
5 ����� (Gibbs sampler)���

5.1 �����
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WXYZu>�L��²³´� f(x1, x2, . . . , xp)��v:MN±f²³´�

f(xs | x1, x2, . . . , xs−1, xs+1, . . . , xp)OÙàYZ[RTip�nPï���w�ý�

2� �/���

f(xs) =

∫
. . .

∫
f(x1, x2, . . . , xp)dx1dx2 . . . dxs−1ds+1 . . . dxp� (5.1)

ÛnPï f(xs)��OE#PQ� r��op/�(5.1)��ô.#���O

@��YZ5w' �©�ª�«�xyYZ���TinPï f(xs)O
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p )ï¿�±ª�x
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?1 f(x2 | X1 = x
(1)
1 , X3 = x
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3 , . . . , Xp = x

(0)
p )ï¿�±ª�x

(1)
2 �

'@�æ��i1 f(xp | X1 = x
(1)
1 , . . . , Xp−1 = x

(1)
p−1)ï¿�±ª�x

(1)
p �@�
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3.  k(g834�YZw'Ti (x
(k)
1 , x

(k)
2 , . . . , x

(k)
p )O

Geman and Geman(1984)[�� |��MN/�

X(k)
s → Xs, as k →∞�
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s¿Xsû1 f(xs)�ïOy'�k}���YZÛx
(k)
s ø�Xs�êë��+O

©�ª�«~YZqrs #��Q�-.�A�R �56����)�

ì��efb}(��g84�UxTiêënPï���+O  ���ê

ë�����{4�YZ5w' �F��ì�{�¡�nPï�34+��»

¼�WWÞnP�����O

'KL�±»� (X, Y )���©�ª�«e=�B�1MNï f(x | y)2

f(y | x)���{�w'�)�LX��{�s¿Xû1 f(x)�ïOfX¿@)

�L=�±»�yì)� ”Gibbs sequence”Ù/

Y (0), X(0), Y (1), X(1), Y (2), X(2), . . . , Y (k), X(k)� (5.2)

s¿��Y (0)��ku>�z;+��s�H'/�Ý��

X(j) ∼ f(x | Y = y(j))�

Y (j+1) ∼ f(y | X = x(x))O (5.3)

��k →∞�ÝX(k)�ï�¬iX�þ��nPï f(x)O

5.2 �������

XX, Y ��Bernoulli�±ï�s��±f²³´�Ù/



fxy(0, 0) fxy(1, 0)

fxy(0, 1) fxy(1, 1)


 =




p1 p2

p3 p4


O

��@ï�YZw'ö�x�nPï

fx = [fx(0), fx(1)] = [p1 + P3, p2 + p4]�

��L)�±f� p2 + p4�BernoulliïO
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ÝYZw'ô��UTiX | Y = y2Y | X = xKLMN±f²³´�

Ay|x =




p1

p1+p3

p3

p1+p3

p2

p2+p4

p4

p2+p4


 =




P (Y = 0 | X = 0) P (Y = 1 | X = 0)

P (Y = 0 | X = 1) P (Y = 1 | X = 1)


�

(

Ax|y =




p1

p1+p2

p2

p1+p2

p3

p3+p4

p4

p3+p4


 =




P (X = 0 | Y = 0) P (X = 1 | Y = 0)

P (X = 0 | Y = 1) P (X = 1 | Y = 1)


O

-B��¿P (Y = y | X = x)ñò=x��i y�±f�y'YZw'Û��Ay|xø

��������u>=x�Ip��� y�Ip�±fO�	�Ax|y��= y��

ix�����O

9YZA[:;X�nPï�Ý (5.2)��¿�YZw'ô���ö��

1X(0) → X(1)�fX¿�¦§efY (1)�F��fX@)��L�w�����±

f�

P (X = x(1) | X = x(0)) =
∑

y

P (X = x(x) | Y = y)× P (Y = y | X = x(0))O

@�X������wñò�

Ax|x = Ax|yAy|xO

¥@YZ5x56�����¿X(k)�±fïOOU�Ò�P (X = x(k) | X =

x(0))������ (Ax|x)kO9YZ'fk = [fk(0) fk(1)]�ñòX(k)�nP±f²³

´��Ý��y6k�

fk = f 0A
k−1
x|x Ax|x = fk−1Ax|x

Hoel, Port, and Stone(1972).i�ARA�ÉY�����Ý� k → ∞�fk�¬

i���ïf�Ñab

fAx|x = f (5.4)

y'�9Gibbs sequence¬�Ýab (5.4)�¿�f¦�X�nPïO
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��� #P�ýQ�YZ)�Ûkªi)����kRªi���|��S-

��6��>% O @�YZ¶�Gelfand and Smith(1990).��A�����)

mL*³� k�Gibbs sequences��4ª�L��4�LX(k)OAR k}��ÝÛ

X(k)ø�X���êë�{�s¿Xû1f(x)�ïOGelfand and Smith(1990)y

�	�k ≤ 50�m ≤ 1000�l��Z¡�kR�R�� 50O

5.3 ��������	
�������

& Û©�ª�«Ï����
���� (censored data)QO

WXYZ¬in����ð� r = (r1, r2, . . . , rn)Oθ ∼ D(a)(λi∗ ∼ D(bi∗)�s

¿ i = 1, 2, . . . , I�Æ°ïOw = θ · Λ�s¿Ã jLÉYwjñòn
� j�±f�

j = 1, 2, . . . , JO?WXFn�n
�Iÿ9þ#���Y�Y ��L 1× n��±�

��s¿ Ykñò�Ã k7Iÿ9�þ#��O @�YZ§Æu>Y �h;+�

ñò�y(0) = (y
(0)
1 , y

(0)
2 , . . . , y

(0)
n )OYZyª�h;+�A��WX�Ã kL��+l

¢� ¬iRk = rk�op/�sþ#��Yk�û1�ÉÊË ï�s¿£��

±f��Ù/
(

θ
(0)
1 · λ(0)

1rk∑I
m=1 θ

(0)
m · λ(0)

mrk

,
θ

(0)
2 · λ(0)

2rk∑I
m=1 θ

(0)
m · λ(0)

mrk

, . . . ,
θ

(0)
I · λ(0)

Irk∑I
m=1 θ

(0)
m · λ(0)

mrk

)
O

 �@±fï�YZw'�) y
(0)
k �k = 1, 2, . . . , nO

��YZ\¤/å¥>?�

å¥�îÅÆ�y(0)�rý�L÷��>P/��

x = (x1, x2, . . . , xI)�z =




z11 z12 . . . z1J

z21 z22 . . . z2J

...
...

...

zI1 zI2 . . . zIJ




�
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s¿xiñòy = (y1, y2, . . . , yn)¿¦��� i���OzijñònLï� [yk, rk](2 [þ#

���n
+ ])¿ yk = i, rk = j����k = 1, 2, . . . , nO¥@Ã�Lå¥4YZw'

Tix(0)�z(0)O

å¥|î �x(0)�z(0)���/K��

a(1) = a(0) + x(0) = (a
(0)
1 + x

(0)
1 , . . . , a

(0)
I + x

(0)
I ) = (a

(1)
1 , a

(1)
2 , . . . , a

(1)
I )�

b(1) = b(0) + z(0) = [(b
(0)
ij + z

(0)
ij )]I×J = [(b

(1)
ij )]I×JO

å¥`î � Jiang, Kadane, and Dickey(1992)y.��Monte CarloA��êë

θ'(λ���+�A�Ù/�

1.  �0=³� 2a
(1)
i �§Aï��) IL�±»�u

(1)
i �i = 1, 2, . . . , IO

2. ð θ
(1)
i =

u
(1)
iPI

m=1 u
(1)
m

�@�wÛθ(1)ø�¤��a(1)3Dirichletï���+O

������L i�i = 1, 2, . . . , I�� i¨>�op/�

1.  �0=³� 2b
(1)
ij �§Aï��)JL�±»� g

(1)
ij �j = 1, 2, . . . , JO

2. ðλ
(1)
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g
(1)
ijPJ

m=1 g
(1)
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(1)
i∗ ø�¤��b

(1)
i∗ 3Dirichletï���+O

å¥Ðî@�å¥~)nLÀå¥O�Ã�L��+l¢� ¬iR1 = r1�

op/�þ#��Y 1�û1�ÉÊË ï�s¿£��±f��Ù/�
(

θ
(1)
1 · λ(1)

1r1∑I
m=1 θ

(1)
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mr1

,
θ

(1)
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m=1 θ

(1)
m · λ(1)

mr1

, . . . ,
θ

(1)
I · λ(1)
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m=1 θ

(1)
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mr1

)
O

 �@±fï�YZw�) y
(1)
1 O�����Ã 2L��+l¢� ¬iR2 = r2

�op/�þ#��Y 2�û1�ÉÊË ï�s¿£��±f��Ù/�
(

θ
(1)
1 · λ(1)

1r2∑I
m=1 θ

(1)
m · λ(1)

mr2

,
θ

(1)
2 · λ(1)

2r2∑I
m=1 θ

(1)
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mr2

, . . . ,
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O
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 �@±fï�YZ?�) y
(1)
2 O'@�æ��) y

(1)
k �k = 1, 2, . . . , n34�Ti

y(1) = (y
(1)
1 , y

(1)
2 , . . . , y

(1)
n )OÙ@5Í)�(g8O

�/�>?Ã|(g8�©tQå¥�2

1.  �y(1)���x(1)îr(1)O

2. ªx(1)îr(1)�Þa(0)îb(0)��@)a(2)îb(2)O

3. Û 2a
(2)
i î2b

(2)
ij �)0=³'Monte Carlo�)θ(2)îλ

(2)
i∗ O

4. � θ(2)îλ
(2)
i∗ ���Ã kLn
s�ÉÊË ï¿£���±f�?�)

y
(2)
k �k = 1, 2, . . . , n�Í)Ã|(g8O

\¤��å¥«=g8/��ef k(g84�9Ûθ�λø� (5.2)¿�X�þ

#��Y ø� (5.2)¿�Y�Ýw@)�Ù/�

y(0) → θ(1),λ(1) → y(1) → θ(2),λ(2) → · · · → θ(k), λ(k)�

�k →∞��θ(k),λ(k)�¬®�þ#�±fO

\¤Gelfand and Smith(1990)y.��A��YZ¶�g8k(�ª�4�(g

8�+θ(k)�λ(k)O�4©"u>�h;+�?g8 k(���Oª�4�(�¡�

+OYZ	ùum(h;+�y'O�6mLR��θ(k)�λ(k)�ÛFG��¹º

á�Gibbs�θ�λ�¡�+O�Ù�

E(θ)
.
=

∑m
i=1 θi

m
�

E(θ2)
.
=

∑m
i=1 θ2

i

m
O

\¤®µ (2003)�bª k+��Àyá�êëßà�%& k+ªi 20��¼ve

R��y' {µYZ¯�®µ (2003)� kÞm�bª�ª k = 20�m = 500�á

êëO
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