
Markov chains: the ergodic theorem



markov chains: reversibility





Markov-chain monte carlo



the Metropolis algorithm

- target distribution P(x) = eP(x)/Z
- proposal distribution(s) Q(x |y), with Q(x |y) = Q(y |x) 8 x , y

Metropolis sampling

1. choose initial Z0

2. to obtain sample t, generate Yt ⇠ Q(·|Zt�1)

3. accept Zt = Yy with probability A(Yt ,Zt�1) = max

n
1,

eP(Yt)

eP(Zt�1)

o

else reject and set Zt = Zt�1



Metropolis for 2-d Gaussian



Metropolis algorithm: proof of correctness



Metropolis-Hastings

- target distribution P(x) = eP(x)/Z
- proposal distribution(s) Q(x |y)

Metropolis-Hastings sampling

1. choose initial Z0

2. to obtain sample t, generate Yt ⇠ Q(·|Zt�1)

3. accept Zt = Yy with prob A(Yt ,Zt�1) = max

n
1,

eP(Yt)Q(Zt�1|Zt)

eP(Zt�1)Q(Zt |Zt�1)

o

else reject and set Zt = Zt�1



Gibbs sampling

- target distribution P(x(1), x(2), . . . , x(n)

Gibbs sampling

1. choose initial X0 = (X0(1),X0(2), . . . ,X0(n))

2. to obtain sample t:

pick It uniformly at random

set Xt(i) = Xt�1(i) for i 6= It
set Xt(It) ⇠ P(·|Xt�1 \ Xt�1(It))



Gibbs sampling for 2-d Gaussian


