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Optimal feedback control for nonlinear systems is a powerful tool with applications in engineering, mechanics,
physics, and many other fields. However, a major drawback of classical approaches is that the numerical solution
of the resulting nonlinear first-order partial differential equation, the Hamilton—Jacobi-Bellman (HJB) equation,
can be challenging. This is particularly true in high-dimensional state spaces, where classical grid-based methods
such as semi-Lagrangian schemes typically fail. Therfore this is a natural application for approximation methods
of high-dimensional functions.

In this talk, it will give a brief introduction of how the HJB equation can be reformulated as a nonlinear
operator equation over a high-dimensional function space of the form

AX+XAT +G(X, X)+CTC =0,

where A is hyperbolic PDE operator and G is a bilinear map, generalizing the Riccati equation in finite dimension
and allowing the derivation of a feedback. Remarkeably, under mild assumptions, the solution of this operator
equation is self-adjoint and can be well approximated by a finite-rank operator.

This theory forms the basis of the proposed numerical scheme, in which the low-rank factors are used
to approximate the optimal feedback at low-discrepency points and then approximated using a shallow neural
network. Finally, the proposed scheme is then applied to an optimal control problem stemming from a nonlinear
PDE discretization of moderate dimension and a low dimensional toy example.
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