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Abstract

The rank minimization problem with affine constraints is widely applied in the field of control, system

identification, and machine learning, and attracted much attention and well studied in the past few

years. Unlike most of the existing methods where a nuclear norm is used to approximate the rank

term, in this paper, we apply the penalty decomposition method to solve the rank minimization problem

directly. One subproblem can be solved effectively by using linear conjugate gradient method, and the

other one has closed-form solutions by taking full use of the problem’s favorable structure. Under some

suitable assumptions, the convergence result for the proposed method is given. Finally, we do numerical

experiments on randomly generated and real data, the results show that the proposed method is effective

and promising.
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1. Introduction

In this paper, we consider the affine constrained rank minimization problem

min
X∈Rm×n

rank(X), s.t. A(X) = b, (1)

where X ∈ R
m×n is a decision variable, A : Rm×n → R

p is a linear map and b ∈ R
p is a given measurement

vector. This problem appears in many applications arising in various areas, for instance, the low-order

realization of linear control system[1], system identification in engineering[2] and machine learning[3], etc.

A particular case of problem (1) is the matrix completion problem

min
X∈Rm×n

rank(X), s.t. Xi,j = Mi,j , ∀(i, j) ∈ Ω, (2)

where M is an unknown matrix with some available sampled entries, and Ω is a set of index pairs (i, j).

Given a subset of entries of a matrix, problem (2) is to recover the missing entries to obtain a complete

low-rank matrix. The problem (1) is generally viewed as NP-hard because of the combinational nature of
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