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p(f ∣D) =
p(D)

p(D∣f)p(f)



p(f ∣D) =

U :  R × R↦ R

α(x;  D ) =E U(x, f(x))
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p(D∣f)p(f)
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f : X→ R

f ∼ GP (μ , k)

x := (x ,x , ...,x ) f = (f(x ), f(x ), ..., f(x ))

f ∣x ∼ N (m,K)

m = μ (x ) K = k(x ,x )

y := (y , y , ..., y )

y∣f ,σ ∼ N (f ,σ I)
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y ∼ N (μ (x ),σ (x ) )

μ (x ) = μ (x ) + k(x ) (K + σ I) (y −m)

σ (x ) = k(x ,x ) − k(x ) (K+ σ I) k(x )
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α (x;D ) = p(f (x) > y ) = Φ( )PI n n
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α (x∣D ) =E [I(x, y)]
I(x, y) = (y − y )I[y > y ]

= (μ (x) − y )Φ( ) + σ (x)ϕ( )
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α (x∣D ) = μ (x) + β σ (x)UCB n n n n
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p(x ∣D ).

x

α (x) := H p(x ∣D ) −E H p(x ∣D ∪ {x, y}) .
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α (x) = H[x ] −H[x ∣y] = I(x ; y) = I(y;x ) = H[y] −H[y∣x ]
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α (x) = H[x ] −H[x ∣y] = I(x ; y) = I(y;x ) = H[y] −H[y∣x ]

α (x;D ) := H p(y∣D ,x) −E H p(y∣D ,x,x )
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k(x,x ) = 2αE [cos(w x+ b) cos(w x + b)]

≈ ϕ(x) ϕ(x )                                
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p(x ∣D )

k

p(w)

k(x,x ) = 2αE [cos(w x+ b) cos(w x + b)]

≈ ϕ(x) ϕ(x )                                
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f(x) ≈ ϕ(x) θ

θ ∼ N (0,1)
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k(x,x ) = 2αE [cos(w x+ b) cos(w x + b)]

≈ ϕ(x) ϕ(x )                                

f

f(x) ≈ ϕ(x) θ

θ ∼ N (0,1)

x = arg f (x).
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p(y∣D ,x,x )

p(y∣D ,x,x ) = p(y∣f(x))p(f(x)∣D ,x )df(x)
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p(y∣D ,x,x ) = p(y∣f(x))p(f(x)∣D ,x )df(x)
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θ =  argmax  p(D ∣θ)

α(x) =  E [U(f(x))]

∗
θ n

f ∣θ∗



θ =  argmax  p(D ∣θ)

α(x) =  E [U(f(x))]

θ ∼ p(θ∣λ)

α(x) =  E [E [U(f(x))]]
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θ

p(y∣x,D ).n



θ

p(y∣x,D ).

p(θ∣D ) ∝ p(θ) p(y ∣x , θ)

p(y∣x,D ) = p(y∣x, θ)p(θ∣D )dθ
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p(θ∣D )

θ = θ + ϵ /2 ∇ log p(θ ) + ∇ log p(x ∣θ ) + η ,

η ∼ N (0, ϵ )
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θ r

p(θ, r∣D ) ∝ exp − log p(θ,D ) − r M r .
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p(f (x)∣x, θ) = N ( (x, t; θ ), θ )

(x, t; θ )
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θ ∼ p(θ∣D )i n



θ ∼ p(θ∣D )

p(f (x)∣x,D ) ≈ N ( (x, t; θ ), θ )
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θ ∼ p(θ∣D )

p(f (x)∣x,D ) ≈ N ( (x, t; θ ), θ )

μ(f (x∣D )) = (x; θ ).
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θ ∼ p(θ∣D )

p(f (x)∣x,D ) ≈ N ( (x, t; θ ), θ )

μ(f (x∣D )) = (x; θ ).
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