
   

 

1-day workshop, TU Eindhoven, April 17, 2012 

“Recent developments in the solution of indefinite systems” 

Organizers: Wil Schilders (TU Eindhoven), Kees Vuik (TU Delft), Mike Botchev (Univ. Twente) 

The numerical approximation of several important scientific and engineering problems leads to block-
structured indefinite linear systems in saddle point form. These problems arise in systems of PDEs with 
conservation laws, in constrained optimization problems, in mixed finite element discretizations, and in 
generalized least squares problems.  Their efficient numerical solution is the subject of much research. 
The successful design of robust, scalable, and efficient preconditioners is intimately connected with an 
understanding of the structure of the resulting block matrix system, and relies heavily on exploiting this 
structure. Effective preconditioners are often based on an approximate block decomposition of the system 
that derives from a careful consideration of the spectral properties of the component block operators and 
the Schur complement operators. Through this purely algebraic view of preconditioning, a simplified 
system of block component equations is developed that encodes a specific “physics based” 
decomposition. Recent progress based on these ideas has led to the construction of a number of 
effective preconditioners with optimal or nearly optimal convergence rates for several applications. 
However, to compute accurate solutions to saddle point problems at a reasonable cost has proved 
difficult. As a consequence, a significant effort has been devoted to define proper formulations, 
discretizations, and fast solution methods for discretized saddle point problems and their generalizations. 
 
This workshop brings together experts on the continuous and discrete formulation of saddle point 
problems from several areas of computational science, both for specific and general problems, and on 
efficient (parallel) solution techniques for the resulting systems of equations. This workshop will be useful 
both to researchers dealing with applications that give rise to saddle point problems and to developers of 
effective solution techniques for the resulting equations. 

 
Invited speakers: 
 
Michele Benzi (Emory State University, Atlanta, USA): “New block preconditioners for saddle point 
problems” 
 
Andy Wathen (Oxford University, UK): “Combination Preconditioning of saddle-point systems for positive 
definiteness” 
 
Miroslav Rozloznik (Academy of Sciences, Prague, CZ): “Implementation and numerical stability of 
saddle point solvers” 
 

Marc Baboulin (University Paris-Sud, Paris, FR): “A parallel tiled solver for dense symmetric indefinite 

systems on multicore architectures 

Luca Bergamaschi (University of Padua, IT): “Relaxed mixed constraint preconditioners for Ill-conditioned 
symmetric saddle point linear systems” 

 
Participation is free of charge, but registration is mandatory. Please send an e-mail to 

w.h.a.schilders@tue.nl before April 1, 2012. There is a limited number of time slots available for short (5, 

10 or 15 minute) presentations, please include your proposal (title, abstract, duration) in the e-mail.  

mailto:w.h.a.schilders@tue.nl


   

Michele Benzi: “New block preconditioners for saddle point problems” 

In this talk I will describe a class of block preconditioners for linear systems in saddle point form. 
The main focus is the solution of Stokes and Oseen problems from incompressible fluid 
dynamics; however, the techniques can be applied to other saddle point problems as well. The 
main idea is to split the coefficient matrix into the sum of two matrices (three for 3D problems), 
each of which contains only operators corresponding to components of the solution associated 
with one space variable. The resulting preconditioner requires the (uncoupled) solution of 
discretized scalar elliptic PDEs, which can be accomplished using standard algebraic multilevel 
solvers. The performance of the preconditioner can be improved by means of a relaxation 
parameter, which can be chosen on the basis of a local Fourier analysis. The robustness of 
these preconditioners with respect to problem parameters will be discussed, together with the 
effect of inexact solves. This is joint work with Michael Ng, Qiang Niu and Zhen Wang. 
 

Andy Wathen: “Combination preconditioning of saddle-point systems for positive definiteness” 
 
There are by now several examples of preconditioners for saddle-point systems which destroy 
symmetry but preserve self-adjointness in non-standard inner products. The method of Bramble 
and Pasciak was the earliest of these. We will describe how combining examples of this 
structure allow the  construction of preconditioned matrices which are self adjoint and positive 
definite and allow rapid linear system solution by  the Conjugate Gradient method in the 
appropriate inner product. 

Marc Baboulin: “A parallel tiled solver for dense symmetric indefinite systems on multicore 
architectures” 
 
We present an efficient and innovative parallel tiled algorithm for solving symmetric indefinite 
systems on multicore architectures. This solver avoids the communication overhead due to 
pivoting by using symmetric randomization. This randomization is computationally inexpensive 
and requires very little storage. Following randomization, a tiled LDLT factorization is used that 
reduces synchronization by using static or dynamic scheduling. Performance results are given, 
together with tests on accuracy. 

  



   

 



   

 



   

 


