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Optimization of an IGA Code in MATLAB
for parallel computing

Georgios Michaloudis, Institute for Mechanics and Structural Analysis (UniBw M)
Michael Loibl, Institute for Mechanics and Structural Analysis (UniBw M)
Johann Duffek, Chair for High Performance Computing (HSU/UniBw H)

Abstract

Goal of this project within the framework of hpc.bw is the optimization of the performance
of our In-House MATLAB code. A Computational Structural Mechanics code based on
Isogeometric Analysisto analysethefields of Fracture Mechanics and shelland membrane
structures. With the main focus on the fracture propagation in structures by means of the
Phase-Field approach, this requires very fine adaptive locally refined meshes. Resulting
in high numbers of degrees of freedom and hence in very large systems of equations. In
combination with further sources of non-linearities and highly demanding algorithms, it
leads to extremely high requirements regarding computational resources.

Our code makes use of MEX routines, utilizes commands for parallel execution (e.g.
parfor), and runs under LINUX, WINDOWS and MAC. However, we observed that it does
not effectively utilize more than 8 processors. Our expectation from this projectis to fully
exploit the resources of our HPC-LINUX Cluster.

Project Results

Weinitiallyincreased operation system agnosticismenabling by introducing an automated
set-up. Succeeding probes lead to small changes like e.g. changed value accumulation,
changed MEX routine argument handling, small pipeline changes, and changed loop
index order. Resulting only in total runtime changes of up to 5-10%.

Further investigations concentrated on the
parallelization bottleneck. An initial test to reduce the
communication overhead of the ‘fork-join-pattern’ did
notyield a significant speed-up. Additional tests where
not carried out due to time constraints.

We recommend to restructure the code to heavily
utilize vectorization, since that has the potential to
significantly improve sequential runtime. We further
suggest investigating MATLAB's ,spmd* functionality
in order to possibly transform the program into a truly
partitioned parallel implementation with minimal
communication. This could be a course to utilize a
multi node system in an effective way.

Figure 1: Simulation of a tube intersection
(© Michael Loibl)
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A short overview of the findings, recommendation, and proposed source code changes
have been provided with the end of the project.

Outlook

The performed code improvements allow the computation of more complex, real-world
problems. Thereby, it extends our research possibilities from purely computational
methods to practical engineering problems. This step is also of importance for the
validation and the proof of broad applicability of newly developed algorithms and
methods. Finally, computational performance is important, as it affects both user waiting
time and the efficient use of computational resources.
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