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Motivation

1. Discretization Errors as a Result of Discrete Iterative Steps. Discrete diffusion and flow matching models operate in the fully discrete state space, which means that the 
noisy sequence at each time step is a fully discrete sequence of one-hot vectors sampled from continuous categorical distributions. This can result in discretization errors 
during sampling when abruptly restricting continuous distributions to a single token.

2. Deterministic vs Stochastic Flows for De Novo Design Tasks. Many flow matching and optimal transport strategies learn strictly deterministic paths with minimal 
stochasticity, which is optimal for tasks like matching trajectories, but lacks expressivity and diversity for de novo design tasks like protein or peptide-binder design.

3. Lack of Training-Free Guidance Methods for Discrete Flow Matching. Due to the non-differentiability of discrete sequences sampled from relaxed categorical distributions, 
guidance strategies often involve training classifiers on noisy distributions (classifier-based) or training a separate guided flow model (classifier-free).

Conclusions

1. We define a temperature-controlled Gumbel-Softmax interpolation and derive a velocity field that enables smooth transport from noisy to clean 
distributions on the interior of the simplex. 

2. By applying Gumbel noise during training, Gumbel-Softmax FM avoids overfitting the training data, increasing the exploration of diverse flow 
trajectories. 

3. To address the lack of training-free guidance methods for discrete flow matching, we propose STGFlow, a classifier-based guidance method that 
leverages straight-through gradient estimators to steer the velocity field toward optimal sequences on the data manifold. 

Gumbel-Softmax Flow and Score Matching for Discrete Generation on the Multi-Dimensional Simplex
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Straight-Through Guided Flow Matching (STGFlow) for Target-Binding Peptide Design

Fig 3. Straight-Through Guided Flow Matching (STGFlow). To 
fill the gap in inference-time guidance algorithms for discrete 
flow matching, we introduce STGFlow, a classifier-based 
guidance algorithm that leverages straight-through gradient 
estimators to guide the flow trajectory towards high-scoring 
sequences sampled from the Gumbel-Softmax distribution.

Fig 4. Comparison of ipTM and VINA docking scores for peptide binders generated from Gumbel-Softmax 
FM with STGFlow to experimentally-validated binders and scrambled controls (for targets without known 
binders). Generated binders show consistently stronger binding affinity across both tasks. 

Fig 2. Gumbel-Softmax FM and SM for protein and DNA promoter generation. Left: Evaluation metrics for the generative quality of protein sequences. Metrics were calculated 
on 100 unconditionally generated sequences from each model. Right: Evaluation of promoter DNA generation conditioned on transcription profile. MSE was evaluated across all 
validation batches between the predicted signal of a conditionally generated sequence and the true sequence. Regulatory signals were predicted with a pre-trained Sei model.

Gumbel-Softmax FM and SM for De Novo Protein and DNA Promoter Design Tasks

Fig 1. Gumbel-Softmax Flow Matching (Left) and Score Matching (Right). We define a Gumbel-Softmax interpolant that transforms uniform categorical distributions (high 
temperature) to distributions concentrated on the vertex of the simplex (low temperature) over time. Then, we train a denoising model to reconstruct the clean distribution from 
various levels of noise. During inference, we compute the velocity field by taking a weighted sum of the conditional velocity fields scaled by the predicted probabilities.
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