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4.1.1 ^��{

^��{

��©Ù π(θ|x) ´3�� x �½e θ �^�©Ù§Äu�
�©Ù�ÚOíäÒ¿�X��Ä®Ñy�êâ (��*ÿ
�), 
@��Ñy�êâ�íäÃ'§ù�­��*:�¡
�/^�*:0§Äuù«*:JÑ�ÚOíä�{�¡�

/^��{0.

§�·�ÙG�/ªÇ�{0�mäké���O. ~X§
3é�Oþ�Ã 5�@£þ§²;ÚOÆ@�ëê θ �
Ã �O θ̂(X) A÷v E [θ̂(X)] =

∫
X θ̂(x)p(x|θ)dx = θ, Ù

¥²þ´é���m¥¤k�UÑy���
¦�§�¢S

¥���m¥ý�õê��ÿ�ÑyL§$�­Eêzg�

Ø¬Ñy�����3µd�Oþ θ̂ �Ð�¥Ó�R�/,
Û¹3¢S¥Ø��Oþ�¦^�g½Ag§
õêl�Ñ

y�����ë�²þ§´¦¢Só�öJun)�§ù´

/ªÇ�{0�":. ùÒ´��d�{¥�/^�*:0.
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4.1.2 ��d:�O

��d:�O�{

k
��©Ù�, �l��©ÙÑu, U²;�{ (^��©
Ù�OÏ~���©Ù) ¦��ëê θ �:�OX��¯ê
�O!��¥ ê�OÚ��Ï"�O�, Ù½ÂXeµ

½Â 4.1.1 ¦���Ý π(θ|x) ����� θ ���� θ �
�Oþ§¡���¯ê�O, �¡�2Â4�q,�O½�
�4�q,�O, P� θ̂MD¶^��©Ù�¥ ê�� θ �
�Oþ, ¡� θ ���¥ ê�O§P� θ̂ME¶^��©Ù

�Ï"�� θ ��Oþ§¡���Ï"�O, P� θ̂E . n�
�OÑ¡���d�O, 3Ø¬Úå· ��¹eþãn�
�O�^ θ̂B 5P.

5 4.1.1 ��|Üeùn«�O´ØÓ�, �����Ý�
ü¸é¡�, θ �þãn«��d�O­Ü. ¦^���âI
�À^Ù¥��«. ��5`, �k�©Ù��Ýk��, ¦
þãn«�O'�N´.



��dÚO

4.1 ��d:�O

4.1.2 ��d:�O

��d:�O�{

k
��©Ù�, �l��©ÙÑu, U²;�{ (^��©
Ù�OÏ~���©Ù) ¦��ëê θ �:�OX��¯ê
�O!��¥ ê�OÚ��Ï"�O�, Ù½ÂXeµ

½Â 4.1.1 ¦���Ý π(θ|x) ����� θ ���� θ �
�Oþ§¡���¯ê�O, �¡�2Â4�q,�O½�
�4�q,�O, P� θ̂MD¶^��©Ù�¥ ê�� θ �
�Oþ, ¡� θ ���¥ ê�O§P� θ̂ME¶^��©Ù

�Ï"�� θ ��Oþ§¡���Ï"�O, P� θ̂E . n�
�OÑ¡���d�O, 3Ø¬Úå· ��¹eþãn�
�O�^ θ̂B 5P.

5 4.1.1 ��|Üeùn«�O´ØÓ�, �����Ý�
ü¸é¡�, θ �þãn«��d�O­Ü. ¦^���âI
�À^Ù¥��«. ��5`, �k�©Ù��Ýk��, ¦
þãn«�O'�N´.



��dÚO

4.1 ��d:�O

4.1.2 ��d:�O

��d:�O�{

k
��©Ù�, �l��©ÙÑu, U²;�{ (^��©
Ù�OÏ~���©Ù) ¦��ëê θ �:�OX��¯ê
�O!��¥ ê�OÚ��Ï"�O�, Ù½ÂXeµ

½Â 4.1.1 ¦���Ý π(θ|x) ����� θ ���� θ �
�Oþ§¡���¯ê�O, �¡�2Â4�q,�O½�
�4�q,�O, P� θ̂MD¶^��©Ù�¥ ê�� θ �
�Oþ, ¡� θ ���¥ ê�O§P� θ̂ME¶^��©Ù

�Ï"�� θ ��Oþ§¡���Ï"�O, P� θ̂E . n�
�OÑ¡���d�O, 3Ø¬Úå· ��¹eþãn�
�O�^ θ̂B 5P.

5 4.1.1 ��|Üeùn«�O´ØÓ�, �����Ý�
ü¸é¡�, θ �þãn«��d�O­Ü. ¦^���âI
�À^Ù¥��«. ��5`, �k�©Ù��Ýk��, ¦
þãn«�O'�N´.



��dÚO

4.1 ��d:�O

4.1.2 ��d:�O

~f

~ 4.1.1 � X = (X1, · · · ,Xn) ´l��oN N(θ, σ2) ¥
Ä��{ü��, Ù¥ σ2 ®�. � θ �k���Ýk�©
Ù N(µ, τ2), ¦ θ ���d�O.

~ 4.1.2 ��O�¬ØÜ�¬Ç θ, 8l�1�¬¥�ÅÄ
� n �u�, Ù¥ØÜ�¬ê X ∼ B(n, θ), e� θ �k�©
Ù� Be(1, 1), = θ �k�©Ù� (0, 1) þ�þ!©Ù§¿
b½ x = 0, ¦ θ ���¥ ê�O.

~ 4.1.3 ��ÅCþ X ∼ f (x |θ) = e−(x−θ), θ < x <∞, d
? −∞ < θ < +∞ � �ëê§� θ �k�©Ù��Ü©
Ù C (0, 1), =k��Ý π(θ) = 1

π(1+θ2)
,−∞ < θ < +∞, ¦ θ

���¯ê�O.
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4.1 ��d:�O

4.1.3 ��d:�O�°Ý-�O�Ø�

��d:�O�°Ý–�O�Ø�∗

3²;�{¥ïþ���Oþ�`�wÙþ�Ø� (MSE)
���, þ�Ø����Ð. é��d�O δ(x), ïþ`�^
Xe½Â���þ�Ø� ({P�PMSE)

PMSE (δ(x)) = Eθ|x [(θ − δ(x))2]

5Ýþ�Oþ�°Ý, PMSE ���Ð.

AOe δ(x) = E (θ|x) �, K δ(x) � PMSE =����, =

PMSE (δ(x)) = Eθ|x [(θ − δ(x))2] = D(θ|x).

P θ ���þ� E (θ|x) = µπ(x),���� V π(x) = D(θ|x),
K PMSE ����� V π(x) �'XXe:

PMSE (δ(x))=Eθ|x [(θ − µπ(x)) + (µπ(x)− δ(x))]2

=V π(x) + (µπ(x)− δ(x))2 ≥ V π(x).

��Ò¤á�¿�^�´ δ(x) = µπ(x), = θ ���Ï"�
O¦ PMSE ����.



��dÚO

4.1 ��d:�O

4.1.3 ��d:�O�°Ý-�O�Ø�

��d:�O�°Ý–�O�Ø�∗

3²;�{¥ïþ���Oþ�`�wÙþ�Ø� (MSE)
���, þ�Ø����Ð. é��d�O δ(x), ïþ`�^
Xe½Â���þ�Ø� ({P�PMSE)

PMSE (δ(x)) = Eθ|x [(θ − δ(x))2]

5Ýþ�Oþ�°Ý, PMSE ���Ð.

AOe δ(x) = E (θ|x) �, K δ(x) � PMSE =����, =

PMSE (δ(x)) = Eθ|x [(θ − δ(x))2] = D(θ|x).

P θ ���þ� E (θ|x) = µπ(x),���� V π(x) = D(θ|x),
K PMSE ����� V π(x) �'XXe:

PMSE (δ(x))=Eθ|x [(θ − µπ(x)) + (µπ(x)− δ(x))]2

=V π(x) + (µπ(x)− δ(x))2 ≥ V π(x).

��Ò¤á�¿�^�´ δ(x) = µπ(x), = θ ���Ï"�
O¦ PMSE ����.



��dÚO

4.1 ��d:�O

4.1.3 ��d:�O�°Ý-�O�Ø�

��d:�O�°Ý–�O�Ø�∗

3²;�{¥ïþ���Oþ�`�wÙþ�Ø� (MSE)
���, þ�Ø����Ð. é��d�O δ(x), ïþ`�^
Xe½Â���þ�Ø� ({P�PMSE)

PMSE (δ(x)) = Eθ|x [(θ − δ(x))2]

5Ýþ�Oþ�°Ý, PMSE ���Ð.

AOe δ(x) = E (θ|x) �, K δ(x) � PMSE =����, =

PMSE (δ(x)) = Eθ|x [(θ − δ(x))2] = D(θ|x).

P θ ���þ� E (θ|x) = µπ(x),���� V π(x) = D(θ|x),
K PMSE ����� V π(x) �'XXe:

PMSE (δ(x))=Eθ|x [(θ − µπ(x)) + (µπ(x)− δ(x))]2

=V π(x) + (µπ(x)− δ(x))2 ≥ V π(x).

��Ò¤á�¿�^�´ δ(x) = µπ(x), = θ ���Ï"�
O¦ PMSE ����.



��dÚO

4.1 ��d:�O

4.1.3 ��d:�O�°Ý-�O�Ø�

~f

��Ï"�O´3 PMSE OKe��`�O. ùÒ´��o
S.þ3��¯ê�O!��¥ ê�OÚ��Ï"�Où

n«�O¥~���Ï" µπ(x) �� θ ���d�O.

~ 4.1.4 � X ∼ N(θ, σ2), σ2 ®�, � X = (X1, · · · , Xn) ´
l��oN X ¥Ä���Å��.

(1) e θ �k�©Ù�Ã&Ek� π(θ) ≡ 1, ¦ θ ���Ï
"�O9Ù����.

(2) e� θ �k�©Ù��Ýk�§= π(θ) ∼ N(µ, τ2),
¦ θ ���Ï"�O θ̂E ��� V π(x), ¿òÙ� θ �²;
�O δ(x) = x̄ � PMSE ?1'�.
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4.1.4 ��d:�O�A�~f

��d:�O�A�~f

~ 4.1.5 ��O�¬ØÜ�¬Ç θ, 8l�1�¬¥�ÅÄ
� n �u�, u�(J� X1, · · · ,Xn, Ù¥ Xi = 1 L«ÄÑ
�1 i �ØÜ�, Xi = 0 L«ÄÑ�1 i �Ü�, ØÜ�¬

ê X =
n∑

i=1
Xi ∼ B(n, θ). e� θ �k�©Ù� Be(α, β).

(1) ¦�A�~f θ ���Ï"�O9Ù����.

(2) � α = β = 1 �§¦ θ ���Ï"�OÚ��¯ê�
O§¿òùü��O?1'�.

(3) � α = β = 1 �§¦ θ ���Ï"�OÚ��¯ê�O
�����½��þ�Ø�§¿òÙ?1'�.

´� θ ���¯ê�O�

θ̂MD =
(X + α)− 1

(X + α) + (n − X + β)− 2
=

X + α− 1

n + α + β − 2
;
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θ ���Ï"�O�

θ̂E =
X + α

n + α + β
.

�k�©Ù� α = 1, β = 1, K π(θ) ´þ!©Ù U(0, 1) �
k

θ̂MD = X
/
n, θ̂E = (X + 1)

/
(n + 2).

éü��O�Xe`²: (i) θ���¯ê�O (=2Â MLE)
Ò´²;ÚOÆ¥� MLE, =�Ã&Ek�©Ù U(0, 1) e
���d�O. ��dÆ�éù«y��w{´: ?Û¦^
²;ÚO�{�<Ñgú½Øgú/¦^��d�{, =²
;ÚO�{e�Nõ�Oþ´AÏk�©Ùe���d�

O. (ii) θ ���Ï"�O�'��¯ê�Ü·�
, e¡�
Ño�AÏÁ�(J:
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��d:�O�A�~f
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4.1.4 ��d:�O�A�~f

��d:�O�A�~f

L 4.1.1 ØÜ�¬Ç θ �ü«��d�O�'�L

Á�Ò ��þ n ØÜ�¬ê x θ̂MD = x/n θ̂E = (x + 1)/(n + 2)
1 3 0 0 0.200
2 10 0 0 0.083
3 3 3 1 0.800
4 10 10 1 0.917

1 ÒÁ�� 2 ÒÁ��Ä 3 �� 10 �, Ù¥vk��Ü�,
ùü�¯3<�%8¥3e�<�´ØÓ�, �ö��þ�
'cö�&�L. � θ̂MD �� 0, w«ØÑ�ö��O, 
 θ̂E

�w«Ñ�ö��O.
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��d:�O�A�~f
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�Ó, ���d�O θ̂E w«Ñ�éu²;�O�`:.

���: �� θ ��O, ��Ï"�O~`u��¯ê�O.

e�k�©Ù π(θ) � U(0, 1), K θ ���©Ù��©©
Ù Be(x + 1, n − x + 1), ´� θ̂E ������

V π(x) =
(x + 1)(n − x + 1)

(n + 2)2(n + 3)
,
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4.1.4 ��d:�O�A�~f

��d:�O�A�~f

θ̂MD ���þ�Ø��

PMSE (θ̂MD) = V π(x) + (θ̂MD − θ̂E )2

=
(x + 1)(n − x + 1)

(n + 2)2(n + 3)
+

(
x + 1

n + 2
− x

n

)2

≥ V π(x).

L 4.1.2 ´�â 4 é (n, x) ����� θ̂E Ú θ̂MD ����

�Ú��þ�Ø���:

L 4.1.2 θ̂E Ú θ̂MD �����Ú��þ�Ø�

n x θ̂E V π(x) θ̂MD PMSE

3 0 1/5 0.02667 0 0.06667
10 0 1/12 0.00588 0 0.01282
10 1 2/12 0.01068 1/10 0.01512
20 1 2/22 0.00359 1/20 0.00527
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4.1 ��d:�O

4.1.4 ��d:�O�A�~f

��d:�O�A�~f

lL 4.1.2 ¥����Ï"�O� V π(x) �u��¯ê�O
� PMSE§ddL�����þ�O\k|u����Ú�
�þ�Ø��~�.

~ 4.1.6 � X1, · · · ,Xn iid∼ f (x |θ) = θ−1 exp{−x/θ}, x > 0,
θ > 0, �*	�c r ��� X(1) ≤ X(2) ≤ · · · ≤ X(r) �ÒÊ

�§d? X(1) ≤ X(2) ≤ · · · ≤ X(n) ��� X1, · · · ,Xn �gS

ÚOþ§� θ �k�©Ù�Ã&Ek� π(θ) = 1/θ, θ > 0,
¦��5¼ê R(s) = P(X ≥ s) = e−

s
θ , s > 0 ���Ï"�

O9Ù����.

e¡�~f�Ñ
��©ÙÚk�©ÙÑ´lÑ©Ù�§X

Û¦��d�O.
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��d:�O�A�~f
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4.1 ��d:�O

4.1.4 ��d:�O�A�~f

lÑ�/�~f

~ 4.1.7 ��1�¬ØÜ�Ç� θ, u�´�����/?
1§��uy1��ØÜ��¬ÒÊ�u�. � X �uy
1��ØÜ�¬�®u���¬ê, K X ÑlAÛ©Ù. b
�ëê θ �U� 1/4, 2/4, 3/4 n��§��ùn���V
Ç�Ó§X8¼�����*ÿ� x = 3, ¦ θ ���¯ê
�O§¿O�§���þ�Ø�.

ò��©Ù�LXeµ

θ 1/4 2/4 3/4

P(θ = i/4|X = 3) 9/20 8/20 3/20
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4.1 ��d:�O

4.1.4 ��d:�O�A�~f

lÑ�/�~f

~ 4.1.7 ��1�¬ØÜ�Ç� θ, u�´�����/?
1§��uy1��ØÜ��¬ÒÊ�u�. � X �uy
1��ØÜ�¬�®u���¬ê, K X ÑlAÛ©Ù. b
�ëê θ �U� 1/4, 2/4, 3/4 n��§��ùn���V
Ç�Ó§X8¼�����*ÿ� x = 3, ¦ θ ���¯ê
�O§¿O�§���þ�Ø�.

ò��©Ù�LXeµ

θ 1/4 2/4 3/4

P(θ = i/4|X = 3) 9/20 8/20 3/20
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4.1 ��d:�O

4.1.4 ��d:�O�A�~f

��A^¢~

~ 4.1.8 �xúi��vk�á�Á�x�8. y�ÄO�
d�8§I�
)�Áu)�¹. ��c¥zZ<m�öu)�
Á�gê X |λ ∼ P(λ), =ëê� λ �Ñt©Ù. �xúi@� λ
�k�©Ù�³ç©Ù Γ(35, 1). �&­å�, ÏLé�¿	ï�
Á�x� 2000 <?1N�, uy¦��c¥k 85 <g��Áu
). b½zg�Á§�xúi²þ|G 1000 �<¬1. �xúi
O�2w\Dd��x, �c¤^ 50 �<¬1. ezÜ�üÂ�
x¤ 50 �<¬1§�c�ñÑ�ü 10 �Ü§Uù�Â¤, �x
úi�cUJ|õ�º
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4.1 ��d:�O

4.1.5 õëê�/

õëê�/���©Ù

e θ = (θ1, · · · , θp)
τ ´�þ, θ ���©Ù� π(θ|x),�O θ

��{Xeµ

(1) ��¯ê�Oµ=l��©ÙÑu^2Â4�q,�O
¼�¦���Ý��4�� θ ������¯ê�O.

(2) ��Ï"�Oµµπ(x) = Eθ|x(θ) = (µπ
1 (x), · · · , µπ

p(x))τ.
�Oþ�°Ý^�����
 (P� Covπ(x)) 5ïþ

Covπ(x) = Eθ|x [(θ − µπ(x))(θ − µπ(x))τ ].

é θ �?��Oδ(x), Ù�����
�©)�

Cov(δ) = Eθ|x[(θ − δ(x))(θ − δ(x))τ
]

= Covπ(x) + (µπ(x)− δ(x))(µπ(x)− δ(x))τ ≥ Covπ(x).

����þ��OE¦�����Ý
����.
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4.2 ��d«m�O

1 4.1 ��d:�O

4.1.1 ^��{

4.1.2 ��d:�O

4.1.3 ��d:�O�°Ý-�O�Ø�

4.1.4 ��d:�O�A�~f

4.1.5 õëê�/
2 4.2 ��d«m�O

4.2.1 �&«m½Â9~f

4.2.2 �����Ý (HPD) �&«m

4.2.3 ����{
3 4.3 b�u�

4.3.1 ���{

4.3.2 ��dÏf

4.3.3 {üb�é{üb��/

4.3.4 E,b�éE,b��/

4.3.5 {üb�éE,b�

4.3.6 õ­b�u�
4 4.4 ýÿíä

4.4.1 ��dýÿ©Ù

4.4.2 ~f
5 4.5 b�u���.ÀJ*

4.5.1 Úó

4.5.2 �~k�e���d�.ÀJ�{

4.5.3 ��d�.µd
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4.2 ��d«m�O

4.2.1 �&«m½Â9~f

��d�&«m�½Â

½Â 4.2.1 (�&«m) �ëê θ ���©Ù� π(θ|x), é�
½��� x ÚVÇ 0 < α < 1 (Ï~ α ����ê), e�3
ü�ÚOþ θ̂1(x) Ú θ̂2(x), ¦�

P(θ̂1 ≤ θ ≤ θ̂2|x) ≥ 1− α,

K¡ [θ̂1, θ̂2] � θ ��&Y²� 1− α ���d�&«m.


÷v
P(θ ≥ θ̂L|x) ≥ 1− α

� θ̂L(x) ¡� θ ��&Y²� 1− α ��&e�.


÷v
P(θ ≤ θ̂U |x) ≥ 1− α

� θ̂U(x) ¡� θ ��&Y²� 1− α ��&þ�.
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4.2 ��d«m�O

4.2.1 �&«m½Â9~f

��d�&«m��&«m����O

Äu��©Ù π(θ|x), 3�½ x Ú 1− α �¦���&«m,
X 1− α = 0.9 ��&«m� [1.2, 2.0], ù�·��±��

P(1.2 ≤ θ ≤ 2.0|x) = 0.90 .

Q�±`/θ áuù�«m�VÇ� 0.90, ��±`/θ á
\ù�«m�VÇ� 0.900. �é�&«mÒØUù�`. Ï
�²;ÚO�{@� θ�~ê§§�o θ3 [1.2, 2.0]�S§
�o3Ù	§ØU`/θ á3 [1.2, 2.0] ¥�VÇ� 0.900,

�U`/100 g­E¦^d�&«m, ��k 90 gUC
X θ0. ªÇ)ºé=¦^d«m�O�g½üg�<5`
´ÎÃ¿Â�. ���d�&«m{ü!g,´�<��É.

²;ÚO�{Ï¦�&«mk�´(J�§��{�E��

Í¶Cþ§ù´��Eâ5ér�ó�§k�éÍ¶Cþ�

©Ù��(J. 
¦�&«m�I�|^��©Ù§ØI�
Ï¦,	�©Ù, �²;ÚO�{�'�{ü�õ.
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4.2.1 �&«m½Â9~f

��d�&«m��&«m����O

Äu��©Ù π(θ|x), 3�½ x Ú 1− α �¦���&«m,
X 1− α = 0.9 ��&«m� [1.2, 2.0], ù�·��±��

P(1.2 ≤ θ ≤ 2.0|x) = 0.90 .

Q�±`/θ áuù�«m�VÇ� 0.90, ��±`/θ á
\ù�«m�VÇ� 0.900. �é�&«mÒØUù�`. Ï
�²;ÚO�{@� θ�~ê§§�o θ3 [1.2, 2.0]�S§
�o3Ù	§ØU`/θ á3 [1.2, 2.0] ¥�VÇ� 0.900,

�U`/100 g­E¦^d�&«m, ��k 90 gUC
X θ0. ªÇ)ºé=¦^d«m�O�g½üg�<5`
´ÎÃ¿Â�. ���d�&«m{ü!g,´�<��É.

²;ÚO�{Ï¦�&«mk�´(J�§��{�E��

Í¶Cþ§ù´��Eâ5ér�ó�§k�éÍ¶Cþ�

©Ù��(J. 
¦�&«m�I�|^��©Ù§ØI�
Ï¦,	�©Ù, �²;ÚO�{�'�{ü�õ.



��dÚO

4.2 ��d«m�O

4.2.1 �&«m½Â9~f

~f

~ 4.2.1 � X1, · · · ,Xn ´l��oN N(θ, σ2) ¥Ä��{
ü��, Ù¥ σ2 ®�. θ �k�©Ù´ N(µ, τ2), Ù¥ µ, τ2

®�. ¦ θ ��&Y² 1− α ��&«m.

w��ê�~f. 3�Ö�ûÿ��~f¥§�ÿ�(J X
∼ N(θ, 100), Ù¥ θ ��ÿ��Ö�û IQ ý�, θ �k�©
Ù´ N(100, 225),�T�Öÿ��© x = 115�§d~ 4.1.1
�(J�� θ ���©Ù´ N(110.38, 8.322),Ïd¦� θ �
�&Xê 0.95 ��&«m�

[µ(x)− 1.96η, µ(x) + 1.96η] = [94.07, 126.69].

3ù�~f¥, eØ^k�&E, ^²;�{ X ∼ N(θ, 100),
x = 115 �¦ θ ��&Xê 0.95 ��&«m�

[115− 10× 1.96, 115 + 10× 1.96] = [95.4, 134.6].

ùü�«m´ØÓ�, «m�Ý�ØÓ. �&«m�Ýá

�
, ù´du|^
k�&E.
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4.2 ��d«m�O

4.2.1 �&«m½Â9~f

~f

~ 4.2.2 çÚ>ÀÅ�Æ·Ñl�ê©Ù Exp{1/θ}, Ù�
Ý¼ê�

f (x |θ) = θ−1 exp
{
− x/θ

}
· I(0,∞)(x),

Ù¥ θ > 0 �ç>�²þÆ·. yl�1ç>¥�ÅÄ� n
�?1Æ·Á�§Á�?1�1 r (1 ≤ r ≤ n) �����,
Ù���m� t1 ≤ t2 ≤ · · · ≤ tr , ù��Á�¡�½ê��
Æ·Á�§¤��� (t1, t2, · · · , tr ) ¡�½ê����§b
½ θ �k�©Ù�_³ç©Ù Γ−1(α, β), ¦d1ç>�²þ
Æ·Ú²þÆ·��&e�.

e¡´��äNêi�~f. �¦Ñç>²þÆ· θ ���
d�O�äN�§I�(½k�©Ù¥�ëê α Ú β ��.
·Iç>)�¢�¿Ú�
Õá�¢�¿Â8� 13142 �
ç>Æ·Á��êâ§�O 5369812 ��§d	�k 9240
�ç>?1
ncy|�lÁ�§o�?1
 5547810 �
�Á�§Á�¥o����êØ�L 250 �.
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4.2 ��d«m�O

4.2.1 �&«m½Â9~f

~f

éXd�þk�&E\ó�n�§(@·Iç>²þÆ·Ø

$u 30000 ��§§� 10% �© ê θ0.1 ��� 11250 �
�§²L�
;[@½§ùü�êâÎÜ·Il�c�ç>

Æ·�¢S�¹§�´3k{/�.

dd��ÑXeü��§
β

α− 1
= 30000 ;∫ 11250

0
π(θ)dθ = 0.1 ,

Ù¥1���§ªdk�©Ù�_³ç©Ù Γ−1(α, β) �ê
ÆÏ" E (θ) = β/(α− 1) (½�. 3O�Åþ)d�§|�

α = 2.9914, β = 59742.

d�ëê αÚ β�(½§�� θ�k�©Ù Γ−1(2.9914, 59742),
Ú��©Ù θ|t ∼ Γ−1(r + 2.9914, t + 59742).
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4.2 ��d«m�O

4.2.2 �����Ý (HPD) �&«m

HPD �&«m�½Â

���&«m3¢S¥~�^§O��B§�Ø´�Ð�§

�Ð��&«mA´«m�Ý�á�. e��©Ù´ü·é
¡§K��´�Ð�. �¦�&«m�á§�kräk��
���Ý�:Ñ�¹3«m�§
3«m	�:���Ý�

�ÑØ¬�L«mS�:���Ý��§ù��«m¡��

����Ý�&«m§½ÂXeµ

½Â 4.2.2 �ëê θ ����Ý� π(θ|x)§é�½�V
Ç 1− α (0 < α < 1), 8Ü C ÷vXe^�µ

(i) P(θ ∈ C | x) = 1− α,

(ii) é?�� θ1 ∈ C Ú θ2 ∈ C , okπ(θ1 | x) > π(θ2 | x),

K¡ C � θ ��&Y² 1 − α �����Ý�&8, {¡
� 1− α � HPD �&8 («m).
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ã 4.2.1 HPD�&«m
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4.2 ��d«m�O

4.2.2 �����Ý (HPD) �&«m

HPD �&«m�½Â

5 4.2.1 ����Ý π(θ|x) �ü¸�§HPD �&«mo�
3¶����Ý�õ¸�§�U��A�pØë��«m|

¤ HPD �&«m (�ã 4.2.1).

���©Ù�ü¸é¡�§1 − α � HPD �&«m´¦§
§Ò´���«m. ����Ý��ü¸§�Øé¡�§Ï
¦ HPD �&«m¿ØN´§�^O�Å?1ê�O�. ~
X§����Ý π(θ|x) �ü¸ëY¼ê�§�Ueã�{
ÅÚ%C§¼� θ � 1− α � HPD �&«m.
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4.2 ��d«m�O

4.2.2 �����Ý (HPD) �&«m

HPD �&«mê�O��§S

(1) é�½� k ïáf§Sµ)�§ π(θ|x) = k, )� θ1(k)
Ú θ2(k), l
|¤��«m

C (k) = [θ1(k), θ2(k)] = {θ : π(θ | x) ≥ k}.

(2) ïá1��f§S§^5O�VÇµ

P(θ ∈ C (k) | x) =

∫
C(k)

π(θ | x)dθ.

(3) é�½� k e P(θ ∈ C (k) | x) ≈ 1− α, K C (k) =�¤
¦� HPD �&«m.

e P(θ ∈ C (k) | x) > 1 − α§KO� k, 2=\ (1) � (2);
e P(θ ∈ C (k) | x) < 1− α, K~� k, 2=\ (1) � (2).
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4.2 ��d«m�O

4.2.2 �����Ý (HPD) �&«m

~f

~ 4.2.3 � X1, · · · ,Xn iid ∼ N(θ, σ2), σ2 ®�§θ�k�©
Ù�Ã&Ek�§= π(θ) ≡ 1, θ ∈ R1,¦ θ� 1−α� HPD
�&«m.

~ 4.2.4 � X1, · · · ,Xn �l�Ü©Ù C (θ, 1), θ > 0 ¥Ä�
�{ü��, �k� π(θ) ≡ 1, θ ∈ R1, ¦ θ � 1−α � HPD
�&«m.

ù´��éØN´O����©Ù§é 1−α� HPD�&«
mdO�Å?1éN´. X n = 5, x=(4.0, 5.5, 7.5, 4.5, 3.0)
K 95% HPD �&«m� (3.10, 6.06). ��§éd¯KXÛ
¦���²;�&«m�Øé�Ù§Ï¦²;�&«mI�

�E��Í¶Cþ§éÑÍ¶Cþ�©Ù´��Eâ5ér

�ó�, ��(J. 
Ï¦�&«m�I�|^��©Ù, Ø
I�Ï¦,	�©Ù, �é`5�{ü�õ.
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�ó�, ��(J. 
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I�Ï¦,	�©Ù, �é`5�{ü�õ.
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K 95% HPD �&«m� (3.10, 6.06). ��§éd¯KXÛ
¦���²;�&«m�Øé�Ù§Ï¦²;�&«mI�

�E��Í¶Cþ§éÑÍ¶Cþ�©Ù´��Eâ5ér

�ó�, ��(J. 
Ï¦�&«m�I�|^��©Ù, Ø
I�Ï¦,	�©Ù, �é`5�{ü�õ.
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4.2 ��d«m�O

4.2.3 ����{

1. ���/

� X1, · · · ,Xn iid ∼ f (x |θ), P X = (X1, · · · ,Xn), fn(x|θ) =
n∏

i=1
f (xi |θ), π(θ) �k�©Ù§K

πn(θ|x) =
fn(x|θ)π(θ)

mn(x)
.

d? mn(x) �>�©Ù.

3·�^�e�y²µ� n ¿©��, ��©Ù πn(θ|x) C
qÑl N

(
µπ(x),V π(x)

)
, d? µπ(x) Ú V π(x) ©O���

Ï"Ú����.

d� θ ��&Y²Cq� 1− α � HPD �&«m�(
µπ(x)− uα/2

√
V π(x), µπ(x) + uα/2

√
V π(x)

)
.
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4.2 ��d«m�O

4.2.3 ����{

~f

~ 4.2.5 (Y~ 4.2.4) d~ 4.2.4 ¥�Ñ����Ýw,Ø
´���§^��©Ù�ìC��©Ù¦ θ ��&Y²C
q� 1− α � HPD �&«m.

L 4.2.1 ¢S�ÚCq���© ê

α (%) 2.5 25 50 75 97.5

π(θ|x) � α © ê 3.17 4.07 4.52 5.00 6.15

N(µπ,V π) � α © ê 3.08 4.05 4.55 5.06 6.02

d��©Ù�ìC��©Ù�� θ ��&Y²Cq 95%
� HPD �&«m� C = (3.08, 6.02), §�3~ 4.2.4 ¥²
dO�ÅO�¼��ý¢�&Y²� 95%� HPD�&«m
(3.10, 6.06) �~�C, ù�Cq�&«m C äk¢S��
�VÇ� 0.948, � 0.95 �~�C.
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4.3 b�u�

1 4.1 ��d:�O

4.1.1 ^��{

4.1.2 ��d:�O

4.1.3 ��d:�O�°Ý-�O�Ø�

4.1.4 ��d:�O�A�~f

4.1.5 õëê�/
2 4.2 ��d«m�O

4.2.1 �&«m½Â9~f

4.2.2 �����Ý (HPD) �&«m

4.2.3 ����{
3 4.3 b�u�

4.3.1 ���{

4.3.2 ��dÏf

4.3.3 {üb�é{üb��/

4.3.4 E,b�éE,b��/

4.3.5 {üb�éE,b�

4.3.6 õ­b�u�
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4.4.1 ��dýÿ©Ù
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4.5.1 Úó
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4.3 b�u�

4.3.1 ���{

b�u�����{

�u�¯KEX § 1.2.3 !¤ã, ��¤Xe/ªµ

H0 : θ ∈ Θ0 ↔ H1 : θ ∈ Θ1.

²;�b�u��{¥, éþãu�¯K�ÏLé� I!II .
�Ø�VÇ���5µdu�`�.

��d�{?nb�u�¯K´��
��. 3¦� θ ��
�©Ù π(θ|x) �, O� Θ0 Ú Θ1���VÇ

α0 = P(θ ∈ Θ0|x), α1 = P(θ ∈ Θ1|x),

'� α0 Ú α1 ���û½�É H0 �´ H1. α0 Ú α1 ´nÜ


��&EÚk�&E�Ñü�b�¢Su)���VÇ.
�u�Xe

� α0/α1 > 1 ��É H0, ÄKáý H0.
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4.3 b�u�

4.3.1 ���{

b�u�����{

�u�¯KEX § 1.2.3 !¤ã, ��¤Xe/ªµ

H0 : θ ∈ Θ0 ↔ H1 : θ ∈ Θ1.

²;�b�u��{¥, éþãu�¯K�ÏLé� I!II .
�Ø�VÇ���5µdu�`�.
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�u�Xe
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4.3 b�u�

4.3.1 ���{

b�u��~f

dd��: ��db�u��{´{ü�. �ªÇ�{�',
§ÃIÀJu�ÚOþ!(½Ä�©Ù; ÃI�ÑwÍ5Y
², (½Ä½�¶
�N´í2�õ­b�u��/.

~ 4.3.1 ��ÅCþ X ´l��©Ù b(n, θ) ¥Ä����
��, � θ �k�©Ù�þ!©Ù U(0, 1), ¦e�u�¯K:

H0 : θ ≤ 1/2↔ H1 : θ > 1/2.

� n = 5, ����« x e��VÇ9��Å¬' α0
α1
Xe

L 4.3.1 θ ���Å¬'

x 0 1 2 3 4 5
α0 63/64 57/64 42/64 22/64 7/64 1/64
α1 1/64 7/64 22/64 42/64 57/64 63/64

α0/α1 63.0 8.14 1.91 0.52 0.12 0.016

��� x = 0, 1, 2 ��É H0, � x = 3, 4, 5 �áý H0.



��dÚO

4.3 b�u�

4.3.1 ���{

b�u��~f

dd��: ��db�u��{´{ü�. �ªÇ�{�',
§ÃIÀJu�ÚOþ!(½Ä�©Ù; ÃI�ÑwÍ5Y
², (½Ä½�¶
�N´í2�õ­b�u��/.

~ 4.3.1 ��ÅCþ X ´l��©Ù b(n, θ) ¥Ä����
��, � θ �k�©Ù�þ!©Ù U(0, 1), ¦e�u�¯K:

H0 : θ ≤ 1/2↔ H1 : θ > 1/2.

� n = 5, ����« x e��VÇ9��Å¬' α0
α1
Xe

L 4.3.1 θ ���Å¬'

x 0 1 2 3 4 5
α0 63/64 57/64 42/64 22/64 7/64 1/64
α1 1/64 7/64 22/64 42/64 57/64 63/64

α0/α1 63.0 8.14 1.91 0.52 0.12 0.016

��� x = 0, 1, 2 ��É H0, � x = 3, 4, 5 �áý H0.



��dÚO

4.3 b�u�

4.3.1 ���{

b�u��~f

dd��: ��db�u��{´{ü�. �ªÇ�{�',
§ÃIÀJu�ÚOþ!(½Ä�©Ù; ÃI�ÑwÍ5Y
², (½Ä½�¶
�N´í2�õ­b�u��/.

~ 4.3.1 ��ÅCþ X ´l��©Ù b(n, θ) ¥Ä����
��, � θ �k�©Ù�þ!©Ù U(0, 1), ¦e�u�¯K:

H0 : θ ≤ 1/2↔ H1 : θ > 1/2.

� n = 5, ����« x e��VÇ9��Å¬' α0
α1
Xe

L 4.3.1 θ ���Å¬'

x 0 1 2 3 4 5
α0 63/64 57/64 42/64 22/64 7/64 1/64
α1 1/64 7/64 22/64 42/64 57/64 63/64

α0/α1 63.0 8.14 1.91 0.52 0.12 0.016

��� x = 0, 1, 2 ��É H0, � x = 3, 4, 5 �áý H0.



��dÚO

4.3 b�u�

4.3.2 ��dÏf

��dÏf�½Â

½Â 4.3.1 �ü�b� Θ0 Ú Θ1 �k�VÇ©O� π0

Ú π1, ��VÇ©O� α0 Ú α1, '~ α0/α1 ¡� H0 é H1

���Å¬'§π0/π1 �¡�k�Å¬'§K¡

Bπ(x) =
��Å¬'

k�Å¬'
=

α0/α1

π0/π1
=

α0π1

α1π0

�|± H0 ���dÏf. Bπ(x) ����§é H0 �|±§

Ý�p.

5 4.3.1 l��dÏf½Âw§§Q�6uêâ x, q�6
uk�©Ù π, éü«Å¬'�Ø§éõ<@�§ù¬~f
k�©Ù�K�§âÑêâ�K�. lù½Âþw��dÏ
f Bπ(x) ´�Nêâ x |± H0 �§Ý.
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4.3 b�u�

4.3.3 {üb�é{üb��/

{üb�é{üb�

�)º Bπ(x) �¿Â§Äkw Θ0 Ú Θ1 ��{üb���

/§= H0 : Θ0 = {θ0} ↔ H1 : Θ1 = {θ1}. d�

α0 = P(Θ0|x) =
f (x|θ0)π0

f (x|θ0)π0 + f (x|θ1)π1
,

α1 = P(Θ1|x) =
f (x|θ1)π1

f (x|θ0)π0 + f (x|θ1)π1
,

Ù¥ f (x|θ) ����©Ù§ù���Å¬'�
α0

α1
=

π0f (x|θ0)

π1f (x|θ1)
. (4.3.4)

���dÏf�

Bπ(x) =
α0/α1

π0/π1
=

f (x|θ0)

f (x|θ1)
.
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4.3 b�u�

4.3.3 {üb�é{üb��/

{üb�é{üb�

XJ�áý"b� H0, K�¦ α0/α1 < 1, d (4.3.4) ��Ù
�du

f (x|θ1)

f (x|θ0)
>

π0

π1
.

ù�Í¶� Neyman-Pearson Ún�Ä�(Jaq§l��
d*:w, ù��.�Ò´ü�k�VÇ'.

Ïd�� Bπ(x) �´ Θ0 ↔ Θ1 �q,'§§Ï~�@�´

dêâ�Ñ� Θ0 ↔ Θ1 �Å¬'. dud«�/���d
ÏfØ�6uk�©Ù, =�6u���q,'§���d
Ïf Bπ(x) �À�´êâ x |± Θ0 �§Ý.

~ 4.3.2 � X ∼ N(θ, 1), Ù¥ θ ���kü«�U§� 0
= 1, - X = (X1, · · · ,Xn) �loN X ¥Ä��{ü��.
�u�b�

H0 : θ = 0↔ H1 : θ = 1.
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{üb�é{üb�
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= 1, - X = (X1, · · · ,Xn) �loN X ¥Ä��{ü��.
�u�b�

H0 : θ = 0↔ H1 : θ = 1.
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4.3 b�u�

4.3.4 E,b�éE,b��/

E,b�éE,b�

�Äe�b�u�¯Kµ

H0 : θ ∈ Θ0 ←→ H1 : θ ∈ Θ1,

òk�©Ù π(θ) �¤Xe/ªµ

π(θ) =

{
π0g0(θ), � θ ∈ Θ0

π1g1(θ), � θ ∈ Θ1

Ù¥ π0Ú π1©O� Θ0Ú Θ1þ�k�VÇ, g0(θ)Ú g1(θ)
©O´ Θ0 Ú Θ1 þ�VÇ�Ý¼ê. ´�∫

Θ
π(θ)dθ =

∫
Θ0

π0g0(θ)dθ +

∫
Θ1

π1g1(θ)dθ = π0 + π1 = 1 ,

= π(θ) ´k��Ý.
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4.3.4 E,b�éE,b��/

E,b�éE,b�

�Äe�b�u�¯Kµ
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Ù¥ π0Ú π1©O� Θ0Ú Θ1þ�k�VÇ, g0(θ)Ú g1(θ)
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4.3.4 E,b�éE,b��/

E,b�éE,b�

3þãPÒe§��VÇ'�

α0

α1
=

∫
Θ0

f (x|θ)π0g0(θ)dθ∫
Θ1

f (x|θ)π1g1(θ)dθ

.

���dÏf�L«�

Bπ(x) =
α0/α1

π0/π1
=

∫
Θ0

f (x|θ)g0(θ)dθ∫
Θ1

f (x|θ)g1(θ)dθ

=
m0(x)

m1(x)
.
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4.3 b�u�

4.3.4 E,b�éE,b��/

E,b�éE,b�

�� Bπ(x) ��6u Θ0 Ú Θ1 þ�k��Ý g0 Ú g1, ù
���dÏf�,®Ø´q,'§�E�w� Θ0 Ú Θ1 þ

�\�q,' (�­©O� g0 Ú g1). d��ØU@�éü
�b�|±�Ýþ��dêâ x û½§§�Ú g0 Ú g1 k

', �U`§Ü©/�Ø
k�©Ù�K�. � Bπ(x) é g0

Ú g1 �ÀJ�éØ¯a�§@o3ù��/eâ�±`=

=dêâ5û½þã'�´Ün�
.

e� θ̂0 � θ̂1 ©O´ θ 3 Θ0 Ú Θ1 � MLE (4�q,�
O), @o²;ÚO¥¦^�q,'ÚOþ
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f (x |θ̂1)
=

supθ∈Θ0
f (x|θ0)

supθ∈Θ1
f (x|θ1)

´��dÏf Bπ(x) �AÏ�¹§=@� g0(θ) Ú g1(θ) �
�þ�Ü8¥3 θ̂0 � θ̂1 þ.
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4.3 b�u�

4.3.4 E,b�éE,b��/

E,b�éE,b�

~ 4.3.3 3���Ö��åÿ�¯K¥§�ÿ�(J X ∼
N(θ, 100), θ �ù�¯fÿ�¥��ûý�, θ �k�©Ù
� N(100, 225). T�Öÿ��© x = 115, ¦e�u�¯K:

H0 : θ ≤ 100↔ H1 : θ > 100.

~ 4.3.4 � X ∼ N(θ, σ2), σ2 ®�. � θ �k�©Ù�Ã&
Ek�§= π(θ) ≡ 1, θ ∈ R1, ¦u�¯Kµ

H0 : θ ≤ θ0 ←→ H1 : θ > θ0.

~ 4.3.5 �l��oN N(θ, 1) ¥�ÅÄ���Nþ� 10
��� X = (X1, · · · ,X10), ����þ� X̄ = 1.5 , - θ �
k�©Ù��Ýk�©Ù N(0.5, 2), ¦e�u�¯K:

H0 : θ ≤ 1←→ H1 : θ > 1.
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4.3.4 E,b�éE,b��/

E,b�éE,b�

d½n 3.2.2 (1), �� θ ��©Ù� N(1.4524, 0.30862), �

α0 =P
(
θ ≤ 1|x

)
=Φ(−1.4660)=0.0708, α1 =1−α0 =0.9292.

dk�©Ù N(0.5, 2) ��� H0 � H1 ¤á��k�VÇ

π0 =Φ
(1− 0.5√

2

)
=Φ(0.3536)=0.6368, π1 =1− π0 =0.3632.

Ïd�dÏf�

Bπ(x) =
α0/α1

π0/π1
=

0.0762

1.7533
= 0.0435.

��§|± H0 ���dÏf�é�, AÄ½ H0.
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4.3.4 E,b�éE,b��/

E,b�éE,b�

µØ e¡ÏLê��~fòw�·�§��dÏfé��êâ

Cz��N´(¯�§
ék�&ECz��N´´ð�. dd
����dÏf Bπ(x) ��^§âÑ�Nêâ x |±"b� H0

�§Ý.

L 4.3.2 ��þ� x̄ é��dÏf�K�

x̄ α0 α1 α0/α1 π0/π1 Bπ(x)
1.5 0.0708 0.9292 0.0762 1.7533 0.0435
1.4 0.1230 0.8770 0.1403 1.7533 0.0800
1.3 0.1977 0.8023 0.2464 1.7533 0.1405
1.2 0.2946 0.7054 0.4176 1.7533 0.2382
1.1 0.4090 0.5910 0.6920 1.7533 0.3947
1.0 0.5319 0.4681 1.1363 1.7533 0.6481
0.9 0.6517 0.3483 1.8711 1.7533 1.0672
0.8 0.7549 0.2451 3.0800 1.7533 1.7567
0.7 0.8413 0.1587 5.3012 1.7533 3.0236
0.6 0.9049 0.0951 9.5152 1.7533 5.4271
0.5 0.9474 0.0526 18.0114 1.7533 10.2729
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4.3 b�u�

4.3.4 E,b�éE,b��/

E,b�éE,b�

aq/§e��Nþ n Ú��þ� x̄ �±ØC§
4k�þ�
E (θ) l 0.5 ÅìO\� 1.5§Ó������Å¬'!k�Å¬
'Ú��dÏf (�L4.3.3).

L 4.3.3 k�þ� E (θ) é��dÏf�K�

E(θ) α0 α0/(1− α0) π0 π0/(1− π0) Bπ(x)
0.5 0.0708 0.0761 0.6368 1.7553 0.0435
0.6 0.0694 0.0746 0.6103 1.5782 0.0472
0.7 0.0668 0.0715 0.5832 1.3992 0.0511
0.8 0.0655 0.0701 0.5557 1.2507 0.0560
0.9 0.0630 0.0672 0.5279 1.1182 0.0601
1.0 0.0618 0.0658 0.5000 1.0000 0.0658
1.1 0.0594 0.0632 0.4721 0.8943 0.0707
1.2 0.0582 0.0618 0.4443 0.7996 0.0773
1.3 0.0559 0.0592 0.4168 0.7147 0.0828
1.4 0.0548 0.0580 0.3897 0.6336 0.0915
1.5 0.0526 0.0555 0.3632 0.5704 0.0973
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4.3 b�u�

4.3.5 {üb�éE,b�

{üb�éE,b�

�Äe�b�u�¯Kµ

H0 : θ = θ0 ←→ H1 : θ 6= θ0.

ù´²;ÚO¥~���au�¯K. �ëê θ �ëYCþ
�§^{üb� H0 : θ = θ0 ´ØÜn�. ��Ün�b�´
Uþãu��

H0 : θ ∈ [θ0 − ε, θ0 + ε]←→ H1 : θ /∈ [θ0 − ε, θ0 + ε].

d? ε ´����ê§�ÀÙ�Ø���S�����ê.

e¡�Ä H0 : θ = θ0 ←→ H1 : θ 6= θ0 ���du�XÛ�

Ñ. é H0 : θ = θ0, ØUæ^ëY�Ý��k��Ý§��
k���{´� θ0 ���VÇ π0, 
é θ 6= θ0, ���\�
�Ý π1g1(θ) (Ù¥ π0 + π1 = 1), = θ �k��Ý�

π(θ) =

{
π0, � θ = θ0

π1g1(θ), � θ 6= θ0
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π(θ) =

{
π0, � θ = θ0

π1g1(θ), � θ 6= θ0
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4.3.5 {üb�éE,b�

{üb�éE,b�

���©Ù� f (x|θ)§K´¦>�©Ù�

m(x) =

∫
Θ

f (x|θ)π(θ)dθ = π0f (x|θ0) + π1m1(x).

Ù¥
m1(x) =

∫
{θ 6=θ0}

f (x|θ)g1(θ)dθ.

� θ = θ0 ���VÇÚ θ 6= θ0 ���VÇ©O�

α0 = π(Θ0|x) =
π0f (x|θ0)

m(x)
, α1 = π(Θ1|x) =

π1m1(x)

m(x)
.

��Å¬'�µ α0

α1
=

π0f (x|θ0)

π1m1(x)
.
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4.3.5 {üb�éE,b�

{üb�éE,b�

u´��dÏf�

Bπ(x) =
α0/α1

π0/π1
=

f (x|θ0)

m1(x)
.

����dÏf�{ü.

�¢S¥~´kO� Bπ(x), �O� α0 Ú α1. Ï�d��d
Ïf½Â�� α0 + α1 = 1, �íÑ

α0 = π(Θ0|x) =

[
1 +

1− π0

π0
· 1

Bπ(x)

]−1

.

~ 4.3.6 � X ∼ B(n, θ), ¦e�u�

H0 : θ =
1

2
←→ H1 : θ 6= 1

2
.

�3 θ 6= 1/2 þ��Ý g1(θ) � (0,1) þ�þ!©Ù U(0, 1).
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4.3.6 õ­b�u�

õ­b�u�

õ­b�u�¿Ø'ü�b�u��(J, =��O�z�
�b����VÇ, ¿'�Ù��. �u�¯K´

Hi : θ ∈ Θi , i = 1, · · · , k;

Ù¥ Θ1 ∪Θ2 ∪ · · · ∪Θk = Θ, z� Θi ´ëê�m Θ ���
ýf8.

O� Θi ���VÇ

αi = P(Θi |x), i = 1, · · · , k

�Ù��ö, K@��A�b�¤á.

~ 4.3.7 (Y~ 4.3.3) �Äé�Ö��åÿ���/§¦e
�õ­u�¯K:

H1 : θ ≤ 90, H2 : 90 < θ < 110, H3 : θ ≥ 110.
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1 4.1 ��d:�O

4.1.1 ^��{

4.1.2 ��d:�O

4.1.3 ��d:�O�°Ý-�O�Ø�

4.1.4 ��d:�O�A�~f

4.1.5 õëê�/
2 4.2 ��d«m�O

4.2.1 �&«m½Â9~f

4.2.2 �����Ý (HPD) �&«m

4.2.3 ����{
3 4.3 b�u�

4.3.1 ���{

4.3.2 ��dÏf

4.3.3 {üb�é{üb��/

4.3.4 E,b�éE,b��/

4.3.5 {üb�éE,b�

4.3.6 õ­b�u�
4 4.4 ýÿíä

4.4.1 ��dýÿ©Ù

4.4.2 ~f
5 4.5 b�u���.ÀJ*

4.5.1 Úó

4.5.2 �~k�e���d�.ÀJ�{

4.5.3 ��d�.µd
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4.4 ýÿíä

4.4.1 ��dýÿ©Ù

ýÿ¯K

ýÿ¯K�;.�¹´: e X ∼ f (x |θ), ¼�êâ Z = z �,
éäk�Ý� g(z |θ) ��ÅCþ Z �5*	��Ñýÿ.
Ï~b½ Z Ú X Ø�', f Ú g ©O��Ý¼ê.

��dýÿ����{Xe: � π(θ|x) � θ ���©Ù, u
´ g(z |θ)π(θ|x) ��½ X = x �^�e (Z , θ) �éÜ©Ù,
r§é θ È©���½ X = x � Z �>�©Ù�Ý��ý
ÿ�Ý.

½Â 4.4.1 ��ÅCþ X ��Ý¼ê´ f (x |θ), θ �k��
Ý´ π(θ). �½ X = x , �ÅCþ Z ���ýÿ�Ý½Â�

p(z |x) =

∫
Θ

g(z |θ)π(θ|x)dθ.
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r§é θ È©���½ X = x � Z �>�©Ù�Ý��ý
ÿ�Ý.

½Â 4.4.1 ��ÅCþ X ��Ý¼ê´ f (x |θ), θ �k��
Ý´ π(θ). �½ X = x , �ÅCþ Z ���ýÿ�Ý½Â�

p(z |x) =

∫
Θ

g(z |θ)π(θ|x)dθ.
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4.4 ýÿíä

4.4.2 ~f

~ 4.4.1

~ 4.4.1 �Ùä3L� 10 gÙÆ¥I
 3 g, y�é�
5 5 gÙÆ¥¦I�gê Z �Ñýÿ.

ù�¯K���J{´: 3 n gÕá� Bernoulli Á�¤õ

 X g, X |θ ∼ b(n, θ), ¤õVÇ θ �k�©Ù� Be(a, b).
é�5 k gÕá Bernoulli Á�¤õgê Z �ýÿ.

3d¯K¥, n = 10, x = 3, k = 5. � a = b = 1, K

p(z |x = 3) =

(
5

z

)
Γ(12)Γ(4 + z)Γ(13− z)

Γ(4)Γ(8)Γ(17)
.

O��� z = 0, 1, 2, 3, 4, 5 ���ýÿVÇ

p(0|3) = 0.1813, p(1|3) = 0.3022, p(2|3) = 0.2747,

p(3|3) = 0.1649, p(4|3) = 0.0641, p(5|3) = 0.01282.
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4.4 ýÿíä

4.4.2 ~f

~ 4.4.1

d��ýÿ©Ù��, ÙVÇ8¥3 Z = 0, 1, 2, 3 �m, =

PZ |x
(
0 ≤ Z ≤ 3

)
= 0.9231.

ùL² [0, 3] ´ Z � 92% ýÿ«m. ,	©Ù¯ê3 z = 1
?, 1���VÇ3 z = 2 ?Ñy, ���5 5 gÙÆ¥� 1
½ 2 g�U5��.

~ 4.4.2 ��}�3�eU²þ­E¡­ n g§Ù(J
� X1, · · · ,Xn, er}��3,�eU²þ¡­§XÛéÙ
¡þ��Ñýÿº
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4.4 ýÿíä

4.4.2 ~f

~ 4.4.2

d½n 3.2.2 (1) �� θ ���©Ù π(θ|x̄)�N(µ1, η
2
1), =

π(θ|x̄) =
1√

2πη1

exp

{
− 1

2η2
1

(θ − µ1)
2

}
,

Ù¥��©Ù X |θ ∼ N(θ, σ2
1), k�©Ù θ ∼ N(µ, τ2), 


µ1 =
τ2

σ2
1/n + τ2

x̄ +
σ2

1/n

σ2
1/n + τ2

µ,

η2
1 =

σ2
1/n · τ2

σ2
1/n + τ2

=
σ2

1τ
2

σ2
1 + nτ2

.
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4.4 ýÿíä

4.4.2 ~f

~ 4.4.2

�1�eU²¡�}�­þ� Z , Z |θ ∼ N(θ, σ2
2), Ù�Ý�

g(z |θ) =
1√

2πσ2

exp
{
− 1

2σ2
2

(z − θ)2
}

.

Z ���ýÿ�Ý�

p(z |θ)= 1

2πη1σ2

∫ ∞

−∞
exp

{
− 1

2

[
A

(
θ − B

A

)2
+

(
C − B2

A

)]}
dθ,

=
1√

2πη1σ2

√
A

exp

{
− 1

2

(
C − B2

A

)}
=

1√
2π(η2

1 + σ2
2)

exp

{
− (z − µ1)

2

2(η2
1 + σ2

2)

}
,

=��ýÿ©Ù� N(µ1, η
2
1 + σ2

2).
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4.4 ýÿíä

4.4.2 ~f

~ 4.4.2 - :ýÿ

��ýÿ©Ù�þ�!��©O�

E (Z |x̄) = µ1 =
τ2

σ2
1/n + τ2

x̄ +
σ2

1/n

σ2
1/n + τ2

µ,

D(Z |x̄) = η2
1 + σ2

2.

e�ýÿ©Ù�þ��� Z �ýÿ�§Kk

Ẑ = µ1 =
τ2

σ2
1/n + τ2

X̄ +
σ2

1/n

σ2
1/n + τ2

µ.
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4.4 ýÿíä

4.4.2 ~f

~ 4.4.2 - :ýÿ

��ýÿ©Ù�þ�!��©O�

E (Z |x̄) = µ1 =
τ2

σ2
1/n + τ2

x̄ +
σ2

1/n

σ2
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Ẑ = µ1 =
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X̄ +
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4.4 ýÿíä

4.4.2 ~f

~ 4.4.2 - «mýÿ

´� (Z − µ1)
/√

η2
1 + σ2

2 ∼ N(0, 1). �¦ Z � 1 − α (0 <

α < 1) ���ýÿ«m§-

P

(
− uα/2 ≤

Z − µ1√
η2
1 + σ2

2

≤ uα/2

∣∣∣x̄)
= 1− α,

d? uα/2 � N(0, 1) �þý α/2 © ê.

�� Z � 1− α ���ýÿ«m�[
µ1 − uα/2

√
η2
1 + σ2

2, µ1 + uα/2

√
η2
1 + σ2

2

]
,

Ù¥ µ1 Ú η2
1 ©OXc�Ñ.
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4.5 b�u���.ÀJ*

1 4.1 ��d:�O

4.1.1 ^��{

4.1.2 ��d:�O

4.1.3 ��d:�O�°Ý-�O�Ø�

4.1.4 ��d:�O�A�~f

4.1.5 õëê�/
2 4.2 ��d«m�O

4.2.1 �&«m½Â9~f

4.2.2 �����Ý (HPD) �&«m

4.2.3 ����{
3 4.3 b�u�

4.3.1 ���{

4.3.2 ��dÏf

4.3.3 {üb�é{üb��/

4.3.4 E,b�éE,b��/

4.3.5 {üb�éE,b�
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4.5.1 Úó
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4.5 b�u���.ÀJ*

4.5.1 Úó

Úó

�Ù1n!?Ø��db�u�¯K. �b�u�¯K��
�'�´��d�.ÀJ¯K. ��d�.ÀJ�±@�´
b�u��AÏ/ª§e¡·�5\±`².

�oN X ∼ f (x |θ), Ù¥ θ ����ëê� θ ∈ Θ ⊂ Rp a

,��b�

H0 : θ ∈ Θ0 ↔ H1 : θ ∈ Θ1

�du'�ü��.

M0 : X k�Ý f (x |θ), Ù¥ θ ∈ Θ0;

M1 : X k�Ý f (x |θ), Ù¥ θ ∈ Θ1;

Ù¥ Θ0 = Θ−Θ1.
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4.5 b�u���.ÀJ*

4.5.1 Úó

Úó

�Ù1n!?Ø��db�u�¯K. �b�u�¯K��
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4.5 b�u���.ÀJ*

4.5.1 Úó

Úó

- gi (θ) L«�½ý¢�.� Mi e θ �k��Ý i = 0, 1.
K�k
�� X = (X1, . . . ,Xn) �§·��±¦^��dÏ
f5'� M0 Ú M1µ

Bπ
01 =

P(Θ0|x)
P(Θ1|x)

/ π0

1− π0
=

m0(x)

m1(x)
,

Ù¥ π0 = Pπ(M0) = Pπ(Θ0), Pπ(M1) = Pπ(Θ1) = 1− π0,



mi (x) =

∫
Θi

f (x|θ)gi (θ)dθ, i = 0, 1.



��dÚO

4.5 b�u���.ÀJ*

4.5.1 Úó

Úó

- gi (θ) L«�½ý¢�.� Mi e θ �k��Ý i = 0, 1.
K�k
�� X = (X1, . . . ,Xn) �§·��±¦^��dÏ
f5'� M0 Ú M1µ

Bπ
01 =

P(Θ0|x)
P(Θ1|x)

/ π0

1− π0
=

m0(x)

m1(x)
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mi (x) =

∫
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f (x|θ)gi (θ)dθ, i = 0, 1.
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4.5 b�u���.ÀJ*

4.5.1 Úó

Úó

Ïd

P(M0|x) =

[
1 +

1− π0

π0
· 1

Bπ
01(x)

]−1

.

l
§XJk��Ý g0, g1 ��½§K�±==¦^��

dÏf Bπ
01 ?1�.ÀJ.

?�Ú§XJ π0 ��½§K�±O����. M0 Ú M1

���Å¬' P(Θ0|x)/P(Θ1|x). Ï
��±¦^��Å¬
'?1�.ÀJ.

���dÏf½��Å¬'�7o´N´O��§�U´�

ØÑÈ©�. d�§�±¦^ Laplace %C�{O���d
Ïf. ���>��ÝJ±O��, ��±^�AkâÄ�
�{½ MCMC �{¼���dÏf��[(J.
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4.5 b�u���.ÀJ*

4.5.2 �~k�e���d�.ÀJ�{

1. ���{

b�·�a,��´lÿÀ�. M1, . . . ,Mr ¥ÀJ���

Z�.§K3�� Xn = (X1, . . . ,Xn) �½�^�e§�
. Mk ���VÇ�

P(Mk |xn) =
P(Mk)

∫
fk(xn|θk)πk(θk)dθk

r∑
α=1

P(Mα)

∫
fα(xn|θα)πα(θα)dθα

, (4.5.5)

Ù¥ fk(xn|θk)��� xn 3�. Mk e��Ý§P(Mk)��
. Mk �k�VÇ. P(Mk) Ú�A�k��Ý πk(θk) L«
·�é�. Mk �Ð©@£§�k
�� xn �§é�. Mk

�@£Ò�#���VÇ P(Mk |xn).
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Ù¥ fk(xn|θk)��� xn 3�. Mk e��Ý§P(Mk)��
. Mk �k�VÇ. P(Mk) Ú�A�k��Ý πk(θk) L«
·�é�. Mk �Ð©@£§�k
�� xn �§é�. Mk

�@£Ò�#���VÇ P(Mk |xn).



��dÚO

4.5 b�u���.ÀJ*

4.5.2 �~k�e���d�.ÀJ�{

���{

l��þw§��d�.ÀJ�{´ÀJ��VÇ����

.. Ïd§���.VÇ P(M1|xn), · · · ,P(Mr |xn) =��.
ÀJ¥·�a,��þ. �duÏ¦��z

P(Mk)

∫
Θk

fk(xn|θk)πk(θk)dθk , k = 1, · · · , r (4.5.6)

��..

Ù¥È©∫
Θk

fk(xn|θk)πk(θk)dθk = P(xn|Mk) (4.5.7)

��� Xn 3�. Mk e�>SVÇ¼ê (>Sq,), §Ý
þ
�½�k�©Ùé���[Ü§Ý.
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���{
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��..
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Θk

fk(xn|θk)πk(θk)dθk = P(xn|Mk) (4.5.7)

��� Xn 3�. Mk e�>SVÇ¼ê (>Sq,), §Ý
þ
�½�k�©Ùé���[Ü§Ý.
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4.5.2 �~k�e���d�.ÀJ�{

���{
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��� Xn 3�. Mk e�>SVÇ¼ê (>Sq,), §Ý
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4.5 b�u���.ÀJ*

4.5.2 �~k�e���d�.ÀJ�{

���{

é�.�k�VÇ5`§~^��«�½�þ!©Ù

P(Mk) = 1
/
r , k = 1, . . . , r .

w,ù�Ã&Ek�§L«·�é¤kÿÀ�. Ð�Ó.

3dk�e§
���VÇ{z�

P(Mk |xn) =

∫
fk(xn|θk)πk(θk)dθk

r∑
k=1

∫
fk(xn|θk)πk(θk)dθk

. (4.5.9)

¦+þ!k�A^é�B§�k�·�E Ð�þ!k�.

��dÏf´3��dµee^uu�b�Ú'��.�

��þ. §3µd�À�.�[Ü§Ý�¡å­���Ú.
§#N·��Äé�.?1Åé�'�. 'X`Äu��V
Ç (4.5.5) �'� Mk Ú Mj .
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=
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�k�VÇ P(Mk) Ú P(Mj), Ñ���§��dÏf{z�

��VÇ'
P(Mk |xn)
P(Mj |xn)
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d (4.5.10) �ò�. Mk ���VÇÏL Bπ
kj L«�

P(Mk |xn) =
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j=1

P(Mj)

P(Mk)
· 1

Bπ
jk

]−1

.

Ïd�±�â�.���VÇ½ö¤kÿÀ�.?1üü'

����dÏf§l¥ÀÑ�`��..
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��dÏf�{

L 4.5.1 Jeffreys é��dÏf Bπ
kj ���)º

��dÏf )º

Bπ
kj < 1 Ä½�.Mk

1 ≤ Bπ
kj < 3 é�.Mk�|±yâ��Ù�

3 ≤ Bπ
kj < 10 �r�yâ|±Mk

10 ≤ Bπ
kj < 30 r��yâ|±Mk

30 ≤ Bπ
kj < 100 �~r��yâ|±Mk

100 ≤ Bπ
kj �½|±Mk
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~f

~ 4.5.1 b�·�ïÄ8¶iÅ�¯�gê§�b��iÅ´Ä
u)¯��pÕá§¯�gêÑlëê� λ �ÊCt©Ù. λ �
k�©Ù� Γ(α, β), �Äü«k�©Ùµ

M1 : λ �k�©Ù� Γ(2, 2), ù�k��N
 λ �þ�� 1
�@£.

M2 : λ �k�©Ù� Γ(1, 1), ù�k�Ú M1 �þ��Ó§

�´�N
�r�@� λ ���' M1 ��.

3�N�� 8 �iÅ¥k 3 �<vkÑL¯�§4 �<Ñ
L 1 g¯�§1 �<ÑL 3 g¯�. Áéùü«�.?1ÀJ.



��dÚO

4.5 b�u���.ÀJ*

4.5.2 �~k�e���d�.ÀJ�{

~f

~ 4.5.2 b�·�
���ÙiZ n = 10 g§�g
iZ´Õá?1�, �b�zgiZ�Ù(JÑlËã
| (Bernoulli) ©Ù B(1, p), Ù¥ 0 < p < 1 �ÙI�V
Ç. XJ·�éiZék&%§K·�¬Ï" p > 0.5 , Ä
K p < 0.5 . �ÄXeA«k�ÀJµ

M1 : p ∼ Be(0.1, 4); M2 : p ∼ Be(2, 4);
M3 : p ∼ Be(4, 4); M4 : p ∼ Be(8, 4);

y�3�¤��iZ�§·��|
 2 g. Äud&Eék
�?1ÀJ.

5 4.5.1 XJk� πk(θk) �Ø�~k�§K>Sq,�Ø
´�~�. �«/��~k�e���dÏf0�JÑ, ~
X����dÏf (Aitkin, 1991)!d3��dÏf (Berger
and Pericchi, 1996)!©ê��dÏf (O.Hagan, 1995)!Ä
u���y�[��dÏf (Gelfand et al., 1992) �. �[
�0��w�ÚÜ (2013) § 7.3 !.
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4.5.3 ��d�.µd

1. µd�­�5

��d�.�Ä��{´�½Ä�©Ù (q,¼ê) Ú¤k
��ëê�k�©Ù§K��d�.�?Ûíä´Äu��

©Ù?1. �´§��íä(J��þî­�6u�½��
.. Ïdé�.�µd´Ø��Ñ���­��¡. �!0
�ü«~^���d�.µdOK§�)��dýÿ&EO

K (BPIC) Ú �&EOK (DIC).

du AIC Ú BIC OK´²;ÚO�{¥~^��.ÀJ�
OK§e¡ÄkéÙ�{��0�§,�Ú\ BPIC Ú DIC
OK§BPIC OKÚ DIC OK´é AIC Ú BIC OK�í2.
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��d�.�Ä��{´�½Ä�©Ù (q,¼ê) Ú¤k
��ëê�k�©Ù§K��d�.�?Ûíä´Äu��

©Ù?1. �´§��íä(J��þî­�6u�½��
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2. AIC Ú BIC OK

4�q,�n´ÚOÆ¥ëêíä��«­��{§F�Ú

OÆ[ Akaike (1974) Äuù��nJÑ
�.ÀJ���
OK§¡� AIC OK, =

AIC = −2 ln f (xn|θ̂MLE) + 2p,

Ù¥ θ̂MLE ´ θ �4�q,�O (MLE), p ´ëê�þ��
ê§2p ´¨v�. �`�.�±ÏL��z AIC ��.

Schwartz (1978) 3�½�^�eÚ\ BIC OK§=

BIC = −2 ln f (xn|θ̂MLE) + 2p ln n,

Ù¥ p ´ëê�þ��ê§n �����, p ln n ´¨v�.
�`�.�±ÏL��z BIC ��.
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3. ��dýÿ&EOK (BPIC)

�Äe�ü�b�µ (a) ëê�. f (x |θ) �¹
ý¢��
. g(x) = f (x ;θ0), θ0 ∈ Θ, ��½��.¿Ø�lý¢�
.. (b) éêk���� lnπ(θ) = Op(1).

3þãü�b½Ú,
�K^�e§Ando (2007) JÑ��
dýÿ&EOK (BPIC)µ

BPIC = −2

∫
Θ

ln f (xn|θ)π(θ|xn)dθ + 2p,

Ù¥ p ��.¥�ëê�ê. �`�.ÏL��z BPIC �
�.
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3. ��dýÿ&EOK (BPIC)

3¢SA^¥§éêq,���þ�  vk)ÛL�§d

��±¦^�Akâ%Cµ∫
Θ

ln f (xn|θ)π(θ|xn)dθ ≈ 1

L

L∑
j=1

ln f (xn|θ(j)),

Ù¥ θ(1), · · · ,θ(L) �l��©Ù π(θ|xn) ¥Ä�����
�.

ù�OK·Üuäk�f�k�&E��/.
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4.  �&EOK (DIC)

- D(θ) = −2 ln f (xn|θ), §´~^��. ���«Ýþ.
Spiegelhalter � (2002) �Ñéêq,Ï"���Ï", D̄ =
E [D(θ)|xn], �±���.[Ü§Ý�����dÝþ. ��
�.[Üêâ�§Ý�p§D̄ ��. e¡½Âk�ëê�ê
5�x�.�E,§Ýµ

pD = D̄ − D(θ̄n) = 2 ln f (xn|θ̄n)− 2

∫
Θ

ln f (xn|θ)π(θ|xn)dθ,

Ù¥ θ̄n � θ ���©Ù�þ�.

Spiegelhalter � (2002) ½Â �&EOK (DIC) �

DIC = D̄ + pD = −2

∫
Θ

ln f (xn|θ)π(θ|xn)dθ + pD .

Ù¥1��§= D̄ �)º��.[Ü§Ý���Ýþ§�
��Ð¶1��, = pD �@�´�.E,5��«Ýþ.
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 �&EOK (DIC)

þã½Â� DIC �±U��

DIC = D(θ̄n) + 2pD = −2 ln f (xn|θ̄n) + 2pD ,

Ù¥ θ̄n ���Ï". l/ªþw§� AIC é�q§Ïd�
±@� DIC ´ AIC = D(θ̂MLE) + 2p ���í2§d? θ̂MLE

� θ �4�q,�O. é�©��.
ó§� n ¿©��
k p ≈ pD , θ̂MLE ≈ θ̄n, l
 DIC ≈ AIC .

þã½Â�,��`:´ DIC �±ÏL MCMC �{ (ò3
1 6 Ù0�) N´O�Ù(J. DIC OK��^u�«��
d�.ÀJ¯K.
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