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Abstract
The classical Prony method works with exactly sampled data of the exponential sum

h(x) :=
M∑

j=1
c j e f j x , x ≥ 0, (1)

in the case of known order M . Following an idea of G.R. de Prony from 1795, we can recover all
parameters c j , f j of the exponential sum (1), if sampled data h(k), k = 0, . . . ,2M −1 are given,

where z j := e f j are distinct values in D := {z ∈ C : 0 < |z| ≤ 1}. If the number of terms M is un-
known, we can use numerical methods, like the ESPRIT method, to evaluate M by considering
the numerical rank of a suitable Hankel matrix that is build by the equidistant function values
h(k), see [2].

Recently, we extended the Prony-method to a reconstruction technique for sparse expan-
sions of eigenfunctions of suitable linear operators, see [1]. This more general approach pro-
vides us with a tool to unify all Prony-like methods on the one hand and establishes a much
broader field of applications of the method on the other hand. In particular, it can be shown that
all well-known Prony-like reconstruction methods for exponentials and polynomials known so
far, can be seen as special cases of this approach. The new insight into Prony-like methods en-
ables us to derive also new reconstruction algorithms for orthogonal polynomial expansions
and for expansions in finite-dimensional settings.

However, in many applications for sparse approximation, the function to be recovered is
only approximatively of the form (1), and we may want to approximate h by an exponential sum
with an a priory fixed number M of exponentials. The open questions are now:
Does the Prony method provide a good approximation of h if the number of terms M is under-
estimated? Can the error caused by the Prony approximation be exactly quantified in a suitable
norm? Do we have to modify the Prony method in order to achieve better estimates? Can such a
modified Prony method for sparse approximation be generalized to sparse expansions of eigen-
functions of linear operators?
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