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We develop the algorithm to find sparse solutions to a nonlinear underdetermined
system of equations

f1(x1, . . . , xN ) = 0
...

fm(x1, . . . , xN ) = 0

or simply

(1) f(x) = 0.

Here x ∈ RN , f : D ⊂ RN → Rm,m < N, is twice continuously differentiable on the
open convex set D and 0 ∈ f(D).

Given
‖x‖0 = ] {i : xi 6= 0}

the problem of finding the most sparse solution to (1) reads

(2)
minx ‖x‖0
s.t. f(x) = 0.

Due to the combinatorial complexity the problem (2) is considered to be intractable
and the current algorithms do not guarantee that a sparse solution attained is a solution
to (2).

However, there is a numerical algorithm to find sparse (but not necessarily the most
sparse) solutions of (1) based on a convex relaxation of the problem, a so called `1 -
update method. We suggest an alternative approach that we refer to as the sparse Gauss-
Newton method. This is a line search method where we calculate xk+1 = xk + αkpk to
update the approximation xk, with pk being a search direction and αk the step length.
The search direction is chosen to provide a descent of the merit function and is based on
linear optimization greedy algorithms, and αk satisfies some standard criteria to ensure
global convergence.

We show that starting from some k ≥ K ∈ N the method is equivalent to the Gauss-
Newton method for underdetermined system of equations and converges globally with
a quadratic rate of local convergence.

We test the algorithm versus the `1 - update method to illustrate its advantages and
convergence properties.
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