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The growing interest in the use of Denoising Diffusion Models (DDMs) as fundamental elements for solving
inverse Bayesian problems has recently marked a significant trend. The application of DDMs in this context
offers a promising way to harness complex prior distributions. However, one of the major hurdles in this
approach is the difficulty of sampling from the posterior distribution that arises when DDMs are used as priors.
This challenge is primarily due to the complicated dynamics and high-dimensional nature of the diffusion
processes involved.

To overcome this obstacle, previous research efforts have focused on developing strategies to modify the
drift term within the diffusion process. These modifications aim to better approximate the true posterior
distribution, albeit often at the cost of introducing bias or increased computational complexity. While useful,
such methods do not target the “true” posterior.

Our work introduces a novel paradigm that takes advantage of the unique structural properties of DDMs.
We propose a systematic decomposition of the posterior sampling into a sequence of more manageable in-
termediate tasks. Each of these tasks is designed to progressively refine the approximation of the posterior
distribution, utilizing the structure of the DDM prior to effectively guide the sampling process. With this
methodology, we can achieve a more accurate approximation of the posterior distribution and significantly
reduce the approximation error compared to previous approaches.

Our empirical investigations emphasize the effectiveness of our proposed method in a wide range of applica-
tions, ranging to image restoration, ECG reconstruction to urban mobility simulation.
Thiswork therefore sets a new benchmark for the use of denoising-diffusionmodels in solving inverse Bayesian
problems and provides both theoretical insights and practical advances in the field.


