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Scalable piecewise smoothing in high dimensions with BART

Abstract: Bayesian Additive Regression Trees (BART) is an easy-to-use and highly effective nonparametric regression
model that approximates unknown functions with a sum of binary regression trees (i.e., piecewise-constant step
functions) that one-hot encode categorical predictors, Conseguently, BART is fundamentally limited in its ability to
“borrow strength” across multiple categories and to estimate smooth functions. Initial attempts to overcome this
second limitation replaced the constant output in each leaf of a tree with a realization of a Gaussian Process (GP).
While these elaborations are conceptually elegant, most implementations are computationally prohibitive, displaying a
cubic per-iteration complexity.

We propose ridgeBART, an extension of BART built with trees that (i) can assign multiple categorical levels to both
branches of a decision tree node and (ii) output linear combinations of ridge functions (i.e., a composition of an affine
transformation of the inputs and non-linearity, We develop a new MCMC sampler that updates trees in linear time and
derive near-minimax-optimal posterior contraction rates for estimating smooth and piecewise smooth functions. We
demonstrate ridgeBART's effectiveness on synthetic data and use it to estimate the probability that a professional
basketball player makes a shot from any location on the court in a spatially smooth fashion.

The talk is based on the following papers: https:/farxiv.orgfabs/2411. 07984 and https:/farxivorg/abs/2211.04459
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