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#8 B :Principled Learning to Model our Dynamic Environments

E §:Can computers be programmed to learn to model progressive approximations of the underlying dynamical
processes of specific environments, through interaction (i.e. spatio-temporal sensing). We answer this in the
affirmative with a proviso that not all the Hamiltonian models of environmental processes are learnable at optimal
fidelity. Computers equipped with stable numerical solvers (some, possibly simultaneously learnable), are at the
mercy of the noise and uncertainty of the sensed environmental observations. Can nevertheless be programmed
to stably train, cross-validate and test stochastic PDE (partial differential equation) neural operators. The learning
is along optimally controlled pathways that satisfy a form of the Hamilton-Jacobi-Bellman equation. In this talk,
I shall explain a framework of learning Hamiltonian models (Hamiltonians) as a partially observable controlled
Markov decision process model (COMDP) and based on the Pontryagin’s maximum principle. The COMDP
model learning trajectory operates on a constrained manifold that satisfy the conservation laws of the underlying
physics, via application of Noether’s theorem. The COMDP includes learning dynamic stabilizing control
satisfying learned Lyapunov functions for error bounded, convergent solutions, and additionally produces sparse
approximations that avoid overfitting. This talk shall show a few examples of such learned spatio-temporal
models of dynamic environments, with various approximations of dynamic shape and function. This is joint work
with my students Taemin Heo, Minh Nguyen, and Yi Wang.
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