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Detection Thresholds for Two-Sample Tests Based on Geometric Graphs

Abstract

Testing equality of two multivariate distributions is a classical problem for which many non-parametric tests have been proposed over the years. Many of these tests are based on geometric graphs constructed using the inter-point distances between the observations,
which include the well-known Friedman-Rafsky test (1979), the test based on the K nearest neighbor graph (1984), the minimum matching test of Rosenbaum (2005), among others. These tests are asymptotically distribution-free, universally consistent, and computationally efficient (both in sample size and in dimension), making them particularly attractive for modern statistical applications.
 In this talk, a unified framework for analyzing the asymptotic properties of these tests will be discussed. Using the theory of stabilization of random geometric graphs, the limiting distribution of these tests can be derived. As a consequence, the precise detection threshold for the test based on the K-NN graph can be obtained, which undergoes an interesting phase transition at dimension 8 and higher. Connections to the multivariate spacings test for goodness-of-fit will also be discussed. 
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