
3 Dirichlet���� (α0, G0)�	

`a (α0, G0)Ücd��λWÄÅ���'pû¦α0ÉG0LS-�Ý��'�Lÿ

·jd��	
'xñ��Y 8�* (α0, G0)���	
F

3.1 ��α0���

 Áuê'Dirichletvw���α0��G�G0�«�w�'`Polya urn�9�x

8z' Bα0�'λijG09H8���α0/(α0 + i− 1)n�å�J' Bα0�'λi

	Wn����Ì�aÙ�;�Tλ1, . . . , λi−1FÛ!λn = (λ1, . . . , λn)��Polya urn

jù 1~9
ùn~�xB'5α0X�'λn�Wnm«]�Tå5α0X�'�uW

λnK(�LmTFÛf�q�\�1Antoniak (1974)4

Wi =





1'ù i~�Polya urn9�T(L¨T'

0'ù i~�Polya urn9�TÌaÙ�;�RLT'
i = 1, . . . , n'

èq�\�Kn =
∑n

i=1 Wi'��Polya urn9[�n~U'λnW~mT'|¦�ùú

ûuG
�I�'7Kn�ÔÕT

E[Kn] =
n∑

i=1

[
α0

α0 + i− 1
× 1 +

i− 1

α0 + i− 1
× 0

]
=

n∑
i=1

α0

α0 + i− 1
F (3.1)

 VL8'�Å·fα0T'cd+��*;Vα0�Polya urnx8@'9�n~�

�ÔI�F()�Lÿ��α0�I��e�'cd��Escobar (1994, p271)��α0

�I��e�'ýfPolya urn9�~�n'Øf 7�D��α0T' ! (3.1)h	�

�*9�n~��ÔI�'s� @´
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� 1. ��Polya urn����n��7	
��α0������E[Kn]

α0
n E[Kn] n−3 n−2 n−1 n0 n1 n2 n3

15 1.0 1.0 1.2 3.3 10.7 14.6 15.0

30 1.0 1.0 1.1 4.0 21.0 29.5 30.0

50 1.0 1.0 1.1 4.5 34.9 49.5 50.0

100 1.0 1.0 1.1 5.2 69.6 99.5 100.0

500 1.0 1.0 1.0 6.8 346.8 499.5 500.0

`�1+z'5α0 ≤ n−1'Polya urn9�xB�(LI' B�!ù2ûA�B�1

�È'Vn:;<'��KA;�L=Bå5α0 ≥ n2'n:;<�A6)n�=

B':α0 = n0�α0 = n1	����A6)}�~�=B�Ã.�=BF

W)α0�I�e��z�'cd;(f��α0U'¯W)LS?íF5µ¶T

Y!X"PQ'cd�(LSµ¶TY v8�a«�&��#$%	
'|¦��

fλ1, . . . , λnTK«�'è·fα0 = n−1å5µ¶TY!X"	['cd�(LSµ

¶TY 8�anmD�&��#$%	
'è·fα0 = n2FZ;��	b?@'Å

jµ¶TY k�Hλ�I�CD��'L��cdXUMfL��E�α0TF

Escobar (1994)ìí�1'Øf�mα0+�T{n−1, n0, n1, n2}'	���MNλ(

LIÉ}�~IÉÃ.I�n�I'9�;·fµ¶TY @'*Hα0;L�m+�

T���'�ghMNα0TF�*α0�����"	a 3.3û�üF

3.2 ��G0���

Dirichletvw���G0��&ñ	
G�)*�	
ghF()�7�*��+,

-'cdîî¿!/ 	
1#$%�23��	
4|&¡	
56G0�ghF

;(fDirichletvw���vwQ' B !��Y 8(fG0�	
'��¦
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��!)EBèFÛ�Lÿ�	G0Ø(/ 	
�gh'�!��Y ��V/

 	
���'¯�÷!PEBèåé)23��	
'G0¢WLm+MN�g

h'�óî��	
 (improper prior)'Þ·fλiuW+�T«�£Ä8�*��	


F9:#$%&�λi�¤¥�a 0�∞J�'÷!�óî��	
	����	

R	��TUF()klVLTU'cd¿!Wæ¤¥�&¡	
8[�J'Ú

`Y1, . . . , Yn���É��Tgh(f&¡	
�¤¥F

ù4û�����Q'cd	G0Ø(&¡	
�ghFÛu1 = min(Y1, . . . , Yn)'

u2 = max(Y1, . . . , Yn)'cdMfU(u1, u2)ÉU(u1 − 1, u2 + 1)ÉU(u1 − 2, u2 + 2)��

U(u1 − 3, u2 + 3)�mD�¤¥�&¡	
'56G0�+�	
F

3.3 (α0, G0)������	


«¹¦
 3.1û��mα0� 3.2û��mG0'cdy
@� 16r�� (α0, G0)�+�

T´

G0α0 U(u1, u2) U(u1 − 1, u2 + 1) U(u1 − 2, u2 + 2) U(u1 − 3, u2 + 3)

n−1 (α1, G1) (α1, G2) (α1, G3) (α1, G4)

n0 (α2, G1) (α2, G2) (α2, G3) (α2, G4)

n1 (α3, G1) (α3, G2) (α3, G3) (α3, G4)

n2 (α4, G1) (α4, G2) (α4, G3) (α4, G4)

�Q (α1, G1) = (n−1, U(u1, u2))'(α2, G1) = (n0, U(u1, u2))'?V5GF

�!��f^'cd·L 16r (αi, Gj)���£Ä56���	
'Þ

g(αi, Gj) =
1

16
' i, j = 1, 2, 3, 4F (3.2)

	 (3.2)hS� (α0, G0)Üµ¶TY ���Ó�

l{(α0, G0) | Y } =

∫ n∏
i=1

e−λi
λYi

i

Yi

dF [λ | (α0, G0)]' (3.3)
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�Q'dF [λ | (α0, G0)]�f�§ (2.1)h�F

 VL8'�� (α0, G0)�=[g��	
W�@�gh´

P{(αi, Gj) | Y } =
l{(α0, G0) = (αi, Gj) | Y } · g(αi, Gj)∑4

i=1

∑4
j=1 l{(α0, G0) = (αi, Gj) | Y } · g(αi, Gj)

' i, j = 1, 2, 3, 4F

(3.4)

;�7�*�'`aR	�TU'cd�J)	 16r (αi, Gj)�E (3.3)h¨

T'|�� (3.4)h��	
�*��TUF()�(R	²³'Escobar (1995)G

I)L�5�Polaya urn�ÄÅ9�"'gh�6 (3.3)h��*F

� (α0, G0) = (α1, G1)(�'?©9[λ1, . . . , λn @´
i = 1

λi ∼ FG1 (λi | Yi)'

i = 2, . . . , n

λi | λ1, . . . , λi−1





∼ FG1(λi | Yi)' ��óÇa qi,0'

= λ1' ��óÇa qi,1'

= λ2' ��óÇa qi,2'
...

...

= λi−1' ��óÇa qi,i−1'

�Q'dFG1(λi | Yi) ∝ λ
(Yi+1)−1
i e−λi/Γ(Yi + 1)'u1 < λi < u2'����	
(&¡

	
G1@'λi���	
'�LWª�/0	
åqi0 = α0

∫ u2

u1
[λ

(Yi+1)−1
i e−λi/Γ(Yi +

1)]dλi��α0S� dFG1(λi | Yi)�`a^î�'7 qij = λYi
j e−λj/Yi'��	µ¶TYi

�E	��λj (j = 1, 2, . . . , i− 1)5&�J#$%	
���TF

ÄYV9�"K~�'y
Krλ = (λ1, . . . , λn)'¡(λ(k) = (λ1(k), . . . , λn(k))'

k = 1, . . . , KFEscobar (1995) !λ(k)'GH l{(α0, G0) = (α1, G1) | Y }���h(

l̂{(α0, G0) = (α1, G1) | Y } =
1

K

K∑

k=1

n∏
i=1

qi0 +
∑i−1

j=1 q
(k)
ij

α + i− 1
' (3.5)

�Q'qi0�f� �åq
(k)
ij ( qijQ�λj�ùkr9��λj(k)�E�xBF
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 !«�"	�*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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