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We present a general framework for proving that scale-invariant functionals, applied to random point clouds,
have universal limiting distributions. By “universal” we mean that the limit is independent of the underlying
distribution. Our primary motivation comes from topological data analysis (TDA), where we study the distri-
bution of random persistence diagrams and show that the distribution of death/birth values admits a universal
limit. We also demonstrate how the framework applies in other settings, including nearest-neighbor ratios
(which are often used for intrinsic dimensionality estimation) and the spectrum of k-NN graphs (which is one
of the main components in manifold learning theory).


