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Diffusion Models

Image from Song et al., 2020

• Getting noise from data is easy (Forward SDE).

• Generating data by reversing the forward process. 

Estimating the score function by Denoising Score matching (Vincent 2010).



Accelerating Diffusion Sampling with Optimized Time Steps

Target: Given pretrained diffusion model, budget of 
N network inferences and a prescribed diffusion 
sampler, what is the optimal discretization scheme of 
time steps?

Method: Derive a theory-based surrogate 
optimization objective which can be solved utilizing 
existing optimization method (e.g. constrained trust 
region method)

Advantage: Negligible computational cost
lightweight optimization can be solved within tens of 
seconds.

Optimization objective: minimize
which is the distance between ground truth solution 
and the numerical solution (related to selected 
timesteps)

Assumption: the score matching error are bounded in 
L2 norm



Accelerating Diffusion Sampling with Optimized Time Steps

Solve the problem use constrained trust region method



Results on benchmarks

SOTA for training-free few-
step diffusion sampling



Visualization on ImageNet 256 
DIT-XL-2 model

Visualization



Text-to-Image generation results on PixArt-α

Results on t2i



Results on t2i

Text-to-Image generation results on PixArt-α



Running time and Summary

seconds on CPU

• We propose an optimization-based method to find appropriate time steps to accelerate the sampling of 
diffusion models.

• Experimental results on popular image datasets demonstrate that our method can be employed in a 
plug-and-play manner and achieves state-of-the-art sampling performance based on various pre-
trained diffusion models

• Code is available at https://github.com/scxue/DM-NonUniform
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