
Langevin Sampling Setting

Suppose we have alless to some version of
the unnormalized density specifically we

are given query access to In x

Like the M H algorithm we can construct a

Markov Process whose invariant dist is 71

The Markov Process evolves in continuous

state space and cont time

Langevin

Equation dXe Iln e dt N2dBt
where Bt is Brownian motion

This is an SDE stochastic Diff Egn
which is a cont time cont state space
Markov Process and as we shall see

this has the invariant dist of x

n t r

Variants of this equation have been studied

by different communities Two directions that



we highlight

Optimization Goal is to piped
U x As

previously discussed one approach is to instead

sample from

dX IV Xt dt of dBt

for suitably chosen o t If oft ET
where T is the fixed temperature constant

then we can show that

on e
UK

I
where z

is the normalizing

constant

Observe that as T O the limiting samples
will concentrate on y y E

arggin U x

A temperature annealed variant of the basic

Langevin equation is time varying diffusion
coefficient

dx IV Xeldt Ffs dBt



then under additional tethical conditions e.g
UC is twice differentiable etc see ref below

Mx
d

To where

densify
of Xt

to y Uly inf Ubi 3

Ref S Geman and C Hwang Diffusions for global
optimization SIAM 5 of Opt Control Sep 1986

Generative Modeling Goal is to generate

samples from Gi However we do not

have access to Iln Gi Instead we

can learn future notes good approximations to

In x where a N 0,0

where T is an appropriate variance term

with G O as t 0

The associated Gaussian annealed Langevin dynamics



is given by on N 0,3 and for te O T

dye Iln I t dt EdBt
annealed Langevin dynamics

Another dynami is the DDPM dynamis where

on NCO I and the following is run for

finite interval of time te O T

dye Xe 2xeniE.CH dttrEdBe
DDPM dynamics

Movitated by the above applications we will
study the basis Langevin dynamic and develop

the theoretical tools to show the following
two properties

The invariant distribution of the Langevin

dynamite dx Ten Xp dt EdBt



is Xo x DE Rd

The rate of convergence of the density of
Xt Mx to the stationary dirt G is

exponentially fast in time under the condition
that

x is a strongly log concave distribution

i e a α e
V1

V4 is p strongly
convex

To show we will develop some theory for

diffusion processes and the Kolmogorov forward

equation aka Fokker Plank equation to

standy density evolution

To show we will develop some theory on

Poincare inequalities the Bakry Emery criterion
and log Sobolev inequalities for Markov

processes


