
STA 941: Nonparametric Methods
Lectures: TuTh 11:45AM-1:00PM Language 211

Office Hours: TBD and by appointment

Surya Tokdar (Instructor), Old Chem 219A, 684-2152, surya.tokdar@duke.edu

Preparation

Targeted audience in Duke Stat Sci PhD and MS students in 2nd or higher years. Sta 601, 721, 732
or their MSS equivalents are highly recommended prerequisites. The course will be math heavy. A
background in measure theory is not needed but maybe helpful. Programming and computing will
be key to a good mastery of the material.

Overview

Nonparametric statistics has undergone a tremendous transformation in the last few decades, evolv-
ing from an earlier notion of model free statistical inference to one that can be only described as
being exceedingly model rich! Much of this transformation is intertwined with the rapid march
of Bayesian modeling and computing, which has enabled one to carry out statistical inference for
complex statistical models whose parameters are curves, surfaces, probability distributions, infinite
feature vectors, and so on.

Modern nonparametric Bayesian statistics rests on three main pillars (1) relaxing the stringent
parametric assumptions through mixture modeling, (2) smoothing as a means of borrowing of in-
formation across local learning units, and, (3) multi-level learning through partition and clustering.
About half of the course will be devoted to learning the most fundamental modeling and comput-
ing building blocks in each of the three areas. A quarter of the course will focus on theoretical
investigations of the resulting methods, seen from the perspective of “function estimation”. The
rest will be devoted to special instances of nonparametric Bayesian models/methods and related
applications.

Topics

1. Infinite mixture models. The Dirichlet process (DP) and DP mixture models and their appli-
cation in relaxing parametric assumptions

2. Bayesian smoothing. Gaussian processes models and their application in regression smooth-
ing and related problems

3. Partition and clustering. Random trees and related models, and, random features and related
models and their applications in hierarchical modeling.

4. Theory of estimation in function spaces. Prior support, concentration and spread and their
implications to asymptotic properties of nonparametric posterior distributions; curse of di-
mensionality and interaction with smoothness, minimax recovery, etc.

5. Additional topics involving extreme value analysis, quantile regression, high-dimensional smooth-
ing, etc.

Texts

Recommended Bayesian Nonparametrics (eds: N Hjort, C Holmes, P Müller, S Walker).
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