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Matrix Scientific Computing

( Abstracts)

Claude Brezinski

Université des Sciences et Technologies de Lille, France.
Title: The simplified topological "–algorithms: software and applications

(joint work with Michela Redivo–Zaglia)

Abstract: In this talk, we describe the implementation and the use of the simplified
topological "–algorithms for accelerating the convergence of sequences of elements of a
vector space. We give applications to the solution of linear and nonlinear systems of
equations, and to the computation of matrix functions.

Jean-Paul Chehab

University Jules Vernes, Amiens, France.
Title: Conditioning and Preconditioning in the cone of SPD matrices

(joint work with Marcos Raydan [1,2])

Abstract: The set PDn of SPD matrices enjoys of a cone structure and the Identity
matrix plays a central role as the central ray (Taragaza [3, 4]). We study the geometrical
properties of the Frobenius condition number on PDn. This number, related to the
cosine of the angle between a given matrix and its inverse, is equivalent to the classical
2-norm condition number, but has a direct and natural geometrical interpretation. We
give practical estimates of this number. Then, to approximate the inverse, we use a
proper merit function using the cosine between the preconditioned matrix and the identity
matrix. We build sequences of approximate inverses with gradient like methods; we study
their convergence and propose adaptations allowing sparse approximation to the inverse.
Numerical results are given.

[1] J.-P. Chehab and Raydan, Geometrical properties of the Frobenius condition num-
ber for positive definite matrices, Linear Algebra and its Applications, 429(8-9), 2089-
2097(2008).
[2] J.-P. Chehab and Raydan, Geometrical Inverse Preconditioning for Symmetric Positive
Definite matrices, november 2015, http://arxiv.org/pdf/1511.07694v1
[3] P. Tarazaga, Eigenvalue estimates for symmetric matrices, Linear Algebra Appl. 135
(1990) 171179.
[4] P. Tarazaga, More estimates for eigenvalues and singular values, Linear Algebra Appl.
149 (1991) 97110.



Abderrahim Messaoudi

ENS, University Mohammed V, Rabat, Morocco.
Title: Computation of the Arnoldi Matrix-valued Polynomials

(joint work with L. Elbouyahyaoui and H. Sadok )

Abstract: For solving linear systems of equations with multiple right-hand sides AX = B

where A is a nonsingular N ⇥N matrix, some block Krylov methods have been proposed.
The block Arnoldi process is a procedure for building an orthogonormal basis of the block
Krylov space, Kk(A, V ), where V is a N ⇥ s matrix. This procedure gives orthogonal
matrices Vi and upper Hessenberg block matrices Hi. In this paper, we will recall the
definition of the matrix-valued minimal polynomial, Pm of V with respect to A. We will
give a generalization of the classical definition of the Schur complement, define the suc-
cessive Schur complements for a block upper Hessenberg matrix and give some of their
properties. Applying the block Arnoldi process, we propose an algorithm for computing
the Arnoldi matrix-valued polynomials PA

k (t), and give a relation between these polyno-
mials and the characteristic polynomial of Hk. A relation between Pm(t) and P

A
m(t) will

also be established. Some numerical examples are given for illustrating these relations.

Marcos Raydan

Simon Bolivar University, Caracs, Venezuela
Title: Separable cubic modeling with impact in global optimization.

Abstract: A separable cubic model, for smooth unconstrained minimization, is proposed
and evaluated. The cubic model uses some novel secant-type choices for the parameters
in the cubic terms. A suitable hard-case-free trust-region strategy that takes advantage
of the separable cubic modeling is also presented. Some numerical examples are presented
to illustrate the tendency of the specialized trust-region algorithm, when combined with
our cubic modeling, to escape from local minimizers. For large-scale problems, we analyze
a specialized strategy to minimize the cubic model on a properly chosen low-dimensional
subspace, which is built at each iteration using the Lanczos process. For the convergence
analysis we establish asymptotic as well as complexity convergence results to second-order
stationary points.

Lothar Reichel

Kent University, USA
Title: Iterated Tikhonov Regularization with a General Penalty Term.

(joint work with A. Buccini, M. Donatelli, G. Huang, and F. Yin)

Abstract: Tikhonov regularization is one of the most popular approaches to solving
linear discrete ill-posed problems. The choice of regularization matrix may significantly
a↵ect the quality of the computed solution. When the regularization matrix is the iden-
tity, iterated Tikhonov regularization can yield computed approximate solutions of higher



quality than (standard) Tikhonov regularization. We discuss convergence properties of
iterated Tikhonov regularization with a regularization matrix di↵erent from the identity.
Computed examples illustrate the competitive performance of this method.

Yousef Saad

University of Minnesota, USA
Title: Dimension reduction methods: Algorithms and Applications

Abstract: A common tool that is exploited in solving data mining and machine learning
problems is that of ‘dimension reduction’. Dimension reduction is based on the precept
that the observed data often lies in a noisy version of a low-dimensional subspace and so
it is critical to work in this subspace not only to reduce computational cost but also to
improve accuracy. The talk will start with an overview of the key concepts and then illus-
trate dimension reduction methods with applications such as information retrieval, face
recognition and matrix completion for recommender systems. One of the main di�culties
in many of the methods based on dimension reduction is to find the inherent approximate
rank of the data at hand. We will show how a few simple random sampling methods
for computing spectral densities and counting eigenvalues can be used for this purpose.
Finally, if time permits, we will report on our first experiments in ‘materials informatics’,
a methodology which blends data mining and materials science.

Raf Vandebril

University KU Leuven, Belgique
Title: A framework for structured linearizations of matrix polynomials in various bases

Abstract: We present a framework for the construction of linearizations for scalar and
matrix polynomials based on dual bases which, in the case of orthogonal polynomials,
can be described by the associated recurrence relations. The framework provides an
extension of the classical linearization theory for polynomials expressed in non-monomial
bases and allows to represent polynomials expressed in product families, that is as a linear
combination of elements of the form �i(x) j(x), where {�i(x)} and { j(x)} can either
be polynomial bases or polynomial families which satisfy some mild assumptions. In this
framework we show how to linearize sums of polynomials and rational functions expressed
in di↵erent bases.


