
Robustness of accelerated first-order optimization algorithms

Mihailo Jovanovic, Ph.D.
University of Southern California

Friday, May 17th 2024 – 10:30 am
McDonnell Douglas Engineering Auditorium (MDEA)

Abstract: Gradient descent and its accelerated variants are increasingly used for learning and
data-driven decision making for uncertain dynamical systems in which an approximation of the
gradient is sought through noisy measurements. In this talk, we utilize techniques from control
theory to quantify robustness of accelerated first-order algorithms to stochastic uncertainties in
gradient evaluation. For unconstrained, smooth, strongly convex problems, we demonstrate how
tight upper and lower bounds on the mean-square error in the optimization variable can be
established when the iterates are perturbed by additive white noise. Our analysis reveals
fundamental tradeoffs between noise amplification and convergence rates for any acceleration
scheme with constant parameters similar to Nesterov’s or heavy-ball methods. In particular, we
show that any choice of parameters for Nesterov’s accelerated and heavy-ball algorithms that
yields an accelerated convergence rate increases noise amplification relative to gradient descent.
To gain additional analytical insight, for strongly convex quadratic problems we provide a novel
geometric characterization of conditions for linear convergence and clarify the relation between
convergence rate, noise amplification, and algorithmic parameters. We specialize this result to the
problem of distributed averaging over undirected networks and examine roles of network size and
topology on robustness of noisy accelerated algorithms.
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