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Improved Parallelization of the SIESTA Magnetohydrodynamic
Equilibrium Code Using Cyclic Reduction1 S. SEAL, K. PERUMALLA, S.
HIRSHMAN, Oak Ridge National Laboratory, C. COOK, University of Wisconsin-
Madison, R. SANCHEZ, Universidad Carlos III de Madrid — SIESTA is a scalable
iterative 3D MHD solver used to find ideal equilibria including islands and stochas-
tic regimes. Its original design used SCALAPACK to parallelize the time-intensive
calculation of the physics-based preconditioner involving the inverse of a large block-
tridiagonal matrix. The algorithm was based on the Thomas algorithm. Scalability
at small to moderate problem sizes was limited due to the sequential nature of the
Thomas algorithm. Improved performance has been achieved by incorporating the
BCYCLIC code, which uses cyclic reduction in addition to SCALAPACK, to attain
3D scalability with both the 2D block size and the 1D radial dimension. Run-
time profile information and model semantics were used to identify scale-dependent
bottlenecks of the code, resulting in a cumulative increase of speed over 10X and
scalability utilizing a few thousand cores.
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