. Ïd, �3 ˆ 3 �ûü.
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ûü�ºx.ûü¼ê: �â*ÿ�æ�1Ä.X: δ7 “ eu5Ka3 “ ?n, e�~Ka1 “ �3.

z�X �*ÿ�x, k3«�À1Ä. Ïd, �3 ˆ 3 �ûü.ºx¼ê: ûü�5�²þ��.

Pθ: Pθ1“�pX “ 0 “u5q “ 0.3, Pθ2pX “ 0q “ 0.6.X: Rpθ1, δ2q “ Pθ1pX “ 0qLpθ1, a1q ` Pθ1pX “ 1qLpθ1, a2q
“ 0.3 ˆ 0 ` 0.7 ˆ 10 “ 7.1��g� §9.3, 10.1



ûü�`�:
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ûü�`�:

Ø�NN�: Xδ2.

Rpθ, δ2q ě Rpθ, δ4q, @θ, ��3î�Ø�Ò.
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ûü�`�:

Ø�NN�: Xδ2.

Rpθ, δ2q ě Rpθ, δ4q, @θ, ��3î�Ø�Ò.T~KØ�3���`�δ: é?¿δ̃ Ñk
Rpθ, δ̃q ě Rpθ, δq, @θ.

1��g� §9.3, 10.1



ûü�`�:

Ø�NN�: Xδ2.

Rpθ, δ2q ě Rpθ, δ4q, @θ, ��3î�Ø�Ò.T~KØ�3���`�δ: é?¿δ̃ Ñk
Rpθ, δ̃q ě Rpθ, δq, @θ.4�4�OK: Àδ4 ��Ù��ºx5.4 ´���.1��g� §9.3, 10.1



��dûü.
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��dûü.òθ ÀǑ�Å�: X, b�,"�“�”�VÇǑ0.7,k�©Ù: πpθ1q “ 0.7, πpθ2q “ 0.3.
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��dûü.òθ ÀǑ�Å�: X, b�,"�“�”�VÇǑ0.7,k�©Ù: πpθ1q “ 0.7, πpθ2q “ 0.3.²þºx: πpθ1qRpθ1, δq ` πpθ2qRpθ2, δq.
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��dûü.òθ ÀǑ�Å�: X, b�,"�“�”�VÇǑ0.7,k�©Ù: πpθ1q “ 0.7, πpθ2q “ 0.3.²þºx: πpθ1qRpθ1, δq ` πpθ2qRpθ2, δq.

ÀJδ7, ��²þºx����.
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���/.
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���/.G�(�m): θ P Θ.1Ä(�m): a P A.��¼ê: Lpθ, aq.
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���/.G�(�m): θ P Θ.1Ä(�m): a P A.��¼ê: Lpθ, aq.��(�m): X „ Pθ, ��x P X .üÑ¼ê: δ : X Ñ A, δpxq “ a.ºx¼ê: Rpθ, δq “ EθLpθ, δpXqq, a “ δpXq.
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���/.G�(�m): θ P Θ.1Ä(�m): a P A.��¼ê: Lpθ, aq.��(�m): X „ Pθ, ��x P X .üÑ¼ê: δ : X Ñ A, δpxq “ a.ºx¼ê: Rpθ, δq “ EθLpθ, δpXqq, a “ δpXq.4�4�OK:ÀJδ˚ ��maxθPΘ Rpθ, δq 3δ “ δ˚ ����.
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���/.G�(�m): θ P Θ.1Ä(�m): a P A.��¼ê: Lpθ, aq.��(�m): X „ Pθ, ��x P X .üÑ¼ê: δ : X Ñ A, δpxq “ a.ºx¼ê: Rpθ, δq “ EθLpθ, δpXqq, a “ δpXq.4�4�OK:ÀJδ˚ ��maxθPΘ Rpθ, δq 3δ “ δ˚ ����.��dûü:òθ ÀǑ��uΘ ��ÅCþ, ©ÙǑπ.ÀJδ˚ ��EπRpθ, δq 3δ “ δ˚ ����.1��g� §9.3, 10.1


