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Adversarial Training as a Primal-Dual Problem

An important topic in machine learning, particularly concerning security, is the robustness
of models against adversarial attacks. This issue can be addressed through adversarial trai-
ning, although this approach typically incurs high computational costs. In this work, we esta-
blish a characterization of the subdifferential of a nonlocal total variation functional, which
is one-homogeneous and arises in a convex relaxation of the adversarial training problem
for binary classification. To this end, we derive a dual representation of the nonlocal total
variation involving a nonlocal divergence and gradient, and we ensure its consistency with
their local counterparts. Based on this dual formulation, we develop a primal-dual algorithm
for the relaxed adversarial training problem, providing an efficient algorithmic approach to
solving the original problem.
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