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Biological Sequence Design

● Discrete, high-dim. inputs
● Multiple black-box objectives
● Batched experiments
● Noisy labels

intractable combinatorial 
optimization problem

slow/impossible to 
compute



Deep Generative Models (DGMs)

● How do we rank generated sequences, 
accounting for multiple objectives, explore-exploit, etc.?

● How do we generate good subsets for ranking?

optimize over small 
DGM-generated subset

ad-hoc proxy objective

Figure reproduced from Shu, Raphael, ..K. Cho Latent-variable non-autoregressive neural machine translation with deterministic inference using a 
delta posterior. Proceedings of the AAAI Conference on Artificial Intelligence. Vol. 34. No. 05. 2020.



Bayesian Optimization (BayesOpt)

● Strategy 1: solve subproblem with genetic 
algorithms (inefficient).

● Strategy 2: use a frozen pretrained generative 
model, solve in latent space (data-hungry).

intractable combinatorial 
optimization subproblem

principled proxy objective



Latent Multi-Objective BayesOpt (LaMBO)

LaMBO is designed from the ground up to combine 
the best attributes of DGMs and BayesOpt.



The LaMBO architecture

● Jointly train a denoising autoencoder and 
a discriminative deep kernel GP.

● Rank samples with the NEHVI acquisition 
function, optimize in latent space.

● Pretraining is optional!



Previewing the results

Comparing LaMBO to model-free and model-based genetic algorithms

small molecule large molecule
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