
   

 

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

“Recent developments in the solution of indefinite systems” 

Location: “De Zwarte Doos” (TU/e campus) 

:10.25-10.30: Opening and word of welcome 
10.30-11.15: Michele Benzi: “New block preconditioners for saddle point problems” 
11.15-11.30: Coffee break 
11.30-12.15: Andy Wathen: “Combination Preconditioning of saddle-point systems for positive 
definiteness” 
12.15-12.30: Jos Maubach: ““Micro- and macro-block factorizations for regularized saddle point 
systems” 
12.30-12.45: Karl Meerbergen: “A shifted preconditioner for the damped Helmholtz equation” 
12.45-13.45: Lunch 
13.45-14.30: Miroslav Rozloznik: “Implementation and numerical stability of saddle point 
solvers” 
14.30-14.45: Fred Wubs: “Structure preserving preconditioner for the incompressible 
Navier-Stokes equations” 
14.45-15.00: Christiaan Klaij: The use of SIMPLE-type preconditioners in maritime CFD 
applications” 
15.00-15.30: Coffee/tea 
15.30-16.15: Marc Baboulin: “A parallel tiled solver for dense symmetric indefinite systems on 

multicore architectures 
16.15-17.00: Luca Bergamaschi: “Relaxed mixed constraint preconditioners for Ill-conditioned 
symmetric saddle point linear systems” 
17.00-17.15: Pawan Kumar: “A Purely algebraic domain decomposition method for the 
incompressible Navier-Stokes equation” 
17.15-17.30: Sebastiaan Breedveld: “Optimization in cancer treatment: indefinitely a problem?” 

17.30: Closing 

18.00: Dinner for invited speakers 
 

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. 

 
Jos Maubach: “Micro- and macro-block factorizations for regularized saddle point systems” 
 

We present a unique micro-/macro-block Crout-based factorization for matrices from regularized 
saddle-point problems, and prove that this factorization exists for semi-positive definite 
regularization blocks. For the classical case of saddle-point problems we show that the induced 
macro-block factorizations strongly resembles the Schilders’ factorization. The presented 
factorization can be used as a direct solution algorithm for regularized saddle-point problems as 
well as for the construction of preconditioners. 
 
Christiaan Klaij: “The use of SIMPLE-type preconditioners in maritime CFD applications” 
 
CFD applications in maritime industry typically require the solution 
of the incompressible, Reynolds-averaged Navier-Stokes equations at high Reynolds numbers. 
At the Maritime Research Institute Netherlands (MARIN), we use a finite volume method for cell 
centered, collocated variables on unstructured grids. The system of equations, linearized with 
Picard, is solved by using SIMPLE-type methods either as solver or as preconditioner. In this 
presentation, we discuss both approaches and compare their performance for the flow around 
ship hulls with Reynolds number up to 1e9 and cell aspect ratio up to 1e6. 

 
Karl Meerbergen: “A shifted preconditioner for the damped Helmholtz equation” 
 
Ref. K. Meerbergen and J.-P. Coyette, Connection and comparison between frequency shift 
time integration and a spectral transformation preconditioner , Numerical Linear Algebra and 
Applications, 16:1-17, 2009. 
 
 
 
 

https://webmail2007.tue.nl/owa/redir.aspx?C=40038e3f9d7f40ee8b652c0f73519297&URL=http%3a%2f%2fwww3.interscience.wiley.com%2fjournal%2f117950954%2fabstract
https://webmail2007.tue.nl/owa/redir.aspx?C=40038e3f9d7f40ee8b652c0f73519297&URL=http%3a%2f%2fwww3.interscience.wiley.com%2fjournal%2f117950954%2fabstract


   

Fred Wubs: “Structure preserving preconditioner for the incompressible 

Navier-Stokes equations” 
 
In the talk a new preconditoner for the coupled incompressible Navier-Stokes equation will be 
discussed for matrices arising from a marker and cell finite volume discretization. This 
preconditioner shows optimal convergence and allows for parallelization.  
The traditional tools for a good incomplete factorization are suitable reordering and dropping; 
here, we add local transformations on matrix and unknowns. It will be shown that this leads to a 
robust preconditioner, moreover some results will be shown for application to bordered systems 
which occur for example in the Jacobi Davidson method. 
 
Pawan Kumar: “A Purely algebraic domain decomposition method for the incompressible 
Navier-Stokes equation” 
 
In this talk, a Schur complement based approach is used for the solution of incompressible 
Navier-Stokes equation. The global Schur complement is approximated by Schur complements 
in patches. The approach leads to a parallel construction and solve process within a 
preconditioned iterative method. The method is particularly attractive for problems with high 
Reynolds numbers. The method is also compared with the existing state of the art methods. 
 
Sebastiaan Breedveld: “Optimization in cancer treatment: indefinitely a problem?” 

In radiation therapy, patients suffering from cancer are treated by irradiating the tumour with 

ionizing beams. The irradiation does not only “harm” cancerous cells, but also healthy tissue. 

The key is to design a treament plan that sufficiently irradiates the tumour to erradicate it, but 

also keeps the dose (harm done by irradiation) to the healthy tissue within limits, and generally 

as low as possible. The broad radiation therapy treatment planning problem falls in the category 

of a large scale combinatory non-convex multi-criteria optimization problem. The (non-convex) 

optimization part can be treated as a general mathematical solver, which is currently 

implemented as an interior-point method. 

Solving a general constrained optimization problem eventually leads to solving the reduced 

Karush-Kuhn-Tucker system, which is an indefinite matrix. The class is large-scale: 500-5000 

(or starting at 15.000 for other treatment modalities) descision variables, and at least 50.000 

constraints. There are several challeging points in solving the indefinite system: 1) is the non-

sparsity of the problem: explicit construction of the indefinite system is not possible. 2) precision 

of the solution: as solving the system is part of an interior-point solver, the system should be 

solved accurately in order for the optimization to converge properly. 3) preconditioner without 

constructing the system. 

Currently, solving is done by further reducing the Karush-Kuhn-Tucker system to a dual-norm 

matrix. This is an expensive operation, as it involves matrix-matrix computations. One other 

approach is the L-BFGS-B method, but this is not yet implemented. 

 

 
  



   

 



   

 



   

 


