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8.2 pdL§ xxv

8.2.1 pppdddLLL§§§

�	Xe�5pd�.

y = w ·x; w∼ N(0,α−1I).

Ï�wäk�Å5§Ïdx�y�N�¼êy(x)´�Å�"·��±^,�
«�ëê/ª5L�ù«�Å5"�Ä?¿��:8X = [x1, ...,xN ]ÚéA�

ýÿy§duw´pd�§Ïdy = [y1, ...,yN ]�´��pd©Ù"�k:

E(y) = XE(w) = 0,

cov(y) = E(yT ·y) = XTE(w ·w)X = α
−1XT X = K,

Ù¥K�GramÝ
§�µ

Ki j = k(xi,x j) = α
−1xi ·x j.

lK�L�ª·��±wÑ§?¿ü���:xiÚx j�ýÿ�yiÚy j´�

'�§Ù����ûuxiÚx j �m±k(xi,x j)£ã�‘ål’µùü���l�

�C§¦�éA�ýÿ:y(xi),y(x j)��'"

ÏLþã?Ø§·�w���±�ÅCþw�ëê��Å¼êy(x)�±
L��ù�¼ê3?¿:8Xþ���©Ù5Æ"XJw�pd©Ù§Ké
A��Å¼ê3?¿:8þ���½ÎÜpd©Ù§�ù�©Ù�5�d�

��¼êk(xi,x j)£ã"5¿þã©Ù5�3?¿:8þÑ¤á§ù¯¢þ

½Â
���ÅL§§¡�pdL§ [16, 9]"

äNó§pdL§´½Â3N�¼êy(x)þ���VÇ©Ù£=N�
¼ê�VÇ©Ù¤§TVÇ©Ù¦�3?¿k�:8x1, · · · ,xN?O��y(x)Ñ
lXeõ�pd©Ù:

y(x1)
...

y(xN)

∼ N(


m(x1)

...

m(xN)

 ,


k(x1,x1) · · · k(x1,xN)

...
. . .

...

k(xN ,x1) · · · k(xN ,xN)

),
Ù¥m(·)�L�Å¼ê�þ�¼ê§k(·, ·)�L�Å¼ê����¼ê"Pþ
ãpdL§�y(·)∼ G(m(·),k(·, ·))"

�é{`§pdL§��þ´���Å¼ê§£ã¼ê�Ø(½5",

§ò�Å¼êL�¤�ÅCþ�{òkÃ��£z��xiw���¤"�
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£ãù��Å¼ê§·��	Ù¥?¿k���mþ���¿(@Ùäk�

��pd©ÙA5§=ØØx1, · · · ,xNXÛÀJ§Ù¤éA�y(x1), ...,y(xN)Ñ

A÷vdþ�¼êm(·)Ú���¼êk(·, ·)½Â�õ�pd©Ù"¯¢þ§�
2Â��ÅL§´dù«��5½Â�µ��d�½�éÜVÇ©Ù½Â�

�ÅL§y(x)´�é?¿k����y(x1), · · · ,y(xN)§ÙéÜ©ÙÑ��/

Ñl,��½�©Ù"

3cã�5pd�.�~f¥§éA����¼êk(x j,x j)�α−1xi ·x j"

¯¢þ§XJ·�ò�.���E,�/ª§Xy(x) = w ·φ(x)§Ù¥φ�N

�¼ê§Kkk(xi,x j) = α−1φ(xi) ·φ(x j)"31 5Ù¥ùL§·��±��½

Âk(xi,x j)§¦�éAE,�A�N�§¢y�E,��'5ï�£X3�©

�m¥Ø÷vpdL§�?Ö¤"ù¯¢þ=´·�31 5Ù¥¤?Ø�Ø¼

ê�{"?�Ú§·��±Ø'%y(x)�äN/ª§�I½Âm(·)Úk(·, ·)=
���½ÂpdL§�5�"ù¿�XpdL§¿ØÛ�u��²(½

Â�ýÿ¼ê§§´dm(·)Úk(·, ·)½Â��~2���a�Å¼ê"��
�m(·) = 0§ù�pdL§d���¼êk(·, ·)��(½"
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��ª´|^pdL§�5�§ly1m©§�géy2,y3,...æ�"�éyi?1

æ��§òQkæ��{y1,y2, ...,yi−1}��^�§=�p(yi|y1, ...,yi−1)¥?1

æ�"dup(y1, ...,yi)´pd�§p(yi|y1, ...,yi−1)�´��pd©Ù§Ïdæ
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��§ØÓ���¼êû½
æ�¼ê�5�"��5`§�����§K

ØÓ��m��'5�r§¼ê�����u��§LyÑ5¼ê���

²""��§�����§¼ê��ØÉ�'5K�§Ly��åÏ"



8.2 pdL§ xxvii

Fig. 8.2 lü�ØÓ���¼ê�pdL§æ�Ñ�üq¼ê"ã¡5u [1]§Figure

6.4"

8.2.2 pppdddLLL§§§£££888

3þ��!¥§·�J�pdL§£ã
½Â3N�¼êþ�VÇ©

Ù§=�Å¼ê"3��!¥§·�òrù��Å¼ê��k�A^���

d£8©Û¥"

8.2.2.1 ��d�5£8

Äk{�£���d�5£8�."T�.b�êâx�8I�t�mä

kXe'Xµ

t = w ·x+ ε (8.1)

Ù¥w´�.ëê§Tëê´��pd�ÅCþ§÷vµ

w∼ N(0,α−1I).

ε´��pdD(§÷v:

ε ∼ N(0,β−1).

�Ôöêâ8{(xi, ti); i = 1, · · · ,N}"PX = [x1, ...,xN ]§éA�IP�t =
[t1, t2, ..., tN ]"|^��dúª§�±��ëêw���VÇ/ª���pd
©Ùµ



xxviii 8 �ëê�.

w|X , t∼ N(mN ,SN),

Ù¥§

S−1
N = αI +βXXT ,

mN = βSNXt.

é?¿��ÿÁêâx∗§�±O�ÙÑÑt∗ �VÇ©Ù"Ï�wäk�
Å5§ÏdI�é¤k�U�w�>�zµ

p(t∗|x∗, t,X) =
∫

w
p(t∗|x∗,w)p(w|t,X).

5¿þªmýÈ©¥ü�VÇ©ÙÑ´pd�§Ïdt∗�©Ù�´��pd

©Ù:

t∗|x∗,X , t∼ N(mN ·x∗,σ2
N(x∗)),

Ù¥

σ
2
N(x∗) = β

−1 +xT
∗ SNx∗.

þã��d�5£8´;.�ëê�.µ�O���5�./ª§½Â

�.¥z�Cþ��Å5§Äu��Ôö8§��ëê���VÇ§dd�

¤�.Ôö"Ôö�¤�§����.=´éÔöêâ¥�£�Ä�§Äu

T�.=�?1ín§�5�Ôöêâ�±¿ï"5¿§ù��£Ä�Äu

ýk�O��./ª§ù�/ªØ¬ÏÔöêâ�õ�UC"

8.2.2.2 pdL§£8ï�

y3·�l,���Ý5n)��d�5£8"dþ!épdL§

�?Ø��§ª 8.1¥�£8¼êy = w · x´��pdL§§ÏéÔöê
â¥���:X§Ùýÿ�{y(xi)} �éÜ©Ù´��pd©ÙG(0,K)§Ù

¥k = α−1XT X)"\\���ÅpdD(ε�§t(x)�,´��pdL§"é
Ôö��8X9ÙéA�*ÿ�t§N´�yt´��õ�pdCþ§�µ
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E(t) = 0,

cov(t) = K +β
−1I.

Úy(x)�'§t(x)´��������pdL§§�ù�����O\=Ly
3é���þ§`²\\D(=O\
ýÿ��Ø(½5§�ØUCØÓ�

�:?��'5"

AO��´§þª¥éK�½Â/ª��5uª8.1¥��5/

ªw ·x±9éw�k�VÇ"¯¢þ§·����±�mù
��§4Kgd

½Â��pdL§y(x)§^ýÿ¼ê����Å5£�(�/`§pd�Å
5¤5�OÄuk�Ú�./ªû)Ñ��Å5§ùò4�{ø�5�.½

Â�/ªåP"

8.2.2.3 pdL§£8ýÿ

Ï�pdL§�5�dÙæ�:þ���©ÙA5£éÜpd©Ù¤û

½§Ïdé#æ�:�ýÿ�dÔöêâ�æ�:��û½"äNó§X

J�½Ôöêâ8{(xi, ti); i = 1, · · · ,N}§é��ÿÁêâx∗§Ùýÿ��t∗"

�pdL§½Â§éÜ�þ[t t]ÎÜXepd©Ùµ[
tT

t(x∗)

]
|x1, · · · ,xN ,x∗ ∼ N(0,

[
K +β−1I kT

k c+β−1

]
)

Ù¥K = cov(y)§k ∈ R1×N����:

ki = α
−1xi ·x∗, i = 1,2, · · · ,N

c = α
−1x∗ ·x∗

dù�éÜpd©Ù/ª�¦t∗���VÇXeµ

t∗|t,x1, · · · ,xN ,x∗ ∼ N(m(xN+1),σ
2(x∗)) (8.2)

Ù¥:

m(xN+1) = k(K +β
−1I)−1t,
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σ
2(x∗) = c−k(K +β

−1I)−1k.

Fig. 8.3 pdL§£8���ýÿVÇ©Ù"(x1, t1)�Ôöêâ§(x2)�ýÿêâ§t2�ý

ÿêâ��"ùÚ�VÇ�L«t1, t2�éÜVÇ©Ù§ÉÚ�VÇ�L«�½t1�t2�

��VÇ©Ù"ã¡5u [1]§Figure 6.7.

ã8.3�ÑþãpdL§£8�ýÿVÇ©Ù"Ù¥t1�ÔöêâÑÑ§

t2�ÿÁêâ�ÑÑ"�pdL§§·���(t1, t2)�éÜ©Ùp(t1, t2)Ñl�

�pd©Ù§Xã¥ùÚý��VÇ�¤«"3�½äN�t1�£éAu

ã¥7Ú�¤��¹e§�ª8.2��§t2���VÇp(t2|t1)Ñl,�pd©
Ù§Xã¥É�¤«§Ù¥©Ù�þ�m(x2)£=ÑyVÇ���t2���¤

�ùÚ�p�p(t1, t2)����t1�����:éA�t2 ��"

ã 8.4�Ñýÿ��&Ý§Ù¥É�����)êâ��u¼ê§7Ú

:�Äuù�¼ê�)¿\\pdD(�êâ"ùÚ�L«±ù
:�

*ÿêâ§ÄupdL§£8ï������VÇ£^uýÿ¤�þ�¼

êm(x)§ÒKÜ©�°ÝL«z���:x þ�ýÿ��±2σ(x)"�±w
Ñ§3Ôöêâ'�õ�/�§�.��&§Ý�p"

c[�	þãÄupdL§�ýÿ�{§·��±uyù��{�c

¡¤ã���d�5£8k��ØÓ"Äk§·�¿�½Ât(x)�äN/ª§
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Fig. 8.4 pdL§£8��&«m§Ù¥É��ý¢N�¼ê§7:�lù�N�¼êæ
�¿\\pdD(��Ôöêâ§ùÚ����VÇ�þ�¼ê§ÒKÜ©�°ÝL«

ýÿ��±2σ(x)"ã¡5u [1]§Figure 6.8.

�´(@
y(x)´��±k(·, ·)����¼ê�pdL§¶1�§3éÿÁ�
�?1ýÿ�§pdL§£8|^
Ôö8¥�¤kêâ"ù¿�XÔöê

â�õ§�.�E,Ý�p"Ïd§pdL§£8w,´��Ãëê�."

¯¢þ§·��±ò?Û�.�OL§@�´�«k�ý�L§§l

(½
��k�¼ê�m"~X�5£8�.(½
ýÿ¼ê�U´�5

�§��Uk��¼ê¶��d�5£8#Nõ�ýÿ¼ê§ù
¼ê�V

Ç?1ýÿ§�ù
ýÿ¼ê7L´�5�"pdL§Jø
,	�«k

�§ù«k�#N¤kÎÜpd©ÙA5�ýÿ¼êë�§¿�ù
¼êD

�ØÓ�k�VÇ"ù
¼êk�U´�5�§��UØ´�5�§k�U

´ÛÜ�§�k�U´�Û�"pdL§�ù
2���À¼êD�Xek

�§=�ù�k�§é?¿k���:§ù
¼ê�dVÇ3ù���:þ

?1��§ù
����/ÎÜ(½�pd©Ù=�"Äuù�k�©Ù§

�½Ôöêâ§=���3ù
¼êþ���VÇ§¿3ýÿ�Äuù��

�VÇé¤kù
¼ê?1>�z"¾�wùq�´Ø�U�§Ï�ù��

¼êkÃ¡õ��/ª��§ÏÃ{é§�?1>�z",§·��±

r¼ê�VÇ=z�A½��þ���éÜVÇ§Ï�ù
��:£Ôö�

�ÚÿÁ��¤´k��§Ï�¢yc¡¤ã�ýÿL§"
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8.2.3 pppdddLLL§§§^̂̂uuu©©©aaa???ÖÖÖ

pdL§���´éJø�q¼ê�k�VÇ§Äuù�k�VÇ§�

¢yé?Ûýÿ?Ö��ëê��dÆS"c¡0��pdL§£8´��

;.�~f§Ó���{��^u©a?Ö"3©a?Ö¥§ýÿ¼ê�

y = σ(w ·x),

Ù¥σ ���Sigmoid¼ê"Ú£8?Öaq§·�F"pdL§�ýÿ¼

êy(x)D���k�VÇ§¦�©a?Ö{ø�5/ª�åP",§ù�
g´3¢y�����¯K§=yy���´É��§�U��3[0,1]«m§

pdL§¥b�æ�:��´pd�§Ï��´vk���"Ïd§�

�3y(x)þ�OpdL§k�¿ØÜn"��)û�{´ò©a?Ö�ýÿ
¼ê©¤üÜ©µ

y = σ(a(x)),

¿3a(x)þ�OpdL§k�§=é?Û�|êâX§kµ

[a1, ...,aN ]∼ N(0,K).

ýÿ�§ÿÁêâx∗ �ýÿ�t∗���ýÿ©Ù/ª�:

p(t∗|t1, ..., tN) =
∫

a∗
p(t∗|a∗)p(a∗|t1, ..., tN)da∗,

þª¥��VÇÜ©p(a∗|t1, ..., tN)Ã{��¦Ñ§��ÏLC©íä
½öLaplaceCq�ÑCq)"'uLaplaceCq�{�[!§�ë� [1]18

Ù6.4.6!"

8.3 )|�XL§

pdL§G(m,k)¯¢þ½Â
��3¼êþ�k�VÇ§ù�k�VÇ

�^3ýÿ?Öï�þ§�)£8?ÖÚ©a?Ö§ù
?ÑáuiÒÆS

�Æ"éu�iÒÆS§AO´àa?Ö§·�I�½Â,�«k�"

3àa?Ö¥§·����½Â����d)¤�.§¿(½�.¥�

àaêK§éT�.ëê?1`z¦ÙéÔöêâ�)¤VÇ��"ù��
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ªw,´ëê�"XJ·�Ø´½Â,��àa�.§´½Â��3¤k

�Uàa�ªþ�k�VÇ§¿ÄuÔöêâ��3z�àa�ªþ��

�§K�4êâgÄÀJÑ�Ün��.E,Ý")|�XL§�´�«½

Â3¤kàa�ªþ�k�VÇ"¤¢àa�ª§·�´�N���?Û�

«�U�©|�O"

8.3.1 £££���pppddd···ÜÜÜ���...

��pd·Ü�.´K�pdVÇ�Ý�U\"é?¿��êâ

8x1,x2, · · · ,xN§ÙéÜVÇ�Ý¼êXeµ

ln p(x1,x2, · · · ,xN) =
N

∑
i=1

ln
K

∑
k=1

πkN(xi|µk,Σk),

Ù¥ëêπk�·ÜXê§÷v:

K

∑
k=1

= 1, 0≤ πk ≤ 1.

ù��.¥�¹Xeëêµz�pd¤°��π = {πk}Úz�pd
¤°�ëêθ k = {(µk,Σk)}"��d�{òù
ëêÀ��ÅCþ"·�b
�πd��±α�ëê�)|�X©ÙDir(α)��:

p(π) =C(α)
K

∏
k=1

π
αk−1
k ,

Ù¥C(α)�8�zXê"?�Úb�z�pd¤©�ëêθkd��ëY©

ÙH��"Äuþãb�§��dpd·Ü�.�Lã�Xã 8.5¤«�)¤

�.§¿�/ªz�XeL§µ

µ
∗
k ∼ H f or k = 1,2, ...,K (8.3)

π ∼ Dir(α) (8.4)

zi|π ∼ Multi(π) (8.5)

xi|θ ∗zi
∼ N(θ ∗zi

), (8.6)

Ù¥Multi(π)´±π�ëê�õ�ª©Ù"
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zi

xi

k

H

Fig. 8.5 ��dpd·Ü�.�k�ã�.L«"ÄkdH¥)¤K�pd¤°�ë

ê{θ ∗k }§¿ÄuDir(α))¤pd¤°��ëêπ"z��êâ��xi§ÄkdMulti(π))

¤pd¤©�«Cþzi§2dN(θ ∗zi
))¤xi"

�·Üpd�.aq�´Latent Dirichlet Allocation £LDA¤ÌK�."

3ù��.¥§êâ´lÑ�§�d��õ�ª©Ù)¤§Xã 8.6¤«"

LDA�.�2�A^3g,�ó?n¥§^ué©��ÌK?1ï�"5

¿LDA¥z�©�Ñk��Õá�ÌK©ÙVÇ§ù�©ÙVÇd��)|

�X©Ùæ���"3GMM¥vk©��VÇ§¤kêâ��Ó��pd

¤©þ�k�VÇ"

ØØ´GMM�´LDA§ÑI��½�.¥pd¤©½ÌK��ê"¢

SA^¥§·�éJ�ä�ëêATXÛ��§����½Ð�§#OÔ

öêâ�Ã{?U"·�F"�����.§§UgÄ/�âÔöêâ�õ

�À�Ün�àaê½ÌK�ê§¿�êâþ�O\�ÜnN�"�«g´

´éêâ8�ØÓàa�ªD���k�VÇ§l�±|^VÇã�.�

ín�{��àa�ª���VÇ"e¡ò�0�)|�XL§£Dirichlet

Process§DP¤=´ù«k�VÇ"
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zji

xji

k

H

M

j

Fig. 8.6 LDAÌK�.�k�ã�.L«"é1 j�©�d)|�X©Ù)¤��Ì

K©ÙVÇπ j§éT©�¥�z�c§dπ j)¤��ÌKCþzi§ÄuTÌKCþ§

dMulti(θz ji ))¤cx ji"ÌKθ ∗kd��±H�Ä:Cþ�)|�X©Ù)¤"

8.3.2 ¥¥¥IIIêêê,,,¯̄̄KKK

·��8�´éN�êâ�¤k�Uàa�ªD���k�VÇ§l

��O����d�.§ín��àa�ª���VÇ"��ù���VÇ

�§·��±£1¤Äu����OK§���Ün�àa�ª¶£2¤é?

Û��ÿÁêâ��§�±ÄuT��VÇ?1��díä§O�Têâ�

��)¤VÇ"

¥Iê,¯K£CRP¤¯K�Ñù�k�VÇ��*�O�{"CRP�

��¤XeL§µb���¥Iê,kÃ�ÜSf§zÜSfJøØÓ�

è§�P�θ ∗k"z����ÀJÚÙ¦®²Ò����Ó�§��±ÀJ

��Ü#Sf"b�1N ���5��ÿ§®²kKÜSfþk��
§ù


Sfþ©O�
n1,n2, ...nK���"@o1N���ò±VÇ nk
α+N−1 �3

1kÜSfþ§½±VÇ α

α+N−1ÀJ�Ü#�Sf�e"ù�31N����

½��§ùN���à¤�K a½K + 1a"ã 8.7�Ñ
��CRPL§�¢

~"

�1N�����
1cNS§KþãL§��¤Xeúªµ
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...

H

1 2 3

1 2 4

Fig. 8.7 ��CRPL§�¢~"��1!2!4�ÀJ
��#S§ÙéA�VÇ©O�1!
α

α+1!
α

α+3¶��3Ú5ÀJÚ��1���S§éA�VÇ©O� 1
α+2!

2
α+4¶��6ÀJÚ

��2�å�31�S§ÙéA�VÇ� 1
α+5"z�S�ëêd©ÙH�Å)¤"

cN |c1,2,...,N−1 =

k with probability nk
α+N−1

K +1 with probability α

α+N−1

þª`²CRPL§äkàa�A§=�,�Sþ�<�õ��ÿ§e���

����u=�S"Äuþãúª§·��±��:

p(c1,c2, ...,cN) = p(c1)p(c2|c1)...p(cn|c1,c2, ...,cN−1)

=
αK

∏
K
k=1(nk−1)!

α(1+α)...(N−1+α)
.

þª`²§éN����CRPL§§z� ���=�S�éÜVÇ��z

S���ê�'§����^SÚSf�^SÑ´Ã'�"�é{`§ù�

VÇL«�´òÃ�O��r?1Ã�Oàa�§z«àa�ª�VÇ©

Ù"ù¯¢þJø
�«3àa�ªþ�k�©Ù§Äuù�©Ù§·�ò

�±ÏL*ÿêâ��ù
êâ���©Ù"

��`²�´§þãCRPL§Jø�k�©Ù´Ã.�k��"Ã.¿

�Xù�©Ù�±�Ã�õ�êâJøàak�§k�´Ï�é��A½ê

â8§��êo´k��§CRP�Iék�êâ�k�àa�ªJøk�"

�±O�CRPéN����àaê�Ï"��µ

E[K|N] =
N

∑
i=1

α

α + i−1
≈ α log(1+

n
α
).

��§CRP���àa�ª§Q�Lu©Ñ£Xz���g¤�a¤§��L

uà £X¤kag¤�a¤§´�����ê¤éê'X�·¥àa�
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ª"�XN�O�§CRPk��Ñ�ýÏàaê�¬�XO�§�O��Ý

´éê5�§�á�u���O�§ùw,´·�F"�"

ÄuCRP�Ñ�k�§�±��Xe£ãàa?Ö�)¤�.µ�

éi−1���:�¤àa�§®²kKa�3§Ké1i���xi§±
nk

α+i−1�

VÇÀJ1k�a§�Ta�ëêθ ∗k����êâ)¤�.F(θ ∗k )§dd)

¤xi;½± α

α+i−1�VÇ)¤��#�a§dH�Å��Ta�ëêθ ∗K+1§¿

�êâ)¤�.F(θ ∗K+1))¤xi"P1i���¤áaO�ëê�θi£ØÓ�

�θi�U��Ó��ëêθ ∗k¤§ù�L§�/ªz�µ

θi|θ1,2,...,i−1 ∼
α

α + i−1
H +

K

∑
k=1

nk

α + i−1
δθ∗k

(8.7)

xi ∼ F(θi) (8.8)

XJêâx´ëY��)¤�.F´pd�§·�=��
��ÄuÃë

êk�VÇ���dpd·Ü�.¶XJêâx´lÑ��)¤�.F´õ

�ª©Ù§=����ÄuÃëêk�VÇ��dÌK�."Äuþã)¤

�.§�±ÏLín��àa/ª���VÇ"Äuù���VÇ§·��

±��£1¤êâATà¤Aa¶£2¤é?Û��êâ���)¤VÇ",

§duàa/ª´|ÜO��§°(íné(J§��æ^Cqín�

{§XMCMC [7]½C©{ [2]"�¡·�¬�[?ØÄuù�Ãëêk��

Cqín�{"

8.3.3 )))|||���XXX©©©ÙÙÙ999555���

ÏLCRP§·��O
��àa�ª�k�VÇ§¿�d��
��V

Ç�ín�{Úéêâ��VÇ�ýÿ�{"y3·�òCRP�����Ï

^�nØµep?Ø§`²ù��{�Ün5"

Äk·�?Ø)|�X©Ù"��)|�X©Ù�L«�µ

(π1, ...,πK)∼ Dir(α1, ...,αK),

Ù¥α = (α1, ...,αK)�ëê")|�X©Ù�VÇ�Ý¼ê�µ

p(π1, ...,πK) =
Γ (∑k αk)

∏k Γ (αk)

K

∏
k=1

π
αk−1
k ,
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Ù¥Γ (·)�Gamma¼ê:

Γ (z) =
∫

∞

0

tz−1

et dt.

��5¿�´§π = (π1, ...,πK)��´��VÇ©Ù§¿÷vµ

∑
k

πk = 1; πk ≥ 0.

Ïd§p(π1, ...,πK)´��VÇ©Ù�VÇ©Ù§½�ÅVÇ"ù¿�X)

|�X©Ù�z�æ�:´��lÑVÇ©Ù§ù
æ�:©Ù3��É

�K−1��m¥§Xã 8.8¤«"

Fig. 8.8 n��m¥�Dirichlet©ÙDir(4,4,2)§��:�ê�2000"

)|�X©Ùäk��5§=µ

(πe(1), ...,πe(K))∼ Dir(αe(1), ...,αe(K)).

Ù¥e(·)´1,2, ...,Kþ���¼ê"

)|�X©Ùäk\\5§=òT©Ù¥�?¿ü��\Ú§�,´�

�)|�X©Ù"=XJ(π1, ...,πK)∼ Dir(α1, ...,αK)§Kkµ

(π1 +π2, ...,πK)∼ Dir(α1 +α2, ...,αK).

�¤����/ª§kµ
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(∑
i∈l1

πi, ..., ∑
iinl j

πi)∼ Dir(∑
i∈l1

αi, ...,∑
i∈l j

αi),

Ù¥l1, ..., l j´é1,2, ...,K���?¿y©"

��§)|�X©Ù�k�©5§=��)|X�©Ù�dÜ©)|X

�©Ùi@¢y"äN5`§XJ:

(π1, ...,πK)∼ Dir(α1, ...,αK),

�:

(τ1,τ2)∼ Dir(α1β1,α1β2) β1 +β2 = 1,

Kkµ

(π1τ1,π1τ2, ...,πK)∼ Dir(α1β1,α2β2, ...,αK).

þª�ÏL)|�X©Ù�VÇ�Ý/ªy²"

)|�X©Ù��¤�²(��Å©Ù/ªXeµ

(π1, ...,πK)∼ Dir(α,H),

Ù¥α = ∑
K
i αk, H´��3lÑ�mXþ�õ�ª©Ùµ

H = Multi(
α1

α
, ...,

αK

α
).

�±y²§XJµ

π ∼ Dir(α,H); x∼Multi(π),

Kkµ

p(x) = ∑
π

p(x|π)p(π|H) = H(x),

þª`²)|�X©ÙDir(α,H)´��±Ä:©ÙH�¥%��Å©Ù"α

´���Å5�ëê§�¡�¥%Ïf£Contraction Factor¤"α��§π��

Å5��§��CH"
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8.3.4 )))|||���XXXLLL§§§

y3·�����K�~��)|�X©ÙDir(α,H)"�\\5§

éH�|±�mX�?¿y©Ñò´�����)|�X©Ù"¤¢�

�§´�ÙÄ:©ÙÑdÓ��Ä:©ÙHû)£\\¤��§¥%ÏfÑ

´Ó��ëêα"

�·�rK*Ð�Ã��§$�XC¤ëY�m§�Kolmogorov��5

½n§)|�X©ÙDir(α,H)�*Ð¤���ÅL§§Ï~¡�)|�

XL§§L«�DP(α,H)"duÃ���mþ�©ÙéJ/ªzL«§�

±^c¡¤ã�\\L§¥�VÇ��55½Â)|�XL§µ¤¢)

|�XL§§´���©Ù3Xþ��Å©ÙG§¦�3X�?Ûk�y

©(A1,A2, ...,AK)e§z�f�mAk�\\VÇ���/ÎÜXe)|�X©

Ù:

(G(A1),G(A2), ...,G(AK)) ∼ Dir(αH(A1),αH(A2), ...,αH(AK))

= Dir(α, [H(A1),H(A2), ...,H(AK)])

= Dir(α,H(A1,A2, ...,AK)),

ù�·�`GÎÜ)|�XL§DP(α,H)§½{¡DP§P�:

G∼ DP(α,H).

5¿þã^VÇ��55½ÂÃ��þ�ÅL§��{ÚpdL§�½

Â´���µ3pdL§¥·�½ÂÃ��N�¼êþ?¿k����8þ

�©Ùäk��5£pd©Ù¤§3)|�XL§¥·�½ÂÃ��©Ù¼

êþ?¿k��y©þ�©Ùäk��5£)|�X©Ù¤"Kolmogorov�

�5½n�yäkþã��5�Ã���Å©Ù*Ð����ÅL§"

�G´��DP: G ∼ DP(α,H)§A´X�?¿��f8§K3Aþ�V

ÇG(A)´���ÅCþ§Ùþ�Ú���µ

E[G(A)] = H(A)

Var(G(A)) =
H(A)(1−H(A))

α +1
.

þãþ�Ú��¯¢þÏLG3?¿��f8þ�A5�	
G��Å5"
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A1

A2

A4 A5

A3

Fig. 8.9 )|�XL§´Ã���mXþ�Å©Ù§T©Ù÷vXeVÇ��5µéX�

?Ûy©§Ù\ÈVÇÎÜ)|�X©Ù"ã¥A1-A5´X��y©§G(Ai) =
∫

x∈Ai
G(x)dx.

G(A1,A2,A3,A4,A5) = Dir(αH(A1),αH(A2),αH(A3),αH(A4),αH(A5))"

8.3.5 )))|||���XXXLLL§§§���LLL«««

�ÄXe��Äu)|�X©Ù�æ�L§:

π ∼ Dir(α,H),

z|π ∼Multi(π)

�±O�z�>�VÇÚπ���VÇXeµ

z∼Multi(H),

π|z∼ Dir(1+α,
αH +δk(z)

1+α
),

Ù¥δk(z)��«¼ê§�z�k��1§ÄK�0"

y�	��)|�XL§G ∼ DP(α,H)"é?��y©(A1,A2, ...,AK)§

k:

(G(A1),G(A2), ...,G(AK))∼ Dir(α,H(A1,A2, ...,AK)).

�)|�X©Ù�>�VÇ§kµ
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P(θ ∈ Ai) = H(Ai),

AO�§kµ

P(θ) =
∫

p(θ |G)dG = H(θ). (8.9)

�)|�X©Ù���VÇ§kµ

(G(A1),G(A2), ...,G(AK))|θ ∼Dir(1+α,
αH(A1, ...,AK)+(δθ (A1), ...,δθ (AK))

1+α
).

duþªé?Û��y©Ñ¤á§�DP�½Â§��G|θ�´��)|
�XL§§�kµ

G|θ ∼ DP(1+α,
αH +δθ

1+α
). (8.10)

)|�XL§���VÇ�,´��)|�XL§§ù´��~��(

Ø§�·���\n)DP�5�¿éÙ?1¢Sï�Jø
Ä: [5]"

Äk·��	���(Ø§?ÛlDP¥Ä�Ñ�æ�Ñ´��lÑ©

Ù§=BH´ëY�"±��ëY©Ù�Ä:¼êæ�ÑlÑ©Ù§ù�

æ��Ï"q´��ëY¼ê§ùwq´�~ØÎÜ~£�§�Ferguson [3]

y²ù(¢Xd"¯¢þ§XJ·��	DP���VÇ/ª§Ò¬uy�½

��*	�θ�§G|θ�Ä:¼ê®²´�ëY�
§ù`²DP��(¢ä

kér��ëY5"e¡·�`²ù«�ëY5XÛ��
DPæ��lÑ

5"

�ÄXeæ�L§µ

G∼ DP(α,H)

θ ∼ G,

·���
(G,θ)���éÜæ�",§Ï�©Ù¼êG´���§Ïd�

Ã{dG��æ�θ§Ïþãæ�L§¯¢þ�´nØ�§Ã{¢^"3$

�´§ÄuDP���VÇ§·��±��æ�L§����dL§µ

θ ∼ H

G∼ G|θ
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ÏLþª���(G,θ)äkÚ�©æ��Ó�éÜVÇ£�,ùp>�G�,

´Ø���¤"·�®²��§��VÇG|θ´��Xª8.10¤«�#�DP"

éþãæ�?1*§�G��ü�ÕáÓ©Ùæ�§=:

G∼ DP(α,H)

θ1,θ2 ∼ G,

Ù�dæ��µ

θ1 ∼ H

θ2 ∼ θ |θ1

G∼ G|θ1,θ2.

Ù¥θ |θ1´®�θ1�XÚ�VÇ©Ù"Ï�G|θ1´��DP:

G|θ1 ∼ DP(1+α,
αH +δθ1

1+α
),

�DPæ��>�VÇúª 8.9§Ïθ |θ1 ´TG|θ1�Ä:©Ù
αH+δθ1

1+α
"þã

L§E?1§��G�N�æ�Xeµ

θn|θ1, ...,θn−1 ∼
αH +∑

n−1
i=1 δθi

n−1+α
n = 1,2, ...,N (8.11)

ÄuùN�æ�:§G���VÇ�µ

G|θ1, ...,θN ∼ DP(N +α,
αH +∑

N
i=1 δθi

N +α
) (8.12)

ª8.11�Ñ
��lDP�,�æ�G¥�ÅÄ�æ�θ�L§"5¿�

´§·�¯k¿Ø��·��3æ��´=�G§�´·���ÏLù�

æ��{���{θi}´ÄuG�ÕáÓ©Ùæ�§Ïθ1, ...,θN��=�L


G�©ÙA5"Ó�§·����N�æ�:´k��§G¥�k�
©Ù

5�Ã{dù
æ�:��§ù
Ø(½5=´dª8.12¤�L���V

Ç"dTª��§����5�õ�æ�:§G�A5�5��ß/LyÑ

5"4<¯ç�´§�XN�O\§G�ý�Ü©VÇ��5�õ/©Ù3

eZlÑ:þ§ù
lÑ:�´®²���æ��£ØÓæ��Uk�Ó

æ��¤"4��¹e§�NªCuÃ¡�§æ�:�VÇ©Ù�±O(£

ãG�©Ù§ù�é��#θ�æ�©Ù=�G¤�L�VÇ©Ù:
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[θ |θ1, ...,θN ]N→∞ ∼ G =
∑

N
i=1 δθi

N +α
(8.13)

5¿þãVÇ©Ù�´�N�Ã¡��§G���VÇ8.12¤ªC�4��

£5¿�N�Ã¡��§GÃ�ªCÙÄ:©Ù¤"ª8.13�ß/L²§G´

��lÑ©Ù§T©ÙkÃ¡õ���:§�ù
:´lÑ�"ã 8.10�

Ñ��dDP(α,H)�æ�L§§���,H´�ëY©Ù§G%´�lÑ©

Ù"��5¿�´§G¥z�æ�:�pÝp(θ |G) = G(θ)�H(θ)vk��'

X§�õ�ûu=�θ k�À¥"�æ�L§§�k��Å��θÙG(θ)�

�"duθ�æ��6H(θ)§ÏH(θ)���θ N´�À¥§ÏdG¬��

3H(θ)��?LyÑ���G(θ)"

H

p( )

G( )

Fig. 8.10 )|�XL§DP(α,H)���æ�G"

þãæ�L§�^Xeb�¢�5�[µb�·�kôÚ©ÙH§y3

·�<�����f§le¡�ü«�ª¥�ÅÀJ�« �fp�¥µ

�ª�µlH¥Ä�Ñ�«ôÚ§¿ò��T«ôÚ�¥�\�¥;

�ª�µl�¥�ÅÄ�Ñ��¥§ò¥�£�¥§¿ �¥�\��

Ó�ôÚ�¥"

þãü«�ª�'~�α : N§Ù¥N��¥®k¥ê"��¥¥��ê

Ã���§�¥ØÓôÚ¥�©Ù=´��)|�XL§�Ä�"þãb�

¢�¡�BlackWell-MacQueen Urn"ã 8.11�Ñù�L§"

?�Ú§XJ·�*	BlackWell-MacQueen UrnL§§�±uy�\�

�#¥�§¤ÀôÚ�VÇ��c�¥TôÚ¥��ê¤�'"±θi�L
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1

2

3

1

2

H

p( )

Fig. 8.11 )|�XL§�BlackWell-MacQueen UrnL«"?11Ngæ��§±p =
N−1

α+N−1�VÇÀJl�¥�Ñ��¥§UT¥ôÚ‘E�’��ÓôÚ�¥�\�¥¶

½±p = α

α+N−1�VÇÀJ�«#ôÚ§����T«ôÚ�¥�\�¥"ôÚÀJ�©

ÙH"

1i�¥�ôÚ§θ ∗k�1k«ôÚ§K�®kôÚoê§nk�1k�ôÚ��ê§

Kkµ

θN |c1,2,...,N−1 =

θ ∗k with probability nk
α+N−1

θ ∗K+1 with probability α

α+N−1 .

þª¯¢þ�´CRPL§¥�À� �ª§θ ∗k��u1kS£½Sþ�è¤§

K�®²�Ó�oSê§nk�1kS���ê"Ïd§CRP¤½Â�k�VÇ

¯¢þ�´DP½Â3VÇ©Ù¼êþ�k�§z�gCRPL§��DP��

�æ�G"

dBlackWell-MacQueen Urn���θiÙéÜVÇ�^SÃ'£�CRP�

VÇ©Ùúª¤§�´�G^�ÕáÓ©Ù�"�de Finetti½n§7,�3�

�3Gþ�VÇ©Ù5�yù�ÕáÓ©Ùá5"ù�Gþ�VÇ©Ù=´

)|�XL§"
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8.3.6 )))|||���XXXLLL§§§������EEEµµµStick-breaking

c¡¤ã�CRPL§ÚBlackWell-MacQueen Urnlêâ)¤�Ý£ã


DP�5�§TL§ÏLæ�θ5m�)¤G§Ù¥z�Úæ�Ñ�θké

�VÇ�c¡���θ��"y3·�?Ø�«ÏLæ��É�θ ∗��)

¤DPæ�G��{§=zgæ�Ñ����#�θ ∗"ù��{¡�Stick-

breaking"

£�(G,θ)�éÜæ�§G�deãæ�L§��µ

θ ∼ H

G|θ ∼ DP(α +1,
αH +δθ

1+α
).

�ÄòX©¤üÜ©µA1 = θ ,A2 = X\θ"�DP½Â§kµ

(G(θ),G(X\θ)) ∼ Dir((1+α)
αH +δθ

1+α
(θ),(1+α)

αH +δθ

1+α
(X\θ))

= Dir(1,α)

5¿(β ,1− β ) ∼ Dir(1,α)�duβ ∼ Beta(1,α)§Ïd§G�¹üÜ©§

½ö±Beta(1,α)�VÇ�θ§½ö±1−Beta(1,α)�VÇ�X\θ þ��§Ï
dk:

G = βδθ +(1−β )G′; β ∼ Beta(1,α) θ ∼ H

?�Ú§òX�Xey©X = θ ∪A1∪A2...∪AK§�DP½Â§kµ

(G(θ),G(A1), ...,G(AK))= (β ,(1−β )G′(A1), ...,(1−β )G′(AK))∼Dir(1,αH(A1), ...,αH(AK))

Ïdkµ

G′ ∼ DP(α,H).

EþãL§§=kµ
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G ∼ DP(α,H)

G = β1δθ∗1
+(1−β1)G1

G = β1δθ∗1
+(1−β1)(β2δθ∗2

+(1−β2)G2)

...

G =
∞

∑
k=1

βk

k−1

∏
i=1

(1−βi)δθ∗k
(8.14)

Ù¥:

βk ∼ Beta(1,α); θ
∗
k ∼ H.

5¿þª¥βkÚθ ∗k��Å5´�^�§ÄKG�©)/ªØU¤á"

ª8.14Jø
�«�~{B�DPæ��{µzglH¥�Åæ�Ñ��

�θ ∗k§dBeta(1,α))¤��βk§�ª8.14O�θ ∗kþ�VÇβk ∏
k−1
i=1 (1−βi)"ù

�L§�^��òfiZ�[§¡�Stick-breakingL§"b���ü 

�Ý�f§�Ý©Ùþ!"Äkæ�β1 ∼ Beta(1,α)§Uβ1 : 1−β1 òNf

ò¤ü�§�1���1��æ�:θ ∗1�VÇ¶2ò�{�1−β1Ü©��

�N§æ�β2 ∼ Beta(1,α)§�1�Ü©��1��æ�:θ ∗2�VÇ...Xd

 E?1§zgÑécgò���{Ü©�Beta(1,α)?12g©§��

#��æ�:�VÇ"²Lþã©L§�§z��ã��Ý=�uéA

æ�:�VÇ§�{Ü©=�¤kÙ§æ���VÇÚ"Stick-BreakingL

§ÄkdSethuramanu1994cJÑ [11]§¿3©Ù¥y²TL§����

ÅVÇ(¢´DPk�"dStick-Breaking���éü f��Ý©Ù½¡

�Griffiths-Engen-McCloskey£GEM¤©Ù [8]"

2 3

1 2 3

1 (1- 1) (1- 1)1- 2( )

Fig. 8.12 Stick-breakingL§"��ü �Ý�f�©�¤Ãê�ã§z���ã�Ý

�L��VÇ�"ù�©�dÃêg�©L§��§Ù¥1k��©L§�¹XeÚàµ

βk ∼ Beta(1,α), θ ∗k ∼ H§K1ig©��'~�βk : 1−βk§éA�æ��θ ∗k"
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8.3.7 ííínnn���{{{

�!±DPGMM�~§?Ø��d�ëê�.¥Äuæ��ín�{"

,�«~^�ín�{´C©{§Öö�ë� [2]"'uæ�ÚC©ü«í

n�{�Ä��n§·�31 ??Ù¥®k[�?Ø§�!�'5òæ�{A
^uDPGMM�äN�{"

DPGMM´épd¤°θ ∗kÚpd¤°�k�VÇπkÑÚ\�Å5

�GMM�.§Ù¥k�±Ã¡�"l)¤�.�Ýw§DPGMM�±kn

«L«§Xã 8.13¤«"

3L«£A¤¥§ÄkdCRP)¤zi§2dθzi)¤êâµ

zi|z1, ...zi−1 ∼CRP(α) (8.15)

θ
∗
k ∼ H i f zi 6= z j ∀ j < i (8.16)

xi ∼ F(θ ∗zi
). (8.17)

3L«£B¤¥§ÄkdBlackWell-MacQueen UrnL§)¤θi§2dTë

ê)¤êâµ

θi ∼ DP(α,H) (8.18)

xi ∼ F(θi). (8.19)

3L«£C¤¥§ÄkdStick-breakingL§£=GEML§¤)¤θ ∗kÚp(k)§

ddO�Ñnk§2dù
ëêéz�pd¤©)¤nk�êâµ

nk ∼ GEM(α) k = 1,2., , , (8.20)

θ
∗
k ∼ H k = 1,2, ... (8.21)

xki ∼ F(θ ∗k ) k = 1,2, ...; i = 1,2, ...,nk f or each k (8.22)

ïÄL²§ÄuL«£A¤5�Oæ�ín�{�é{ü�*"3ù

��.¥§*ÿCþ�êâ{xi}§ÛõCþ��«Cþ{zi}Ú�.ëêC
þ{θ ∗k }"5¿þã*ÿêâÚ�.ëê��´�þ�ê�§�ùéeãí
n�{vkK�"�.ín�?Ö´Äu*ÿCþ¦ÛõCþ���VÇ§

=p(z,{θ ∗k }|x)§Ù¥z = [z1, ...,zN ], x = [x1, ...,xN ]"



8.3 )|�XL§ xlix

zi

xi

k

H

(A)

H

G

i

ix
N

(B)

H

k
nk{         }

xki

i=1,...,nk

k=1,...,

(C)

Fig. 8.13 n«DPGMM�L«�{"£A¤ÄuCRP)¤�«CþziÚëêθzi§2dF(θzi ))

¤êâ¶£B¤ÄuDP)¤z����ëêθi§2dF(θi))¤êâ��¶£C¤ÄuStick-

Breaking)¤�aëêθ ∗kÚnk§2éz�ak�F(θ ∗k ))¤nk�êâ��"
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·�^Gibbsæ�{5?1Cqín"1 ??�Ù¥0�L§T�{�Ä
��n´ÏL�E��ê��ÅL§§TL§$1�½G����æ�Î

Ü�ín���VÇ"ù�ê��ÅL§�dGibsæ���"Tæ�L§�

æ�:���VÇ¥�8ICþ§�)z�êâ����«CþziÚz�p

d¤°�ëêθ ∗k§={zi},{θ ∗k }"Gibbsæ��§zgæ�ÀJ��Cþ§�

±Ù§CþØC§l¦{zæ�L§"

ziæ�

·�Äkéz�ziæ�"PØzi	�¤k�«Cþ�z−i§K�O�éziæ

�¤I�^�VÇXeµ

P(zi|z−i,x,{θ ∗k }) ∝ P(zi,z−i,x,{θ ∗k })

∝ p(x|z,{θ ∗k })p(zi|z−i)

∝ p(xi|zi,{θ ∗k })p(zi|z−i).

Ù¥§��VÇp(zi|z−i)�CRPL§O���µ

p(zi|z−i) =


nk

α+N−1 zi = k
α

α+N−1 zi = K +1

Ù¥K´�cz−i¥ØÓ���ê"

e¡·�O�^�VÇp(xi|zi;{θ ∗k })"XJzi ≤ K§�O�p(xi|zi;{θ ∗k }) =
F(xi,θ

∗
zi
);XJzi = K + 1§p(xi|zi;{θ ∗k })I��Ä¤k�U�#ëêθ ∗K+1§Ï

kµ

p(xi|zi;{θ ∗k }) =
∫

p(xi|θ)p(θ)dθ =
∫

F(xi,θ)H(θ)dθ . (8.23)

XJH(θ)´F(x,θ)��Ýk�§Kþª���BO�Ñ5"

nÜþã��VÇÚ^�VÇ�O�L§§��éziæ��L§Xeµ

1.XJziÚ¤kz−1¥��ÑØÓ§K`²1zi�pd��¹xiù��:"

Ï��#�Åzi§ù¿�X�cù1zi�pdp®²Ø�¹?Ûêâ§Ïd

òθ ∗zi
�K§òK~1.

2.�XeVÇæ�zi:
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P(zi|z−i,x,{θ ∗k }) =


nk

α+N−1 F(xi,θ
∗
zi
) zi = k

α

α+N−1
∫

F(xi,θ)H(θ)dθ zi = K +1

3.XJzi = K +1§KòK\1§¿�ÅÄ���#�θ ∗KXeµ

P(θ ∗|xi) ∝ F(xi,θ
∗)H(θ ∗).

θ ∗kæ�

é{zi}��æ��§·�òù
Cþ�½§�e5éz�pd¤©�ë
êθ ∗kæ�"PØ1k�pd	�¤kpd¤©�ëê�θ ∗−k§ù�æ��VÇ

�µ

p(θ ∗k |x,z,θ ∗−k) ∝ p(θ ∗k ,x,z,θ
∗
−k)

∝ ∏
i:zi=k

p(xi|θ ∗k )p(θ ∗k )

= ∏
i:zi=k

F(xi,θ
∗
k )H(θ ∗k ) (8.24)

��`²�´§þãGibbsæ��{I�HÚF´�Ý�§ÄKª 8.23�

UÃ{O�"XJ(¢�ÀJ��Ýk�§�æ^1 ??Ù¥¤?Ø
�Metropolis-Hastings�{§ù��{ØI�O�^�VÇ"Neal 2000c�Ø

©�Ñ
DPGMM MCMCCqín�{�[! [7]"

8.3.8 Hierarchical DP (HDP)

DP�±é�q�¸eêâ?1k�ÆS§�k�êâ'�E,§�)

3ØÓ�¸e�ØÓ©Ù"~X3épé�©Ù?1àa�§ØÓaO�©

ÙÙ©Ù5Æ´ØÓ�§XJØrù
©Ù©a?n§©Ù�ULuE,§

^DP�k��U�Ø�Ð��J",§éØÓaO�©Ù��©m?nq

¬ü$ÚOwÍ5§.¾ØÓamäkéõ�q5"

ïÄöòDP*Ð¤�g(�5?nù�¯K [15, 14, 12]"ÙÄ�g´

´ØÓ�¸e�êâ©Ù���Ó�DP��‘k�©Ù�k�’§��ØÓ

�¸eÄuT��DP)¤ÕA�DP��k�"Äuù
�¸�'�DP?
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1ï�§=�¢yéØÓ�¸eêâ�'5�ÆS"ù��g5DP �.

¡�Hierarchical DP£HDP¤§Xã 8.14¤«"3HDP¥§Äk±DP(γ,H)Ä

�Ñ��VÇ¼êG0§éz�a j§±DP(α,G0)Ä�Ñ��VÇ¼êG j"

dG j�Ä�Ñz���éA�θ ji§��dêâ©ÙVÇF(θ ji)Ä�Ñêâ�

�x ji"

H

G

i

ix
N

H

G

ji

jix
N
M

j

G0

(a) (b)

Fig. 8.14 ÄuDP(�¤�HDP£m¤�êâ)¤�."F(x;θ)�êâ©ÙVÇ"3HDP¥§

z�|µ jd���DP(γ,H)¥��G0§2dDP(α,G0)��ØÓ|µe�VÇG j"dG j�

��z�êâ��éA��.ëêθ ji§?)¤êâx ji"

dHDP�êâ)¤L§��§ØÓa�êâ¯¢þ����Ä:©

ÙG0"duG0´lÑ�§�äkér�àa5§G j�U�G0¤(½�ëê

:§�k��VÇ8¥3G0¥VÇ���ëê§dd¢yam�ëê��9

ëê©Ù/ª���"^uDP�Cqín�{�Ó�^uHDP"
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8.4 �Ù�(

�Ù?Ø
�ëê�.�Ä�VgÚ�{"·�?Ø
A«È���ë

ê�.§�)^uVÇ£ã���ã�{Ú^u©a�KNN�{"ù
�{

Ø�O�.�äN/ª§���þêâé�m�CX¢yéÿÁêâ�£ã

Ú©a"Ï�vk�.(����§��Ôöêâþv
�§ù
�ëê�

.�¢yé��êâ�~°(�£ãÚýÿ"

SVM´,�«;.��ëê�."ù��.¿���vk�.�O§

´òëê�.Ú�ëê�.(Üå5§3A�N�þæ^ëê�.£=Ø¼

ê¤§�3ýÿ´æ^�ëê�.§ÏLO�ÿÁêâÚÜ©Ôöêâ£=

|±�þ¤m�ål§^Ôöêâ�©a5ýÿÿÁêâ�©a"ù«òë

ê�.Ú�ëê�.(Üå5��{Q�±;��ëê�.éêâþ�LÝ

�6§��±{øëê�.éýÿ¼ê/ª���§l4�Jpï��°

(5§¢y�.�êâ�N�"l,���Ýw§ù��{�4�Jp
é

Ôöêâ�|^�Ç"

Äuù�g´§·�X?Ø
��dµee��ëê�."��dµ

eJø
�~r��ï�Uå§�Äuëê���d�{Ù�.(�´�z

�§ù4���
�.éêâ�£ãþ�"��d�ëê�.ÏLJø�ë

ê�k�VÇ§�»
�z�.�5���§¦���d�.�ï�Uå�

êâ�O��ÌJp"

·�?Ø
ü«��d�ëê�.�{"3ýÿ?Ö¥§·�Ú\éý

ÿ¼ê�k�VÇ§=pdL§"ù�k�VÇØ�6ýÿ¼ê�äN/

ª§´é¤k��3(−∞,+∞)þ�ýÿ¼êD�·��k�VÇ§¦�Ä

uTk�VÇ§?Ûk�æ�:þ���´pd©Ù�"ù�Ê·�k�V

Ç��´L
��d�{¥�À�ýÿ¼ê��§¦��Ôöêâv
õ

�§Ù��VÇ�\(¹/ªCuý¢ýÿ¼ê"

3àa?Ö¥§·�®²?Ø
)|�XL§"oN5`§DP�±@�

´)|�X©Ù�Ã���m�*Ð"3��dµee§ù¦�·��±3

Ã�ëê�mþ�OVÇ�Ý¼ê�k�VÇ§l¢y�ÔöêâÀJ�

Ü·�àa/ª"AO´§ù��{�Ä¤k�U�àa/ª§ÏØIé

àaê?1<��½"ÏLín3¤kàa/ªþ���VÇ§�±4êâ

gÄÀJ�Ün�àaêÚ3z�aþ�©ÙVÇ"ò)|�X©Ù*Ð�

)|�XL§äk�15§ØØ´Kolmogorov��5½n�´de Finetti½n

ÑL²DP´�3�¶Ó�§BlackWell-MacQueen UrnÚCRP�Ñ
Äuêâ
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)¤L§��E�{§Stick-breaking�Ñ
Äuëê)¤L§��E�{"

|^ù
�E�{§·��±�OÄuMCMC�ín�{"

8.5 �']

• �ÙépdL§�?Ø§ë�
Bishop�‘Pattern recognition and machine

Learning’18Ù"

• �Ùé)|�XL§�?Ø§ë�
Yee Whye Teh�‘Dirichlet Processes:

Tutorial and Practical Course’1.

• 'updL§§�ë�Seeger�nã©Ù [10]§Williams�<�‘Gaussian

Processes for Regression’[16]§Rasmussen�<�‘Gaussian processes for ma-

chine learning’ [9]"

• 'u��d�ëê�.§�ë�Gershman��ReviewØ© [4]±9Muller�

�Ø© [6]"

1 https://www.stats.ox.ac.uk/ teh/teaching/npbayes/mlss2007.pdf
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