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Summary

We resolve difficulties in
training and sampling from
a discrete generative model
by learning the gradient of a
smoothed energy function,
sampling from the
smoothed data manifold
with Langevin MCMC, and
projecting back to the true

data manifold with one-step
denoising, requiring only a
single noise level.
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Protein Discovery with Discrete Walk-Jump Sampling

Input — Output

Background
Antibody Discovery

- Find promising lead
candidates by
searching animal
Immune repertoires
or synthetic libraries

Method
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Jump

Use the learned least-squares denoiser X (y«)
for any draw y, ~ p(y) obtained by Langevin MCMC.
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Neural Empirical Bayes

» from Xto Y =X+ N, N~ _4(0,5°]).
» Empirical Bayes [1, 2, 3] as the probabilistic machinery for denoising:
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score function

X(y)

» Learn g4(y) =~ Vlog p(y) by denoising (the noise level ¢ can be any value):
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Sequence — One hot encoding — Noisy
o=, one hot — Denoised — Argmax decoding

Prescient
Design

A Genentech Accelerator
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Results

In silico

Model Whoroperty + Unique T Egist T IntDiv{ DCS 1
dWIJS (energy-based) 0.056 1.0 58.4 55.3 0.38
dWIJS (score-based) 0.065 0.97 62.7 65.1 0.49
SeqVDM 0.062 1.0 60.0 57.4 0.40
DEEN 0.087 0.99 50.9 42.7 0.41
GPT 3.5 0.14 0.66 55.4 46.1 0.23
IgI.M 0.08 1.0 48.6 34.6 0.533
ESM2 0.15 1.0 70.99*%  77.56* 0.061

- Benchmarked against diffusion,
autoregressive and masked LMs, LLMs+ICL

In vitro

- 70% binding
Trastuzumab CDR
H3 designs,
compared to 25%
(discrete
diffusion) [4] and
22% (structural
diffusion) [5]
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