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Dereversibilizing Metropolis-Hastings:
simple implementation of non-reversible MCMC method

Context: When using Markov chain Monte Carlo in Bayesian inference, the Metropolis-Hastings (MH) algorithm is often
the first tool used to learn from the posterior of interest . Little is known about a simple trick that can improve MH,
sometimes dramatically: the Guided Walk (GW) proposed by Gustafson (1998) breaks the reversibility of the MH
Markov chain by introducing a momentum variable which imposes a direction of propagation. This idea is neat in
unidimensional problems where only two directions are possible. We generalize the Guided Walk algorithm to higher
dimensional setups by introducing privileged directions of propagation.

Notations:

o Probability space (X C R%, X, P)

e Distribution of interest 7 on (X, X)
e Markov chain {X;, ¢t > 0} on (X, X)

e Directional variable § € ©4 := {—1,1}¢

Markov kernel Q(z,dz’) = ¢ (x — 2’)da’

Algorithm 1 Random Walk (MH)

Algorithm 2 Guided Walk (GW)

set X1 =Xt

draw ¢ ~ ¢x,, U ~ unif(0, 1)

set X = X, + ¢

calculate the acceptance probability

(X, X) = 1A T(X)ax (X — X4)

ifU < a(Xy, X), set X1 =X

m(Xe)gx, (Xt — X)

set X;11 = Xy and 011 = —0;
draw ¢ ~ ¢x,, U ~ unif(0, 1)

set X = X; + 6,/¢|

calculate the acceptance probability

it U < a(Xy, X), set Xy11 = X and 0441 = 6,

a(Xe, X)=1A

T(X)gx (X — Xy)
m(Xe)gx, (Xt — X)

Proposition 1 Consider X C R% with d > 1, a subspace H C X and a vector e € H.
{(X4,6;), t € N} be the Markov chain evolving as in Alg. 2 with proposal mechanism

X = Xt =+ etpH(C) )

¢~ th(')ILpH(C)Te>O(<) ’

Let

and accept/reject X with probability o (X, X) switching the momentum 6; in case of rejec-

tion. It holds that Xi ~ 7 = X¢y1 ~ .

Proposition mechanism

Generalized Guided Walk (GGW)
Consider r Markov kernels Py, P, ..., P,

Each moves according to (H;, e;)
with momentum 6;; € {—1,1}

If there is I C (ey,...,e;) s.t. X =span(])
The Markov chain on X x {—1,1}4
(Xtt1,0t11) ~ P1+mod(t,r)((Xt7‘9t)7 )

converges marginally to 7.

7= (1/4) YN (0 0 T)
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