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Abstract:
Part 1: Many physical systems can be represented by conservation laws with
source terms, or balance laws. First, we present efficient well-balanced discon-
tinuous Galerkin methods for one-dimensional systems of balance laws, which
preserve the general non-zero velocity equilibria of the forward problem. Sec-
ond, we examine the inverse problem in which the states of the balance law
are known and measured, but the variable in the source term is unknown. We
present an iterative method using an adjoint approach for recovering a time-
dependent topographical source term from balance laws.
Part 2: Neural networks have recently been used as surrogate models for map-
ping inputs of an engineering system to outputs of interest. Once trained, neu-
ral networks are computationally inexpensive and remove the need for repeated
evaluations of computationally expensive models. However, accurate training
often requires large amounts of simulation data that may not be available in the
case of computationally expensive systems. We explore the application of bi-
fidelity weighted transfer learning techniques using training data generated from
both high- and low-fidelity models. We illustrate the utility of the bi-fidelity
transfer learning method where we focus on accuracy improvement achieved
compared to standard training approaches.
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From geometry and topology to algebra and
back again

Abstract: In this talk, I will discuss some results which make use of and
build upon the rich connections between the fields of algebra, geometry,
and topology. I will begin by discussing surfaces and will explore some
connections between algebraic properties of their groups of symmetries
and the underlying topological properties of the surface. I will then
discuss the interplay between the topology of surfaces, the dynamics of
their homeomorphisms, and the geometry of 3-manifolds. In particular,
I will build upon works of Thurston, Brock, and Agol to give volume
bounds for certain hyperbolic 3-manifolds. Finally, I will give a classical
result of Cannon and Thurston which links the geometry and dynamics of
fibered 3-manifolds to algebraic properties of their fundamental groups,
and will discuss how this result can be extended to better understand
the algebra and geometry of more general hyperbolic groups and their
subgroups.
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