AUtonomous Systems Engineering

Physics-Informed Neural Certificates
for Stability and Control

Dr. Jun Liu

University of Waterloo

Neural networks are universal approximators, yet learned models rarely come with rigorous guarantees. Typical statistical learning
generalization bounds are often too conservative, and such probabilistic guarantees fail to certify correctness of a specific
computed solution. In this talk, we present a formal verification framework that produces a posteriori error estimates for neural
network solutions of partial differential equations (PDESs) arising in systems and control. We aim to provide rigorous guarantees for
the learned models rather than mere probabilistic guarantees on the PDE residuals. The framework connects machine learning with
rigorous control theory by turning physics-informed neural models into certifiable computational tools. More specifically, we study
PDE characterizations that arise in stability and contraction analysis, control synthesis, and estimation for nonlinear dynamical
systems. By combining formal verification tools with theoretically derived estimates, we rigorously bound approximation errors and
translate these bounds into provable guarantees of stability and safety. The resulting neural certificates enable verification of
regions of attraction, construction of provably correct stabilizing neural feedback controllers, and design of neural state estimators
with provable error bounds.
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