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Context :

Over the past few years, parallel sparse direct solvers have made significant progress [1]. They are now
able to solve efficiently real-life three-dimensional problems having in the order of several millions of
equations. The ongoing hardware evolution exhibits an escalation in the number, as well as in the
heterogeneity, of the computing resources.

PaStiX is a parallel sparse direct solver, based on a dynamic scheduler for modern hierarchical
architectures. [2] Recently, a comparative study of the performance of the PaStiX solver over generic
DAG-based schedulers has been performed. The analysis demonstrates that these runtimes provide a
uniform and portable programming interface across heterogeneous environments, and are, therefore, a
sustainable solution for hybrid architectures (multiple CPUs and GPUs). [3]

Nevertheless, the complexity and the need of a large amount of memory are still a bottleneck in these
methods. Different solutions exists to reduce the memory requirement of these solvers with different level
of impact to the numerical accuracy of the solution.

Incomplete factorization techniques are a solution to get a approximate solution of the problem. The idea
consist in dropping non-zero elements of the matrix: either due to some structural dependencies within the
matrix (ILU-k), or to numerical value under predefined threshold (ILU-t). Those technics usually relies
on scalar implementations and thus does not benefit from superscalar effects provided by modern high
performance architectures, and these methods are difficult to parallelize efficiently. We have implemented
an ILU-k method that exploits the parallel blockwize algorithmic approach used in the framework of high
performance sparse direct solvers in order to develop robust parallel incomplete factorization based
preconditioners for iterative solvers. [4] On the numerical side, we are now studying how the data
sparseness that might exist in some dense blocks appearing during the factorization can be exploited using
different compression techniques based on H-matrix (and variants) arithmetics.

Some first attempts have already been investigated, in a recent work, X.S. Li and colleagues have
considered the HSS-matrix representation in the context of a sparse multifrontal factorization technique to
design an efficient sparse parallel direct solver for the solution of 3D Helmholtz equations. [5] The
MUMPS and CHOLMOD solvers [6,7] also investigate the use of low-rank approximations. [6,7]

This research activity is conducted in the framework of the FastLA associate team and will naturally
irrigate the hybrid solvers that are also investigated and will closely interact with the other research efforts
where similar data sparseness might be exploited. [8]
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* In a first step, we will generate a Schur complement, or some top-level blocks in the elimination
tree of the PaStiX solver, to check the compression ratio we could obtain using compression
techniques based on H-matrix (and variants) arithmetics. Thus, we will be able to define an upper
bound for memory and computation gains and select the blocksize from where the compression
could be profitable. Several matrices, from different applications, will be studied in this analysis.

* In a second step, we will develop a prototype of a direct solver where H-matrix compression can
be applied on larger supernodes without trying to preserve the initial tree of the compression
during the updates of the factorization. This approach is clearly not optimal in terms of memory
reduction, so, as first attempt, the data structures and the kernels could be duplicated in order to
provide statistics but also to obtain quickly the main functionality of the solver.

* Finally, we will also investigate a way to preserve the tree of the compression all over the
factorization. This requires to build a smart coupling between the H-matrix compression with the
nested dissection ordering used to minimize the fill-in of the direct methods.
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