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matrix—it is called the dictionary or the sensing matrix—with n > m and a
given signal measurement y € R™. The main goal in a sparse signal recovery
problem is to find the sparsest possible vector x satisfying y = Ax. A common
mathematical model of this problem is

Po:mxin [1x]lo s.t  y=Ax (1)
where ||x]||o is the LO norm defined as the number of non-zero elements of x.
Since the LO norm does not have desirable properties like being continuous
and differentiable, relaxation methods have been developed to solve it. In
practical applications, where the available data are subject to noise and
measurement errors, a study of a noisy version of the original model (1) is
inevitable; that is,

pemin fIxll, st ly-Axl, <e @

where € > 0 is an upper bound for the noise.

The proposed algorithm
Sequential quadratic programming is an iterative method for solving
constrained optimization problems. This approach deter- mines the search
direction by solving a quadratic subproblem at every iteration. This method
was first proposed by Wilson in 1963 and then popularized by Han, and
Powell. Consider the constraint optimization problem.
. S (o
p{™" fa(")=‘ze"p T2 3)
i=1

s.t. clx) =y—Ax
The problem (3) can be seen as a continuous relaxation of the original problem
(1). In the SQP approach, the search direction d is computed by solving the
following quadratic trust-region subproblem

1
mé'n q(d) :=gtd +E d*Hd

s.t. ¢c+Vctd=0
ldll, < p

QP(x,p) 4)




where p is the trust-region radius, g = (gy, ..., g,)" is the gradient of the
objective function and H is the Hessian of the Lagrangian or its approximation.
The gradient and the Hessian of the SLO norm are

2x; xf _ 2 4x? x?
9i=—_7 exp|——3 | H=Diag (?_F) exp(—;)
where Diag (w;) denotes a diagonal matrix with elements w;. Fortunately,
Since the Hessian has a simple diagonal structure, all subproblems, as we
show later, can be solved efficiently without imposing additional cost; it

results to a super-linear rate of convergence. Let d be the solution of the
quadratic programming subproblem (4), we define

1
Aq:=q(0) —q(d) = —g'd =5 d"Hd,Af = f(x) = f(x + d),
as the predicted and the actual reduction, respectively.

Conclusion

In this paper, we proposed a sequential quadratic programming algorithm for
solving sparse recovery problems. An efficient SQP solver for the noise-aware
problems was introduced. The proposed method uses a new approach to solve
subproblems. Through a set of extensive experiments on sparse signal
recovery problems in various scenarios, it was demonstrated that the proposed
algorithm outperforms a number of well-known algorithms. In recent years,
the problem of non-negative sparse representation and recovering low-rank
matrices have received more attention by researchers. In this regard, a future
plan of research can be developing a suitable version of the proposed method
for solving these problems. As a further plan, providing a worst-case
complexity bound for the proposed algorithm, considering the specific
structure of the problem at hand, can be on the agenda. Using the Filter idea
from non-linear programming instead of the penalty approach also is a good
point for the future development.
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