MOMENTUM-IMBUED LANGEVIN DYNAMICS (MILD) FOR FASTER SAMPLING
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SAMPLING AND OPTIMIZATION

= We propose a novel sampling algorithm Momentum-
Imbued Langevin Dynamics (MILD).

Langevin Monte Carlo Sampling
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Gradient Descent Optimization
Sample from p(x) =

min f(2)
= MILD is inspired by momentum-based accelerated gra-
dient descent used in convex optimization techniques.

Tip1 = Xt — Ve f(x) + V20024

= MILD can be combined with pre-trained score-based dif-
fusion models.

= It speeds up sampling by a factor of two to five in terms
of the number of function evaluations (NFEs).

MOMENTUM-IMBUED LANGEVIN DYNAMICS (MILD) SAMPLER

MOMENTUM-IMBUED
LANGEVIN DYNAMICS
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PROPOSED SAMPLER

EXPERIMENTAL RESULTS

Table 1: FID values for samples generated using an-
nealed Langevin dynamics (ALD) and momentum-imbued
Langevin dynamics (MILD) for the pre-trained NCSN [1] and
NCSN++ [2] models. L denotes the number of noise levels,
and 7' denotes the number of sampling steps at each noise-

Algorithm 1: Faster generative sampling with
momentum-imbued Langevin dynamics (MILD).

Input: {o; z'L:17 e, I, 7y, score-network sg
1 Initialize: xy ~ N (0,1), vg =0

scale. L x T'1is the total number of sampling steps.
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c. g
ALD CIFAR-10 | 10 | 100 | 25.32 Pl = :
(32 x 32) 4 fort =001 —1do
10 100 | 46.98
10 | 50 | 2823 5 Draw z; ~ N (0,1)
MILD | CIFAR-10 | 10 | 40 | 29.78 6 Vi1 = Y0 + Qise (@ + YUy, 04)
(Ours) (32x32) | 10 | 30 | 40.35 7 | T4l = T+ Vi1 + V2042
10 | 20 | 41.18 8 | xy < xp
ALD CelebA | 10 | 100 | 75.78 o | vy v
(32 x 32) —
10 100 21.85 10 if denoise rrTr then
10 50 | 70.97 11 return xr + 0%89(:1311, O'T)
MILD CelebA 10 40 | 70.48 12 else
(Ours) (32x32) | 10 | 30 | 71.14 3 | return zp
10 20 | 73.25 —
NCSN++ Dataset L T FID
ALD CIFAR-10 | 232 5 12.9
(32 x 32)
232 5 12.97
232 4 12.43
MILD CIFAR-10 | 232 3 12.55
(Ours) (32 x 32) | 232 2 13.58
232 1 15.5
ALD CelebA 500 5 11.1
(64 x 64)
500 5 10.93
500 4 9.91
MILD CelebA 500 3 9.37
(Owurs) (64 x 64) | 500 2 8.59
500 | 1 | 8.98 CIFAR1O
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Incorporating momentum clearly accelerates the sampling speed as well as improves the
quality of the generated samples (as measured by FID). Obtaining theoretical guarantees on

the rate of convergence for faster sampling is a potential direction for future research.
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