
 !«�"	�*H�Q 15r l{(αi, Gj) | Y }���T'
ñ (3.2)h«�£

Ä���	
'¯+y
 (3.4)h=[g��	
���FW)V=[g��	
'

cdÜù2û�f�[�«Ý¬�';,ÿ�2.JÁ'�?� (3.4)h (α0, G0)��

���	
9[Lr (α0, G0)';Vr (α0, G0)T@'��,ÿ� 2.�vw'��y


Lr (λ1, . . . , λn)F

J)`µ¶TY 	λ	ICD��'�·G0®Lgh|��¯'JÁcd_°

Lr�E� (α0, G0)8,f�[�'ôyD±+,F (α0, G0)�=[g��	
²

V³�ÄÅ��;(f�W´.MN'7gcdÜ(f���ÝLµ '5RLr

(α0, G0)���	
��±�'¶�)*·'cd+¸_¹�Dxñ�F

4 
�����������������

pû	����#$%&�λ = (λ1, . . . , λn)�"'ÝL�^�ü';ù 5û��

���'cdyºLS��"�pqGH�DirichletvwÝÇnF

4.1 Robbins���

Robbin’s (1955)GI)L�;GDz»�b?@��#$%&��"'�	

(1.2)hQ�m(Yi)Ém(Yi + 1)'�Y QÌ�aYiT�Yi + 1T���8Ý��'Þ

λ̂i = (Yi + 1)
]{Yk : Yk = Yi + 1, k = 1, . . . , n}

]{Yk : Yk = Yi, k = 1, . . . , n} F (4.1)

CÏÐ'5n → ∞'V��h���¼½y�*G(Ùzgh@���¼½F9

:';@Lû���'cd+�¾H'V�����CD^_F
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4.2 ���������

; (1.1)#$%�g

Yi | λi ∼ Poisson(λi)' i = 1, . . . , n'

λi ∼ GF

J@'µ¶TY �i7	
(

m(Y ) =
k∏

i=1

mi(Yi)' (4.2)

�Qmi(Yi) =
∫

f(Yi | λi)dG(λi)F

Laird (1978)ÏÐ¿ (4.2)W��T�G+!}a|Ìan�]^_	
�&ñg

h8�¿'Þ¿G�L�\@�	
F�@�ü���������1NPML4

��G�"F

ÿ� 1. Øfλ(0) = (λ
(0)
1 , . . . , λ

(0)
n ) = (Y1, . . . , Yn)��ÜÀ��π(0) = (π

(0)
1 , . . . , π

(0)
n )

= ( 1
n
, . . . , 1

n
)'56����	
 Ĝ�tuTF

ÿ� 2. Üa4L� i'i = 1, . . . , n'

w
(1)
ij ∝ π

(0)
j f(Yi | λ(0)

j ) = π
(0)
j e−λ

(0)
j

λYi
j

Yi!
' j = 1, . . . , n'

7 ∑n
j=1 wij = 1F

ÿ� 3. ´¨λ�πF

π
(1)
j = w

(1)
+j' j = 1, . . . , n'

λ
(1)
j =

∑n
i=1 w

(1)
+jYi∑n

i=1 w
(1)
ij

' j = 1, . . . , nF

ÄYm~ÿ�2Éÿ�3�'cdy
λ(m) = (λ
(m)
1 , . . . , λ

(m)
n )�π(m) = (π

(m)
1 , . . . , π

(m)
n )F

5m → ∞'λ(m) = (λ
(m)
1 , . . . , λ

(m)
n )�Tyz{
~�Æf�T'¡( λ∗1, . . . , λ

∗
k'

(k ≤ n)'7	�«ÜÀ���zPÁ8'¡(π∗1, . . . , π
∗
k'�V5���	
G��
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�'Þ

ĝ(λi) =





π∗j' λi = λ∗j'j = 1 . . . , k'

0' otherwiseF

W)����	
 Ĝ'λi���	
(

h(λi | Yi) ∝ l(λi | Yi) · ĝ(λj) =





e−λi
λ

Yi
i

Yi!
· π∗j' λi = λ∗j'j = 1 . . . , k'

0' otherwiseF
(4.3)

;ÑÒÓ�L(λ̂i, λi) = (λ̂i − λi)
2J@'λi�����Â(��	
 (4.3)h�ÔÕT

λ̂NPEB
i =

1

A

k∑
j=1

λ∗j

[
e−λ∗j

λ∗Yi
j

Yi!
· π∗j

]
' (4.4)

�QA =
∑k

j=1 e−λ∗j λ
∗Yi
j

Yi!
· π∗jF

4.3 ��������

 Áuê'×Ø	
G�gh(Ùz'����¾f'�µ¶TY 8��¾z��

�:y
G���	
'á(��������1PEB4F;#$%��g@'

()�*�+,-'cd��×ØG(#$%�23	
'¼Þ/ 	
';V×

ØJ@'(1.1)h�#$%�gW@sgh´

Yi | λi ∼ Poisson(λi)' i = 1, . . . , n'

λi ∼ Γ(a, b)'
(4.5)

�!WXÔÕT�WX\]��µÀ'cd+�°
/ 	
�� aÉb�q�

\�Yi�e�'Þ

E(Yi) = E[E(Yi | λi)] = E[λi] = ab'

V ar(Yi) = V ar[E(Yi | λi)] + E[V ar(Yi | λi)] = V ar[λi] + E[λi] = ab2 + abF
(4.6)

5cdy
µ¶TY �'¯+ !µ¶T�&�Y �\]�S2'����aÉbF

ÖY = E(Yi)ÉS2 = V ar(Yi)'cdy


b̂ =
S2 − Y

Y
7 â =

Y

b̂
F
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W)λi�����	
Γ(â, b̂)')õ� !��f^'cdy
λi���	


h(λi | Yi) ∝ l(λi | Yi) · g(λi)

∝ e−λi
λYi

i

Yi!
· λâ−1

i e−λi/b̂

Γ(â)b̂â

∝ λ
(â+Yi)−1
i e

−λi/( b̂

1+b̂
)

≡ Γ
(
â + Yi,

b̂

1+b̂

)
F

(4.7)

��½'cd¨ (4.7)h�ÔÕT'C	J56λi�����Â

λ̂PEB
i = E(λi | Yi) = (â+Yi)b̂

1+b̂
= âb̂

1+b̂
+ Yib̂

1+b̂
= 1

1+b̂
Y + b̂

1+b̂
YiF (4.8)

` (4.8)h+z'λi�PEB��Â(uWµ¶T£& Y � Yi§££&�xB'�£

Ä	�( 1/(1 + b̂)Éb̂/(1 + b̂)'7�( 1F5��Y XPQU'\]�S2�'b̂Âõ

�'1/(1 + b̂)«Ün�'VU!n.��µ¶T��Ã8gh��λiå5��Y n

	[U'1/(1 + b̂)«Ün�'VU«+λiÀÄ�Yi�ë�µ¶Te�D�F

5 ��������	

5.1 ����

jÙz	
GQ9[λi'��Vλi56#$%���'9[YiT'�Q i = 1, . . . , nF

()D²��"ÅæaÆf�µ¶T'cd[n = 15É30É50Îm�p��'7

	���G(!/ 	
"�!ÆfÆÇÈ	
"�>?'gh @´

� 2. G������������������� �

G(/ 	
 G(ÆfÆÇÈ	


f(λi) =
λ1−1

i e−λi/b

Γ(1)b1
' P (λi) =





0.8' λi = 0.5'
0.2' λi = c'
0' otherwise'

�Q'b = 1É2É3.16F �Q'c = 1.5É5.5É10.5F
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