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Abstract 3D Helmholtz equations are the key bottleneck of the dynamic core of nonhydrostatic atmosphere model. These equa-
tions are complicated to solve with poor-conditioned linear systems. Common preconditioners with Krylov iterative methods al-
ways converge slowly. With the increase of time and space resolution of the global nonhydrostatic model, solving Helmholtz e-
quations are more stubborn in both precision and efficiency. Under high resolution, both number of iteration step and complexi-
ty per step aggravate sharply, some traditional preconditioned Krylov methods ever do not converge. It is important to find a
method for solving Helmholtz equations with both good convergence characteristic and high parallel scalability. To investigate
efficient solvers, a common platform for comparing algorithm should be constructed beforehand. On the Itanium2 cluster, the
PETSc and the hypre are seamlessly linked together as a parallel problem solving environment of the GRAPES global model.
The LU preconditioner used in the GRAPES, the algebraic mulitgrid (AMG) preconditioner, the parallel LU preconditioner
(EUCLID) and Schwarz domain decomposition preconditioners are compared. This research shows that the combination of the
PETSc and the hypre is effective for computing optimization of Helmholtz equations. Especially the case of AMG (Boomer-
AMG) is the most efficient. The analyses of the parallel speedup show that the AMG preconditioned iterative is remarkablely
scalable, thus is fitter for massively parallel computing.

Key words GRAPES, Helmholtz equation, PETSc, Hypre, Preconditioner
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Fig. 6 Relative speedups on the Xeon

cluster for the real dataset test
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