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Bayesian Predictive Distribution

p(t|x,x, t) = p(t, x,x, t)
p(x,x, t) =

∫
p(t, x,x, t,w)dw

p(x,x, t)

=
∫
p(t, x,x, t,w)
p(x,x, t) dw

=
∫
p(t, x)p(x, t,w)
p(x)p(x, t) dw

=
∫
p(t, x)p(w)p(x, t,w)
p(x)p(w)p(x, t) dw

=
∫
p(t, x,w)p(x, t,w)
p(x,w)p(x, t) dw

=
∫
p(t, x,w)
p(x,w)

p(x, t,w)
p(x, t) dw

=
∫
p(t|x,w)p(w|x, t)dw



Bayesian Predictive Distribution

p(t|x,x, t) =
∫
p(t|x,w)p(w|x, t)dw = N (t|m(x), s2(x)),

p(t|x,w) = p(t|x,w, β) = N (t|y(x,w), β−1)

= 1
(2πβ−1)1/2 exp

{
− 1

2β−1 [y(x,w)− t]2
}

= β1/2

(2π)1/2 exp
{
−β2 [y(x,w)− t]2

}
,



Bayesian Predictive Distribution

p(w|x, t) =p(w|x, t, α, β) ∝ p(t|x,w, β)p(w|α)

=
N∏

n=1
N (tn|y(xn,w), β−1) · N (w|0, α−1I)

=
[ 1

(2πβ−1)1/2

]N

exp
{

N∑
n=1
− 1

2β−1 [y(xn,w)− tn]2
}

·
( 1

2πα−1

)(M+1)/2
exp

{
− 1

2α−1 wT w
}

= βN/2α(M+1)/2

(2π)(N+M+1)/2 exp
{
−β2

N∑
n=1

[y(xn,w)− tn]2 − α

2 wT w
}



Bayesian Predictive Distribution

p(t|x,w)p(w|x, t)

= β1/2

(2π)1/2 exp
{
−β2 [y(x,w)− t]2

}

· β
N/2α(M+1)/2

(2π)(N+M+1)/2 exp
{
−β2

N∑
n=1

[y(xn,w)− tn]2 − α

2 wT w
}

=β(N+1)/2α(M+1)/2

(2π)(N+M+2)/2

exp
{
−β2 [y(x,w)− t]2 − β

2

N∑
n=1

[y(xn,w)− tn]2 − α

2 wT w
}
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− β

2 [y(x,w)− t]2 − β

2

N∑
n=1

[y(xn,w)− tn]2 − α

2 wT w

=− β

2

 M∑
j=0

wjx
j − t

2

− β

2

N∑
n=1

 M∑
j=0

wjx
j
n − tn

2

− α

2

M∑
j=0

w2
j

=− β

2
(
wTφ(x)− t

)2
− β

2

N∑
n=1

(
wTφ(xn)− tn

)2
− α

2 wT w

=− β

2

{
wT

[
φ(x)φ(x)T +

N∑
n=1

φ(xn)φ(xn)T + α

β
I

]
w
}

− β

2

{
−wT

[
2φ(x)t+ 2

N∑
n=1

φ(xn)tn

]
+
(
t2 +

N∑
n=1

t2n

)}



Bayesian Predictive Distribution

p(t|x,x, t) =
∫
p(t|x,w)p(w|x, t)dw

= 1
[2πs2(x)]1/2 exp

{ 1
2s2(x) [t−m(x)]2

}
= N (t|m(x), s2(x))

m(x) = βφ(x)T S
N∑

n=1
φ(xn)tn s2(x) = β−1 + φ(x)T Sφ(x)

S−1 = αI + β
N∑

n=1
φ(xn)φ(xn)T φ(xn) = (x0

n, x
1
n, . . . , x

M
n )T



Bayesian Predictive Distribution

p(t|x,x, t) =
∫
p(t|x,w)p(w|x, t)dw = N (t|m(x), s2(x))


