
F F i = 1, ..., n Yi

S

S

m θ1, ..., θm ∈ S

θ ∈ S

θ1, ..., θm

θ

Y1, · · · , Yn

Y1, · · · , Yn

B µ(B) = P (Y ∈ B)

P (A)

f(x) A

µ(·)

f(x)

fθ(x)

F = {fθ : θ ∈ Θ}

p Θ ⊆ R
p

S
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f(xi) π(G)

f ∼ π(f)

f π(f)

MCMC

S Θ ⊆ S

{m(·)}

S = {m(x);x ∈ R}

(θ1, θ2) θ

θ2 q θ1

i = 1, ..., n Yi

G G

π(G)

Y1, . . . , Yn | G
iid
∼ G

G ∼ π(G).

yi = f(xi)+ǫi xi yi

ǫ ∼ pǫ(ǫi)

f(xi)

ǫi

G ǫi ∼ G G
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p(Θ | αm1, . . . , αmn) =
Γ(α)∏n

i=1 Γ(αmi)

n∏
i=1

θαmi−1
i

M = {m1, ...,mn} Θ ∼ Dir(αM)

∑n
i=1mi = 1

E(θi) = mi

V ar(θi) =
mi(1−mi)

α(α+ 1)

α

M n = 10000

α = 1, 3, 10

α = 3

α < 3

α > 3

M

α = 1 M

α = 10 α = 3

n = 2

(αmi, α− αmi)

Θ = {θ1, · · · , θn}

X χ = {χ1, · · · , χn}

Θ p(X = χi) = θi χ

β = {β1, · · · , βn}

p(Θ | β) =
Γ(β0)∏n
i=1 Γ(βi)

n∏
i=1

θβi−1
i

∑n
i=1 θi = 1 , θi > 0

β0 =
∑n

i=1 βi , βi > 0

E(θi) =
βi

β0
,

V ar(θi) =
βi(β0 − βi)

β2i (β0 + 1)
,

Cov(θi, θj) =
−βiβj

β2i (β0 + 1)
,

β

α = β0 αmi

mi =
βi

β0
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j i

p(θi = j)

p(θ1 = j) =
αmj∑
n
i=1

αmi
,

p(θ2 = j | θ1) =
αmj+δ(θ1=j)∑

n
i=1

αmi
,

p(θN+1 = j | θ1:N ) =
αmj+

∑n
i=1

δ(θi=j)

α+N
,

δ N

α = 4

β χ

F χ

(χ, β)

G0 α

(χ, β)

β G(·)

(α,G0) G

G ∼ DP (αG0)

B ∈ β G(B)

[0, 1]

(χ, β) G

B1, ..., Bk

Bi χ k = 1, 2, ...

(G(B1), ..., G(Bk))
⋃k

i=1Bi = χ

(αG0(B1), ..., αG0(Bk))

G0 α

x1, ..., xN N

i = 1, ..., n ni Θ = {θ1, ..., θn}

∑n
i=1 ni = N χi

Θ N

Θ

p(Θ | α,M,X1:N )

∝
∏N

n=1 p(Xn | α,M,Θ)p(Θ | α,M)

∝
∏n

i=1 θ
ni

i

∏n
i=1 θ

αmi−1
i

∝
∏n

i=1 θ
αmi+ni−1
i

∝ Dir(αm1 + n1, . . . , αmn + nn)

Θ ∼ Dir(αM)

α

αm1

αm2
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α

G α G0 G

G α → ∞ G0

G G0

α = 1, 5, 20, 100, 500, 1000

(χ, β)

G(B) B ∈ β G

G(B) ∼ Beta{αG0(B), α(1−G0(B))}

E(G(B)) = G0(B)

V ar(G(B)) =
G0(B)(1−G0(B))

1 + α

α = 1, 5, 20, 100, 100, 500, 1000 DP (αG0)

G0
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X1, . . . , Xn

[G | X1, . . . , Xn, α,G0] ∼ DP (αG0 +
∑n

i=1 δXi
)

G | α,G0 ∼ X1, . . . , Xn, Xn+1 | G
iid
∼ G

DP (αG0)

Xn+1 | α,G0, X1 . . . , Xn ∼
α

α+ n
G0 +

1

α+ n

n∑
i=1

δXi

V1, V2, ..

Beta[1, α]

G0 X1, X2, ..

G
d
=

∞∑
i=1

WiδXi

Wi (α,G0)

E(Wi) =
1

α+1 (
α

α+1 )
i−1

i ≥ 2 W1 = V1

Wi = Vi

i−1∏
j=1

(1− Vj)

G

G0

U ∼ Beta[1, α] X ∼ G0 G ∼ DP (αG0)

DP (αG0) UδX(·)+(1−U)G(·)

G0

G ∼ DP (αG0)

(a.s.) G

X1, ..., Xn

G

Xi

Xi n∗ < n

X∗ = (X∗

1 , ..., X
∗

n∗)

j = 1, ..., n∗ nj

X1, ..., Xn

p(Xn+1 | X1, ..., Xn) ∝
n∗∑
j=1

njδX∗

j
+ αG0

α nj

G0

G

G0

X1, . . . , Xn | G
iid
∼ G

G G | α,G0 ∼ DP (αG0)
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µ

yi | G, σ2 ∼

∫
N(yi | µ, σ

2)G(dµ)

G ∼ DP (αG0)

G

yi | θi
iid
∼ p(yi | θi)

θ1, . . . , θn | G
iid
∼ G

G ∼ DP (αG0)

G θi

G

yi | θi ∼ p(yi | θi),

(θ1, . . . , θn) ∼ p(θ1, . . . , θn),

p(θ1, ..., θn)

(MDP )

MDP

α G0

G | η ∼ DP (αηG0η)

η ∼ π(η)

αη G

π G0η

G ∼

∫
DP (αηG0η)dπ(η)

DPM

G

y1, y2, ...

F F

yi | G ∼ F (yi) =

∫
p(yi | θ)G(dθ)

G ∼ DP (αG0)

p(yi | θ)

θ
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θi

θ

yi
iid
∼

∫
p(yi | θ)G0(dθ).

G

ǫ

Gǫ ǫ ∈ (0, 1)

ǫ

Gǫ(·) =
∑Hǫ

h=1Whδθh(·) + {1−
∑Hǫ

h=1Wh}δθHǫ+1
(·).

G0 θh

Vh
iid
∼ Beta(1, α) Wh = Vh

∏
k<h(1− Vk)

Hǫ = inf{m ∈ Nn :
∑m

h=1Wh ≥ 1− ǫ}

χ

G0

Hǫ ǫ

Hǫ ∼ Poi(−α log ǫ)

Poi

θ∗ = (θ∗1 , ..., θ
∗

n∗)

ξ = (ξ1, ..., ξn)

θi = θ∗j ξi = j

yi | ξi, θ
∗

j ∼ p(yi | θ
∗

ξi
),

θ∗1 , . . . , θ
∗

n∗

iid
∼ G0,

p(ξ1, . . . , ξn | α, n
∗) = Γ(α)

Γ(α+n)α
n∗ ∏n∗

j=1 Γ(nj),

nj =
∑

i I(ξi = j) n∗

j

G

yi |Wh, θh ∼

∞∑
h=1

Whp(yi | θh)

θh
iid
∼ G0

Wh = Vh

∏
k<h

(1− Vh)

Vh
iid
∼ Beta(1, α)

G =

∞∑
h=1

Whδθh

p(yi | θh)

Wh

DPM

α → 0 α

θi

θ ∼ G0

p(y | θ)

α→∞
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α N

E(
∑N−1

i=1 Wi) > 0/99

ǫ = 0/01 N α

G(·) =
∞∑
h=1

Whδθh

Gǫ(·) =

Hǫ∑
h=1

Whδθh(·){1−

Hǫ∑
h=1

Wh}δθHǫ+1
(·),

sup
B

{|G(B)−Gǫ(B)|} ≤ ǫ.

ǫ ǫ→ 0

ǫ > 0

∞∑
i=1

Wiδθi ≈
N∑
i=1

Wiδθi

WN = 1 −
∑N−1

i=1 Wi G ∼ TDP (αG0, N)

N

α N

N

N N

WN

E(WN ) ≈ ǫ

N ≈ 1 +
log ǫ

log( α
1+α

)
.
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DP

Yi|bi, η
ind
∼ f(yi|bi, η),

bi|G
iid
∼ G,

G ∼ DP (α,G0)

η Yi

η f bi

G bi

G0 α G

bi G

bi|b1, · · · , bi−1, α,G0

∼ 1
α+i−1

∑i−1
h=1 δbh

+ α
α+i−1G0

1
α+i−1

G0
α

α+i−1

G

DP

DP
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