Multiscaling in Wasserstein Spaces

Wael Mattar
Tel Aviv University
waelmattar@mail.tau.ac.il

We introduce a novel multiscale framework for analyzing sequences of probability measures sampled from
curves in Wasserstein spaces over Euclidean domains. Our approach leverages McCann’s interpolants to con-
struct a refinement operator based on subdivision schemes, which serves as a geometric upsampling mechanism
that preserves the geodesic structure of measure flows. This multiscale transform decomposes sequences into a
coarse approximation and hierarchical detail coefficients, enabling perfect reconstruction while revealing both
local and global geometric properties across scales. A key contribution is the optimality number, a scalar quan-
tifying deviations from Wasserstein geodesicity, which proves effective for studying irregular dynamics, as well as
determining how optimal sequences of measures evolve over time. We establish theoretical guarantees including
stability of the inverse transform and geometric decay of detail coefficients for absolutely continuous curves.
The framework applies to both absolutely continuous and discrete measures, with applications demonstrated
through denoising of Gaussian flows, analysis of point cloud dynamics under vector fields, and characteriza-
tion of neural network learning trajectories. This work opens new avenues for multiscale analysis in optimal
transport theory and its applications. The talk will be based on [1].
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