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Abstract. The computation of a number of the smallest eigenvalues of large and
sparse matrices is crucial in various scientific applications, as the Finite Element
solution of PDES, electronic structure calculations or Laplacian of graphs, to men-
tion a few. We propose in this contribution a parallel algorithm which is based
on the spectral, low-rank, modification of a sparse inverse preconditioner (RFSAI)
to accelerate Newton-based iterative eigensolvers. Numerical results onto matrices
arising from various realistic problems with size up to 5 million unknowns and
2.2× 108 nonzero elements account for the efficiency and the scalability of the
proposed RFSAI–updated preconditioner.
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1. Acceleration of eigensolvers by spectral preconditioners

Consider a symmetric positive definite (SPD) matrix A, which is also assumed to be large
and sparse. We will denote as 0 < λ1 ≤ λ2 ≤ . . . ≤ λm ≤ . . . ≤ λn the eigenvalues of A
and v1,v2, . . . ,vm, . . . ,vn the corresponding (normalized) eigenvectors.

To compute the j−th leftmost eigenpair we choose the DACG-Newton method [2].
The DACG solver[3], is used to assess a rough initial approximatione of the eigenvec-
tor which is refined by the subsequent projected Newton method. In this paper we pro-
pose a parallel implementation of a new preconditioning strategy as proposed in [1] for
accelerating the Newton stage, namely the Newton method in the unit sphere:

solve by PCG J( j)
k sk =−rk; Set t = uk + s; uk+1 = t‖t‖−1

where J( j)
k = (I−QQ>)(A−θkI)(I−QQ>), rk = Auk−θkuk, θk = u>k Auk

Q =
[
v1 v2 . . .v j−1 uk

]
The idea is to use the initial DACG approximation not only as an initial eigenvector guess
for the Newton phase, but also to construct a spectral preconditioner for the efficient
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