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[a, b] �
 � g #��O&!� ����;� �� 28'7P+ �� 21�� ��2�� ����� 6��� �� g C�8� Q��
	 C�&�/

θ =
∫ b

a

g(x)dx < ∞

K)�� �'+ "
 � 28R �� :��� �� #��O&!� =�� ����;� ����

 ���!��J�) S��� ����� ��T7 0� �)�J&�� �� 
 g U&<�)�? =&��� K �3�3;� "
 �(L

� #��O&!�

θ =
∫ b

a

g(x)dx = G(b) − G(a)

"
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 θ ��2�� -���� ���� �� �)2+ ��/

 �21 �)0 -���� �			 
 �� �3'W 28R � �� �B� �H@ 6���� 28!�� ��� �)�� 6���� �� g 6���

	)�1 �� ����� θ -���� :��8+ �� � �21 ����;� ��&�� "�@ 6���� =�� ���� #��O&!� ��2��
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θ =
∫ b

a

g(x)dx
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P+ 	 C�8� �� ���&@� f(x) � �OR �� [a, b] �� �/��E ) 6�0�� ��>8� =�� ����
��)�.� ��]&� �� ^��&�� ��� �21 _��5� f(x) � �OR �� [a, b] �3`�� �� �� � X ��)�.�

h(x) =
g(x)
f(x)

*��` =���)	C��) 0��! �!

θ = E(h(x)) =
∫ b

a

g(x)
f(x)

f(x)dx

�� O !� 	C � 8 � � � ^�� E & �� �� X�, X�, ..., Xn � �)� . � � !� ' ! f �  � O R 0� #� �
� C���) 
 �)�� ��)�.� �!�'! �� �! h(X�), h(X�), ..., h(Xn)

E(
�

n

n∑
i=�

h(Xi)) = θ

a�� )�2+� ��7 :�!�7 U�I

�

n

n∑
i=�

h(Xi)
p

−→ θ

-���� #)�5� )�
��� =��
 	 21�� �� θ ���� � ��5� )�
��� �

n

∑n
i=� h(Xi) =�����8 �

�3�3;� "
 � �� :��� �'! �� �� �/ #��O&!� 0� ������ "
 � =�� ��	 ��� �>! )��� #��O&!�
	 )0 -���� )�� ��

�π �������	 
 ���
K�� C�!�) �� #�'&�� 0� ��O!� Y, X ∼ U(−�,�) 2�8� Q��

θ = p(X� + Y � ≤ �) =
Area of c

Area of Ω
=

π

�

_��5� ��

g(x, y) = IC(x, y) = � X� + Y � ≤ �

= � o.w

K C���)

θ = E(g(X, Y )) =
π

�

X



	 C�8� �� �'+ ��0 ���1 �� � ��� �!�� "
 � 0� θ -���� ����
�)� � ^�� E & �� �� U�

�
, ..., U�

n , U�

�
, ..., U�

n � �)� . � � !� ' ! U(�,�) 6 �0� � 0� KL A� 9
*��` =�� �) i = �,�, ..., n ���� Yi = �U�

i − � 
 Xi = �U�
i − � C�/) �� ���7 


	Yi ∼ U(−�,�) 
 Xi ∼ U(−�,�)

	 C�8� �� ����;� �� g(X�, Y�), ..., g(Xn, Yn) KV A�9
����) �) �� ��� ���/ (Xi, Yi) )�25� ���! �� θ̂ = �

n

∑n
i=� g(Xi, Yi) �� �� θ KX A�9

-���� �� π C�/��E� �9� ���$! �) 
 	 C�!0 �� -���� � 21�� �� n �� 2!� �&��9 ���7 C

C���) � C�!�

π � �θ̂

���&@� �) �� :� �3�3;� � )�5� �� D #�'5� ��b C%� �� ����� ����;� �� 28'7 P+ �9�
	 C�0�)�? �� D ()�
���, -���� �� c�� ���<� g(·) = ID(·) _��5��� C�1�� � C���2!

6�0�� 0� 
 �)�� ��.;� ��%� �� -5B� � ��H&�� �� �) �� ����! =�� ��>8� =�� ��
#�d� :�Y'/ 
 �)�� ^��E&�� �� U�, ...,Un�!�'! � ��%� �� -5B� � ��H&�� �� �@��8B�

�� θ̂ = �

n

∑n
i=� g(Ui) 0� ��7

�)�J&�� D -���� :��8+
	 C�8� ��
	 � ���

�2�Y�? a(i) 
 a�� ����� N :� �) �� θ =
∑N

i=�
a(i)
N ����;� �� 28'7P+ C�8� Q��

��0 ���7 �� � ��� �!�� "
 � �� θ -���� ���� 	 C�1�� � 21��! �)�� :� ����;� 
 �)��
	 C�8� �� �'+

��)�� ^��E&�� �� U�

�
, ..., U�

n , U�

�
, ..., U�

n ��)�.� �!�'! � U(�,�) 6�0�� 0� KL A�9
����) Xi *��` =�� �) 	 i = �,�, ..., n ���� � C�8� �� ����;� �� Xi = [NUi] + �

	 21�� �� {�,�, . . . , N} �� �@��8B� 6�0��
	 C�8� �� ����;� �� a(X�), ..., a(Xn) KV A�9

	 C���9 �� �>! �) θ )�
��� :��8+ �� �� θ̂ = �

n

∑n
i=� a(i) KX A�9
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 � �� "
 � =�� ����� 
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�� :��� �� �25� �� � �� �) �� � �'5� �)2+ ��/ "
 � ���0 	)�1 �� :���'! �� 0�

	)�� ���
� � �� ! � � g #�� O & !� � � �� ; � � � 2 8 ' 7P + 
 g : �−→ � C � 8 � Q� �

	 C�1�� A = [a�, b�] × [a�, b�] × ... × [ad, bd]

θ =
∫ b�

a�

∫ b�

a�

...

∫ bd

ad

g(x�, ..., xd)dx�...dxd

e



*��` �� �� h(·) 6��� 
 C���9 �� �>! �) �� A �� f ���E ) � �OR ��>8� =�� ����

h(x�, ..., xd) =
g(x�, ..., xd)
f(x�, ..., xd)

*��` =�� �) � C�8� �� _��5�

θ = E(h(X�, ..., Xd)) =
∫ b�

a�

∫ b�

a�

...

∫ bd

ad

g(x�, ..., xd)
f(x�, ..., xd)

f(x�, ..., xd)dx�...dxd

^��E&�� �� Xi = (X�i, ..., Xdi) :��) �� x�, ...,xd ��)�.� �!�'! f(·) � �OR 0� #��
K �� C���) 
 �)�� ��)�.� �!�'! �� h(X�), ..., h(Xn) ��O!� � C�8� ��

�

n

n∑
i=�

h(Xi)
p

−→ θ

	 21�� �� �>! )��� #��O&!� �85� θ ���� #��5� )�
��� �� �

n

∑n
i=� h(Xi) =�����8�

��
�� �
��� ����� ���

	21�� ���9 �!�'! ���7 �9)�� �� �� )�� S�E&!� �� �f 2��� �� ��� �$�2� f S�E&!� �)
�� 	21�� �� �!�'! =�� 0� �)�J&�� �� θ -���� 
 �!�'! ^��E&�� � ��� �!�� "
 � f��� ���0

C���) ���9 �!�'! ���7 f �/ ���� #�� �/

θ = E(
g(X)
f(X)

) = E(h(X))

:� �) ��

h(X) =
g(X)
f(X)

2!��� �� f S�E&!� �� �&�� θ �9)�
��� )��2!�&�� ��H@ �%�&! �) 
 N!����
 #�� =�� ��
�&1�) �� )�
��� )��2!�&�� ��H@ ��2�� =��&'� ��!� S�3H� �� 21�� a�� �� �R��

�85� 	 C�1��

var(h(X)) =
∫ b

a

(
g(x)
f(x)

)
�

f(x)dx − θ�


 	)�1 �� �8�'� ��2�� =�� 21�� ���g |g(x)|
f(x) �&7
 �� )�) :�<! :��� �� 	 )�1 �8�'�

f(x) =
| g(x) |∫ b

a | g(x) | dx

h



	 21�� �� S�3H� � �OR
#�� O & !� � � �� ; � � I� @ � � � ' + �) �  � O R = �� & $ � S� E & !� � � )� 1 � � �2 /� < �
�� �f N? ��� =B'� ��b � 21�� �'! ∫ b

a
g(x)dx ����;� 0� �&!��� �� ∫ b

a
| g(x) | dx

��� =�� 	21�� ��2!��� |g(x)|
f(x) ���! 
 �)�� ���9 �!�'! ���7 �9)�� �� �� C�8� �� S�E&!�

	2��� G/�� �

n

∑n
i=�

g(Xi)
f(Xi)

�9)�
��� N!����
 �� )�1 �� i+��
� ��� j��8&�� �) #�d� :��8+ �� � ��� �21 �)�) f � �OR ����� 0� ������ �)

C�&�/ ��0 #��O&!� ����;� �� 28'7P+

γ = E(h(θ) | x) =
∫

Θ

h(θ)π(θ | x)dθ

π(θ | x) � �OR 0� ���!�'! �� ��� ���� � ��� �!�� "
 � �� #��O&!� =�� -���� ���� 

�� =�� 0� =�����8� 	C�8� �� �)�J&�� γ -���� ���� γ̂ = �

n

∑n
i=� h(θi) 0� 
 �)�� ^��E&��

�� f 6�0�� �� X ��)�.� ��]&� 0� �5��� ����� 2��� ����;� �? �) C�8� �� Q�� 25�
�85� 	 C�&�/ � ��� �!�� "
 �

γ = E(h(X)) =
∫

χ

h(x)f(x)dx

f ��
��  � ��! "������ #��

� �OR =�� 0� �!�'! ^��E&�� ���� C���O� �>! �) f � �OR �� �� X ��)�.� ��]&� �9� #��
	)�� �)�J&�� ��0 "
 � 
) 0� :��� ��

K C���) X ��)�.� ��]&� ���� �� C�!�) �� 	 ����� ���� ����� ����� ���

F (X) ∼ U(�,�)

��2�� �� ��O!� C�8� ^��E&�� �� U�, ..., Un ��)�.� �!�'! U(�,�) 6�0�� 0� �9� #��

Xi = F−�(Ui) = inf {x : F (x) ≥ Ui} i = �, ..., n

	 21�� �� f � �OR 0� ��)�.� �!�'! �� X�, . . . Xn

	
 ���

=�2� 	 C�8� ^��E&�� ��)�.� ���!�'! f(x) = λe−λx � �OR 0� C�/��E� C�8� Q��
K ��>8�

k



	C�8� �� ^��E&�� U(�,�) 0� �� U� . . . UnKL A�9
C�/) �� ���7 KV A�9

Xi = F−�(Ui) =
−log(�− Ui)

λ

	 21�� �� f� �OR 0� ��)�.� �!�'! �� X�, . . . , Xn ��O!�

	� ���

� �OR 0� �!�'! ^��E&�� ����

f(x) =
λme−λxxm−�

Γ(m)

� �OR =�� 6�0�� 6��� ���� ���&�� A�� :�R 	 281�� A�35� λ > � 
 m ∈ IN :� �) ��
=�� M��
 � 0� ��� 	 )�� �)�J&�� :��� �'! 6�0�� 6��� f�B5� "
 � 0� �l ���! )�W��
� 9� 	 )�
� � �2 � � �0 ��� 7 � � �� � !� ' ! :�� � � � � � �� ' ! 6 �0� � 
 � �� 9 6 �0� � � 5 �0� �

��O!� 281�� E(λ) 6�0�� �� 6�0�� C/ 
 ��&�� ��/ ��]&� Y�, . . . , Yn

X =
m∑

i=�

Yi ∼ Γ(m, λ)

U(�,�) 0� �� U�

�
, . . . Um

�
, U�

�
, . . . , Um

�
, . . . , U�

n , . . . Um
n � �)� . � � !� ' ! KL A� 9

	 C�8� �� ^��E&��
KV A�9

Yi =
− log(�− U i

j)
λ

i = �, . . . , m j = �, . . . , n

	 C��
� �� ��2�
K C�/) �� ���7 KX A�9

X i
j =

m∑
i=�

Y i
j

� �OR 0� ��)�.� �!�'! �� X�, . . . , Xn =�����8� � Xj ∼ Γ(m, λ) *��` =�� �)

f(x) =
λme−λxxm−�

Γ(m)

"
 � 0� :��� �'! �'�&�� �� 2�� �� G�? �! �O�) )���� #�d� =�� ���<� 	21�� ��
�� �B<� =�� :��� �� �5�0�� =�� M��
 � 0� �)�J&�� �� ��� )�� �)�J&�� 6�0�� 6��� f�B5�

m



6��� f�B5� ��2�� "
 � 0� �)�J&�� �� �)�7 N(μ, σ�) #���! 6�0�� ���� Pd� 	)�� \�I��
U(�,�) 0� 6�0�� C/ 
 ��&�� ��)�.� ��/��]&� U�, U� �9� C�!�) �� ��� 	C�&��! 6�0��

C�/) ���7 
 281��

X� = μ + σ
√
−� log U� cos(�πU�)

X� = μ + σ
√

−� logU� sin(�πU�)

	)�� 28/��@ N(μ, σ�) 6�0�� 0� 6�0�� C/
 ��&�� ��)�.� ��/��]&� X�, X� ��O!�

�� � ����� ��� �����

f�B5� ��2�� "
 � �� ��� =�� 
 C�8� ^��E&�� �� �!�'! f � �OR 0� C�/��E� C�8� Q��
f ��9 ��B� ���1 �/�9 ��B� �� g � �OR �9� 	21��! �
2�� �5�0�� =�� M��
 � 
 6�0�� 6���

�� 21�� )�W�� :�8R
	 21�� ���9 �!�'! ���7 �9)�� �� KL

�� ���I �� 21�� �&1�) )�W
 :�8R M ≥ � �� �85� 21�� ��2!��� f(x)
g(x) ���! KV

K ���9 �� �>! )��� �!�'! ��0 "
 � �� :��� �� ��9 :� f(x)
g(x) ≤ M ∀x ∈ χ

�� e(x) 6 �� � � � � e(x) ≥ f(x) ∀x = ��� �� 8 � 	 e(x) = g(x)M ∀x C � /) � � ��� 7
	 C�8� �� �'+ ��0 U��I �� ���9 �!�'! ���� 	28��! �� f ���� �<1�?

	 C�8� �� ^��E&�� g � �OR 0� �� Y KL A�9
	 C�8� �� ^��E&�� U(�,�) 0� �� U KV A�9

�2/�<� �� :��8+ �� �� Y ��2�� �85� 	 C�8� �� )� �� Y ��O!� U > f(Y )
e(Y ) �9� KX A�9

	 C���9 �'! �>! �) g � �OR 0�
�� �� X �85� � X = Y C�/2�� ���7 
 �&���l? �� Y ��2�� *��` =�� ��b �) Ke A�9
�25� *�2/�<� :)�
� ��2� ���� 
 C���9 �� �>! �) f � �OR 0� �2/�<� �� :��8+

	 C���� ��) �>! )��� �!�'! �� �� C�8� �� ���B� �� � �� � ��/ A�9
���0 	281�� �� f � �OR ����) "
 � =�� �� �2�� ��2� �!�'! �� ��� ��n �� A0Z
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j�1 �) ��9�/ C���9 S ��5�
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Pr(X(t+�) = j | X(t) = i, X(t−�) = it−�, . . . , X(�) = i�, X
(�) = i�)

= Pr(X(t+�) = j | X(t) = i) = pij

K C�/) �� ���7 
 ��&J9 j ��5�
 �� i ��5�
 0� ���3��� �� #��& !� #�'&�� �� pij
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 �j ��5�
 �� i ��5�
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k∈S Pr(X(�) = j | X(�) = k)Pr(X(�) = k | X(�) = i) =
∑

k∈S pikpkj

	P (�) = P × P K �ltt 
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P (m) = P × . . . × P︸ ︷︷ ︸
m

P (m) × P (l) = P (m+l)
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(Π(�))T = (Π(�))T × P
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�)r �2tt� ��/ 6�0�t� �Π(�) _t3t&tEt� ��/ S�E&t!� ���ttt� �t� �t�� =t1
 �
S�E&!� �/ ���� �� 28&�/ ���/���%!0 ��� 	281�� *
�J&� ��� =B'� r)�W
 *��`

q 21�� �&tBtttt� 
 �&1�) )�ttW
 ����'/ �2� 6�0�� �Π(�)

���� �$!� S�3H� �9[�
 �� 
 �)�� ���lO��! �� �/ ���%!0 F�! =�� ��0 _��5� �)
�� ��T7 Ny� 
 *��2�� ������ �� 25� ��/ GE� �) 	C�8� �� ���1� �!�'! ^��E&��

	C��
� �� �� _���� ��/���%!0 F�! =�� ���� ���� ��$I�1 �(��)�9�� ��T7,
� ��!) �Π(�) ���2&�� 6�0�� �/ ���� ��9 �/ C���9 v�ttt�)�ttt9��w �� {X(t)} ����%!0

K �85� 	21�� ��O'/ Π #�'&�� 6�0�� �� {Π(t)}t≥� �2�� ��2� #�'&�� ��/ 6�0��

∀ Π(�) : limt→∞ Π(t) = Π
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	28� �� ��� Π ��&B� �2� 6�0�� �� (Π(t), �/ X(t) 6�0�t�
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S ��5�
 ��T� �� v =tOt'tt/ _t���� ���t�t%t!0 w �� �2!��9 �� ��2�� S ����'1�!

K28� c2` ��0 j�1 �) ��9�/ C���9

∀A ∈ F ,∀t ≥ �,∀x�, x�, . . . , xt−�, x ∈ S :

Pr(X(t+�) ∈ A | X(t) = x, X(t−�) = xt−�, . . . , X(�) = x�, X
(�) = x�)

= Pr(X(t+�) ∈ A | X(t) = x) =
∫

A
k(x, y)dy

6 �0� � �  � O R �� �� g x ∈ S ��� � k(x, y) 
 �S � t t � :�2 t t � t t t �rσ � � F :� �) � �
{k(x, .) : x ∈ S} �Ott �) *���t t t t+ �� 	(Y | X = x ∼ K �85�,��� S �� K �I�1
�� k(x, y) �  � � = �� �) 	2 1� � � � S � � � t t t I� t t t t 1 �� / t �  � O t t R 0� �� �)�� t t t t !� @
N����� G�! :�'/ 
 C���9 ���%!0 ���3��� �� �*Z��tt&tt!� #�'tt&tt�� ��ttt&tt�tt/

	28� �� �Jtttttt�� �%8tt�� �) �� ���3��� �� *Z��&!� #�'&��
��O!� �C���O� �>! �) �� π(�)(x) � �OR �� Π(�) 6�0�� �X(�) ��� 
� ��5�
 ���� �9�
� �'&�� ��&@�� �� π(�)(x) 
 k(x, y) ����'1 ��5�
 ��T� �� _���� ����%!0 28!��

K C���) t ≥ � �/ ���� ���0 	288� �� DE<� �� ���%!0
�� Π(t+�) 6�0�� ����) X(t+�) 
 21�� π(t)(x) � �OR �� Π(t) 6�0�� ���) X(t) �9�

K ��O!� �π(t+�)(x) � �OR

P (X(t+�) ∈ A) =
∫

A
π(t+�)(y)dy =

∫
A

∫
S

π(t)(x)k(x, y)dxdy

π(t+�)(y) =
∫

S π(t)(x)k(x, y)dx

_���� ���%!0 ���� N? 	��� :��t� �t��7 k(x, y) 
 π(t)(x) �� X(t+�) 6�0�� �85� =�� 

Π(�) #�'&�� 6�0�� �� S�E&!� � � �k(x, y) ���3��� �� *Z��&!� #�'&�� ��&�/ ��
�� ��!) �� {Π(t)}t≥� #�'&�� ��/ 6�0�� �� ��!) �(X(�), ���%!0 �� 
� ��5�
 ����
�� ��!) �9� *��.8�� �) 	2�� �� ��2� �/ X(t) ���� {π(t)(x)}t≥� �}�8&� ��$� �OR
� �OR 6��� �� π :� �) �� �21�� �@��8O� ���O'/ π 6��� �� S �� {π(t)} � �OR 6����
6�0�� �� π � �OR �� �}�8&� Π 6�0�� 
 ����%!0 �2� � �OR �� π(x) ��O!� ���� S ��
�)r�2� ��/ 6�0�� Π(�) _3&E� ��/ S�E&!� ���� �! �%8�� �) 	C���9 ���%!0 �2�
0� �>! \�` ���)�9�� ��/���%!0 ���� �$8� 
 281�� *
�J&� ��� =B'� r)�W
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	28� �� ��� Π ��&B� �2� 6�0�� �� �/ X(t) 6�0�� ����%!0 ��� 
� 6�0��

���)� �1�23 �4(5 
��� ���� #�() 67.� �8'/��� �0 X(t) �8+0 8� �/) 9�) �� :�� �

����� 8;��&� $%�&<'<() *�+<'<,) -<��<�� �� =Transition kernel �
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K Ctt�1�� �t&1�) λ(x) � �OttR �� Λ 6�0�t� ���t� �ttt9�

∀y ∈ S : λ(y) =
∫

S
λ(x)k(x, y)dx

�� ��� ~��
 	C���9 �� ���%!0 ��&��� � �OR �� λ(x) 
 ��&��� 6�0�� �� Λ *��.8�� �)
	21�� �� �! ���%!0 �2� 6�0�� Λ ����%!0 �� 
� 6�0�� :��8+ �� Λ S�E&!� ��

�&<90�� :��0 
 :)�� S
�8&��! ����l?�! ���;� �:)�� ��)�9�� |��&! 
 _���5� A�'�
�2 1� � � � � �� �2 �� ��� ' 1 � � 5 �
 �� T � � � �� � % !0 �  � � �) � Y !� � � � �� < � :)� �
��W �� #��tOt&ttt!� 
 �π(t)

i ��W �� π(t)(x) �pij ��W �� k(x, y) 0� �)�J&�� �) �$8� *
�J�
	21�� �� �'tOt�ttt�
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�MCMC� ������

�t�t't� -t��t�t� ���t� �tt� Ctt�2tt�)

θ = E(X) =
∫

S h(x)f(x)dx

f(x) � �OR 0� �6�0�� C/ 
 ��&�� *�2/�<� ^��E&�� �� ��ttttt ��� �ttt!�tt� "
 � ��
0� �!�'! ^��E&�� ��� 	C�)0 �� -���� �� θ ��'� θ̂MC = �

n

∑n
i=� h(Xi) 0� �)�J&�� 
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	21�� �&1�) ��&'� ��$&�)
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 � #��!)

:� �'� �� �� C�)�� ���5� �� �'&���O � ���)�9�� _���� ��/���%!0 i;� �)
�� )�� A0Z ���� =�� ���� 	)�� ^��E&�� �!�'! S ��9 ��B� �� f(x) \2/ � �OR 0� :��� ��
�B���H� C�1�� �&1�) f(x) ��&B� �2� ��&��� 6�0�� �� ��)�9�� _���� ����%!0 ��
���� �k(x, y) � �OR �/ 0� �� 
 ���'1 S � �� �) *Z��&!� #�'&�� N����� �H� �/ 0�
_���� ����%!0 �� C�2�) �
P+ �� 	)�� 2� �� �!�'! :��&� ���'1�! S � ���) ����g x ∈ S

�� ��� =�� �34�� #�� 	��� ��)�9�� ��l? �<9�� :��0 
 S
�8&��! ���l?�! ���;�
6�0���� ��l? �<9�� :��0 
 S
�8&��! ���l?�! ���;� _���� � ���%!0 �� :��� �� �!�OR
�� 
 *Z��&!� #�'&�� N����� ��/�H� 0� �B���I �@�� S �� f(x) ��&B� �2� ��&���

	)�� 2� �� �!�'! :��&� *Z��&!� #�'&�� �&�/ ��$� �OR
���� �� �����%!0 =�8R �(MCMC, _���� ��/���%!0 �� � ��� �!�� "
 � 67�
 �)
^��E&�� �� 
 ("
 �z_���� ����%!0 GE�, �&@�� f(x) 0� ������ ��!�'! �� ^��E&��
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	)�� ��� �� �� �$&�'� -���� ���� �� ("
 �z� ��� �!�� GE�, � ��� �!�� "
 � ��!�'!
���7�� C/ 0�� ��!�'! �J���� �O&���
 � �� �) a�� )�2+� :�!�7 �� )�) :�<! _����
*�2/�<� ���8� 6�0�� :)�� ������ 0� �Y!�8R �"
 � � ��� �!�� GE� �) =�����8� 	���
���8� 6�0�� 
 2!��J���� ��&���
 �� *�2/�<� �� C�8� Q�� 
 ��1�? C<R �2�� ��2�
���� �� � ��� �!�� "
 � :��� �� a�� )�2+� :�!�7 ��!��&<? �� ��O!� ��� f(x) �$!�
���� �� -���� �� "��l? �� "
 � � ��� �!�� GE� �l 	)�� ��� �� �/ ��'� -����
�<9�� :��0 
 S
�8&��! ���l?�! ���;� _���� ����%!0 =&@�� �3`� ��34�� ��� 	���
MCMC _���� ���t� t%t !0 GE� �85� �f(x) ��&B� �2� ��&��� � �OR �� � �l?

	21�� ��
C & ��� O  � K � �� �2 1 � ���� C & ��� O  � 
) ���� � % !0 = � 8 R 2 �  � � ��� �

	�t�t�t9 ��t�t9 �t!�t't! 
 ��t8t�t&t�t/rNt�t3t?
 �tt&�

?1*�%%%0�@A*%%B3��%%�� C�&	��%�� ���

�2/�<� =&1�) �� �S �� g(y | x) *Z��&!� #�'&�� ��&�/ �� S�E&!� �� C&���O � =��
�� 
� ��2�� �� �� ��>8� =�2� 	2/) �� �� �� �� X(t+�) �2/�<� �A�9 �� 0� N? �X(t)

K C���) 0��! *�2/�<� ���� :)�
� ��2� ����
���π(�)(x) � �OR �� Π(�) ���E ) ���2&�� 6�0�� 0� �� X(�) = x(�) �t = � :��0 �)
�� x(�) ∈ S :��� �� �&� � 	28� 2� �� �f(x(�)) > � �� j�1 =�� �� ���� �21 _��5� S ��
�� S �� 6�0�� �� S�E&!� �� ��� #)�5� �� )�� S�E&!� ���E ) �� �f(x(�)) > �I�1 ��

	π(�)(x(�)) = � ; ∀y ∈ S, y = x(�) : π(�)(y) = � � �OR
K28� �� 2� �� ��0 *��.� �� X(t+�) ��2�� C&���O � �X(t) = x(t) =&1�) �� #��

	C�8� �� 2� �� g(. | x(t)) � �OR 0� �� X∗ �)�/t8t<t�t? ��2�� (L

��� �21 _��5� R(u, v) = f(v)g(u|v)
f(u)g(v|u) *��.� �� �� �8�&�/rN�3?
 �&� ���! (V

	(R(x(t), X∗),C�8� �� ����;� (x(t), X∗) ���� ��

K C�8� �� S�Et&tt!� �tt�0 *��t.tt� �� X(t+�) (X

X(t+�) = X∗ ; min{�, R(x(t), X∗)} #�'&�� �� •
X(t+�) = x(t) ; �− min{�, R(x(t), X∗)} #�'&�� �� •

Metropolis-Hasting �

Gibbs Sampling �
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�l 	C�8� �� ���B� �2�� ��2� �� 0��! )��� *�2/�<� )�25� �� �!��0 �� �� C&���9� =��
�� x(�) ��� 
� ��2�� 
 �S �� g(y | x) *Z��&!� #�'&�� ��&�/ S�E&!� �� C&���O � =��

	2/) �� �� ���%!0
����������������������

A�9 �) :�R C���9 �� �)�$8<�? ��2�� �)�1 �� 2� �� �� A�9 �) �� �� X∗��2�� •
	)�1 �� )� �� �&���l? A��

�� 2� �� x)t) =&1�) �� �� X∗ �)�$8<�? ��)��� :� �� �� �� g(y | x) �I�1 � �OR •
	C���9 �� �)�$8<�? � �OR �C�8�

�� �0 	)� 1 � � _ �� 5 � ���� ' / R(x(t), X∗) � 8 � & � /rN � 3 ? 
 � & � � � � ! •

 f(x(t)) > � � � )� 1 � � 2 �  � � � & 7
 � $ 8 � X∗ = x∗ �)� $ 8 < � ? ��2 � �

	g(x(∗) | x(t)) > �

X(t) �� �$8� X(t+�)���0 ��� �$�2� "
 � =�� �� �2�� ��2� ���%!0 :)�� _���� •
	)��) �O&��

g(y | x) �)�$8<�? � �OR S�E&!� �� ���%!0 :)�� S
�8&��! 
 ���l?�! ���;� •
����%!0 ���$! �) �� )�1 S�E&!� ���I g(y | x) 2�� � =��� �� 8 � 	)��) �O&��

	21�� S
�8&��! 
 ��l?�! ���;� C&���O � 0� �2�� ��2�

	��� ���7�� ����'/ ���%!0 ���l? �<9�� :��0 •

w(x(�), x(�)) �9� K C ���) X(�) 2�  � � ��� � ��  
� 6 �0� � :�� 8+ �� f(x) S�E&!� � � �� �0
K ��O!� 21�� (X(�), X(�)) A��� � �OR

w(x(�), x(�)) = Pr(X(�) = x(�) | X(�) = x(�))f(x(�))

K C���) �I�1 #�'&�� ���� �� 


Pr(X(�) = x(�) | X(�) = x(�))

= Pr(X∗ = x(�), U ≤ min{�, R(x(�), X∗)} | X(�) = x(�))

= Pr(U ≤ min{�, R(x(�), X∗)} | X∗ = x(�), X(�) = x(�))

Pr(X∗ = x(�) | X(�) = x(�))

= Pr(U ≤ min{�, R(x(�), x(�))} × g(x(�) | x(�))

R(x(�), x(�)) ≤ � K ��O!� f(x(�))g(x(�) | x(�)) ≤ f(x(�))g(x(�) | x(�)) �9�

Pr(X(�) = x(�) | X(�) = x(�)) = R(x(�), x(�))g(x(�) | x(�))

= f(x(�))g(x(�)|x(�))

f(x(�))g(x(�)|x(�))
g(x(�) | x(�)) = f(x(�))g(x(�)|x(�))

f(x(�))
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R(x(�), x(�)) > � K ��O!� f(x(�))g(x(�) | x(�)) > f(x(�))g(x(�) | x(�)) �9� 


Pr(X(�) = x(�) | X(�) = x(�)) = g(x(�) | x(�))

K Ntttt?

w(x(�), x(�)) = f(x(�))g(x(�) | x(�)) ; R(x(�), x(�)) ≤ �

= f(x(�))g(x(�) | x(�)) ; R(x(�), x(�)) > �

K)�) :�<tt! :��ttttt� �t� �x/t��<ttt�

w(x(�), x(�)) = f(x(�))g(x(�) | x(�)) ; R(x(�), x(�)) ≤ �

= f(x(�))g(x(�) | x(�)) ; R(x(�), x(�)) > �

:���&� (X(�), X(�)) A��� � �OR �O�) *���+ �� �w(x(�), x(�)) = w(x(�), x(�)) �85�
�! -3H� =�� 	21�� �� f(x) :�'/ 
 :��B� X(�) 
 X(�) ���8tt� 6�0�� =�����8� 	���

K �lttt 	��� c)�` (X(t), X(t+�)) �/ ���� �B3� (X(�), X(�)) ���� �$8�

∀x, y ∈ S : Pr(X(t) = x)Pr(X(t+�) = y | X(t) = x) =

Pr(X(t+�) = y)Pr(X(t) = x | X(t+�) = y)

K �ttt8ttttt5�

∀x, y ∈ S : f(x)g(y | x) = f(y)g(x | y)
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�`�� ����%!0 �l 	)�1 �� 2� �� g(x) 0� x(t) �3�7 ��2/�<� 0� ��&�� X∗ �)�$8<�?
	21�� �� ��&�� C&���O � 0�

K ��� ��0 A�t� �� �8�&�/rN�3?
 �&� ���! �S�E&!� =�� ��

R(x(t), X∗) = f(X∗)g(x(t))

f(x(t))g(X∗)

�x'&� ���%!0 ��O!� g(x) > � K C�1�� �&1�) �f(x) > � �� x ∈ S �/ ���� �9� �
P+ ��
	21�� �� f(x) ��&B� �2� ��&��� � �OR �� ��)�9�� �l ��)�� S
�8&��! 
 ��l?�! ���;�
����%!0 :)�� S
�8&��! 
 ���l?�! ���;� :)�� �R �� �0��! �O�) � �� =�� �) =�����8�

	28� c2` g(x) )��� �) c�� j�1 ������ �B3� ��)��! C&���O � 0� �`��

��ttttt� j��8&ttt�� K #�d�
K Ct���tW��t� �t�0 ��34ttttt�� �� ��� j��8&t�� �)

θ �&����? ���� ��
P+ �� 	C���) L(θ | y) ���'8&��) 6��� �� �� y�, . . . , yk *�2/�<�

 ���3`�� �� ���H�! )�
���, ��� j��8&�� 	C�� �&��9 �>! �) �� π(θ) =�<�? � �OR

K 21�� �� ��0 =��? � �OR 6��� ����?�� �x��'� θ )��� �) (Q�� :��0�

A�;<�<( B�C D0 �0��&(5 ���� 9�) 8'?1) �
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∀θ ∈ Θ : π(θ | y) ∝ π(θ)L(θ | y)

∀θ ∈ Θ : π(θ | y) = cπ(θ)L(θ | y)

K )�tt1 �� ��t��;t� �t�0 *��.t� -t��8t� -��t� ��

c = (
∫
Θ

π(θ)L(θ | y)dθ)−�

	��� �2�Y�? 28� �� =��5� �� c �� � ��O&!� �����;� Zx �'5� �)��2!�&�� )���� �) W
	C���2! �� c Zx �'5� �� j��8&�� �) =�����8�

�C���O� �>! �) �H@ 6��� �� �34�� :��0 6��� �Y!�8R �θ ��� )�
��� ��34�� �)
KC���) θ #�$%� �&����? ���� �� ��0 )�
���

θ̂B =
∫
Θ θπ(θ | y)dθ =

∫
Θ θcπ(θ)L(θ | y)dθ

���)�� �� θ̂B �����;� �� )��2! )�W
 �3� ) �C�)�� Q�� ���1) �� c �����;� �� �%!� 0�
�� 2��� ��� )�
��� =&1�) ���� 2�� �� �>! �� =�����8 � 	C�8� Q�� c �����;� 0�
"
 � �� C�/��@ �� 
 �)�� ���9 �!�'! ���7 π(θ) �� C�8� Q�� �! 	21 6!�7 θ̂B -����

	C�/) A�%!� �� ��� =�� �ttttt ��� �ttt!�ttt�
0� �!�'! ^��E&�� �� �2&�� K 2��� :�� =/n �� �� ��� =�� ��� =B'� ��� =�� ����
0� �O�) ���!�'! ^��E&�� �� Ny� 	C���� ��� �� c -���� ���� �� � ��� �!�� "
 � �π(θ)

Zx 
� K ��� )��
 )���� 
) �� ��� =�� �� 	C�!� -���� �

n

∑n
i=� cθiL(θi | y) �� �� θ̂B �π(θ)

�)�J&�� �� ��� �!�� "
 � �� θ̂B -���� 25� 
 c -���� �-���� ���
) 0� θ̂B -���� ���� ��
�� L(θ | y) �����;� Zx �'5� �x�
) 	2/2�� G/�� �� θ̂B -���� �7) �x'3�� �� C�� �)��
	��� ���'/ :)�� )�9 ��/�H@ 
 -���� �� -3b� 
 �)��! �)�� :� ���� �`�� A�� �� )
G/�� �� )�
��� �7) ��21 ����� �3�7 �21 ���1� ��/ -���� �� �! -���� =�� =�����8�

	2/) ��
(MCMC, _ ��� � �� /�� � % !0 � � �  �� � � !� � "
 � 0� �)� J & �� � t � t H t 8 � � � ���
��8�&�/rN�3?
 �&� C&���O � 0� �)�J&�� 
 g(θ∗ | θ(t)) = π(θ(t)) S�E&!� �� K 21�� ��
���� ���0,C��
� �� ��2� π(θ | y) ��&B� �2� ��&��� 6�0�� �� ��&�� ���%!0 ��
=&1�) �� ��O!� 	(π(θ) > � K C���) �:)�� -��8&� �� ) �� �π(θ | y) > � �� θ ∈ Θ �/
��J�� )��$� ���� (#
� ��� m, �� 
� *�2/�<� \l� 
 ���%!0 0� (n, ���� *�2/�<�

	C�!0 �� -���� �

n−m

∑n
t=m+� θ(t) �� �� θ̂B ��� 
� ��2�� ��g�{� G/�� 
 �!�'!

�&ttttEt�ttt�� �&tttt����? )�
��tt� K #�d�
��&E��� 6�0�� 0� 6�0�&'/ 
 ��&�� ��H� �� y�, . . . , y��� C�8� Q��

δN(�, �
�
) + (�− δ)N(��, �

�
) ; δ ∈ (�,�)

VX
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�
) ��5��W 
) �� j���� ��� =B'� *�2/�<� =�� #�d� :��8+ �� 	C���)�� �2/�<�

�� N(��, �
�
) 0� �− δ #�'&�� 
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�
) 0� δ #�$%� #�'&�� �� �� 281�� N(��, �
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�&����? �� )�
��� \2/ �δ ���� π(δ) = � ; δ ∈ (�,�) =�<�? � �OR Q�� �� 	281��
K 0� ������+ *�2/�<� ���'8&��) 6��� 	21�� �� δ #�$%�

L(δ | y) =
∏���

j=�
�√
�π

(δ exp(−�(yi − �)�) + (�− δ) exp(−�(yi − ��)�))

K :� �) �� 21�� �� π(δ | y) = cL(δ | y) *��.� δ =��? � �OR �l 

c−� =
∫ �

�
L(δ | y)dδ

=
∫ �
�

∏���

j=�
�√
�π

(δ exp(−�(yi − �)�) + (�− δ) exp(−�(yi − ��)�))

��� ��&��1�@ )�1 �� �&��9 :� �� #��O&!� �� ���+�'%� 
 ��� �� δ 25� �B8�� ��

 �2�� �'! �>! �� �&��� :�28R ��� c �����;� #�� =�� �� (��� �)�<� � �) [�,�],

K C���W��� ��0 #��O&!� �� C�/��E� �� δ �� )�
��� �9�
∫ �

�
δπ(δ | y)dδ

�)�J&�� 21 �&J9 ��7 #�d� �) �Y!� �� �W�� �� 
 �)�� ���9 �!�'! ���7 �9)�� �� π(δ) ���
0� δ(�) ��� 
� ��2�� S�E&!� �� 	��� ���� �� _���� ��/���%!0 �� � ��� �!�� "
 � 0�
�(�,�) �� g(y | x) = π(x) *Z��&!� #�'&�� ��&�/ S�E&!� 
 �(�,�) �� �@��8B� 6�0��
*��.� �� δ(t+�) ��2/�<� �δ(t) =&1�) �� �8�&�/rN�3?
�&� C&���O � �#�d� =�� ����

K 28� �� 2� �� ��0

	C�8� �� 2� �� (�,�) �� �@��8B� 0� �� δ∗ (L

	C�8� �� ����;� �� R(δ(t), δ∗) = π(δ∗|y)

π(δ(t)|y)
�8�&�/rN�3?
 �&� ���! (V

K C�8� �� S�E&!� ��0 *��.� �� δ(t+�) (X

δ(t+�) = δ∗ ; min{�, R(δ(t), δ∗)} #�'&�� ��
= δ(t) ; �− min{�, R(δ(t), δ∗)} #�'&�� ��

�� ��)�� �)�� �2� �� ��&�� ��/���%!0 0� �)�J&�� �21 �>�P� �� ��H!�'/
6�0�� 0� �9� ��� j��8&�� �) �&� � 	���<9 ��� ����� ��� j��8&�� �) �[�

#��!) �� 2��� 
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�) =�����8� 	288� �� 2� �� ��� ��J�� �� ���/�!�'! �%�&!�) ��&1�) ��&��
	2!��) ��;W�� ��&�� ��/���%!0 �� ��)�J&�� �$!� 0� :��� �� �� �3����
A�9 ����%!0 28!��, ��O�) ��)�� ��/���%!0 ��&�� ��/���%!0 �� �
P+
���� 	2!��21 �28� �&�) �)�$8<�? 6�0�� S�E&!� ���� �! (. . . 
 ��)�.�
�� #�d� 
) #�� 	��� �)�� ��n �� �5��8� �L� ��O�) ��/���%!0 0� FPI�

	��� �2<! �)�J&�� ��&�� ��/���%!0 0� �$!� �) �� C��
� ��

Lsss *��ttt � 
 :�t�tt!�W 0� K #�d�
#�.;� �� �!���&<� ���! 2/��@ �� ��)�) )��$� �� G�Z�.;� 0� �B� ���!�@���
=�� �� ��� =4'H� �!�@��� =�� 	28� )�
��� 28/) �� ~�W�� C�27 #�.;� �� �� 2�2W
:��8+ �� [�

�
,�] �� �@��8B� 6�0�� S�E&!� �� 	p ∈ [�

�
,�] �85� ���� �&<�� �

�
0� ���!

Vu 0� ��)�) :�<! ���!�'! ��� �� �� 	��� �>! 2� p �� )�
��� �p �&����? =�<�? 6�0��
6��� �=�<�? � �OR 	2!��)�) ~�W�� �� 2�2W #�.;� �J! LV �#�.;� ����&� ��&<�

K ��� ��0 *��.� �34�� =�� ���� =��? � �OR 
 ���'8&��)

π(p) = � ; p ∈ [�
�
,�]

L(p | y) = p��(�− p)�

π(p | y) = cp��(�− p)� ; p ∈ [�
�
,�] , c−� =

∫ �
�

�

p��(�− p)�dp

�� �� #��O&!� =�� �� C�28'7P+ 	2�� �� ��2� ∫ �
�

�

cp��(� − p)�dp �� 0� p �� )�
���
2��� 	C�8� �� ��&�� ����%!0 �� �! �$&8� �_���� ��/���%!0 �� � ��� �!�� "
 �
)��� �) 	C�8� �2�? 28� c2` �21 �&J9 ��$�P� 
 �$I�1 �) �� �� ����8� g(p∗ | p(t))

K ��� *��` =�2� *�� � 
 :��!�W �� ��� 	��� �E� ����� ��� =�� p ∈ [�
�
,�]

��$��E&!� �� )�) ���]� ���I :��� �� �� �&����? ��T� C/ �34�� :)�� �&����? ��
) ��
	�)�1 �� ����l? \�H5!� =��? 6�0�� A�� C/ 
 C�1�� �&1�) �)�$8<�? 6�0�� ���� ��&<��
�� ���� p =

�

�
+exp(θ)

�+exp(θ)
��2�� =�� NB+ �� θ = ln(p− �

�

�−p
) ; θ ∈ � ��2�� ��>8� =�2�

K ��� ��0 A�� �� =��? � �OR *��.8�� �) 	C���9 �� �>! �) p �&����? ����

π(θ | y) ∝ ( �
�
+exp(θ))�� exp(θ)

(�+exp(θ))��
; θ ∈ �

�)�$8<�? � �OR *�� � 
 :��!�W 	��� ���)�� -��8� g(θ∗, θ(t)) S�E&!� θ ���� #��
K 2!��&��9 �>! �) �� ��0

#�E��	)�� -(���)	 F0�� = ��(�� ��2�� ���)G� *�� H/��� I��� J�'�)��� J���	� #��)�� 9�) �� J	KL �

���! M�N� OPQ 
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g(θ∗, θ(t)) = �√
�πσ�

exp(− �

�σ�
(θ∗ − θ(t))�)

�) σ� 	)�1 �� =��5� C&���O � ���W� 0� G�? σ� 
 ��� N(θ(t), σ�) 6�0�� � �OR ��
�2� 6�0�� �� ����O'/ �+�� 
 ���%!0 *�2/�<� ��J�� ��)�$8<�? 6�0�� :)�� -��8�
�N(�,�) 6�0�� 0� θ(�) ���%!0 ��� 
� ��2�� S�E&!� 
 S�E&!� =�� �� 	)��) �'$� G�!

K28� �� 2� �� ��0 *��.� �� θ(t+�) �θ(t) =&1�) �� �8�&�/rN�3?
 �&� C&���O �

	C�8� �� 2� �� N(θ(t), σ�) 6�0�� 0� �� θ∗ (L

	C�8� �� ����;� �� R(θ(t), θ∗) = π(θ∗|y)g(θ(t)|θ∗)

π(θ(t)|y)g(θ∗|θ(t))
�8�&�/rN�3?
 �&� ���! (V

K C�8� �� S�E&!� ��0 *��.� �� θ(t+�) (X

θ(t+�) = θ∗ ; min{�, R(θ(t), θ∗)} #�'&�� ��
= θ∗ ; �− min{�, R(θ(t), θ∗)} #�'&�� ��

��tt��
 Ft�0�tt� ��/�&ttttt����? �tttt� )�
��tttt� K #�d�
K ��� ��0 A�� �� � �OR ����) �λ 
 α ��/�&����? �� ����
 6�0��

f(x | α, λ) = αλxα−� exp(−λxα) ; x > � , α, λ > �

���� =�<�? 6�0�� �� S�E&!� �� 
 21�� �'! ���'! ��$5�0�� ��)��!�@ �T+ 6�0�� =��
�� )�
��� �l 	2/) �'! ��2� (α, λ) ���� ���7) =��? ��$5�0���(α, λ) ��/�&����?
�_���� ��/���%!0 �� � ��� �!�� "
 � �� C�8� �� �5� 	��� �W��� �B<� �� (α, λ)

	C�8� �2�? (α, λ) ���� ��� )�
���
C���)�� �2/�<� ����
 6�0�� 0� �� (x�, x�, x�) = ( �

��
, �

��
, ��

���
) *�2/�<� C�8� Q��

�� C�� �&��9 �>! �) (α, λ) ���� �� π(α, λ) ∝ exp(−α)λβ−� exp(−βλ) =�<�? 6�0�� 

K ��� ��0 *��.� �34�� =�� ���� =��? � �OR 
 ���'8&��) 6��� 	��� A�35� 
 ���g β

L(α, λ | x) = ( �

����
)α−�α�λ� exp(−λ(( �

��
)α + ( �

��
)α + ( ��

���
)α))

π(α, λ | x) ∝ ( �

����
)α−�α� exp(−α)λβ−� exp(−λ(( �

��
)α + ( �

��
)α + ( ��

���
)α + β))

c−� =∫ ∞
�

∫ ∞
�

( �

����
)α−�α� exp(−α)λβ−� exp(−λ(( �

��
)α + ( �

��
)α + ( ��

���
)α + β))dαdλ

K 2/) �� �� �� �� (α, λ) �� )�
��� ��0 #��O&t!� 
) ��
∫ ∞
�

∫ ∞
�

( �

����
)α−�α� exp(−α)λβ−� exp(−λ(( �

��
)α + ( �

��
)α + ( ��

���
)α + β))dαdλ∫ ∞

�

∫ ∞
�

( �

����
)α−�α� exp(−α)λβ−� exp(−λ(( �

��
)α + ( �

��
)α + ( ��

���
)α + β))dαdλ
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 � �� �� �l )�� �� #�'5� ��$1
 � �� :��� �'! �� �$ ��O&!� =�� �� ��� =1
 �
�)�$8<�? � �OR S�E&!� �� 	��� ����8� ��8�9 _���� ��/���%!0 �� � ��� �!��
6 �0� � 
) �  � O R S� T 3 `� � � � g(α∗, λ∗ | α(t), λ(t)) = �

α(t)λ(t) exp(− α∗
α(t) − λ∗

λ(t) )

0� λ(�) 
 α(�) �� �  
� �� /��2 � � S� E & !� 
 �� �� λ(t) 
 α(t) �� / = � O !� � � � � � �� ' !
�(α(t), λ(t)) = & 1�) � � � 8 � & � /rN � 3 ?
 � & � C & ��� O  � �L = � O !� � � � � � �� ' ! 6 �0� �

K 28� �� 2� �� ��0 *��.� �� (α(t+�), λ(t+�))

2� �� λ(t) =�O!��� �� ���'! 6�0�� 0� �� λ∗ 
 α(t) =�O!��� �� ���'! 6�0�� 0� �� α∗ (L
	C��
� ��2� �� (α∗, λ∗) �� ��)��

�8�&ttt�/rNt�3t?
 �tt&� �t��tt! (V

R((α(t), λ(t)), (α∗, λ∗)) = π((α∗,λ∗)|x)g((α(t),λ(t))|(α∗,λ∗))
π((α(t),λ(t))|x)g((α∗,λ∗)|(α(t),λ(t)))

	C�8� �� ����;� ��

K C�t8t� �tt� S�E&tt!� �tt�0 *��.tt� �� (α(t+�), λ(t+�)) (X

(α(t+�), λ(t+�)) = (α∗, λ∗) ; min{�, R((α(t), λ(t)), (α∗, λ∗))} #�'&�� ��
= (α(t), λ(t)) ; �− min{�, R((α(t), λ(t)), (α∗, λ∗))} #�'&�� ��
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	C�8� �� 2�tt ��

K C�ttttt/) �� ���ttttttt7 (X
(θ(t+�)

�
, . . . , θ

(t+�)
k , μ(t+�), (σ�θ )(t+�), (σ�e )(t+�)) = (θ∗

�
, . . . , θ∗k, μ∗, (σ�θ )∗, (σ�e )∗)
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