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Abstract

Partial differential equations are central to optimal filtering and real-time
system responses. This talk presents two neural kernel methods that
approach PDE solving from complementary perspectives. The first—Deep
Generalized Legendre-Galerkin (DGLG)—tackles optimal filtering via a
forward Kolmogorov PDE. The kernel appears implicitly through the
Legendre spectral basis, where the Galerkin approximation embeds
kernel-like projections without constructing an explicit kernel. A
physics-informed neural network drives the solver, achieving spectral
accuracy with low offline cost. The second—GsPINN—Iearns the
fundamental Green's kernel explicitly as the fundamental solution operator.
By embedding Lie symmetry constraints into a symmetric physics-informed
neural network, it reduces derivative computations and accelerates training,
yielding a fast, mesh-free kernel solver.
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