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A keystone of applications in computer graphics and 3D modeling, the geometry processing toolkit defines
algorithms for generating, manipulating, and analyzing surfaces embedded in R?. Behind the scenes, geometry
processing algorithms adopt ideas from partial differential equations (PDE) and the differential geometry of
surfaces to discrete structures like triangle meshes, which represent shapes on a computer. In this field, the
finite element method (FEM) and variants are typically used to bridge the gap between continuous and discrete,
translating smooth theory to numerical problems with finite degrees of freedom. While FEM has been critical to
the success of geometry processing applications, it also brings drawbacks that lead to failure modes in practice,
like reliance on mesh quality and resolution.

In this talk, I will introduce research from my team at MIT exploring alternatives to FEM for discretizing
and solving problems in geometry processing. In particular, our work demonstrates the value of moving beyond
linear function spaces typical of FEM discretizations to more flexible nonlinear function representations including
neural fields and GPU-friendly kernels. These alternative approaches can lead to high-resolution, robust tools
for tasks including minimal surface design [4], skinning [1], barycentric weight computation [2], variational
image processing [5], and reduced-order modeling [3]. Along the way, I will identify many open problems in
this domain, inspiring future work that accurately and fairly compares classical and modern approaches to
discretization in geometry processing.
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