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1. The Metropolis-adjusted Langevin algorithm (MALA)

Accept ratio 0.868

e Goal: to sample from w(x) = exp|—V(x)], a ~Unadjusted Langevin algorithm: 05
probability distribution over R?. 0.45

Xip1 = Xi —0gVV(XE) + /20325,
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0.35

e Langevin SDE:

0371

with (Z3) ey ii.d ~ N(0,Idy).
dX, = —VV(X,)dt + v/2dB; ,
/\ 1nvariant measure # m, 0.15 |
where (Bt)t20 1S a d-dimensional Brownian mo- ~» 1ntroduce as a MetrOpOHS—HaStngS pI'OpOS&l. DD[;; _
tion. | .
e MALA: o :

— 7 1S 1nvariant,

— the accept/reject step makes 7 invariant,
/\ difficult to calculate,

Vi, = X{ —oiVV (X +4/20278, — biased proposal ~~ gradient step,
~» consider a discrete version.

| | Xngl _ ka+1]1Ag+1 n X,f (1 B ﬂAiﬂ) | — the methoc% depends on V' ~~ T,
e Euler-Maruyama with step-size o2 > 0 /\ need to calibrate o3.
2. How to choose the step size? The optimal scaling problem
e Optimal scaling problem for Laplace target: MAﬁthL&pl&Trf; N R
—. (W =a
— consider the target sequence (7%);~, given # | | h - e
by 7%(2?) = exp(—[z?[1)/2% £l
— for each d > 1, (X%), -0, the Markov chain ., —~— e
from MALA, started at stationnarity. dimension - dimension
(a) constant o (b) og = 0O wrt. d
e First criterion for OCQZ: Scaling [Proposition (Confue'rgence of the acceptance k
rate)
For any £ > 0, d € N* if g7 = 82/d2/3, then
— scaling criterion: choose (07)g=1 so that 0 l
. d . ’ 05 1 Choice Sf ¢ 2 25 ?
limg_, . P(A?) €]0, 1; a(f) .= lim P(AY) = 28 [—63/2/(3711/2)1/2] |
d——+0 acceptance rate as d — +0
/N if (03)g=1 1s constant w.r.t. d,
limg_,.+ o, P(A9) = 0. \where @ is the standard Gaussian cdf. )
3. Fine-tuning through a diffusive limit 4. Comparing to other scalings
e Goal: finding an optimization criterion for — if YU gatisfies the SDE with h = 1, e a = 2/3 gives an estimate of the complexity:
2 _ 92 /92/3 (1) law ; .
oq = 7/d7, (Y, ye)i=0 = v — scaling Y¢ in d%3 ~» O(d?*/3) steps to con-
o Interpolation and Scaling Of Xd: . First{:fml]}mmntin [I1_-imunsinn TO(:PPH] h VeI'ge (Similar ldea to Speed h/),
3: — speed by comparing scaling values allows to com-
Y;i _ ([d2/3ﬂ _ d2/3t)X[dd2/3tj 1 pare methods.,
0 see |3| for more details.
T (d2/3t - LdQ/BtJ)X[ddWSt] - 1 [ ]
2 MALA RWM
7| 4] o = 1/3 | [2] a =
‘Theorem (Weak convergence to a Langevin ) Z Smooth a=0.074 a=0.234
diffusion) . | | . | /A no gen- | [1] a = 1
There exist h : R¥ — R* such that for : 1 20 0 0 50 Non-smooth 1| ", a — 0.234
any ¢ > 0, Y¢ converges weakly towards a # diffusion speeds /o</11 ~»7 convergence speeds
one-dimensional process Y, solution to the ~ Y ergodic, 7 invariant = maximising h ~» Laplace target has a new scaling,
Langevin SDE: ' ..
&5V gives the best convergence, /\ smoothness is important for MALA.
dY; = —h(f)sen(Y,)dt + \/2 h(0)dB; . ~ optimization criterion for ¢, therefore o3,
~~ a = 0.360 = optimal acceptance rate. Biblioeranh
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2 h(f) = lim d*PE[(XE, — X{))?]
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