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Abstract:

Neural network-based methods for conditional density estimation have recently gained substantial attention, as various neural density estimators
have outperformed classical approaches in real-data experiments. Despite these empirical successes, implementation can be challenging due to the
need to ensure non-negativity and unit-mass constraints, and theoretical understanding remains limited. In particular, it is unclear whether such
estimators can adaptively achieve faster convergence rates when the underlying density exhibits a low-dimensional structure. This paper addresses
these gaps by proposing a structure-agnostic neural density estimator, called the classification-induced neural density estimator and simulator
(CINDES) that is straightforward to implement and provably adaptive, attaining faster rates when the true density admits a low-dimensional
composition structure. Another key contribution of our work is to show that the proposed estimator integrates naturally into generative sampling
pipelines, most notably score-based diffusion models, where it achieves provably faster convergence when the underlying density is structured. We
validate its performance through extensive simulations and a real-data application. We also prove the optimality of score-based diffusion models for
density estimation when the target density admits a factorizable, low-dimensional, nonparametric structure in a separate work. The main challenge
is that the low-dimensional, factorizable structure no longer holds for most diffused timesteps, and it is very difficult to show that these diffused
score functions can be well approximated without a significant increase in the number of network parameters.

(Join works with Yihong Gu, Dehao Dai, Mukherjee, and Ximing Li)
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