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Abstract

This paper addresses the curse of dimensionality and heterogeneity adaptation issues encountered
by traditional nonparametric statistical methods when applied to high-dimensional complex data.
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An optimized theoretical framework for adaptive nonparametric statistical methods is proposed,
which improves upon conventional approaches from three perspectives: dynamic local bandwidth
adjustment, adaptive weight allocation in the feature space, and multi-scale adaptive tuning. Theo-
retically, this paper analyzes the asymptotic statistical properties of the resulting estimators, in-
cluding asymptotic unbiasedness, variance convergence characteristics, and oracle inequalities,
and investigates the theoretical guarantees for the framework’s extensibility under various data
structures such as weakly dependent data, anisotropic structures, and low intrinsic dimensional
structures. Without requiring prior knowledge such as data distribution or function smoothness,
the framework can automatically adapt to the heterogeneity of high-dimensional data and circum-
vent the curse of dimensionality, aiming to provide a unified theoretical foundation for nonpara-
metric statistical analysis of high-dimensional complex data.
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