
SIAM Travel Award Application Statement Stephanie Wang

I am hereby applying for SIAM Travel Award to fund my travel to Tokyo in August of
2023 to present my paper Computing minimal surfaces with differential forms at the 10th
International Congress on Industrial and Applied Mathematics. My talk will be a part of
the “Computational methods for interfaces in physics and mechanics” (numbered 00690)
minisymposium, organized by Prof. Antonin Chambolle and Prof. Blaise Bourdin. In
the aforementioned paper, my co-author and I explored a new numerical representation
of geometries called current, which originated from the study of geometric measure
theory (GMT). Existing geometry representations either explicitly store positions of
the vertices and a combinatorial structure of the connectivity, or implicitly encode the
geometries as the level set of a function, lacking the capacity to represent geometries
with nonempty boundaries. Our GMT-based representation simultaneously provides
the capacity of representing geometries with boundaries as well as the convenience of
continuous and differentiable changes in topology. We demonstrate in our paper how this
new geometry representation turns the nonconvex Plateau problem into a textbook convex
problem– a convex, norm-like functional to minimize, along with a linear constraint. Our
computational method utilizes the recent development of Alternating Direction Method
of Multipliers (ADMM) and Fast Fourier Transform (FFT), making the minimization
process both fast and robust. In addition, I will also cover an extended work in my talk,
DeepCurrents: Learning Implicit Representations of Shapes with Boundaries, where my
co-authors and I used Fourier features together with deep neural network to discretize
currents to achieve infinite resolution as well as a data-driven auto-encoder of surfaces
with boundaries.

The GMT-based geometry representation has a lot of potential for future computa-
tional methods, for its flexibility with topology changes, differentiability, and an easy
linear operator to compute the boundaries. I am hoping to exchange ideas with other
mathematicians working in computational methods in physics as well as mechanics. At-
tached below are rendered images of our computational results of Plateau problems. I
appreciate SIAM’s consideration of my application, and I look forward to hearing from
the award committee.

Figure 1: Predicting the topology of the solution to Plateau problem has always been
a difficult problem. Our computational method can handle arbitrary boundary curves
and always find the global minimizer for Plateau problem. Left: minimal surface with
boundary prescribed as the Borromean rings (prescribed in squared shapes). Right:
minimal surface with boundary prescribed as five arbitrarily positioned circles.
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https://dl.acm.org/doi/10.1145/3450626.3459781
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https://openaccess.thecvf.com/content/CVPR2022/papers/Palmer_DeepCurrents_Learning_Implicit_Representations_of_Shapes_With_Boundaries_CVPR_2022_paper.pdf

