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My research interests lie in partial differential equations and optimization with appli-
cations in computer graphics, specifically physics simulation and geometry processing. I
find myself gravitating towards research topics that have a real-world impact that also
allow me to apply my pure math training.

There is an abundance of physics models involved in building a virtual world. High-
fidelity simulations of physical phenomena are becoming more important than ever due to
the popularity of 4K cinematography. Researchers have proposed mathematical models for
various materials including snow [Stomakhin et al.(2013)], sand [Klár et al.(2016)], smoke
[Zehnder et al.(2018)]. Due to the highly nonlinear equations involved in these models,
the research focuses the discretization models and preserving important physical quantities
including mass and momentum. For graphics applications, a unique challenge arises with
the modeling of contact forces. The current state of the art either uses interpolation
between a grid and particles to remove self-penetrating motions [Jiang et al.(2017)], or
introduces barriers between material positions and solves a large optimization problem
[Li et al.(2020)]. There are still lots and lots of mathematical properties that are await-
ing exploration in this field. In my recent accepted work [Nabizadeh et al.(2022)], we
demonstrated that a discretization of Euler’s equation can generate vivid vortex dynamics
provided that it respects Kelvin’s circulation theorem. I would like to further study the
profound theory of each physical phenomenon and develop robust algorithms based on
the mathematical and physical properties.

I became interested in geometry processing while researching my 2019 work on the sim-
ulation and visualization of fracturing materials [Wang et al.(2019), Ding et al.(2019)]. In
order to create crispy edges around a fracture interface, I had to perform topology changes
on meshes that were highly tedious. In my more recent work [Wang and Chern(2021)], we
explored a different geometry representation called “current” that abandons the traditional
vertex connectivities altogether. The classical geometric measure theory provides valuable
insights that convert the traditionally nonconvex problem of minimal surfaces into a
convex one using the current representation. The current representation enjoys several
properties including linear boundary operations, convex combination in the geometry
configuration space, and differentiability. The differentiability also allows us to explore
the neural network discretization with promising results in [Palmer et al.(2022)]. This
is another example of mathematical analysis serving to create better discretization and
algorithms for computations in graphics.
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