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Abstract—Modern autonomous systems increasingly rely on deep learning for perception,
prediction, and control, yet ensuring their safety and reliability remains a fundamental chal-
lenge. This talk presents a principled framework that integrates Lyapunov stability theory
with deep neural networks to endow learning and control with energy-like structure and
guarantees of convergence, robustness, and safety. By shaping the adaptation dynamics
through a Lyapunov function, analogous to enforcing dissipation in physical systems, the
network’s evolution obeys stability and passivity principles rather than arbitrary gradient
updates. This energy-consistent view unifies deep learning and adaptive control, yielding
reliable, structure-preserving autonomy that remains stable under uncertainty.
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