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Abstract

As data mining grows its significance in real world information extraction, we need a robust
methodology without using rich assumptions. In anomaly detection, statistical methods are very
successful when we assume some distribution. However, even when we encounter data with unknown
distribution, we must first assume some distribution, which may cause incorrect inference.

Topological Data Analysis (TDA) is a new branch of machine learning based on geometric
topology. Given a dataset, TDA tries to find its ““shape," or how the points in data are connected, and
how they form clusters. Furthermore, it finds the holes of the shape, which imply some data does not
exist, which also characterizes the shape.

In this talk, we apply TDA methodologies to anomaly detection. We also apply Morse theory
together with persistent homology to the analysis of dynamical system of big data set such as the
surveillance video data and the sales dynamics. The idea is that data tendency changes can be
observed as a change of data connectivity.

We explore the theory of critical points by using Morse theory. Growth of each dimension shows
that some irregular event may have happened on the corresponding date point. Although we need
refinement on the interpretation of the result, anyway we can collect the candidates of irregularities.
In the talk, we also give some justification of the analysis by using a conventional statistical method.
Furthermore, we discuss the limitation or some challenges of TDA.

In TDA, low-dimension homology has been focused on, which is easy to compute, but the
applications are limited in nature. Morse theory essentially uses high-dimension homology groups. Their
computation is still challenging. Accuracy in some sampling methods is also analyzed in the talk.
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