
 

Abstract:                                                                                                                                                                                           
Mixed membership models are popular individual-level mixture models widely used in various 
fields. This work is motivated by mixed membership models for multivariate categorical data, 
which is called the Grade of Membership (GoM) model. The rich modeling power of the GoM 
model comes with challenging estimation issues, especially for high-dimensional polytomous 
data. Such data take the form of a three-way (quasi-)tensor, with many subjects responding to 
a large number of items each with a different number of categories. Popular Bayesian inference 
or maximum likelihood estimation methods are not computationally efficient and lack 
theoretical guarantees in high dimensions. In contrast, we propose a fast spectral method to 
flatten the three-way tensor into a ``fat'' matrix and exploit the singular subspace geometry 
based on matrix SVD for estimation. We introduce the Generalized-GoM models, which 
encompass a wide range of data distributions and locally dependent noise. For this model 
family, we establish that our spectral method delivers sharp entrywise estimation error bounds 
for all parameters. Moreover, we develop a new two-to-infinity singular subspace perturbation 
theory for arbitrary locally dependent noise under flexible distributions, which is of 
independent interest. Simulations and applications to data in political voting, population 
genetics, and single-cell genomics demonstrate our method's superior performance. 
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