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Abstract

Imposing additional constraints on low-rank optimization has garnered growing interest
recently. However, the geometry of coupled constraints restricts the well-developed low-rank
structure and makes the problem nonsmooth. In this paper, we propose a space-decoupling
framework for optimization problems on bounded-rank matrices with orthogonally invariant
constraints. The "space-decoupling” is reflected in several ways. Firstly, we show that the
tangent cone of coupled constraints is the intersection of the tangent cones of each constraint.
Secondly, we decouple the intertwined bounded-rank and orthogonally invariant constraints into
two spaces, resulting in optimization on a smooth manifold. Thirdly, we claim that implementing
Riemannian algorithms is painless as long as the geometry of additional constraint is known a
prior. In the end, we unveil the equivalence between the original problem and the reformulated
problem. The numerical experiments validate the effectiveness and efficiency of the proposed
framework.



