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Since the early days of supercomputing, numerical algorithms have been the
application with the highest demand for computing power anywhere. Many of
today’s fastest computers in the world, as given in the TOP 500 list1, are mostly
used for the solution of huge systems of equations as they arise in the simulation
of complex large scale problems in engineering and science.

In contrast to the situation a decade ago when vector processors still domi-
nated the supercomputer market, now, all high-performance computers are par-
allel architectures. Furthermore, the number of processors in current state-of-the-
art supercomputer systems ranges from 100 to 10000, corresponding to moderate
to massive parallelism. The most powerful of these high-end computers currently
perform beyond one Teraflop, and expected future Petaflop systems will even
have to further increase parallelism, thus increasing the demand for efficient
parallel numerical algorithms, too.

The answer to the question whether it will be possible to exploit the full
potential of such massively parallel systems will, therefore, primarily depend on
future progress in the development of parallel algorithms for large scale algebraic
systems and related numerical problems. This crucial importance of parallel
numerical algorithms certainly justifies devoting a special workshop to this topic
at a conference on parallel systems and algorithms like Euro-Par, in addition
to the discussion of special aspects of high-performance computing in Topic 7
(Applications on High-Performance Computers).

Recently, as numerical simulation has become more and more a standard
technology in academic and industrial research and development, parallel nu-
merical algorithms have also gained in importance outside the field of classical
supercomputers. Clusters of networked personal computers or workstations, as
they are in the focus of Topic 18 (Cluster Computing), do no longer suffer from
the image of being the poor man’s supercomputer, only. Among other arguments,
the better availability as well as an often more favourable cost effectiveness of
the cluster approach have obviously helped to raise industry’s interest in parallel
or distributed solutions. Hence, today, we face an increasing demand for parallel
engineering applications on clustered systems.

Overall, fifteen papers were submitted to our Topic. With authors from Croa-
tia, Germany, Greece, Italy, Russia, Spain, and the United Kingdom, Europe is
the dominant male (as expected at Euro-Par), but four papers are authored
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or co-authored by scientists from the United States and from China. Out of
these fifteen submissions, nine were accepted (six as regular papers and three as
research notes).

Both devising new numerical algorithms and adapting existing ones to the
current parallel systems are vigorously flourishing and still developing fields of
research. Hence, it is no surprise that the ten research articles presented in this
section cover a wide range of topics arising in the various subdomains of parallel
numerical algorithms. At the conference, the presentations were arranged into
three sessions on Numerical Linear Algebra, Algorithms for Partial Differential
Equations, and Ordinary Differential Equations and other Topics. This structure
also reflects in the following part of the conference’s proceedings.

Many if not most large scale algebraic systems arise out of the discretization
of (partial) differential equations. Hence, the resulting algebraic systems are
sparse. Exploiting the sparsity structure is the key to an efficient solution. How-
ever, this requires approaches tailored to the respective situation. Here, many of
the leading algorithms are iterative schemes. Thus, numerical methods for par-
tial differential equations and numerical linear algebra are closely related, which
may let appear the subdivision of the talks in the first two sections somewhat
arbitrary.

In the Numerical Linear Algebra section, David S. Wise discusses the Ah-
nentafel indexing and Morton-ordered arrays, a technique for improving the
locality of multi-dimensional arrays (like sparse sets of points or sparse matri-
ces) in memory. This is of importance for both improving the cache performance
on a single processor and for partitioning matrices across processors without
entailing large communication during matrix operations. Peter Gottschling and
Wolfgang E. Nagel deal with practical experience with the cascadic conjugate
gradient method, an algorithm with an asymptotic performance similar to multi-
grid methods, but with a simpler access to parallelization.

The contributions in the session on Algorithms for Partial Differential Equa-
tions deal with the fast solution of large linear systems and with grid genera-
tion. For an efficient parallelization of PDE solvers, already the grid generation
and partitioning must be performed in parallel. The presentation given by Jörn
Behrens and Jens Zimmermann is concerned with the parallel generation of
unstructured grids based on the idea of space-filling curves, recently used for
parallelization purposes. The talk of Michael Bader and Christoph Zenger deals
with a robust multigrid solver for systems stemming from convection-diffusion
equations, based on the idea of the iterative nested dissection. The third talk,
given by Marcus Mohr, reports on a variant of multigrid where special features
of the algorithm are exploited to reduce the amount of communication between
subdomains.

The final session gathers various topics. Peter Benner, Rafael Mayo, En-
rique S. Quintana-Orti, and Vicente Hernandez deal with a cluster solver for
the discrete-time periodic Riccati equations. Furthermore, there are two contri-
butions on optimization problems. In the presentation by Torsten Butz, Oskar
von Stryk, Thieß-Magnus Wolter, and Cornelius Chucholowski, the optimization
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arises out of a parameter estimation problem in vehicle dynamics as a genuinely
industrial application on a cluster of PCs. The talk by Marco D’Apuzzo, Marina
Marino, Panos M. Pardalos, and Gerardo Toraldo deals with box-constrained
quadratic programming. Finally, Christos Kaklamanis, Charalampos Konstan-
topoulos, and Andreas Svolos discuss a parallel implementation of a sliding-
window compression algorithm for hypercube processor topologies.

Altogether, the contributions to Topic 11 at the millennium Euro-Par in Mu-
nich show once more the great variety of interesting, challenging, and important
issues in the field of parallel numerical algorithms. Thus, we are already looking
forward to the results presented at next year’s Euro-Par conference.


