
Student Research Talks (StReeTs)
George Mason University

Industrial Immersion Program (IIP) Presentations

Mathematical Modelling in Cryobiology
Jessica Masterson

George Mason University

Abstract

In cryobiology, tissue is frozen in a liquid for the purposes of preservation. The liquid contains a cry-
oprotective agent, or CPA, which mitigates the tissue damage due to ice formation. However, prolonged
exposure to the CPA can also cause damage to the tissue. This is the basis of an optimal control problem.
We wish to minimize the damage to the tissue. To calculate the damage, we created a PDE model of the
temperature, concentrations, and interface dynamics. We solved this model using numerical methods to
identify optimal cryopreservation protocols.
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Abstract

This talk proposes physics informed neural networks combining with domain decomposition method
(PINNs-DDM), which leverages deep neural networks to discretize the subproblems divided by domain
decomposition methods (DDM) for solving partial differential equations (PDE). The physics-informed
neural networks method is deep learning base with the objective involving two terms, domain term and
data term, which respectively make the desired solution satisfy the PDE and corresponding boundary con-
ditions. PINNs-DDM will exchange the subproblem information across the interface in DDM by adjusting
the boundary term for solving each subproblem by DNN. Benefiting from the simple implementation and
mesh-free strategy of using DNN for PDE, PINNs-DDM will simplify the implementation of DDM and
make DDM more flexible for complex PDE, e.g., those with complex interfaces in the computational do-
main. In this talk, firstly investigate the performance of using Deep- DDM for elliptic problems, including a
model problem and an interface problem. The numerical examples demonstrate that PINNs-DDM exhibits
behaviors consistent with conventional DDM: the number of iterations by PINNs-DDM is independent of
network architecture and decreases with suitable overlapping size. The performance of PINNs-DDM on
elliptic problems will encourage us to further investigate its performance for other kinds of PDE and may
provide new insights for improving the PDE solver by deep learning.
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