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Abstract

We address a clustering problem in an n-dimensional space by formulating a penalized optimization
method that balances two sources of information: a k-means clustering approach on the dataset
and a graph-cut method applied to a randomly activated subset of points from a constructed graph.
The graph is constructed by randomly selecting a subset of points from the dataset and connecting
them based on the Euclidean distance, in order to emphasize the similarity and nearness between
points. This dynamic activation process ensures variability in the graph topology and allows the
clustering method to adapt to different local structures within the data.

Computationally, the problem is solved by improving the gradient descent algorithm with a com-
putational geometry technique known as Persistent Homology [1-2]. This technique, applied to the
evolving graph structure, allows for the identification of the most persistent connected components
in the graph in a topologically robust manner by varying a threshold on Euclidean distances be-
tween points. The interaction between the clustering process and the dynamically generated graphs
provides a richer representation of the intrinsic topology of the data.

In this work, we propose two different extended algorithms that exploit different geometric con-
structions on the graph: the Vietoris-Rips complex [3] and the random Vietoris-Rips complex [4].
Preliminary results on the Fashion-MNIST dataset show that the proposed method achieves good
performance in terms of both computation time and convergence. In particular, it outperforms the
gradient descent enhancement that relies solely on the evolution of the graph with random point
activation.
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